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ERGOT  (A■n/w^l.  U.  S.  P..  Br.  P. ;  SeeaU-  (■orinitum.  Ph. 
G. ;  ICiijiit  ik  txiijh,  Co(l('.\  .Mi'tl.),  Finiyim  Strut  in ;  Mill- 
terhorii  ;  Sjiiiiicd  Itvi-,  «'tc.,  con- 
sists of  till'  scleiotiiiiu  of  Cliiri- 
Cf/m  piiriiiniii  (Fries)  Tuliism-, 
Order  Auriniii/riUs,  replaein;;  llie 
pruiiisof  rye.  Snile  eirenh-  Linn. 
Our  Plianniieopd'iii  prescriljes 
thill  ergot  should  lie  only  niod- 
onitely  dried,  jireserved  in  a 
closed  vessel,  chloroformed  oc- 
ciisioniiUy  to  prevent  the  devel- 
opment of  insects,  and  rejected 
as  unfit  for  use  when  more  than 
a  year  old.  This  rcmarkalile 
lianisite  is  developed  in  the 
llowers  of  sevenil  cultivated 
firains  and  of  a  considendile 
number  of  wild  gra.s.ses.  germ- 
inating upon  the  ovaries,  which 
it  aborts  and  finally  destroys, 
and  growing  in  the  place  of 
these  organs  like  some  mon- 
strosity of  the  flowers  them- 
selves. It  attains  to  a  sort  of 
maturity  as  the  grain  lipens  in 
the  fall,  and  in  this  condition 
remains  quiescent  until  tlie  fol- 
lowing season,  when,  if  in  a 
suitable  situation,  as  \ipon  the 
surface  of  damp  grovnid.  it  jiro- 
duces  spores  in  time  to  attack 
the  lilos.sominffgrjisses and  grains 
of  the  succeeding  year.  It  is  this 
resting-stage  which  constitutes 
the  "sclerolium." 

The  lirst  noticeable  evidence 
of  the  presence  of  this  fungus 
in  a  spikelet.  say  of  rye  or 
wheat,  is  a  sticky,  unpleasant- 
smelling,  very  sweet.  li<|uiil  CN- 
iidalicin  from  the  interior  of  one 
of  the  flowei's.  which  accumu- 
lates in  con.siderable  <iuantity, 
and  may  even  drop  oil  or  run 
down  the  stem.  It  consists 
mostly  of  some  sort  of  sugar, 
and  is  probably  a  decomposition 
product  of  the  alTeeted  pistil, 
etc.  Like  similar  results  of  the 
in'itation  of  vegetable  tissueg 
by  other  fuugi.  as  well  as  by 
aphides,  etc.,  it  is  known  as 
■'honey  dew."  and  designated 
the  "honey  dew  of  rye."  It  is 
a  certain  sign   that    ergot  will 

follow.     Ants    and    beetles    are 
no.  I!UO.— Ear  "f  live  Willi    r       .       f    j,     ,11.    ,       ,, 
two  Kreots.    Natural  size.    "',""    "!^  V'    ""^r-    ',     ^"'     ""^ 
(Froai  Luervwu.j  where  it  is  to   be    found,   and 
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as  it  contains  cells  capable  of  developing  into  ergot 
in  other  llowers,  tliey  assist  in  sprea(ling  the  blight. 
IJees  are  said  to  avoid  it.  A  soft,  spongy  or  cottouv, 
mould-like  tissue,  consisting  of  long,  line,  weak  lili- 
form  cells,  felted  together  at  this  time,  envelops  an<l 
permeates  the  ovary:  as  it  grows  the  latter  becomes 
<lisorganized  and  disiippc  ars,  and  the  mi/rdiinii  of  the 
ergot,  as  this  structure  is  called,  takes  its  jilace.  In  a 
sliort  time  after,  a  very  redundant  and  much  wrinkled 
layer  of  perpendicular  cells  coveis  the  surface  of  the 
mycelium,  and  [iroduces  an  innumerable  number  of 
minute   oblong   false    spores  {conidia),    which   are   dis- 


Fig.  ItUl.— o.  Ovar.v  of  Uye  with  Comnicndnir  Gn)\vth  of  ('hivlwps 
in  the  Sphueelia  Sljiire;  f*.  Ihe  same  with  the  imrn.-iite  furtiMT  dn- 
velopert  ;  the  hairy  styles  and  the  remains  of  the  ovary  an?  hnrce  at 
the  lop  of  the  myceiiuin.  the  coimneiK-inp  selerotiiini  or  ertrot  is 
shown  at  the  base ;  v.  seelioii  of  .^^peoimen  a  little  older  than  /i.  and 
rather  moi'e  ina^nilled  :  the  l\\\t  styles  and  .iborte*!  ovary  are  seen 
at  the  top,  the  niiniiiated  sphaoelia  in  the  middle  [tortiofi.  and  the 
eonii>aet  sniiwth  ergot  below.     (Luerssen.) 

charged  into  tlie  adhesive  "lioney  dew"  just  mentioned. 
These  are  capable  of  reproducing  the  plant,  and  are  the 
fiist  method  of  propagation.  In  this  stage  it  was  at  one 
time  considered  to  be  an  adult  and  perfect  plant,  and 
named  SjilinceUd  .'«y7<^w;h  (Leveille,  1827)  (.see  Kig.  1041). 
A  further  devclo])meut  next  takes  place  in  the  formalion 
and  growlh  of  the  nchrotiiim.  This  begins  as  a  con- 
densation of  tissue  at  the  base  of  the  "sphacelium  ''  just 
described,  the  cells  of  which  become  shorter  and  thicker- 
walled,  as  well  as  more  closely  psickcd  together.  The 
mass  becomes  firm  and  brittle  as  it  develojis,  the  outer 
surface  assumes  a  purple-black  color,  and  it  finally  grows 
to  a  long  sp\ir-like.  curved,  irregularly  cylindiical  body 
lirotniding  half  its  length  or  more  beyond  the  plumes 
and  pah'ie  of  the  rye.  The  "sphaceliiun  "  atrophies  as 
the  sclerotium  grows,  and  is  carried  up  on  the  apex,  as 
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Fig.  1942.— ErRot  In  Us  Ftnnl  Fruc 
tlfjing  Stage.    (Luerssen.) 


ari'  iilsi)  any  icmiiius  of  tlio  unfoitiinatc  jiistil  (sei-  Fii;. 
11141 1  WliVn  XUv  criiot  is  fully  !,'iowii  imd  gnthered, 
scarcely  any  traci-s  of  either  of  these  are  to  be  foiiii<l. 
At  this  slas;e  ergot  was  also  coiisiilered  a  (listinct  jilant 

from  the  above,  and  it  re- 
ceived separate  names 
{S'li  rnti'ini  till  rim  De  C'au- 
ilolle.  ISIG.  etc.).  The 
i;rou  th  of  the  first  season 
terminates  with  the  iicle- 
riitiuiii.  but  in  the  early 
Slimmer  of  the  ne.\t  year 
several  minute  j;loliidar 
lieails  raised  upon  stalks, 
lialf  an  inch  or  more  in 
length,  and  loolvinjr  lilie 
miuiatvire  "toadstools," 
grow  from  the  sides  of 
this  organ  and  bear,  in 
numerous  cavities  (peri- 
tlieciii).  a  multitude  of 
groups  of  long  and  slen- 
der spores  (see  Figs.  1943  and  194;!).  These  spores,  ap- 
plied to  the  llowers  of  suitable  grasses,  are  capable  of 
reproducing  the  whole  series  of  forms  described  above, 
and  complete  the  life  history  of  the  fungus.  It  is  in- 
teresting to  note  that  this  stage  of  claviceps  was  also 
known  long  before  its  connection  with  the  others  was 
nia<le  out,  and  it  was  described  and  named  by  several 
authors  ()'..'/.,  Sp/iirrui.  0>n!ireps,  etc.). 

The  lirst  botanist  to  follow  the  course  of  this  plant 
through  all  its  changes  was  M.  Tulasne,  who  gave  it  its 
jiresent  name,  and  liually  iniblished  his  report  upon  it  in 
the  Aiiiiiden  (lea  Sftcnccit  Ifatui-elles  for  1.853.  His  investi- 
gations were  so  thorough,  and  his  illustrations  so  tine, 
that  but  little  has  been  added  to  either,  so  far  at  least  as 
the  botany  of  ergot  is  concerned. 

H.MiiT.vT. — C'liin'ripK  jun-ptirea  is  found  in  most  tem- 
perate coiuitries  where  the  grains  and  grasses  upon  which 
it  til lurislies  grow.  It  is,  however,  much  less  abumlant 
in  this  coiuilry  than  in  Europe,  and  there  it  occurs  most 
generally  in  the  warmer  and  moister  countries.  It  is 
gathered  in  Central  Europe,  and  especially  in  Spain  and 
Central  and  Southern  Hussia.  It  is  an  incidental  prod- 
uct of  agriculture,  and  is  .sorted  out  from  the  grain  at  the 
harvest  with  the  doulile  purpose  of  collecting  the  ergot 
and  of  removing  its  baneful  influence  from  the  grain. 
Ergot  of  wheat  is  occasionally  saved ;  it  is  shorter  and 
thicker  than  that  of  rye,  and  medicinally  equally  good. 

lIisToKV. — Ergot  has  long  been  known  as  a  blight 
tilion  grain  and  as  a  poison,  but  its  medicinal  history  is 
comjinratively  modern.  It  appears  to  have  been  used  by 
the  peasantry,  in  some  parts  of  Europe,  in  childbirth  as 
much  as  three  hundred  years  ago.  and  is  mentioned  by 
several  authors  of  the  si.xtecnth  and  seventeenth  centuries 
in  this  comieetion;  but  its  formal  introduction  into 
modern  medicine  is  due  to  the  efforts  of  Dr.  Stearns,  of 
New  York,  in  the  early  part  of  the  last  century. 

Di-;sfnii-ri(ix.  — The  above  -  described  "«derotiums," 
which  constitute  ergot,  are  from  1.5  to  3  cm.  {i  to  a  little 
more  lh:iii  1  in.)  long  and  3  mm.  (1/8  in.)  thick,  oblong, 
tapering  toward,  but  obtuse  at  both  ends,  triangular- 
cylindraeeous,  the  sides  unequally  grooved;  externally 
purple  black,  nearly  smooth;  internally  whitish,  with 
piuplish  tinge  or  stria',  the  fracture  short,  not  sharp  nor 
snapping;  odor  i)eeuliar,  disagreeable,  especially  upon 
trituration  with  ixilassium  or  sodium  hydrate  T.  S. ; 
taste  oily  and  disagreeable.  It  movilds  and  spoils  rather 
easily,  and  shouhl  be  kept  fresh  and  dry.  It  should  not 
be  broken  or  groinid  until  needed  for  use.  Jlicroscopic- 
ally  it  consists  of  closely  entwined,  elongated,  thiek- 
wallcd  cells  containing  an  alnmdance  of  oil  drops.  Of 
the  commercial  varieties,  Hussian  and  Spanish  ergots  are 
commonly  ineferreil.  Small  or  medium-sized  grains  are 
believed  to  be  superior  to  very  large  ones. 

CoMi'osiTiox. — Ergot  has  been  repeatedly  examined 
within  the  past  half  century,  with  the  result  of  exhibiting 
a  more  and  more  coni]>lex  composition  with  each  suc- 


cessive investigation;  but  its  active  principle,  if  indeed 
there  be  any  one  substance  entitled  to  the  name,  is  still 
in  doubt.  One  of  its  most  abundant  constituents  is  nfiit, 
of  which  it  contains  from  one  fourth  to  nearly  one  third 
of  its  weight.  This  is  a  thick,  bland,  non-dryini;,  light 
y<'llow  oil  consisting  chielly  of  olein  with  some  palmitin 
and  tracesof  glycerides  of  several  conunon  volatile,  fatty 
acids.  It  has  no  therapeutic  value.  l)iit  is  reported  to 
be  not  without  disjigreeable  action.  It  is  reconnn<'nded 
liy  Ilager  (as  it  is  obtained  in  eonsidenible  quantity  as  a 
byproduct  of  ergot  jireparations)  for  soaps  and  as  a 
lubricant.  A  little  rh'i((Kteriii  and  renin,  some  iiiycone 
(sugar),  several  common  uriih.  a  fragrant  rnnijihordreoM 
I'lih.ittince.  etc..  are  ingredients  of  no  medicinal  impor- 
tance. In  reganl  to  the  more  active  substances,  scarcely 
any  two  chemists  are  agreed.  Kiyitiii  is  a  name  given 
to  various  products,  none  of  which  is  chemically  ])ure. 
First,  Honjean's  "ergotin"  is  prepared  by  treating  a 
watery  extract  of  ergot  with  alcohol,  and  evaporating 
the  alcoholic  solution  to  the  consistence  of  a  soft  extract. 
It  is  a  deep  brown,  strong-smelling,  bitter  substance, 
soluble  ill  water  and  alcohol,  of  coiisiderabli' activity  and 
of  frecpient  emiiloyment,  but  not  an  active  i)rinei])lu 
jiroperly  so  calle<l.  Wigger's  ergotin  was  obtained  by 
exhausting  the  ergot  of  wax,  fat,  etc.,  by  means  of  ether, 
and  then  extracting  with  alcohol,  evaporating  the  tinc- 
ture, and  washing  with  water.  It  is  a  sharp,  bitter, 
reddish-brown  powder,  insoluble  in  water.  Weiizell's 
ciyiilinc  (l.StU)  was  obtained  by  a  more  conqilicated  proc- 
ess, and  comes  nearer  the  rank  of  a  chemical  conqKumd. 
It  is  a  brown,  amorphous,  bitter,  alkaline  substance, 
solulile  in  alcohol  and  water,  but  not  in  ether,  and  uniting 
with  acids  to  form  amorphous  salts.  Wenzell  also  sepa- 
rated another  alkaloid,  which  he  named  ei-hnUne.  resem- 
bling his  ergotine  in  most  respects;  on  the  other  hand, 
other  chemists  assert  that  both  of  Weuzell's  two  alkaloids 
are  lu'actically  the  same,  and  that  neither  is  jmre.  Tanret 
has  isolated  a  crystalline  alk!ili>id,  which  he  has  named 
('/■(/'iliiiiiK ,  soluble  in  ether,  alcohol,  and  chloroforni.  but 
not  in  water.  Its  solutions  rapidly  decomiiose,  and  its 
value  is  not  yet  proveil.  A  still  more  recent  and  very 
thorough  analysis  of  ergot  was  made  a  few  years  ago  in 
the  laboratory  of  Dragendorff,  with  the  result  of  sepa- 
rating the  following,  more  or  less  well-detined.  anior|ihous 
substances:  1.  Srlerotic  ncid,  a  (yellowish-brown)  hygro- 
scopic, faintly  acid,  tasteless  powder,  obtained  to  the 
extent  of  from  two  to  four  percent.  2.  S-/croiiiiin'n,  a 
nearly  related  substance,  two  or  three  percent.  3.  •Sc/cr- 
cri/t/iriit.  4.  Scler"j<i(iin.  a  coloring  matter,  5.  Scteiv- 
(iiit/iui.  6.  S'linirn/ntiiUiiic,  etc.  Sclerotic  acid  is  an 
article  of  commerce,  but  not  much  called  for.  The 
others,  excepting  Bonjean's  ergotin,  are  scarcely  known 
excepting    to  the  chemists  who    have   isolated    tUem. 
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From  tin-  forcgoliift  it  will  Ik-  rciidily  tk-c-n  tlml  ergot  is 
not  iinii'iiulilr  to  ihi'iiiiciil  itssiiy  fur  tlii'  tli'tiTiiiiiiiition  oT 
il.s  i|iiiililv.  iiltlioiinli.  l»-(iius<- i">f  tlic  liJK'lily  viirviiii;  jii- 
lion  of  il'ilTrmil  coimmriial  sjiiii|ilc'S.  to  some-  cMciit  in 
kind  lis  will  lis  ill  clii:rrc.  tlicri'  iiir  few  ciriiL's  more  in 
nttil  of  it.  I'niirr  tliisc  <ir<iiiiisliin(is,  llou),'liton's 
nii'tliotl  of  plivsioloificiil  iissjiy  Iiitoiiii'S  of  griiit  intcri'st. 
This  consisi.s  in  fccilinj;  llic  ilriin  to  fowls,  tlicn  notill^r 
till-  I'Xtcnt  mill  |ironi|iliirs.s  of  llic  iliscoloriition  of  the 
conih.  mill  llimlly  ri'jfrtinj;  miy  crjfot  wliicli  ilois  not  pro- 
liutr  nil  cITiTt  rciu-liiiiK  to  ii  llxcil  stJimliiiil.  To  this 
linthoil  viirioiis  II /(ri'Ti  olijiTlions  Imvc  liicn  iirjrrd  liy 
those  who  Imvr  not  nsortrd  to  tlir  vrry  siinpli-  cxpcilirnt 
of  iisiirliiiiiiii^;  Ilir  piiiilinil  nsiillsof  the  iiullioil.  wlijch 
iippriir  to  hiivo  lirtn  tin-  puttini;  of  an  end  to  cdinplaiiits 
of  iiTcunliir  or  uiufitain  action. 

AcriiiN. — The  action  of  crjrot  mid  of  its  constituents 
is  c.\ticincly  coinplicatcil  and  ciin  as  yd  by  no  niriins  lie 
said  to  be  ilndcrstood.  tlu>ii.i.'li  frrcal  proj;rcss  has  rcccnily 
Imtii  iniidc.  \Vi'  have  now  a  fair  knowledi.'e  of  its  piac 
tical  elTecIs  as  a  ilriij.'.  Our  lack  of  knowledfre  relates 
mainly  to  the  dilTennt  elTeels  prodiK  id  by  the  dilTerint 
constituents,  with  ihe  lesulliiiir  disjidvanlaire  that  we  are 
tuialilc  intellifiinlly  to  administer  dilTereiit  preparations 
to  nici't  special  ca.ses.  The  two  most  iinporlani  eltcct.s 
of  the  driij;  are  the  prolon;jed  eontniction  of  the  arleries. 
and  the  pliysioloi;icalstreiif;theniiiK  of  the  nalunil  rhyth- 
mic contract  ions  of  t  he  uterus.  Holli  of  these  elTecIs  are  of 
complex  oriirin,  but  primarily  and  |irineipally  due  to  the 
chrysotoxin  or  sphaielotoxin.  In  the  production  of  the 
former  elTect.  the  chrysotoxin  acts  chielly  by  sliniulalinir 
the  va.so  inolorcentre,  to  a  le.s.ser  extent  liyactiii!! directly 
upon  the  artery.  At  the  same  time,  the  viiso-motor 
centre  is  stimulated  by  the  cornutiuc,  but  this  sliniula- 
lion  is  siMismodic  and  irritable,  and  is  succeeded  by  de- 
pression, which,  when  tin-  entire  drujr  is  used,  may  be 
supposed  to  act  iijiainst  the  chrysotoxin,  as  there  is  often 
au  early  fall  of  blood  pressure.  This  antasronism  is  still 
farther  induceil  by  the  erirotinic  aciil.  which  is  a  direct 
depressor  of  the  vasomotor  centre  and  of  the  heart,  if 
introduced  directly  into  the  circulation.  To  i:et  the  full 
arterial  elTect.  therefore.  pre|)arations  of  erj;ot  should  be 
given  by  the  mouth,  althoiijrh  the  other  method  is  pref- 
enible  if  we  desire  to  secure  a  jirompt  action.  In 
spite,  however,  of  these  antatronisms.  the  net  elTect  is  a 
powerful,  prolonged  contraction  of  all  the  smallerarteiies, 
with  a  consenueiit  marked  increase  of  blood  pressure, 
going  (m.'jiiiri  jiii-tf'i  with  theadniinisliation  of  the  drug, 
to  dry  gangrene  and  loss  of  the  extremities,  and  to  ex- 
travasation of  blood  into  the  viscera. 

The  elTect  upon  the  uterus  is  primarily  due  to  spinal 
stimulation  by  the  chrysotoxin,  but  there  is  evidently 
also  a  direct  action  upon  its  walls. 

I'poi)  the  intestine,  the  effect  of  ergot  is  to  increase  per- 
istalsis, but  at  the  sjiiue  time  to  diminish  secretion,  as  is 
true  of  the  secretions  generally,  d\ie  to  diminished  arterial 
supply. 

L'sics. — Ergot  is  chiefly  employed  as  an  ecbolic.  being 
given  in  the  later  stages  of  parturition,  especially  to 
secure  the  complete  emptying  of  the  uterus,  and  to  check 
liemorrha.ge.  Formerly  it  was  given  at  one  stage  earlier, 
to  favor  the  ex)iulsion'of  the  placenta,  but  this  jiractice 
is  now  generally  discouraged.  Against  these  views  arc 
still  thoseof  some  excellent  practitioners  who  recomnieud 
the  early  moderate  use  of  ergot  to  promote  labor. 

Xext  to  this  use  of  ergot,  that  for  checking  internal 
hemorrhages,  especially  of  dysentery,  may  Ix'  considered 
the  most  extensive.  Its  use  lias  been  found  favorably  to 
alTect  aneurisms.  It  is  also  very  largely  enijiloyed  in  the 
relief  of  headache  resulting  from  prolonged  mental  activ- 
ity and  excitement,  and  whenever  congestion  exists.  It 
also  gives  marked  relief  to  conjunctivitis  of  a  similar 
character. 

Finally,  it  will  frequently  be  found  to  do  good  service 
as  an  a]>hr<Mlisiac.  altliough  in  many  ca.ses  it  will  fail. 

Phep.kk.^tioxs  .\xi)  r)osi-;s. — The  unollicial  jirepara- 
tions  of  ergot  are  exceedingly  numerous,  and  the  prac- 
titioner should  treat  tliem  with  great  conservatism,  owing 


to  tlic  pomiblu  ocriouH  change  in  projierty  rcHulting  from 

slight  dilTereiices  in  the  mode  of  extraction.  Since  llie 
cornutiiieaiid  spliaeeloloxin  are  alcohol  HoUible.  the  ergo 
tiiiic  acid  water  soluble,  both  solvents  Hhoiild  be  UHid  in 
the  exiriietioii.  The  olllcial  lliiid  extract,  espiciiilly  If 
having  been  found  to  meet  a  satisfactory  pliysiologiciil 
test,  made  with  diluted  alcohol,  and  with  the  addition 
of  two  pel  cent,  of  luetic  acid,  answersevery  r<'iiuireiiienl. 
It  may  lie  given  in  doses  of  from  2  to  4  c.c,  (II.  Z  ss.-i.); 
the  wine  of  flfteeii  percent,  .strength  may  be  given  in 
doses  four  or  live  times  as  large,  the  extract  ("ergotin") 
is  considerably  u.sed  in  dose.s  of  U.3  to  1  gm.  (gr.  v,-xv.). 

llenry  11.  liutl/y. 

ERIODICTYON.     .Se  Yerba  Santa. 

ERYNGIUM.     Sco  Umbelli/era. 

ERYSIPELAS. —  (Fr.  Bi-y»ipile;  Ger.  Rothlnuf).* 
Dkh.miion  ami  Etioi-OOV.  Hy  the  term  "erysi|)eliis" 
is  understood  a  disoriler  of  the  general  system,  of  febrile 
nature,  lydic  character,  and  varying  severity,  which  is 
cau.sed  by  the  iiitroduclion.  into  the  body,  of  u  specific 
pathogenic  germ  of  bacterial  form.  This  is  of  the  strep- 
tococcus variety,  and  was  first  described  by  Fehleiscn, 
and  for  that  rea.son  is  called  by  his  name.f 

The  disease  is  sealed  uiion  an  e|iitlielial  surface,  either 
of  the  skin  or  of  a  mucous  membrane.  When  sitinited 
iii>on  the  skin,  it  ischariuterized  by  a  sharply  detined  area 
of  redness,  w  hieh  gradually  ailvances  to  occupy  a  larger 
surface,  is  acconipaiiied  by  a  relatively  intense  febrile 
action,  and  generally  terminates  in  complete  recov- 
ery, with  exfoliation  of  Ihe  epidermis  upon  tho  sur- 
face which  was  the  seat  of  the  disease.  One  attack  of 
the  disease  affords  no  immunity  against  recuircnce,  iu 
the  Siimc  or  another  locality,  and  it  may  involve  the 
mucous  membranes  as  well  as  the  outer  covering  of  the 
body.  The  accounts  of  some  of  the  earlier  of  the  known 
epidemics  represent  a  much  severer  type  of  disease  than 
tlie  erysipelas  of  our  day. 

From  a  careful  study  of  cases,  as  well  as  from  experi- 
mental inoculations,  the  period  of  incubation  of  erysipelas 
has  been  estimated  as  being  not  less  than  fifteen  nor  more 
than  sixty  hours.  A  specific  germ,  the  streptococcus  of 
erysi))ela.s.  is  found  in  all  cases  of  the  pure  disea.se  and  is 
capableof  transmitting  the  malady  to  healtliy  individuals 
in  series.  This  germ  is  found  in  tlie  lymphatic  ves.selsof 
the  skin  and  in  the  lymph  spaces,  and  wliiii  the  cidture 
is  pure,  it  is  lieiieved  never  to  ]iroduce  suppuration. | 

Infection  with  the  streptococcus  of  Fehleisen  produces 
at  the  point  of  inoculation  a  special  infiammation  of  the 
integument,  external  or  internal,  of  which  the  character- 
istic tendency  is  its  extension  peripherally,  until  the  viru- 
lence of  the  micro-organism  is  exhausted,  or  the  individual 
attacked  has  become  immune  to  the  disea.se. 

At  present,  no  dilTerence  in  character  or  nature  is  recog- 
nized between  eiysijielas  of  the  face  (so-called  " spontane- 
ous" or  ■' medical "  erysipelas)  and  erysiiielas  following 
wounds  ("traumatic"  or  " surgical"  erysipelas).  Con- 
tagion is  the  simple,  inevitable,  and  indispeusjible  cause 
of  the  disease. 

It  is  always  necessary  that  there  sliould  be  a  door  of 
entrance  for  the  microbe,  and  if  careful  search  fails  to 
discover  a  solution  of  continuity  of  the  surface  of  the 
skin,  we  must  still  admit  that  such  an  abrasion  of  either 
the  skin  or  the  ad.iacent  mucous  membrane  really  exists. 
In  certain  cases  it  would  seem  that  the  simi>le  absence  of 
epidermis  or  epithelium  is  in  itself  sullieient  to  allow  the 
•ntrance  of  the  poison  of  erysipelas  into  the  system.  In 
this  direction  the  occurrence  of  erysipelas  in  yotmg  and 
imperfect  cicatrices  from  recent  injuries  is  interesting. 
Warren  says  tliat  it  is  probable  that  healthy  skin  offers 

•  For  tlie  tiactcriolopj  of  enrsipelas  consult  tlie  article  on  Bacteria, 
In  Vol.  I. 

+  ■■  Die  Acllolopte  dcs  Errsipels."  Berlin,  I.S83. 

?  I'lirn.^-liliv  (qiioteit  liy  Warren)  showpd  concluslvel.v  tbat  a 
siripi.Kocciis  cultivation  from  pus  may  cause  erysipelas  In  the  liuman 
ttubjwt. 
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a  siiro  protection  ngninst  infection  from  crvsipelas  ("/<. 
at.). 

The  pioirnss  of  crysipcliis  seems  to  depend  upon  the 
exteiisiiui  of  llio  loeal  iiifeelion  by  eontiniious  growth  of 
the  speeitie  coeeus,  and  not  hy  transmission  of  tlie  infee- 
tion  to  dislunt  parts  l)y  tlie  cireuhilion.  The  spread  of 
th<'  disease  is  usually  from  a  distinct  centre  hy  peri|>heral 
growtli.  The  appearanceof  erysipelas  in  regions  distant 
from  iIk'  point  of  oriirinal  infeeliipn  has  heeii  thoiijrlil  to 
iniliiale  (hat  tlie  virus  may  lie  Iransniittiil  liy  means  of 
the  l)lo(nl  current,  liul  this  method  of  spnad  is  not  imi- 
versjilly  accepted.  The  constitutional  dislurhance — fever, 
etc. — aci'ompanyinj;  the  disease  is  prolmbly  due  to  the 
presence  in  the  "blood of  the  toxic  productsof  the  specific 
germ  of  the  disease. 

That  erysipelas  is  a  conimnnicable  disease  has  i)een 
proved  by  repeated  transmission.  Warren  cites  the 
former  freiiuent  conveyance  of  this  disease  in  vaccina- 
tion, and  (piolcs  the  stalcnaMits  of  Moreland  in  I  he 
Kecords  of  the  "Boston  tSociety  for  :Medical  Improve- 
ment." There  is.  however,  a  sirons;  probability  that  in 
the  former  state  of  surgery,  the  poison  of  erysiix'las  was 
conveye<l  by  means  of  hands  or  in.strunients  not  surgi- 
aiUy  clean, Or  by  the  contamination  of  dressings  or  other 
niHt<-rial  with  the  virus  of  the  disease. 

The  origin  of  erysii)elas  upon  surfaces  covered  with 
mucous  membrane  is  not  .so  easily  determined.  In  the 
eyes,  mouth,  and  nose  it  may  often  be  impossible  to  dis- 
cover the  wound  through  which  entrance  to  tlie  system 
was  elfeeted,  as  these  mucous  surfaces  are  e.Ntensively 
reliected,  or  are  concealed  to  a  great  extent  from  view. 

Erysipelas  is  compariitively  rare  before  the  age  of 
puberty,  and  still  more  rare  in  old  age.  The  associated 
causes  of  the  disease  may  include  conditions  of  inanition, 
poverty,  exhaustion,  overwork,  previous  illness,  chronic 
poisoning,  cachexia,  etc.  All  these  render  the  entrance 
of  the  microbe  more  easy  by  diminishing  the  resistance  of 
the  tissues  and  organs. 

Certain  individuals  present  an  unusual  susceptibility 
to  erysipelas,  sutfering  an  attack  wlienever  they  are  sub- 
jected to  a  fresh  exposure.  One  of  the  physicians  at- 
tached to  a  Paris  hospital  took  the  disease  each  time  he 
had  a  i)atient  with  erysipelas  in  liis  service,  although  lie 
employed  all  possible  precautious  against  infection, 

P.\riioi.oi;i(  AT.  Anatomy.  — Fehlciseu  distinguishes 
three  zones  iu  the  erysip<'latous  plaque:  a  central  field,  in 
wliich  the  jirocess  may  be  receding,  a  circle  in  which  the 
disease  is  still  spreading,  and  an  outer  area  in  which  the 
tissties  are  in  a  state  of  commencing  congestion  ]irecediiig 
the  actual  extension  of  the  malady.  On  seclion  of  the 
tissues  there  is  observed  an  .-dnindant  infiltration  of  the 
area  with  leucocytes,  which  entirely  fill  the  held,  piirlicu- 
Uirly  in  the  vicinity  of  the  vascular  channels,  around  the 
liair  follicles,  and  in  the  neighborhood  of  tlie  sudori- 
parous glands.  The  distinguishing  characteristic  of  ery- 
sipelas in  comparison  with  inHamiuatorv  ledenia,  is  the 
proliferation  of  the  fixed  cells  of  the  connective  tissue,  due 
to  the  specific  action  of  the  particular  organism  of  this 
disease. 

SV.MPTO.MS  AND   CotTUSE   OF  THE   DISEASE. — The   lUOSt 

common  seat  of  erysipelas  is  tlie  face,  and  its  symptoms 
will  be  considered  as  observed  in  that  location. 

The  invasion  of  the  disease  is  accompanied  by  tlie  gen- 
eral symptoms  of  septic  infection,  viz.,  malaise,  headache, 
anorexia,  dryness  and  a  bad  taste  in  tlie  mouth,  and  occa- 
sionally vomiting.  The  chief  symptom,  liow<'ver.  and 
oni'  which  is  never  ab.scnt.  is  the  initial  chill,  sonielimes 
slight.  Imt  often  very  severe.  This  is  sometimes  rejieated, 
but  usually  it  consists  of  one  prolonged  rigor.  The  se- 
veinty  of  the  dis(.'ase  seems  to  liear  some  relation  to  tlie 
severity  of  the  premonitory  chill  as  regards  duration  and 
intcnsiiy.  The  chill  is  soon  followed  by  fever  of  an  in- 
tense charac'ter.  wilh  elevation  of  the  temperature,  often 
to  104  K.  or  even  above  that  figure.  The  patient  is  frc- 
qnently  <lelirious.  In  erysipelas  of  the  fa<-e,  there  are 
. tumefiicfion  ami  leiiilerness  of  the  submaxillary  lym- 
phatic glands  before  other  local  symptoms  of  the  disease 
are  uppureut.     Iu  some  cases  this  precedes  the  exuuliiem 


by  from  one  to  several  days.  The  ailenopathy  would 
seem,  however,  to  lie  necessarily  si'Con<lary  to  the  local 
inf'e<lion  anil  its  primary  local  processes.  Ihoiigli  the 
glands  are  possibly  invaded  by  the  microc'occus  before 
the  disease  lias  made  itself  evidcMit  at  the  seat  of  inva- 
sion. The  glandsare  sometimes  |.ainful  even  before  there 
is  any  apii.'ircnt  increase  in  their  size. 

The  first  onset  of  the  visible  disease  is  in  the  form  of 
an  acute  dermatitis,  situated  at  Iheangli'of  the  eye,  at 
Ihe  naso-laliial  fold,  al  the  nasal  orifice,  about  the  ear.  or 
in  some  other  loiation  about  the  lace  or  head.  In  a  few 
hours  a  phuiiie  of  iiysipelas  is  formed  which  ra|)idly  en- 
larges and  aci|uires  double  its  first  dimensions  within 
twenty-four  hours.  The  jiart  affected  presents  a  color 
which  varies  from  Iiright  scarlet  to  dull  rose.  In  ana'inic 
patients  the  lint  is  only  a  rosy  blush.  Pressure  by  the 
finger  dulls  it.  but  the  color  at  once  returns.  'I"he  skin  be- 
comes tense  and  glistening.  The  lemperature  of  the  af- 
fected ]iartis  higher  by  from  one  to  four  degrees  than  that 
of  the  opposite  side.  Thereisasensjitlon  of  burning  heat, 
and  sonielimes  there  is  also  considerable  local  pruritus. 
The  entiii'  jilaciue  is  elevated  onaccount  of  theswellingof 
the  skin,  and  its  borders  are  sharply  defined.  The  maxi- 
nium  intensity  of  the  disease  will  always  lie  found  al  the 
border  of  the  patch,  as  at  thi'  miImI  ihe  mala<lv  is  ex- 
lending,  while  al  the  centre  of  the  placpie  it  may  be  sub- 
siding or  already  healed.  The  |>ain  accompanying  the 
advance  of  the  disease  is  in  inverse  ratio  to  the  tumefac- 
tion of  the  tissues:  the  loo.se  structures  in  Ihr  vicinity  of 
the  eye  allowing  much  swelling  without  great  pressure, 
while  the  tense  tissues  upon  the  scalp  cannot  yiehl  to 
pressure,  and  the  suffering  here  is  conseciuently  more  in- 
tense. The  erysipelatous  inflammalion  extends  slowly 
from  the  jicripherv  of  the  plaque,  iu  all  diicclions,  and 
its  a<lvaiiee  has  been  compared  to  tlu'  spreading  of  a  drop 
of  oil  on  paper.  In  this  way  the  disease  may  invade  the 
greater  part  of  the  face  and  forehead,  but  it  rarely  ex- 
tends over  the  surface  of  the  cliin.  In  a  recent  case  seen 
by  the  writer,  however,  the  intiamniation  passed  from  the 
lips  to  the  chin  on  both  sides  of  the  neck,  and  induced 
great  diflieulty  in  swallowing.  At  the  same  time  the  face 
showed  very  marked  deformity.  In  some  instances  the 
disease  may  render  the  patient  quite  unrecognizable,  and 
breathing  may  be  embarrassed  from  the  swelling  in  the 
nares.  The  eyes  may  be  quite  closed,  aial  the  sufferings 
of  the  jiatient  may  liecoine  intense.  The  scalp  is  fre- 
(juently  invaded,  but  the  disease  seldom  passes  the  line 
between  the  head  and  neck.  The  invasion  of  the  hairy 
scalp  is  usually  accompanied  by  severe  headache  and  de- 
lirium, which  may  alleinate  withdulness  or  coma.  These 
symiitiinis  are  thought  to  lie  of  r<'tiex  elKiracter  and  due 
to  irrilalion  <ir  the  liranches  of  the  tiftli  pair  of  nerves. 
Nervous  phenomena  are  much  more  frequently  observed 
in  alcoholic  subjects. 

The  general  character  of  erysipelas  remains  the  sjime, 
though  different  terms  have  been  a|iplied  to  express  par- 
ticular features  of  its  progress,  such  ;is  "fixed."  "serpi- 
ginous," "vague,"  "migrans,"  "ambulant,"  "phlegnnm- 
ous,"  etc.,  as  observed  in  erysipelas  of  the  trunk,  limbs, 
face.  etc. 

The  vaiiety  of  erysipelas  which  is  called  "phlegmon- 
ous" is  characterized  by  the  spread  downward  of  the 
disease  into  the  deeper  sulicutaueoiis  fi.ssues.  The  infec- 
tion is  much  more  extensive  than  in  ordinary  erysipelas, 
and  the  (|uality  of  the  virus  may  be  moVe  virulent:  the 
local  syini>tonis  are  consequently  more  distinct.  The  fe- 
ver continues  high,  and  is  often  typhoidal  in  character. 
It  is  not  long  lief'ore  suppuration  takes  place.  Free  in- 
cisions give  vent  to  abund.inl  discharge,  in  which  may 
be  found  shreds  of  necrolic  tissue.  Large  sloughs  are 
eventually  liiseharged.  The  pus  burrows  rapidly,  to 
considerable  distances,  under  the  skin,  which  is  thus  dis- 
.secled  off  from  the  subjacent  struclures.  In  rare  ca.ses 
su]ipuratiou  may  extend  more  deeply  still  and  peucfrale 
the  intermuscular  spaces.  Even  Ihe  periosteum  and  bones 
may  become  infected,  and  cases  are  recorded  in  which 
the  joints  have  been  involved  and  have  become  disor- 
ganized.   Iu  the  extreme  forms  of  this  last  type,  large 
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iiiiiHW'H  of  tifisiic  niny  (m-coiiic  fninfcronnuH,  and  at  tinicR 
llii-rc  iH  i-iii|iliyK('iim  of  llii' parts  fri>iii  llic  fiiriiiiiduii  of 
);tiH  ill  tlir  tixMiii'S.  iiwili^  to  the  il<'i'oiii|Mi>.ilioii  of  llir 
mcrolic  tinil  sloiiu'liiiii,'  lissins  'I'lir  simplcsi  ciisi'  of 
fiKiiil  i'i'\si|>rliis  iiiiiy  »illii>iil  iippari'iil  caiiM'  iissiinir  Ilic 
pllli'i;ilioiicitiN  fnriil.  illlil  lie  riiilowiul  by  the  nioNi  ilJK- 
iiHlniiis  (•oii>u(|iicmcs.  Tlii'  ilisciisc  iiiiiy  fxti'inl  to  ilii' 
t'Vrliils.  mill  orliilal  siippiinilioii  may  occur  with  infec- 
tion of  tlic  eye  its4'lf.  Hliiiiliicss  is  not  an  infrci|iu'iit  re- 
sult of  tills  coinplicatioii.  Septic  iiieniii^'itis  may  also 
follow  erysipelas  in  this  location. 

As  alremly  slated,  ervsipelas  occasionally  involves  the 
mucous  menilinines.  In  the  faiiciiil  form  of  tlii' ilisease 
there  may  In-  extension  to  the  pharynx,  ami  llieiice 
tliroiitrh  till'  Kuslaehiaii  tiilie  to  the  cavity  of  the  miihlle 
ear,  wlienci'  it  may  pass  lhrouj;li  the  ilruiii  meniliraiie  to 
the  exiernal  amliiory  meatus  ami  to  the  scalp.  It  may 
l>e  tnieeil  internally  as  far  as  the  liinj;s.  Sliouhl  the 
jrlottis  lieeome  odemalous.  as  it  occasionally  does,  the 
result  is  usually  rapidly  fiitiil.  The  other  natural  open- 
iiijjs  of  the  body  are  also  occu.sionally  the  seat  of  this 
disease. 

Strauss  has  recojrnized  a  pulmonary  erysipelas.  This 
pciienilly  occurs  subsciiueiitly  to  an  erysipelas  of  the  face 
or  throat,  ami  is  marked  by  insidious  develo])nieiit.  with- 
out chill,  and  by  a  rapid  extension. 

Erysipelas  may  also  extend  from  the  face  or  other  point 
of  primary  attack  to  the  diircstive  tube.  Hemlu  has  re- 
ported a  lase  in  which  the  disease  was  Ihouirht  to  have 
I'Xteiideil  tliioiii^b  the  alimentary  canal,  ami  appeareil  at 
the  anus,  where  it  caused  a  |)erincal  abscess.  In  1S,S7 
Ilcideiireich  published  a  ease  of  erysipelas  of  the  rii,'ht 
tliiirh  which  had  extended  to  the  intestine  byway  of  the 
anus.  Ivanowski  made  an  autopsy  of  a  case  of  intestinal 
erysipelas  which  bail  been  ]>r<ipa,!ratcd  from  the  perineum 
through  the  entire  larjre  intestine.  To  our  knowledirc 
these  are  all  the  reported  observations  of  this  compli- 
cation. 

I'crlcarditis  and  endocarditis  have  also  been  reported 
as  complications  of  erysipelas,  and  the  specific  irerm  has 
been  recovered  from  the  blood  and  from  the  lluid  in  the 
pericardium  In  this  complication  the  path  of  the  infec- 
tion is  no  more  clear  than  in  rheumatic  invasion  of  the 
heart  or  its  coverings.  The  resultsdepenil  on  the  amount 
of  damage  to  the  valves  or  on  the  other  changes  cflectcd. 
Lesions  of  the  kidneys  are  among  the  most  frequent  com 
plications;  albuminuria  is  generally  present  at  some  stage 
of  the  disease,  but  is  usually  tmnsitory  in  character,  and 
disnppears  with  the  recovery  of  the  patient.  Its  pres- 
ence or  amount  bears  no  relation  to  the  elevation  of  tem- 
perature or  the  pulse  rate.  The  urine  often  contains  blood 
elements  and  epithelial  and  hyaline  casts.  Bacilli  arc 
often  present  in  the  urine;  they  maybe  due,  as  indicated 
by  Professor  Bouchard.*  to  the  infectious  nephrilis. 

Peripheral  iieuiitis.  ])lcurisy.  and  ]ieritonilis  have  al.so 
been  noteil  as  complications  of  erysipelas. 

Erysipelas  in  open  gruiuilating  wounds  often  causes 
compar.ilively  little  disturbance.  The  disease  sometimes 
appears  to  exert  a  stimulating  clTcct  upon  the  healing 
pr(K"e.ss,  the  part  closing  more  ra|)iilly  than  before. 

There  is  no  regularity  in  the  temperature  curve  of  ery- 
sipelas. Oscillations  of  slight  extent  coincide  with  grave 
forms  of  the  ilisca.se.  though  there  seems  to  be  no  direct 
relation  between  the  degree  of  elevation  of  temperature 
and  the  extent  of  area  comprised  in  the  erysi|H-latons 
proces,s.  A  constant  elevation  without  irregularity  usu- 
ally precedes  a  fatal  termination.  The  temperature  may 
even  rise  after  death.  Usually  when  the  jirogress  of  the 
disea.se  is  arrested,  there  is  a  rapiil  fall  of  temperature. 
This  critical  fall  may  appear  at  any  time  between  the  fifth 
and  the  tenth  dav.  In  severe  cases  the  fall  is  usuallv  by 
lysis.  ■  •     • 

Di.voNosis. — The  diagnosis  of  erysipi-las  may  be  ditli- 
cult  in  the  absence  of  indications  of  efflorescence,  as  in 
cases  in  vvhicli  the  seat  of  the  primary  infection  is  in  the 

•  .spe  Hlso  n  valuable  reference  by  Salinger  In  Medical  News,  July 
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nasal  fosun  or  in  the  Interior  of  the  mouth ;  but  the  high 
fever  and  the  Kwelling  mid  lenileriieKS  of  Ihi'  HiiJiniaxil- 
lary  glands  are  valuable  indications  of  the  character  of  iJie 
disi'iise,  and  t  hi' absence  of  other  causative  iigenelesHlioiild 
lead  to  a  suspicion  df  iJie  infection  even  before  the  elllor- 
esceliee  is  evillelll. 

When  the  diseitse  is  situated  upon  the  external  Hurfiico 
of  the  body  it  is  hardly  possible  to  mistake  it  for  any  other 
malady.'  ICrvsipelasmay  beconfoiinded  witliKinipIc  lym- 
phangitis. 'Vlie  former  is,  however,  always  accompanied 
by  iiitlammatioti  of  the  lymphatie  channels  and  gliindH, 
In  simple  lymphangitis  there  is  swelling  in  the  course  of 
the  lymph  channels,  but  there  is  no  typical  iiilhimmation 
of  the  skill  with  peripheral  extension  andcentiiil  recrudes- 
cence; there  ai'i'  also  less  tiimefacl ion  of  the  skin  and  Icsh 
elevation  of  the  tcrn|ierature,  and  the  surface  is  not  dry  and 
gla/.ed  as  in  erysipelas.  In  lymphadenoma.  anil  in  malig- 
nant diseases,  there  is  often  induration  of  the  glands  in  the 
vicinity,  but  there  is  absence  of  fever,  and  iIh-  course  of 
these  diseases  is  chronic;  other  signs  of  systemic  disease, 
such  as  cachexia,  emaciation,  etc.,  arc  also  usually  unmis- 
takable. The  various  forms  of  erythema  may  present 
some  degree  of  reseniblance  to  erysipelas,  but  this  lesion  is 
seldom  conlined  to  a  single  point,  is  not  aecom]iaiiied  by 
glandular  induration,  and  is  usually  disseminated  over 
the  surface  of  the  body  and  limbs.  Herpes  zoster  may 
simulate  erysipelas  to  some  degree,  but  the  course  of  the 
disease  will  simiii  determine  the  dilTerence.  Certain  drug 
eruptions  in.ay  jn-esent  appearances  similar  to  tlio.se  of 
erysipelas,  but  it  is  usually  possible  to  trace  their  origin 
to  the  irritating  substances  which  have  produced  ihcm. 
Glanders  presents  many  appearances  similar  to  those 
which  characterize  erysipelas,  when  developing,  luit  this 
disease  is  acconi|)anied  by  a  hard  O'dema,  is  not  distinctly 
delincil,  and  the  skin  is  not  so  raised  at  its  borders.  At 
the  end  of  a  few  days,  the  development  of  pustules  uiion 
the  surface  afTccted  will  distinguish  it  from  erysipelas. 

Pnooxosis. — The  prognosis  of  erysipelas  is  on  the 
whole  favorable.  After  a  few  days  of  inllammation 
there  is  a  marked  tendency  to  resolution;  and  this  simple 
fact  should  be  borne  in  mind  in  estimating  the  value  of 
any  remedy.  The  disea.se  varies  greatly  in  severity,  but 
it  may  be  siiid  that  the  danger  from  the  disease  itself  is 
less  than  that  which  attends  its  complications. 

If  the  disease  attacks  the  mucous  membrane  as  in  the 
throat,  it  will  jtrobably  be  severe;  if  the  vagina  is  the 
point  of  origin,  as  in  puerperal  cases,  there  may  be  great 
reason  to  fear  py.'iniia  or  scptica-mia.  The  late  Dr. 
Oliver  Wendell  Ilolnies  was  among  the  first  to  recognize 
till'  frightful  condilions  arising  from  puerperal  infection, 
and  openly  laid  the  tremendous  mortality  of  that  disease 
to  the  introduction  of  cry.sipelas  into  the  system  of  the 
parturient  woman.  "The  work  fm-  which  Holmes  will 
always  have  a  jdace  among  those  who  have  advanced  the 
art  of  healing  and  thus  deserved  well  of  humanity,  is  his 
demonstration  of  the  infectiousness  of  puerperal  fever, 
read  before  the  'Boston  Society  for  Medical  Imiuove- 
iiient  '  in  1S4'>.  He  was  not  the  first  to  iireach  this  doc- 
trine, but  to  him  belongs  the  credit  of  having  forced 
men  to  listen  to  the  truth"  [The  Pnirtilioner,  vol. 
Ixvi.,  1901,  ])age  77).  The  further  discussion  of  the  re- 
lations of  erysipelas  to  |iuerperal  fever  will  doubtless  be 
found  under  the  latter  heading,  iu  a  later  volume  of  the 
present  series. 

The  ilieper  seated  types  of  the  disease,  such  as  the 
plilegnionous  or  gangrenous,  have  undoubtedly  a  higher 
mortality  than  the  cutaneous  forms.  In  individuals  en- 
feebled by  long-standing  .suppuration,  and  in  alcoholic 
sulijects  the  disease  may  prove  a  formidable  complication. 
The  sime  may  be  said  of  a  number  of  organic  diseases, 
such  as  diabetes  and  Brighfs  disea.se.  particularly  in  ad- 
vanced life.  For  similar  reasons,  youth  and  old  age  are 
l>criods  of  life  when  the  patient  is  less  resistant  to  its  in- 
Huence  than  when  in  the  prime  of  life.  Erysipelas  is 
distinguished  among  acute  diseases  for  its  tendency  to 
relapse,  but  the  relapses  are  usually  not  .so  serious  as  the 
initialattack.  This  may  bedueto  a  diminished  virulence 
of  the  contagion  orto  the  fact  that  the  system  is  protected 
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to  a  oiTtain  extent  by  the  secretions  of  the  streptococci 
(aiititnxiny),  \vliii)i  iiiiiy  increase  the  rcsistiuice  of  the 
body  or  tissues  to  tlic  poison  of  tlie  iiifiction. 

Thr  ordinary  duriilioii  of  erysipelas  varies  from  a  few 
days  111  twt)  or  tlini'  weeks,  accordinj;  to  the  extent  to 
which  it  spreads  over  the  svirface  of  tlie  Ijody.  Tin-  ten- 
dency is  notably  toward  recovery,  but  occasionally  ]ia- 
tienls  succumb  from  exhaustion,  from  the  systemic  poi- 
soning caused  by  the  toxins  of  the  disease,  or  from 
mcniufrilis.  when  the  infection  extends  to  the  membranes 
of  the  brain,  from  the  ear.  the  lining  of  the  nose,  or  the 
frontal  sinus. 

Erysipelas  of  the  new-born  is  generally  acquired  by  in- 
fection from  the  navel,  and  usually  leads  to  a  fatal  result. 

The  curative  inlluenco  of  erysipelas  when  it  occurs  in 
the  course  of  other  diseases  has  been  already  noticed. 
Chronic  intiammalious  of  the  skin,  particularly  those  of  a 
tuberculous  or  syphilitic  character,  have  been  reported  as 
bcnetiteil  by  an"  intercurrent  attack  of  erysipelas,  after 
resislinjr  allotlier  modesof  treatment.  Sarcoma  and  car- 
cinoMia  have  also  been  relieved  or  cured  by  the  same  in- 
fluence.* Old  and  refractory  neuralgias  have  often  been 
cured  or  greatly  relieved  through  the  siime  means.  In 
the  insjine,  likewise,  a  temporary  improvement  has  oc- 
casionallv  been  observed. 

This  effect  is  supposed  to  be  due  to  a  change  in  the 
nutrition  of  the  cells  of  the  morbid  tissues,  or  to  a  direct 
destructive  intluence  upon  the  elements  of  the  foreign 
growth  by  the  micrococci  of  erysipelas.  This  ingenious 
theory  needs  the  support  of  more  extensive  observation 
for  its  entire  confirmation.  At  the  present  time  one 
would  naturally  hesitate  to  employ  so  serious  a  measure 
as  the  voluntary  infection  of  the  system  of  a  human 
being  with  the  virus  of  erysipelas  for  a  doubtful  thera- 
peutical purpose. 

In  like  maimer,  the  effusion  of  fluid  within  the  thorax, 
following  an  acute  attack  of  pleurisy,  has  been  observed 
rapiiUy  To  diminish,  and  at  times  to  undergo  complete 
absorption,  as  a  sequence  of  an  invasion  of  the  skin  of 
the  chest  and  trunk  by  erysipelas. 

Trkat.micnt. — The  treatment  of  erysipelas  is  chiefly 
to  be  directed  to  the  complete  isolation  of  the  patient 
from  all  other  sick  persons,  and  the  employment  of  all 
possilile  means  for  the  establishment  of  good  sanitary 
conditions  about  the  patient.  This  includes  scrupulous 
cleanliness,  pure  air.  pure  water,  sunshine,  and  the  rigid 
antisejitic  treatment  of  existing  wounds  or  other  lesions. 
The  loeal  symptoms  may  be  treated  according  to  the  vary- 
ing recpiirements  of  the  case. 

The  most  rigid  prophylaxis  should  be  carried  out;  the 
patient  should  be  isolated,  and  all  possible  means  be  em- 
ployed to  restrict  the  spread  of  the  disease  by  soiled 
dressings,  infected  linen,  or  other  articles.  All  these 
things  should  be  burned  at  once. 

The  general  treatment  is  the  same  as  that  commonly 
employed  in  other  infectious  maladies.  The  large  num- 
ber of  remedies  which  have  been  recommended  for  ery- 
sipelas may  l)e  of  service  in  ameliorating  certain  synip- 
toms.  but  they  are  in  no  sense  specifics  for  this  disease. 
Aconitine  (crystallized),  in  doses  of  0.25  mgm.  every  six 
hours,  or  0.1  mgm.  every  two  hours,  has  been  thought 
to  reduce  the  duration  of  the  disease  and  to  alleviate  the 
pain. 

As  regards  the  local  treatment  there  are  various  pro- 
cedures which  may  be  used  to  ailvantage.  Compresses 
dippeil  in  some  lotion  of  a  cooling  nature  an<l  applii-d 
to  the  inflamed  skin  usually  afford  considerable  relief. 
Painting  the  part  with  tincture  of  iodine,  with  nitrate  of 
silver,  with  carbolic  acid  in  weak  solution,  or  with  cor 
rosive  sublimate  in  dilulion  of  one-tenth  of  one  per  tent.. 
has  proved  Iwlpful  in  certain  cases.  Favorable  results 
have  been  obtained  by  spraying  the  affected  surface  with 
a  solution  of  corrosive  subhmate  in  ether,  in  similar  dilu- 
tion. Under  treatment  of  this  kind  the  di.sease  has  ap- 
parently ceased  to  advance,  and  the  inflanuuation   has 
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subsided  in  from  twenty-four  to  forty  eight  hours.  Paint- 
ing the  l>orders  of  the  alTected  area  and  the  sound  skin 
adjacent  to  it  with  contractile  collodion  has  been  a  most 
prompt  and  satisfactory  method  of  treatment  in  the  hands 
of  the  writer,  the  disease  seldom  cro.ssing  the  line  of  col- 
lodion; or  if  it  has  not  been  entirely  subdued  by  the  first 
apiilication.  it  has  generally  yielded  to  a  renewed  and 
more  extended  "  fencing  in  "  by  the  same  means. 

Subcutaneous  injections  of  carbolic  acid  have  been 
highly  recommended  as  an  almost  specific  treatment  for 
erysipel;is.  and  often  its  use  in  this  way  has  been  followed 
by  the  most  favorable  results.  The  frequent  application 
of  carbolized  oil  relieves  the  sensjition  of  burning  and 
stiffness,  and  is  generally  very  .soothing  in  its  action. 
White  paint  has  been  used  in  the'same  way.  Frequent 
or  sudden  changes  of  temperature  in  the  sick-room  should 
be  avoided,  and  if  a  "cold"  is  contracted  it  is  liable  to 
aggravate  the  inflammation. 

When  sloughing  or  gangrene  occurs,  the  case  must 
be  treated  according  to  gcnei^l  surgical  principles — i.e., 
by  free  incisions,  drainage,  etc. 

Cool  baths  may  be  emi)loyed  for  the  purpose  of  dimin- 
ishing the  general  temperature  of  the  body,  and  the  in- 
ternal administration  of  the  salicylates  has  sometimes 
been  of  service  in  accomplishing  the  same  result. 

Treatment  by  large  doses  of  tincture  of  the  chloride  of 
iron  (twenty  to  sixty  drops  in  water  at  intervals  of  three 
to  six  hours)  was  at  one  time  highly  esteemed  as  almost 
a  specific  in  erysipelas;  but  its  use  has  been  almost  dis- 
carded since  the  increased  knowledge  of  later  years  as  to 
the  nattire  of  the  malady,  and  the  introduction  of  anti- 
septic methods  in  its  management.  Many  other  forms 
of  drug  treatment  have  been  abandoned  for  the  same  rea- 
son, and  to  the  great  advantage  of  the  patient. 

In  the  phlegmonous  form  of  erysi[ielas  it  is  important 
to  reco.guize  suppuration  as  early  as  possible.  It  is  in 
these  cases  that  prompt  surgical  interference  may  be  pro- 
ductive of  the  best  results.  The  tendency  of  the  infection 
to  spread  along  the  spaces  separating  the  bands  of  loose 
connective  tissue  must  be  corrected  promptly,  no  matter 
how  long  or  how  numerous  the  incisions  may  have  to  be. 
Very  hot  and  large  antiseptic  poultices  are  now  indicated, 
andthey  should  be  often  changed.  The  graver  forms  of 
gangrenous  erysipelas  with  malignant  o'dema  should  be 
dealt  with  proiuptly  and  heroically  by  long  and  deep  in- 
cisions. Many  a  life  has  been  saved  by  the  timely  action 
of  the  surgeon. 

In  phlegmonous  erysipelas  of  the  face,  pus  often  forms 
in  the  tissues  of  the  orbital  cavity,  necessitating  incision 
between  the  eye  and  the  orbital  margin.  In  scrotal  ery- 
sipelas of  a  phlegmonous  or  gangrenous  character,  a  free 
iucision  should  be  luade  through  the  raphe,  completely 
dividing  all  the  tissues  involved.  This  incision  usually 
results  in  the  prompt  arrest  of  the  inflammatory  process, 
and  the  wound  generally  heals  rapidly. 

During  the  period  of  convalescence  the  treatment  should 
be  tonic  and  supporting;  and  care  should  be  taken  to 
avoid  chilling  of  the  surfiice  of  the  body  and  fatigue.  So 
long  as  des(iuamation  lasts  isolation  should  be  continued, 
and  in  ju-ivale  luactiee  the  patient  slii>idd  not  bi'  allowed 
to  mingle  with  other  members  of  the  hoiLsehold.  particu- 
larly during  periods  of  epideiuic  disease,  until  it  is  toler- 
ably certain  that  the  micro-organisms  of  the  disease  have 
been  comidetely  eliminated  from  the  system. 

Cases  of  this  disease  should  be  visited  by  the  surgeon 
after  he  has  seen  all  other  patients,  and  the  hands  and  in- 
struments shindd  be  thoroughly  clean.scd  and  disinfected 
afterward.  The  patient  slu>uid  not  be  considered  safe 
from  a  ri'curreiu-e  of  the  disease,  iifir  slioidd  the  precau- 
tions against  infection  of  other  persons  be  relaxed,  until 
the  di.sease  has  entirely  disap]>eared  from  every  portion 
of  the  body  which  was  at  any  time  invaded;  and  the 
danger  of  a  relapse  or  of  conuniniicating  the  disease  to 
others  is  not  entirely  absent  until  the  process  of  des- 
quamation of  the  epidernns  in  the  regions  affected  by 
the  erysi]ielatous  inflainmation  has  been  completed. 
When  tin-  skin  has  fully  returned  to  its  normal  condition, 
it  is  advisable  that  theentire  surface  of  the  body  should 
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)h'  citn-riiUy  Imtliot  in  wnnii  wati-r,  iimili-  nlkulliii*  by 
ini-aiiN  iif  siHliiiiii  liii'itrliiiiiiilr  ami  |ii'ri'>'|ilililv  iiii)>ri'^' 
iialril  with  cailiiilir  acid.  A  i-iiiii|ilrti- attire  nl"  fri-sli  ami 
iiiiiiift'ctnl  (■liitliitii;'<li"iilil  rcplarc  llir  cliillics  |iri'viiiusly 
wiiiii.     Tlic  paiii-iil  limy  thin  lir  allnwcil  In  j;ii  at  laritc 

One  iif  tlir  ri-iiiiitiT  claiiKct^  assncialril  w  illi  erysipelas. 
—  a  ilaiipr,  Imwever.  uliieli  isiml  cif  fieinnnl  cieeiirrc'iiec- 
— is  an  iiilerfereiiee  willi  till'  riinelinii  nl  the  kiiliieys. 
This  riiiiiplienlinii  may  assume  a  variety  cif  fnriiis,  anil  its 
jireseiue  as  a  eninplieatiiin  uf  the  eiysipelatmis  prncessis 
iif  sullleiently  ftrave  impnrlanee  tii  make  the  ilaily  e.\ani 
illation  of  the  urine  ailvisalile.  The  renal  eiiiiililiiin  often 
seems  line  nnl  so  inueli  to  thespeeilieelmnieter  of  theery- 
xipelatoiis  infeelioii.  Init  nilher  to  the  aiiion  of  the  li>.\i<' 
proiliietsof  the  haelUi  wliiehaeeoiiipany  the  ;.'niver  forms 
of  the  ilisiasi'.  Shoulil  this  or  any  other  iiiiiisiial  eoin 
pliealioii  arise  in  the  eoiirse  of  erysipelas,  the  sjime  rules 
shoulil  lie  oliserved  and  the  same  measures  adopted  as  in 
other  eases  of  similar  distiirhaiiee  of  these  iinporlant 
orpins.  The  strength  of  the  paliiiit  should  he  carefully 
liiisliaiiiled,  and  Ionic  measures  should  lie  cautiously  ein- 
jiloyed  tosiipport  the  svslem  until  the  natural  viu'or  shall 
iiave  lieen  re  esiahlisheii.  Fortius  purposi'  the  diet  should 
lie  carefully  selected,  and  should  consist  ol  inilrilious  liul 

iinstiiuulaliii!,'  f 1.  «  iili  the  adiUiimi  of  some  of  the  art i- 

tieial  ilii;istive  fennenls  if  the  functional  aliility  of  the 
alimentary  orirans  has  heen  seriously  impaired.  A  very 
excellent  addition  to  the  ordinary  diet  of  a  weak  and  de- 
bilitated patient  is  theextnicl  of  malt  in  some  of  its  more 
acceplalile  forms.  Perhaps  the  best  preparation  at  pres- 
ent for  this  purpose  is  that  known  as  "Ame."  or  the 
Japanese  e.xtraet  of  rice.  It  is  of  pleasant  taste  and 
pos.ses.si-s  creat  nutritive  power. 

To  overcome  the  debility  often  remainini:  after  a  pro- 
lonaed  attack  of  erysipelas,  a  clianue  of  scene  and  climate 
is  often  of  great  service.  Excessive  fatigue  or  prolonsjed 
bodily  exertion  should  he  prohibited,  and  the  patient 
should  be  directed  to  pass  a  portion  of  each  afternoon  in  a 
reclining  i>osl\ire,  and  if  possible  to  obtain  an  hour's  sleep 
in  the  middle  of  the  day.  In  cases  in  which  the  attack  of 
erysipelas  is  followed  by  the  formation  of  abscesses,  a 
sojourn  at  some  of  the  vvateiing  places,  particularly  at 
one  of  those  whosi-  waters  are  of  an  altirativc  and  chaly- 
beate character,  is  often  of  much  benelit. 

Aliert  A'.  Blodgett. 
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ERYTHEMA.— The  term  erythema  is  a  general  one  for 
certain  diNcuses  of  the  .skin  in  which  there  are  evidences 
of  hyperainia  and  passive  intlammation. 

Erythema  simply  means  redness,  and  is  therefore  noth- 
ing more  than  a  symptom,  and.  used  without  a  qualify- 
ing adjective,  has  but  little  definitive  value. 

The  delinilion  of  erythema,  as  given  by  .some  authors, 
is  '■  a  localized  congestion,  accompanied  by  redness,  which 
disjippears  under  pressure." 

Two  divisions  of  the  subject  arc  usually  made.  viz.. 
Erythema  hypenemicum  and  Erythema  exudativum; 
tliese  are  again  subdivided  according  to  symptoms. 

The  tirst  general  division.  Ervthkm.\  iivPKn.KMicrM 
or  Simplf  Ilnihriniiir  Kr>jiliini(i.  is  that  form  of  the  disease 
which  is  cliamcterized  by  various  sized  and  various- 
shaped  points  and  jiatches  of  redness,  exhibiting  no  evi- 
dences of  inrtammatory  exudation. 

The  patches  readily  disjippear  upon  pressure. 

The  causes  of  the  affection  arc  numerous:  heat.  cold, 
the  presence  of  irritating  substances,  as  well  as  certain 
general  systemic  disorders. 

It  occurs  both  idiopathically  and  symptomatically. 

The  I)liiij>iil/iii-  /li/iHiiniiir  Kri/t/>(iiin>i  are  those  which 
are  produced  bv  cold  or  by  heat,  by  traumatism,  or  by  the 
application  of  some  irritant  to  the  surface  of  the  body. 


If  the  skin  1h>  exposed  to  any  of  tlieiM'  ngimlii  for  a 

great  length  of  lime  the  condition  ptuwcH  from  the  Niiiiple 
liy|iera'inic  into  the  exudative  stage.  .Slight  Kunbiirn  Ik 
perhaps  the  mildest  tvpeof  liyperiemic  erythema.  Arti- 
ticial   heal    may    proiliiee   the  sjiine  coiidiiion   iKri/lhemn 

:lli  ii/in  I. 

Cold  will  also  produce  a  certain  nmonnt  of  cnngesliou 
(  /■Jri/l/ii  iii'i  jxriiio,  r/iilliliiiin. 

\Vounils  and  contusions,  pressure  of  clothing  or  baud- 
ages,  also  cause  a  localized  erythema. 

Exposing  the  skin  to  irritating  siibslances.  as  mercury, 
iodoform,  certain  dye  si ulTs,  or  poison  ivy  can  cause  au 
erythema. 

The  J'li  lit  infill  for  simple  erylhcina  is  tipon  general 
lines.  If  it  is  caused  by  pressure  of  clothing  or  from  the 
elmling  of  I  wo  (ip]iosing  skin  surfaces  (Krythema  inter- 
trigo), remove  the  pressure  and  apply  some  soothiug 
dusting  powder. 

If  it  has  become  almost  eczemntous  in  character,  and 
the  disea.sed  area  is  covered  with  a  sticky  exudation,  as 
is  often  the  case  in  infantile  intertrigo,  Lasar's  paste, 
calamine  lotion,  made  with  the  stearate  of  zinc  instead 
of  the  oxide,  or  any  of  the  other  external  aiiplications 
for  eczema,  are  indicated. 

If  the  erythema  is  from  the  external  apiilication  of 
drugs,  the  treatment  is  obvious;  remove  the  cause. 

The  Syiiiptoiiiiitie  Kn/lheiium  are  important,  because 
lliev  so  often  simulate  more  seiious  affections.  They 
generally  occur  as  the  result  of  some  derangement  of  the 
iligestive  tract,  and  are  more  freiiuently  seen  in  children 
or  young  ])eople.  They  may  also  accompany  certain 
systemic  diseases,  such  as  diphtheria,  scarlet  fever,  chol- 
era, uriemia.  ISright's  disease,  etc. 

The  eruption  may  be  found  on  any  portion  of  the  body, 
although  the  face  seems  to  be  the  part  most  frequently 
alTected.  The  lesionsappear  in  various  shapes;  patches, 
spots,  rings,  etc.,  small  reddish  pea  sized  spots  called 
roseola,  are  often  seen  in  the  beginning  of  a  syphilitic 
rash,  smallpox,  or  as  an  accompaniment  of  vaccination, 
and  in  some  cases  of  jaundice. 

The  i>ersistenl  or  fugitive  flush  seen  in  rheumatism, 
asthma,  goitre,  hemiplegia,  is  an  erythema  produced  by 
some  impairment  of  the  central  or  peripheral  nervous 
functions. 

The  symptomatic  erythemas  occur  in  both  the  liyper- 
a'lnic  aiid  the  exudative  varieties;  and,  as  they  are  more 
frequently  ob.served  after  they  have  pas,sed  into  the  in- 
tlamuiatory  stage,  to  save  space  they  can  be  more  con- 
veniently discussed  here,  before  considciing  the  distinct 
group  of  erythriii;!  multiforme. 

Kriitliiiii<i  Dijilitliin'tii'inu. — During  an  attack  of  diph- 
theria, especially  if  severe,  there  often  occurs  upon  the 
thorax  and  abdomen  a  diffuse  eruption,  sometimes  ex- 
tendingovertheextremities;  it  may  be  mottled,  punctate, 
or  scailaliniform  in  character,  the  rash  usually  ap- 
pears on  the  second  or  third  day  of  thedisease  and  should 
be  distinguished  from  the  toxic  maculo-papular  erythema 
multiforme  which  appears  late  in  the  course  of  diphtheria. 

Since  the  introduction  of  antitoxin  as  a  therapeutic 
measure  a  form  of  erythema  has  been  noted;  it  occurs 
chieHy  on  the  trunk,  making  its  appearance  from  six  to 
twenty-four  hours  after  the  injection.  This  epiphenom- 
enon  is  regarded  by  liacteriologists  to  be  <lue  to  some 
idiosyncrasy  of  the  horse  from  which  the  antito.xin  is 
taken  and  iiot  to  any  defect  of  the  preparation  itself. 
This  erythema  is  not  of  any  grave  im|iorlance.  but  is  a 
dis;igreeable  accompaniment  of  the  most  efTective  thera- 
peutic measure  in  the  treatment  of  diphtheria. 

Knjihemit  Chohriciim. — This  is  a  polymorphous,  macu- 
lo-papular erythema  .seen  in  some  cases  of  cholera.  The 
eruption  first  appears  on  the  hands  and  feet,  extending  to 
the  forearms,  legs,  and  trunk,  and  finally  to  the  face. 
It  usually  begiiis  early  or  late  in  the  disease,  lasts  several 
davs.  and  disajipears  bv  desqtiamation. 

'Vhe  erythema  of  Crtrmin  is  of  the  maculo-papular 
variety.  The  first  lesions  are  bright  red  macules  which 
rapidlV  change  into  jiapulcs.  and  are  generally  upon  the 
extensor  .surfa<"es  of  the  hands,  forearms,  and  legs.     The 
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onipliiiM  miiv  cxlciid  ovi-r  llie  bixly,  oven  iiivolvinsr  the 
palms  mill  soles:  it  runs  its  ('(Hirse  in  tliree  or  four  days 
iind  sulisiiles  willi  ll:iky<lesi|imnmlion.  When  this  eutiv 
neons  iiiiiiiifeslalion  is  seen  as  an  aeconipaninient  of  ne- 
phrilis  the  proiinosis  is  ^'rave. 

In  C/iniiiir  /tn'(//il'K  J)isr(iKC  the  erythema  eonsists  of 
bright  red  macules,  srenenilly  situated  on  the  trunU,  al- 
thoufih  the  neek.  arms,  and  thighs  may  be  involved,  and 
more  mrely.  the  face,  hands,  and  feet;  it  is  accompanied 
by  no  subjective  symptoms  and  lasts  but  a  few  days. 

There  is  another  eruption  sec-n  in  Hright's  disease  which 
is  papular  throughout.  This,  1  think,  is  the  commoner 
form.  The  lesions  are  large,  discrete  papules,  of  a  (lark 
red  color,  generally  springing  from  dry,  rough,  or  scaly 
patches.  The  outi'r  side  of  the  thighsand  extensor  sur- 
faces of  the  legs  and  arms  are  the  parts  involved. 

Krythcmii  Sr<irliitiii<>ides.—\n  1.S.51  Hardy  described  a 
cutaneous  roseola  which  closely  resembled  scarlet  fever. 
He  named  it  Erythema  scarlatinoides.  Eater.  I3azin  re- 
ported similar  cases;  he  apjilieil  to  them  the  term  ery- 
thema scarlatinifonnc.  Still  later,  Besnier  gave  the  dis- 
ease careful  clinical  and  histological  study,  and  from  his 
researches  he  considered  the  projjer  name  to  be  the  one 
first  given  by  Hardy. 

Its  close  resemblance  to  scarlet  fever  makes  it  a  disease 
of  considerable  importance. 

The  eruption  comes  on  with  slight  constitutional  dis- 
turbance and  with  more  or  less  elevation  of  temperature; 
its  advent  may  be  sudden  or  gradual ;  it  appears  tir.st  on 
the  chest,  as  a  bright  red  jninctate  erythema,  and  from 
here  eventually  spreads  over  the  entire  body.  Cases  have 
been  re])orted  in  which  it  ajipeared  as  a  diffuse  general 
rash.  It  is  often  accompanied  by  burning  and  itching; 
the  duration,  in  either  case,  is  short ;  it  soon  becomes  pale, 
and  in  a  few  days  pas.ses  olT  with  little  or  no  desquama- 
tion. If,  however,  the  attack  has  been  .severe,  the  des- 
iiuamalioii  may  be  considerable,  the  epidermis  shedding 
it.self  ill  large  patches. 

The  disease  has  no  specific  infectious  origin ;  it  is  neither 
contagious  nor  transmissible.  It  differs  from  scarlatina 
in  the  absence  of  the  characteristic  strawberry  tongue 
and  the  typical  throat  syin|)toms. 

Gastric  and  intestinal  disorders  seem  to  be  the  promi- 
nent causative  factors.  According  to  the  rejiorts  the  dis- 
ease has  been  observed  during  the  ])uerperal  jieriod  and 
as  a  symptom  of  septicainia.  It  has  also  been  observed 
in  typhoid  fever;  in  which  disease  it  usually  occurs  at 
the  end  of  the  lirst  or  at  the  beginning  of  the  third  week 
of  the  fever. 

The  external  application  of  drugs,  such  as  mercury  or 
iodoform,  has  been  known  to  produce  the  erujilion. 

In  treating  the  disease  such  measures  should  be  adopted 
as  the  symptoms  demand, 

Erjitheiiiii  Si-iirliitinoidiK  lieeidivnns. — This  is  a  variety 
of  scarlatiniform  eruption  that  tends  to  relap.se.  each  at- 
tack clearing  up  with  considerable  desquamation.  The 
disease  has  been  described  by  the  French  authors,  and 
many  American  dermatologists  have  also  reported  un- 
doubted cases  of  this  affection. 

The  term  desquamative  relapsing  scarlatiniform  ery- 
thema is  the  name  liy  which  the  disease  is  now  known. 
Some  of  I  he  French  writers  consider  it  ilill'ereiil  from 
Erythema  scarlatinoides  because  of  its  extremely  inllam- 
matory  chai-acter,  and  have  suggested  the  term  Dermatitis 
scarlatiniformis. 

The  sym|)toms  as  given  by  Besnier  are  as  follows;  It 
often  begins  with  shivering,  las-situde.  sore  throat,  head- 
ache, and  elevation  of  temperature.  When  the  rash  is  at 
its  height  the  fever  will  suddeidy  cease.  The  eruption 
lasts  for  from  four  to  six  weeks,  and  is  similar  to  that  of 
scarlet  fever, 

Desipiamation  often  begins  on  one  part  of  the  body 
while  the  ettlorescence  is  l)re,sent  on  others. 

The  etiological  factors  are  numerous;  it  may  be  due  to 
external  or  internal  causes;  it  has  been  observed  in  cer- 
tain disea,ses  such  as  rheumatism,  gonorrhiea,  toxa'inia, 
etc.;  mercury.  (|uinine.  belladonna,  antipyrin  are  among 
the  drugs  which  produce  this  variety  of  erythema. 


One  attack  jiredisposes  to  another,  recurrences  usually 
taking  place  at  the  change  of  seasons.  While  any  of  the 
foregoing  factors  may  produce  an  attack,  yet  what  in- 
duces an  outbreak  in  one  person  will  not  in  another,  and 
attacks  in  the  sjime  subject  may  be  brought  about  by  en- 
tirely different  causes. 

It  has  been  observed  that  each  subsequent  manifesta- 
tion of  the  disease  tends  to  become  milder. 

In  making  a  diagnosis,  erythema  must  be  diflcrentiatcd 
from  scarlet  fever,  which  dise^ase  it  most  closely  resembles. 
The  principal  Jioiuts  to  be  remembered  are:  while  there 
may  be  sore  throat  at  the  beginning  of  the  attack  it  is  not 
so  severe  as  that  of  scarlet  fever,  the  strawberry  tongue 
is  not  lue.sent.  the  temperature  abates  during  the  height 
of  the  rash,  the  duration  of  the  disease  is  more  variable 
and  jirolonged,  and,  linally,  it  is  non-contagious  and  tends 
to  relapse. 

Erythcmn  Persians. — This  is  a  type  of  erj-fhema  which 
has  many  of  the  erujitive  characteristics  of  Erythema 
scarlaliiiiforiiic,  differing  in  that  the  rash  may  persist  for 
weeks,  months,  or  longer.  The  eruption  is  s.vmmetrical 
and  is  attended  by  severe  subjective  symptoms,  as  pain 
and  itching. 

The  treatment  of  this  group  of  erythemas  depends 
largely  upon  the  cause;  if  it  is  due  to  some  systemic  dis- 
ease, treat  that,  or  if  to  external  irritation,  remove  the 
irritant.  Locally,  soothing  applications  will  be  found 
iLseful. 

In  the  Persians  variety.  Duhring  recommends  the  ex- 
hibition of  quinine,  sodium  salicylate,  or  ergot  in  full 
doses. 

Ertthem.v  ExsuDATmiM  JlrLTiFORME. — The  affec- 
tions grouped  under  this  general  head  are  characterized 
by  iuHaminatory  changes  in  the  skin,  and  are  in  confra- 
di.stinctiou  to  tlie  simjile  congestive  or  liypenemic  ery- 
themas. As  the  name  implies,  the  lesions  are  multiform, 
and  the  symptoms  and  eliology  are  varied.  The  French 
term  it  Eiiitlutiii'  poliitmirjihr.  The  general  tyjie,  ery- 
thema multiforme,  was  clearly  described  by  Hebra  ;  since 
then  the  (|iieslion  is  constantly  brought  up  whether  many 
of  the  cutaneous  manifestations  groui)ed  under  this  head 
are  not  really  distinct  diseases. 

It  is  an  iiitlamniatory  affection  characterized  by  reddish 
or  variegated  macules,  papules,  and  pustules.  The  erup- 
tion occurs  either  discretely  or  in  patches,  with  sharply 
detined,  marginate  outlines,  and  runs  an  acute  course. 
The  patches  may  be  simply  erythematous  or  may  consist 
of  maculo-papules.  papules  and  vesicles,  and,  in  some  in- 
stiinces.  of  vesicles  and  blebs. 

The  lesions  pass  rapidly  through  their  various  evolu- 
tions; first,  the  erythematous  jiatches  are  red  and  clearly 
defined  from  the  surrounding  skin ;  in  a  few  days  they 
begin  to  assume  a  purplislr  or  bluish-white  color,  which 
disaiqiears  upon  pressure. 

The  variotis  shapes,  colors,  and  character  of  the  patches 
have  given  rise  to  the  terms  circinatum.  annulare,  papu- 
losum,  iris,  marginatum,  puriniricum,  urticans,  etc. 

The  eruption  which  fades  in  the  centre  and  extends 
peri]ilierally  is  termed  circinatum.  If  there  are  a  series 
of  concentric  rings  formed  it  is  called  Ery  tlieina  annulare, 

Erj/thcmd  iriK  is  a  rare  manifestation  of  Erythema 
multiforme,  and  has  been  described  uniler  various  names, 
such  as  Herpes  iris,  hydrna.  Herpes  circinatns,  etc. 

Two  varieties  are  most  freiniently  seen:  in  one  the  le- 
sions are  vesicular  and  bullous,  arninged  in  clusters  and 
rings;  in  the  other  they  are  vesicular  throughout.  The 
degree  of  redness  is  marked,  assuming  in  most  cases  many 
hties,  from  which  comes  the  term  iris. 

The  eruption  is  generally  located  on  the  backs  of  the 
hands  and  feet,  although  it  may  invade  other  parts  of 
the  skin,  even  the  mucous  membranes. 

Miiriiiniiti'  en/l/ienm  is  simply  that  form  in  which  the 
margin  is  sharply  detined.  The  gyrate  and  tigurate  forms 
are  those  in  which  the  patches  and  circles  merge  together 
and  form  fantastic  shapes. 

PiijxiUir  erythemii  is  the  name  given  to  the disea-se  when 
the  patches  consist  of  papules  or  maculo  jiapules. 

If  the  erythema  is  coin|i1icale(l  with  cutaneous  hemor- 
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rluiKcx  It  i"  fulleil  Krythrmn  muHiformt  jmrpurieum;  If 
willi  iirtiniriiil  wliciils,  /Cri/l/uiiin  miilli/nniit'  iirlietiim. 

Krytlii'iim  iiiultifnriiK'  iitlackH  liy  Iirrfcrrlifc  ctTtiiili 
H'^ioiix  of^  (!>■'  I>i><lv:  iIk' IiiiiKh  i>{  iIic  luiriilu.  forciimis, 
mill  l('),'s  lii'iii);  llx'  loiiilitiis  f^iiiinillv  iiivmliil.  In  soiiic 
•UM'S  llir  fucr  limy  l)r(uinr  iiivolviil.  Tlir  cruiiliini  oc- 
Mils  syininrtriially.  iiixl  llif  luilliniik  usually  lirjiiiis  tlisl 
nil  till'  liamis  mill  tln^ii's.  If  it  itltucks  llic  faci'  tlii'  tirst 
Irsjiiiis  ari'  Kcrli  on  Ilir  fnri'lirail. 

Cii-scs  liiivo  Im'i'U  rcciirilcil  in  \\  liicli  I  lie  eruption  inv<ilvo<l 
till-  wlinli'  I'ulaiiriiiis  I'livrriii),;.  lirjriniiiiif;  in  Ilir  fiivoritr 
liiraliniis  and  s|iivailiiii;  over  llir  fiilirc  biiily,  liniilly  rr- 
siilvinj;  by  rxfolialioii.  Tlir  (lisiii.sc,  in  tlirsr  iiisliinccs, 
i-liisi-ly  ri'si'iiildcs  Di-riiiulitis  fxTolialiva  (sit  Kryllicniu 
srarlaliniroriiii'). 

Till' siiliji'rlivi'syin|it<inis  arc  niilil.  anil  tlic  patlrnt  may 
I'oniplain  mily  of  sliglil  Imrninjr  ami  itiliin^.  The  sys- 
Irniii'  syin|itiinis  are  variiible;  friiiuenlly  llii'i'c  will  be 
eonsiilerable  eruption  over  tlie  lianils  nnil  feel,  with  no 
freneral  iliseoiiifort.  Again  there  may  lie  a  niarkeil  ele- 
vation of  teiupenilure,  preceileil  by  malaise.  Iieadaelie, 
rlieiimatie  like  pains,  sore  throat  and  swelling  of  the 
joints. 

(Jastrie  ami  inte.stinnl  denmgements  have  lieen  noted 
in  the  severer  ease.s. 

Till'  evolution  of  the  disease  is  varied.  Often  erythema 
will  be  the  only  ernplion observed  Ihrougliout  the  whole 
iitlaek.  while  "in  other  cas(>s  there  will  be  vesicles  or 
aborted  vesicles.  Again  the  lesion  may  be  maculopap- 
ular.  Sometimes  the  patch  will  clear  in  the  centre  and 
form  opiilesceiit  rings.  In  the  more  .serious  cases  there 
may  bea  di;ipedesis  of  blood  in  the  skin.  If  this  is  great 
enough  to  form  distinct  purplespots.it  is  a  question  if 
the  disease  is  not  Purpuiii  rheumatica,  and  not  a  true 
Eiyihcma  multiforme.  It  is  now  almost  the  universal 
belief  that  in  its  eliology  and  pntliology  Erythema  multi- 
forme  is  closely  allied  to  the  cutaneous  lesions  of  rheu- 
matism. Erythema  niultifornie  is  a  disease  of  s|)ring  and 
autumn,  although  it  may  occurat  other  times  of  the  year. 
Humidity  or  dampness  .s<'ems  to  favor  its  development. 
Women,  especially  young  women,  arc  more  subject  to  it 
tli:iii  men. 

I'alliologically  it  is  an  angioneurosis,  the  effect  being 
primarily  upon  the  nerves,  si-eondarily  upon  the  blood- 
vessels. It  is  believed  by  many  aulhorilics  to  be  of  an 
infectious  nature,  although  opposing  theories  ajijiear  to 
be  equally  well  grounded  in  fact.  Cases  have  been  re- 
ported of  nervous  shock  followed  by  an  crylhematous 
outbreak. 

Microscopical  examinations  of  the  lesions  show  a  dila- 
tation of  the  vessels  of  the  strjituni  corneuni  and  some 
exudation  of  white  corpuscles. 

Keeent  observations  liave  not  been  able  to  demonstrate 
the  presence  of  emboli  in  the  cutaneous  vessels,  although 
some  pathologists  claim  to  have  found  them. 

The  Didf/iifititi  of  the  disease  is  comiianitively  easy, 
providing  the  multiform  character  and  jieculiar  color  of 
the  lesinnsare  borne  in  mind.  The  presence  of  the  lesions 
upon  the  hands  and  feet,  and  tin-  almost  total  absence  of 
itching  w  ill  serve  to  distinguish  it  from  urticaria. 

In  papularce/.ema  the  papules  are  smallerand  intensely 
itchy.  The  course  and  symptoms  of  peiniihigus  w  ill  aid 
in  diagnosing  it  from  the  bullous  form  of  erythema. 

Erythema  nodosum  will  be  known  from  Erythema 
nuilliforme  by  the  iiresence  of  bluish  nodes  on  the  ex- 
tremities. Till' difTerential  diagnosis  between  Erythema 
mulliforme  and  Dermatitis  herpeliforniis  is  more  dinicult 
to  make.  Careful  study,  alone,  makc-s  ililTcrentiatiQn 
possible.  Limited  space  will  allow  only  a  brief  outline 
here.  Dermatitis  herjietiforniis  is  a  chronic  disease,  and 
tends  to  relapse,  each  recurrence  .showing  the  herpeti- 
form  character  of  the  lesion;  Erythema  multiforme  is  an 
.K'Ute  disease,  occurring  as  a  rule  in  the  spring  and  fall, 
and  while  in  some  instances  the  lesions  may  be  herpetie- 
like,  they  always  present  more  or  less  multiformity. 

The  Til  lit  nil  lit  of  Erythema  multiforme  should  be  on 
genend  lines.  At  the  beginning  of  the  attack  a  saline 
purge  is  indicated;  the  diet  should  be  light  and  nutri- 


tious; 8tlniuluntH  of  nil  Horls  Hhould  be  avoided;  unii 
rliciiniatie  remedii'H,  such  as  iheKalicyhilcH.  appear  to  ^'ivc 
the  best  resullH.  In  the  relapsing  cases  ipiiiiine  and  iron 
kIiouIiI  be  used.  AslriiigenI  waslies.  kucIi  as  lead  lotion, 
will  lie  found  useful  in  treating  the  nkiii  lesionH.  If 
there  should  be  itching  a  weak  solution  of  carliolie  acid 
or  menlhol  will  give  relief  Some  aulhors  reeommiiid 
various  pastes  containing  a  small  per  cent,  of  carbolic 
ucid,  resorcin,  or  salicylic  acid 

In  the  beginning  of  I  he  disea.si'  the  I'lw/iiimii  as  to 
dunilion  should  be  very  guarded,  for  relapses  may  occur 
that  would  prolong  Ihc  attack  imlelinitely.  (ienerally 
llie  disease  runs  a  detinile  course,  lasting  from  a  month 
lo  six  weeks,  trealinent  seeming  to  have  very  little  inllu 
ence  upon  it. 

EitvrHi:M.\  Muiiisi'M  is  an  inllammalory  disease  of  the 
skin  clianicteri/.ed  by  various-sized  elevated  nodes  of  a 
ro.sv  red  or  purplish  color. 

1"he  disea.se  is  generally  ushered  in  with  some  systemic 
disturbance;  there  are  malaise,  fover,  and  rheumatic  like 
pains  of  the  joints. 

The  nodes  begin  as  dark  indurated  jialches.  they  ap- 
pear suddenly  and  rapidly  arrive  at  full  development. 
Various  regions  of  the  body  may  be  involved,  allhough 
the  extensor  surfaces  of  the  arms  and  legs  are  the  parts 
usually  allected.  The  nodes  dilfer  in  size  from  a  lillieit 
to  a  large  English  walnut.  At  liist  they  are  bright  red, 
gradually  growing  darker  until  they  become  purple, 
tinally  fading  to  a  yellow  isli-blue  lint  resembling  the  dis- 
coloration of  contusions,  which  has  given  rise  to  the 
synonym  Erythema  eontusiformc.  Throbbing  and  pain 
on  pies-sure  are  chaiiicteristic  syniplonis;  frequinlly  the 
nodes  become  so  inllamed  and  shiny  that  they  are  mis- 
taken for  i)oints  of  sup])uralion.  The  number  of  the 
nodes  vary;  sometimes  they  are  limited  to  two  or  three, 
then  again  there  are  four  or  live  times  as  many.  They 
appear  in  succes.sivc  crops,  each  crop  being  accomiianied 
by  more  or  less  systemic  disturbance.  Cases  have  been 
reported  in  whicli  there  were  diarrhoea,  high  tempera- 
ture, and  vomiting. 

The  cause  of  the  disease  is  not  clearly  determined,  al- 
though it  is  most  frequently  met  with  in  the  ana'tiiic  and 
weakly;  good  general  health  does  not  preclude  anattack. 
Exposure  to  cold  in  some  cases  seems  to  provoke  an  out- 
break. Females  apjiear  to  be  more  subject  to  the  dis- 
ease than  males — the  proportion  being  about  three  to  one. 
It  is  more  fre(|Uenlly  seen  in  early  middle  life,  although 
I  have  observed  it  in  jieople  over  lifly  years  of  age. 

The  pathology  is  that  of  an  exudative  inflammatory 
process,  similar  lo  Erythema  multiforme.  Some  authors 
claim  it  to  be  an  inflammation  of  the  lymphatics;  others, 
that  the  nodes  are  inflammatory  intaicts.  Many  com- 
petent observers  consider  it  to  be  closely  allied  to  Pur- 
pura rheumatica.  The  justice  of  the  claim  that  it  is  of 
infectious  origin  merits  more  than  pas.sing  notice;  for  if 
the  course  and  symptoms  are  closely  observed  it  will  be 
found  that  it  bears  a  marked  resemblance  to  some  of  the 
infectious  diseases;  as  for  instance  intluenza. 

There  seems  to  be  no  doubt  that  Eryllienia  nodosum  is 
in  some  way  closely  allied  to  rheumatism,  for  the  joint 
and  muscidar  pains  are  quite  similar,  and  heart  involve- 
ment has  been  noticed  during  a  course  of  the  cutaneous 
disease.  It  is  probable  that  when  the  bacteriology  of 
rheumatism  is  more  fully  worked  out  it  will  be  found 
that  Erythema  nodosum  is  due  to  the  same  or  a  similar 
organism. 

The  microscopical  findings  are  similar  to  those  of  Ery- 
thema multiforme.  The  capillaries  are  dilated :  there  is 
an  inlillration  of  blood  cells  into  the  derma,  and  the  lym- 
phatics are  filled  with  cells.  Competent  observers  have 
failed  to  demonstrate  free  cutaneous  hemorrhages  in  the 
contused  areas. 

In  diagnosing  the  disease  care  must  be  taken  not  to 
mistake  it  for  lirtiises;  it  is  sometimes  diagnosed  as  ery- 
sipelas, especially  if  it  occurs  about  the  face.  The  nodes 
have  been  cul  into  under  the  impression  that  they  were 
absces-scs.  The  number  and  sites  of  the  nodes  will  help 
to  distinguish  it  from  syphilitic  gumma.     Giant  urticaria 
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(lilTcrs  from  prvtliciim  in  lliiil  it  is  iioviT  nccoinpanicd  I)y 
rlifumuticliki-  jmins  cir  l>y  fever.  Tliecolor  of  tlie  lesions 
ililTers.  Ilie  crvllieMmtous  ncules  lire  piiinful,  wliile  the 
wheals  of  urtiearia  are  itchy.  The  C(>\irse  of  the  two 
diseases  is  (iissimihir;  erythema  iKxIosuin  lastiiijr  two  or 
three  weeks,  while  iirticiiria  disappears  in  a  few  days. 

It  niijrht  lie  inisiaken  for  thai  rare  <lis<'ase  ICrytheiiia 
indiinvtiini.  liut  this  atTection  runs  a  slow  ehionie  course, 
geiienilly  terniinatinir  in  uleenitioiis. 

Till'  distin'.'uishinj:  chara<l<-risli(s  of  pldeliitis,  lym- 
phanjiitis,  and  Erythema  inultifonne  should  also  be  borne 
in  mind. 

'J'lYiilmiiil. — The  treatment  is  according  to  the  symp- 
toms. If  there  is  much  fever  antipyretics  arc  indicated. 
The  bowels  should  be  kept  open  and  a  simple  diet  sliovdd 
be  l>re,scril)ed.  As  reirards  the  iiencrid  Ihenipciitics,  the 
most  reliance  should  be  placed  upon  s:ilol.  s.ili<ylatc  of 
soda,  or  i|uinine:  iihenacctin,  coiidiincd  with  any  of  the 
above,  aids  in  relicvinjj  the  muscular  and  joint  pains.  It 
is  well  ti>  follow  this  line  of  treatment  with  liberal  doses 
of  iron  and  tonics,  especially  in  weak  females.  External 
lotions  of  lead  water  and  opium  relieve  the  burning  pain, 
or.  if  preferred,  a  ten  to  twcntj'-tive  per  cent,  ichthyol 
ointment  can  be  used. 

The  Pr'ii/iifi.11.1  is  favorable;  relapses  arc  rare. 

EitvriiKM.i  Elicv.vtim  DnriM'.M. — In  1S94  Crocker 
described  a  disease  to  which  he  gave  this  provisional 
name.  The  eruption  occurs  in  young  girls  of  rheumatic 
history,  and  chietly  affects  the  hands,  lips,  knees,  and 
buttocks.  The  lesions  are  pale,  piirplisli-red  in  color, 
and  in  some  cases  are  sharply  detin<'d,  in  others  nodular 
and  irregular  in  outline.  They  arc  tirm  to  the  touch  and 
painful  when  pressed  upon.  There  are  few  fir  no  subjec- 
tive symptoms.  Cases  have  liecn  rej-iorted  in  which  there 
was  considerable  distigurcmcnt  from  the  eniption,  the 
skin  being  so  nodular  and  intiltralecl.  The  lesions  tend 
to  persist,  but  may  undergo  gradual  involution.  Those 
that  do  remain  become  as  hard  as  cartilage.  Jlicro- 
scopically  there  are  evidences  of  intlammatory  processes 
followed  by  the  production  of  fibrous  tis.sue.  It  is  un- 
doubtedly a  mistake  to  use  the  term  erythema  in  this 
disease,  for  it  does  not  properly  apjily  to  the  condition, 
hypertrophic  changes  being  the  chief  pathological  ele- 
ment. The  proper  classification  will  be  finally  decided 
after  further  study,  but  until  then  it  is  as  well  to  describe 
the  disease  under  this  caption  as  elsewhere. 

Ehvtuem.v  ixduh.ktum.  or  Ert/theme  indiire  deg  serofu- 
U'lx.  is  a  disease  llrst  described  by  Bazin.  It  is  a  deep- 
seated  nodular  eruption  situated  in  the  skin  over  the  legs 
and  fingers. 

The  nodes  vary  in  size,  and  are  round  or  oval  in  shape; 
as  a  rule  they  are  few  in  number,  but  cases  have  been 
reported  in  which  they  became  confluent.  They  run  an 
indolent  course:  some  disjippear  by  siiontaneous  involu- 
tion, while  others  suppurate  or  become  necrosed,  form- 
ing deep  circular  idcers.  Pain,  which  may  be  i)resent, 
is  not  severe.  Young  strumous  girls  with  feeble  circu- 
lation seem  to  be  especially  subject  to  the  disease. 

In  diagnosing  this  disorder  ilrylhema  nodosum  and 
syphilitic  gununata  must  be  thought  of.  It  differs  from 
Erythema  nodosum  in  that  the  lesions  are  more  circum- 
scrilied,  firmer,  and  of  a  darker  color;  they  are  more  deep- 
ly situated  in  the  skin  and  less  tender;  they  run  a  chronic 
course  and  tenil  to  ulcerate. 

Syphilitic  guminata  are  not  bilateral,  and  the  patient 
gives  no  evidences  of  other  specific  symptoms. 

Treatment  consists  of  change  of  air.  tonics,  and  rest  in 
bed.  James  Murfarlane  Wiiifcld. 

ERYTHRASMA. — This  is  a  cutaneous  disorder  rather 
than  a  <//«</,v  of  the  skin  strictly  speaking,  and  is  due  to 
the  jiresence  and  growth,  on  and  in  the  superficial  layers 
of  the  epidermis,  of  a  vegetable  parasite.  The  affection 
was  first  described  by  IJurckhardt  in  18.59  and  by  von 
Barenspruiig  in  \si)i.  who  then  named  it.  Later  it  was 
stndieil  by  Besnier,  Balzer.  nubnuilli.  Hiehl,  Crocker, 
and  many  others,  who  all  agree  that  it  is  a  distinct  affec- 
tion.    It  is  an  extremely  rare  though  trivial  affection;  it 


produces  no  inconvenience  and  is  usually  oidy  accident- 
ally discovered.  During  the  pa.st  six  years  no  instance 
of  it  has  been  noted  in  the  dermatological  department  of 
the  Vanderbilt  Clinic.  New  York  City,  where  the  ex- 
aminations, at  least  amongst  the  male  patients,  in  whom 
it  is  said  to  be  most  connnon,  is  of  the  most  open  kind. 
The  parts  attacked  arc  primarily  those  situations  of  the 
body — such  as  the  axilhe,  the  inguinal  and  genito-crunil 
regions,  and  the  cleft  of  the  nates — where,  the  apposed 
surfaces  of  the  skin  coming  in  contact,  warmth  anil 
moisture  arc  most  constant.  To  these  situations  the  para- 
site may  confine  itself  indefinitely,  but  sooner  or  later  (if 
uninterrupted  in  its  coursi')  the  growth  spreads  slowly 
to  contiguous  parts  and  the  trunk  and  limbs  become  in- 
vaded. These  parts,  however,  may  be  attacked  iude 
pcndently.  The  affection  first  manifests  it.self  in  the 
form  of  macules  of  the  size  of  a  pinhead  or  in  i)atches 
of  a  somewhat  laiger  area,  the  lesions  varying  in  color 
according  to  their  age  and  location,  but  always  present- 
ing a  sharp  contra.st  to  the  color  of  the  adjacent  nonnal 
inte,gument.  The  younger  lesions  are  vividly-  red  over 
their  entire  surface  or  at  their  borders  only,  where  a 
slight  elevation  above  the  general  surface,  due  to  hyper 
semia  and  to  the  presence  of  a  scanty  (les(|uamation,  may 
be  detected  by  the  passing  finger.  The  larger  and  older 
patches  display  varying  shades  of  color  ranging  from  a 
yellowish  or  light  brownish  tinge  to  deep  orange,  they 
arc  circular  or  rosette-shai)ed.  or  they  have  very  irregular 
outlines.  Vesiculation  and  papulation  never  occur  and 
the  only  subjective  symptom  is  pos.sibly  that  of  itihing. 
It  is  the  most  chronic  in  its  course  of  the  derniatomy- 
cosesand  lasts  formontlis  or  years  with  but  little  change. 
Males  are  more  frequently  attacked  than  females;  no 
case  has  been  noted  in  childhood.  Uiehl's  youngest  case 
was  sixteen  years  old.  the  oldest  fifty  eight. 

The  fungus  to  which  erythrasma  is  due  was  named 
by  von  Biirensprung  the  Microsporon  minutissimum.  the 
chief  characteristics  of  which  are  the  finenessof  its  threads 
and  the  minuteness  of  its  spores.  A  jiowcr  of  .six  hun- 
dred diameters  is  required  to  make  out  the  organism  well. 
The  threads  present  an  inextricably  interwoven  mass 
with  the  spores  scattered  throughout  in  irregidar  clumps. 

Erythrasma  is  chietly  to  be  distinguished  fromchromo- 
pliytosis,  but  the  different  situations  usually  occupied  by 
the  former,  its  vivid  coloring,  and  particularly  the  differ- 
ences observed  under  the  microscope  are  features  sutli- 
cicutly  distinctive  to  enable  one  to  make  a  positive  diag- 
nosis when  in  presence  of  one  or  the  other  affection. 
From  chloasma,  for  which  it  might  possibly  be  nustaken, 
it  may  be  shown  to  differ  by  the  ease  with  which  erasion 
removes  the  superficial  discolored  epidermis. 

The  following  simple  plan  of  treatment  will  be  found 
all-surticieut.  After  a  iireliminary  hot  bath,  during 
which  vigorotis  friction  of  the  atTected  parts  with  scrub- 
bing brush  and  soap  has  been  maintained,  a  goodly  pro- 
portion of  the  invaded  epithelium  will  be  found  to  have 
been  removed,  thus  allowingasaturated  solution  of  hypo- 
sulphite of  sodium  in  water  to  do  its  work  effectively. 
Afterward  this  .solution  should  be  dabbed  on  twice  ilaily 
until  the  last  tnice  of  the  parasite  has  been  removed,  for, 
as  in  chromopliytosis,  if  this  be  neglected,  even  to  the 
extent  of  overlooking  so  small  a  lesion  asa  pinpoint-si/.eil 
macule,  a  starting  point  will  be  h'ft  for  rein vasion.  JIany 
other  remedies  are  used.  The  list  includes,  sulphurous 
acid  jMire  or  dilute,  a  good  remedy;  a  ten-per  cent,  am- 
moniated  mercury  ointment;  and  ordinary  sulphur  oint- 
ment of  the  Pharmaropieia.  to  be  well  rubbed  in.  None 
of  these,  however,  can  be  compared,  as  regards  both 
cleanliness  and  effectiveness,  with  the  hyposulphite  of 
sodium  treatment.  Cluirla  Toirns/iend  Dude. 


ERYTHROPHLEUM 


ERYTHROPHLEINE.     See  Sasty 


ERYTHROXYLON.     Sec  Coca. 

ESCHSCHOLTZIA.— A  genus  (fam.  Paparerncea)  of 
ten  or  more  species,  of  the  western  and  southwestern 
United  States  and  of  countries  Iving  farther  sotithward 
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Krilhriiama. 
F.llKr. 


Mi'iliriiiiil  propiTtU'8  Imve  bt-en  cnKllt«l  to  the  E.  Cali- 
fdiiiidt  Cliiiin..  lull  lliis  wiiH  III  11  tiinc  wlifii  most  of  the 
>i|ii'('i<'s  wrn'  ini'liiilril  iimlrr  lliiil  iiiiiiir.  mi  il  is  not  now 
known  <rrliiinly  to  wliiili  specirs  (one  or  nioici  llicsc 
piiipiTlirs  were  siiiil  to  licloni;.  The  plants  iiri'  very 
showy  iinil  ini'  widely  cnllivutrd  for  orniniu'iiliil  pur- 
poses, Tiie  lierli  coiilalns  eheleryllirinc  (see  Ciliiiitliiii) 
iinil  III  li'iist  one  ollii'r  iilkaloiil.  iiiid  a  ^hlcoside.  Tlie 
presence  of  a  siniill  aniownl  of  nioriiliine  liiislieeii  <'liilni<-d. 
lint  this  is  prolialily  not  juslilled.  Mild  analL'esie  and 
Koporilie  elTeels  are  olilained  from  llie  use  of  I  lie  ex  I  met 
ill  do-es  of  alioiit  1  frm..  w  liieli  milV  lie  inereased  lo  lliree 
or  fi'Ur  linns  this  iiiiikiiiiI  Jliiiri/  J/.  Jlnnl'i/. 

ESPERANZA  MINERAL  SPRINGS.— Yiitcs  County, 
New   York. 

Post  <  IKKICK. — Pen  Yaii, 

AtiKss, — By  sti'amei-s  on  Lake  Kenka  or  liy  a  trolley 
line  lielween  I'en  Viin.  wliieli  is  six  miles  ilislaiit  in  one 
<liri(tioii.  and  Mriiiieliporl,  one  mile  distant  in  the  other. 

The  spring's  are  loiateil  at  the  head  of  the  west  liniiieh 
[if  Lake  Keiika.  one  of  the  most  eliiirniini:  and  pieliir 
cscpie  of  the  many  series  of  lakes  whieh  frive  the  name  of 
the  lake  sei-tion  to  this  part  of  eenlnd  New  York.  Lake 
Keiika  is  TOd  feet  above  the  ocean  level,  and  within  a 
mile  of  the  sprinirs  an  elevation  of  1.1(H)  fi'cl  liij;her  may 
lie  reached.  This  is  the  jireat  irrapeprodneini;  section 
<if  New  York,  and  the  country  alioiit  the  lake  is  dotted 
on  every  hand  with  vineyards.  Lovely  walks,  drives, 
and  liicycle  paths  aliound  on  all  sides.  The  largest  of 
the  springs  tlows  ahout  one  thousand  gallons  hourly. 
The  water,  which  has  a  temperature  of  ."il  F..  has  never 
been  examined  iinantitatively.  A  (lualitative  analysis 
shows  the  following  ingredients i  Calcium  carbonate. 
Calcium  sulphate.  Calcium  pliosplinte.  Calcium  chloride. 
Magnesium  chloride.  .Magnesium  carbonate.  Magnesium 
sulphate.  Iron  oxide  (tince).  Sulphuretted  hydrogen  gas, 
and  Carbonic  acid  gas. 

Till'  water,  when  tii'st  taken  from  the  spring,  has  both 
the  taste  and  the  snuMl  of  sulphur,  but  this  disappears 
after  a  few  hours,  and  the  water  becomes  very  |ialatable. 
There  is  no  hotel  at  the  springs,  though  there  are  many 
within  easy  reach.  T^ake  Keuka  is  well  su])]>lied  not 
<inly  with  hotels,  but  with  cottages,  steam  yachts,  sail- 
boats, etc.  No  systematic  effort  has  so  far  been  made 
to  put  the  Ks|ieran/.a  .Spring  waters  on  the  market,  al- 
though large  quantities  have  already  been  sold. 

James  K.  Crook. 

ESTILL  SPRINGS.— Estill  County.  Kentucky.  These 
spriiiL'sare  Inialid  40  miles  west  of  Irvine.  We  are  in- 
debted to  the  Iniled  States  Geological  Reports  for  the 
following  analysis,  made  by  Dr.  Robert  Peter: 

One  fNiTKD  States  Gallo.v  Contains:* 


Solids. 


Red  Sulphur 

Springs 

(near  saloon). 

Grains. 


SMXliiim  cartKiiintf 

Calcliiin  rarlxmate 

Mairnesluiii  carlioimte  . 

\T\A\  rjirlK'inile 

S<«ilnni  siiliihate 

r>>Iii.v<iuiii  siilptinte 

Cati'liiiii  sulphate 

3lntfi)esluin  sulphate. . . 

S^Mlfiiin  ehloriile 

Atiinihiai 

Sillia 

OrKuiilc  mailer 

Total 

Gases, 

Siilphun-ted  hydrogen. 
CarlKinlo  acid 


41  .St 


Chalybeate 
SprinK.t 
Grains. 


1.18 

ll.tKi 

!t.32 

iXA 

2.!« 

1.75 

n.!)l 

.58 

hM 

..58 

16.32 

.58 

9.91 

5.24 

.58 

Trace. 

,.58 

1,75 

2.33 

8.10 

51.88 


Cubic  Inches. 


n.2« 

18.98 


Cubic  inches. 


15.68 


♦  Converted  fniin  parts  jht  1,000. 
+  Alkaline  calcic  chalybeate. 


The  wiit«r8  lire  iirineipally  of  the  light  Hulphiiretted 
type,  with  oni'  mild  feiTiiginoiiK spring.  Anollnr  ^|iiiii)j 
in  the  neighborliood.  terined  by  Walton  the  "Ir\iii>" 
Spring,  is  purgative.  contJiiiiing  about  'iTM  grains  of  mi|. 
pliale  of  magnesiiim  to  the  gallon.  As  far  as  weare  ablo 
III  liarii.  the  place  is  iiol  at  presenl  improved  as  ii  resort. 

.Ill nil H  Ii.  ('rook. 

ETHER. — In  medicine  and  pliurmacy  the  wurd  fOirr. 
uni|Ualitied,  means,  as  il  does  in  common  parlani'e,  the 
body  it/ii/l  iij-iilr  iC.JIji.,(),  formerly,  but  improperly, 
called  Kiiljihiirir  ithi r.  Klher  isa  produci  of  reai  lion  be- 
I  Willi  sulphuric  acid  and  alcohol,  and  is  obtained  by 
distilling  a  mixture  of  these  two  bodies,  and  purifying 
the  distillate,  ruder  the  simple  title  .Kllur,  Klher.  the 
I'liiled  States  Pharmacopiein  reciignizes  uii  ether  of 
standard  purity,  "composed  of  about  ninety  six  per 
cent.,  by  weight,  of  absolute  iMlier,  .  .  .  and  about  fmir 
per  cent,  of  alcohol  conlaiiiing  a  little  water,"  This 
ether  corresponds  to  what  formi-rly  was  called  .V'.llnr 
l-'niiinr.  Stronger  Klher.  a  title  abbreviated  in  the  I«!IO 
Pharmaciipoia  to  the  simple  word  "  Klher," 

Ether  is  "a  transparent,  colorless,  mobile  li(|Uid,  having 
a  eharaeleristic  odor,  and  a  burning  and  sweetish  taste. 
Specilic  gravity:  0.72.")  to  0.728  at  Wy  C.  (59  F.);  nr 
0.714  to  0.717  at  2.")  C.  (77"  P.).  Soluble  in  about  ten 
times  its  volume  of  water  at  l.T  C.  (.")9  F.),  with  slight 
contraction  of  volume.  Miseible,  in  all  pniportioiis, 
with  alcohol,  ehloroforin.  benziii.  benzol,  lixed  and  vola- 
tile oils.  Kther  boils  at  about  :!7  C.  (98.(J  F. ).  and  it 
should,  therefore,  boil  when  a  test  tube,  containing  some 
broken  glass  and  half  tilled  with  it.  is  held  for  some  time 
in  the  hand.  Ether  is  highly  volatile  and  inllaiuinable. 
Its  vapor,  when  mixed  with  air  and  ignited,  explodes 
violently  "(U.  S.  P.). 

Ether  tends  to  decompose  by  prolonged  keeping,  de- 
veloping, as  one  product,  acetic  acid.  For  use  as  an 
ana'slhetic,  ether  ought  to  be  pure  and  of  standard 
strength.  In  all  cases  of  suspicion,  theief<ire,  the  sur- 
geon should  test  his  sample  by  the  following  simjile  pro- 
cedures: 1.  Lei  soak  in  the  ether  for  ten  minutes  a  piece 
of  pale  blue  litmus  paper,  previously  moistened  with 
water:  the  paper  should  not  redden,  thus  showing  the 
ether  to  be  free  from  acid.  2.  Pour  aliout  twoleaspoon- 
fuls  of  the  ether  upon  a  piece  of  clean  blotting-paper, 
free  from  smell.  :ind  let  it  evaporate:  as  the  last  of  the 
ether  is  di.ssipaled.  no  foreign  odor  should  be  perceptible 
on  the  paper,  showing  absence  of  impurities.  3.  Satu- 
rate some  water  with  the  ether,  and  then  shake  together, 
in  a  graduated  test  tulie.  20  c.c.  of  such  aqueous  solution 
of  ether  with  an  eiiual  bulk  of  the  ether  itself.  Upon 
staniling  till  the  two  fluids  separate,  the  layer  of  ether 
should  not  measure  less  than  lil.S  c.c.  thus  showing  an 
absence  of  undue  amount  of  alcohol  or  water — in  other 
words,  that  the  ether  is  up  to  slaiidard  in  strength. 

Ry  reason  of  its  extreme  volatility  ether  is  best  kept 
in  hermetically  sealed  tins.  In  bottles,  whether  cork-  or 
glass  stoppered,  leakage  by  evaporation  is  almost  certain 
to  occur,  especially  during  tninspurtation.  Extreme  in- 
tlammabilily  is  another  property  of  ether  rcipiiring  espe- 
cial iirecautions  in  handling  the  lluid.  and  a  point  often 
overlooked  isthal  aireven  moderately  cliargeil  with  ether 
vapor  is  explosive,  Ilenee  happens  every  now  and  then 
the  ignition  of  an  ether  inhaler  during  anasthelizatiou  by 
the  leap  of  tire  through  intcrvi'ning  ether  charged  air 
from  a  candle,  or  hot  cauterizing  iron,  several  feet  re- 
moved. 

Ether  is  a  conjoint  local  irritant  and  constitutional 
narcotic.  Being  df  high  dilTusion  power,  it  is  readily 
absorbed  by  living  tissues,  and  so  speeilily  declares  its 
inlliience.  Aliplied  in  full  strength  to  the  skin,  and  pre- 
vented from  evaporating,  it  quickly  redden.s,  and  in  time 
will  blister.  Absorbed"  into  the  "blood,  ether  disturbs 
nerve  function  by  attacking  tirst  and  more  profoundly 
the  nerve  centres."  and  secondly,  and  with  less  intensity, 
the  nerves  themselves.  Of  tiie  nerve  centres,  the  cere- 
brum seems  to  be  the  most  .sensitive  to  the  ether  influ- 
ence, the  disturbance  being  first  a  conjoint  excitation  of 
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the  piiintional  niid  bliiiitinj?  of  the  intellectual  fnciilties. 
1111(1  liimllv  nil  aliropition  of  nil  menial  iilicnininnn, 
nnd  nnconsciiiiisncss  so  absolute  that  upon  awaking  there 
is  not  even  that  vn;rue  apiireeintion  of  the  duration 
of  the  narcosis  that  follows  ordinary  sleep.  Ne.\t  to  the 
eerehruin  sulTers  the  sensory  tnict  of  the  spinal  cord, 
the  alTection  iMinj;  a  Jirojrrcssive  bluntinj;  of  percepliv- 
ily.  and  nc\t  aL'ain  the  motor  tract,  sutTcrinj;  lirsl  by 
paresis  and  irritation,  and  finally  by  full  paralys.s. 
Ijislly.  the  medulla  oblongata  becomes  involviil"  its 
sensory  centres,  as  in  the  case  of  the  cord,  succuuibing 
first  and  its  motor  centres  last.  Upon  the  nerves  ether 
has  a  ])araly/.ing  power  similar  to  what  it  exerts  upon 
the  centres,  but  the  influence  is  so  feeble  as  to  be  pro 
ducible  only  by  direct  apjilication  of  ether  to  an  exposed 
nerve.  In  inipregnatioM  of  the  blood  willi  ether,  death 
of  the  subject  by  paralysis  of  the  medidla  will  take  place 
before  there  is  any  obvious  impairment  of  conductivity 
on  the  part  of  the  nerve  trunks.  Of  the  great  functions. 
lieiirt  iietifiii  is  stinudaled  by  ether,  the  pidse  of  a  liealtliy 
subject  rising  in  force  and  frequency,  and  maintaining 
such  (luiekencd  and  deepened  action  even  through  a  long 
and  full  narcosis.  In  jirofound  etherization,  however, 
the  heart  is  weakened,  but  I  he  effect  is  always  insignifi- 
cant as  comjiared  with  the  weakening  wrought  by  chlor- 
oform, and  in  death  by  ether  the  heart  is  still  irritable. 
Arttrial  ^^hmoh  is  increased  at  first;  in  part,  doubtless, 
as  a  result  of  the  increased  lieart  action,  but  in  part  also, 
apparently,  by  vjiso- motor  spasm.  Later  in  the  narcosis 
the  blood  pressure  falls.  Jienjiirniinn  is  primarily  stimu- 
lated, but  secondarily  depressed,  until  in  full  ether  nar- 
cosis the  breathing  becomes  slow  and  shallow:  and,  in 
case  of  overdosing,  respiration  is  the  function  whose  fail- 
ure produces  death.  From  the  experiments  of  Knoll  it 
would  appear  that  these  respirator}'  derangements  arc 
caused  by  direct  action  of  the  ether  upon  the  respiratory 
centres.  Functions  presided  over  by  the  m/injiat/ietic 
nervous  system  are  but  little  disturbed  by  ether.  The 
stomach  is"  easily  ujiset  by  ether;  full  ddses  given  by 
swallowing  are  repulsive  and  sickening;  and  after  ether 
inhalation  nausea  and  vomiting  arc  common  occurrences, 
especially  if  the  narcosis  has  been  of  considerable  dura- 
tion, and  especially,  further,  if  an  ether  of  inferior  qual 
ity  has  been  used. 

Clinically,  the  effects  of  ether  are  as  follows;  In  ad- 
minislration  by  the  utomach,  the  medicine  is  so  offensive 
that  enough  cannot  be  given  to  produce  more  than  a 
moderate  grade  of  the  peculiar  ether  effect.  Doses  of 
from  4  to  8  c.c.  (from  H.  3  i.  to  ij.)  can  be  swallowed, 
dissolved  in  a  sulliciency  of  iced  water,  with  the  effect 
of  stimulating  the  circulation  and  respiration,  and  pro- 
ducing mild  exhilaration.  Such  a  draught  ia  powerfully 
reviving  in  conditions  of  heart  failure  or  of  depression  of 
the  vital  powers  generally,  and  also  tends  to  steady  the 
nervous  system  and  to  break  spasm.  Given  by  inhfila- 
tioii  'if  the  riij>oi;  in  as  concentrated  condition  as  possible, 
ether  produces  its  full  effect.  Such  inhalation  is  the 
common  method  of  adnnnistration  for  the  jiroduction  of 
ether  ana-sthesia.  and  the  attendant  jjlienomena  are  as 
follows;  Suhjeftieeljl,  if  the  attempt  be  made  at  the  very 
start  to  breathe  the  vapor  strongly  concentrated,  the 
pungency  is  intolerable;  spasm  of  the  larynx  occurs,  and 
despite  all  willingness  to  be  etherized,  the  subject  invol- 
untarily gasps  for  breath  and  fights  for  release.  Soon, 
however,  the  mucous  miinbrane  of  the  larvnx  becomes 
ana'sthetizcd  by  the;  vapor,  and  then  inhalation  can  pro- 
ceed wiihuut  distress.  Following  the  cessation  of  larvn- 
geal  irrilatir)!!  come  an  indescribable  thrilling  and  tin- 
gling throughout  the  body  ;  a  sense  of  physical  lightness 
and  mental  exhilaration;  a  ringing  in  the  ears,  and 
sxag.cerated  appreciation  of  sounds — phenomena  that 
speedily  give  way  to  a  consciousness  of  failure  of  cere- 
bral power  and  command.  Blunting  of  tactile  sensibil- 
ity is  clenrly  appreciable,  and,  in  the  self -experience  of 
the  writer,  a  sensible  interval — whether  real  or  appar- 
ent only,  it  is,  of  course,  impossible  to  say — occurs  be- 
tween the  willing  of  a  motor  act  and  its  exeetition. 
With  ever-progressing  rapidity,  now,  the  grasp  of  the 


centre  of  consciousness  upon  the  outer  world  through 
the  nerves  of  sense  slackens,  tintil,  following  a  whirl  of 
mental  confusion,  even  the  consciousness  of  conscious- 
lu'ss  Inils,  and  the  next  act  of  cerebrating  is  the  realiza- 
tion of  an  awakening  from  a  sleep  of  whose  duration  the 
subject  has  idisolulely  no  conception  or  even  suspicion. 
In  a  self  administration  of  ether  in  an  absolutely  ijuiet 
room  a  I  night,  the  writer,  awakening  from  what  seemed, 
and  w.is  intended  to  be,  a  moinenlary  unconsciousness 
only,  founil  to  his  utter  amazement,  on  glancing  at  the 
clock,  that  ?(/■»/("»(•»  had  elai)sed  since  the  beginning  of 
the  inhalation — two  hours  of  a  coma  as  dreandess  and 
blank  as  that  attendant  upon  a  compres-sion  of  the  brain. 
After  awakening  from  an  ether  narcosis  there  is  more 
or  less  lendcncy  to  nausea,  headache,  and  debility  and 
wretchedness  generally.  Olijertirehj,  the  phenomena  arc 
first  a  rise  in  the  frcnuency  and  force  of  jiulse  and  respi- 
ration, a  suffusion  of  the  face,  and  a  tendency  lo  emo- 
tional excitement,  varying  with  the  temperament  and 
disposition  of  the  subject,  exactlj-  as  in  the  analogous 
condition  of  alcoholic  (Irunkcnness.  So  while  the  phli'g- 
matic  or  the  self-contained  individual  may  sink  (pnetly 
into  coma,  the  excitable  or  the  luigoverned  stdiject  may 
be  outrageously  jolly,  or  fearful,  or  pugnacious,  or  amor- 
ous, according  to  natural  bent.  At  this  period  the 
proper  test  will  show  already  a  decided  blunting  of  tac- 
tile sense  and  impairment  of  co-ordinating  power. 
Speedily,  next,  the  emotional  displays  grow  feeble  and 
incoherent,  sweat  starts  out  from  the  brow,  the  sidiva 
flows,  llie  face  congests,  the  pupils  contract,  and  the 
muscles  at  once  both  stiffen  and  tremble. 

And,  now,  testing  shows  tactile  perception  to  be  abol- 
ished everywhere  except  in  parts  of  high  natural  sensi- 
tiveness, such  as  the  eve,  the  "quick"  of  the  nails,  and 
the  ano-genital  region.  If  the  inhalation  continue,  the 
muscidar  rigidity  and  trembling  give  way,  often  with 
striking  suddenness,  to  a  condition  of  absolute  paralysis 
and  relaxation.  At  the  same  time  the  pulse  falls  some- 
what, the  resjiiration  becomes  slow  and  stertorous,  the 
pupils  dilate,  all  outward  signs  of  conscious  existence 
cease,  and  anaesthesia  is  absolute  even  in  the  most  sensi- 
tive parts.  AVhile  this  condition  lasts  the  face  sweats 
freely,  and  the  saliva  flows  in  considerable  (unuitities. 
Such  a  condition  is  the  extreme  to  which  narcosis  .should 
be  pushed,  since  it  represents  an  abrogation  of  all  nerve 
actiim  save  that  of  tJie  functions  of  organic  life,  and  that 
determining  the  play  of  the  heart  and  lungs.  If  the  ether 
be  pushed  further  the  respirations  become  slower  and 
sliallowcr,  the  sphincters  give  way.  and  soon  thereafter 
breathing  stops  altogether — the  heart,  however,  contin- 
uing to  lieat  for  a  short  time  still.  On  withdrawing  the 
ether,  sleep  may  follow,  more  or  less  prolonged,  accord- 
ing to  circumstances  and  according  to  the  amount  of 
ether  consumed.  Belching  and  vomiting  may  come 
next,  often  taking  place  quite  suddenly  and  while  sleep 
is  still  profoiuid.  On  awakening,  the  subject  is  gener- 
ally stupid  and  miseralile,  with  eo-ordinali(ni  still  de- 
ranged, iuid  tactile  s<'nse  blunted.  Occasionally,  but  ex- 
(■eplionally.  emotional  excitement  now  aiqiears,  and  in 
such  cases  there  is  sometimes  a  strong  erotic  excilalion, 
with  vivid  illusions.  Deceived  by  such  experiences, 
female  jiatienls  have  been  known  honestly  but  falsely  to 
charge  the  ether-giver  or  the  operating  surgeon  with 
the  taking  of  improper  liberties,  and  even  with  rape. 

Ether  narcosis  is  a  therapeulie  measure  for  the  pro- 
duction of  inuPKthi'siii.  on  the  one  hand.  an<l  of  muxrular 
irlii.riilion.  on  the  other.  And  the  degree  of  the  narcosis 
for  either  purpose  will  vary  according  to  the  circum- 
stances of  the  case.  In  the  line  of  anasthesia.  if  it  be 
for  the  relief  of  existing  pain,  a  few  whiffs  of  ether  may 
suffice,  without  the  jiroduction  of  narcosis  at  all,  or  it 
may  be  that  the  pain  will  yield  (mly  to  the  general  un- 
consciousness of  full  coma.  If  it  be  for  the  abrogation 
of  sensjition  during  a  surgical  oiieration.  the  grade  of 
narcosis  necessary  will  de|>cii<l  upon  the  part  to  be  at- 
tacked. In  the  case  of  all  but  the  highly  sensitive  jiarls 
already  enumerated,  the  ether  effect  need  not  lie  carried 
farther  than  the  stage  characterized  by  general  muscular 
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ri^iditv  ami  trcinliliiiij;:  but  fur  upcmlioiis  i>ii  tliu  vi-ry 
tinilrr  ii'Kioiis  H|iiik('ii  of.  Ihr  iiiirciwii  iiiiiNt  Itc  |)||nIii'<I  to 
till' Kill!.')' cif  iiiiiMMilnr  I'i'luMitixii  mill  slrrliiriiiis  lirnilli 
iliK  Kiir  till'  |iiii|iiisr  of  iillrcliiin  liiiilllity.  if  il  In'  fur 
till'  linnkitiK  "f  a  cniiiip  i>r  s|ia.siii,  a  frw  wlillTs  of  I'tliiT 
ari'  oftrii  all  siillli'iiiil.  rllicr  li<'iii|;  iiiilccil  (|Uiti'  a  pii- 
ti'iit  antispasiiiiKlii':  but  if  ri'laxatinii  br  Koiiirlit  for  llir 
rasicr  ri'iliii'lioii  of  a  liiTiiia  or  a  ilisloialion,  full  iiarrosiH 
to  tlir  slajfr  of  sliTloroiis  biraltiiliK  will  br  lii  irs'^irv. 
Till'  arluai  (iiiiiiilili/  of  clbrr  rfquiiril  for  nairoiiziti;;  by 
iiilialatioii  \\  ill  vary  acronliii);  lo  Ihi'  iiilialrr  iisril,  llir 
skill  of  till'  ailiiiiiiistniloi-.  tlii-  rrspinitloii.  ilii- conililioM 
of  thr  stoiiiacli.  w  jii'lliir  full  or  ciiiply  of  food,  anil,  also, 
upon  Ilii'  liabit  of  llii-  Hubjcrl  in  the  use  of  niircotics.  anil 
«'Voii  upon  iiliosyncnnsy.  With  a  nooil  inlialrr:  with 
cari'  to  prcviiil  wiistu  by  rvaponilioii  into  the  room; 
with  a  subjirt  wliosi'  susiiptibilil v  is  iiol  iinpairiil  by 
liabilual  iiiiliil);r!ii'i'  in  I'illiir  rlliir  Itsrlf  or  in  alroholirs, 
w  liosi'  sloinach  is  fairly  rnipty,aiul  who  irill  mill  run 
hriiitlii  iritli  I'l'iTiil  iiiKjiiiiitii'ii  mul  ij/iinili'iii.  SO  siimll  a 
<|uaiility  as  from  20  Io40r.i'.  (iou;;lily,  from  II.  3  ss.  lo 
i.),  may  sulUrr  lo  proilucr  full  uiiciinsciousni'ss.  Bui,  as 
coiiiliiions  rommonly  obtain,  far  larirrr  aniouiils  an-  rc- 
quiri'il.  so  that  il  is  nirclv  safe  to  proviile  le.ss  than  half 
a  poiiiiil  for  an  inteniled  ana'sthesia  of  even  ordinary 
duration  only. 

For  Ihe  proiluelion  of  constilulional  effects,  ether  also 
can  br  ailininisterid  by  reclal  iiijrclion  of  its  vapor. 
This  mclhoil  was  tested  e.xpiiimiiilally  so  long  ago  as 
1847  by  Pirojroff,  of  St.  Petersburg,  and  was  revived 
some  years  ago  in  assoeialion  with  the  names  of  Axel 
Yverseii.  of  Copenhagen,  and  Daniel  Molliere,  of  Lyons 
— IX  revival  to  be  followed  by  a  new  lease  of  deserved 
oblivion.  Full  narcosis  can  be  luoducrd  in  this  way, 
and  without  respiratory  distress,  and  perhaps  also  with 
le.ss  gastric  derangement  than  by  inhalation:  but  the  pro- 
cedure tends  dangerously  to  irritate  Iheintestines.  Diar 
rliiea  and  blood v  dejections  have  repeatedly  followed  the 
practice,  with  resulting  death  in  at  least  two  instances. 
In  another  case,  death  en.sued  from  rupture  of  the  intes- 
tine at  the  site  of  au  old  ulcer,  through  overdistcniion  by 
the  ether  vapor. 

The  piiirlirnl  fidiiiinitilnitioii  of  ether  to  the  develop- 
ment of  narco.sis  is  a  sjH'cial  topic,  treated  of  in  this  work 
iu  Ihe  articles  on  Ainmt/ulifs  and  t'lilovnftnii,  eir.,  to 
wliit'h.  Ihirefore.  the  reader  is  referred.  For  ordinary 
niedieinal  purposes,  ether  may  be  adniiuistered  by  in- 
halation or  by  the  stomach.  If  given  by  inhalation,  u 
very  little  sultices.  so  that  it  is  enough  to  direct  that 
a  leaspoonfiil  of  ether  be  poured  upon  a  crumpled 
handkerchief,  wliicii  handkerchief  is  then  to  be  lield 
direcily  against  the  mouth  and  nostrils,  and  the  finnes 
inh'.ileil  during  a  few  deep  ins|iiiatioiis.  In  this  i)rc- 
scriplion  the  precautions  must  be  cn.joiued,  first,  that 
in  ca.se  of  self-administration  the  subject  must  lie  down 
or  sit  so  reclining  or  .so  braced  that,  in  the  event  of 
unconsciousness,  he  will  not  fall  to  the  floor:  and,  sec- 
ondly, that  the  whole  procedure  shall  lake  place  at  a  dis- 
tance of  at  least  six  feet  from  any  exposed  flame,  such  as 
that  of  a  candle,  lamp,  gaslight,  or  open  lire.  IJy  the 
stomach,  from  one  to  two  leaspoonfuls  is  the  avera.ge 
dose,  best  given  in  from  eight  lo  leu  lueasures  of  ice  cold 
water,  sweetened,  if  so  preferred.  Ether  so  taken  is, 
however,  a  ri'piilsive  medicine,  being  oiTensive  to  the 
taste  and  tcmling  to  choke,  because  of  its  pungency. 
But,  for  intenial  giving,  the  common  practice  is  lo  pre- 
scribe the  pharmaeopo'ial  i>rcparalioii  entitled  S]iirit>iii 
^Klli'iis  Ctiiiiji'ii'il'is,  Comi'ouiid  Spirit  of  Elher.  or  IIolT- 
man's  anodyne.  This  preparation  is  compounded  of  32o 
parts,  by  measure,  of  ether.  IwU  ])arts  of  alcohol.  aniT2."> 
parts  of  ethireal  oil.  It  is  a  colorless  volatile  (liiid. 
smelling  and  tasting  of  its  three  jiowerful  ingredients. 
It  forms  a  milky  emulsion  on  adini.xture  with  wafer. 
Il  is  used  as  an  antispasmodic  and  general  nervine  and 
cardiac  sliinulant.  and  is  given  in  average  dose  of  from 
half  a  leaspoonfiil  to  one  or  two  such  measures,  iu  water, 
plain  or  sweetened.  In  the  United  Stjites  Pharmacoptria 
there  is  also  ollicial  a  jiireparalion  entitled  ■'>)iin'tiis  ^£l/ie- 


lin.  Spirit  of  EllnT.  a  prepanilion  coiiNiMling  •  v 

by  ineaHiire,  of  elher,  and  HT/i  purlH  of  iilcoh.  ^j 

Holiiiioii.     This  Hpirit  may  Ih'  given  as  an  in  , 

cine  in  doKi'S  of  one  or  two  teaspoonfiils,  ailii  .  ni 

u  goodly  i|uaiilily  of  iced  water,  plain  or  HWeelened. 

A  peculiar  application  of  ether  is  the  driving  of  tliv 
lliiid,  ill  alonii/i'd  spray,  upon  the  skin  for  Ibe  piirpoNo 
of  freezing  that  lixliire  by  Ihe  cold  developed  by  llio 
eviiporalion  of  Ihe  ether — sinli  freezing  being  for  the 
sake  of  the  ana'sthesia  that  atlinds  it.  In  lliih  appliea- 
lion  Ihe  ether  is  delivered  from  an  atomizer  of  goiKl 
capacity,  the  nozzle  being  held  about  an  inch  and  a  half 
from  the  skin.  The  lirsl  sensalion.  that  of  cold,  is  fol- 
lowed by  a  severe  burning  feeling,  which  in  lurii  is  siic- 
ceeded,  as  the  skill  freezes,  by  loss  of  all  sensation.  When 
so  frozen  the  skin  appears  pale,  shrunken,  and  of  tallowy 
hue  and  feel,  and  can  be  cut  wilhoiil  pain.  The  ilTict 
is  siipiHicial  only,  ami  if  a  deep  incision  is  to  be  jirae- 
li.sed,  the  tissues  bematli  the  skin  must,  after  section  of 
that  covering,  themselves  be  frozen,  before  ciilting.  by  a 
renewed  application  of  the  spray.  Freezing  by  ether 
spray  is  ijiiiekly  done.  and.  if  not  mainlained  beyond  a 
short  time,  is  not  followed  by  any  ilelet<'rious  effect.  The 
procedure  is  ai)|iropriute  only  for  brief  and  siiperlieial 
surgical  operations,  and  often  is  more  painful  than  liie 
knife.  Jiilirnnt  Cuilis. 

ETHIDENE  DICHLORIDE.  —  AV/-,(/Wc"c  I>H,l'.ii<l,- : 
Cs. 11,(1.  Ihi^  i>  all  rtlii  leal  body,  isomeric  with  and 
much  resembling  ethylene  dichloriile.  It  has  lieen  ex- 
perimented with  as  an  aiuesthclic,  and  has  been  found  lo 
operate  after  the  general  manner  of  chloroform,  imbid- 
ing  the  occasional  killing  of  a  subject.  It  isailininistend 
similarly  to  clilornlorm.  Kiliraid  ViiitiK. 

ETHOXY-CAFFEINE  (C,H,N.O,.OCJL)  is  prepared 
by  boiling  three  jiarts  of  monobroni-caffeine  with  two 
parts  of  caustic  potash  in  ten  parts  of  alcohol.  It  forms 
needles  wliicli  melt  at  140'  C.  are  soluble  in  hot  alenliol 
or  cold  hydioehlorie  acid :  slightly  soluble  in  water  and 
ether,  being  less  so  than  caffeine,  and  insoluble  in  alkalies. 
It  is  decomposed  liy  hot  acid,  and  even  iu  Avater  dis.sol  ves 
easily  in  the  presence  of  sodium  benzoate  or  .salicylate. 
Filehne  found  that  dizziness,  dimmed  intellect,  and  head- 
ache resulted  from  dosesof  seven  lo  ten  grains.  Rabbits 
show  narcotic  and  diuretic  effects.  The  presence  of  the 
I't/i'.n/  group  seems  to  add  distinct  hypnotic  cpialities  to 
the  diuretic  power  of  caffeine,  and  Ihe  main  u.se  of  Ihe 
drug  is  as  a  .sedative  in  nervous  lieadache  or  miirraine. 
Dose,  gr    i.  lo  v    (d.OC-O.S  gm.).  If.  .1.  Biishdu. 

ETHYL  BROMIDE.— //vrfwftTOwiV  Ethfr:  CHjBr. 
This  body  is  a  thin,  colorless,  very  volatile  ether,  of  a 
strong  smell  and  hot  tusle:  i>raclically  noii  inllammable; 
sparingly  soluble  in  water,  but  freely  so  in  alcohol  and 
ether.  It  is  prone  to  spontaneous  decomposition,  on  ex- 
posure, and  should  be  kept  in  dark  colored  and  well- 
slo])i)ered  bottles,  away  from  the  light.  A  yellowish 
tinge  means  decomposition,  and  a  sample  so  discolored 
is  unfit  for  use. 

Hydrobroniic  ether  affects  the  human  system  similarly 
to  chloroform,  with  the  siucial  features  "that  sensibility 
is  deadened  early,  and  that  narcosis  comes  fjiiickly  and 
pleasantly,  but  without  full  muscular  relaxation.  The 
latter  circumslance  is  :i  drawback,  since  often  a  continu- 
ing of  rigidity  and  even  of  spasms  into  Ihe  stage  of  nar- 
cosis defeats  the  use  of  the  agent  as  an  ana'sthetic  in 
surgery. 

Hydrobroniic  ether  causes  fall  of  blood  pressure,  and. 
in  ovcrdos;ige.  death,  all  after  the  manner  of  chloroform. 
Il  has  bren  used  as  an  anaesthetic,  given  by  inhalation  of 
its  vapor,  esjieciallv  in  cases  in  which  a  momentary  nar- 
cosis only  is  needeil. 

It  is  given  similarly  to  chloroform. 

Edirard  Curds. 

ETHYL  CHLORIDE.— //yrfrooAfonV  El/ier :  CjHiCl. 
Elbyl  chlnriile  is  jirepared  by  the  action  of  hydrochlon'c 
acid  on  alcohol,  the  resulting  ether  being  eouiJensed  at  a 


13 


Ktlirl  Forninio, 


UKFERENCE  HANDBOOK   t)F  TIIK   MEDICAL  SCIENCES. 


low  terapomture.     Wlien  mainbiiiicd  at  a  temperature 

below  TiO"  F.  il  is  H  colorless  li(|uicl  liavim;  an  nlliaeeoiis 
taste  anil  smell.  Its  specilie  frravily  at  iVi  F.  is  .11214 
It  nii.xes  with  water,  alioul  one  i>art  in  tifty.  and  with 
aleoliol  anil  i-llier  in  all  proporlions.  Its  lioijini;  point  is 
5(1  F..  anil  abovr  this  tiniperalnre  il  existsas  a  gas.  As 
n  jras  it  is  e.xeeedingly  inllaniinable,  hnrning  with  a  green- 
i.sh  llanie  anil  evolving  liyilniihloric  aeiil. 

Following  the  inlroilijilion  of  ether  and  ehloroform,  it 
was  one  of  the  many  loniponnds  suggested  as  suitable 
for  gi-nend  ana'slliesia.  lieing  very  volatile  it  was  easily 
adminisirn  il  and  its  an;i'slhetie  arlion  was  more  rapidly 
proeiMid.  The  anasthesia  whiih  it  ]iroiliiei'd,  however, 
provi'd  to  be  very  Iransiint.  and  further  e.xperience  as 
well  as  exiH'rimenlal  work  has  shown  that  its  action  is  ac- 
companied by  marked  vascular  and  cardiac  depression. 
Although  strongly  advocated  by  many,  its  employment 
never  becanu-  general  and  it  has  now  fallen  into  disuse. 

It  is  now  better  known  as  a  local  au;esthetic.  Advan- 
tage has  been  taken  of  its  rapid  evaporation  to  utilize  the 
intense  cold  produced,  in  denial  and  minor  surgical  prac- 
tice, and  for  the  relief  of  the  jniin  of  superticial  neuralgia. 
It  has  been  u.seil  with  satisfaction  for  the  extraction  of 
teeth,  for  opening  absces.ses.  for  removing  ingrowing  toe- 
nails, and  for  similar  painful  operations,  and  has  been 
found  to  give  instantaneous  relief  in  facial  ueuralgia, 
intercostal  neuralgia,  and  sciatica. 

Themilhod  nf  utilizing  this  ])roperty  was  made  simple 
and  easy  by  M.  Moiinel.  of  Lyons,  who  suggested  the 
storing  of  the  comiiressed  tluid  in  small  capsules  and 
tubes,  by  which  means  it  may  be  preserved  without 
alteration  for  a  great  length  of  time.  When  the  drug 
was  reijuired  for  use  the  ])oint  of  the  capillary  tube  was 
broken  olT.  and  the  opening  directed  downward  on  the 
pan  to  be  ana'sthetized.  These  tubes  have  now  been 
perfected  by  the  addition  of  a  screw  cap  which  allows  of 
any  proportion  of  the  contents  being  utilized,  the  re- 
mainder being  preserved  for  future  use.  The  heat  of 
the  hand  is  siiilieient  to  raise  the  temperature  of  the  fluid 
above  its  boiling  point,  and  a  stream  of  the  rapidly  vola- 
tilizing fluid  issues  as  a  spray,  and  luay  bo  applied  to 
any  jiart.  The  tube  should  be  held  at  a  distance  of  eight 
or  teu  inches  from  the  part,  and  the  surrounding  tissues 
protected  to  ]u-event  excessive  and  needless  destruction 
of  tissue.  The  surface  fif  the  skin  acted  upon  rapidly  be- 
comes blanched  and  devoid  of  sensation,  and  regains  its 
normal  state  upon  the  removal  of  the  spray.  If  the  ap- 
plication is  persisted  in,  the  vitality  of  tlie  part  is  de- 
stroyed and  necrosis  is  the  result.  During  the  employ- 
ment of  the  spray  care  must  be  taken  that  no  flame  shall 
be  in  proximity,  on  account  of  the  inflaiumability  of  the 
gas.  Beaumont  tfiiiall. 

ETHYL  FORM^^E.~Fm■mtc  Ether:  H.COOC.H..,. 
This  is  the  ethyl  esiir  of  formic  acid,  and  is  an  ethereal 
liipiid  smelling  like  peach  kernels.  It  is  soluble  in  ten 
parts  of  water,  and  boils  at  54°  C.  It  is  said  to  be  of 
value  as  an  antiseptic  to  the  upper  air  passages. 

W.  A.  Bastedo. 

ETHYL  \00\QZ.—Il!i'hi<xUc  Ether:  C,HJ.  This 
body  is  a  coll  prliss  ethereal  fluid,  non  inllaiuniable.  prac- 
tically insoluble  in  water,  but  freely  soluble  in  alcohol. 
It  has  a  sharp  taste  and  a  smell  simply  jienetrating  if 
pure,  but  if  impure  often  offensive.  Ethyl  iodide  affects 
the  human  system  after  the  maimer  of  the  volatile  ethers 
generally,  but  is  used  in  medicine — so  far  as  it  is  used  at 
all — either  for  the  sake  of  iodizin;/.  for  which  purpose 
some  consider  it  efficacious,  or  for  relieving  o]i|uession 
of  breathing  in  pulmonary  complaints.  It  is  administered 
by  inhalation,  in  dosage  of  fifteen  drops. 

Edieard  Curtis. 

ETHYL  PHENACETIN  (C,H..0CJI..NC,H5.CH,C0) 

is  prepared  by  the  action  of  ethyl  iodide  on  jilienaeetin 
sodium,  It  is  a  yellow  colored  oil,  almost  insoluble  in 
■water,  readily  soluble  in  alcohol  and  ether,  and  boiling 
ut  350°  C.     As  was  expected,  the  introduction  into  phen- 


acctin  of  an  additional  ethyl  group  has  increased  its 
hypnotic  tendency,  but  the  drug  is  not  of  suflieient  value 
to  be  classed  with  such  hvpuoticsas  trional,  cliloralamide, 
etc.  "  If.  .4.  Jiiiitledo. 

ETHYLENE  BROMIDE.— CJl.IJr,.  This  organic  com- 
pound was  introduced  into  tlieni|)eutics  as  a  convenient 
means  of  supplying  brmnine  in  ea.ses  in  which  its  use  is  in- 
dicated for  a  prolonged  i)crioil.  The  advantage  claimed 
for  it  is,  that  it  is  not  combined  with  potassiiuu.  sodium, 
or  any  basiloiis  radicle,  and  its  \ise  does  not  disturb  the 
digestion,  the  skin,  nr  the  mucous  membranes,  or  pro- 
duce any  of  the  unpleasiuil  effects  that  the  older  salts  are 
liable  to  cause. 

It  is  a  colorlessor  faintly  brown  lifiuid,  containing  90.9 
per  cent,  of  bromine.  The  odor  is  agreeable  ami  taste 
sweetish.  Its  specific  gravity  is  2. 163  at  G9.S  F.  Below 
48"  F.  it  becomes  a  .solid,  forming  crystals.  It  is  insolu- 
ble in  water,  soluble  1  in  4  of  rectified  spirit,  and  miscible 
in  all  proportions  with  absolute  alcohol  and  oils. 

The  employment  of  ethylene  bromide  in  epilep.sy  was 
reeouunendeii  by  Dr.  ,J.  Donath.'  lie  used  it  in  a' great 
number  of  cases,  and  reports  the  details  of  ten  cases  in 
which  he  was  able  to  watch  its  elTects  carefully.  Asa 
substitute  for  the  bromides  he  found  it  very  satisfactory, 
and  the  residts,  in  his  estimation,  were  much  better.  The 
cases  were  all  of  long  standing  and  had  been  subjected 
to  many  tonus  of  treatmeiU.  I'lidcr  the  use  of  the  rem- 
edy the  attacks  became  nnlder.  shorter.  i\nd  fewer  in 
number,  and  in  many  instances  assiuued  the  character  of 
petit  mat.  In  three  of  the  cases  the  convulsions  were  re- 
placed by  simple  muscular  twitchings  without  loss  of 
consciousness. 

The  dose  administered  was  gtt.  vi.  to  xij.  three  times  a 
day.  It  may  be  given  in  capsides  with  oil  or  in  solution. 
The  following  preparations  are  recommeuded  :  (1)  Ethy- 
lene broiuide.gr.  I.xxv.  ;  oil  of  almonds  emulsion,  3  iijV; 
oil  of  peppermint,  gtt.  ij.  ;  dose.  gtt.  xxx.  three  times  a 
day,  in  a  third  of  a  glass  of  milk.  (2)  Ethylene  bromide, 
gr.  xxiv.  ;  rectified  spirits,  gr.  Ixxv. ;  oil  of  peppermint, 
gtt.  ii. ;  dose,  gtt.  v.  to  x.  three  times  a  day.  In  prepar- 
ing these  mi.xtures  the  high  specific  gravity  must  not  be 
forgotten,  it  being  nearly  two  and  a  half  times  as  heavy 
as  water.  Before  using  the  drug  Donath  tested  its  action 
on  himself,  and  foimd  that  in  ordinary  doses  it  did  not 
produce  any  disturbing  effects;  but  in  large  doses  it  was 
sometimes  followed  by  nausea. 

This  drug  must  not  be  mistaken  for  ethyl  bromide, 
which  it  resembles  both  in  name  and  in  appearance.  A 
case  is  reported '  in  which  such  a  mistake  was  made  with 
fatal  consequences.  A  written  order  for  the  ana'Sthetic. 
elliyl  bromide,  was  sent  to  a  druggist,  who  supplied 
ethylene  bromide.  Ten  drachms  were  inhaled  without 
producing  any  in.sensibility  or  anivsthesia.  The  admin- 
istration was  followed  by  suppression  of  luiue  and  un- 
controllable vomiting,  which  continued  until  the  patient 
died,  upon  the  following  day.  At  the  post-mortem  ex- 
amination there  was  foiuid  an  hypera'iuia  of  the  menin- 
ges of  the  brain,  also  of  the  lungs,  siileeu,  and  kidneys. 
The  liver  was  much  enlarged,  of  a  dirty-yellow  color, 
and  the  cells  were  affected  by  a  granular  degeneration. 

Beenimont  Small. 

'  British  Medical  Journal,  Julv  11th,  1S91. 
'  The  London  Liuicet,  January  10th,  1891. 

ETHYLENE-DIAMINE  [C,H,(NH,),]  is  a  clear,  color- 
less liquid  of  sjiecitic  gravity  (1.970.  It  is  readily  soluble 
in  water,  has  an  ammoniaeal  odor,  and  strongly  alkaline 
reaction,  anil  dissolves  albumin  easily.  It  has  been  rec- 
omiuended  for  the  solution  of  the  false  membrane  of 
diphtheria,  being  especially  useful,  as  its  eflicioncy  is  not 
destroyed  by  antiseptics. 

Elhjilene-didmine-trikreaol  or  trihresolamine  is  a  solution 
of  two  per  cent,  each  of  ethylene-diamine  and  trikrcsol. 
It  is  a  clear  colorless  liquid  of  alkaline  reaction,  becom- 
ing slightly  yellow  and  cloudy  on  exposure  to  air.  On 
account  of  this  cloinliness.  the  manufacturers  now  make 
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l';illl  I    I'oriiinlr, 
I. IK  nl>  pliiik. 


knmmin.  u  twcntvtive-iHTCfnt.  oulutioii  of  llii-sc  Iwo 

cliriiiii'iils  friiiii  wlilcli  II  Diif    or  twopcr  (rut.  Holiitioii 
Iiiiiv  Ih'  prr|mir(l  ulirii  wiintiil  isic  Kreiuiiiiiii). 

hUliyli'iii'  (liiiliiiiK'  silvt-r  |ili<iH|>lmtc'  is  iirKi'iilniiiilii-  (sue 
mUer).  It'.  ,1.  liti«teilo. 

ETHYLENE  DICHLORIDE.  —  Ktlun.-  IM,lori,l,: 
lliilrli  l.iijiiiil :  Cjll.rl;  i'lii-.  ImmIv  Is  ii  llilii.  colorlfHii, 
i)ilv  lliiid,  smilliii^  iiiul  tu.-*liiij;  iiiiuli  likr  clildrofDrm; 
volatili'  itiid  iiilltiiiiiiiiiMc:  ilLvsolviiiL;  spiiriiiKly  in  wiitc-r 
iiiil  fncly  ill  iil(<iliiil  anil  cIIiit  Its  mily  tniilical  inter 
ast  liis  in  ils  alti  iii|ili-.l  -.iilisiitniion  fur  clilDMrnrni,  a.s 
lU  anasllulir  which  .shcuilil  rc'lain  Ilit-  advantajfis  i)f 
chldroforni  whili'  free  from  il.s  (lan,niTS.  It  scfins  to 
oprnilf  Miuc'h  like  chloroforin.  anil.  aiTordin!;  to  Hcicli- 
ert.  liius  little-  trndi'iu-y  to  panilyzc  tin-  heart.  It  is.  liow- 
fver.  very  irritntini;  to  the  throat.  Adniiiiistnilion,  in 
nioile  anil  do.s«'.  is  the  sjiine  as  with  ehloroforin. 

K/lirartl  Ciirtit. 

ETHYLENE-PHENYLHYDRAZIN-SUCCINIC      ACID 

(f..  n...N.' '.  I  i>    prepanil    l.y    iMiiliiiL;    rtliy  hue  phenyl 
iiydni/.in  with  siieeinie  anhydride  in  aleohol.     It  forms 
eiystjilline  needles  solwhle  in  water,  and   is  u.sed    as  an 
an'tipyretie  If.  .1.  Jii-nledo. 

ETHYLIDENE  CHLORIDE  (ClhClICl,).— Chlor  othy 
liiline;  ehluridi  ii ;  etliideiLe  hiehloride :  Aran's  ether; 
AVij.',!,'er's  ether.  This  is  a  colorless  ethereal  lii|iiid  pre- 
pared liy  the  aition  of  chlorine  on  etiiyl  chloride.  It  has 
an  airreealile  fruity  odor,  a  hoilins;  point  of  'u'  ('.  (134.6' 
F.  I.  and  speeilic  frnivily  1.  ISO.  It  has  been  used  as  a  safe 
ami  ephemeral  iri-m-ral  auiesthetic  for  short  operations. 

ir.  .1.  BiisUdu. 

ETIOLOGY.     See /n/fWioiM  Diseanx. 

EUCALYPTUS.— Blue  Gum-tree.  "The  leaves  of 
Kii'-.ili/jiliix  ,/l„/,iilu.i  IjiliillardiC-re  (fam.  Mi/itifay)  col- 
lected from  the  older  jiails  of  the  tree"'  (U.  S.  P.).  At 
the  close  of  this  article  will  be  found  some  general  infor- 


mation conrerninj;  tl.e  srenus  Kucalyjitvis. 
Attention  is  here  restricted  to  the  drug  above- 
defined.  This  species  occurs  in  the  province 
of  Victoria.  Australia,  and  in  Tasmania.  It 
grows  to  a  great  size,  but  is  not  nearly  so  large  as 
some  of  the  other  species.  The  exhalations  from  the 
tree,  where  forests  of  it  occur,  and  esiiecially  from  the 
fallen  leaves,  charge  the  atmosphere,  thereby  disinfect- 
ing it.  This  lias  suggested  the  idea  of  i>lanting  it  in 
malarial  regions,  as  about  Home,  for  a  similar  purjiose, 
but  it  is  doubtful  if  llie  experiment  has  anywhere  been 
performed  in  a  sutlicieiitly  thorough  manner  or  upon 
a  sufliciently  extensive  scaie.  It  was  an  incorrect  notion 
of  this  property  of  the  tree  wbicli  suggested  its  first  use 
in  medicine,  that  of  a  s|iecific  for  malaria.  In  this  di 
rei-tion  it  proved  disappointing,  but  other  important 
medicinal  us«'S  were  found  for  it.  The  tree,  when  young, 
and  the  younger  portions  of  it  for  some  time  after,  bear 
leaves  which  to  a  great  extent  are  wanting  in  the  active 
constituent.  These  leaves  are  broadly  ovate,  heart- 
shaped  at  the  bas<'.  little  or  not  at  all  tapering  at  the  apex, 
and  compan»tively  thin.  The  official  leaves  (Fig.  1944) 
are  l.l  to  30  cm.  (0  to  12  in.)  long  by  2  to  4  cm.  (}  to  H 
in.  I  broad,  lanceolate  and  tapering  from  near  the  blunt 
base    to    an    acute    tip,    strongly    scythe  shaped,    and 


very  inequlliiteml,  entlre-uiurgiiieil,  very  tliiek.  leailp 
smiHitli,  strongly  glaiicoiiH,  and  with  a'slmrt.  stout    ' 
leiied  and  twisted   pi-iiolr.     A^'ainst   the  liirlit  tin 
strongly  pellucid  puiidate.     They  are  liii.'lily  aroin.ii.c 
It  is  not  known  how  leavcH  grown  in  the  several  couuirii-H 
where  the  tree  has  Ih-cii  intioduced  compaie  with  tliow 
of  native  origin,  but  wmie  of  them  are  known  to  be  very 
inferior,  and  it  is  certainly  a  consi'rvative  and  wiser  policy 
to  accept  only  thosi'  of  native  i;rowtli. 

Co.MfiisirioN.  —  Uesiiles  their  aitive  constituent,  about 
six  percent,  of  volatile  oil.  they  contain  wax.  resin,  and 
tannin.  The  iiieilicinal  properliis  and  uses  of  the  drug 
can  be  best  considered  farther  on,  in  connection  with 
tliose  of  the  oil  and  of  eucalvptol. 

Oil  (if  KuenUjfitux  (  Oliiim  kuriili/jiti.  V .  S.  I'.  I  is  defined 
a.s  "u  volatile  oil  distilled  from  the  fresh  leaves  of  A". 
gttiliuluK  Ijibillardiere.  K.  hUimi  F.  von  Mllller.  and  somu 
other  sjieiies."  It  has  a  spei-ific  gravity  of  about  O.Jd.'i 
to  O.D'J.'"!  at  l.">  C.  a  chanicteristie  odor  and  tasle.  and  it 
dissolves  freely  in  alcohol.  Since  the  active  constituent 
of  the  oil  is  I iieiili/iitol  (properly  called  cineol).  the  deter- 
mination of  the  percentageof  tliat  constiluent constitutes 
the  proper  method  of  valuation.  For  the  same  reason, 
it  seems  more  rational  for  the  I'harinacopieia  to  drop  the 
oil  from  its  next  edition  and  to  specify  only  the  eucalvp- 
tol. With  eucaly|ilol.  there  is  pinenelfrom  H.  i/I/JhiIiik) 
orcuminol  (from  K.  iihiiHii\.\>r  the  two  oiN  may  be  mixed. 
Traces  of  sevei-iil  alileliyiles  may  also  be  present.  The 
optical  rotation  will  also  dilTer  greatly  in  accordance  with 
the  source.  The  definition  is  faulty  in  that  it  does  not 
sjiecify  the  "other  species."  the  oils  of  some  of  which  arc 
very  distinct,  even  to  being  iiiiite  wanting  in  eucalyptol. 
The  action  of  the  oil.  except  for  its  being  weaker  and 
less  regular,  is  that  of  eucalyptol.  Pliellandrene  is  its 
most  common  impurity,  derived  from  other  species  of 
Eucalyptus. 

EuailiijiM  or  O'/xW  (CciHirO)  is  defined  by  the  Pliar- 
macopa'ia  as  "a  neutral  body  obtained  from  the  volatile 
oil  of  Eiiraljiptus  gl'jhubiK  Laliillardiere  and  of  some  other 
species  of  eucalyptus."  The  allowance  of  "other  species" 
is  here  not  objectionable  as 
in  the  ca.se  of  the  oil.  for 
the  eucalyptol  will  be  the 
same  no  matter  what  its 
soiuce.  It  is  also  the  ac- 
tive constituent  of  oil  of 
cajuput  and  of  fome  other 
Myrtaceous  oils,  unit  occurs 
in  santonica.  rosemary,  pep- 
liermint,  and  many  other 
oils  of  this  and  of  other 
families.  It  is  lifpiid.  col- 
orli'ss,  with  a  characteris- 
tic odor  and  taste,  has  a  specific  gravity  of  about  0.930 
at  15  C,  boils  at  176  to  177'  C.  crystallizes  at  freezing 
point,  is  optically  inactive,  and  dissolves  freely  in  alco- 
hol. The  commonest  adulterant  is  the  oil,  which  at  once 
renders  it  optically  active. 

Action  and  Uses. — The  action  and  uses  of  eticalyptol 
and  of  the  oil  must  be  considered  first,  as  that  of  the 
leaves  is  not  quite  identical.  Their  special  property 
among  volatile  oils  (.see  Aclire  Coiistilui  nts  nf  Plfutts)  is 
their  antiseptic  and  expectorant  jiroperties.  As  an  anti- 
septic, eucalyptol  ranks  second  only  to  oil  of  cinnamon, 
and  this  property  increases  somewhat  as  the  oil  ages.  It 
is  not  markedly  irritating  to  the  skin  unless  the  surface 
is  abraded  or  the  vapor  is  confined,  but  it  is  markedly 
irritating  to  mucous  membranes,  especially  to  that  of  the 
stomach.  As  an  expectorant,  whether  taken  internally 
"or  by  inhalation,  it  is  both  stiinulatiii,ir  and  antiseptic. 
Its  antiinriodie  action  is  very  similar  in  kind,  but  also 
very  inferior,  to  that  of  i|uinine.  As  a  poison  it  acts  as  a 
ga.strointestinal  irritant,  and  as  a  paralyzant  of  the  vital 
functions,  especially  of  the  heart. 

The  uses  of  this  drug  are  all  to  be  regarded  as  local; 
even   when  given    internally,    it   is   transported   in   the 
circulation  to  the  seat  of  its" action.     Externally,  it  is  an^ 
excellent  application  to  ulcers  which  require  either  disin- 
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fcc-lion  i>r  sliiniiliUioii.  For  tliis  piirpdso.  a  two-  to  live- 
lUTceiil.  soltilion  of  llic  oil  in  alcohol  may  hv  c'lnploycil. 
or  a  ten  luT  <(iil.  lincturc  of  the  Icavi'S  issoinc-tinics  i-ven 
belter,  owiiij;  lo  the  nsin  ami  tannin  containeil.  The 
greali'st  valtU'  of  etiealyplus  is  in  the  tiealinent  of  eatar- 
rlial  eondilions.  Here  the  lieiielieial  results  are  ilirectly 
proportional  to  the  need  lor  sliniulalion  and  disinfection, 
and  the  reverse  is  true  when  lliire  is  already  irrilation  or 
iiitlainniation.  Thus  it  is  used  topically,  as  well  a.s  inter- 
nally, in  gonorrlxeu  anil  vesical  catarrh,  in  low  forms  of 
dysjiepsia.  and  in  respiratory  catarrh.  Allhou^h  slightly 
dmphoretic.  it  is  scarcely  useful  in  that  way.  Its  anti- 
periodic  powers  are  feeble,  but  it  is  often  of  use  when 
the  case  is  mild,  and  the  surroundings  are  not  continu- 
ously iufeelious. 

In  considerinfr  the  properties  of  the  leaves,  we  liave 
to  regard  only  the  ixrcentage  of  oil  which  they  contain, 
antl  the  fact  tiiat  theamotuits  of  resin  and  tanuin,  and  the 
bitter  taste,  are  stiflicieut  to  add  their  effects  to  those  of 
the  eiicalvptol. 

The  dose  of  the  leaves  and  of  their  fluid  extract,  the 
onlv  ollicial  jueparation.  is  2  to  8  gui..  or  c.c.  (  3  ss.-ij.), 
resjjectivelv.  The  oil  and  the  eucalyptol  are  given  iu 
doses  of  from  0.3  to  2  c.c.  (itlv.  to  xxs.). 

T/ie  r/eiiiis  Knoihiiittis  contains  between  one  hundred 
and  twcnty-tive  and  one  hundred  and  fifty  species,  al- 
most all  of  Australia  and  Tasmania.  They  are  for  the 
most  jiart  large  trees,  rivalling  in  altitude  the  highest 
known,  and  fo^ni  dense  and  vast  forests.  Their  economic 
importance  is  of  the  highest.  Their  ability  to  withstand 
adverse  climalie  conditions  permitsof  forestry  operations 
where  they  would  be  otherwise  impossible.  Their  tim- 
ber is  proof  against  the  attacks  of  many  destructive  ani- 
mals, and  resists  decay.  Their  a.^triugent  gums,  de- 
scribed below,  are  of  great  importance.  Many  of  the 
oils,  though  excluded  from  the  u.ses  above  specified,  as 
they  contain  no  eucalyptol,  arc  of  importance  in  the  arts. 
The  trees  are,  moreover,  highly  ornamental. 

(See  lluiuy.  Eucalyptus,  and  Muitiui,  Australian). 

Henry  H.  Busby. 

EUCALYPTUS  GUM.— Erc.\LYPTi  Gummi.  A  ruby- 
colonil  ixiMiaiioM.  cpr  so-called  red  gum,  from  the  bark 
of  Kuoilyiitus  ivstnitus  Schlecht,  and  some  other  species 
of  eucalyptus.  Sixteen  species  of  eucalyptus  have  been 
named  as  yielding  these  gums,  which  are  now  very  gen- 
erally \ised  iu  the  place  of  our  official  makibar  kino,  this 
having  become  excessively  scarce  and  high-priced.  It  is 
even  fruc  that  the  former  is  very  commonly  given  when 
the  latter  is  called  for.  The  two  are  very  similar  inde<'d, 
this  one  occurring  in  grains  or  small  masses,  the  frag- 
ments transparent  and  of  a  ruby-red  or  garnet-red  color, 
somewhat  tough  and  of  a  very  astringent  taste.  When 
chewed,  it  adheres  to  the  teeth  and  tinges  the  saliva  red. 
Cold  water  dissolves  from  eighty  to  ninety  jier  cent., 
formimr  a  neutral  solution,  and  it  is  almost  entirely  solu- 
ble in  ninety  per-ceut.  alcohol.  The  properties  and  uses 
of  this  substance  are  Identical  with  those  of  kino,  and 
the  dose  is  gr.  ij.-v.  Henry  H.  llusby. 

EUDERMOL.  or  nicotine  salicylate,  occurs  in  colorless 
hexagonal  crysials  or  anhydrous  needles,  melting  at 
117.3  C,  and  soluble  in  water,  alcohol,  and  oils.  It 
contains  lifty-four  per  cent,  of  nicotine,  is  non  irritant, 
odorless,  and  does  n<it  soil  the  clothing,  and  in  0.1  to 
0.35  percent,  ointment  is  reeoinmcnded  in  scabies,  syco- 
sis, and  other  parasitic  skin  diseases.  Applied  to  a  raw 
surface,  it  mav  produce  svinptoms  of  nicotine  i)oi.soning. 

II'.  .1.  Baatedo. 

EUGALLOL,  or  pyrogallol  monoacelate  fCJT^.CH,- 
C().((>ll)aJ.  is  a  thick,  brownish,  tmnsi)arent,  syrupy 
material,  readily  .soluble  in  water  and  iu  its  own  weight 
of  acetone.  It  is  maiketcd  in  thirty-three-pcr-cent.  ace- 
tone solution,  and  when  this  is  painted  on  the  skin  and 
allowed  lo  evaporat<'  it  leaves' a  tirm,  elastic  varnish. 
It  is  used  in  skin  diseases,  and  Kromaycr  claims  that 
when  applied  every  day  it  induces  an  infliimmatiou  under 


whose  inlluence  the  most  stubborn  psoriatic  jiatch  will 
disappear.  He  adils  to  its  usefulness  by  dusting  it  with 
zinc  oxide  before  it  is  dry.  11'.  A.  Bastedo. 

EUGENOFORM  is  the  sodium  salt  of  eugenol-carbinol, 
the  product  of  the  action  of  formaldehyde  on  eugenol. 
It  forms  broad,  colorless  crystals,  readily  soluble  in 
water,  with  difficulty  in  alcohol,  and  insoluble  in  ether. 
Its  melting  point  is  160'  C.  The  claim  is  made  that  it 
liberates  formaldehyde  in  the  system,  and  on  this  account 
V'ogel  recommends  it  as  antiseptic  to  the  gastrointestinal 
tract  in  cholera,  typhoid,  etc.  Its  dose  is  0.5-1  gm.  (gr. 
vij.-xv.).  TI'.  A.  Bastedo. 

EUGENOL  :   EUGENIC  ACID.     See  Chrcs. 

EUGENOL-ACETAMID  (CIL.CJh.OCHi.OCH,. 

('(tXIIjl  is  |in  puird  by  the  action  of  eugenol  sodium  on 
monochloracelic  acid,  with  subsequent  heating  in  the 
presence  of  ammonia.  It  forms  tine  needles  or  plates, 
and,  according  to  Merck,  is  a  local  ana-sthetic  and  anti- 
septic.    It  can  be  tised  for  toothache  or  neuralgic  i)ains. 

11'.  A.  Baatedu. 

EUGENOL  IODIDE,  or  iodo  eugenol  (C.HJ.CHi.- 
OCHs.OH),  is  obtained  liy  the  action  of  iodine  on  eugenol 
sodium.  It  is  a  yellowish,  odorless,  insoluble  jjowder, 
which  melts  at  150  C.  (;i02"  F.).  and  is  used  as  an  anti- 
septic or  as  an  iodoform  substitute.  11'.  A.  Bastedo. 

EUNATROL  is  a  proprietary  pill  of  sodi\im  oleate 
coated  with  diocolate.  Extravagant  claims  arc  made  as 
to  its  value  in  gall  stones  and  other  biliary  derangements. 
Dose,  1  gm.  (gr.  xv.)  three  times  a  daj". 

ir.  A.  Bastedo. 

EUNOL  exists  in  "alpha"  and  "beta  "  modifications, 
ma<le  by  combining  eucalyptol  with  aljiha-  and  beta- 
uaphthol.  respectively.  These  comjiounds  are  bitter, 
insoluble  iu  water,  and  soluble  in  alcohol,  ether,  chloro- 
form, and  oils.  They  are  antiseptic,  and  may  be  used  in 
surgery  and  dermatology.  IP.  A.  Bastedo 

EUONYMUS;  EUONYMIN.     See  TPaAoo. 


EUPATORIUM. 


'1  hnrmiglnrort. 


EUPHORBIA  PILULIFERA  L.— A  plant  of  the  order 
Eupliiirhinciii',  which  has  been  recommended  as  a  remedy 
for  spasmodic  alTedioiis  and  neuroses  of  the  respiratory 
tract.  It  is  indigenous  to  Australia.  Brazil,  and  other 
Southern  tropical  countries.  It  derives  its  specific  name 
from  the  seeds,  which  are  held  in  capsules  in  the  axils  of 
the  leaf,  and  when  ripe  arc  brown  and  hard.  It  is  com- 
monly known  as  I  he  pill-bearing  spurge.  It  is  a  very 
common  annual  herbaceous  plant,  and  has  a  local  repu- 
tation asaeuraliveagent  iu  all  pulmonary  troubles.  Dr. 
Mattheson.  of  Queensland,  was  the  first  to  call  attention 
to  its  value  in  asthma,  paroxysmal  dyspntea,  whooping- 
cough,  and  other  spasmodic  attections.  Later,  it  was 
studied  by  Dr.  Marsset.  under  the  direction  of  Duj.irdin- 
Heaumelz.  and  the  restdt  of  his  researches  was  published 
in  llie  Tlnriiiii'iitic  (iiizdte.  February,  18H5.  Its  action  is 
directed  to  the  respiratory  and  cardiac  centres,  and  cau.ses 
a  retardation  of  the  respiration  and  pulse,  and  when 
death  has  been  produced  it  arises  from  a  jiai'jilysis  of 
these  organs.  It  docs  not  inlluence  any  of  the  other 
organs  of  the  body,  but  when  admiiustered  in  excess  it  pro- 
duces an  irritant  action  on  the  gastric  mucous  membrane. 

Its  active  iirinciple  is  an  acrid  resin,  which  is  soluble 
in  water  and  diluie  alcohol.  Experimeuls  on  animals 
show  thai  o"<'  part  of  the  resin  to  one  hundred  of  the 
animal,  by  weight,  will  produce  a  fatal  result. 

It  has  proved  of  service  in  all  spasmodic  alTeetions  of 
the  bronchijil  lubes  and  lungs,  in  the  dysjinn-a  of  emphy- 
sema of  the  lungs,  and  in  that  due  to  cardiac  alTeetions. 
DujardinBeaunietz  recommends  it  to  be  used  in  all  cases 
in  which  iodide  of  potassium  is  used  to  relieve  dyspncea. 
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Ivllt-Ul)  |>l(lk     (.11 

Kii|iliiliiilii>lii. 


It  lituM  uImi  Ih'CII  ummI  III  relieve  the  s|iii>.iiis  iiiiildiHire.HM  nf 
iiii^iiiu  |>e<'tiiris.  iitiil  in  liiiv  iimIIiiiiu  as  well  iin  in  nirv/.n. 
Ill  llie  liilttT  (liseii.<ieH  il  ni|i]ill.v  <'lK-ckc(l  llie  Kni'e/.iiiK  nnil 
(illier  Iriiulilesoiiie  HyMi|il<iMis. 

The  ih'ii'il  pliiiil  is  iiS4'il.  iinil  its  virliies  iire  xtiiil  to  lie 
liesi  eMnuteil  liy  wiiler.  A  (leeiielimi  iiiiiy  lie  iimile  liy 
slee||ini;  Imlf  iiii  oiiiire  of  llie  pliiiit  in  Iwn  iiuiiils  uf 
wilier,  till'  iliise  In  lie  three  nr  I'mir  «  iiiei;liisslills  iliirint.' 
the  iliiv.  The  lliiiil  cMniit  isihe  bi-sl  |>re|iimitioii  In  use, 
llie  (liise  lieilii;  frnlii  tl.  Z  ss.  to  i.  Jitiiumniit  tymiill. 

EUPHORBIACE^.— (7V/,-  Simrtj,-  F.imilji)  One  of 
the  nii>-l  iMi|MiiiaMl  nieilieiiml  families  of  plants,  if  we 
coiisiiler  its  ilniiieslii  IIS  well  as  its  professional  iise.s.  It 
rontaiiis  more  than  two  liiin<li'eil  ^'eiieniiinil  three  tlioii- 
saiiil  speries.  ilisiriliiileit  over  almost  the  entire  earlli. 
most  aliiinihint  iu  the  Iropies,  ^'railiially  ilecreasini;  with 
the  lemperatiire,  anil  wanting  in  very  cold  regions. 
Their  niosi  nolalile  properly  is  their  great  power  of 
ailaplalioii  to  environment,  so  that  .some  of  them  thrive 
equally  will  in  Ihe  most  arid  des^Tls.  ami  aniidst  lux- 
iiriant  llonis  Their  economic  value  is  great  in  other 
than  meilii  inal  dinelions.  Two  of  our  lie.st  ruliliers  are 
yielded    respectively    liy    the    manihot    and    llw    lieveas. 

(Hher  manihots  yield  tin- liighly  important   f 1  cassava 

and  its  starch,  tapioca.  Some  of  the  fruits  are  edible, 
and  some  of  the  timliers  have  special  uses.  Numerous 
species  yield  useful  tixed  oils,  and  several  dye  stiitTs  are 
olilained.  Medicinally.  Ihe  properties  dipcnd  almost  en- 
tirely upon  local  stimulalion  or  iirilation.  even  the  "al 
leralive "  elTecIs  probably  dep<'nding  ultimately  ujion 
Rome  such  ilepunitive  action.  This  irritating  action  in 
creases  in  many  species  to  the  point  of  rendering  them 
violent  poisons,  cither  externally  or  iiilenially.  or  both. 
Tlr.se  irritating  principles  exist  commonly  in  the  milky 
juiics  with  wliich  the  tissues  abound,  these  being  fre- 
i)Uently  liighlv  caustic  to  the  skin  or  oilier  tissues. 
Even  such  violently  acting  juices  have  often  been  util- 
ized as  escliarntics  or  epispa.stics.  Among  such  juices 
We  may  mention  tho.se  of  lliini.  Enphinliin  hitenxloxit 
Muell  (Alvelos).  tind  other  species  of  this  genus,  llipi^i- 
iimm',  T<'jririnUinh-"ii.  ffjifitftfiimafihiptoH,  and  t\xrf*icnnti. 
The  latter  acts  violently  even  by  access  of  its  smoke,  and 
smoking  the  body  w  illi  il  is.  among  the  Fiji,  a  heroic  treal- 
nienl  for  leprosy.  .Iiiices.  inoslly  milder  in  their  action, 
are  used  intenially  as  irritant  purges,  but  many  of  them 
in  overdoses  may  prove  emeticocathartic  poisons. 
Hare'y  do  these  purgatives  consist  of  the  ex  I  met  ed  jui<e. 
ns  in  I'iphortiiiim.  but  usually  of  the  tissues  containing 
tlie  latex,  fresh  or  dried,  or  medicinal  i)reparati<ins  of 
them.  Among  such  maybe  mentioned  the  root  of  ./<r 
tropha  viiierm-hizd  Beiith.,  of  StiUinr/iu.  of  Ku/ilior/iiit 
Ijteeaeuanhir  L.,  E.  /Mt/ii/rin  L.,  E.  mariiiimUi  Pursh.. 
E.  coriiUnta  L.,  E.  Ct/ixi rie«ia»  L.,  and  other  species  of 
this  genus,  the  spurges,  the  herbage  of  .Vefonifilin. 
Trngiii  s]is. ,  and  JiHiniuxiit,  and  various  parts  of  many 
species  of  VrnUm  and  Pliyllnutliun.  Many  of  the  latter 
are  also  used  as  tish  poi.sons.  In  other  casi'S,  the  purga- 
tive constituent  is,  or  resides  in.  a  fixed  oil.  usually  of 
the  si'cds.  as  in  crolon.  ca.stor.  and  curcas  oils.  Powerful 
albuminous  ])oisons  usually  also  reside  in  these  seeds. 
Occasionally,  as  in  buxus,  alkaloids  occur,  while  a  num- 
ber of  special  or  exceptional  drugs,  like  kamala  ami  cas- 
carilla.  will  be  found  discussed  in  their  proper  alpha 
Ijetical  order,  A  complele  enumeration  of  the  medicinal 
species  of  the  family  wnuld  till  several  of  these  pages. 

Henry  I].  liusbi/. 

EUPHORBIUM.  Ph.  G.— An  irritating  and  drastic  gum 
resin,  ubiaiiiril  from  Euphorbin  resinifim  Herg  (fani. 
Euphorhiiiefii ).  This  is  a  large,  leafless,  cactus-like  jieren- 
nial,  growing  from  four  to  six  feet  high,  having  a 
thick,  gniy.  woodv  stem,  and  numerous  very  fleshy, 
quadrangular,  spiny  green  bninches.  The  plant  is  laden 
with  a  milky  juice,  which  exudes  when  it  is  wounded, 
and  dries  iea<lily  in  tears  upon  Ihe  surface  or  entangled 
among  the  spines.  It  is  a  native  of  the,  interior  of  Mo- 
rocco. 
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The  reHin  Ih  exported  from  Mogiulor.  It  hax  Imiu 
known  in  Eiiropian  coininerce  from  ii  very  remote  periml. 
is  menlioiicd  by  niimerouH  older  medical  wrilent,  uiul  had 
its  place  in  most  pliartiiiKopii'iaK.  but  ilNiiiw  innow  nearly 
obsolete.  Il  is  collected  by  inciKing  thr'  Htenm  early  in 
IheM-ason.  and  collccliiig  the  hiirdened  tears  some  weekK 
later.  Tliise  are  usually  irregular,  from  the  si/e  oi'  a 
hickory  nut  down,  yellow,  tninsliieetil.  with  a  dud. 
waxy  surface,  and  a  brillle  fmctiire.  They  nfien  encloHi- 
or  fiusleii  spines  or  oilier  portions  of  the  iilaiit.  Ere 
(luently  they  are  perfonileil.  The  odor  is  slight,  tinleHK 
healed,  but  Ihe  <iiisl  nii.sed  by  galheriiig,  sorting,  or 
powdering  it  is  exceedingly  irritating  to  lace  and  nose, 
so  that  those  handling  il  shmild  wear  veils,  or  laki- 
mi'iins  loavoid  Ihedusl.  Flllckigers  analysisof  eiiphor- 
bium  gives  it  Ihe  following  <oniposilioii :  tiiiiinji/niiiii 
nsiii,  yS;  t'lijtlntrlnni,  ;2*J:  intir{hi<n',  IS;  mithitrti,  I 'J;  htor- 
f/iiiiic  iiii/riiliiiilx.  10,  Of  these,  the  irrilaling  and  active 
principle  is  the  amorphous  resin.     It  issolubic  inalcohol. 

Action  \su  Isi;. — Eupliorbium  is  a  violent  irritaiil, 
like  cashew  nuts,  chrysarobin,  croton  oil,  <:tc. ;  it  is  also, 
like  the  latter,  an  irritant  ilraslic.  Formerly  it  was  used 
internally  for  this  i|ualily.  but  is  now  never  so  given. 
For  external  use  as  an  irrilant.  or.  more  generally,  di- 
luted with  olhcr  things,  as  a  rubefacient  (ointnienls, 
jila.sters.  etc.),  il  is  occasionally  called  for,  and  in  the 
more  obstinate  chronic  skin  alTeclioiis  has  some  value; 
but  Ihe  necessity  which  cannot  better  be  met  with  other 
medicines  must  be  rare.  11'.  P.  liuUet. 

EUPHORIN.— Phenyl  urethane.      Carbonate  of    ethyl 

and  jihenyl.  This  is  a  compound  derived  from  aniline 
and  is  somewhat  allied  In  acelanilid.  It  occurs  as  a 
while  crystalline  powder,  with  a  faint  aromatic  odor  and 
slight  ta.ste,  almost  insoluble  in  water,  but  freely  soluble 
in  weak  alcohol  and  wines.  It  was  introduced  by  Dr. 
Sansoni  *  to  rc|)laceanlipyrin,  antifebrin.  and  other  drugs 
of  the  saniecla.ss.     The  dose  is  from  gr.  viiss.  to  xv. 

It  is  also  employed  as  an  antiseptic  powder  in  the 
treatment  of  idcers  and  wounds.  Iknuiuont  Siinill. 

EUPHTHALMIN  HYDROCHLORATE  (Cllg.XO,.- 

IK'lj. — 'I'lic  niaiidrlic  acid  iUii\atiM-  of  labile  n-melliyl- 
vinyl  (liacetone  alkamine.  was  introduced  to  ophthal- 
mology by  Treutler  in  1897.  It  is  closely  related  to 
beta-eucaine.  the  hydrochlorate  of  benzoyl-vinyldiace- 
tone-alkamine.  bearing  to  this  Ihe  same  relation  as  does 
bomatropine  to  Iropacocaine.  It  is  a  white,  crystalline 
powder,  readily  soluble  in  water  and  in  two  parts  of 
boiling  alcohol,  but  separating  into  crystalline  aggre- 
gates on  addition  of  ether.  It  is  anhydrous,  melts  at 
183'  ('.,  and  is  not  decomposed  by  boilinir. 

The  salicylate  (C,,H,5NOj.rjI,.OII.('OOH)  is  made 
by  dis.solving  equal  parts  of  euphthalinin  (base)and  acid 
salicylic  in  absolute  ether,  and  rccrystalli/.ing  from  ether 
and  alcohol.  It  melts  at  115'  C,  and  is  readily  soluble  in 
water. 

E.xperiinents  on  animals  by  Vinci  show  a  primary  irri- 
tation of  the  nervous  system  in  the  form  of  restlessness, 
excitement,  and  increased  reflexes,  then  tonic  and  clonic 
spasms,  opisthotonos,  exophlhalmns,  cyanosis,  disturbed 
respiration,  and  death  from  general  paralysis.  The 
vasomotor  system  is  directly  paralyzed,  and  blood 
pressure  falls  in  spite  of  increased  cardiac  activity.  In- 
stilled into  the  eye  in  one-  to  ten-percent,  solution,  it 
produces  sjilivation  from  ilsaclion  on  the  secretory  fibres 
of  the  chorda  lympani ;  and,  owing  to  paralysis  of  the 
nerves  of  the  sphincter  iridis,  without  alTecting  the  sym- 
pathetic dilator  fibres,  mydriasis  supervenes  in  fifteen  to 
forty  minutes,  to  disappear  practically  in  two  to  eight 
liours,  and  completely  in  less  than  twenty-four  hours,. 
It  also  dilates  the  jnipil  when  given  internally. 

Ilinshelwood  obtained  the  maximum  dilatation  from 
three  .separate  drops  of  a  five-percent,  solution  at  two- 
niinnte  intervals,  this  acting  somewhat  less  promptly  in 
one  eye.  than  one-percent,  homatropine  solution  in  the 
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otlicr  t-yi- of  the  sium-  paliciil.  Eiiplitlmliiiiii  mis  mnii' 
rapidly' ill  youii)j;  tliiui  in  "lil  jiedplc.  causes  no  sniarling 
or  (lisi'oniforl.  weakens  acconiinoilalinii  but  little,  has  no 
appreeialile  elTeel  on  Iln'  eonjiinetival  vessels  or  the 
eorneal  cpitlieliiini,  and  inerejuses  intraocular  tension 
but  sliglilly  or  not  nl  all.  Tlie  mydriasis  is  more  eom- 
plele  in  strong  sunlight  than  that  of  coenine  or  honuilro- 
|)ine,  yet  there  is  sueli  slight  elTeet  on  acoommodatinn 
that  reading  and  writing  are  not  materially  interfered 
with.  .Jackson  found  no  rase  in  which  the  pupil  was 
entirely  without  response  to  light,  and  noted  that  during 
the  maximum  efTcct  about  one-fourth  of  the  total  accom- 
modation was  lost.  He  ])rcfers  cocaine  for  ordinary  oph- 
thalmoscopic work,  using  euphthalmin  for  testing  vision 
with  strong  light  in  cataract,  or  as  a  rapid  mydriatic 
where  iritis  is  siisjiccled  but  still  uncertain.  He  recom- 
mends a  solution  containing  one  per  cent,  each  of 
eiijihlhalmiu  and  cocaine  liydnichlorales.  Knajip  uses  a 
tenjier  cent,  .solution  for  ordinary  ophthalmoscopic  ex- 
aminations, stating,  however,  that  it  dilates  thcjiupil  less 
powerfully  than  atropine.  Sneguiroff  increased  the 
speed  of  its  action  by  a  prior  instillation  of  one  per  cent, 
holocain.  this  hastening  the  dilTusion  of  fluids  from  the 
conjunctival  sac  into  tlie  anterior  chamber.  Some  ob- 
servers have  useil  ( ii|ihthalmin  in  glaucoma,  claiming 
that  its  brief  mydriasis  does  not  allow  of  increased  ten- 
sion, yet  its  safely  in  this  condition  has  not  been  proven. 
In  glaucoma  and  in  the  aged,  cocaine  is  a  more  suitable 
agent.  As  yet  toxic  effects  from  the  drug  have  not  been 
reported,  fiuphthalmin  will  act  in  one-percent,  solution, 
but  it  reiiuires  repeated  instillations  to  produce  mvdriasis. 

ir.  .1.  Bastedo. 

EUPYRIN.— Vanillin  -ethyl  -  carbonate  -  p  -  phenetidin. 
This  substance  belongs  to  the  para  phenetidin  group 
which  includes  phcnacetin,  being  a  compound  of  para- 
phenetidin  with  vanillin.  It  forms  pale,  greenish-yellow 
needles  of  vauilla-like  odor  and  without  taste.  It  is 
freely  soluble  in  alcohol,  ether,  and  cliloroform,  l)ut 
withdilbcidty  in  water.  This  is  an  antipyretic,  which, 
according  to  Overbach,  possesses  stimulating  properties, 
as  evidenced  by  the  sensation  of  well-being  w  hich  fol- 
lows its  ingestion.  It  is  of  no  use  in  neuralgia,  but  is 
recommended  as  a  mild,  non-toxic  antipyretic,  especially 
suitable  for  old  i)c<)ple  or  children,  or  in  cases  of  fever 
■with  great  weakness.  IF.  A.  Bastedo. 

EUQUININE,  or  Quinine-carbonic-ether  (CO.OCJIs- 
.OC'jilIjaN;!  M.  is  the  ethyl  carbonic  ester  of  quinine  pro- 
duced by  the  action  of  (|uiinne  on  ethyl  carbouyl  chloride. 
It  forms  white  needle  like  crystals  in  lieecy  masses  which 
melt  at  9.5°  C.  Its  reaction  is  alkaline,  and  its  taste  Hat 
with  a  slightly  bitterish  aftertaste.  It.  dissolves  with 
dilliculty  in  water,  but  readily  in  alcohol,  ether,  chloro- 
form, and  dilute  acids,  the  acid  solutions  fluorescing  like 
those  of  other  (piinine  compounds.  The  hydrochlorate 
is  the  most  soluble  salt,  the  sidphate  slightly  soluble, 
and  the  lannate  almost  insoluble.  Euquinine  gives  the 
thalleo(|uiu  reaction,  but  not  the  herapathite  reaction  of 
quinine. 

Eu<iuinine  is  a  quinine  compound  which  clinical  re- 
ports show  to  possess  all  the  valuable  properties  of  the 
mother  substance,  without  causing,  in  thera])eulic  dos- 
age, ringing  of  the  ears,  nausea,  headache,  or  other  symp- 
toms of  cinchonism.  As  it  is  also  practically  tasteless,  it 
ran  be  administered  to  children  with  ease.  It  is  siiid  also 
to  be  borne  well  by  those  having  an  idiosyncrasy  against 
quinine.  IVridicim  uses  it  in  solution  with  ferric  chlor- 
ide for  lavage  in  ga.stritis  with  dilatation,  and  as  an 
enema  in  the  stubborn  diarrh<ra  of  colitis.  Goliner  ])re- 
fers  it  to  quiniiu',  acetanilid,  antipyrin,  or  phcnacetin  in 
la  grippe.  For  malaria  it  is  best  preceded  by  a  mercurial 
laxative  and  combined  with  ginger  or  other  aromatic. 
It  is  highly  reconunendeil  in  whooping-cough  and  the 
fevers  of  piithisis.  The  dose  up  to  i  or  'S  gm.  (gr.  xxx.- 
xlv.)  is  slightly  larger  than  that  of  i|uinine  sulphate,  and 
it  can  be  administered  in  soup,  gruel,  milk,  cocoa,  or 
flavored  syrup.  W.  A.  Bastedo. 


EUREKA  SPRINGS.— Carroll  County.  Arkansas. 

I'liM  On  i(  I, — Ijiiika .Springs.  Hotels:  Crescentand 
Southern,  and  numerous  smaller  houses. 

AccKss. — Via  Eureka  Springs,  branch  of  the  St.  Louif 
and  San  Francisco  liailroad. 

The  development  of  Eureka  Springs  affords  a  forcible 
object  lesson  of  the  progress  of  civilization  in  the  West- 
ern wilds  of  .\mcrica.  Where  a  few  years  ago  was  an 
uninhabited  sterile  moimtain  glen,  now  nestles  a  bright 
little  city  of  more  than  0,000  inhabitants,  which  number 
is  greatly  increased  by  the  large  Hoating  population  of 
visitors,  tourists,  business  men,  and  invalids  constantly 
coming  and  going.  The  city  is  lighted  by  gas  and  elec- 
trieily,  contains  an  electric  railway  system,  and  excellent 
schools,  hotels,  etc.  The  Interstate  Summer  Xormal  and 
Educational  Assembly  have  erected  a  building  with  a 
seating  capacity  of  live  thoussmd  persons,  in  whi<h  an- 
nual sununer  ,sessions  are  held  and  atten<led  by  visitors 
from  all  parts  of  the  Union.  The  State  District  Normal 
School  of  Arkansas  is  also  located  here.  The  springs  are 
sixty  in  number,  the  best  known  belugas  follows:  The 
"Crescent,"  "Dairv,"  "Basin."  "Magnetic."  "Harding." 
"Little  Eureka,"  "Sweet,"  "GrottoT"  "llystic,"  "Oil," 
"Arsenic,"  "Cave,"  and  "Cold"  springs.  The  waters 
contain  mainly  carbonates  of  lime  and  magnesia,  with  a 
small  proportion  of  sulphates  and  chlorides.  They  are 
not  strongly  mineralized,  and  differ  but  slightly  from 
each  other.  The  following  table  from  the  report  of  F. 
W.  Clarke,  Chief  of  Division  of  Chemistry,  United  States 
Geological  Survey,  and  K.  K.  Kiggs,*  shows  the  propor- 
tion of  solids  in  four  of  the  principal  springs: 

(irafns  ptT 

United  Slates 

gallon. 

Crescent  Spring 5.36 

Dairy  Spiiiis! 6.29 

Basiii  Spriii); 6.97 

Magnetic  Spring 10.99 

The  following  table  sent  us  by  Dr.  John  D.  Jordan, 
of  Eureka  Springs,  shows  some  of  the  climatic  advantages 

of  the  resort : 

Altitude  above  sea  level 2.000  ft. 

Annual  average  precipitation 32.79  in. 

I  [Spring 60.SJO 

Mean  temperature  (Fabr.)     I^^^fn  i!  l ! ! ! ! !  Um' 

{  Winter 42.0S° 

.\nnual  average i)S.93° 

Relative  innnidlty  (per  cent.) 58.98 

209 
,  90 


Eureka 

Springs. 


Average  number  of  days  }  F.^'frwcuher''" 
per  annum  ... 


Death  rate  per  annum  . 


lo.:«l»T  1.100 


The  city  is  iiicturesquely  located  on  the  headwaters  of 
the  AVhite  River  in  the  Ozark  Mountains.  A  sojourn  at 
Eureka  Springs  and  the  free  use  of  its  waters  are  stated 
to  be  beneticial  in  a  wide  range  of  affections,  including 
rheumatism,  skin,  nervous,  I'enal  and  bladder  disordei'S, 
dyspepsia,  hay  fever,  and  general  debility. 

Jdtiiex  K.  Crook. 

EUREKA  SPRINGS.— Humboldt  County,  California. 

I'osi  (li'i'ii  K.  —  Kuicka. 

These  springs  are  located  near  the  town  of  Eureka, 
The  waters  belong  to  the  muriated-sulphureted  class, 
and  were  analyzed  by  Prof.  W.  1).  Johnson  in  l.Sf<.">,  with 
the  following  result: 

Onk  UxiTKii  States  Uallox  Co.ntaixs: 
Solids.  Grains. 

■Sodium  chloride 1,««.00 

Sodium  carbonate 10.10 

Sodium  itromide 14.00 

Pnta.s,slum  sulphate 12.20 

Magni'sium  chloride 101.00 

Magnesium  sulphate 211.30 

Calcium  carlxinate 3.80 

Calciuni  sulphate 42.50 

Alumina 1.30 

Silica » 

Ferrous  carbonate .13 

•  February  lotb,  1877. 
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■  •■IM  rill, 
l.<«liiil..i 


!<<<lllU.  lirulM'l. 

Mantfiiiii-M< -  ............  Tnir*'. 

Il<  irli'  Ill-Ill Tniii'. 

IikIIim' Truiv. 

1 .1 1 1 1 1  u  ui Trni  V. 

I.ilul IM0.S7 

riiitMinli*  iirltl  ifiw Siiinll  iirnoiint. 

Siil|ihiir<'t<'<l  hyilr»K>-n 8uiiim«il. 

This  wiiirr  is  mow  iiscil  cxlfiisivciy  liv  lln'  rcsiilnils 
iif  till'  iiri);lilioriii);  (listrict.s.  It  is  also  sliipiu'il  to  Siiii 
Fmm-isco.  The  iictiuii  of  the  wiiltT  is  liixiilivi-  itiul  iliii- 
n'lii".  •/iiiiifK  A".  Crixik. 

EURESOL.or  nsorciii  monoHocUiK'  ((',II,(()II),.rH,- 
(  (i|.  IS  a  visiiil.  tniiis|>airiil  iiiiiss  of  |ilcii.sjiiit  odiir,  iiiiil 
nisilv  riiliKixl  111  II  iinwiiir.  Kroiimvi-r  has  ohtiiiiiril 
j»ooi(  risulls  in  ihr  Inalmriit  of  ovrr  sixty  cnsis  of  iirtic 
vuliriiris.  iiis;irra.  syiosis.  siliorrhii'ii.  srlioirjiuii'  rc/.cina. 
etc.  Il  is  usi'il  ill  inrlmii'  solution  as  a  varnish,  liavinj; 
a  I'lKitiii^  on  the  skill  whin  ilry.  II'.  .1.  Ilimtnlo. 

EUROBIN.  or  clirysaioliiii  triact'tiilc,  is  a  iliirk  iiowdcr, 
insnlul'li  ill  water,  liilt  soluble  in  (■liliiioforin.  acetone, 
ellnr,  or  aeelie  aeiil.  Kroniayer  liiiils  that  il  eaiises 
more  reaction  than  clirysjiroliin  on  chronically  intlaincil 
.skin,  as  in  chronic  ec/.tinii.  He  uses  it  in  one  to  twenty 
per  ciiil.  iK'eloiu'  solution  as  a  viirnish.  Eugallol  or 
snliu'iillol  iiiav  he  adileil  with  lulvantaire. 

ir.  .1.  nimtedn. 

EUROPHEN. — 'I'liis  is  one  of  the  many  compounds 
coiit;iiiiiM;;  iodine  and  devoid  of  any  disjiirreealile  odor, 
thill  have  lieeii  intiodiu'ed  as  siibslitnles  for  iodoform, 
(.'heinically  it  is  diisolmtylortho-cresol  iodide,  its  for- 
mula tieiii.i.'(  ,.j[  ">  CbIIiO)  III.      Its   relation  to  cresol 

and  iodine  is  much  the  same  ns  that  of  aristol  to  thymol 
and  iodine. 

Il  is  an  extremely  light  amorphous  yellow  powder, 
licintr  aiioiit  live  times  as  bulky  as  iodoform,  with  an 
aioiiialic  odor  re.sembliiij;  safYion.  It  contains '37. (>  per 
cent,  of  iodine.  It  is  insoluble  in  water  and  !:lycerin, 
soluble  in  alcohoi  ii])  to  thirty  per  cent.,  and  in  ether, 
chloroform,  collodion,  and  fatty  oils  up  to  twenty  live 
per  cent.  It  must  be  excluded  from  li,5ht  and  heat,  as 
il  is  readily  deconipo.sed.  In  contact  with  water  it  is 
slow  ly  deconiposcd.  yielilins  free  iodine. 

The  use  of  eiirophen  is  indicated  in  all  cases  in  which 
iodoform  is  employed  in  wounds  and  ulcers  and  ulcerated 
surfaces,  and  in  diseased  conditions  of  the  nasal  and 
pharyniieal  cavities  of  the  vairina  and  uterus  and  all 
nuicous  surfaces.  In  various  forms  of  skin  disease  il 
has  proved  beneticial.  especially  the  acute  and  chronic 
eczemas.  It  is  also  administered  internally  in  all  stajics 
of  syphilitic  (lisea.«<'.  but  is  recoininended  as  being  most 
active  in  the  third  stage,  and  is  thought  to  replace  the 
iodide  of  pota.ssiiim  as  a  s])ecitic.  The  dose  to  com- 
mence with  should  be  one-iiuarterof  a  grain,  gradually  to 
iM'increa.sed  to  one  or  I  wo  grains.  If  it  is  administereil  loo 
rapidly  there  is  a  danger  of  iodisni  manifesting  itself. 
The  same  amount  may  be  used  hypodermically.  a  teu- 
])erc<'nt.  solution  in  oil  being  prepared  for  this  purpose. 
For  external  iis<mis  an  ointment  the  following  has  been 
selected  as  an  excellent  combination:  Euro|>hen.  'A  parts; 
olive  oil.  7  parts;  vaseline,  60  parts;  lanolin.  30  parts. 

Betiiimont  ■'<iii/ill. 

EUSTRONGYLUS  GIGAS.     See  yematode*. 

EVOLUTION. — I L.  crobitio.  an  unrolling,  from  erolrere, 
to  iiiiroll  nv  iiiilold.^  The  term  emhilioK  has  been  em - 
phiyed  with  various  meanings: 

1.  It  was  used  at  tirst  in  its  true  etymological  meaning 
of  unrolling  or  unfolding  to  describe  a  supposed  method 
of  the  individual  develojiment  of  organisms. 

'2.  I>aler  it  was  applied  in  a  metaphorical  sense  to  the 
origin  of  species,  where  it  means  simply  continuous  de- 


scent with  miHlitlcalion,  or  the  orif^ili  of 
iillenition  of  pre  existing  species. 

;t.  Kiniilly.  we  have  the  iiietaphysical  kciiM'  of  ihu 
wold  when  iisi-il  us  the  deslKnatloirof  a  syslein  of  phi- 
losophy that  iillempts  to  expiiiln  the  origin  of  all  lliliins 
by  coniiniious  change.  The  great  expoiieni  of  ihe  evo- 
lutiiiiiaiy  philosophy  is  Herbert  Spencer.  The  ceiilriil 
poiiiis  in  his  philosophy  are  the  laws  of  the  indestriic- 
libilily  of  niiiUer  and  the  eonsi'rvation  of  eiiergv.  Ac- 
cording III  Spencer,  the  result  of  these  laws  i-  rlivthmic 
niotion.  iiianifesled  everywhere  from  Ihe  dance  of  mole- 
cules to  gyrations  of  planets,  and  this  priHtiiees  an  alter- 
nation of  evolution  and  dissoluiiou  throughout  the  uni- 
veiw.  Spencer  delines  this  evolution  as  "chaiigi'  from 
an  indetinite,  incoherent  homogeneity  to  a  detinile.  co- 
herent heterogeneity,  through  continuous  dilTerentiutionH 
and  iiili';.'ratioiis. " 

.Metaphysics  being  beyond  Ihe  scope  of  the  present 
work,  we  w  ill  conline  our  attention  to  the  two  biological 
meanings  of  i  nil'ilioii. 

Kvoi.iTloN  l.N  ( ).NTooENv. — Modern  embryology  may 
be  said  to  have  begun  with  the  work  on  the  development 
of  the  chick  which  Harvey  described  in  his  " Treatise  on 
(tcneralion"  in  I(i.")l.  By  means  of  a  hand  lens  he  was 
able  to  trace  the  development  of  Ihe  chick  in  a  general 
way  back  to  the  beginning  of  the  second  day.  He  found 
that  the  embryo  arises  from  the  light  colored  spot  in  the 
yolk,  called  by  Fabriciiis  the  cirtilririiln.  Harvey  .saw 
this  dilale  and  become  divided  into  circles,  forming  what 
we  now  call  the  arm  cinlin/onn/iii,  ii\k\  this  he  compared 
to  the  iris  of  the  eye  and  called  the  itculiiin  nri.  At  the 
end  of  the  third  day  he  discovered  a  fine  line  of  red 
around  the  edge  of  the  spot,  "and  nearly  in  its  centre 
there  appears."  lie  says,  "a  leaping  point  of  the  color  of 
blood  so  small  that  when  it  conlracts  it  almost  entirely 
escapes  the  eye,  when  it  dilates  :'  shows  like  Ihe  smallest 
s])ark  of  tire.  Such  is  the  outset  of  animal  life  which 
the  pfastic  force  of  nature  puts  in  niotion  from  the  most 
insignificant  beginnings."  He  was  unable  lo  distinguish 
any  other  parts  of  the  embryo  until  the  fifth  day,  and  he 
describes  in  a  very  interesting  way  the  gradual  apjicar- 
ance  of  the  various  organs  of  ihe  embryo  as  he  saw  them 
from  that  time  until  the  perfect  chick  is  forined. 

One  of  Ihe  great  genei-alizations  that  Harvey  made  as 
a  result  of  his  observations  is  known  as  the  theory  of 
tinijuiiKU.  This  is.  briefiy.  that  the  embryo  is  built  up 
gradually  from  a  simple  beginnins;  by  tlie  addition  of 
part  to  part  in  a  definite  order,  llarvey  regarded  the 
blood  as  "the  first  engendered  part  ,  .  .  the  source  and 
origin  of  all  other  parts  .  .  .  which  thence  obtain  their 
vital  heat  and  become  subservient  to  it  in  its  duties." 

It  was  in  op|)osition  to  this  theory  of  epigeuesis  that 
the  theory  ai  i  rolutinu  arose. 

Mali>ighi.  working  a  little  later  than  Harvey,  and 
probably  having  a  better  microscope,  found  that  the 
blood  is  not  the  "firet  engendered  part,"  for  he  could  see 
an  outline  of  the  embryo  before  the  appearance  of  the 
"piiiicliim  sfiiigiiiiie'niiJ''  This  small  detail  of  observa- 
tion led  JIalpighi  to  reject  Harvey's  whole  theory  of  epi- 
geuesis. He  asserted,  instead,  that  the  embryo  as  a  whole 
is  present  in  the  egg  before  incubation,  that  it  \»  jrrede- 
UnmUd.  This  led  to  a  great  discussion  which  lasted  for 
more  than  a  hundred  years.  Of  course,  if  the  whole 
embryo  is  predelincated  in  the  egg,  epigenesis  is  an  im- 
possibility:  and  development  must  be  a  process  of  er<ilu- 
tii'ii.  an  unfolding  of  the  pre-existing  embryo.  The  chief 
exponent  of  this  theory  was  Bonnet,  who  carried  it  out 
to  its  logicjil  conclusion  (1762).  and  asserted  that  develop- 
ment is  not  only  a  process  of  evolution,  but  also  that  all 
germs  have  existed  .since  the  day  of  creation,  and  that 
Ciich  embryo  contains  in  similar  form  the  germs  of  all 
subseiiuent  generations. 

The  theory  of  evolution  seems,  on  the  whole,  to  have 
prevailed  as  the  generally  accepted  explanation  of  devel- 
opment until  l.sii.  when  Meckel  called  attention  to  a 
Latin  treatise.  "Theoria  General ionis."  published  in  17.59 
by  Caspar  Frederick  AVoltT.  as  the  di.s.s<>rtatiou  for  his 
doctor's   degree.     In    this  |)aper   Wolff  had    traced   the 
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dcvolopnicnl  of  both  the  cliick  ami  cerUiin  (lowering 
plttllts  buck  to  very  sini]ilc  bcf;iiitiiiips.  iind  lie  showed 
thiit  the  ilevc  IcipiiK  lit  is  really  sin  epiiiinesis  unil  not  iin 
evdiiilioti.  This  view  has  been  fully  coiitirmecl  by  the 
vast  ainoinil  of  leseareli  in  enibryolojiy  that  has  been 
carried  out  durini;  the  latter  half  of  the  nineteenth  cen- 
tury. 

"file  almost  me<liipval  theory  of  evolution  of  Ronnet 
and  his  friends  seems  so  absurd  today  that  it  would 
hardly  be  worth  iiienlioninir  if  it  were  not  for  the  fact 
that  the  theory  has  been  revived  recently  in  a  more  subtle 
form. 

To  be  sure  the  individual  development  of  organisms, 
so  far  as  we  can  see  with  the  eye  or  with  the  most  pow- 
erful microst-opes,  is  clearly  a  process  of  cpigenesis.  IJut. 
after  all.  there  is  miuli  that  still  remains  invisible,  and 
the  utmost  limits  nf  our  vision  iiii  bide  only  superficial 
manifestations  of  fmces  working  within  the  inotoplasm. 
May  it  not,  then,  be  true  that  ihe  cmliryo  is  really  pre- 
foriiied  in  invisible  particles  within  the  gcrmplasmV 
May  not  dilTerentiation  be  in  essence  merely  the  visuali- 
zation of  preexisting  invisible  potentialities?  If  we 
answer  these  questions  in  the  aflirmativc,  our  explanation 
of  ontogeny  is  as  much  evcilinioiias  was  Bonnet's.  There 
has  liecn  much  discfission  of  this  subject  within  the  past 
ten  years,  but  it  is  so  iniimately  connected  with  the 
theories  of  heredity  that  it  will  be  more  conveniently 
reviewed  in  connection  with  that  subject  (see  Heredity). 

Ol{i:.\Nic  Evoi.iTiON. — Usually  when  one  speaks  of 
evolution  one  means  what  has  been  called  organic  evolu- 
tiiin.  the  origin  of  diversity  in  the  organic  world  by 
means  of  natural  jirocesses. 

The  ojiiiosiiig  theory  is  that  of  upecial  creation.  Aecord- 
ingtolhis  latter  view,  each  species  was  established  in  the 
Ix'giniiing  by  a  miraculous  act  of  creation.  Each  species 
is,  then,  a  distinct  and  concrete  phenomenon  of  nature. 
There  is  but  one  true  classitication  which  is  to  be  dis- 
covered, not  invented,  by  naturalists. 

From  the  point  of  view  of  evolution,  on  the  other 
hand,  the  great  fact  of  nature  is  the  diversity  of  organic 
forms,  and  no  sharp  line  can  be  drawn  between  varieties, 
species,  ireiicra,  and  families.  A  classitication  is  merely 
a  convenient  invention  of  the  human  mind  to  summarize 
the  jiresent  state  of  knowledge  in  regard  to  the  structure 
of  organisms,  and  must  change  from  time  to  time  as  such 
knowledge  increases.  The  idea  of  miraculous  interven- 
tion is  rejected,  and  the  effort  is  to  discover  in  the  organic 
world  the  sanu'  or<lcrly  working  of  the  laws  of  nature 
that  has  been  found  to  obtain  in  the  inorganic  world. 

In  regard  to  evolution,  it  must  be  borne  in  mind  that 
two  (piestions  are  iiivdlved:  First,  does  the  theory  of 
evolution,  as  a  whole,  furnish  a  better  summary  of  our 
knowledge  of  organisms  than  the  theory  of  special  crea- 
tion? In  other  words,  is  evolution  to  be  regarded  as  an 
historical  fact  ?  Second,  what  are  the  factors  into  which 
the  theory  of  evolution  may  be  resolved,  or,  how  may 
the  fad  of  evolution  lie  explained  as  a  process? 

While  there  is  much  diflcrence  of  opinion  among  nat 
uralists  in  regard  to  the  second  iiuestion,  the  first  is  to- 
day answered  by  almost  every  man  of  science  in  the 
affirmative.  On  the  other  hand,  there  are  many  persons 
who  have  not  paid  especial  attention  to  natural  history 
and  who  still  hold  to  the  doctrine  of  special  creation. 
Therefore,  it  may  be  well  to  give  a  brief  summary  of  the 
evidence  on  which  men  of  science  base  their  belief  in 
evolution  as  a  fact. 

Tlie  Eriili'iice  of  Etolntion. — 1.  In  the  first  place,  we 
have  the  itunlonji  of  the  other  aeiencen.  For  the  ancients 
the  sun,  the  moon,  and  the  planets  were  controlled  in 
their  movements  by  attendant  spirits.  Cnlil  well  into 
the  nineteenth  century  the  structure  of  the  earth  was  ex- 
plained as  the  result  of  a  series  of  cata.st rophes  accom 
panieil  by  changes  in  the  order  of  nature.  But  Newton 
showed  that  the  movements  of  the  planets  could  be  de- 
scribed by  the  same  formula  that  describes  the  falling  of 
a  stone,  and  the  result  of  the  labors  of  llutt<in,  Lvell, 
and  their  successors,  has  been  to  show  that  the  structure 
of  the  earth  may  be  explained  as  the  gradual  effect  of 


forces  now  to  be  observed  at  work  upon  the  earth's  sur- 
face. In  a  similar  way,  in  physics  and  chemistry  the 
supernatural  has  been  replaced  by  the  natural,  until  the 
doctrine  of  sjiecial  creation,  if  aecept<'d.  would  remain 
the  only  exce|)tiou  to  the  general  rule  that  all  phenomeim 
of  nature  are  to  be  explained  by  natural  laws. 

When  we  say  "explained"  it  must  be  borne  in  mind 
thai,  in  reality,  science  explains  nothing.  What  science 
really  does  is  to  dehcrilie  phenomena  liy  means  of  brief 
formuhe  that  summarize  the  greatist  possible  amount  of 
knowledge.  A  "natural  law  "  is  not  an  object  of  nature, 
it  can  do  nothing.  It  is  merely  a  human  invention  to 
summarize  man's  experience  of  the  past  and  his  belief  as 
to  the  future.  When  we  say  that  a  stone  falls  with  the 
velocity,  r  =  ///,  we  mean  that,  whenever  the  experi- 
ment has  been  tried  under  jiroper  conditions,  this  formula 
has  been  fmiiid  to  de.sciilie  truly  the  result,  and  we  have 
no  rea.siiii  to  believe  that  it  will  not  always  be  found  to 
be  true  in  the  future.  And  this  is  all  we  mean  when  we 
say  that  the  stone  falls  because  of  the  law  of  gravitjition. 
In  ordinary  language  we  are  said  to  have  cxplaineil  the 
fall  of  the  stone,  Imt,  in  fact,  we  do  not  know  what 
gravitation  is,  ami  we  know  no  more  irhy  the  stone  falls 
than  we  did  before.  The  common  error  of  deifying  nat- 
ural law  may  be  avoided  if  we  remember  that  a  natural 
law  is  a  description  of  a  sequence  of  events  thai  maybe 
ex|iected  to  occur  always  in  the  sjinie  order  under  the 
same  conditions,  and  an  event  is  explained,  or  "made 
plain,"  when  referred  to  its  proper  place  in  this  se- 
quence. 

Now  the  question  before  the  aaturalist  is.  Shall  the 
factor  of  special  creation  be  included  in  the  formula  de- 
scrijitive  of  the  diversity  of  form  in  the  organic  world? 
We  have  seen  that  in  all  the  other  sciences  the  super- 
natural factors  have  been  rejected  as  supertluous,  there- 
fore from  analogy  it  is  u  priori  probable  this  factor  should 
be  rejected  al.so  in  biological  theory,  including  the  theory 
of  the  origin  of  species, 

2.  Turning  now  to  the  results  of  observation,  it  is  evi- 
dent that  from  the  doctrine  of  special  creation  it  would 
be  impossible  to  predict  anything  in  regard  to  the  clniuti- 
firiitiim  of  animals  and  plants,  excejit  that  it  might  be 
supposed  that  species  would  be  fairly  distinct.  From 
the  theory  of  evolution,  on  the  contrary,  it  might  be  ex- 
pected that  it  would  be  difficult  in  many  cases  to  distin- 
guish bet  ween  varieties  and  species  on  the  one  hand,  and 
between  species  and  genera  on  the  other.  Moreover,  it 
would  be  expected  that,  to  show  their  true  affinities,  in 
the  classification  the  species  would  have  to  be  arranged 
like  the  buds  on  a  tree,  in  which  the  buds  are  the  species, 
while  the  twigs,  the  brauclies,  and  the  stem  would  rep- 
resent their  hypothetical  lines  of  descent.  These  two 
predictions  are  fully  verified  in  practice,  and  the  theory 
is  to  that  extent  confirmed. 

3.  The  classification  of  species  leads  directly  to  the 
study  of  their  (nogriiphiciil  di.itrihution.  The  theory  of 
evolution  assunies  tliateach  species  began  with  relatively 
few  individuals  in  a  restricted  locality,  fnini  which  it 
spread  as  Ihe  number  of  individuals  incri'ased  until  it 
reached  its  maximum  extension.  Thus  far  the  theory  of 
s])ecial  erealion  might  agree.  But  it  would  ileiiy  the 
further  assumiitiou,  that  each  genus  was  at  first  a  single 
sjiecies  which,  as  it  gradually  extended  its  area  of  dis- 
tribution, became  exposed  to  different  conditions  in  dif- 
ferent jiarts  of  this  area,  and  that,  as  a  result  of  the  oper- 
ation of  natural  laws,  the  imlividuals  in  these  different 
sections  beeamc  changed  in  the  course  of  generations  SO 
as  to  conslitulc  distinct  varieties  and  later  species. 

As  a  corollary  to  this  theorem  of  evolution,  we  should 
expect  that  the  more  inclusive  a  grou|),  the  wider  would 
be  its  range.  The  length  of  time  required  for  the  evolu- 
tion of  an  order  would  probably  be  greater  than  for  that 
of  a  genus,  hence  there  would  be  more  time  formigration 
and.  conse(|Uently.  a  wider  range. 

Another  corrollary  is  that  there  should  be  a  close  rela- 
tion between  the  alliiiilies  of  the  organisms  in  any  area 
and  the  physical  barriers  separating  it  fnuu  other  areas. 

The  study  of  geographical  distribution  confirms  these 
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prcillctinns      It  In  foiinil  timl.  whiU'  s<imc  Hi»'rifB  Imvc  h 

r'i>siiiii|Militiiii  nilij;r.  iiiosl  s|>crirs  liiivc  iiinir  rtstrirlcil 
nmurs  llmii  llir  K'"'"'"'  '"  wliicli  (lii-.v  liclnii;;.  jind  lln' 
f;i'iirni  ill  liirii  liiivi'HiiiulU'r  ruiiguH  tluiii  their  fiiiiiilii-Hiuiil 
iinii'is, 

'I'lic  iillinilii-s  nf  s|><'<-irs  in  niiy  rcfrioii  iirc  fimmi.  in 
fat'l.  to  ilr|H'iiil  iiiorr  ii|iiiii  tlir  pdMilidii  oT  luirriirs  limn 
il|iiiii  llir  cliiimtr  iir  <itlnT  (iindiliiins.  Tliis  is  sliuwii  liy 
II  (oiMimiisnii  nf  the  |iri«lii(li(>iis  of  llic  Nnrlliriii  lirmi 
H|i|iiri-  »  illi  llioscol  tlic  iiiciiT  is<ilul<(l  iirciisof  tlic  Soiilli- 
ciii  liiiiiispliirr.  Ocniiiic  isliiiuls,  ilh  ronipiircd  loiinili 
liciilal  isliinils.  funiisli  h1h<>  iiii|ii>rlnnl  cviilincc  on  this 
point. 

It  niusl  not  Im-  forgotten.  Iiowcvcr,  llml  liic  finis  of 
pcojfnipliinil  ilislrilmtion  prcs<nt  sonu-iliirKiillirs  for  the 
tlirorv  of  i-volulion.  Itul.  w  liiic  soim'  of  lliisc  still  rr 
innin  to  Im-  solvi-d.  most  of  llicni  Imvi'  liccn  iliiin-d  up  liv 
a  St  lid  V  of  till-  piisl  history  of  tin- curlli  and  tlic  geologi- 
cal sei|iii'nrc'  iiiiil  dislriliiilioii  of  or;;anisnis. 

4.  It  inii;ht  lie  expected  that  a  study  of /«//(/"ft<«//*i7.v 
would  furnish  the  very  hcst  evidence  of  evolution,  if 
it  were  not  for  Ihc  faci  that  the  preservation  of  oriran 
isms  as  fossils  depends  on  so  many  factors  of  chance  thai 
the  imIiIs  Hiiainst  the  preservation  of  any  individual,  or 
even  any  species,  are  very  liifih.  and  the  odds  auainst  its 
iM'iiiir  tiolli  preserved  and  discovered  by  paheonlolo 
tisis  are  still  hii;her.  Neverthehss.  palieonl<doi;y  has 
furnished  much  evidence,  and.  so  fur  as  it  goes,  it  all 
supports  the  theory. 

In  the  tirst  place,  the  evidence  from  paltcontolopy  sup- 
plements that  from  the  present  gco>;niphical  distrihution 
liy  showinir  the  gcoL'niphical  dislriliution  in  previous 
geological  perimls.  and  thus  making  it  possible  to  trace 
the  migralions  of  forms  and  to  explain  I  heir  present 
distribution  In  some  areas  there  is  a  marked  similarily 
between  species  now  living  on  the  surface  and  thi-  fossils 
found  in  the  undirlying  deposits.  In  cases  in  w  hich  the 
]iresi-nt  distribution  is  di.seontinuoiis  to  a  marked  degree, 
as  in  the  marsupials,  tapirs,  and  camels,  it  has  been  found 
that  (hiring  earlier  periods  tbey  occupied  intermediate 
amis. 

Direct  eviih'iice  is  fiirai.shed  by  the  study  of  the  sue 
ees.sion  of  forms  in  geological  time.  In  gineral  it  ni.iy 
lie  sjiid  tliiit.  the  farther  back  Kf  go  in  time,  the  less  dif 
fereiiliateil  the  forms  appear.  And  in  a  few  scries,  such 
as  the  camils  and  the  horses,  it  has  been  pos.sil)le  to  tracer 
very  completely  the  line  of  dc'S*^!^  from  a  very  genend 
i/ed  type  to  the  highly  dilTerentiated  forms  now  living. 
The  study  of  such  a  series  leaves  one  with  very  little 
doubt  as  to  the  fact  of  evolution. 

'i.  Hut  the  fossils  arc  not  the  only  source  nf  informa 
tiou  in  regard  to  the  past  history  of  species.  Ka<b  iiidi 
vidual  may  give  in  the  <(>urse  of  its  ilevelopmcnt  an 
abbreviated  anil  simiditied  i)icture  of  the  history  of  its 
race.  At  least,  such  is  the  inference  drawn  from  a  large 
iMxIy  of  fact  fin-nished  by  the  study  of  fml)n/<il'>r/!/.  It 
has  been  found,  as  a  gcm^al  rule,  that  th<'  earlier  stages 
in  the  development  of  any  form  correspond  to  the  more 
generalized,  lower,  types  of  the  sjime  group.  And  in 
some  cases,  for  examide.  the  lishcs.  it  has  been  shown 
that  the  siiccessiim  of  these  stages  of  gr.idiially  increas 
ing  dilTerentiation  correspond  with  the  succession  of 
forms  in  geological  time.  This  is  exactly  what  would  be 
expected  on  the  theory  of  evolution.  On  the  theory  of 
special  creation  one  would  cxjH'ct  the  development  of  the 
individual  to  take  place  in  asdirect  a  inanncras  possible, 
unless  there  is  some  physical  neccs.sily  for  tlic  indirect 
nielhods  which  give  the  appearance  of  recapitulation  of 
ancestnd  history.  That  there  is  no  such  necessity  is 
shown  by  the  absence  of  thesi-  ancestml  stages  in  the 
development  of  many  species,  while  thiy  are  present  in 
related  forms,  and  by  the  fact  that  two  individuals  may 
reach  a  practically  identical  adult  structure  by  entirely 
dilTerent  modes  of  development,  as,  for  example,  indi 
viduals  developed  from  buds  and  from  eggs  of  the  sjimc 
species  (sec  article  /liiililiiif/). 

ti.  Further  evidence  of  the  past  history  of  a  species  is 
furnished  by  the  presence  of  vestigial  organ*,  organs  that 


arc  arrested  In  development  and  are  apparently  of  no  mkc 
tollii'  species  in  which  they  occur,  but  which  lire  liouiolit- 
gous  with  fully  developeil  functional  organs  in  other, 
usually  lower,  specii's  of  the  Kiiiiie  or  related  groiipH. 
The  human  body  conlains  a  great  number  of  such  veii- 
tiges.  They  are  perfeclly  iiniiilelligibli>  on  the  theory 
of  special  crealioii,  and  perfeclly  in  hariiiony  with  the 
tlieorv  of  ivobilion. 

7.  'rile  study  of  companitive  analoniy  alTorils  al«o 
another  line  id  evidence  concerning  evoliilion.  This  is 
found  in  the  distribution  ii(  /loiiKiltir/oim  nryiiiiii.  If  each 
species  has  been  created  scpanilely  there  is  no  reason 
why  organs  constriicled  on  the  same  fundamental  plan, 
that  is  liomologous  organs,  should  not  In-  found  in  any 
number  of  s])ccics.  Hut  if.  on  the  contrary,  the  niiiiier- 
ous  spe(  ies  in  iiny  great  group  Imvc  arisen  b\  ihediversi 
lication  cd  a  iclativily  simple  unililTercntiiilcd  typi-.  then 
we  would  expect  till-  species  in  one  group  to  show  thc-ir 
common  origin  in  similarity  of  plan  of  structure,  and  we 
would  expect  them  to  dilfer  in  plan  of  structure  from 
spi'cies  of  another  group  having  a  dilTerent  origin,  al- 
though their  organs  might  be  culled  upon  to  perforin 
similiir  functions. 

Now  this  is  just  what  we  do  find  to  be  the  case.  An 
intemal  digestive  tract  is  a  fundamental  churactcrislic 
(d'  nil  animals  above  the  I'rotozoa,  and  we  can  regard  it  as 
probably  more  or  less  homologous  in  all  species.  But 
when  we  come  to  less  fundamental  slrucliires.  such  as 
legs,  wings,  and  eyes,  it  is  found  that  the  homologies 
between  species  are  eonlined  to  their  own  great  groups. 
For  example,  altliough  the  wing  of  an  insect  and  the 
wing  of  a  bird  liiive  exactly  analogous  ftuictions,  they 
arc  not  in  any  degree  homologous.  On  the  other  lianil, 
the  »  ing  of  a  biril  and  the  wing  of  a  bat,  w  Idle  dill'ering 
in  detail,  have  the  sanu'  architectural  plan,  which  is  also 
the  same  as  that  of  the  arm  of  man  and  the  foreleg  of  a 
horse.  Thus  the  fore-limb  throughout  the  vertebrate 
series  is  homologous,  although  dillering  greatly  in  func- 
tion. This  is  but  one  of  a  great  many  similar  facts,  all  of 
which  go  to  show  that  the  vertebnitesure  derived  from  a 
comiiiou  ancestral  ty|ie.  In  the  same  way  the  eyes  are 
lioiiKilogous  in  all  vertebrates,  and  are  n«t  homologous 
with  those  of  any  other  group.  Mivurt  tlicnight  li<- luul 
found  an  homology  in  the  eye  of  the  sijiiid.  In  its  optical 
lirinciples  and  general  form  this  eye  resembles  that  of  a 
vertebrate  very  closely.  Hut  a  careful  examination  of 
its  mode  of  development  and  minutestructure  shows  that 
it  is  formed  upon  an  entirely  dilTerent  plan. 

Looking  back  over  these  seven  lines  of  evidence,  we 
find  thai,  while  they  present  sonic  dillieulties.  these  are 
all  ("ipable  of  exidanation  from  the  point  of  view  of  evo- 
lution; and  these  lines  of  evidence  supjiort  and  supple- 
ment one  another  so  c<ini]iletely  thai  the  man  of  science 
apiiears  to  be  justilied  in  accepting  evolution  as  a  fact, 
provided  he  can  construct  a  valid  theory  to  explain  or 
describe  the  method  of  evolution. 

Ilistort/  iif  thi'  Thforiex  of  Eriihitiini. — The  idea  of  cvo- 
luti<in  appears  in  the  speculations  of  the  "natiu'e  philos- 
ophers" of  the  last  decade  of  the  eighteenth  century  and 
the  lirst  decadeof  the  nimieenlh.  According  to  Osborn, 
this  is  largely  du<'  to  the  influence  of  the  Greek  philoso- 
lihcrs.  At  any  rale,  the  idea  seems  to  have  been  in  the 
air  at  this  time,  for  several  of  these  men  suggested  more 
or  less  independently  of  one  another  that  species  are  not 
fixed  things,  but  are  siiliject  to  change,  and  that  their 
present  form  is  the  result  of  such  change.  In  each  ease, 
however,  it  was  more  the  groping  after  a  theoiy  than 
the  formation  of  one.  and  what  was  of  scientific  value 
was  often  hidden  by  the  fanciful  and  absurd,  Theiiucs- 
tion  was  eliielly  as  to  evolution  as  a  fact,  and  little  at- 
lemiit  was  made  to  answer  the  question  as  to  method,  as 
to  how  evolution  cotihl  be  brought  about. 

The  lirst  consistent  attempt  to  answer  this  question  of 
method  was  made  by  Lamarck  in  the  year  1800  in  iiis 
"  Philosophie  Zoologique''  According  to  Lamarck,  "  the 
systematic  divisions  of  classes,  orders,  families,  gcneni, 
and  species,  as  well  as  their  designations,  are  the  arbi- 
trary and  artificial  productions  of  man.     The  kinds  or 
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species  nf  nifranisms  are  nf  uiioqiml  asP.  dovploprd  one 
after  llic  ullici-.  ami  sliiiw  (Hily  a  relative  ami  temporiirv 
persisleiiie;  species  arise  out  of  varictiis.  The  diirer 
ence  in  the  coiuliliDiis  of  life  liavc  u  iiioilifyiiip  inlUieiice 
on  the  i>ri:anizatioii.  the  ireiieral  form,  ami  the  parts  i)f 
niiiinals.  ami  so  have  tlie  use  and  liisuse  of  oriraiis.  In  the 
tir.st  hefjinniiij;  only  the  very  simplest  and  lowest  ainnials 
ami  plants  come  into  existence:  those  of  a  more  complex 
organization  only  at  a  later  period.  The  course  of  the 
oiirths  ilivelopnieiit  and  that  of  its  oriranic  inhal)itants 
was  continuous,  not  interrupted  by  violent  revolutions." 
He  not  only  asserted  as  others  had  done  tlnit  species  have 
developeil.  l)ut  he  {tave  an  answer  to  the  (juestion.  How'/ 
It  is  a  wellkiiowu  fact  that  muscles  and  other  parts  that 
are  mucli  used  jrrow  stronjrer.  become  harder,  or  are 
iiioditieil  ill  some  way  that  is  usually  of  advantage,  while 
parts  that  are  not  used  tend  to  dwindle.  Lamarrlv  be- 
lieved that  species  are  subject  toacontinued  transfoniia- 
tion  liy  the  inheritance  of  the  results  of  use  and  disuse. 
As  the  use  and  disuse  of  organs  is  determined  by  the 
habits  of  the  individual.  Lamarck  regarded  habit  as  tlie 
chief  cause  of  evolution.  An  animal's  wish  to  do  a  cer- 
tain sort  of  thing  and  liis  constant  striving  to  do  it  re- 
sulted in  a  change  of  structure  iu  his  descendants  that 
would  render  them  better  able  to  do  this  thing.  On  the 
face  of  it.  it  seems  reasonable  enough  to  suppo.se  that  the 
well-known  elTcets  of  use  and  disuse  are  iulierited.  and 
that  varieties  and  tinally  whole  species  have  arisen  or 
have  sutlered  change  in  that  manner.  But,  when  La- 
marck attempted  to  carry  out  this  theory  in  detail,  he  ran 
into  manifest  absurdities,  as.  for  instance,  when  he  at- 
tribut<-sthe  longneekof  thegiraffeto  its  habit  of  striving 
to  reach  the  leaves  of  trees.  It  was  iierhaps  as  much  on 
account  of  the  iiumlier  of  such  absurdities,  as  on  account 
of  the  advance  beyond  its  age.  that  this  work  of 
Lamarck's  remained  for  a  long  time  in  obscurity,  an<l 
was  not  even  mentioned  by  such  men  as  Goethe  and 
Cuvier.  although  Lamarck  held  a  high  rank  by  reason 
of  his  other  works,  especially  his  "  Histoire  Naturelle  des 
Animaux  siuis  Vertebres,"  published  in  l(^l.j-'22. 

Ancither  Frenchman.  Etienne  Geoftroy  St.  Hilairc,  ar- 
rived at  a  similar  theory  of  evolution  at  about  the  same 
time  that  Lamarck  did,  but  he  did  not  publish  until  1S2.S 
and  1831).  1  lis  theory  was  the  same  as  Lamarck's,  except 
that  he  laid  less  stress  on  habit  and  the  inherited  effects 
of  u.se  and  disuse  and  more  on  changes  in  external  condi- 
tions. His  most  important  contribution  is  the  idea  of 
permanence  of  sports  giving  rise  to  new  varieties  and 
species.  He  attacked  Cuvier's  theory  that  the  animal 
kingdom  presents  fotir  great  independent  types  of  struc- 
ture— radiate,  articulate,  molluscan,  and  vertebrate — and 
attempted  to  prove  that  the  whole  animal  kingdom  is 
fonned  ujion  a  single  structural  plan.  This  gave  rise  to 
a  dispute  which  culminated  in  the  famous  debates  of 
February  22d  and  July  IDth,  1)^30,  in  which  Cuvier.  with 
his  superior  knowledge  of  comparative  anatomy,  came 
olT  the  victor. 

From  this  time  on  for  nearly  thirty  years  the  believers 
in  special  creation  and  the  permanence  of  species  rested 
as.sured  of  their  position,  relying  on  the  wide  knowledge 
and  high  authority  of  Cuvier.  They  little  dreamed  of 
the  volcano  beneath  their  feet.  For  the  echoes  of  the 
famotis  debate  of  1H30  had  hardly  died  awav  when 
Charles  Darwin  started  on  a  voyage  that  was  to  fiave  for 
its  chief  result  the  greatest  revolution  iu  thought  of 
modern  times. 

■\Vhen  Darwin  started  on  his  voyage  in  the  Ikni/le  in 
1831.  he  look  with  him  a  copy  of  Lyell's  "Principles  of 
Geology.  "  anil  he  was  thus  predisposed  to  regard  the 
phenomena  of  nature  as  occuiTing  in  an  orderly  and  un- 
interrupted seipience:  moreover,  there  was  in  this  book 
a  discussion  of  Lamarck's  theory,  so  that  this  luust  also 
have  been  fresh  in  his  mind.  l*'rom  his  auloliiography 
(p.  H'i)  we  learn  that  he  had  been  "deeply  impressed  by 
discovering  in  the  Pampcan  formation  great  fos,sil  ani- 
mals covered  with  armor  like  that  on  existing  armadillos: 
secondly,  by  the  manner  in  which  closely  allied  animals 
replace  one  another  in  i)roceeiling  southward  on  the  con- 


tinent :  and  thirdly,  by  the  South  American  chariicter  of 
most  of  the  ])ro(luctions  of  the  Galapagos  Archipelago, 
and  more  especially  by  the  manner  in  which  they  dilTer 
slightly  on  each  island  of  the  group;  none  of  the  islands 
apjiearing  to  be  very  ancient  in  a  geological  sense."  It 
seemed  to  him  that  such  facts,  as  well  as  many  others 
could  be  ex|dained  only  by  the  supiiositioii  that  species 
gradually  become  inoditicd.  But  it  seeimd  to  him 
ei|ually  evident  that  ncillierthe  ailion  of  tin-  suridiind- 
ing  condition,  as  GeoU'roy  St.  Hilairc  thought,  nor  the 
will  of  the  organisms,  as  Lamarck  su]>po.sed,  could  ac- 
count for  the  innumerable  cases  in  which  organisms  of 
every  kind  are  beautifully  adapted  to  their  habits  of  life. 
In  1837  Darwin  began  to  collect  evidence,  in  the  hope  of 
obtaining  sonw  light  on  the  subject.  So  far  hi- had  gone 
no  farther  than  his  predecessors.  He  had  found  much 
evidence  for  a  theory  of  descent,  but  the  i|Ucslion.  How? 
slill  remained  unanswered.  In  collecting  facts  he  jiaid 
special  attention  to  the  modifications  of  domestic  species, 
and  soim  came  to  the  conclu.sion  that  in  these  cases 
"selection  was  the  keystone  of  man's  success  in  making 
useful  races  of  animals  and  plants.  But  how  selection 
could  be  applied  to  organisms  living  in  a  state  of  nature 
remained  for  some  time  a  mystery." 

In  Oilolier,  ls:is,  Darwin  happened  to  read  for  amuse- 
ment Thomas  Robert  ilalllius's  "  Essjiy  on  the  Princii)le 
of  Population"  (18ll3l,  and  then  the  solution  of  the  prob- 
lem Hashed  upon  him.  Mallhus  ipiotes  from  Benjamin 
Franklin's  "Ob.servations  Concerning  the  Increase  of 
Mankind"  (17.51)  the  remark  that  "there  is  no  bound  to 
the  prolific  nature  of  plants  or  animals  but  what  is  made 
by  their  crowding  and  interfering  with  each  other's 
means  of  subsistence."  He  ajiplies  this,  as  Franklin  did. 
to  mankind,  and  he  shows,  moreover,  that  man  tends  to 
increase  iu  a  geometrical  progression,  and  that  if  it  were 
not  for  checks  on  population,  the  number  of  human 
beings  on  the  earth  would  be  doubled  at  least  once  in 
every  twenty-live  years.  Ami.  further,  while  population 
tends  to  increase  in  geometrical  ratio  the  food  supply, 
according  to  ^laltluis,  can  be  increased  only  at  most  in 
an  arithmetical  ratio.  As  population  tends  to  increase 
faster  than  the  food  supply,  the  lack  of  food  soon  be- 
comes the  jirincipal  check  to  further  increase.  Darwin, 
from  his  long conlinuetl  observation  of  the  habits  of  ani- 
mals and  i>iants.  was  well  prepared  to  appreciate  the 
struggle  for  existence  which  goes  on  everywhere  as  the 
result  of  this  law  of  increase,  and  it  struck  him  at  once 
"  that  under  these  circumstances  favonible  variations 
would  tend  to  be  preserved  and  unfavorable  ones  to 
be  destroyed.  Tile  result  of  this  would  be  the  forma- 
tion of  new  species."  Darwin  calle<l  this  the  priK'ess 
of  niiluriil  nfhvlioit.  'With  characteristic  caution,  he  did 
not  even  ])ermit  himself  to  write  out  his  theory  for  a 
long  time,  but  continued  searching  for  evidence  for  and 
against  it. 

In  the  mean  time,  Alfred  Russell  'Wallace  made  a  jour- 
ney to  the  Malay  Archipelago.  Like  Darwin,  he  was 
much  impressed  by  the  evidences  that  he  found  for  the 
evolution  of  s])ecies  'While  in  Borneo  in  February,  IS.")."), 
he  wrote  a  jiajjcr  on  this  sulijcct  that  was  luiblishcd  in 
the  Aiiiiiiln  itiitl  M'lijiizinc  nf  Saturdl  Jlinlon/ in  the  fol- 
lowing September.  In  this  paper  he  stated  the  law  that, 
"Every  species  has  come  into  existence  coincident,  both 
iu  space  and  time,  with  a  lue-existing,  closely  allied  sjie- 
cies."  This  is  the  next  thing  to  saying  that  every  s]iecies 
has  been  evolved  from  a  |M-e-cxistiiig.  closely  allied  siie- 
cies.  Wallace  cvidenlly  hesitatetl  to  state  the  law  in  this 
form  because  Iu-  had  no  theory  to  otTer  as  to  the  manner 
in  which  evolution  is  hrought  about.  He  brought  for- 
ward the  evidence  from  classification,  from  geograidiical 
distribution,  pal.vontology.  and  vestigial  organs:  and  the 
law  that  has  Ijcen  ipioted  was  the  final  result  of  this 
paper.  The  ipiestion,  "How'/"  still  haunted  him.  how- 
ever. Three  years  later.  'Sir.  AVallace  was  at  Ternate  in 
the  Moluccas  and,  while  contincd  to  his  bed  by  fever,  he 
was  meditating  on  this  problem.  The  "  positive  checks" 
occurred  to  him — war.  disease,  famine,  and  the  like — ile- 
scribed  by  Malthus  in  his  "Es.say  on  Population."     He 
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(Miw  that  flii'sp  must  njiply  to  flic  niiimnis  ii<t  well  n-*  to 
liiiiii.  mill  III'  tliiMiL'lil  i>r  ilii'  iiiiicli  iiiiii'i'  iiipiil  iiiiilli|ilini 
tiiiii  iif  iiliiliiiils.  tiiiil  llirli  llirlr  siiilili'iily  lliislinl  ii|inii 
iiini  till'  iili'it  iif  till'  siirviviil  of  tlir  llttrsl.  "tliiil  tlic  iiiili 
viiliiiils  ii'liiiiviil  liy  tlirw  rlii  rkn  Iiiiisl  lie  nil  llii'  wlioli' 
liifrriiir  til  tliiisr  tliiit  survive."  Tlin  rdiivs  liitiT  ii  |iii|M'r 
t'liilHniylii^'  this  tlii'on-  wiis  written  iiiiil  mi  its  way  In 
Eii^'IhimI.  aililres.s('il.  stniiii;e  to  say,  ti>  .Mr.  Darwin,  wlio 
liail  lii'eii  wiirkin>;  mi  this  same  tlienry  fur  years,  Tlie 
iiiiiiii'iliate  result  was  that  Darwin  was  reliielantly  per 
Kiiaili'il  til  |iulilisli  an  alislniet  i>f  liis  work.  tiiL'etlier  witli 
Wallaee's  paper,  ami  tlie  twn  appeareil  in  \\\r  .Inn null  nf 
tht  J'rtH-tYiliiif/n  of  the  Liiiueiiii  Sh-i'iI//  for  lH."iH  ("Zool.," 
vol.  iii..  IHoH,  p.  4S).  In  isnu  tlie  "Origin  of  Speeies" 
WH.s  jriven  to  the  world  and  xave  the  impetus  to  that 
jtn-nt  revolution  in  tiiought  to  wliieli  we  have  already 
referred. 

We  certainly  cannot  honor  ton  liiulily  the  pure  love  of 
truth  and  deviilimi  to  seieiiee.  unemitaniinated  by  anihi- 
lion  for  fame,  which  we  see  in  these  two  men.  and  we 
are  espeeially  called  upon  to  admire  the  loyal  and  un- 
jirudv'iniT  wiiv  in  which  Wallaie  attributes  all  the  honor 
of  the  irreat  discovery  to  Darwin.  It  is  of  interest  to  us 
Americans  to  note  that  the  man  who  furnished  the  iiec- 
es.siirv  cue  to  both  Darwin  and  Wallace.  Thomas  Hubert 
Maltlius.  received  it  in  liirii  from  our  fellow-countryman, 
Benjamin  Fmnklin. 

We  are  indebted  to  Darwin  for  tlio  first  presentation  of 
a  theory  of  evolution  that  carried  with  it  conviction  to 
the  .scientilic  mind.  Because  it  did  carry  conviction  it 
was  attacked  with  great  viyor  on  all  sides,  scienlilic  and 
unscientific  alike.  The  younger  jrenenitiou  of  to-day 
ran  hardly  appreciate  the  bitterness  of  the  strujij^Ie  be- 
tween the  advocates  of  tradition  and  those  of  the  new- 
idea. 

As  men  of  science  gradually  became  convinced  of  the 
fact  of  evolution,  there  arose  a  calmer  discussion  as  to 
the  meflKKl.  Some  have  lieUl  that  natural  selection  is 
the  sole  factor;  others,  that  it  is  the  prime  factor,  but 
that  it  is  supplemented  by  other  factors;  then  there  arc 
the  "neo  I/imarckians."  who  hold  that,  while  natiind 
selci'timi  is  a  factor,  it  is  one  of  minor  importance  com- 
pared to  the  inheritance  of  aci|uircd  modilications.  We 
will  turn  now  to  a  very  brief  con.sideration  of  each  of 
these  factors. 

FiirlniK  I'f  Orijunic  Erohition.  Variation. — Variation 
may  be  defined  as  deviation  from  the  type  of  the  species. 
race,  or  family,  or  from  whatever  may  be  taken  as  the 
standard.  Without  variation  there  could  be  no  change 
of  type,  and  variation  must,  therefore,  beat  the  basis  of 
every  theory  of  evolution. 

So  long  as  species  were  regarded  as  fixed,  immutable 
objects  of  nature  variations  were  generally  disregarded. 
Thus,  when  Darwin  began  to  collect  data  on  the  subject 
he  found  few  recorded  observations.  While  he  succeeded 
in  finding  much  evidence  of  variability  in  domestic  races, 
he  supposed  variations  of  wild  races  to  be  relatively  in- 
freipieiif  and  slight  in  nmouiit.  Wallace  was  the  tii-st  to 
point  out  that  wild  speeies  are  freiiuently  highly  vari- 
able. During  the  jiast  decade  a  great  deal  of  attention 
has  been  paiil  to  variation,  and  a  considerable  amount  of 
literature  has  accumulated  on  the  subject. 

It  has  been  found  that  all  characteristics  of  organisms 
are  subject  to  variation.  Some  variations  are  eoiir/enilal, 
that  is.  apparently  independent  of  the  environment; 
while,  others  are  acqnirnl  iiioitififyitioiiit  due  to  a  reac- 
tion of  the  organism  to  a  definite  factor  in  the  environ- 
ment. 

Variations  may  he  ahnormnl.  that  is.  wide  and  iufre-' 
(luent  departures  from  the  type,  such  as  the  horticul- 
turists call  tr/torti :  or  they  may  be  iioniml.  occur- 
ring in  varying  degrees  in  n  majority  of  the  individuals 
of  the  species,  as,  for  example,  variations  of  stature  in 
man. 

The  lirst  quantitative  measurements  of  vaiiation  were 
made  by  J.  A.  Allen  in  1871.  Galton  a  little  h.ter  intro- 
duced the  statistical  treatment  of  variations,  and  Pear- 
son has  shown  how  they  may  be  subjected  to  accurate 


imitliematicnl  nnalyHlti.  The  mihjpct  will  l)e  treated  hero 
only  so  far  as  may  be  necessary  for  the  iinilerHtainliiijf 
of  niiliiial  si'leclion,  (For  more  extended  treatment,  hcu 
article   Viirintinit.) 

.Most  persons  regard  ''chunce"as  something  entirtly 
apart  from  law — smnetliing  wliicli  cannot  be  predicleil. 
But  the  mathematicianK  haveshown  longagothat  chance 
is  subject  to  strict  mathematical  laws.  Single  eventg 
cannot  be  picdiciid.  it  is  true,  Init  the  general  result  can 
be  predicted  with  certaintv.  For  example.  Weldmi  liaH 
published  the  results  of  four  series  of  expi'iiments  in 
throwing  dice.  In  each  series  there  were  +,(li)(5  throw» 
of  \'i  dice,  and  at  each  throw  the  number  of  ilice  having 
more  than  three  jioints  on  the  upjier  side  were  coiintcil 
and  recorded.  The  frei)iiency  with  which  I,  2,  ;i,  etc., 
dice  showed  more  than  three  points  was  tabulated — anil 
the  results,  when  i>lotted,  were  found  to  follow  very 
closely  the  theori'tical  curve  of  chance,  which  isdescribeil 
by  an  exact  mathematical  formula.  Now  it  is  found  in 
a  large  number  of  cii.ses  that  the  variations  in  the  charac- 
ters of  organisms  which  can  be  delerniined  accurately — 
by  counting,  as  the  number  of  ray  flowers  in  the  daisy; 
or  by  measurement,  lus  the  length  of  a  man's  head — when 
tabulated  and  plotted  occur  with  the  frequencies  lire- 
dieted  by  the  law  of  chance.  So  we  may  say  that  nor- 
mal variations  occur,  as  a  rule,  by  chance. 

This  is  best.  illu.stmleil  by  an  example.  In  the  course 
of  investigations  carried  on  under  the  direction  of  the 
writer,  measurements  were  made  of  the  width  of  the 
angle  at  the  apex  of  the  shell  in  ninety-seven  specimens 
of  Purpura  liiinllus.  a  marine  snail  common  on  the  New 
England  coast.     The  results  were  tabulated  as  follows; 
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These  re.sults  may  be  represented  graphically  by  the 
five  rectangles  in  FMg.  1945,  where  the  limits  of  the  class 
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Fig.  1945.— oraplilc  Representation  of  a  Series  of  Variations.  Varia- 
tion In  tlie  width  of  tbe  angle  at  tlie  apex  of  the  shell  In  Purpura 
lapillu^f. 

are  represented  bj-  the  width  of  the  rectangle,  and  the 
height  represents  the  number  of  individuals  included,  or 
its  frequency.  It  will  be  noticed  that  the  middle  rec- 
tangle is  the  highest  and.  therefore,  represents  the  most 
frequent  class.  This  has  been  called  the  mode,  or  model 
cla.ss.  and  may  be  taken  as  reiiresenting  the  t.i/iie  of  apical 
angle  for  the  species.  It  will  be  noticed  also  that  the 
classes  having  the  least  frequency  are  those  farthest  re- 
moved from  rile  mode.  By  .some"  easy  matliematics  one 
may  readily  obtain  the  general  average,  or  arithmetical 
Hi<;<i»,  of  all   the  measurements,  which  in   this  case  is 
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78.20°,  and  on  the  diagmni  (Fip.  1945)  is  repre.ionted  by 
tin-  po.^ition  of  till'  line  Mjo-  The  nicim  of  iiny  clianKUr 
may  Ix-  taken  also  as  tlir  hipe  for  the  .species,  and  this  is 
used  nuith  more  fieiiiieiilly  than  the  mo<le  as  Ihe  stand- 
ard from  which  to  measwre  variations.  We  may  olit.iin 
a  rouu'h  idea  of  the  variability  of  a  character  by  observ- 
iiii:  the  I  xtn-me  rninii'  of  variation  from  the  lowest  to  the 
lii;;liest  value.  Uiil  this  cannot  be  done  very  accurately 
and  conveys  no  information  as  to  Ihe  relative  frequency 
of  Ihe  intermediate  values.  A  better  idea  maj'  be  ob- 
tained by  calculating  what  is  called  the  ttundard  decialion 


(" 


*/ 
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see  article  Variation).      In  our  e.\aiu- 


ple  tliis  lias  the  value  of  4.36°,  and  is  represented  at  a  in 
the  diagram.  Knowini;  I  lie  total  number  of  individuals 
measured,  the  mean,  and  the  standard  deviation,  it  is 
possible  by  the  u.se  of  appropriate  formula'  and  tallies 
(Davenport.  "Statistical  .Metliods")  to  calculate  and  plot 
tile  correspondiiijr  theoretical  iinriind  oirre  of  chance. 
This  is  rejircscntcd  in  the  diajrnim  by  the  heavy  broken 
line.  This  nu-ans  that  if.  instead  of  taking  ninety -seven 
individuals  and  dividing  them  into  live  classes,  we  had 
taken  a  very  large  number  of  individual.s,  several  thou- 
sand at  least,  and  divided  them  into  very  many  classes, 
we  should  expect  to  obtain  a  series  of  rectangles,  the 
topsof  whicli  would  follow  the  broken  line;  and  in  our 
diagram  it  will  l)e  noticed  that  the  straight  lines  connect- 
ing the  middle  points  in  the  tops  of  the  rectangles  fol- 
low pretty  closely  the  theoretical  curve.  Thus,  although 
only  ninety-seven  specimens  were  taken,  much  too  few 
for  accurate  results,  it  is  evident  that  the  diffeicnt  varia- 
tions in  the  acuteness  of  the  apex  in  Purpura  occur  ap- 
proximately with  the  fre(|uency  predicted  by  the  law  of 
chance.  In  calculating  this  curve  it  has  been  assumed 
that  the  mode  and  the  mean  coincide  and  that  variations 
less  than  the  mean  and  lho.se  greater  than  the  mean  oc- 
cur iiornially  with  ci|ual  freciuency,  so  that  the  curve  is 
perfectly  symmetrical.  In  many  cases,  however,  it  has 
been  found  that  l\u-  f reqnencj'  of  variations  is  best  repre- 
sented by  a  curve  where  the  mean  and  the  mode  do  not 
coincide.  In  such  ca.ses  the  curve  is  asymmetrical,  and 
is  called  a  slieti-  curve. 

In  other  cases  it  has  been  found  that  there  are  two  or 
more  classes  containing  a  large  number  of  individuals 
with  intermediate  classes  containing  few.  The  curve 
plotted  from  such  a  scries  of  observations  would  present 
two  or  more  modes,  as  the  case  might  l)e.  and  would  lie 
what  is  calleil  a  multimodal  curve.     An  example  of  such 


in      12      u      Hi 
width  In  Millimetres. 

Fig.  lOHi.^  Example  of  n  MiiltimcHliil  Curve.  Variation  In  the  width 
of  the  li-af  iif  Ihe  rat-tall,  Tiiiiha  MlfiiUa  and  T.  anaiintifnUn. 
(After  Blanklu»hlp.) 

a  curve  is  shown  in  Fig.  UMfi.  which  represents  the  dis- 
tribution of  variations  in  the  width  of  the  leaf  of  the  cat- 
tail.    The  data  from  which  the  curve  is  plotted  are  ob- 


tained from  measurements  of  the  widest  part  of  the  widest 
leaf  in  two  hundred  and  fifty  specimens,  and  are  as  fol- 
lows: 
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After  allowing  for  minor  irregidarities,  due  probably  to 
the  small  number  of  observations,  there  are  evidently  two 
modes,  one  at  G  mm.  and  the  other  at  15. 

This  illuslrates  the  distinction  between  indiridnnl 
mriiition  and  infinl  ruriiitinii.  So  long  as  the  variations 
are  distributeil  about  a  single  type  we  have  what  is  called 
individual  variation,  and  the  variability  of  the  sjiecies  in 
respect  to  the  character  in  question  is  measured  by  its 
standard  deviation.  But  where  there  are  several  modes 
— several  types  about  which  variations  are  distributed  — 
we  have  what  may  be  called  racial  variation,  and  this 
kind  of  variability  is  measured  by  the  number  of  modes 
and  their  distance  apart.  Racial  variability  tends  to  di- 
vide thcspecies  iutorace.s,  or  sub-species.  In  fact,  botan- 
ists divide  the  cat-tails  into  two  distinct  species,  Ti/ji/ia 
liitiftilid  L.  and  T.  aiif/unlifolid  L.  But  Blankinship  has 
shown  that  these  two  groups  giade  into  one  another  in 
all  their  cliaracters,  and  this  is  a  good  example  of  the 
dirticulty,  often  met  with,  of  drawing  a  sharp  line  be- 
tween species. 

So  far  single  variations  have  been  treated  as  if  they 
were  isolated  objects.  As  a  matter  of  fact,  they  never 
occur  as  such  in  nature,  for  every  individual  is  made  up 
of  a  great  many  cliaracters;  and  the  question  arises.  Is 
there  an_v  relation  between  the  deviation  of  one  character 
and  the  deviations  of  other  characters  in  the  .same  indi- 
vidual? Such  a  relation  is  called  the  correhttimuif  raria- 
tions,  and  Darwin  gave  many  interesting  examples  of  it. 
Since  then  Gallon  has  pointed  out  a  method  by  which 
correlation  may  be  studied  very  exactly,  and  the  degree 
of  correlation  may  be  given  mathematical  expression. 
If  in  a  number  of  individuals  character  .4  deviates  from 
its  mean  .l/i»  by  the  amount  Xn.  it  is  ])ossibU'  to  deter- 
mine what  will  be  the  average  deviation  .\l>  of  the  char- 
acter B  from  its  mean  Mh  (see  article  Variation). 

While  much  work  is  still  to  be  done  in  this  line, 
enough  has  been  accomplished  to  show  that  correlations 
of  this  kind  an^  coninioii  among  normal  variations;  and 
this  is  a  fact  of  the  highest  importance  for  the  theory  of 
evolution. 

//( nditi/. — Heredity  is  a  special  case  of  correlation.  It 
is  the  correlation  between  the  variations  of  homologous 
organs  in  individuals  related  by  birth,  especially  those  in 
the  relation  of  parent  and  olTspring.  The  fads  of  hered- 
ity are  of  equal  importance  with  the  facts  of  variation. 
For  if  this  corrclatiim  did  not  exist,  or.  to  use  the  com- 
mon metaphor,  if  there  were  no  inheritance  of  variations, 
progressive  change  of  type,  evolution,  would  be  as  im- 
possible as  if  there  were  no  variation  at  all. 

The  fjicts  and  theories  of  inheritance  will  be  discussed 
more  fully  elsewhere  (see  articles  Iliirtl ill/ and  l!trir»it»i). 
Attention  here  will  be  coulined  to  a  few  facts  of  especial 
importance  in  connection  with  the  subject  of  the  present 
article. 

In  the  tirst  jdace  it  may  be  noted  that  there  are  three 
chief  forms  of  inheritaiKv:  (1)  HI,  ndul  inheritance  where 
the  character  in  the  olTsjiring  partakes  of  the  qualities 
of  both  parents,  as  in  stature;  cJ)  (.rr/nxin  inherilance, 
where  the  character  in  the  child  is  like  that  in  one  parent, 
but  not  like  the  other,  if  it  dilfer  from  the  tirst.  as  in  the 
color  of  the  eye;   (3)  jiartioikite  inheritance,  where  the 
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chilli  n-!tviiililfiinii(>  ]inn>nt  in  niii*  rliaractrr  itiid  the  otliiT 
ill  itiiollicr  clmnirtrr.  Kur  cMiiiipU',  ii  child  limy  liavu  its 
iiiiitliiTs  cjfH  iiihI  ill  faliii-r's  misc. 

Ill  K'"cnil.  "11  ciiii|;riillnl  cliiinictcrs.  whether  Ihcy  he 
new  iic(|uiHiliiiiis  iir  iiilicrilaiiii'H,  iiiiiv  he  iniiisiniltcii  lo 
thr  iitTHprliiK.  Hut  il  is  I'MniiicIv  ifoiiliffiil  if  iici|iiiiiil 
lllcKliliciitiiills  lire  cViT  iiilicrili-(i  (s<-c  p  ;i.")).  Soinrliiins 
the  correliiticiii  nf  Ihi'  iilTspiiiiij  will  lie  iiiiirh  si  lunger 
with  line  piil'i'lit  thiili  wilh  Ihe  nllier,  iiliil  the  piireiit 
whiili  Ihe  iilTspriii);  leiiils  to  reseiiihle  the  iiinsl  is  then 
still  III  lie  jirriKirteiil.  This  is  iifleli  the  iiisi'  wilh  sports, 
HS  ill  the  fiiiiiiius  Aiiiiiii  lireed  of  sheep  tliiil  arose  in 
Massiichiisetls  in  the  hitler  part  of  the  eiirhteeiilh  eeii- 
Inry.  In  doniestie  niees  pure  lired  auiiimis  are  );eiienilly 
prepotent  over  nmntrrels. 

Ilereilily  is  minKiirnl  in  the  siitne  way  that  correlation 
is.  Hut  il  complication  arisi's  owinj;  lo  the  fact  that 
most  individuals  have  two  parents.  In  onier  to  avoid 
the  .lilliculty  of  measuriiif;  the  correlation  of  three  varia- 
hies,  the  two  parents  arc  combiiicd  into  one  imaftinary 
indiviiliial  known  as  the  iiiiil-imrdil.  Then  it  is  easy 
to  find  the  correlation  betwceu  inidpiircul  and  off- 
gpriiii;. 

Pearson  j;ivcs  the  follnwinc  formula  for  fiudinj;  the 
mid  parent : 

where /(,  =  value  of  Ihe  character  in  Ihe  father.  /(,  =  the 
same  in  mother,  <Ti  =  standard  deviation  of  fathers  in 
jreiieral.  1,=  the  same  for  mothers,  and  II  =  the  charac 
tcr  in  the  mid  parent. 

Il  mitrlit  lie  expected  that  the  average  offspring  would 
be  like  the  mid  parent.  Hut.  as  a  matter  of  fact,  it  is 
found  by  observalioii  thai,  while  some  children  may  be 
exactly  iike  the  midpareiit  and  some  more  peculiar,  the 
avcniire  of  the  olTsprinj!;  will  he  les.s  peculiar,  more 
nearlv  like  the  general  avenijie  of  the  population,  than 
the  liiid  parent,  if  that  be  possible.  This  is  called  ri- 
gnsnii'ii.  The  amount  of  rejrression  ilifTers  wilh  different 
charai-ters  in  dilTereiit  species,  hut  in  L'emiiil  it  may  be 
sjiid  that  the  olTsprini;  on  the  average  will  be  about  two 
thirds  as  peculiar  as  the  mid  parent,  or  one  third  ascither 
parent  considi'red  alone.  This  may  be  accounted  for. 
perhaps,  by  reference  to  Ihe  previous  ancestry.  For  if 
there  be  mi  si-leclion  or  inbreeding,  the  number  of  ances- 
tors in  each  genenition  increase  as  we  go  backward  in 
geometrical  nitio  until  they  soon  form  all  together  a  fair 
samph'  of  the  population  as  a  whole.  In  the  tenth  gen- 
eration hack  there  are  ten  hundred  and  twenty-four  an- 
cestors. 

On  the  other  hand,  we  have  Ihe  seemingly  paradoxical 
fact  of  regression  in  the  opposite  si-iise.  That  is,  if  we 
take  a  large  number  of  children  all  deviating  in  a  certain 
chanicter  to  a  given  degree  from  the  average  of  the  pop- 
tilation.  it  will  be  found  that  Ihe  avera.ire  of  their  mid- 
parents  w  ill  be  only  one-third  as  peculiar.  This  is  sim- 
ply due  to  the  fact  that  mediocre  miil-iiarenls  are  more 
cominon  than  peculiar  ones  (sec  Fig.  IIU."!).  From  these 
facts  Gallon  has  derived  a  law  of  heredity,  which  Pear- 
son states  in  the  following  words: 

"Each  parent  contribiiies  on  an  average  one-qtiarter, 
or{i)',  each  grandparent  one-sixteenth,  or  {^Y.  and  so 
on,  and  that  generally  the  occupier  of  each  ancestral 
place  in  the  "tli  degree,  whatever  the  value  of  n,  con- 
tributes (i)'"  of  the  heritage." 

Mathemalically  this  would  be, 

//  =  i  H, +lH,  +  iH,  +  .  .  .etc., 

a  geometrical  pio,!rres.sion  aiiproaching  a  limit  =  1.  when 
/(  ^  the  average  deviation  of  the  offspiin.!:.  and  II,.  II:,. 
Hi.  etc.,  =  the  deviation  in  the  mid-parent,  mid-grand- 
parent, mid-great-grandparent,  etc.     Hut  Gallon's  series, 

^.  i.  i,  .  .  .  Tn'jT'  •■'<"•  ■"".'*'  ""'  '"■  '■■"'*'  '"  ""  li'si'S- 
So  Pearson  replaces  these  figures  by  symbols  that  may 
express  any  geometrical  progression.  ;</.  >(/=.  ;'i''.  .  .  . 
)(i'°,  etc..  in  which  there  are  two  factors,  one  constant  in 
each  gcnemtiou,  5,  and  one  which  varies  in  geometrical 


nerii-H,  (J,  «',  a*.  He*    Then   allowing   for  liilTeroni-e   of 

variability,  as  well  as  dilTerenccH  in  ilevialiim  and  mean, 
of  past  geiieralioiiN  of  mid  parents,  Pearson  getn  the 
foMowing  /<!(/■  ofiiiircMlriil  heredity: 

_L__lH..+  ....ctc.} 

where  fi  =  average  deviation  of  the  offspring,  II,,  II,, 
III,  etc.  =  the  deviation  from  the  means  of  their  geneni- 
tion of  the  mid  parents,  mid  grandparents,  etc.,  0  = 
standard  deviation,  variability,  ot  all  offspring,  a,,  a,,  o,, 
etc.  =  variability  of  the  race  in  the  generations  to  which 
Ihe  successive  mid-parents  belong,  and  ;  is  the  ninfliiiit 
iif  herrili)!!.  upon  which  all  heredilaiy  inllueiice  depends. 
'I'liis,  in  .Sir.  Gallon's  formula,  would  be  >  =  1.  Hut  it 
may  be  found  to  vary  in  dilTennt  species  and  in  different 
organs. 

As  lo  the  importance  of  the  law  of  ancestral  heredily. 
Pearson  says:  "  If  Darwinism  be  the  true  view  of  ev<ilii- 
tion,  i.f..  if  we  are  to  describe  evolution  by  natural  selec- 
tion combined  with  heredity,  then  Ihe  law  which  gives 
us  detinitely  and  concisely  the  type  of  the  offspring  in 
terms  of  ancestral  iieculiarilies  is  at  once  the  foundation 
stone  of  biology  and  the  basis  upon  which  heredity  be- 
comes an  exact  branch  of  science." 

The  Slriif/!/lr  fur  JCxistinre. — Wilh  the  struggle  for  ex- 
istence we  come  to  the  first  of  the  distinctively  Darwin- 
ian faclors  of  evolution. 

Darwin's  definition  is  as  follows.  He  says:  "I  should 
premise  that  I  use  this  term  in  a  large  and  metaphorical 
sense,  including  dependence  of  one  being  on  another,  and 
including  not  only  the  life  of  the  individual,  but  success 
in  leaving  progeny.  Two  canine  animals,  in  a  time  of 
dearth,  may  be  truly  said  to  struggle  with  each  other 
which  shall  get  food  and  live.  But  a  jilant  on  the  edge 
ofadesert  is  said  tostruggle  for  life  against  thedioughl, 
though  more  ]iropcrly  it  should  be  sjiid  to  be  dependent 
on  llie  moisture.  A  plant  which  annually  produces  a 
thousand  seeds,  of  w  hicli  only  one  of  an  average  comes 
to  maturitv.  may  be  more  truly  said  to  struggle  with  the 
))lants  of  the  same  and  other  kinds  whiih  already  clotlie 
the  ground.  The  mistletoe  is  de|iendent  on  the  apple 
and  a  few  other  trees,  but  can  only  in  a  far  fetched  sense 
be  said  to  struggle  with  these  trees,  for,  if  too  many  of 
these  parasites  grow  on  the  .same  tree,  it  languishes  and 
dies.  But  several  seedling  mi.stletoes  .irrowing  close  to- 
gether on  the  same  branch  may  more  truly  be  said  lo 
strug.L'le  with  each  other.  As  the  mistletoe  is  dissemi- 
nated by  birds,  itsexisleiicc  depends  on  them;  and  it  may 
metaphorically  be  sjiid  to  struggle  with  other  fruit-bear- 
ing plants,  in  tempting  the  birds  to  devour  and  thus  dis- 
seminate its  seeds.  In  these  several  senses,  which  pass 
into  each  other,  I  tisi'  for  convenience's  sake  the  general 
termstruirgle  for  existence  "  ("Origin  of  Species,"  (ithed. 
vol.  i.,  p.'oS). 

Wallace  tises  the  term  without  giving  a  definition.  In 
his  essay  of  1858  he  says:  "The  life  of  wild  animals  is  a 
struggle  for  existence.  The  full  exertion  of  all  their 
faculties  and  all  their  energies  is  required  to  preserve 
their  own  existence  and  provide  for  that  of  their  infant 
offspring.  The  possibility  of  procuring  food  during  the 
least  favorable  seasons,  and  of  escapin.sr  the  attacks  of 
their  most  dangerous  enemies,  are  the  primary  conditions 
which  determine  the  existence  both  of  individuals  and  of 
entire  species." 

♦  Tlien  substituting,  we  have : 

(1  =  y  (a  H,  -i-  a»  H,  4-  a>  Hi  -!-  .  .  .  elc.i. 

_>:"  =1 
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etc.)  =  1,  Uien  r-3^  =  1 
.    .  1  +  Y.  and  a  =  ,— r-r- 

So  (I,  a',  a',  .  .  .  a"  .  .  .,  etc.,  may  be  replaced  in  tin-  ?■■"■ 
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This  tprni.  stnipgle  for  existence,  is  n  convenient  one, 
iiiul  it  conveys  a  very  vivid  inipres,sion  as  lo  wliat  tiil<es 
place.  But  it  may  convey  a  fal.se  idea  unless  \vi'  arc 
careful  to  bear  in  mind  the  metaphorical  character  of  the 
expression.  It  may  help  iis  to  <lo  this  if  we  can  liixl  for 
this  term  a  definition  which  In  it.self  shall  be  free  from 
metaphors. 

Speiicur  has  defined  life  as  "the  continuous  adjustment 
of  internal  relations  tuexlcrnal  relations"  ("Principles  of 
Biolojry."  'M  ed..  vol.  i..  p.  'JID,  So  lonir  as  the  external 
relations  are  favorable,  this  adjvistment  is  made  easily. 
When  they  liecome  unfavorabie  it  is  made  with  dilli- 
culty.  and  when  it  becomes  imiiossible  the  organism  dies. 
Tiiel-eforc  we  may  detine  the  struggle  for  existence  as 
the  tendency  of  organisms  to  preserve  a  continuous  ad- 
justment of  internal  relations  to  unfavorable  external 
relations. 

The  meaning  of  this  will  l)e  more  clear  when  we  con- 
sider what  arc  these  unfavorable  external  relations  in 
which  life  becomes  a  struggle  for  existence.  They  may 
be  classitied  under  three  divisions:  (1)  adver.se  physical 
conditions.  (2)  enemies,  and  (Ji)  competition, 

1.  77/c  Stnir/f/le  iif/dinxt  Adrcrse  Plij/.tieul  Conditions. — 
Conditions  thai  are  ailverse  for  one  species  may  be  favor- 
able for  anolher.  Thus  the  jxilar  bear  is  unable  to  live 
on  the  hot  siinds  of  the  Sahara,  and  the  polar  ice  lields 
would  be  etiually  fatal  to  the  lion.  A  fish  cannot  live  in 
the  air,  nor  a  bird  under  water.  So  what  constitutes  an 
unfavorable  jihysical  condition  depends  largely  upon  the 
constitution  of  the  organism  that  meets  it. 

There  iire  doubtless  large  numbers  of  individuals  and 
species  which,  so  long  as  they  remain  in  their  native 
habitat,  never  have  to  contend  with  adverse  jihysieal 
conditions.  Such  is  true,  for  example,  of  the  majority 
of  dwellers  in  the  sea.  and  it  applies  equally  well  to  the 
inhabitants  of  many  tro))ieal  lands.  The  islands  of  the 
Antilles  with  their  abundant  rains,  and  even,  warm  tem- 
perature, are  as  favorable  as  possible  for  life.  The  only 
unfavorable  c'ondition  is  the  occasional  hurricane,  when 
the  rivers  "come  down,"  as  they  say,  in  irresistible  tor- 
rents and  the  wind  tears  huge  trees  up  by  the  roots,  while 
the  seas  dash  against  the  shores  with  appalling  fury. 
Except  for  these  infrequent  catastrophes,  the  processes 
of  life  arc  favored  continually  by  the  physical  conditions 
on  land  as  well  as  in  the  sea. 

It  is  in  our  own  temperate  region,  with  its  extremes  of 
heat  and  cold  and  sudden  changes  from  moisture  to 
dryness,  that  the  adjustment  of  internal  relations  to  ex- 
ternal relations  is  attended  with  ditTicidty.  AVe  see  this 
adjustment  taking  place  annually  at  the  time  of  the 
falling  of  the  leaf,  when  the  trees  prepare  themselves  to 
withstand  the  frosts  of  winter.  The  leaves  arc  cut  off 
by  an  ingrowth  of  bark.  The  absorption  of  wateris  sus- 
pended, and  the  protoplasm  becomes  concentrated  in  the 
cells  already  heavily  laden  with  starch.  The  embryonic 
tissue  is  confined  to  a  thin  layer  under  the  barU  and  to 
small  areas  in  the  buds  prolcelcil  by  thick  envelopes. 
often  lined  with  (hiwn,  and  varnished  on  tlie<iutside;  and 
the  cells  of  other  jiarts  ac(|uire  a  thick  wall  of  cellulose 
which  renders  them  incapable  of  further  growth.  Thus 
in  the  cool  days  of  fall  the  trees  prepare  to  resist  the 
fi^ezing  of  winter,  and  usually  this  is  successful.  But 
sometimes  it  fails. 

The  summer  of  1879  in  England  was  cool  and  damp  so 
that  the  new  wood  was  not  jiroperly  matured.  This  was 
followed  by  an  unusually  severe  winter,  and  all  over  the 
country  tliousiuids  of  perennial  plants  were  killed  or  se- 
verely injured  by  freezing.  In  one  locality  every  com- 
mon shrub  was  killed  to  the  ground  (Ilenslow.  "Frost 
Report."  1H,S7).  In  this  country  it  happens  fre(|Uently 
that  warm  days  in  early  spring  tempt  the  trees  to  throw 
otT  their  winter  protection,  and  send  forth  the  young 
shoots  and  tlower-buds.  Then  comes  a  late  frost,  and  all 
the  growing  parts  are  killeil. 

Hut  extreme  colli  is  even  more  disastrous  lo  animals. 
Darwin  sjiys:  "I  eslimate<l  (chiefly  from  the  greatly  re- 
duced niunbers  of  nests  in  the  siiring)  that  the  winter  of 
1854-55  destroyed  four-fifths  of  the   birds  in  my  own 


grounds."  After  the  great  storm  of  February  1st,  1898, 
Professor  Bunqius  found  one  hundred  ami  thirty-six 
sparrows  lying  helpless  upon  the.groiuid  in  Providence, 
of  which  sixty  four  were  dead  or  living. 

The  elTcels  of  drought  upon  aiumals  as  well  as  plant.s 
are  so  well  knoMn  that  tliey  need  not  be  described. 

2.  /•Siiiniim.  —  Darwin  regards  extrenu'S  of  cold  and 
drought  as  probably  the  most  elTeetive  of  all  checks  on 
popidalion.  But  tlie  depredations  of  enemies  constitute 
a  elicek  which  is  even  of  more  universal  elTect. 

Ernest  Setiai  Thompson  ssiys:  "The  life  of  a  wild  ani- 
mal iihriii/K  Ikih  (I  Iriu/ir  i>/ii/."  There  is  hardly  an  animal 
or  a  jilant,  from  the  humblest  protophyle  toman  himself, 
that  is  not  subject  to  the  attacks  of  other  organisms, 
llerliivorous  animals  feed  upon  the  |ilants,  and  these 
animals  in  their  turn  form  the  food  of  earnivoi-ous  spe- 
cies. Those  lliat  escape  being  devoured  in  this  way,  and 
sneeessfully  resist  the  effects  of  climate  usually  at  last 
fall  a  |irey  to  the  inroads  of  bacteria  or  other  parasites. 

Plants  are  particularly  sidjject  lo  destruction  in  the 
early  stages  of  their  growth,  Darwin  dug  and  cleared 
a  piece  of  ground  three  feet  long  and  two  feet  wide,  and 
then  marked  all  the  seedlings  of  the  native  weeds  as  they 
came  up,  and  out  of  the  357  no  less  than  295  were  de- 
slroved,  chietlv  bvslugsand  insects  ("Origin  of  Species." 
vol.'i.,  p.  ,S3)." 

.ludil  says:  "It  is  not  at  all  uncommon  for  a  crow  or 
blackbird  to  eat  from  30  to  .51)  .seeds  of  siuarlweed  or 
bindweed,  or  a  field  sparrow  100  .seeds  of  crab  grass,  at 
a  single  meal.  In  the  stomach  of  Xut  tail's  sparrow  were 
found  30O  seeds  of  amaranth,  and  in  another  oOll  seeds  of 
lamb's  (juarters.  a  tree  sparrow  had  eonsumed  700  seeds 
of  pigeon  grass,  while  a  snowllake  from  Shrewsbury, 
Mass..  which  had  been  breakfasting  in  a  garden  in  Feb- 
ruary, had  iiiekecl  tip  1,000  seeds  of  pigweed"  ("Year 
Book,  rniled  Slates  Agricultural  Departnient,"  1S9S,  p, 
322),  Professor  Beal  has  estimated  that  in  the  .State  of 
Iowa  the  tree  sjiarrows  alone  destroy  annually  about 
1, 7.50, 000  pounds,  or  875  tons  of  weed  seeds  (I.e..  p, 
221)). 

These  seed-eating  birds  are  in  turn  preyed  upon  liy 
the  various  hawks  and  owls. 

In  the  sea,  jilants  form  the  food  of  few  species  except 
the  most  minute  animals.  A  vast  majority  of  marine 
species  are  carnivorous,  and  the  liestruction  is  enormous. 
Brooks  gives  a  vivid  picture  of  this  struijgle  ("Founda- 
tions of  Zoology,"  pp.  220-224  and  231-2;!;i).  Speaking 
of  the  inlets  among  coral  islands  he  says,  "  Nothing  could 
illustrate  the  tierceness  of  the  struggle  for  food  among 
the  animals  on  a  crowded  sea  bottom  more  vividly  than 
the  emptiness  of  the  water  in  coral  sounds  where  the 
bottom  is  practically  one  enormous  mouth." 

3.  Effect  of  the  lieninriil  of  Chcekn.  —  The  enormous 
destruction  caused  by  these  checks  on  jiopulation  may 
lie  realized  lo  some  extent  if  we  consider  the  birth  rate. 

It  may  be  staled  as  a  general  rule  that  the  biilh  rate  in 
existini;-  sjiecies  is  propnrlioii;il  lo  the  raleol'  deslruiiion. 
Thus  the  petrel,  which  nests  on  inaccessible  clitTs  and 
has  few  enemies,  piddiices  but  one  egg  at  a  time.  While 
the  lobster,  whose  young  are  ex|)osed  lo  the  attacks  of 
innumerable  enemies  from  the  time  they  arc  hatched, 
produces  from  3.000  to  90.000  eggs.  (The  largest  num- 
ber found  by  Ilerrick  was  97.440.  "The  Lobster."  p.  51.) 
.\  single  carrion  tly  is  said  lo  pnidiiee  20.0011  living  mag- 
gots. These  reach  full  size  in  five  days,  and  the  pupa 
stage  lasts  liveihivs.  It  has  been  estimated  lli.al  a  single 
fly  could  produce  ill  three  months  one  hiinilred  millions 
of  millions  of  millions  (Wallace,  "Darwinism,"  p.  25). 
The  common  mosquito  (('"/c.r  ;y»//.7(';(.s)  lays  from  200  to 
400  eggs  in  a  bunch.  These  hatch  in. sixteen  hours.  Under 
favorable  conditiiais  the  larva'  reach  the  pupa  stage  in 
seven  or  eight  days.  This  stage  lasts  two  days.  Thus 
one  pair  of  mosquiloes  may  produce  400  adult  olTspring 
in  less  than  ten  days.  In  a  few  days  more  these  are 
ready  to  lay  eggs  in  their  turn. 

.\ccording  to  Mcrriani.  the  house  sparrow  produces 
annually  five  or  six  broods  of  four  lo  six  each.  .•Assum- 
ing an  average  of  24  young   per  annum,  with  ,sexes 
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I'liiiitllv  illvldcil.  IIk-  priKliice  of  u  siniiU-  piiir  In  Ic-ii  veu 

will  111"  ^JT-.Tltl.WJl.mtMc-Airriciiltiinil  HriMirt,"  iswil). 


lill  lie  •.'7.1. nii.iiMji.mtM  (••  A){riciiltiinil  Hr|nirt,"  isw(l). 

Till'  ilr|ilniiil  Is  siill  Id  lie  lliu  sliiwi'st  liri'cdcr  iif  nil 
iiiiIiiiiiIm  Vi'l  Darwin  Inis  csiIiiiiiIimI  iliiit  if  tin  i'li'|iliiiiii 
livrs  |(MI  years  mill  iiriHliircH  tl  yoiiiii,' I'lirs.  in  I'lil  yriirs 
till'  |iri>illlri'i>r  iilir  |illir  wiilllil  i'i|llal  llt.lHMI.IIIIII  i'li'|illllllK. 
>laii  is  alsii  nil  ixtniiiily  slnw  ImiiliiiL'  iiiiiiiial.  \r\  tin- 
liiiiiiiiii  |iii|iulatii>ii  It'liils  til  iliiiililc  ill  uljoiit  Iwciily  live 
years 

The  power  iif  nipiil  inultlplicalioii  is  pc-rliiipH  best  IIIiiK' 
Inileil  by  llie  waves  iit"  lib'  tliat  SDiiietiiues  sweep  over 
a  rniiiitry.  Ibeliiii  tliiis  ileserllies  one  of  tllese  waves 
iHreliiii.  "From  Norlli  I'ole  to  Kmialor."  IHIMI.  pp.  74- 
7(li. 

Ill  a  (lescriptiiin  of  llii'  fauna  of  llie  tiiiiilra.  or  barren 
hiiiils  of  iinrtliei'ii  Siberia,  lirelini  says:  "lie  (llie  leiii 
niiiiKl.  or  al  least  liis  tnieks.  may  be  seen  everywiiere 
tliiinii;liiiiil  III!'  liimliii.  Tlie  tnieks  run  in  all  ilireetions. 
often  lliroii!.'li  plaees  overjirown  by  dwarf  birelies.  nar- 
row, sniootli,  neatly  kepi  paths  in  the  moss.  K<>>l>K 
slriiifiht  for  seveiiil  yards,  then  diverffini;  to  ri;rlit  or  left, 
and  only  retiirninir  to  llie  main  palli  afler  many  eireiiils. 
On  these  we  m.iy  often  see.  in  i;ieal  niinibeis  iluiini;  a 
dry  siininier.  a  liltle  short  tailed,  hamster  like  animal 
nimbly  pallerini;  alon;;  and  soon  disappearing'  out  of 
siudil  This  is  the  leinmins;,  a  rodeiil  smaller  llian  a  rat, 
bill  lar;;er  llian  a  mouse,  with  a  brisriilly  but  iriejrularly 
niiirked  skip,  usually  brown,  yellow,  gray,  and  blaek. 
If  we  dissect  the  animal  we  .see,  not  willioul  surprise", 
thai  it  eonsisis  almost  entirely  of  skin  and  viseera.  Its 
bones  and  iniiseles  iii'e  line  and  lender:  ils  viscera,  espe- 
cially llie  alimentary  and  rcpiodiu  live  ori.'.'ins,  arc  enor- 
mously divclopcd.  This  stale  of  I  liiin;s  explains  some 
phenomena  of  iis  life  which  were  loni;:  considered  niiiu- 
lillii.'ible:  the  almost  abrupt  occurrence  of  willniirh 
unlimiiid  ferlilily,  and  the  vast,  apparcnily  oriranized 
iniiinilions  of  llie  animal.  In  ordinary  circumslances 
the  lemmini;  leads  a  very  comfortable  life.  Xeillier  in 
summer  nor  in  winter  has  he  any  anxiety  about  stibsis- 
tcnce.  In  winter  he  devoiiisall  sorts  of  veffelable  mailer 
— moss  lips,  lichen,  and  bark — in  summer  he  lives  in  his 
burrow,  in  winter  in  a  warm,  Ihick-walled,  softly  lined 
nest.  niiii!,'i'r,  indeed,  threatens  from  all  sides,  for  not 
onlv  beasts  and  birds  of  prey,  bill  even  llie  reindeer  de- 
vour liiindrcds  and  Ihousaiidsof  lemmincs:  ucvertliele.ss, 
they  increase  stcadilv  and  rapidly,  until  special  circiim- 
stiinces  arise  when  millions,  which  have  come  into  exist- 
ence within  a  few  weeks,  are  annihilated  wilhin  a  few 
days.  Spriiiir  seis  in  early,  and  a  more  than  iisiiallv  dry 
siiminer  prevails  in  the  tundra  All  lln-  ynunir  of  the 
tiisl  litter  of  the  various  lemminjr  females  thrive,  and  in 
six  weeks,  at  the  most,  these  also  mulliplv.  Meaiiliine 
the  ]>areiits  have  broii.sht  forth  a  .second  anil  a  third  lit- 
ter, and  these  in  turn  brinsr  forth  young.  Within  llirec 
nionlhs  the  heights  and  low  grounds  of  the  tundra  teem 
with  lemmings,  just  as  our  liclils  do  with  mice  under 
similar  circumslances.  Whichever  way  we  turn,  we  see 
the  busy  little  creatures,  dozens  at  a  .iilance.  Iliousjinds  in 
the  course  of  an  hour.  They  run  about  on  all  the  paths 
and  roads;  driven  to  extremity,  they  turn  snarling  and 
sharpening  their  teeth,  on  llie  defensive  even  against 
man,  as  if  their  countless  numbers  lent  to  each  individual 
a  detiani  courage.  Rut  the  countless  and  .slill  increasing 
numbers  i)rove  their  own  destruction.  Soon  the  lean 
tiindni  ceases  to  alTord  employment  enough  for  their 
greedy  teelh.  Famine  Ihreateiis.  perhaps  actually  sets 
in.  Till- anxious  animals  crowd  logellierand  liegin  their 
march.  Iluiiilreds  join  with  hundreds,  thousands  with 
other  thousands:  the  troops  become  swarms,  the  swarms 
armies.  Tliev  tnivel  in  a  detinilc  direction,  at  first  fol- 
lowing old  tracks,  but  soon  striking  out  on  new  ones;  in 
unending  file,  ilefying  all  computaticm,  they  hasten  on- 
ward :  over  the  clitTs  they  plunge  into  the  water.  Tliou- 
sjinds  fall  victims  to  want  and  hunger:  the  army  behind 
streams  on  over  their  corpses:  hiindredsof  thousiinds  are 
drowned  in  Ihe  water  or  are  shattered  at  the  foot  of  the 
clilTs:  Ihe  remainiier speed  on:  other  hundredsand  thou- 
sands fall  victims  to  the  voracity  of  Arctic  and  red  fo.xes, 


wolves,  and  gliiUoiiH.  rough -le|;|Drfil  hm/.nnU  ami  niveiiH, 
owls  and  skuas,  which  have  loHowed  them;  the  mini 

vors  pay  no  1 d.      Where  lliev  go,  how  tliey  end.  none 

call  sav.  but  <  eriain  il  is  thai  llie  tundra  behind  llieiii  ih 
as  if  dead,  thai  a  number  of  vears  pass  ere  Ihe  few  who 
have  lenmini'il  behind,  and  liave  iiiaiiaL'cd  to  survive, 
slowly  iiiiilli|ily.  and  visibly  re  people  their  nalive  lielils  " 

Hudson  describes  a  similarly  iitpid  increasi'  of  mice  mi 
the  I'aiiipasof  Soulh  America,  whiih  was  llimlly  brought 
to  a  close  by  ailroii;;lit  and  I  hi'  increase  of  enemies  ("'  Nat- 
uiiilisl  in  I,a  Plata,"  p.  ji».  il  i«i/.i. 

Thiscoiinliy  is  siibjecl  to  periodic  waves  of  UM-UHlsand 
cliini'h  bugs,  which  swarm  al  siuli  times  in  hundreds  of 
Ihoiisiinds  and  do  enormous  damage  to  crops  (Welisler, 
"The  (hiiich  Hug."  |s(t.S|.  Willi  Ihe  inlrodiiclion  of 
iniiralion  and  forage  pliinls  in  ihe  far  West,  Ihe  jack 
rabbils  have  increased  nipidly  and  become  a  jiesl.  In 
Calibirnia  during  Ihe  ten  years' from  MiHH  to  IWI7,  -lllLliai 
jack  rabbils  were  killed  in  "drives,"  and  yet  the  loial 
number  living  was  not  seriously  diminished  (Palmer, 
".lack  Uabbiis,"  1S97), 

The  power  of  nipid  miilliplication  is  also  well  illiis- 
I ruled  by  IlieelTecl  of  iiil rod uciiig  animals  and  plants  into 
a  new  country.  If  the  diinale  be  favorable,  the  intro- 
diiceil  form,  freed  from  its  natural  enemies,  may  often 
increase  amazingly. 

Many  of  our  common  weeds,  like  the  o.x-eye  daisy 
and  the  so-called  Kiissian  Ihislle,  are  goixl  examples  of 
this.  Wallace  gives  a  number  of  cases!"  Darwinism."  |). 
2S)  of  the  rapid  spread  of  European  plants  introduced 
into  South  America.  New  Zealand,  and  oilier  places. 

"C'oluiiibus  in  his  second  voyage  left  a  few  black  cat- 
tle at  San  Domingo,  and  lliese  ran  wild  and  increased  so 
much  thai  twenty  seven  years  afterward  herds  of  from 
four  Ihoiisand  to  eight  thousjind  head  were  not  iinconi- 
iiioii.  Cattle  were  afterward  taken  from  this  island  to 
.Mexico  and  other  parts  of  America,  and  in  X'tH"!,  si.xty- 
live  years  afler  llie  coiuiuest  of  Mexico,  Ihe  Spaniards 
exported  ()4.:i.")(i  hides  from  that  country  anil  3.").4-14  from 
San  Domingo.  .  .  .  In  Ihe  pam|)as  of  Buenos  Ay  res  I  here 
were  ill  the  end  of  the  last  century,  about  twelve  million 
cows  and  three  million  horses,  besides  .irreat  numbers  in 
other  parts  of  America."'  Similar  results  were  obtained 
by  selling  free  hogs  and  a.sses.  Camels  even,  tunied 
loose  in  Texas  not  many  years  ago,  increased  so  rapidly 
as  to  become  a  nui.sance. 

The  common  Kiiropean  rabbit  lias  become  a  pest  in 
Australia  and  New  Zealand,  The  iiibbils  were  first  liber- 
ated near  Melbourne  about  is(i4.  and  later  in  Tasmania 
and  New  Zealand.  They  niultiiilied  so  rapidly  that  in 
INT!)  Ihe  legislalure  of  South  Australia  look  action  for 
llieir  destruction,  and  the  matter  was  taken  up  soon  after 
in  New  South  Wales,  Queensland.  Xew  Zealand,  and 
Tasmania.  But  in  spite  of  all  elTorts  to  destroy  them, 
they  continued  to  multiply.  Between  1873and  1S98  New- 
Zealand  exported  two  hundred  million  rabliit  skins. 

Anoilierexanipleof  the  rapid  increase  of  an  introduced 
animal  is  alTorded  by  the  Indian  niongoo.se  in  the  West 
Indies.  Bui  ai  our  very  doors  we  have  an  eipially  good 
example  in  the  house  sparrow.  The  first  successful  im- 
portation was  made  into  Brooklyn  in  1853.  The  birds 
were  introduced  into  Portland.  .Me.  in  1854,  and  into 
Providence,  R.  I.,  in  18.-)8.  some  escaping  in  Boston.  Be- 
tween 1803  and  1870  they  were  imported  into  eight  cities, 
one  lot  of  one  thousand  being  sent  lo  Philadelphia.  Be- 
tween 1870  and  1S80  it  is  esiimaled  that  the  range  of  this 
species  had  been  extended  by  10,000  square  miles  (Palm- 
er, 18!I8),  and  it  has  continued  to  spread.  Merriam  esti- 
mates the  rale  of  spreading  of  the  sparrow  as  follows 
("Agri.  Kept.."  1880.  p.  238): 

Square  miles. 

1870-7,1 500 

187.V80 15.640 

1880-85... ,500.7611 

Diirfnir  lS.sii 516..t0ij 

Yearly  avemtre  United  States  and  Canada 69.00(1 

4.  Criinpitilio)). — These  examples  will  sutlicc  to  show- 
how  rapidly  animals  and  plants  can  multiply  w-hen  the 
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first  two  olassps  of  chocks  on  population  are  not  in  opcr- 
iilioii.  Hut  this  nilc  of  iiuillipliiatioii  ciinnot  coutiiiiic 
imli'linitcly.  For.  Iiiiall> .  food  supply  will  btconie  ex- 
Imiislcd  or  the  individuals  will  bcconic  so  crowded  as  lo 
deprive  one  anollur  of  the  lifrht.  air.  or  space  necessary 
for  life.  Thus  the  tendency  of  organisms  to  increase  in 
geoinelrical  ratio,  if  not  held  in  check  by  other  causes. 
will  ultimately  cause  a  severe  competition,  and  this  con- 
stitutes the  third  class  of  <'hecks  on  popidalion. 

Competition  may  ln'  between  individuals  of  the  same 
species,  or  between  dilTerent  species  havinjr  similar  hab- 
its. It  is  well  illustrated  in  the  forests,  wjiere  each  tree 
tliat  reaches  its  full  crowth  is.  according  to  Pinehot.  "the 
survivor  of  hundreds  (or  sometimes  even  of  thousands) 
of  seedlings." 

An  example  where  the  competition  of  species  has  had 
a  marked  ellect  on  the  Mora  is  quoted  by  AVallace  (pp.  2(1- 
22).  .M.  llaiisten  Mliingsted  gives  an  account,  of  the 
struggle  between  the  trees  in  the  forests  of  Denmark. 
The  chief  combatants  are  the  beech  and  the  birch,  the 
beech  being  everywhere  successful  in  its  invasions. 
"Forests  composed  wholly  of  birch  are  now  found  only 
in  sterile  sjindy  tracts;  everywhere  else  the  trees  are 
mixed,  and  wherever  the  soil  is  favorable,  the  beech  rap- 
idly drives  out  the  birch.  The  latter  loses  its  branches 
at  the  touch  of  the  beech,  and  devotes  all  its  strength  to 
the  upper  part,  where  it  towers  above  the  beech.  It  may 
live  long  in  this  way.  but  it  succumbs  ultimately  in  the 
fight  of  old  age.  if  of  nothing  else,  for  the  life  of  the 
birch  in  Demiiark  isshorter  than  that  of  the  beech."  The 
superiority  of  the  beech  appears  to  be  due  to  its  denser 
shade.  Nothing  can  live  beneath  it,  while  it  grows  per- 
fectly well  under  the  shade  of  the  birch.  The  birch  has 
been  saved  from  total  extinction  only  by  the  fact  that  it 
had  possession  of  the  Danish  forests  long  before  the  beech 
ever  reached  the  coinitry,  and  that  certain  districts  are 
unfavoralile  to  the  growth  of  the  latter. 

But  we  need  not  go  to  Denmark  to  witness  a  struggle 
of  this  kind.  In  Virginia,  when  a  tield  is  abandoned,  trees 
soon  spring  up  of  all  kinds,  but  the  pines  by  virtue  of 
their  uicirc  rapid  growth  and  dense  shade,  soon  acquire 
the  a.sceiidaiicy.  .Many  "old  lields"  are  to  be  seen  there 
where  the  furrows  of  the  last  crop  of  corn  are  still  visible, 
and  the  ground  is  coveted  with  a  thick  grow-th  of  young 
pines.  Many  of  these  die  while  still  small,  and  among 
them  may  be  found  a  few-  slender  oaks,  chestnuts,  and 
tulip  trees.  If  the  pines  are  cut,  or  if  they  are  allowed  to 
grow  old  and  fall  down  with  decay,  their  place  is  taken 
at  once  by  the  longer-lived  and  more  hardy  oaks  and 
chestnuts.  So  that  it  is  a  common  saying  in  Virginia 
that  "oaks  follow  pines." 

Another  case  in  jmint  is  an  experiment  of  Darwin's. 
He  marked  out  a  little  plot  of  mown  turf,  three  bj-  four 
feet,  and  allowed  the  plants  to  grow  up  freely.  The 
result  was  that  out  of  twenty  species  growing  there  nine 
perished  ("Origin  of  Species,"  vol.  i..  p.  83). 

Among  animals  the  birds  show  especially  the  effect  of 
comiietition.  In  some  species  each  pair  requires  a  cer- 
tain area  for  a  feeding  ground,  and  drives  otf  all  others. 
The  English  sparrow  is  .Siiid  to  be  responsible  to  a  consid- 
erable extent  for  the  decrease  of  our  native  birds,  and  ac- 
cording to  a  recent  writer  in  Ntitiire  (Allchin,  January 
19th,  1899,  p.  271),  this  same  sparrow  has  had  a  similar 
effect  upon  the  swallows  and  martins  in  England. 

The  eniciency  of  coin]H-tition  in  checking  increase  is 
shown  when  the  competition  is  lessened  by  an  enlargement 
of  the  fooil  supply.  .Most  of  the  wavesof  life  that  have 
just  been  (leseribed  are  due  to  such  an  advantage  rather 
than  to  protection  from  enemies. 

In  order  to  undi-rsland  the  results  of  these  factors  in 
the  struggle  for  existence,  it  must  be  remembered  that, 
as  a  rule,  the  relations  of  organisms  to  one  another  are 
highly  complex  ;  .so  that  any  change  in  the  environment 
of  one  species  is  apt  to  effect  a  host  of  others.  Thus, 
according  to  Lintner,  the  English  sparrow  protects  the 
tus.sock  moth  {(Jn/i/in  linfOKtif/niii)  by  driving  away  its 
enemies,  the  rohbiu,  oriole,  and  cuckoo,  theoidy  birdsthat 
can  feed  uoori  the  hairy  caterpillars,  and  thus  the  spar- 


row indirectly  injures  the  elms  and  other  trees  ("  Agric. 
Rept.,"  18S(i).  The  chissical  example  of  this  is  Darw-in's 
one  of  the  relations  of  cats  to  the  crop  of  clover  seed. 
lie  says:  "I  have  also  foinid  that  the  visits  of  bees  are 
neces-sary  for  the  fertilization  of  some  kinds  of  clover:  for 
instance,  twenty  heads  of  Dutch  clover  (Trijhlitim  lepeim) 
yielded  2.290  seeds,  but  twenty  other  heads  protected 
from  bees  produced  not  one.  Ifumble  bc'cs  alone  visit 
red  clover,  as  other  bees  canmit  reac  b  the  mctar.  Hence 
we  may  infer  as  highly  probable  that,  if  the  whole  genus 
of  humble  bees  became  extinct  or  very  rare  in  England, 
the  heartsease  and  red  clover  would  become  very  rare,  or 
wholly  disappear.  The  number  of  humble  bees  in  any 
district  depends  in  a  great  degree  on  the  number  of  tield 
mice,  wliieli  ilestroy  their  combs  and  nests;  and  Colonel 
Newman,  who  has  long  attended  to  the  habits  of  humble 
bees,  believes  that  '  more  than  two  thirds  of  them  are  tints 
destroyed  all  over  England.'  Now  the  number  of  mice 
is  largely  dependent,  as  evciy  one  knows,  on  the  number 
of  cats;  and  (Colonel  Newman  says:  'Near  villages  and 
small  towns  I  have  found  the  nests  of  humble  bees  more 
numerous  than  elsewhere,  which  I  attribute  to  the  num- 
ber of  cats  that  destroy  the  mice.'  Hence  it  is  <iuite 
credible  that  the  jiresence  of  a  feline  animal  in  large 
numbers  in  a  distinct  might  determine,  through  the  inter- 
vention lirst  of  mice  and  then  of  bees,  the  frequency  of 
certain  llowers  in  that  district." 

Wallace  (juotes  an  example  from  Sir  Charles  Lyell. 
He  says:  "  If.  by  the  attacks  of  seals  or  other  marine  foes, 
.salmon  are  reduced  in  number,  the  conse(iuence  will  be 
that  otters  living  far  inland  will  be  deprived  of  food  and 
will  then  destroy  many  young  birds  or  (luadrupeds.  so 
that  the  increase  of  a  marine  animal  may  cause  the  de- 
struction of  many  land  animals  hundreds  of  nnles  away." 
Another  example  of  complexity  of  relations  between  or- 
ganisms is  given  by  Darwin:  "In  Staffordshire,  on  the 
estate  of  a  relation  where  I  had  ample  means  of  investi- 
gation, there  was  a  large  and  extremely  barren  heath 
which  had  never  been  touched  by  the  hand  of  man :  but 
several  hundred  acres  of  exactly  the  sjime  nature  had 
been  enclosed  twenty-five  years  previously  and  planted 
with  Scotch  fir.  The  change  in  the  native  vegetation  of 
the  planted  part  of  the  heath  was  most  remarkable,  more 
than  is  generally  seen  in  pas.sing  from  one  quite  dilTerent 
soil  to  another:  not  only  the  proportional  numbers  of  the 
heath  plants  were  wholly  changed,  but  twelve  species  of 
plants  (not  counting  grasses  and  carices)  flourished  in  the 
plantations  which  could  not  be  found  on  the  heath.  The 
effect  on  the  in.sects  must  have  been  .still  greater,  for  six 
insectivorous  birds  were  very  common  in  the  plantations 
wddch  were  not  to  be  seen  on  the  heath;  and  the  heath 
was  frequented  by  two  or  three  distinct  insectivorcnis 
birds.  Here  we  see  how  potent  has  been  the  effect  of  the 
introduction  of  a  single  tree,  nothing  whatever  else  hav- 
ing been  done,  with  th«  excejition  of  the  land  having 
been  enclosed,  so  that  cattle  could  not  enter." 

These  examples  are  enough  to  show  how  very  complex 
are  the  relations  of  organisms  to  one  another.  We  see 
how  a  change  in  the  environment  of  the  sidnion  produces 
a  change  in  the  environment  of  land  animals  far  away, 
and  how  the  introduction  of  a  single  tree  and  the  exclu- 
sion of  ciittle  ])rofoundly  alfect  a  host  of  other  organisms. 
This  gives  some  idea  of  the  complexity  of  the  i>henomena 
to  be  considered  in  a  discus.sion  of  the  origin  of  sjiecies. 

Nnt>iriil  Sekflion. — The  facts  of  variation,  iidieritauce, 
and  the  struggle  for  existence  lead,  as  Darw  in  and  Wal- 
lace |iointed  out.  to  the  "  priori  a.ssuniiitiou  of  the  tlii'ory 
of  natural  seleition.  If  individuals  differ  in  their  charac- 
teristics, and  if  there  is  a  struggle  for  existence  in  which 
many  perish,  then  there  may  be  a  correlation  between  the 
death  rate  and  certain  structural  or  physiological  pecul- 
iarities, that  is,  we  shall  have  a  survival  of  the  fittest,  or 
better,  an  elimination  of  the  lea.st  fit.  But  in  order  that 
new  species  may  result,  not  only  must  the  favorable  pe- 
culiarities of  the  survivors  lie  transmitted  to  future  gen- 
emtions  by  inheritance,  but  other  conditions  must  l)fc  ful- 
filled which  we  will  now  consider. 

In  the  first  iilace.  as  indicated  in  the  preceding  para- 
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fcmpli.  it  by  no  nifaoa  followH  that  then'  U  itiiy  nfn*HHarv 

rc'luliiiii  lifiwciii  ilcstniclion  luid  imy  slnicliinil  or  jiIivki 
oli>i;i('al  |M'i'iilliirity  A  llootl.  a  lorniulo.  ii  fnriHi  llri' 
limy  destroy  ull  in  its  piitli.     In  nucIi  u  cuhv  tlir  (leiilruc' 


Mu^niiiKlfs. 

Fir..  UMT.— Fortultnu"  rH-stnictlim  of  SdMn  l.fllO,  Normal  Cuircs.    /, 
Blrtli  ounc;  //,  sunlval  curve. 

tioti  is  purely  fortuitous,  or  non-selective.  On  the  other 
hand,  if  ii  nuiiiber  of  persons  are  exposed  to  an  infec- 
tion, say  typhoid,  to  which  they  iiresent  different  degrees 
of  susceptibility,  then  tliosc  wliieh  i>ossess  those  physio- 
logical characteristics  llial  jrivc  susce|)tibility  to  the  dis- 
ea.se  in  I  he  irreatest  deirrce  will  be  lho.se  that  die.  and  we 
shall  have  then  a  whttire  il/iil/i  rnti'.  It  may  be  noted  in 
passing  that  a  death  rate  which  is  selective  in  retrard  to 
one  character  may  be  fortuitous  in  respect  to  another, 
unless  the  variations  of  the  two  clmnictere  are  correlated. 
Let  us  consider  now  what  tlie  etTect  of  tlie.se  two  kinds 
of  destruction  would  be  upon  the  curve  of  variation. 
Where  there  is  uo  destruction,  and  all  that  are  born  sur- 
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Pio.  1948.-SelectlTe  Tleatli  Rale  of  .^m  in  1,000  wtien  the  Birth  and 
Survival  Means  Coincide,  Normal  Curves.  I,  Birth  cune ;  II.  sur- 
vival inirve. 

vivc.  we  may  call  the  curve  the  hirtfi  cui-ri;  and  its  mean 
the  hirl/i  mcni).  While  the  curve  Obtained  after  destruc- 
tion had  taken  iilace  would  be  the  siirriral  eiirri\  and  its 
mean,  the  surriml  menu.     Now  the  effect  of  purely  for- 


tiiituiiH  di«tnielioii  wouUl  lie  to  f(lve  u  Kurvtvul  curve 
that  would  be  cxaclly  like  the  birth  <'urve  except  that  it 
Would  III' llaller,  anil  the  birlh  ineaii  and  the  Hiirvivul 
mean  wnulil  cuincide.  Such  a  casi'  is  ilbihtmled  by  Ki)f. 
11(47,  where  the  upper  line  (/)  may  be  taken  to  rcprewnt 
the  birth  curve  of  say  a  tliuusanii  iinlividualR  ill  a  certain 
locality,  and  the  lower  line  {  //  i  Hinild  be  the  curve  after 
n  fortuitous  destruction  of  half  the  iiiimbcr.  (If  percen- 
tjiges  were  iisiil  instead  of  iilisoliile  iiiimberH,  the  curves 
would  be  exactly  alike.) 

'I'lieeireci  of  a  sileeliveilealh  rale  Upon  the  birth  curve 
would  depend  upon  whelher  the  cause  of  death  is  a  con- 
sttiiil  biclor  of  llie  environnieni  or  a  new  one.  If  it  be  a 
conslaiit  factor,  it  is  probalile  that  the  species  has  become 
adjusted  111  it.  In  tliisca.se  the  most  favoruble  variation 
of  any  chanieier  alTeeted  by  this  condition  will  be  rcpre- 
genteil  by  i<ie  mode,  and  probably  llie  mean,  of  the  birth 
curve.  Elimiiialion  will  cause  a  deciea.se  of  variability, 
so  lliat  the  survival  curve  will  be  sleeper  on  the  sidr-8 
than  the  birlh  curve  (Kiif.  l!i|H).  Hut  ihe  position  of  the 
mean  will  not  be  chaiifreil.  and  tiieie  will  be  no  evolution. 
On  the  lonlniry.  the  cITed  of  nuliira!  selection  here  will 
be,  if  anything,  to  make  the  species  more  stable. 

It  is  only  when  the  species  as  a  whole  is  not  adjusted 


Magnitudes. 

Fio.  1949.— Selective  Death  Rate  of  .WO  In  1,000  where  the  Birth  and 
Survival  Mean  do  not  Coincide.  /,  Birth  curve,  normal :  II,  sur- 
vival curve,  purely  imaelnary. 

to  the  cause  of  death  that  we  may  expect  natural  .eclcc- 
tion  to  produce  evolution.  Then  llie  birlh  mean  will  not 
coincide  with  the  most  favorable  variution.  and  the  effect 
of  elimination  will  be  to  decrease  the  variability  to  a 
greater  extent  upon  the  less  favorable  side  than  on  the 
other  and  thus  to  shift  the  mean,  as  in  Fig.  1949.  This 
is  a  purely  imaginary  example,  where  the  most  favor- 
able value  of  the  character  measured  is  suiiposed  to  he  9. 
It  will  be  noticed  that  the  elTect  of  elimination  here  has 
been  to  shift  the  mean  from  7  to  7..'*S,  that  is  toward  9, 
and  the  variability  is  decreased  as  shown  by  the  smaller 
value  of  the  .standard  deviation,  o^.  which  is  l.-IO  in- 
stead of  2.  The  survival  curve  is  also  skew,  while  the 
birth  curve  is  supposed  to  have  been  symmetrical. 

So  far  we  have  dealt  with  the  effect'  of  selection  upon 
the  first  generation  only.  Of  course,  fortuitous  destruc- 
tion will  have  no  effect  upon  the  type  or  variability  of 
the  next  generation,  for  the  type  and  variability  of  the 
parents  have  remained  unchanged  .V  selective  death 
rate  symmetrical  on  both  sides  of  the  birth  mean  will  not 
affect" the  type  and  will  have  but  a  .slight  effect  upon  the 
variability,  for  Pearson  has  shown  that  selection  for  an 
indetinite  number  of  generations  cannot  reduce  the  vari- 
ability more  than  eleven  per  cent.  But  where  the  most 
favorable  value  of  a  character  does  not  coincide  with  the 
birlh  mean,  then  there  will  be  a  change  of  type,  the  ra- 
pidity of  change  depending  upon  the  severity  of  the  se- 
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lection  From  tlie  linv  of  ancestral  heredity  Pearson  1ms 
calrulalotl  tlic  prolmlile  cITccl  of  iir-rfeetly  rijrorims  artili- 
cial  sclcclion.  His  itsuIis  arc  ;;ivcii  in  a  tnbli'.  from 
wliicli  it  is  ]i(issililc  to  caliiilalc  the  curves  <if  six  suiirs- 
sive  iriucralidiis  wluic  the  parcnls  selected  liave  a  irivcii 
deviuliiiii  frimi  tlic  nriirinal  mean  of  tlie  iiii|iiilalinn. 
Fi.ir.  l!l.")0  illustrates  sticli  a  case,  where  the  mean  of  the 
pojuilaticin  is  re]>resenteil  liy  ^f  =  0.  the  stamlanl  ilevia- 
iton  is  0  =  1.  anil  the  (lariMiis  for  each  ireneration  are  sup- 
posi>il  to  have  the  stlcctcd  character  of  the  value  //  =  + 
2,  or  twice  the  standard  devialion.  Then  Ihc  avcrase 
deviation  of  ihe  first,  second,  thinl.  etc.,  jrenenitions  of 
olTsprinjr  from  Ihc  original  mean  of  the  i>o])idation  will 
be  i-epresented  by  the  distance  from  M  to  the  ordinates 
hi.  //,.  /(,.  <'le.  Il  will  be  seen  that  the  regression  becomes 
less  in  each  g<'ncration  until,  in  the  sixtli,  //«  almost  coin- 
cides with  //.  In  other  words,  if  it  were  possible  to 
make  this  rigorous  seh'Ction.  wi-  might  e.\pect  at  the-  end 
of  the  sixth  generation  t"  obtain  a  new  race  that  would 
bived  true  about  a  mean  ditTeiing  very  little  from  the  se- 
lected value. 

Tuining  now  from  a  priori  considerations  to  observed 
facts,  what  evidence  is  there  that  natural  selection  has 
actually  been  a  factor  in  evolution? 

First,  there  is  the  observed  fact  of  a  selective  death 
rate.  To  Siiy  that  where  the  death  rate  deiiends  upon 
individual  peculiarities  the  fittest  will  survive  in  the 
struggle  for  existence,  is  a  truism,  for  our  only  means  of 
judging  of  fitness  is  the  ability  to  survive,  Wliih'  a 
great  deal  has  lieen  written  upon  the  subject,  exact  ob- 
servations have  only  just  begun  to  be  made.  It  is  not 
often  easy  to  tiiui  a  correlation  between  structure  and  the 
death  rate.     Only  two  instances  are  on  record. 

From  meastirements  made  by  Thompson  and  himself 
in  successive  y<'ars,  Profes.sor  Weldon  came  to  the  conclu- 
sion that  in  the  crabs,  Cnrcirinn  iiiipiiiik,  in  Plymouth  Har- 
bor, England,  the  frontal  breadth  of  the  carapace  was  be- 
coming narrower  from  year  to  year.  Seeking  a  cause  for 
this  he  foinid  it  to  be  probably  the  increase  of  sediment  in 
the  harbor,  due  to  the  building  of  a  breakwater,  which  hin- 
ders th('  flow  of  the  tides  To  test  this  theory,  he  ]ilaeed  a 
number  of  crabs  in  aquaria  with  a  considerable  quantity 
of  china  chiy.  like  the  silt  in  the  harbor,  suspended  in  the 
water,  A  number  of  crabs  died,  and  at  the  end  of  the 
experiment  the  dead  crabs  were  separated  from  the  liv- 
ing, and  all  were  measured.  It  was  found  that  the  sur- 
vivors had  distinctly  less  frontal  breadth  than  the  dead 
crabs. 

If  this  selective  destruction  is  continually  going  on  in 
the  harbor,  then  the  crabs  protected  from  the  action  of 
the  silt  during  a  portion  of  their  lives  should  show  a 
greater  average  frontal  lueadth  than  the  wild  crabs  of 
the  siime  age.  A  nundier  of  crabs  were  kept  in  aiiuaiia 
with  clean  sea- water  until  they  moulted.  When  the  shell 
was  hard  they  were  killed  and  compared  wiili  wild  crabs 
of  the  sjime  age.  It  was  found,  as  expected,  that  the 
frontal  bieadth  of  the  protected  crabs  was  greater. 

The  great  storm  of  February,  1898,  enabled  Bumpus 
to  study  a  similar  case  among  tlie  house  sparrows  {Piiiaer 
domcstirmi).  During  the  storm  in  Providence  136  birds 
were  picked  up  in  a  helpless  condition.  When  brought 
into  tlic  laboratory  T2  of  these  revived  and  ti4  died.  A 
number  of  measurements  were  made  upon  each  bird  of 
the  two  lots,  and  it  was  found  that  the  mean  of  surviv- 
in.g  liirds  differed  pereei)libly  in  many  dimensions  from 
the  correspf)nding  mean  of  the  dead  ones.  Moreover,  the 
dead  birds  showed  a  greater  average  deviation  from  the 
mean  than  the  stirviving  ones. 

In  these  cases  single  cliaracters  were  studied  in  relation 
to  the  death  rate.  It  would  be  more  to  the  iioint  if  we 
could  correlate  thesinn  of  the  piculiarilies  of  the  individ 
ual  as  a  wleile  with  his  chances  of  death,  for  natural  selec- 
tion acts  ujion  wholi-  individuals,  not  upon  single  diame- 
ters, Pearson  has  demonstrated  a  very  ingenious  method 
of  doing  this  for  man.  If  there  were  no  nalund  selection, 
the  whole  death  rate  w<iuld  be  non-selective,  I'orluitous: 
on  Iheotherhand,  natural  selection  would  reach  its  inaxi- 
mnin  elliciencj'  when  the  death  rate  becomes  wholly  se- 


lective. In  nature  the  death  rate  would  be  usually  partly 
selective  anil  partly  noii  s<'l<'etive,  and  the  problem  is  to 
determine  what  proporlioii  of  the  total  death  rate  is  se- 
lective. In  Pearson's  metliod  "no  atleinpt  is  made  to 
select  any  particular  organ,  but  we  take  pairs  of  Individ- 
uals having  some  general  n-semblance  in  their  whole 
complex  of  organs  and  characters,  and  correlate  their  tit- 
ness  for  surviving  under  practically  the  same  conditions 
of  life.  Now  pairs  of  relatives  or  members  of  the  same 
family  are  precisely  such  Individuals.  If  there  were  no 
.selective death  rate  there  would  be  noeorrelatlon  between 
the  ages  at  death  of,  sjiy,  brothers.  On  the  other  liand, 
if  there  were  no  non-selective  death  rate  we  might  rea- 
sonably suppose  duration  of  life  woidd  be  determined  by 
the  law  of  ancestral  heredity,"  and  we  should  expect  the 
correlation  between  the  durations  of  life  of  pairs  of 
brothers  to  he  the  sjime  as  that  observed  in  the  case  of 
stature  and  other  characters. 

From  a  study  of  one  thousjind  pairs  of  brothers  record- 
ed in  the  peerage  Pearson  found  that  of  the  total  death 
rate  eighty  per  cent,  was  selective.  C"oniparing  fathers 
and  sons,  the  result  was  sixty-five  per  cent.  Natural  se- 
lection, then,  is  by  no  means  inoperative  at  the  present 
time  in  the  human  species. 

The  second  line  of  evidence  is  one  iiiat  especially  meets 
the  objections  of  the  advocates  of  the  theory  of  "siiecial 
creation.  This  is  that  it  Is  impossible  to  find  thidughout 
the  whole  range  of  the  animal  and  vegetable  kingdoms  a 
single  structure  or  function  developed  in  one  species  for 
the  exclusive  benefit  of  another, 

Darwin  regarded  this  point  as  of  so  great  importance 
that  he  olTered  to  give  up  his  whole  theory  if  it  could  be 
proved  in  a  single  case  that  a  structure  or  instinct  is  de- 
veloped in  one  species  for  the  exclusive  benefit  of  anoth- 
er. To  be  sure,  there  are  innumerable  cases  in  which  the 
characters  of  one  species  arc  of  use  to  another;  but  this 
value  to  the  other  species  is  ])urely  secondary.  For  ex- 
ainjile,  the  nectar  of  tlowers  forms  the  daily  food  of  bees, 
but  this  nectar  is  primarily  of  use  to  the  plant  in  seeming 
the  visits  of  the  bees,  and  thus  providing  a  means  for 
the  transportation  of  the  pollen  and  cross  fertilization. 
As  the  result  of  thoughtful  search  Romanes  was  able  to 
discover  only  two  cases  that  appear  to  be  exceptions  to 
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Fig,  1950,— The  effcot  of  n  rtt'onms  artllloial  selection  (luring  sfx  Ken- 
orations,  wliere  tlif  sele<*te<l  parents  of  eaoli  cenenulon  deviate  from 
tlie  mean  iM)  of  the  orl|.'inal  slock  !)>'  twice  its  sUiiKlaril  deviation 
nil.  The  liroken  lines  /i,  /ij  /ij  .  .  .  ;i,  repi-rsent  Ilie  |>osiiion  of 
ilie  means  of  the  ttrsl.  second.  .  .  .  and  sixth  ircncrnllon  of  ofTsprimr. 
When  M  =  n  and  H  =  2,  /i,  =  l.i,  )i,  =  1.6,  l/j  =  l.si.  )j,  =  1,!I0,  hj, 
=  1,'.U,  II,  =  1,H7.  The  curves  of  freiiueiic.v  are  dnnvii  for  only  ^f. 
h,  and  lu.  and  their  standard  deviations  are  a  =  1,(1(11X1.  »,  =  0.9055, 
(T,  =  li.8m4.    (Data  from  Pearson.) 

this  rule.  It  is  well  known  that  the  aphides  (green  plant 
lice)  secrete  a  sweet  juice  that  is  much  sought  after  by 
ants.  So  far  as  we  know,  this  secretion  is  of  no  value  to 
the  aphid.     But  it  has  not  yet  been  investigated  sufli- 
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rii-iitly  to  hIiiiw  Ihiit  it  is  of  im  iis<v  II  niiiv  Ih-  ii  iiiciiiih 
nf  rciiinviiic  wiistr  iiriniiU'ls  iif  iiirtiilM>lisiii  Miirciivcr. 
it  sii'ins  III  In-  nillirr  iimn'  of  ii  luxury  lliaii  ji  iiiTi^sily 
fur  ilir  mils.  'I'lii'  iilliiT  I-IIS4-  iH  Ktill  iiiori-  rciiiitrliiiiili' 
Ii  is  III!'  prixluclioii  nf  L'lills  ii|Hiii  |iliiiils  I1.S  III!'  ri'Huil  of 
llic  ;;r<>\vlli  of  itii  iliscil  liirvii  wiliiili  llir  lissiics  of  tlir 
|>liiiil.  Tile  irall  forms  It  iicrfcrl  lioiiii'  for  llii'  iiirvii.  aiiil 
ililTirs  in  cliuriu'liT.  iiol  only  in  ililTirint  |iliiiits,  liiil  ii 
ililTci-s  iilso  iiccoiilintr  US  il  is  iiroiliiccil  by  our  s|icciis  of 
ins<il  or  li\  aiioiliir.  nuii  spnirs  of  iiisi'cl  liiiviiii;  its 
own  prciiliiir  form  of  ^'iill.  All  >;niili's  nrr  foiunl.  from 
siinplr  cysls.  Iiiinily  worlliy  to  lie  nillcil  pills.  In  si  rue- 
tiirrs  wiiicli  ail'  cxlrcnicly  claliomlf.  Ilorc  uc  liavc  a 
Klnirlmi' ilfvclopcil  liy  11  plant  apparently  for  tlic  Ix-Hctit 
of  an  insi'cl.  Itiit.  as  pointcil  oiii  liy  Uonialii'S.  tin-  pill 
arises  as  a  rractioii  on  the  part  of  the  plant  lo  a  poison 
prodiieeil  liy  Ihe  inseel.  anil  itslirsi  appearance  was  prob 
ably  line  to  ottr  of  those  iieeiilental  elTeets  of  all  injiirioii-. 
snlislaiiee  upon  an  orpuiism.  surh  as  llerbsl  clis<iivereil 
when  he  tri^ateil  sea  iirehiii  larvie  with  potassium  anil 
lilhiiini  sails,  'riie  gall  (orniins  proiierty.  beinjr  of  use 
to  the  insect,  would  be  preserved  and  inodilied  by  natii- 
nd  selection  aelinirdireclly  upon  the  insect,  and  llie  jilant 
would  be  alTecled  indireelly. 

The  third  line  of  evidence  is  that  which  lirst  allriicted 
Darwin's  alleiilion  lothe  principle  of  selection.  Darwin 
found  lliiit  in  Ihe  production  of  domestic  varieties  of  ani- 
mals mid  plants  arlilicial  selection  is  the  keynote  to  suc- 
cess. .Ml  of  our  domestic  produclions  are  descendants 
from  wihl  species,  but  in  many  ca-ses  eitlier  the  wild  pa- 
rent species  has  been  e.xterniinated,  or  else  llie  domesti- 
oiled  descendants  have  been  so  .creally  modilied  thai  it  is 
impossible  to  recognize  the  ancestral  form.  The  ditTer- 
enees  between  arliticial  varieties  and  between  them  mid 
Ihe  orii:inal  form,  when  known,  are  often  as  irreai  as  the 
dilTerenees  bet  ween  species,  or  even  belweeli  j^eneni.  of 
animals  ami  plants  in  the  natural  stale.  Compare  a  deer 
lioiind  with  a  Kin.ir  Charles  spaniel,  a  Cochin  C'liina  witli 
n  game  cock,  a  pouter  |)i!.'eou.  a  fan-tail,  and  the  wild 
rock  dove,  from  which  Darwin  showed  the  piseons  to  be 
descended.  Homanes  calls  special  attention  to  the  well- 
marked  vaiieties  of  canary  birds,  and  reirards  this  as  a 
case  of  unusual  interest  because  of  the  shortness  of  lime 
during'  which  Ihe  I'volution  has  laUiii  place,  the  lirst 
mention  of  these  birds  that  he  could  lind  being  by  Gesaii 
in  till' sixteenth  century.  Among  most  of  our  domestic 
animals  man  has  been  selecting  more  or  less  unconsciously 
the  individuals  which  best  served  his  needs  or  answered 
to  Ills  ideal  of  beauty:  and  this  has  been  going  on  since 
l>reliistoric  times.  In  later  years  selection  has  been  prac- 
tised with  great  care  and  with  reference  to  more  exact 
ideals,  and  the  progress  made  is  truly  wonderful. 

Darwin  regardeil  evolution  as  an  extremely  slow  proc- 
ess, and  this  idea  prevailed  for  a  long  time,  but  recently 
several  cases  of  very  marked  change  in  domestic  forms 
have  come  to  light  where  the  change  has  lieen  conii)ara- 
lively  rapid.  Tlie  American  trotting  horse  is  a  case  in 
point.  An  ordinary  horse  runs  when  he  wants  to  move 
rapidly,  but  the  trotting  horse  prefers  Ihe  trot,  and  will 
keep  lo  that  ,i.'ail  until  he  attains  a  s)ieed  far  beyond  that 
at  which  other  liorsis  would  be  forced  lo  break  into  a 
galloi>.  The  lowest  limit  of  what  is  regarded  as  racin.sr 
speed  in  a  trotting  horse  is  a  mile  in  two  niinules  and 
thirty  seconds.  The  first  horse  to  make  a  mile  within 
2:!iO  was  Ijidy  Suffolk,  a  great-,eninddaii."rliter  (by  three 
crosses)  of  Messenger,  a  thorouglibred  race  horse  import 
ed  from  England  in  1T8S,  and  famous  as  the  ancestor  of 
almost  all  Amencan  trotting  horses.  Lady  Suffolk  was 
foaled  in  is:i3  and  made  Iiit  record  in  184.").  From  that 
time  I  he  speed  of  the  fastest  trotter  lias  steadily  increased, ' 
until  Cresceiis.  foaled  in  1894.  made  the  remarkable  record 
of  O.Oil  in  1001,  beating  the  record  made  by  The  Abbot 
the  previous  year.  But  the  improvement  of  the  trotting 
liorse  is  seen  best  wlien  we  compare  the  number  of  fast 
trotters  at  a  recent  date  with  the  number  several  years 
before.  In  18!)2  there  were  11H  honses  ivilh  records  of 
•S:!."!  or  better,  at  the  end  of  189T  there  were  .W.^  liorses 
with  such  reconls.  and  during  189"  109  horses  entered 


this  cliiKs,  only  7  less  than  Ihe  tola!  nuMilM?r  in  l(i02,  tuid 
many  of  these  had  no  previous  recoril. 

Now  is  this  improvement  due  to  the  seleclion  of  for- 
liiiloiis  congenital  variations,  or  (o  some  otlier  cause? 
If  raccK  are  changed  by  the  iiiheritance  of  iici|iiired  chur- 
aclers.  this  process  should  be  expected  lo  be  eHlcienl  in 
Ihe  ciiseof  the  Irolting  liorm'.  This  ipieslion  will  Ik-  (IIk- 
cus.m'd  later  when  we  consider  tlie  iiiherilance  of  iicfjuired 
characters  as  a  factor  of  evoliilion.  liiil  it  may  be  said 
now  llial.  of  Ihe  sixleen  champion  trotters  from  Lady 
Suffolk  to  C'resceus.  Cresceus  is  the  only  one  having  u 
.sire  with  a  record  below  '2  30,  and  Tlie  Abbot  is  tlie 
only  one  that  has  a  dam  with  any  record  at  all,  and 
it  seems  probable  that  a  careful  study  of  the  pedi- 
grees of  trolling  horses  will  fail  lo  show  that  homcK 
which  have  been  trained  have  any  greater  power  of 
liiinsmilling  trotting  speed  than  horses  which  have  not 
been  trained.  It  is  probable  that  such  a  study  will  show 
that  that  I'ombiiialion  of  instinct  and  structure  w  hiih 
enables  a  horse  lo  trot  at  a  high  speed  has  arisen  as  a  for- 
tuitous varialion  in  a  few  individuals,  and  that  fortunate 
selection  and  crossing  of  their  descendants  during  eight 
or  ten  generations  at  most  has  jiroduced  the  remarkable 
result  that  we  sec  to-day.  Tliis  is  the  more  jtiobable 
sime  Gallon  has  shown  that  variations  in  speed  follow 
the  normal  curve.  Take  the  pediu'ii-e  of  .Mix.  for  exam- 
ple. Both  parents  of  this  chanipion  trotter  were  totally 
untniined.  Her  iialernal  grandsire  has  a  record  of  2 ;  21}. 
the  others  have  no  record.  Of  her  grandparents  only  one 
has  a  record  (2:21i),  and  of  her  great-gramlparcnts  again 
only  one  has  a  record  (2:42),  On  the  other  hand,  her 
di'scenl  is  traced  by  more  than  foiirleen  converging  lines 
from  >les.seiiger,  tlie  ancestor  of  Lady  Suffolk,  She  is 
descended  by  four  lines  from  imiiorled  Bellfounder,  the 
son  of  a  Norfolk  trotter,  and  by  four  lines  from  Ama- 
zonia, a  "natural  Irolter."  Moreover,  she  counts  among 
her  ancestors  the  sires  of  three  clianii>ion  trotters:  Dex- 
ter. 2:17i:  Goldsmith  Maid.  2:14.  and  Maud  S.,  2:08}, 
and  if  each  ancestor  be  regarded  as  a  separate  individual 
at  each  place  in  which  he  occurs  in  her  pedigree,  it 
will  be  found  that  she  is  descended  from  seven  sires  of 
champions,  three  on  the  paternal  side,  and  four  on  the 
maternal  side. 

But  if  th<'  inheritance  of  acquired  diameters  may  be  a 
factor  in  the  development  of  the  trotting  horse,  tliere  are 
other  cases  of  rapid  improvement  in  which  it  cannot  have 
entered.  One  of  these,  the  cultivated  cyclamen  {Cj/cUi- 
men  httifoUiim  Sibth.).  is  one  of  the  spring  wild  flowers 
in  Greece  and  Syria.  It  has  pink  flowers  with  a  rin.ir  of 
darker  color  at  the  throat  (\V.  T.  T.  Dyer,  yat'tre.  May 
20th.  189T.  vol.  hi.,  jiji.  G.VliS).  The  species  is  said  to 
have  been  first  cultivated  in  ICuroiie  at  Lille  in  1731.  It 
was  probably  obtained  from  Syria.  "The  Lille  plant 
ultimately  went  to  Ghent,  and  it  has  been  asserted  that 
all  the  cultivated  forms  in  existence  are  descendants 
from  this  one  individual.''  A  variety  with  white  flowers 
— "pure  wliite  with  a  bright  purple  button" — was  de- 
scribed in  17(18.  The  modern  (leveloiiment  of  the  plant 
began  in  18G0.  and  started  with  one  of  the  principal 
growers  (Messrs.  Sutton)  with  the  old  "crimson  and 
white." 

The  changes  have  been  brought  about  entirely  without 
resort  to  hybridization.  But  startin.i:  with  the  slightest 
deviation,  even  so  small  as  the  slightest  difference  in  a 
cotyledon  of  a  germinating  seed,  by  careful  self  fertiliza- 
tion and  selection  thi-  present  varieties  have  been  pro- 
duced. The  changes  produced  have  been  in  the  size  of 
the  flower,  its  fragrance,  color,  and  form  of  corolla.  The 
original  form  has  narrow,  twisted,  reflexed  petals  about 
an  inch  long.  The  cultivated  varieties  have  broader,  less 
twisted  petals,  and  in  one  variety  they  have  reached  a 
length  of  three  inches.  This  was  accomplished  by  con- 
tinuous in-breeding  and  selection.  The  old  crimson  and 
white  had  a  crimson  ring  at  Ihe  throat,  but  was  otherwise 
an  albino.  From  this,  forms  have  been  produced  varying 
from  pure  white,  <m  the  one  hand,  to  a  uniform  deep 
crimson,  on  the  other.  "The  modern  colore<I  forms  were 
obtjiined  in  the  first  instance  by  selecting  forms  in  which 
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tlic  colored  rinj;  sliowcd  a  liispositioii  to  s]ir<inl  into  llir 
white  eorolla  sejr">eiits.  The  lirst  indication  wotdd  be  a 
soaieely  |i<Tee|>liliii'  strealt.  Uy  selection  from  selffer- 
tili/.i'd  "plants  llie  streak  was  widened  into  a  stripe.  Con- 
(iiiiiin,!;  the  process,  the  stripes  united,  and  a  iiniforndy 
coloreil  tlower  wasolitaini'd,"  The  colored  varieties  when 
self  fertilized  come  line  fnnn  seed. 

One  of  t lie  most  reinarkalile  modifications  iu  the  form 
of  the  corolla  is  the  spreading;  of  tlie  se-rments.  Cycla- 
men helonirsto  theonler  l'riiiiiiliie)(F,iiui.l  is  distinguished 
from  the  rest  of  the  trilic  /.i/aiiiuirhif.  to  which  it  lielongs, 
by  the  rellexed  segments  of  the  corolla.  In  the  variety 
with  a  spreading  corolla,  then,  we  see  a  modification  of  a 
dianicler  which  not  only  distinguishes  the  species  but 
also  the  genus. 

Donliling  lias  occurred  in  one  variety.  Ordinarily 
doidiling  is  due  l>  a  Immientic  variation  of  the  stamens 
by  wlii(-li  they  liecomc  petal  like.  In  this  ca.se.  on  the 
other  hand,  tlie  stamens  retain  their  proper  structure,  and 
both  they  and  the  segments  of  the  corolla  become  in- 
creased in  niinilier. 

The  butterlly  form  is  a  ease  of  parallel  variation,  it 
having  bein  obtained  independently  by  several  horticul- 
turists. In  this  variety  the  [letals  are  partly  spreading 
and  arched,  and  are  toollnil  and  curled  at  the  edges.  It 
is  interesting  to  luite  that  iu  one  ca.se  at  least  there  is  a 
correlation  lietween  the  corolla  and  the  leaves,  for  they 
also  are  toothed.  This  variety  arose  as  a  well-marked 
sport  which  was  improved  by  selection. 

Another  example  of  the  rapid  elTeet  of  selection  is  the 
tomato.  The  different  varieties  of  the  edible  tomato  (/..;/■ 
cojM'r/iirii III  exriilfiiliiiii)  dilTer  as  much,  if  not  more,  than 
do  the  other  species  of  the  genus  (Bailey,  "Survival  of 
the  rnlike."  pp,  1I'3-12.')),  Colonel  Waring,  who  intro- 
duceil  the  Trophy  tomato  in  1872.  gives  the  hi.story  of 
this  variety,  from  which  the  best  modern  tomatoes  liave 
been  produced.  The  Tro|iliy  tomato  was  the  .residt  of 
cro.ssing  and  selection  begun  by  Dr.  Hand,  of  Baltimore 
County,  .Md,,  in  1S,50,  He  begun  by  crossing  the  smooth 
"Love  Apple,"  which  was  filled  with  juice  and  seeds, 
with  the  common  convoluted  red  tomato  of  that  period, 
which  was  so  rough  as  to  be  unfit  for  use.  It  consisted 
practically  of  four  or  five  sejiarate  fruits  packed  together 
in  one,  with  the  skin  running  far  into  the  convolutions. 
After  several  years  by  continued  inbreeding  and  selec- 
tion he  succeedeil  in  jiroducing  a  form  which  combined 
with  the  smooth  skin  of  the  Love  Apple  the  solid  fleshy 
mass  of  the  con\po\uid  red.  This  accomplished,  he  con- 
tinued to  select  a  very  few  specimens  of  the  best  and  best 
flavored  of  thi'  earliest  fruit  for  the  next  year's  seed,  and 
thus  increased  the  size  and  solidity  of  tlie  fruit,  until  in 
1M70  he  had  |iro(lu<'ed  a  variety  which  was  a  mass  of  flesh 
interspersed  with  ten  or  more  small  seed  cells,  and  which 
•was  the  earliest,  largest,  smoothest,  the  most  fleshy,  and 
mtich  the  best  flavored  of  all  the  kinds  then  grown. 
Moreover,  the  continued  selection  had  resulted  in  a 
marked  fixity  of  type,  which  was  very  different  from  the 
two-  or  three  eel  led  original  form. 

Till-  growth  of  sea  island  cotton,  on  the  islands  off  the 
coast  of  South  Carolina  and  Georgia,  was  made  possible 
only  by  the  process  of  selection.  When  first  introduced 
from  tile  West  Indies,  the  plants  were  not  adapted  to  the 
climate,  and  seldom  lunduced  fruit.  But  by  rigorous  se- 
lection a  race  was  produced  which  was  well  adapte<l  to 
the  climate,  and  the  (|uality  of  the  fibre  was  im|irove(l 
tinlil  now  it  is  the  best  grown  in  any  part  of  the  world. 
That  the  improvement  in  thi'  fibre  is  due  to  scUction  and 
not  to  conditions  of  growth  is  shown  by  the  fact  that 
when  selection  is  relaxed  the  fibre  deteriorates  (Webber, 
"Year  Book  Dept.  Agric."  IHHS,  p.  358). 

Many  moreexamples  might  be  cited  to  show  how  great 
the  changes  are  that  have  been  proiluced  by  artificial 
selection.  .Many  domestic  races  jirodiiced  in  this  way 
differ  as  much  from  each  other  and  from  the  parent 
species  as  do  species  or  even  genera  in  naturi-.  If  arti- 
ficial selection  actin.iT  during  only  a  few  generations 
can  prodtice  so  great  changes,  how  nnich  more  effect- 
ive must   have  been  natural  selection,  which  is  probably' 


I  much  more  rigorous  and  continuous,  acting  through 
coimtless  ages. 

To  sum  u]!.  then,  we  have  considered  three  lines ot  evi- 
dence that  natural  seli'Ction  is  a  factor  in  organic  evolu- 
tion: 1.  We  have  observed  facts  of  the  struggle  for  exis- 
tence and  a  selective  death  rate.  'i.  We  find  that  no 
organism  in  nature  has  deviloped  any  structure  or  finic- 
tion  for  the  exclusive  benefit  of  another  species,  contrary 
to  what  we  might  expect  to  find  on  the  theory  of  special 
creation;  but  just  what  must  be  the  case  on  the  theory 
of  natural  selection.  (This  would  probably  be  true  also 
on  any  theory  of  evolution.)  3.  We  find  that  the  analo- 
gous process  of  artificial  selection  has  been  the  most  elTec- 
five  nu'ans  of  developing  in  domestic  races  those  (piali- 
ties  of  most  vidue  to  man.  and  therefore  we  infer  that 
natural  selection  has  been  an  important  factor  in  de- 
veloping in  natural  species  those  ciualities  of  benefit  to 
themselves. 

One  of  the  best  ways  of  testing  a  theory  is  to  attempt 
to  apply  it  to  concret<;  cases  of  the  class  of  phenonu'iia 
which  it  is  supiio.sed  to  explain.  In  the  applications  of 
the  theory  of  naltiral  selection  we  shall  find  the  fourth 
and  last  line  of  evidence  in  favor  of  the  theory. 

The  phenomena  in  (piestion  are  in  general  those  of 
(Kliijjtiiti'iii.  Many  plants  have  especial  floral  structures 
which  facilitate  cross  fertilization  by  the  aid  of  insects, 
and  Darwin  has  shown  that  this  is  of  great  advantage  to 
the  species.  Climbing  jilants  have  peculiar  structures 
and  powers  of  movement  that  are  clearly  of  advantage 
in  enabling  the  long,  slender  stems  to  find  support.  Both 
plants  and  animals  frequently  have  structures  which 
serve  to  rejiel  enemies,  and  many  animals  arc  provided 
with  a  protective  cnloring  whijli  renders  them  im-onspic- 
uous  to  their  enemies  or  to  their  prey.  Other  animals, 
jjrovided  with  offensive  secretions  or  weapons,  also  have 
conspicuous  warning  colors  which  render  them  less  liable 
to  attack.  Finally,  there  are  inoffensive  animals  which 
resemble  the  offensive  ones  superficially  in  color  and 
form,  and  by  this  nnmicry  probably  share  in  their  immu- 
nity from  enemies. 

These  are  examples  of  a  large  and  important  class  of 
phenomena  that,  rejecting  the  theory  of  special  creation, 
can  be  explained  by  onl)'  one  theory  of  evolution,  that  is 
the  theory  of  natural  selection.  Thus  we  see  that  natu- 
ral selection  is  not  merely  a  factor,  but  is  ]ierhaps  the 
most  important  of  all  factors  in  organic  evolution. 

Passing  ovim-  the  objections  to  the  theory  of  natural  se- 
lection that  arise  from  misunderstanding  of  the  theory 
or  ignorance  of  the  facts,  there  are  three  objections  that 
are  important. 

First,  it  is  true  that  a  great  nutny  specii'S  are  distin- 
guished by  dilTercnces  of  form  or  color  that  are  so  mi- 
nute that  it  .seems  impossible  for  them  to  be  of  .selective 
value.  Not  knowing  all  the  conditions  of  life,  we  are 
unable  to  say  that  such  differences  arc  not  in  themselves 
of  selective  value  or  correlated  with  characters  of  selec- 
tive value.  Hut  in  many  cases  there  is  no  evidence  of 
such  value  or  correlation, 

Seconil.  oiu'  of  the  most  marked  peculiarities  of  spe- 
cies is  infertility  when  crossed  with  other  forms.  Now 
it  is  diflicult  to  see  how  infertility  of  any  form  could  be 
]>roduced  by  natural  selection,  except  in  relation  to  the 
food  sniiply.  Hut  food  supply  could  have  nothing  to 
do  with  infertility  befwi'cn  species. 

Third,  a  distinction  must  be  drawn  between  linear  evo- 
lution and  divergent  cvoluticm.  Linear  evolution  woidd 
be  the  gradual  change  of  specific  type  by  which  the  new 
species  would  become  different  from  ihe  old.  but  the 
number  of  species  would  remain  the  s;ime.  Divergent 
evolution,  on  the  other  hand,  would  mean  the  splitting 
of  original  specific  types  into  two  or  more  new  types. 
Now  it  woidd  be  im]iossible  for  a  species  to  become  mul- 
timodal and  ultimately  to  separate  info  two  or  more  by 
the  acliim  of  natural  selection  alone.  For  Ihi'rc  would 
be  nothing  to  prevent  individuals  of  different  types  from 
breeding  together  and  thus  reducing  them  all  to  a  com- 
mon type. 

These  objections  are  valid,  unless  some  other  factor 
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limy  1)1'  lirmiKlit  li>  lln'  iiiil  '<(  iiiilnnil  HclccliDti.  Iliil  sc 
icctidii  is  nut  llii-iinly  iiiriiiis  i'iii|iliiyi'(l  by  llu'  Ijifi-diT  of 
iliiiiirMlir  ruri'-';  tlii'li  why  slmillii  liiilurul  srlcclioii  lirHlip- 
piimMl  111  l>f  llir  siili'  faiiiir  nf  iii(<iinir  rvnlutidiiy 

Imiliilioii. — Whin  ii  lirccilrr  wislics  In  iinpnivc  ii  nici' 
nr  to  crriiti'  ii  ih'w  I'lir.  In*  not  only  iimkcs  ii  vi-iy  currfiil 
si'lrcliiin  of  liis  lirrriliiiK  sloi'k,  lull  lir  linilils  ii  frncc 
iirounil  it  mill  ^'iiiinls  it  ii);iiiiisl  mlinixliirr  with  oilirr 
.storlx.  'I'liiil  this  prinri|ilr  of  isnlalion.  or  sfffiTjiiition. 
is  iif  jTriiil  iinpiiiiiimras  a  I'liilnf  nf  nijjaiiii-  rvnliilinii  lias 
Ih'I'Ii  pniiili'il  nut.  rspri'ially  liy  (iiilirix  anil  Honiaiii's  l!y 
isnialiiin  Ii  meant  "simply  tlir  prrvcniioii  of  inti-n  rnssini: 
Ih'Iui'i  II  a  M'panili'il  srrlimi  of  a  sprcirs  or  kiiiil  ami  llir 
ri'st  of  that  Npi'i-ics  or  kiinl."  liomanrs  ri');ai'ils  naliiral 
wh'riinn  as  a  priini'  fartor  of  vast  iniporlaiici'  in  cvolii 
tioii.  lull  hi'  lii'lii'Vrs  it  In  lir  liss  funilammlal  uiiil  of 
morr  limilrd  applinition  than  Ihc  prinriplr  of  isniatinn. 
Hi'  says:  "  Kiiualliil  mily  in  its  iinpnrlaiiir  liy  Ihu  Iwn 
liasir  prinriplrs  nf  liiniliiy  anil  variation,  lliis  principli' 
of  isolation  rollslitlltrs  till' 
lliiril  pillar  of  a  tripml  upon  -f 

wliiili    is    ri'aiTil    Ilie   wholi!  ^ 

snpi'rstriu'ture     of     ori;auic' 

t'Vollllinll." 

Finm  this  pniiit  nf  vii'W 
imtiinil  si'lirtinii  lii'imiK's  a 
sprrial  rasi'  of  isolation, 
whi-ri-  Ihr  iiiiliviiluals  lu'St 
litti'd  for  llnir  I'liviromnrnt 
nri'  isolatcii  ami  pri'vi'iilril 
from  rrossiiiK  with  infirior 
iiiiliviiluals  l>y  thi'  death  of 
the  hitter.  Hul.  as  we  have 
seen,  this  form  of  isolation 
can  produce  only  linear,  or 
nioiiotypie,  evolution,  for  of 
the  two  separated  .sections  of 
the  species  only  one  survives. 
It  is  possible,  however,  that 
the  modal  lyju'  mijihl  l)e- 
i'ome  the  least  favonible,  and 
that  selection  would  rcsull  in 
the  separation  of  two  types 
equally  lit.  To  borrow  an 
illustration  from  Pearson, 
•suppose  a  short  femur  and  a 
loufT  radius  to'  be  ciiually  fa- 
vorable and  their  combina- 
tion in  one  individual  so  rare  as  to  be  nepli.ijible.  Rigor- 
ous selection  would  produce  two  pure  types,  as  in  Fig. 
19.5I,  I.  But  natural  selection  alone  is  powerless  to  pre- 
vent the  free  iiilercrossinsr  of  these  types,  and  the  birth 
curve  of  the  ne.M  fieneralion  will  have  the  form  of  II  in 
Fig.  19.")1.  Selection  will  need  to  be  repeated  with  equal 
rigor,  otherwise  in  the  third  .sreneration  we  shall  tind  an 
approach  to  the  normal  curve  with  the  mi.\id  type  as  the 
mode,  six  timesasnumeiousascitlier  pure  type  (Fig.  19.")1, 
III).  By  natund  selection  alone,  then,  we  should  have  in 
such  a  ciise  merely  ])eriodic  selection  and  no  progress  in 
divergent  evolulinn.  In  order  that  the  types  .V  and  B 
may  iiecome  the  fouinlalion  for  two  new  species,  some 
other  barrier  must  arise  between  them.  We  must  look 
for  some  other  form  of  isolation. 

Isolation  may  be  total  or  it  may  be  partial  of  various 
degrees.  A  more  important  distinction  is  between  isola- 
tion that  is  "discriminale"  an[l  that  which  is  "indiscrimi- 
nate." Indiscriminate  isolation  allows  free  intercrossing 
of  all  variations,  or  niKfr/niiii/ ;  while  discriminate  isola- 
tion allows  only  individuals  having  some  point  of  resem- 
blance to  breed  together,  or  liuitinrjainil. 

Apogamy  will  occur  only  where  sections  of  the  species 
contain  large  numbers  of  individuals  at  the  lime  of  sepa- 
ration. In  this  case  there  will  be  no  change  of  type  un- 
ies.s  the  separated  sections  become  subjected  to  different 
conditions  so  that  natural  selection  may  act  in  a  different 
manner. 

Where  the  isolated  section  is  so  small  as  not  to  be  a 
fair  Siimple  of  the  population,  there  will  be  a  sudden 
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change  of  type.  Thai  Ih.  the  mean  of  iIiIh  iteetloii  will 
differ  somewhat  from  the  mean  of  the  HpecieM  im  a  wliole. 
and  there  will  be  a  certain  degree  of  lioinogamy.  |{ut 
this  I'liange  of  type  mav  be  very  Hiiiull.  and  it  Ih  very 
doubtful  if  homogamy  without  natural  Kelection  can  pro- 
diice  any  continuous  change  of  type,  although  Giilick 
and  Konianes  have  held  that  it  can. 

(ieographical  isnlalion  has.  without  doubt,  played  a 
very  imporlant  part  in  the  dilTerenliation  of  speeies  As 
we  have  seen,  it  will  give  rise  to  hnmngainy  or  apngamy, 
ai'cnriling  In  the  nuinber  of  individuals  separated.  But 
prnbably  ils  must  important  effect  has  been  to  allow  the 
gradual  adaptation  of  parts  of  a  species  to  dilfereiit  con- 
ditions, which  would  be  impossible  where  free  intercroHg- 
ing  could  take  place. 

There  are  nnmernus  forms  of  homogamy.  "When, 
for  example,  any  section  of  a  species  adopts  somewhat 
different  habits  of  life,  or  occupies  a  somewhat  different 
station  in  the  economy  of  nature,  lionioganiy  arises  in 
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Fig.  UWil.— Illustration  o\  the  SwamplnK  Effect  of  Inter-cn>s,sliiK.  1.  First  gpneratlon- selertlon  In- 
tense, nuHlol  tnip  dpstroved  leaving  two  pure  t.vpes  distlni'tl.v  illlTiTi'Utiiiteil ;  J/,  Sei'ond  cenera- 
tlon— raniloni  iiialini,'  nf  llie  two  pure  lypes  of  eiiual  fertility.  Ri'sull.s,  nilxiil  1y|w  twire  n.s 
nuiiiiTcius  as  I'llhiT  pure  tvpc.  if/.  Third  generation  rauiloui  inatlnit  of  the  sei'oiul :  all  indi- 
viduals eiiiially  fertile.  Results,  mi.\eU  type  six  times  a.s  numerous,  and  iulennedlate  forms  lour 
times  as  numerous,  as  either  jiure  type.     (Data  from  Pearson,) 


that  section. "  In  plants  differences  in  times  of  flowering, 
in  habitat,  or  in  the  habits  of  insect  visitors  may  give  rise 
to  homogamy.  But.  according  to  Bnnianes.  aside  frnin 
natural  selection,  the  most  imporlant  form  of  iiomogamy 
is  sexual  incompatibility,  which  he  calls  jiliysiological 
isolation.  In  this  form  of  isolation  indiviihials  having 
some  peculiarity  of  the  leprnductive  organs  are  prevented 
bv  this  from  crossing  with  individuals  having  some  other 
peculiarity.  If  this  sterility  betwieii  different  sections 
of  the  species  be  correlated  with  other  peculiiirities,  we 
have  what  Romanes  calls  p/ii/niii/'ii/iotl  mlection  and  the  for 
niatiim  of  a  new  race,  which  is  free  to  develop  indepen- 
iloutly  of  the  rest  of  the  species. 

This  theory  is  based  upon  two  princiiial  considerations: 
(l)the  general  variability  of  orgainsms.  including  the 
reproductive  organs.  anirc2)  the  fact  that  the  character 
that  chictly  distinguishes  sjiecies  from  varieties  is  ster- 
ility between  them.  This  sterility  may  be  absolute, 
or  "it  may  result  in  the  i)roduction  of  more  or  less 
sterile  hybrids.  Whether  sterility  has  arisen  before  or 
after  other  divergent  characters,  it  will  be.  in  eitherevent, 
an  important  factor  in  evolution.  We  must  suppose  it  to 
have  arisen  gradually  and  to  have  spread  until  it  af- 
fected a  number  of  individuals:  but  it  is  difficult  to  see 
how  this  could  have  taken  place  without  the  aid  of  some 
other  form  of  isolation. 

The  chief  evidence  for  the  theory  of  Physiological  Se- 
lection is  found  in  the  topograi)liical  distribution  of 
idants.  Xaegeli  found  ninety-live  per  cent,  of  allied  spe- 
cies and  a  great  number  of  allied  varieties  living  togcilier 
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in  the  same  stntimis  separated  bj'  no  barrier  except  ster 
ilily.  And  lliis  iscnnfirmcd  by  the  experiments  iif  Alexis 
Jonhm,  piiblishiil  in  1ST8.  llediscuvend  in  |ilaiits  great 
numliers  of  varieties  hitlierto  overlookeil  owing  to  tlie 
minuteness  of  tlie  dilTerences  between  tliem.  And  he 
found  that  in  many  hundreds  of  eases  these  varieties,  in 
nature  living  side  by  side,  would  breed  true  to  seed  and 
be  sterile  iniir  k<: 

Stj-iKil  Sliftitiii. — Another  series  of  special  cases  of 
isolation  is  furnished  by  the  various  kinds  of  sexmil 
selection.  This  term,  as  recently  employed  by  Pearson, 
inclmles  all  forms  of  mlictire  muting.  This  is  sharply 
contrasted  with  ixnigntiiif  iimtiiiy,  or  the  mating  at  ran- 
dom of  all  members  of  the  race.  The  forms  of  selective 
mating  are  elassitieil  by  Pearson  as  follows: 

1.  Autogamie  mating,  or  .self-fertilization,  including 
the  fertili/.iilion  of  a  llowcr  by  another  tiower  on  the  same 
plant. 

".2.  Kndogamic  mating,  or  mating  within  the  famil)-, 
brood,  or  clan,  a  very  etTective  mode  of  isolation. 

8  Ilomogamie,  or  assortive  mating,  the  union  of  like 
witli  like,  the  two  mates  not  necessarily  being  of  the 
same  brood. 

4.  Apolegamic  (from  JTo^.iyu,  I  pick  ovit,  refuse),  or 
preferential  mating.  This  is  sexual  selfction  in  the  sense 
in  which  the  word  was  originally  >iscd  by  Darwin. 

:>.  Heterogamic  mating,  or  the  union  of  unlikcs.  Dar- 
•win  found  many  cases  of  this  form  of  mating  in  his 
study  of  the  effects  of  cross  and  self  fertilization  in  plants. 
It  includes  those  eases  in  which  the  species  is  polymorphic 
and  a  union  of  diverse  forms  is  prepotent  over  a  union  of 
similar  individ\ials. 

The  theory  of  sexual  selection  in  the  narrower  sense 
was  devised  by  Darwin  to  account  for  the  origin  of  cer- 
tain .secon<lary  sexual  characters  in  animals. 

There  are  many  sjieeies  in  which  the  individuals  of  one 
sex,  usually  the  male,  fight  with  one  another  for  the 
possession  of  mates.  The  fur  seal  is  an  excellent  ex- 
ample. In  such  cases  it  is  obvious  that  those  males 
liaving  superior  weapons  and  strength  to  use  them 
will  beget  the  greater  number  of  offspring,  and  that 
these  will  inherit  and  transmit  their  favorable  pecul- 
iarities. This  might  be  regarded  as  a  special  form  of 
natiiral  selection. 

But  there  are  many  species,  especially  among  the  birds, 
in  which  the  contest  for  mates  is  carried  on  by  gentler 
means.  In  these  ca.ses  the  males  usually  seem  to  vie 
with  one  another  in  an  attempt  to  excite  the  sexual  in- 
stincts of  the  females  by  melodious  song  and  cries,  b\' 
movements  of  the  body,  or  dis[ilay  of  bright  colors.  It 
is  supposed  that  those  males  which  are  most  attractive 
to  the  females  will  produce  the  most  offspring,  and  thus 
the  development  of  ornamental  secondary  sexual  charac- 
ters is  regarded  as  due  to  selective  action  on  tlie  part  of 
the  females. 

Of  course,  this  theory  can  apph-  only  to  animals  of  a 
relatively  high  grade  of  organization,  and  the  efficiency 
of  this  factor  in  evolution  has  been  denied  entirely  by 
Wallace  and  others. 

To  enter  inio  this  controversy  would  require  too  much 
space.  But  it  may  be  pointed  out  here  that  (1)  males 
are  freiiuently  distinguished,  not  only  by  bright  colors, 
but  by  a  highly  decorative  color  pattern,  sometimes  as- 
sociated with  a  highly  elaborate  structure,  as  in  the  pea- 
cock, angus  pheasiint,  bird  of  paradise,  etc. :  (2)  many 
birds  pos.se.ss  not  oidy  call  notes,  hut  a  melodi<ms  song. 
often  to  our  ears,  at  least,  of  great  beauty,  as  the  wood 
thrush,  the  wren,  and  the  catbird;  (3)  and.  finally,  the 
deer  fannly  possess  handsome  arbf)rescent  antlers  that  are 
highly  ornamental,  but  certainly  less  efficient  weapons 
than  the  straight  liorns  of  the  antelopes.  Now  these 
facts  cannot  be  explained  by  the  assimiption  of  vigor  of 
the  male,  nor  by  tlie  usual  process  of  natural  selection, 
while  they  are  easily  explained  on  the  theory  of  prefer- 
ential mating. 

In  order  tliat  the  choice  of  the  female  may  be  an  effi- 
cient factor  in  evolution  there  must  be  a  certain  general 
tendencj"  in  one  direction.     In  order  to  discover  whether 


this  be  true  or  not  it  would  be  necessary  to  resort  to  care- 
ful statistical  imiuirv. 

Pearson  has  pointe(l  out  the  niethoil  for  making  such 
ini|uiries,  and  in  the  case  of  man  he  found  no  evidence  of 
preferential  mating  in  respect  to  stature,  but  he  found 
distinct  evidence  of  preferential  mating  in  the  matter  of 
eye-color  or  of  some  closely  allied  character  in  the  male. 
The  general  tendency  is  for  the  lighter-eyed  to  mate, 
white  the  dark  i-yed  are  less  fre(iueiitly  mated.  He  e(m- 
dudes  that  it  cannot  lie  doubted  "that  sexual  selection 
in  the  form  of  preferential  mating  is  not  a  mere  hypothe- 
sis, but  can  be  demonstrated  to  actually  exist  in  the  ca.se 
of  man." 

Preferential  mating  wonhl  have  an  effect  on  evolution 
similar  to  that  of  natural  selection.  That  is,  there  might 
be  a  tendency  to  progressive  change  of  type,  lint  it  could 
not  alone  produce  differentialion.  On  liie  other  hanil.  it 
is  clear  that  self  fertilization  and  emlogamy  would  aid 
differentiation,  and  assortive  mating  would  also  have  this 
cITect.  if  mating  of  this  kind  takes  ]ilace. 

Pearson,  using  the  method  of  correlation,  studied  the 
stature  of  one  thousjind  pairsof  husbands  and  wives,  and 
the  eye  color  of  seven  hundred  and  seventy-four  pairs. 
And  he  found  that,  "the  as.sortive  mating  is  indeed  so 
great  that  Inisband  anil  wife  have  for  the  average  of  these 
two  characters  a  sensibly  greater  degree  of  resemblance 
than  that  assumed  on  theoretical  grounds  to  hold  for  first 
cousins  and  approaching  the  degree  of  resemblance  found 
for  uncle  and  niece." 

Piiiiiiuxin. — The  presence  of  vestigial  organs  in  vast 
numliers  of  species,  and  the  fact  that  some  groups  en - 
tirel)'  lack  organs  possessed  by  other  related  and  ]ierhaps 
lower  groups,  as,  for  example,  the  snakes,  lead  to  the  be- 
lief that  in  the  course  of  evolution  organs  in  many  cases 
have  dwindled  in  successive  generations,  and  sometimes 
have  entirely  disappeared. 

Perhajis  the  most  natural  explanation  of  these  facts 
would  be  to  ascribe  them  to  the  inherited  effects  of  dis- 
use. But  this  explanation  is  inadeiiuate,  for  it  will  not 
account  for  the  loss  of  parts  in  plants,  nor  for  the  loss  of 
passively  jirotective  structures  in  animals;  and  it  is  jiar- 
ticularly  inapplicable  to  the  cases  of  the  loss  of  wings  in 
neuter  insects,  for  neuters  produce  no  young,  and  hence 
there  could  be  no  inherited  effect. 

To  meet  this  difficulty  AVeismann  introduced  the  hy- 
pothesis of  juiii!iti.i-iii.  This  is  merely  random  mating 
without  selection.  But,  as  has  been  pointed  out  by  C.  L. 
Morgan  and  Pearson,  the  only  effect  of  jianmixia  would 
be  a  reduction  from  the  survival  mean  to  the  birth  mean. 
There  would  be  a  sudden  slight  change  of  adult  type  in 
one  generation,  and  after  that  no  further  effect. 

So  it  would  seem  that  we  must  fall  back  uiion  Darwin's 
principle  of  natural  selection  and  economy  of  growih. 
For  example,  in  the  case  of  wingless  insects  inhabiting 
small  oceanic  islands,  it  is  evident  that  if  the  species  were 
unable  to  become  strong  fliers,  it  were  better  for  them 
not  to  fly  at  all.  Because  weak  fliers  would  be  apt  to 
be  blown  out  to  sea  and  lost.  Darwin  argued  also  that 
useless  organs  re(|uire  as  much  no\irishnieiit  as  useful 
ones,  and  in  time  of  dearth  the  animal  which  had  to  tind 
nutrition  for  the  smallest  amount  of  useless  tissue  would 
.stand  the  best  chance  of  .surviving.  This  might  account 
for  the  dwindling  of  useless  organs,  but  it  would  not 
account  for  their  complete  disai>pearance.  For  it  cannot 
be  supposed  that  the  presence  or  absence  of  a  minute 
vestige  of  an  organ  could  ever  be  a  matter  of  life  or 
death.  And  as  no  sjitisfactorv  liyiiothesis  has  been  ad- 
vanced to  exjilain  this,  we  shall  have  to  regard  it  as  one 
of  the  unsolved  problems  of  evolution. 

Bdlhiiiic  Kriihitinii. — Paheontologists  havens.serted  that 
they  find  in  the  study  of  extinct  animals  evidence  of  a 
constitutional  tendency  toward  variation  in  a  definite  di 
rection.  8ucli  a  change  of  type,  diu'  solely  to  .something 
inherent  in  the  constitution,  without  action  of  organic  or 
inorganic  environment,  is  called  Imlhinir  evolution  (from 
jiaHiiir,  basal). 

The  evidence  that  such  evolution  has  taken  place  is  not 
very  convincing.     Nevertheless,  supposing  it  to  be  a 
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fuel,  nmny  I'Xpliiiiiiliiiiis  liiivi!  lufii  olTiTcd  to  lUTiiiilit  for 

It.     Miviiit  suu'i:isi<(l  mi  iiiimic  tciuliiii  y.  iniil  Niicf;rll.  ii 
lirrfi'Cliiij;    priuriplc       Hill    llicsc  air  iiiriilv  wnrils  iiiiil 
i-x|«liiiii  iicilliiiij;.     Ilyiili   from  ii  stmlv  of  ccrliiiii  fonsil 
liiolliiMa.  niiiinoiiitrs,  roiiliil  cvidciici'  of  ii  cvrli'  of  devil 
o|iiiirii!  of  H|n  rii's  corri-siiomliiii;  lo  flic  i  yclr  of  iiulivid 
im'i  drvilo|iiiniil.     llr  holds  tlmi  iliirc  isii  law  of  growth 
wliirli    roiii|>cU   species  to   puss  iliroucli    the    slaH''S   of 
yoiilli.  iiialiirity,  and   seiieMiiiei-.      This  may  lie  true  of 
ilie  iimmoiiiles;    it   may  lie  Ilie   nasoii   tlial    I  hey  are  ex 
tiiiet.     Hut  it  has  not  been  shown  to  hold   for  any  iitlier 
group,  and  the  law  itself  would  i I  explaniilion. 

Weisnianii  has  olTereil  as  an  explanation  of  lialliinii' 
evolution  his  hypolhisis  i>{  ;/i  riiiiiuil  iuIk'Hoh  Hut  this 
is  a  pure  assumption  liased  upon  Weisiniinn's  tlu'ory  of 
the  slriKtiire  of  the  ;;erni  plasma,  which  is  directly  con- 
Iradii'teil  liy  observed  fads  (see  lli intilji). 

The  lirst  reasonable  hint  of  a  cause  for  balhmic  evolu- 
tion has  been  furnished  by  I'earsoii  in  his  theory  of  if  pro- 
iliirlirt .  t  IT  1/1  iiitic  inlfli'iii.  From  the  study  of  four  thou- 
sand three  hiinilred  and  ninety  fiimiliesin  the  middle  and 
upper  ela.s.ses.  I'earson  found  llial  variations  in  feilility 
ill)  not  follow  a  iioriiial  symmetrical  curve,  but  have  a 
very  skew  distribution,  small  families  beiiii:  much  more 
numerous  than  larjre  ones.  The  result  is  llial  twenty 
live  per  cent,  of  the  parents  proiliice  tifly  per  cciil.  of  the 
children.  It  i.s  clear  that  on  the  avcrai:c  one  pair  of  the 
smaller  group  of  more  fertile  parents  will  have  as  much 
effect  on  the  type  of  the  mxt  geiienition  as  three  pairs 
of  the  larger  les.s  fertile  group.  TlH'refore,  if  fertility  be 
inheriti'd.  and  if  there  l»' a  correlation  between  fertility 
and  any  other  character,  progressive  change  of  type  may 
lake  place  by  a  i>uicly  bathniie  process,  unless  checked 
bv  nalural  selection  orother  cause.  As  to  the  inlieritHiiee 
of  fertility.  I'earson  found  from  aconiparisoii  of  the  sizes 
of  the  faiiiiliesof  a  thousand  pairsof  molhei-s  and  daugh- 
ters, where  the  marriages  hail  lasted  lifteen  years  or  more, 
that  there  was  very  good  evidence  of  such  inlierilance. 
(He  olitained  a  coetlicicnt  of  heredity  of  .'iVA  with  a  jirob- 
able  error  of  ±.020.)  Similar  results  were  olilaiiied  by 
the  sludy  of  one  thousand  pairsof  |i:ilcrn:il  giaiidniothers 
and  graiiddaughlers.  Here  the  coellicieiil  of  hcrcdily 
(.\Vi  ±. 021 1  is  about  half  as  largo  as  for  mother  and 
dau.illiler.  as  would  be  expected  b}'  the  law  of  ancestral 
heredity,  and  this  is  an  example  of  the  transmission  of  a 
female "chanieter  through  the  male  line  with  undimin 
ished  intensity.  Thoroughbred  horses  also  furnished  evi 
dence  that  fecundity  is  inherited  between  dam  and  daugh- 
ter and  also  through  the  male  line-,  fecundity  being 
transmitted  by  a  sire  from  his  dam  to  his  daughter. 
There  is  also" evidence  of  correlation  between  fertility 
and  other  characters.  In  man.  I'larsoii  found  that  the 
more  fertile  women  are  slightly  taller  than  the  less  fertile. 
and  dark  eyed  fathers  and  mothers  are  fouiiil  to  be  more 
fertile  than  those  with  light  eyes. 

I'opiiies  have  radiating  ridges  on  the  upper  part  of 
the  seed  capsuli>.  the  sligmatic  bands.  In  4.443  capsules 
of  Sliirlev  poppies  the  mnge  of  variation  was  from  .">  to 
19  bands  and  the  modal  number  was  i:i.  Capsules  with 
12  to  13  bands  were  found  to  be  very  full  of  seed,  while 
there  were  hiirdly  any  in  capsules  having  very  few  or 
very  many  bands.  Likewise  in  3.212  seed  capsules  of 
yiijfUa  /lisiKiiiifii  the  ran.iie  of  variation  in  the  number  of 
segments  was  from  2  to  20,  with  8  for  the  modal  number. 
C'lipsilles  with  S  segments  were  found  lo  be  very  fertile. 
while  those  with  10.  11.  and  12segments  contained  hardly 
any  seed,  and  those  with  5  or  lesswi-re  practically  sterile. 

It  is  evident,  then,  that  where  the  most  fertile  cliarac 
ter  coinciiles  with  the  modal  character,  as  in  the  case  of 
the  pop])ies  and  Xigella.  this  differential  fertility,  or 
genetic  selection,  will  tend  to  preserve  the  stability  of 
the  nice,  and  in  order  that  differentiation  of  type  may 
take  place,  this  effect  will  have  to  be  overcome.  On  the 
other  han<i.  if  the  luost  fertile  character  differs  from  the 
mixlal  diameter,  as  appears  to  be  the  case  in  the  eye 
color  of  man,  then  there  will  be  a  progressive  change, 
unless  this  is  checked  by  jirefercntial  mating,  nalural 
selection,  or  some  other  cause.     So  differential  fertility 


{r  lo  lie  reckoned  with  un  n  factor  In  cvoluii' 

certainly  in  some  caseK  a  eonservulive  fiictoi 
possible  that  it  may  become  a  cause  of  progressi. . 
of  type.     Hut  whether  bathmie  evolution  ha.sevui  l.dv>  ii 
place  by  this  means  wilhoiil    the  aid  of  olhei    fuctorx  in 
another  of  the  unsolved  problinis. 

Iiilirriliiiire  nj'  .\ri/iiinit  I'IninirtiiK. — All  "acuuired" 
chariK'ter  is  one  which  arises  during  the  life  of  the  hull 
vidiial  as  the  result  of  functional  activity  or  in  respouHc 
l<i  an  external  sliinulns.  Theterm  isaii  iinfortuiiuleone, 
for  lo  many  minds  the  word  "aciiuired"  conveys  simply 
the  impression  of  newness  without  regard  to  the  source 
of  llie  change.  To  iiieel  this  dillicully  C.  \..  Morgan  has 
proposed  to  iiselhi'  Wrm  iiiiHliJiriilinii  III  place  of  ac(|uired 
character,  and  to  reserve  the  leiin  rurintinu  fur  changes 
of  purely  <ongenilal  origin.  .Moreover,  it  is  often  difli- 
ciilt  to  distinguish  between  inodilications  ami  variations. 
PVir  example,  deafness  may  be  due  to  congenital  malfor- 
mation of  the  etir.  or  it  may  be  due  to  disease.  In  the 
first  ca.se  it  would  be  a  variation,  in  the  second  it  would 
be  a  moditicalioii.  Now  Kay  in  his  sludy  of  the  inheri- 
tance of  deafness  often  found  it  dillicult  to  decide  in 
which  da.ss  a  given  ease  should  be  jilaced. 

Till-  factors  of  or.iranic  evolution  thai  we  have  exam- 
inid  so  far  have  been  the  great  farlor.  natural  selection, 
and  a  numberof  others  more  or  less  aiding  and  accessory 
to  it.  We  have  seen  that  natural  selection  is  itself  con- 
ditioned by  three  other  factors;  (I)  variation,  (2)  inheri- 
tance, and  (3)  the  struggle  for  existence. 

Xatiiml  selection  is  only  indirectly  concerned  with  the 
origin  of  variations.  So  long  as  variations  are  of  the 
right  kind  and  are  capable  of  being  tninsmilted.  natural 
selection,  with  the  aid  of  isolation,  will  protect  and  de- 
velop them.  It  is  evident,  then,  that  if  the  purposeful, 
adaptive  modilications  of  the  individual  that  arise  as  the 
result  of  its  reactions  to  the  stimulus  of  its  environment 
may  become  hereditary,  they  will  be  a  great  aid  to  natu- 
ral selection.  For  they  will  insure  the  presence  of  the 
right  kind  of  variation  to  be  selected  when  it  is  needed. 
Darwin  thought  that  such  ac(|uired  charaelers  are  in- 
heriled,  and  he  regarde<l  them  as  an  imjioriant  aid  to  nat- 
ural .selection.  The  iieo  Lamarckians.  on  the  other  hand, 
have  taken  the  view  that  the  inheritance  of  acipiired 
characters  is  much  more  than  an  aid  to  natural  selection : 
that  it  is  itself  a  prime  factor  of  organic  evolution. 

Now  comes  the  school  of  Wallace  and  Weissmann.  and 
Siiys  that  the  inlieritjince  of  aci|iiired  characters  not  only 
is  not  a  prime  factor  in  evolution,  but  it  is  not  even  an 
aid.  as  Darwin  supposed,  to  natural  selection.  In  fact, 
according  to  this  school,  acquired  characters  are  not  in 
any  degree  iulierited.  The  question  then  is.  Are  ac- 
(|uired  characters  inherited,  and  if  so,  how  far  has  this 
inheritance  been  a  factor  in  the  origin  of  species? 

To  discuss  fully  the  subject  of  the  inheritance  of  ac- 
()uired  characters  as  a  factor  of  organic  evolution  would 
re(iuire  much  more  space  than  we  have  at  our  command. 
But  we  may  endeavor  to  jiresent  a  few  of  the  thoughts 
which  seem  to  be  of  greatest  importance  in  this  connec- 
tion. 

In  the  first  place,  the  neo-Lamarckian  contention  that 
the  inheritance  of  acquired  characters  is  the  ]iri  me  factor 
in  evolution  can  be  ruled  out  of  court  at  once  as  mani- 
festly untenable.  There  area  large  numberof  structures 
in  both  plants  and  animals  that  can  have  developed  only 
as  the  result  of  continued  selection.  Such  arc  the  cases 
of  mimicry,  both  in  form  and  color,  warning  colors, 
adaptations  for  cross  fertilization  in  plants,  and  the  like. 
Hut  the  most  instructive  examples,  as  pointed  out  b}- 
Brooks,  are  to  be  found  in  species  having  normally  ster- 
ile individuals.  In  many  species  of  jiolvps  there  are 
nutritive,  offensive,  or  protective  persons  in  each  colony 
which  never  produce  offspring:  and  among  ants.  bees, 
and  termites,  Uie  most  numerous  and  most  active  mem- 
bers of  the  community  arc  sterile  workers.  These  sterile 
individuals  generally  differ  from  the  fertile  males  and 
females,  presentin.ir  very  beautiful  modilications  of  both 
structures  and  instincts  in  adaptation  to  their  very  differ 
ent  functions  and  mode  of  life.     Now  as  the  worker  has 
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no  olTspiinir  its  iio(|iiirc(l  chiiracters  cannot  lie  iulicritnl. 
The  ovolulinii  111  t lie  worker  must  lie  oxplainrd  iisllit- 
result  of  Miitunil  selettion.  pieseivinjt  those  (iiiecns  that 
prodiK-eil  the  workers  best  adapted  to  the  needs  of  the 
species. 

If  svich  conipU'X  iKhiptiilions  as  tlie  meelinnisni  for 
cross  ferlilizatioii  in  orcliids.  and  inudilicalions  observed 
in  the  worker  of  the  honey  bee  liave  arisen  llirouirli  the 
action  of  natural  selection  without  the  aid  of  llic  inlieri 
tance  of  nioditicat ions,  ii  strong  presinnption  is  raised  in 
favor  of  the  view  thai  natural  selection  and  not  inheri 
tance  of  ac(|uire<l  characters,  has  been  the  prime  factor  in 
evolution  itenenilly.  This  beinj:  granted,  should  we  not 
return  to  the  position  taken  by  Darwin,  that  while  nat- 
ural selection  is  by  far  the  inost  important  factor  in 
evolution,  it  has  been  aided  by  the  favorable  variations 
resultin.ir  from  the  iida'ritauce  of  accjuired  adaptive  niodi- 
licatioMsV 

The  amount  and  kind  of  evidence  that  is  required  to 
prove  any  generalization  depend  ujion  its  theoretical 
probability,"  Now  if  wc  accept  Darwin's  view  as  to  the 
inheritance  of  acciuireii  characters,  we  must  also  accept 
liis  lliei>ry  of  heredity  or  some  theory  closely  allied  to  it. 
The  study  of  lieredily,  however,  makes  it  clear  that  the 
onlv  theory  that  corresjionds  with  what  is  known  of  the 
origin  of  liie  germ  cells  and  the  subsequent  development 
of  the  ('inbryo  utterly  fails  to  c.\])laiu  the  inheritance  of 
accjuired  characters.  If  aciiuired  characters  are  ever  in- 
herited, our  theory  of  heredity  must  include  some  form 
of  pangeiu'sis  and  of  preformation.  But  the  only  theory 
that  agrees  with  the  facts  of  development  must  incluilc 
the  contrary  iirincijiles  of  continuity  of  the  genu  jilasni 
and  epigeuesis.  Tliis  makes  the  inheritance  of  accjuired 
characters  seem  theoretically  inqirobable.  and  necessitates 
a  critical  examination  of  the  testimony  in  its  favor.  This 
evidence  may  be  classitied  as  follows: 

1.  Indirect  evidence. 

(o)  Analogy  between  congenital  and  acquired  charac- 
ters. 

(6)  A])pareut  uselessnessof  nascent  structures  observed 
In  fossils. 

(c)  Reflex  actions. 

(rf)  Instinct. 

2.  Direct  evidence. 

Reported  cases  of  inherited  effects  of  (a)  use  or  disuse, 
of  (i)  climate,  and  of  (c)  food. 

3.  Experimental  evidence. 

(n)  Brown-Seciuard's  experiments  on  guinea-pigs. 

(i)  Experiments  of  Hoffman,  Carrifere,  and  Uuckman 
on  plants. 

It  will  be  nio.st  convenient  to  take  up  this  evidence  in 
the  revei'se  onler.  He.ginning  with  the  experimental  evi- 
dence. Brown-Sequard's  experiments  were  suppo.sed  to 
.show  that  epilepsy  induce<l  in  guinea-pigs  by  operation 
is  inherited  by  their  otTsi)ring,  But  Romanes  repeated 
these  experiments  as  carefully  as  possible,  and  his  results 
were  inconclusive. 

(^arriere  and  Buckman  were  able  to  produce  change  in 
])Iants  increasing  in  successive  generations,  by  growing 
them  on  different  soils.  But  here  the  principle  of  selec- 
tion was  enii)loyed,  and  it  is  impossible  to  say  how  far 
the  result  is  due  to  selection  and  liow  far  to  the  inheri 
tance  of  ac((niied  charactc'rs.  It  is  also  to  be  rcna-mbered 
that  food  is  one  of  the  factors  in  the  environment  that 
may  affect  the  germ  plasm  directly.  It  is  possible. 
therefore,  that  the  chang<'S  observed  in  the  s\iceecding 
generations  of  plants  maybe  due  to  the  new  constituents 
of  the  sap  affecting  the  germ  jilasm  directly.  The  new 
characters  would  not  then  be  aciiuired  characters  in  the 
technical  sense.  l)ut  true  congenital  variations.  More- 
over, these  experiments  are  offset  Ijy  a  nundjcr  of  experi 
menis  made  by  careful  observers  especially  to  test  the 
question  of  iidieritance  of  acquired  characters,  which 
have  given  purely  negative  results.  Fay  found  that 
when  both  parents  are  congenitally  deaf,  twenty-six  Jier 
cent,  of  the  children  are  deaf.  When  one  parent  is  con- 
genitally deaf  and  one  has  acquired  deafness,  the  percen- 
tage of  deaf  children  is  0..">  per  cent.,  while  where  both 


parents  have  acquired  deafness  it  is  only  2.3  per  cent.. 
and  this  last  percentage  may  be  d\U'  loan  error  in  deler- 
niining  whether  the  deafness  is  congenital  or  acquired. 

So  the  experimental  evidence,  which  should  beexpecled 
to  give  the  most  conclusive  answer,  is  after  all  unsjitis- 
factory. 

The  direct  evidence  as  a  whole  is  worthless.  Most  of 
the  cases  have  been  reported  by  unscientific  persons  un 
skilled  in  exact  oliservation.  The  cases  in  which  there 
have  been  eonqietent  oljservers  can  be  explained  as  well 
either  as  the  result  of  selection  of  congi  uilal  variations 
or  as  the  result  of  the  direct  effect  of  environment  upon 
the  germ  |)lasm. 

It  is  the  indirect  evidence  that  offers  by  far  the  best 
cases  in  favor  of  the  inheritance  of  acquired  characters. 
In  the  tirsl  place,  that  the  effects  of  use  and  disuse  of 
parlsand  the  effects  of  external  conditions,  eliniate,  food, 
etc,  are  inherited,  is  a  matter  of  connnon  lulier.  We 
know  the  elTects  of  these  causes  upon  the  individual,  and 
we  know-  that  very  minute  individual  peculiarities  fre- 
quently are  inherited.  It  is  reasonable  to  suppose  then 
that  ])eculiaritics  caused  by  external  conditions  arc  inher- 
ited Willi  the  rest.  No  one  can  <-laini.  however,  that 
this  line  of  evidence  offers  more  than  a  presumption  in 
favor  of  the  iniierilaneeof  acimireil  characters.  A  better 
line  of  indirect  evidence  is  furnished  by  those  adaptalinns 
which  ajiparently  could  not  have  been  of  use  in  the  early 
stages  of  their  evolution,  and  many  pahvontologists  be- 
lieve that  they  tind  in  extinct  species  such  nascent  struc- 
tures and  that  these  prove  the  inheritance  of  acquired 
characters  to  be  the  prime  factor  in  evolution.  This  is 
regarded  as  especially  true  of  those  cases  in  w  hich  a  high 
degree  of  co  adajitation  is  required.  Spencer,  for  exam- 
ple, ]irescnts  the  case  of  the  ginift'e  as  a  form  undoubt- 
edly due  to  the  inherited  eft'ects  of  functional  activily. 
For  as  he  rightly  Siiys,  in  order  that  the  giraffe  may  carry 
his  long  neck,  the  forelegs  must  be  lengthened,  and  the 
hind  legs  shortened.  In  fact,  the  whole  shajie  of  the 
bod\"  has  to  be  altered,  involving  changes  in  a  great 
many  tissues  and  organs.  If  a  breeder  is  trying  to  pro- 
duce a  variety  having  a  new  combination  of  characters, 
he  selects  individuals,  some  having  one  character,  some 
another,  and  still  others  a  third,  and  so  on;  and  by  cans 
ing  these  to  breed  together  linally  obtains  individuals  in 
which  these  characters  are  all  combined.  The  Boston 
terrier  and  the  Plymouth  Kock  fowl  are  excellent  exam- 
ples of  such  a  blending  of  characters  by  artificial  selec- 
tion. 

Now  Spencer  argues  that  it  is  impossible  forcoadapta- 
tioii  to  be  produeeii  by  an  analogous  process  m  nature, 
for  it  is  iiiconi'eivable  in  the  case  of  the  giraffe,  for  ex- 
ample, that  anyone  of  its  peculiarities  occurring  aloiu'  in 
an  individual  could  be  of  sullieicul  value  to  lead  to  the 
preservation  of  the  animal  by  natural  selection.  In  fact, 
some  peculiarities  without  the  others,  for  instance,  the 
long  heavy  neck  without  unusually  strong  shoulders  to 
support  it,  might  be  so  great  a  disjid vantage  as  to  lead  to 
speedy  elimination.  In  order  that  the  giralfe  shoulil  be 
|)roiliieeil  by  natural  selection,  according  to  Spencer,  it 
would  be  necessary  for  all  of  the  co-ordinated  adaptations 
to  appear  at  the  same  time  and  in  a  large  number  of  in- 
dividmils.  For,  in  the  first  place,  these  variations  could 
be  of  no  value  tinlcss  all  were  present  aiul  co-ordinated ; 
and  in  the  second  idace,  unless  they  occurred  at  the  same 
tinu'  in  a  large  number  of  individuals,  they  woidil  be  lost 
by  the  swamping  effect  of  intercrossing.  Moreover,  they 
must  continue  to  vary  in  the  right  direction  in  a  large 
number  of  individuals.  Allot  this  Spencer  holds  to  be 
impossible  without  the  aid  of  the  inheritance  of  acquired 
characters, 

A  new  variety  may  be  supposed  to  arise  in  oiu'  of  two 
ways,  either  (1)  from  the  Idending  of  a  series  of  adajita- 
tions  each  in  itself  of  selective  value,  or  ('.!)  by  the  co- 
adaptation  of  a  number  of  variations  each  ,si>  slight  as  not 
alone  to  have  selective  value,  but  when  combined  with  the 
others  producing  a  form  sufficiently  superior  to  its  fel- 
lows to  be  preserved  in  the  struggle  for  existence.  Even 
S|iencer  would  admit  that  the  tirst  method  is  easily  ex- 
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pliiiiii'd  liv  iiiilumi  M-lcc'tiiiii,  if  the  8\vniii|iini;  t'lToct  of 
lliUTrnMotfiiK  mil   111'  I'liiiiiimlnl   liy  mMih;  luiMlr  of  ImpIii 

liiiii.     Itiil.  if  iii'W  I'liniis  lire  |ii'iiiliirr(l  ill  il ilicr  wii\. 

Iiv  CO  iiilii|<liilii<ii  <<(  viiriiiliiiiis  ill  llii'iiisi'lvrM  mil  of  M'ltc 
li\r  Vlllllr.  US  S|nliccr  sll|l|losr»  ill  llll'  DISC'  of  till'  K'fllTi', 
niiliinil  sclccliciii  is  not  so  ciisy  iili  iiiiswrr. 

'I'lirsi'  |i|ii'iiii|iii'iiii  of  CO  iiiiii|ilatioii  |iri'Sc1lt  one  of  llic 
licsl  liiicsof  cviilcncc  iliiit  liiLsrvcr  liccii  liroiiirlit  forwiinl 
ill  support  of  tlic  tlicory  of  tin-  iiilirritiincc  of  the  rtTrcts 
of  iis<',  mill  \ct  it  iliM's  not  si'cin  to  lii'  iit  all  conclusive. 
To  lie;;in  with  the  ciise  of  the  tiiiiilTe.  it  would  sceiii 
tlliil  the  ilevelopinciil  of  this  species  from  an  aiililope 
like  ancestral  form  nmv  be  explained  by  the  miii;;linj;  of 
iidaplalions  iis  well  us  by  the  suilden  uppeaninec  of  tiiie 
CO  ailaplutioiis  '{"hose  who  take  the  opposite  view, 
while  in-istiiii;  upon  the  adaptive  value  of  fiiiiclional 
modi  Heat  ions,  that  is.  characters  aci|uireil  as  tlii'  result  of 
the  use  of  parts,  seem  to  forget,  as  has  been  pointed  out 
by  I'.  I,.  MorL'an  and  oiliers,  that  purely  fortuitous,  or 
accidental.  coni;<'iiilal  variations  in  Ihi'  same  direction 
mav  occur  at  the  siinic  time.  The  element  of  environ 
mciit  Ihiil  has  led  to  the  evolution  of  the  ^iralTc  was  evi 
deiitly  the  need  of  reachlnir  liiu'li  folia.irc.  Now  in  order 
that  the  animal  shall  reach  tiiis  folia:;e  the  head  must  be 
niisi'd  liiiih  from  the  jrround.  and  this  mav  be  accom- 
plished by  leiiiitlienini.'  the  ne(-k  or  by  lenirllieiiiiij;  the 
fori-  limbs,  or  by  lenirtlicnin.i:  both  al  the  same  time.  At 
the  bei;iiminj:.  therefore,  of  jriralTi-  evolution,  those  ani- 
mals which  varied  toward  ^r<-ater  hivirlh  n{  neck  and 
tliosi-  w  liicli  varieil  toward  irreater  len;;th  of  fore  limb  or 
);rcaler  heijrhl  of  shoulder  would  have  iin  e(|iial  chance 
of  siirvivinj;  in  the  striiiisle  for  e.xisleiico.  provided  the 
muscles  necos-sjiry  for  carrying  this  increased  wei<rlit 
were  e(|iially  C4ijHililf  iif  III  1111/  nfivnr/l/iiiuil  lit/  I'JTiTiiic. 
These  individuals  would  breed  freely  tojrether.  and  linally 
olTsprini:  would  be  produced  liavinj;  both  neck  and  fore- 
limbs  lonircr  than  in  the  ancestral  form.  A.itain.  the 
elTccts  of  exercise  would  compeiisjite  for  the  increased 
weicht.  and.  a!;ain.  the  individuals  best  developed  would 
survive.  Now-  we  know  iiraclieally  that  eveiy  purl  must 
have  varied  on  both  sides  of  the  averaf^e  character  of  the 
race.  A  larjie  luunberof  individuals  inheritiiiKtliealiove 
characters  must  have  presented  eongenital  variations  of 
tin'  co-opemtini:  jiarts  of  the  body  of  the  sjime  character 
as  those  niodilications  prndiu-ed  in  the  others  by  func- 
tional aclivily.  Such  conirenital  chaiaclers  mijjht  occur 
separated,  some  in  one  indiviilual.  some  iu  aiiojiier:  bill 
wherever  they  (icciir  the  animal  will  have  a  distinct  ad- 
vantai;e.  for  so  much  will  be,  so  to  speak,  readv-made. 
and  just  so  much  les.s  to  be  developed  bv  exerrise.  You 
can  make  an  athlete  of  a  man  with  a  eonireiiitallv  strong 
back  and  weak  lejrs  more  <|uickly  than  you  can  make  one 
of  a  man  whose  back  and  leisure  both  congenitally  weak. 
In  lime,  by  careful  Iraininsr,  the  two  men  miirlit  become 
eipially  stronir,  but  in  naliinil  selection  time  counts. 
The  sooner  an  animal  can  hold  its  own  with  its  fellows, 
the  better  its  chance  for  surviving  to  produce  olTspring. 

It  ,seems  to  us  then,  that  if  we  remember  that. ?'«)■/(/('- 
tou»,  C"ii;/iiiilal  riiriiiti'inn  and  modiJicatioM  tine,  tofiiiic- 
tioiiul  iicliriti/  ninji  If  of  the  mime  e/in rafter  anil  mail  oreur 
fill)  III/  id'ili'.  tliere  is  no  longer  any  difliculty  in  the  theory 
that  even  so  complicated  a  co  adaptation  as  is  pnseuted 
bv  the  gindTc  may  arise  bv  blending  of  minor  congenital 
adaptations  and  therefore  may  be  explained  by  natural 
selection,  .Moreover,  it  is  to  be  borne  in  mind  that  it  is  a 
fallacy  to  speak  of  any  one  character  as  being  selected. 
It  is  not  a  sin.irlc  character  that  is  even  preserved  by  nat- 
ural selection,  but  it  is  the  individual  as  a  whole  that  is 
selected.  While  a  favorable  character  may  not  of  itself 
l>e  of  selective  value,  it  may  be  iH'rpetuated  because  it 
occurs  combined  with  other  favorable  characters  either 
eniii/enital  or  ari/iiinil.  all  so  blended  as  to  give  their  pos- 
s<'S,sor  superior  advantages.  Individually  acquired  mod 
itications  mav,  therefore,  become  ini))ortant  factcus  in 
evolution, not  because  tlie.v  are  inherited,  but  because  b.v 
their  acipiin'ment  the  individual  is  able  to  sui>plenient 
the  deticiencies  in  its  congenital  characters.  And  when 
thus  supplemented    by   individually  aciiuircd   adaptive 


iiUHUtlnilloiiK.  the  inlierllnlile  eongeniUil  ehaiacierH  may 
be  preserved  by  natural  wleetion  and  e<p|iliniiei|  ti-.iiii 
gi'iienilion  lo  generation,  until  by  the  openiiion  of  fortiii 
tolls  Variation  and  natural  seli'i-iion  the  acipiireij  modill- 
cations  are  replaced  by  eongeiiiial  characters  of  the  sume 
kind.  So  we  may  havi'  two  forms  of  coadaplation  llr«l, 
coadaptationof  mingled  congi'iiital  and  ae<|iiired  ciiaroc- 
lers,  which  precedes  and  prepares  the  way  for  the  second, 
CO  adaptation  of  purely  longenital  characlers. 

The  <|Uestion  whether  eo  adaptation  by  the  blending 
of  favorable  congenital  variations  really  occurs  in  nature 
is  answered  bi'st,  according  to  Konianes,  by  a  study  of 
rellex  actions  and  of  instincts.  Turning  now-  to  the  evi- 
dence from  rellex  actions,  il  seems  lo  us  that  Homanes 
has  been  unfortunate  in  selecting  this  line  of  evidence 
upon  which  to  pin  his  faith  in  the  nrraiinnal  inlieritanco 
of  aci|iiii-ed  characters,  lie  asks  wlint  use  an  animal  can 
have  for  lower  rellex  centres  when  the  higher  brain  cen- 
tres are  capable  of  originating  the  same  nervous  im- 
pulses. Now  no  one  who  has  ever  li'arned  to  riance, 
lo  swim,  or  to  ride  a  bicycle  will  fail  to  appreciali'  the 
superiority  of  rellex  ovi-r  conscious  action.  No  one  can 
become  an  expert  swimmer  or  rider  iiiitil  the  nioveinenl 
is  of  the  nature  of  a  rellex.  although  the  higher  centres, 
the  rational  processes,  ma.v  still  be  indispensable  in  ca.se 
of  accident,  Komanes  argues  at  length  in  regard  to  the 
apparent  iiselessness  of  manv  rellexes,  together  with  the 
completeness  of  the  mechanism  re(|iiired,  .'ind  llieconse- 
ipii'iit  difliculty  of  explainin.tr  Iheiii  by  natural  selection, 
and  then  proceeds  to  show  that  "if  function  produces 
structure  in  the  race  as  il  does  in  the  individual,"  all  is 
easily  explained. 

Now,  iu  the  tii'st  place,  does  function  produce  struc- 
ture in  the  individual?  Function  mav  be  said  to  produce 
size,  strength,  hardness,  flexibility,  and  the  like,  but  no 
case  is  on  record  where  new  muscles,  new  nerves,  or  any 
other  new  structure  has  been  ]irodueed  by  any  amount 
of  functioning.  Moreover,  liow  can  a  struclure  be  the 
result  of  a  function  when  the  function  arises  from  the 
activities  of  the  structure  in  <|uestion?  A  given  intelli- 
gent act  cannot  take  place  until  the  whole  neuro-niiiscu- 
lar  mechanism  concerned  in  that  act  is  complete,  any 
more  than  if  it  were  a  reflex :  and  it  is  not  evident  how- 
one  can  be  explained  by  gradual  development  any  better 
than  the  other.  (It  is  like  saying  that  a  man  can  make 
a  bicycle  by  riding  it.)  But  even  if  we  allow-  that  a  re- 
flex mechanism  mav  be  the  inherited  result  of  intelligent 
action,  this  aetiim  mtist  have  been  of  a  gn'at  deal  of  use 
to  have  been  repeated  often  enough  to  make  so  great  an 
impression  on  the  organism.  And  if  it  has  been  of  so 
great  use  it  may  well  have  had  a  selective  value,  and  its 
development  may  then  be  explained  by  variation  and 
natural  selection. 

It  would  seem,  therefore,  that  reflex  mechanisms  and 
actions  maybe  explained  best  by  the  principles  of  change 
of  function  and  natural  selection.  When  you  learn  to 
ride  a  bicycle,  or  better,  when  you  learn  to  swim,  yon 
develop  a  new  set  of  reflexes,  but  no  new  sense  organs, 
nerves,  or  muscles,  only  the  old  ones  in  new  combina- 
tions. Now  the  study  of  the  morphology  of  the  nervous 
s.vsteni  in  any  great  group  of  the  animal  kin.iidom  shows 
that  a  chan.se  of  function  in  rlifTeriiit  parts  of  the  nervous 
svstem  is  .just  what  has  taken  place  as  we  go  higher  in 
the  scale  of  organization  ;  and  it  is  eas.v  to  see  how  any 
variation  toward  more  intimate  union  of  parts  habitually 
used  together  would  be  preserved  by  natural  si'lection 
until  their  interaction  would  be  so  easy  as  to  become  re- 
flex. 

Turning  to  instinct — if  we  regard  it  as  "hereditary 
habit,"  that  is,  if  we  suppose  it  to  contain  an  element  of 
transmitted  experience,  all  is  easily  explained.  The  sim- 
ple instincts  are  easily  explained  by  natural  selection, 
"but  in  all  cases  where  instincts  become  complex  and  re- 
lined,  we  scemalmost  compelled,"  according  to  Komanes, 
"to  accept  Darwin's  view-  that  their  origin  is  to  be  sought 
in  consciously  intelligent  adjustments  on  the  part  of  an- 
cestors." He  cites  the  case  of  a  species  of  wasp  of  the 
genus  Sphex,  -which   paralyzes  caterpillars  by  stinging 
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lliciii  in  each  of  IIk'  nine  minuli-  lUTve  ooiitros  Ix-fore  do- 
posiliiiL'  lliciii  in  tlii'ci'lls  for  the  larval"  Ici'ii  iipmi.  IIo 
ruirarils  il  as  inii>i)ssil)lc  lliat  sucli  an  instinct  cmilil  liavc 
arisen  liv  natuial  silcciion  iinaiilid  liy  oiijrinallv  inlilli 
gent  ailion.  In  riiranl  to  lliis  it  may  be  saiil  thai,  if  tlic 
fdniplicalid  niatnnal  instinct  of  tlic  .S///(f.r  wasp  is  an 
•■ii\hcritc<l  hat)it."  its  ancestors  must  not  only  have  pos- 
ses.se<l  jjreat  industry,  hut  also  n  very  remarkahle  knowl- 
edge of  iinatomv.  Moreover,  it  has  heon  shown  very 
recently  (IS'.IS)  liy  Mr.  anil  Mrs.  Peckant  ("Instincts  and 
Habits"of  the  Solitary  Wasps")  that  the  instinct  of  S/j/H.r 
is  not  so  exact  as  wii.s  furmerly  supposed.  Xot  only  is 
there  a  irriat  deal  of  individual  variation  in  the  instinct 
of  this  species.  Iiul  there  is  a  gradation  from  this  through 
other  irenera  to  those  having  much  simpler  instincts. 
They  liave  shown  that  instinct  may  be  acted  upon  hy 
ualiinil  selection,  just  as  may  any  other  function  or 
structure. 

In  conchision  it  may  be  said,  therefore,  that  in  the 
writer's  opinion,  while  aci|uired  characters  are  of  great 
importance  to  the  individuid.  and  their  periodic  recur 
reiice  in  successive  generations  may  be  neccsssiry  in  the 
formation  of  co-adaptations  as  an  aid  to  natural  selection. 
the  iiiluntiiiifi-  of  ac(iuircd  characters  is  not  only  not  the 
prime  factor  in  evolution,  but  that  it  is  not  a  factor  in 
anv  degree. 

bilTcTcntial  fertility  appears  to  bean  important  factor. 
being,  according  to  the  circumstances,  either  an  aid  or  a 
hindr.ince  to  evolution :  preferential  mating  is  the  best 
explanation  of  the  origin  of  certain  secondary  sexual 
characters;  and  some  form  of  isolation  must  be  present. 
or  else  divergent  evolution  is  impossible,  anil  without 
isolation  it  would  be  impossible  to  explain  the  difforcn- 
tiation  of  species  by  characters  of  less  than  selective 
value;  but  the  chief  cause  of  organic  evolution  is  natu- 
ral selection,  or  the  survival  of  the  tittest  in  the  struggle 
for  existence.  Robert  Payne  Bigeloic. 
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EVOLUTION  OF  MAN.— The  science  of  anthropology 

hasadvanccd  with  surprising  rapidity  since  the  discovery 
of  tlu'  two  princiides,  evolutii>n  and  psychic  unity,  the 
latter  conlribiiling  evidence  in  sujiport  of  the  theory  of 
evolution  similar  to  that  furnishi-d  liy  the  homologies  of 
biology.  From  each  of  the  lecogni/.ed  divisions  of  an- 
thropology evidence  has  been  accumulaled  to  establish 
the  unity  of  the  human  si)ecies  ami  to  warrant  the  as 
sumption  that  it  has  developed  from  the  original  mam- 
mal through  the  lemuroid  and  anthropoid  stages.  A  few 
zoologists  woidd  derive  man  diicctly  from  the  lemurs, 
but  while  it  is  recognizecl  that  mall  has  many  chanicteis 
in  conunonwith  the  half  apes  ami  even  with  lower  forms, 
iintliropologists  are  unanimous  in  deriving  him  from  a 
generalizeii  anlhropoid  ])recursor.  The  phyhigcny  of 
the  maiunndian  group  is  given  in  the  preceding  article 
upon  Kriihiti'iiii.  so  that  we  msiy  devote  our  attention  here 
to  the  probli-ms  involved  in  tlie  ilelerminalion  of  man's 
immediate  anccslrv.     We  shall   seek  such   evidence  as 


inny  be  found  within  the  human  group,  in-glecling argu- 
ment by  analogy,  which  can  never  be  wholly  i  iinviming. 

I.  So.MAHU.ocv. — The  modern  science  of  physical  an- 
thropology interprets  the  data  supplied  by  iinliryology. 
ethnic  ami  comparative  anatomy,  and  statistical  anlhro- 
pomelry  by  the  aid  of  the  theory  of  evolution  which 
alone  rcndeis  them  comprehensible. 

1.  /■)iiihn/"l'>r/>/. — In  iiddition  to  the  indications  of  rela- 
lionship  to  lower  animal  forms  there  are  many  marks  of 
pliyhvgenetic  proximity  to  the  anthropoids  in  the  human 
fcviiis.  Hy  the  <lictuni  of  "the  first  biogenetic  law  "  we 
interpret  the  greater  resemblance  of  the  youngof  anthro- 
poids and  man  to  mean  that  both  sprang  fiom  a  common 
ancestral  type.  N'ot  to  deal  too  exclusively  with  gen- 
eral statements  let  us  review  a  few  of  the  more  wdient 
facts. 

The  lainigo  of  the  fcelus  recalls  the  hairiness  of  prim- 
itive man  and  his  immeiliatc  ancestor,  a  comlition  seen 
even  now  in  an  occasional  unfortunate  adult.  The  free 
projecting  tail  of  the  embryo  certainly  pertains  to  an 
earlier  I'orin  than  the  anthrfipoid  liut  not  necessarily 
earlier  than  the  lower  piiniatcs.  Again  it  is  to  he  noted 
that  this  character  sometimes  persists  in  human  beings 
until  maturity,  either  with  or  without  free  vertebne. 
I'litil  the  very"  end  of  the  nineteenth  century  rumors  of 
the  discovery  of  tribes  of  tailed  men  were  circulated 
from  time  to  time.  It  has  been  suggested  that  such 
fables  may  have  arisen  from  the  practice  of  wearing  a 
sort  of  caudal  appendage,  as  among  the  Sioux  Indians 
and  the  Xagasof  Manipur.  The  theory  of  an  ontogenetic 
shifting  of  the  |)ilvic  girdle  is  generally  accepted,  reduc- 
ing the  number  of  presiicral  vertebr.-c  from  the  numlier 
existing  in  most  of  the  anthropoid  families  and  from  the 
ancestral  condition.  The  presence  of  cervical  and  lum- 
bar ribs  in  the  embryo  recalls  the  type  prevailing  among 
the  antliri>poids  where  the  omng  alone  has  as  few  as 
twelve  paiis.  The  shape  of  the  entire  tlnuax  in  the 
embryo  is  of  the  primary  type  seen  in  the  lower  apes. 
One  of  the  most  notici'ablc  simian  characters  to  be  seen 
in  the  embryo  is  the  pioportionately  long  fore  arm  Avhich 
in  the  embryo  of  two  and  a  half  months  equals  l^H.SS  per 
cent,  of  the  length  of  the  liumerus  as  compared  to  "i'i  to 
73  per  cent,  in  the  adult  European.  78  or  79  in  the  adult 
negro,  and  90  to  94  in  the  chimpanzee.  The  os  centrale 
of  the  human  embryo  is  found  in  but  one  group  of 
anthi'oiioids  among  adults,  though  it  occurs  in  most 
monkeys.  The  short  lower  limbs  of  the  fcetus  suggest 
the  adult  anthropoid  condition.  The  fibular  malleolus, 
much  less  important  than  the  tibial  in  apes,  is  less  de- 
veloped in  the  fo'tus  and  among  Australians  and  other 
low  races.  The  opjiosablc  cinidition  of  the  great  toe  in 
fu'tal.  and  even  infantile  life  is  an  often  cited  example  of 
the  retention  of  !Ui  ape-like  character. 

Among  the  must  les  wi- may  refer  to  the  condition  of 
the  pyiamidalis  which  in  the  child  resembles  that  of  the 
apes  and  lower  mammals,  also  to  the  interossei  |)edis 
muscles  which  in  the  hutuan  embryo  are  distributed  as 
in  some  of  the  lower  apes  and  in  lesser  degree  the  <him- 
panzee  and  oiang.  The  vermiform  appendix  is  propor- 
tionally larger  in  the  fivtus. 

In  the  biain.  the  most  distinctively  human  of  all  the 
(U'gans  of  the  body,  the  ontogenetic  changes  in  the  char- 
acter of  the  surface  and  the  disiiositiiui  of  the  v<'sicles 
repeat  ])hylogcnctic  development  in  a  marked  degree. 
Hcsemblance  between  the  young  of  the  two  groups  is 
nowhere  more  striking  than  in  this  organ.  Hints  of  the 
anthi'opoid  comlition  are  not  numerous  in  the  sense 
organs  of  the  embryo,  but  in  the  external  ear  such  con 
ditions  aic  faiily  iiromincnt;  the  tip  shifts  downward 
and  not  until  the  eighth  ninnth  does  the  human  car  fold 
begin  to  roll  inward.  The  palatal  ridges  of  the  embryo 
(six  or  seven)  suggest  the  anthrnp<iiil  condition,  though 
they  aie  rather  nnac  numerous  in  the  ai>es.  The  milk 
teeth  of  iniui  and  anthropoids  aie  closely  similar  and  the 
dental  formula'  arc  identical  in  the  two  groups. 

These  are  a  few  of  the  more  im)>ortant  characters  that 
point  to  an  anthropoid  ancestry.  They  are  but  a  fraction 
of  the  number  of  characters  that  occur  in  the  human  cm- 
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bryowhlrlinn-  liidloallvcof  lower Rtagcxiifdpvi'lopiiu'iit, 
but  'iikiii  iill"L'iMl»T  they  li'ml  HtroiiK  Kii|i|i"it  to  liicrvo 
liilicMiiirv  liy|Miilirsis. 

2.  lOliiiii-  ■mil  l'"iiiiKiriilirf  Aiiiili)iii!/.—'\'i>K<'^Uvv  willi 
pliysicilmry  imd  niilliici|"itiiiln  it  riiiiipiiws  llir  irrciiliT 
|iiirl  iif  llir  sik'iu  T  iif  Hniimtiiliijry  us  imw  tjiuiflit  in  mir 
uiiiviTsitics,  mill  the-  r\  iiU-iu-c  of  llic  rcliiiii>iislii|i  of  iniiii 
til  llir  iinlliri>|i(iiils  is  ni|iiilly  iirruniuliilin);.  Ixitli  fruiii 
till-  wiirk  iliinr  in  our  liiliiimlinics  anil  frinii  tlml  iii'cdhi- 
|ilislic(l  iMiiiiiiir  wiml  Wf  iiri-  pli-iisnl  In  liriii  tlir  Idwit 
niirs.  lliimuli  it  must  In-  uiiiliistodd  that  in  iiiiiny  ir 
s|irrls  llii'si'  I'm  IS  as  will  lis  siiiiir  of  Ilir  liiwcr  animals 
cxliiliil  I'liaraitiTS  nf  drcidid  siipiriniily.  W'c  may 
8iiiiimari/r  llir  farts  as  fulln.vs:  Man  irsmdilcs  llir  an 
tliriipoiils  iniiri'  clnsily  tliiiii  dn  llir  lallrr  tlir  Aiiu'iiran 
niiiiikiys.  Ill  iitluT  vvni'ds.  Ihr  pip  lii'l wren  tin- liiimaii 
and  till'  ni-anvst  nun  liiimiin  uroiiii  is  far  Irss striking,'  than 
tlial  lirlwtrn  many  inammalian  irroiips.  AniKiitrskrlrtiil 
clianictiis  \vc  lind  tliiil  tlir  spinuiis  pioci'ssrs  of  tlii'  cir- 
viral  viili'lira'  air  simple  and  iindividnl  anion;;  low 
rarrs.  TIn' rlav  irir  and  Ilii'  scapula  arc  propoilionatcly 
loniici' and  liciu c  mole  simian  in  the  negro  iliaii  in  the 
Caneasiaii.  Tin-  aim  of  tlienetrio  exiiihils  two  opposiii),' 
clianicleis:  it  is  liiirher  in  its  shorter  liiunerus  and  lower 
in  the  loiiL'er  radius  than  the  white;  the  pioporlioii  of 
the  nidiiis  is  more  exa^rpenvted  in  Hie  Veildalisof  Ceylon. 
Willi  a  slii;lilly  shorter  feiniirand  a  tibia  of  eipial  Icnixlh 
the  negro  possesses  lower  limbs  of  a  more  simian  type 
than  the  white.  In  the  torsion  of  the  humerus  the  lilaek 
races  slaiid  midway  bdweeii  the  aiilhropoids  1 13(1  )  and 
J'uropeans  (ll>l  I.  The  condition  known  as  perforate 
linmeriisor  theoeeiirrenee  of  the  siipratioehlcar  foramen, 
which  is  most  frei|iient  in  Veddahsand  Husliinen,  is  com- 
mon in  the  gorilla  and  the  orancr.  Among  non-Kuio]ieaii 
races  it  is  not  the  blacks  alone  that  retain  the  apelike 
prehensile  fool  beyond  the  period  of  infamy;  many  ?]ast- 
cm  peoples  possess  this  character,  notably  the  Japanese. 
However,  it  is  a  pincer  fool,  not  a  hand  foot. 

The  skull  continues  to  be  the  most  signiticant  portion 
of  the  skeleton  for  elassiticatory  pur|)oses  notwithsland- 
ing  some  contradictious  presented  by  single  cliaraclers. 
The  projecting  brows  of  the  gorilla  are  seen  in  certain 
prehistoric  crania  to  be  described  later  and  in  the  Mel 
anesians  as  well  as  in  rare  instances  among  Caucasians. 
Manv  human  groups  possess  the  Hat  nose  of  the  anlhro 
poids.  The  fusion  of  the  nasil  bones  that  is  normal  in 
apes  occurs  more  freiiueiilly  in  lower  races  than  in  higher 
Australians.  Ilawaiians.  and  othere  have  no  sharp  line  i<( 
demarcation  between  the  nasal  opening  and  the  maxilla 
beneath  it.  The  temporal  crest  assumes  a  simian  ap- 
pearance among  the  Oceanic  blacks.  The  inciting  of 
the  temporal  with  the  frontal  in  the  form  known  as 
|ilerion  in  K  is  most  frei|Uent  in  the  Veddahs,  Australians, 
and  negroes;  in  anthropoids  it  is  seen  in  the  gorilla. 
Considenible  variation  in  the  foramina  of  the  skull  occur: 
the  parietal  are  more  freipieiitly  wanting  in  the  higher 
races,  the  middle  laccnited  is  larger  in  Europeans  than 
in  lower  races  and  is  wanting  in  anthropoids.  The  pala- 
tine suture  of  certain  low  races  by  its  curved  and  irregu- 
lar course  resembles  that  of  the  apes.  The  form  of  the 
palate  among  low  races  often  resembles  the  I'  shaped 
alveolar  arch  of  the  anthropoids  and  occurs  occasionally 
among  Caucasians  as  an  individual  variation.  The  teeth 
of  the  Australians  increase  in  size  backward  as  in  the 
apes.  The  New  Caledonians  not  rarely  develop  a  third 
pre  molar,  the  normal  condition  in  Xew  World  monkeys. 
The  shortened  inferior  maxillary  of  the  European  is 
causing  a  reduction  in  the  number  of  teeth  so  ihat  the 
upper  outer  incisors  are  sometimes  wanting  and  the  wis- 
dom teeth  as  well.  This  change  is  also  taking  place 
among  Amerinds.  We  have  observeil  casesof  supiuessed 
third  molars  among  the  Esiiuimaux  and  all  stages  between 
rudimentary  third  molars  and  those  larger  than  the  tirsi 
and  second  molars  among  other  Amerinds.  The  liyoid 
of  negroes  resembles  that  of  apes  more  closely  than  does 
that  of  Caucasians.  The  prognathism  of  the  ape  is  con- 
spicuous in  the  extinct  Kalaugs  of  Java,  the  Akkas  and 
other  Africans 


Thu  only  wi-II-niarkcd  pip  cxlHtinc  Iwtwecn  the  eraniii 
of  man  and  anthropoids  Is  In  capai  ity.  Thi;  highest  re- 
corded capacily  for  the  laller  is  aboiii  .V,l(»  c.c.  while  the 
lowesi  for  the  former  is  Ihat  of  a  normal  Veddaii  skull 
of  !)."i(l  c  c.  While  the  methods  of  dilerinining  cranial 
capacily  are  uiisalisfiiclory,  and  Hie  iihiiIis  of  ililfereiit 
observers  are  8<'arcely  companible  one  with  another,  yet 
approximately  correct  iivenigeK  have  been  reiorded  for 
most  huniaii  groups  which  show  that  the  lowesi  capacity 
exists  among  the  dwarf  races  of  Africa,  the  Veildalisof 
Ceylon  and  their  neighbors,  the  Andamanese.  The  nueg- 
lion  of  capacily  is  llie  most  interesting  one  coiiccrning 
fossil  human  crania. 

;i.  Viiriiitiiin. — Notwilhslandiiig  the  potent  inllueiice  of 
mixture  of  races,  the  conslant  mingling  of  blood  owing 
to  com|uest,  slavery,  or  friendly  alliance,  all  lending 
toward  uniformity  of  type,  the  hiiinan  body  is  in  the 
highest  degree  variable.  The  tendency  toward  uniform- 
ity has  produced  a  well  delined  species  with  varietal  dif- 
ferences within  the  group;  but  each  organ  of  the  body 
andlhe  proporlions  of  llie  whole  vary  to  such  a  degree 
Ihat  the  examination  of  a  large  series  of  anlhroiiomelric 
ilala  cannot  but  cause  the  investigator  to  marvel  at  the 
continuance  of  the  human  type.  Wc  now  know  that 
the  black,  white,  vellow,  anA  red  varieties  of  the  race 
perfectly  intergraile;  hence  we  need  not  e.\pect  by  such 
comparisons  as  have  been  made  in  the  preceding  para- 
graphs to  discover  differences  in  the  variinis  liuniau 
groups  that  shall  equal  those  existing  between  this 
species  and  the  anthropoids  belonging  to  four  separate 
families. 

Even  in  tlie  size  of  brain  ca.sc.  the  range  of  normal 
variation  in  man  is  from  900  to  1,^00  c.c.  while  the 
range  from  microcephalic  idiots  to  pathologic  niega- 
ceplialic  skulls  is  from  3.j0  to  3,oOO  c.c.  The  range  of 
variations  in  cranial  capacity  in  a  small  .series  of  42 
Auvergnal  skulls  was  (iTO  c.c.  The  range  from  the 
earliest  times  to  the  present  is  inconsiderable  and  incon- 
clusive. The  proportions  of  the  brain  ease  are  fairly 
constant  within  the  tribe  but  not  in  the  larger  divisions 
of  the  species:  w-e  have  long-and-round-headed  Cau- 
casians. Mongolians,  negroes,  and  Amerinds,  with  all 
possible  intermediate  forms.  In  the  torsion  of  the  hu- 
merus. f)fteii  cited  as  a  good  zoological  character  separat- 
ing man  from  the  other  animals,  the  variation  is  from 
lt)4  in  Europeans  to  KU  in  Australians,  the  minimum 
being  at  least  seven  degrees  below  the  average  for  the 
gorilla,  less  than  the  gap  separating  the  lowest  anthropoid 
from  the  lower  apes  and  monkeys  which,  in  their  turn, 
are  lower  than  the  maisu|iialsand  others.  Indeiiendently 
of  the  normal  variation  in  the  lenglli  of  the  humerus,  the 
ilifTerence  between  the  right  and  left  sides  sometimes 
amounts  to  2  cm.  The  other  long  bones  exhibit  a  cor- 
res])c}nding  variability;  indeed,  the  libia  has  been  termed 
ihemost  variable  long  bone  in  the  limbs  of  man.  The 
thickness  of  its  shaft  varies  from  forty  to  one  hundred 
per  cent,  of  the  anteroposterior  diameter  and  the  outline 
varies  from  almost  a  circle  through  oval,  triangular,  and 
i|uadrangular  forms.  Physiological  causes  are  supposed 
to  bring  about  the  platycuemic  or  flattened  condition 
and  the  retroversion  of  the  head  as  well  as  various  de- 
grees of  curvature  of  the  shaft.  ICxam)iles  of  similar 
variations  might  be  luultiplied  indelinitely  from  an  e.v- 
aminalion  of  oilier  parts  of  the  skeleton  and  of  the  other 
tissues,  particularly  the  muscles,  where  variation  becomes 
I'xcessivc.  and  we  yet  continue  in  our  laboratories  to  re- 
cord eases  of  "new  muscles." 

II.  Etiinoloov. — The  study  of  the  culture  of  liv- 
ing races  furnishes  little  evidence  in  favor  of  our 
iliesis;  although  it  is  true  that  in  the  Amerindian  di- 
vision the  Fuegians.  the  Seri  of  the  Gulf  of  California, 
and  perhaps  the  Botocudo  stand  out  little  above  the 
apes.  Subsisting  mainly  upon  raw  food  and  manufac- 
turing implements  and  weapons  of  the  simplest  sort 
they  are  not  industrially  much  superior  to  the  anthro- 
poiil  tbat  has  learned"  to  preserve  the  conveniently 
shaped  stone  for  breaking  cocoamit  shells.  Among  the 
blacks,  the  Andamanese,  llie  Veddahs,  some  Au.straliaus, 
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nnil  ju'iliaps  n  few  ntlni-  ^.TDiips  are  equally  savage  in 
culture. 

Friim  the  (liscovcries  (if  recent  years  it  is  now  known 
tlint  tlie  earlie.-;t  niij;ralions  peopled  the  earlli  before  or 
.shortly  after  the  transition  to  the  human  stajre  of  de- 
velopnu'iit.  .so  that  the  several  native  cultures  have  been 
moulded  by  environment  an<l  acculturation  rather  than 
by  connnon  descent.  Natumlly.  similar  environments, 
similar  conditions,  result  in  like  products  which  are  termed 
ethnic  parallels,  and  the  phenomenon  is  known  as  iisychic 
unity.  The  extreme  position  which  maintains  that 
"thinkinjr  merely  goes  on  within  us"  governed  by  lui- 
alterable  laws  that  direct  every  race  through  the  same 
phases  in  its  upward  struggles  has  been  abandoned  by 
most  anthropologists.  l)ut  the  controversy  has  stimulated 
research  and  indicated  the  true  factors  governing  primi- 
tive cultural  ilevclopmenl.  Hy  the  study  of  present-day 
savages  we  leurn  of  those  of  prehistoric  times.  But 
again  we  are  not  forced  to  rely  solely  tipon  analogy. 
Let  us  see  what  positive  evidence  is  available. 

III.  Pukiiistohic  Auch.kologv. — From  the  Glacial 
gravels  of  Europe.  Asia,  and  Africa  have  been  taken 
flaked  .stone  implements  of  a  rude  and  simple  .sort  that 
mark  the  beginning  of  the  industrial  art  in  stone.  Ap- 
liarenlly  without  (lomcstic  animals,  possessing  a  knowl- 
edge of  the  u.se  of  lire,  our  Pleistocene  ancestors  apiicared 
in  Europe  at  least  as  early  as  the  Inlerglacial  epoch  and 
possibly  before.  Cultural  remains  arc  fairly  abundant 
froin  which  we  may  reconstruct  the  history  of  this  far- 
off  pco])le.  but  of  skeletal  remains  but  few  have  been 
discovered.  Many  mistakes  have  been  made  in  the 
idcntilication  of  more  modern  skeletons  as  of  Pleistocene 
provenance;  however,  at  least  two  skulls  and  two  oilier 
inferior  maxillaries  arc  referred  to  the  Chellian  or  earliest 
paleolithic  period  ;  about  a  dozen  in  all  nia_y  be  as.signed  to 
the  Quaternary  epoch ;  and  these  are  in  but  a  fragmentary 
condition.  cibviously  the  attempt  to  reconstruct  the 
])hysical  type  of  the  earliest  know-n  inhabitants  of  Europe 
from  such  scanty  material  is  e.xtremel}'  hazardous.  Nat- 
urally enough  the  most  minute  and  exhaustive  study  is 
made  of  these  specimens,  thcobservcrusually  bent  upon 
discovering  iiithecnid  or  anthropoid  characters. 

The  human  remains  that  may  be  accepted  without 
controversy  are  the  skulls  from  Olmo,  near  Cliiana  in 
Tuscany,  and  from  Egisheim  in  Alsace.  The  ma.xillaries 
are  those  from  the  cave  of  La  Xaulettc,  near  Furfooz  in 
Belgium,  and  the  fragment  from  the  Schipka  cave  in 
Moravia.  The  skulls  are  dolichocephalic  but  not  at  all 
ape-like.  The  jaws  present  certain  low  characters  that 
are  not  micommon  among  whites  at  the  present  day. 
One  of  the  most  widely  known  skulls  is  that  of  Neander- 
thal, Khenisli  Prussia,  which  cannot  be  proven  to  be  a 
genuine  (Juaternary  relic,  and  even  if  it  be  such  no  great 
weight  can  be  attached  to  its  somewhat  simian  brows  and 
low  frontal  because  we  find  its  modern  counterpart  in 
men  of  no  inferior  intelligence,  as,  for  exaiuple,  Robert 
Bruce.  Possibly  such  individuals  arc  to  be  accepted  as 
examples  of  reversion,  though  here  again  we  must  re- 
memberthat  normal  variation  about  a  mean  will  produce 
alow  frontal  in  the  millionth  skull.  It  is  noteworthy 
that  the  olilest  skulls  of  Europe  present  fairly  uniform 
proportions  of  breadth  to  length,  and  are  dolichocephalic. 
In  America  both  long  and  round  sktills  are  found  in 
Quaternary  strata,  showing  thatat  that  distant  day  ditlcr- 
entialion  had  proceeded  far  enough  to  establish  two  dis- 
tinct types.  .\l  Santos,  on  the  south  coast  of  Brazil,  was 
founrl  a  skull  that  resembles  the  Pithecanthropus  crccltis 
of  Java.  It  is  somewhat  less  dolichocephalic  but  has  the 
same  marked  constriction  behind  the  orbital  region,  a 
characteiislic  of  the  gibbon  skull.  Other  South  Ameri- 
can skulls  show  this  sjime  trait,  and  from  their  study  the 
conclusion  has  been  reached  that  man  is  more  closelv  re- 
lated to  till'  gibbon  than  to  any  other  anlbropoid.  This 
conclusion  is  independently  rcache<i  from  the  study  of 
the  skull  or  lirain  cap  logi'lln'r  with  I  wo  molars  and  a 
femur  from  Trinil  in  northeastern  Java.  These  remains 
indicate  that  the  aninial  to  which  they  belonged  was 
dolichocephalic,  had  a  cranial  capacity  of  about  LOGO  c.c. 


(average  for  Europeans  1.505  c.c),  was  tall,  and  walked 
erect.  This  creature  was  named  Pithecanthropus  erectus 
by  its  discoverer,  who  believes  that  it  reprcs<'nts  a  true 
tninsilion  form  from  the  anthropoids  to  man  and  that 
continuity  in  the  upward  scale  of  development  has  been 
established  at  la.st.  The  skull  dilTers  from  the  ape's 
craniinn  in  having  a  higher  vaidt.  in  being  devoid  of 
strong  crests  and  ridges,  and  in  having  an  occiput  arched 
like  thai  of  man  thoufrh  somewhat  suggestive  of  that 
of  Hyliiliates.  Pilhecanthropus  is  reganled  as  having 
descended  from  Anlhropoi)ithecussivalensisof  the  Indian 
Miocene  which  with  Ilylobates  stands  nearest  to  man  of 
all  the  anthropoids.  Pilhecanthropus  comes  from  the 
Tpjier  Pliocene  or  Lower  Pleistocene,  hence  in  sequence 
of  lime  stands  between  anthropopithecus  and  man.  The 
discussion  concerning  the  siLniilicancc  of  this  fossil  is  not 
yet  closed  notwithstanding  Ihe  fact  that  various  aulhori- 
lics  announce  from  lime  to  time  thai  it  is;  however,  the 
]ireponderance  of  opinion  is  in  favnr  of  the  acce])tance  of 
the  original  theory  that  pitliecaiuhropus  is  a  true  transi- 
tion form. 

Both  in  the  New  World  and  in  the  Old  the  discus.sion 
yet  Continues  concerning  the  length  of  the  last  Glacial  and 
the  Post  Glacial  period.  The  estimates  vary,  .according 
to  the  method  or  the  prejudice  of  the  investigator,  from 
a  few  centuries  to  hundreds  of  lliousiindsof  years.  Could 
we  deljnitely  establish  the  existence  of  Tertiary  luan  the 
peiiod  of  human  occupation  would  be  immensely  in- 
creased. We  may  postulate  a  Tertiaiy  "precursor,"  a 
"proanthrojms,"  but  exhibit  one  of  his  bones  in  the 
broad  light  of  day  we  cannot.  Human  bones  have  been 
occasionally  found  buried  in  Tertiary  strata.  l»it  they 
have  been  shown  to  be  much  later  than  the  strata  in 
which  they  had  been  interred.  Artifacts  jiurporting  to 
be  of  the  Tertiary  epoch  are  anno\uiced  from  time  to  time, 
but  there  is  always  some  flaw  in  the  evidence:  they  are 
natural  tlint  flakes  that  are  erroneously  supposed  to  be 
artificial,  w'orkcd  animal  bones  that  are  found  to  have 
been  gnawed  by  wild  beasts,  whale  bones  (hat  have  been 
grooved  by  the  teeth  of  sharks,  cracked  bones  that  are 
shown  to  iiave  been  naturally  broken,  and.  tinally,  there 
is  often  doubt  as  to  the  exact  age  of  the  strata  them- 
selves. Again,  fraud  is  suspected,  as  in  the  case  of  the 
Calaveras  skull,  and  the  evidence  must  be  rejected. 
However,  no  valid  objection  to  the  existence  of  Pliocene 
or  even  Miocene  man  can  be  maintained.  The  hypothesis 
that  man  could  not  have  retained  his  sjiecitic  characters 
throughout  such  a  long  period  of  time  without  doing  vio- 
lence to  the  natural  laws  of  zoologic  develoinncnt  seems 
tuitcnable  when  we  see  how  slight  has  been  the  change 
in  other  animal  species,  for  example  the  lion,  that  was 
the  contemporary  of  Ihe  European  cave-dwellers  of  early 
Quaternary  limes,  as  com]iared  with  Ihe  nioilern  species. 

Whelher  man  lived  in  Europe  before  the  Interglacial 
period  is.  then,  an  luisolved  problem,  but  if  true  that 
lie  lirst  ajipeared  on  that  continent  after  the  tirsi  Glacier, 
we  know  next  to  nothing  of  Ihe  length  of  time  that 
he  had  lived  in  more  tropical  regions.  The  now  sterile 
Sahara  was  once  a  well-watered  region,  as  is  shown  by 
the  terraced  valleys  worn  by  flowing  strc;ims  ami  by 
the  crocodiles  that  yet  survive  from  llie  aipiatic  period 
in  the  Ahaggar  Mountains.  There,  too,  we  find  picto- 
graplis  jiorfraying  animals  that  no  longer  live  in  the 
region.  It  is  nearer  the  centre  that  arclncologists  now 
regard  as  the  place  of  origin  of  the  entire  nice.  That 
there  was  but  one  place  of  origin  is  no  longer  dis)nitcd  by 
any  compcteni  anlhrojiologisl.  aixl  lliis  centre  is  located 
in  cither  the  norlliern  or  norllieasteiii  part  of  Africa  or 
in  the  so-called  Lemuria.  the  region  now  occupied  by  the 
Indian  Ocean.  The  geologic  evidence  of  the  existence 
of  this  continental  area  is  indispulable:  that  it  was  oc- 
cujiicd  by  primitive  man  seems  probable  from  Ihe  fact 
that  Ihe  climalic  condilions  were  most  favorable  for  the 
welfan  of  a  naked  frugiverous  animal:  it  is  within  Ihe 
limits  of  Ibis  area  that  the  most  primitive  fossil  form  has 
been  found:  it  is  on  the  bordeis  of  this  area  Ihal  the 
most  ajie  like  human  beings  now  live:  and  on  the  eastern 
and   western  limits  of  this  zone  that   anthropoids  yet 
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tlniirisli :  il  is  mi  ilic  iiurllicn  hnrdi-rx  of  IIHr  iin>n  tlml  tliu 
(iirlifHt  civili/iiliiiiis  Imvr  iiriwii.  Tlii'  ilispcrsidii  fnnii 
lliis  ci'iilrc  iniisl  Imvi-  liikrii  pliicc  not  liitrr  timii  llic  Old 
Stum-  .\>:r,  mill  llir  |iriiiiiin  ilivisimis  of  iniiiikiiiil  win- 
iilrciiily  s|Kria)i/.ril  in  tluir  wviriil  t'rii^'iii|iliic  miiis  In- 
fiirr  llic  ilrvi'lo|iMirtil  nf  any  ilisliiirlivc  ruitiiri-.  I'akn 
lilliii-  iiii|ilriiii'iiis  iiri'  rr^'iinlnl  us  vrrv  iiiiicli  llir  Hiiini'  in 
clmnirliT  In  tin-  Kiistrin  iinil  Wi'slciii  linnisplu'ri'S.  but 
III!  Ncnliiliir  unii  siilist'i|ui'nt  iirlifitcls  dilTcr  lu'conling  to 
tlir  liM'iility  wlirlur  tin  v  coMir. 

Siin-r  the  first  pni|iliiif;  of  llii'  iinlli  llirrr  sccins  to  Imvc 
Ih'cm  littlr  inii;i^iti<>ii  in  tin'  New  Woilil.  Aiistniliii.  or  to 
iiiiv  siv'iiilininl  rxtriii  in  Cinlnil  Afrirn  These  i-Diiiitriis 
liiive  piiHluieil  slr(inL.'ly  iimrked  varieties.  The  eviilenie 
is  nipiclly  aceiiinuliitiiiK  toshi>«  that  I l.'i-Caueasii- division 
arose  in  Afriea  in  the  rei.'ii>n  of  the  Siilianiand  northward, 
and  not  in  Asia.  Twnor  three  land  lirid.i;es  then  spanned 
the  Mediterranean,  and  there  was  land  coiineelion  to  the 
Hrilisli  Isles,  so  that  no  obstacle  prevented  the  invasion 
of  Europe  or  the  iniiinition  to  and  fro  of  the  tropic  and 
lenipenile  fauna  of  the  two  continents.  The  niovcincnls 
of  the  European  and  Asiatic  nices  have  been  chielly  with- 
in liniils  of  similar  environmental  conditions,  so  that  the 
exteiisivi-  nii^nitions.  asconlraslcd  with  the  liniiled  ones 
(if  the  black  and  red  nu'cs.  have  not  apparently  interfered 
with  the  specialization  of  racial  types.  Indeed,  wc  are 
discoverinjr  that  the  principal  types  of  Caucasians  were 
already  specialized  in  Afriea  before  the  migrations  to 
Europe  began. 

We  may  suinniarize  the  facts  so  far  as  known  concern- 
ing the  tiine  and  idace  of  man's  origin  and  the  <-liaracter- 
islics  of  his  early  culture  as  follows:  Before  the  period 
of  proto  historic  Egyptian.  Mediterranean,  and  Eastern 
civilizations  there  \vas  an  epoch  during  which  imple- 
ments and  weapons  were  made  of  stone  and  w  ere  smoothed 
and  polished.  At  a  yet  earlier  peiiod  chipped  or  tlakcd 
flints  and  other  stones  were  used.  The  rudest  types  of 
these  come  from  strata  that  are  referred  to  the  Inter- 
glacial  period  of  Europe.  In  those  strata  human  artifacts 
cease;  there  also  occur  the  earliest  traces  of  human 
skeletal  remains.  These  remains  are  few  and  fragmen- 
tarv.  but  they  iiulicate  that  the  race  of  that  remote  epoch 
diltered  but  little  in  physical  characters  from  that  of  to- 
(lav.  The  order  of  succession  of  the.se  geologic  and  cul- 
ture periods  is  known,  their  duration  is  not.  The  place 
of  origin  is  provisionally  located  in  the  tropical  region 
north  of  the  Soudan  in  Africa  or  in  the  sunken  Lcmuria. 
Paleontology  furnishes  but  one  i)il  of  evidence  of  any 
value,  the  remains  from  Java.  No  other  skeletal  remains 
liave  been  found  any  wliere  that  can  be  regarded  as  be- 
longing to  any  geneiidized  precursor  of  the  human  race. 
In  fact  only  a  ifew  fragments  of  fossil  ape  l)ones  have 
been  discovered.  Embryology  and  ethnic  and  compara- 
tive anatomy  combine  to  jirove  the  theory  of  develop- 
ment from  a  generalized  primate  the  remains  of  which 
may  be  found  to-morrow  or  which  may  never  be  found. 
The  Pliocene  fossil -bearing  beils  of  the  lands  bordering 
upon  the  Indian  Ocean  offer  the  most  iiromising  fields 
for  research  to-day.  The  problem  is  now  one  fiu-  pale- 
ontology and  geology  to  settle,  biology  can  do  little 
more.    "  Frank  StisseU. 

EXALGINE. — E.xalgine  is  the  trade  name  of  metliyl- 
acctaniliil.  Its  chemical  formula  is  C.lIiNCHjCilIsO: 
it  is  formed  by  the  addition  of  the  methyl  group,  CHj, 
to  acetanilid.  CrlliNIU^HjO,  replacing  one  atom  of 
hydrogen. 

It  occurs  as  beautiful  needle-shaped  crystals,  colorless, 
and  with  a  faintly  aromatic  odor  ami  slightly  pungent 
taste.  Il  is  almost  insoluble  in  cold  water,  slightly  soluble 
in  hot,  and  very  soluble  in  dilute  alcohol.  From  si.xteen 
to  twenty  grains  may  be  dis.solved  in  half  a  drachm  of  rec- 
tified spirit,  and  this  solution  may  be  diluted  with  two  or 
three  ounces  of  water  without  producin.ir  any  precipita- 
tion. Itsmelting  point  is  10(1'  ('..  and  it  may  be  heated  to 
its  boiling  point.  240  or  2.")0  ('..  without  causing  decom 
position.  By  the  addition  of  soda  it  is  decomposed  and 
partially  converted  into  methylaniline.      Hydrochloric 


nciti  CUUSC8  tlic  same  decoinnosilion.  Exalgine  iniiy  be 
distinguished  from  acetanilid.  phenacelin,  and  niethaee- 
tin  by  treating  two  grains  of  the  suspected  salt  with 
twenty  minims  of  hydrochloric  acid.  I'henacelin  re 
niains  undis><olved .  aeiianilid  dis.solves  but  separates 
again  in  crystals;  melhacelin  also  dissolves  and  grudii- 
iilly  colors  the  solution  reddish-brown  on  the  addition  of 
one  drop  of  nitric  acid.  Another  test  for  the  presence  of 
phenacelin  or  acetanilid  is  to  treat  a  chloroform  solution 
with  ten  volumes  of  jietroleiini  ether:  if  either  of  tJiese 
substances  is  present  a  turbid  mi.vture  is  formed.  The 
presence  of  methylaniline  and  other  compounds  of  the 
same  base  may  be  detected  by  the  irritating  fumes  pro- 
duced when  the  impure  sjilt  is  iiealid  with  alcoholic 
solution  of  potash  and  chloroform.  lis  purity  may  be 
further  tested  liy  dis.solving  in  nitric  acid.^ which  forms 
a  colorless  solution;  when  heated  this  becomes  of  a 
bright  yellow  color,  and  evidves  irritating  fumes. 

.Methylacetanilid  was  discovered  in  1H74  by  A.  W.  von 
Ilofnian.  Its  therapiulie  properties  were  studied  to  a 
certain  extent  by  Kalin  and  llepp  during  their  researches 
upon  acetanilid  and  other  aniipyietics.  but  it  was  not 
until  .March.  1S(<U,  that  Dujardin  Beaumelz  and  Bardet 
made  known  its  value  as  an  analgesic,  in  a  communica- 
tion to  the  French  Academy.  A  very  careful  series  of  ex- 
periments, both  phy.siological  and  clinical,  enabled  them 
to  indicate  its  therapeutic  qualities  with  a  marked  degree 
of  acciuacy.  In  common  with  the  other  members  of  the 
aromatic  series  it  was  found  to  jios-sess  antiseptic,  antipy- 
retic, and  analgesic  properties,  and  they  also  jiointed  out 
that  its  action  on  the  nervous  system  should  make  it  of 
value  in  the  treatment  of  many  functional  diseases.  It  was 
as  an  analgesic  that  they  particularly  advocated  its  use; 
the  addition  of  the  methyl  atom  to  acetanilid  had  intensi- 
lied  this  action  without  affecting  its  antipyretic  proper- 
ties, but  it  was  found  that  a  dose  large  enough  to  ])roduce 
antipyresis  was  accotupanied  by  such  alarming  toxic 
symptoms  that  this  use  could  not  be  considered.  They 
advocated  its  eniployiuent  in  headache,  migraine,  neu- 
ralgia, neuroses  of  the  viscera,  the  pains  of  locomotor 
ata.xia,  and  in  all  non-febrile  alTcctions  accompanied  hy 
pain.  The  dose  they  advised  was  from  gr.  iv.  to  gr.  vi. 
(0.25  to  0.40  gm.)  in  a  single  dose,  or  from  gr.  vi.  to  gr. 
xiss.  (0.40  to  0.7.1  gm.)  in  the  twenty-four  hours. 

In  Great  Britain  the  notice  of  the  iirofcssion  was  par- 
ticularly directed  to  the  value  of  this  remedy  by  Pro- 
fessor Fraser.  of  Edinburgh.'  who  gave  the  results  of  his 
experience  with  it  in  the  Hoyal  Infirmary.  The  remark- 
able point  iu  Professor  Fra.ser's  jiaper  was  the  smallness 
of  the  dose  and  the  success  that  followed  its  use  in  such 
(|uantities.  The  usual  dose  was  half  a  grain  in  spiritu- 
ous solution,  repeated  three  or  four  times  a  day,  accord- 
ing to  the  return  of  the  iiain.  In  some  ca.ses  it  was  in- 
creased to  one  or  even  to  two  grains,  and  in  a  few  instances 
four  grains  were  given;  the  lar.scst  f|uantity  given  was 
fourteen  grains  during  the  twenty-four  hours.  In  the 
cases  of  neuralgia  and  aii.gina  half-.srain  doses  relieved 
the  pain  in  ten  or  fifteen  minutes,  and  in  one  hour  there 
was  perfect  ease,  which  lasted  for  from  three  to  nine  or 
ten  hours,  and  in  many  instances  a  complete  cure  was  ob- 
tained. In  sciatica  and  locomotor  ataxia  one  and  two 
grains  secured  the  same  freedom  from  su(Terin,!i.  In 
cancerous  disease  and  in  the  iiain  accompanying  an 
aneurism  the  success  was  less  marked,  and  it  was  in  these 
cases  that  the  lar.ser  doses  were  given.  Dr.  Fra,ser  con- 
siders that  the  smaller  do.se  is  the  proper  method  of  ad- 
ministering the  drug,  and  that  all  its  virtues  may  tints  Ije 
as  readily  secured  as  with  the  larger  doses. 

Following  Dr.  Eraser's  jiaper  came  a  number  of  re- 
ports of  successful  results  with  half-  and  one  grain  doses, 
by  Drs.  Herscliell.-  Farrar.-  Ilolden.'  Maloney,-'  and 
nlany  others.  Further  experience  has  proved  exalgine 
to  be  an  analgesic  and  antispa.smodic  of  much  value, 
which,  although  not  in  very  general  use,  is  constantly  em- 
ploved.  It  is  of  service  in  all  pains  of  a  purely  neurotic 
origin,  and  by  many  it  is  thought  to  be  particularly  valu- 
able duiing  the  course  of  a  febrile  attack.  It  has  proved 
of  less  valtie  in  p.ainf  ul  condil  ions  due  to  organic  disease  or 
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inc'cimiiicnl  cnusi's.  In  England  tbe  small  dose  iidvocatcd 
bv  FnistT  iipiifarsto  prfiioniinalc.  but  in  other  Eiiropoan 
countries  and  in  America  the  larger  dose  of  four  itrain.s 
is  generally  given. 

Exalgini'  has  been  used  with  favorable  results  in  in- 
fantile'troiiUles  Dr.  Moncorvo'  publishes  his  experi- 
ence of  its  use  in  twenty -one  cases  of  cliildren  ranging 
from  one  to  twelve  years  of  age,  in  which  it  was  given 
for  the  relief  of  i)ain.  He  considers  it  a  very  useful 
agent.  It  wa.s  well  borne  in  every  case,  no  unfavorable 
symptoms  being  ever  noticed.  The  dose  commenced 
witii  was  three  fourths  of  a  grain,  increased  in  some 
cases  to  live  grains.  In  one  case  choreic  symptoms  were 
present  and  were  imi>roved. 

Its  use  in  chorea  has  been  reported  upon  by  Dr.  Hugo 
Loweiithal.'  Thirly-tive  <ases  were  treated  with  doses 
of  three  grains,  given  usually  three  times  a  day  and 
never  exceeding  tifleen  grainsiu  the  twenty-four  hours. 
The  effects  were  very  satisfactory.  The  mild  cases  were 
cured  i|ui(kly.  but  the  more  severe  ones  were  less  influ- 
enced and  rei|uired  more  time.  The  beneficial  effects 
of  the  treatment  were  most  marked  in  the  cases  in  wliich 
it  was  given  early  in  the  course  of  the  disease,  in  two 
cases  a  cure  being  ellectcd  in  eight  days.  A  favorable 
influence  over  the  mental  state  was  also  "noticed  :  the  fear 
and  nervousness  were  lessened  and  the  intelligence 
brightened.  In  some  of  the  cases  in  which  it  was  ad- 
ministered for  a  prolonged  period,  nausea,  vertigo,  head- 
ache, and  other  distressing  symptoms  were  noticed. 

Unfortunately  the  occurrence  of  toxic  symptoms  is 
not  infrei|uent."  No  fatal  termination  has  yet  been  re- 
ported. iMit  the  condition  of  the  patient  sometimes  be- 
comes very  alarming  both  to  the  friends  and  to  the  phy- 
sician. The  toxic  disturbances,  however,  occur  long 
before  the  fatal  dose  is  reached.  Experiments  on  ani- 
mals have  shown  that  the  lethal  quantity  is  seven  and  a 
half  grains  for  each  two  pounds  of  the  weight  of  the  ani- 
mal, and  three  grains,  it  has  been  found,  will  give  rise  to 
severe  symptoms.  The  poisoning  arises  from  the  action 
of  the  (inig  on  the  nervous  centres  as  well  as  from  the 
alteration  that  occurs  in  the  condition  of  the  blood.  The 
changes  in  the  blood  are  the  same  as  those  which  are  pro- 
duced by  all  aniline  compounds;  that  is.  the  hipmoglobin 
is  altered  into  met  haemoglobin  and  the  function  of  o.\i- 
dation  is  interfered  with.  The  patient  is  made  aware  of 
the  aiiiuouch  of  the  toxic  action  by  a  s?nse  of  fulness  in 
the  head,  a  constriction  and  oppression  of  the  chest, 
dyspncea,  vertigo,  di/./iness,  numbness,  and  disturbances 
of  vision.  This  is  followed  by  a  rapid  pulse,  shallow  res- 
piration, and  all  the  sensations  of  death  with  symptoms 
of  asjibyxia  and  collapse.  Unconsciousness  is  common 
in  the  severe  cases  of  poisoning;  convulsions  do  not  so 
freiiuently  occur. 

Generally,  very  large  quantities  are  given  before  any 
ill  effects  are  noticed.  It  is  very  rarely  Uiat  any  rlisturb- 
ance  of  the  skin  takes  place,  l)ul  cases  have  been  reported 
in  which  an  erythematous  rash  has  appeared  on  the  skin, 
and  in  some  instances  the  buccal  mucous  membrane  is 
al.so  alTected,'  In  one  instance'  the  drug  was  continued 
for  seveiUeen  days,  in  gradually  increasing  doses,  and 
during  the  last  seven  days  eighteen  grains  were  admin- 
istered daily.  In  another  case'  tliirty-.six  grains  were 
given  within  nine  hours,  and  in  still  another  '<•  twenty-four 
grains  within  two  hours.  The  ill  effects  of  the  drug 
generally  follow  its  prolonged  use  or  the  administration 
of  large  doses,  but  in  some  instances  quite  small  doses 
have  produced  very  alarming  effects.  Au  instance"  is 
reported  in  which  two  doses  of  three  grains  each  caused 
all  the  serious  .symptoms  of  poisoning,  and  another  in- 
stance is  known  in  which  two  doses  of  five  grains  each 
were  given  with  the  same  effect.  A  remarkable  case'' 
is  reported  in  which,  in  anadult.  twodosesof  oneand  two 
grains,  respectively,  produced  most  profound  prostration. 
The  symptoms  caiue  on  idiout  an  hour  after  the  adminis- 
tration of  the  last  dosi'.  while  the  patient  was  sitting  at  a 
table  engaged  in  a  gaiue  of  cards.  He  tirst  complained  of 
a  fulness  in  the  head  and  suddenly  fell  prostrate,  unable 
to  speak  or  move,  and  gasping  for  breath,     A  second  at- 


tack took  place  in  about  an  hour,  and  the  oppression  and 
dyspncea  continued  for  several  hotirs.  In  another  in- 
stance a  dose  of  eight  grains  prwluced  alarming  symp- 
toms.'" 

Very  different  froin  these  ciuses  are  those  in  which  very 
large  "(luantities  have  been  given  without  evil  consi-- 
quences.  Dr.  CUurton '■*  re|)orts  two  such  cases.  In 
the  relilling  of  a  bottle  of  medicine  a  mistake  was  made 
by  wliich  a  solution  was  prepared  of  one  grain  to  a 
drachm,  instead  of  one  grain  to  the  ounce.  The  medicine 
was  given  as  usual,  four  grains  instead  of  half  a  grain 
being  contained  in  each  dose.  This  was  continui'd  for 
several  days,  and  during  the  last  tw<iity  four  hours  be- 
fore the  mistake  was  dolecteil  the  jiatient  was  given  forty 
grains.  The  ]iulse  and  respiration  were  rapid,  and  the 
patient  comjdained  of  a  burning  sensation  in  the  stomach, 
but  no  other  effects  were  noticed.  The  second  patient 
was  given  twenty-four  grains  from  the  ,s!ime  preparation, 
but  it  failed  to  produce  any  other  effect  than  slight  ver- 
tigo and  a  sense  of  lieing  "dazeil,"  wliich  caused  her  to 
walk  unsteadily.  The  quality  of  the  drug  is  vouched  for. 
as  it  was  given  to  a  number  of  patients  with  satisfactory 
lesults.  and  small  doses  were  again  given  to  the  first  pa- 
tient, and  its  analgisic  action  was  secured. 

The  ([uality  of  the  drug  undoubtedly  affects  its  action, 
and  in  many  instances  explains  the  varying  results  that 
follow  its  use:  but  certain  conditions  of  the  system  must 
exercise  a  decided  influence,  probably  by  promoting  the 
decomposition  of  the  drug  and  the  formation  of  more 
toxic  compounds.  Mr.  Bokenliam"  dwells  upon  this 
point  in  his  remarks  upon  two  cases  of  poisoning  and 
suggests  that  soiue  condition  of  the  blood  preceding 
menstruation  may  assist  this  reaction.  The  activity  of 
the  action  is  also  influenced  by  the  time  of  its  ingestion. 
Professor  Frjiser  and  others,  who  find  benefit  in  the  small 
doses,  always  recoiumend  that  it  should  be  given  on  an 
empty  stotnach,  while  those  who  use  the  larger  doses 
advise  it  to  lie  given  after  meals,  and  others  still  have 
remarked  that  the  toxic  symptomsarise  when  it  has  been 
given  before  uieals.  In  the  majority  of  cases  the  toxic 
symptoms  [lass  away  without  requiting  any  assistance, 
but  when  the  depression  and  dyspna>a  are  severe,  stimu- 
lating remedies  must  be  used.  Alcohol  has  been  resorted 
to,  in  luost  of  the  cases  of  poisoning,  with  apparent  benefit, 
and  hypodermic  injections  of  ether  have  also  been  em- 
ployed. In  the  cases  reported  by  Dr.  Jones  ~  marked 
relief  was  secured  l)y  the  use  of  strychnine  in  addition  to 
the  stimulants.  Two  luinims  of  the  li<|Uor  strychninie 
were  given  hypodermically  ami  ten  minims  of  tincture 
of  digiUilis  by  the  mouth.  In  these  cases  the  inhalation 
of  nitrite  of  amyl  and  the  adiuinistration  of  nitroglycerin 
by  the  mouth,  in  doses  of  gr.  Yrm-  incrca.sed  the  cyanosis, 
showing  that  the  arterial  as  well  as  the  venous  blood  was 
altered. 

Upon  the  lower  animals  the  hypodermic  injection  of 
exalgine  produces  violent  epilejitifonu  convulsions,  sali- 
vation, fall  of  tenipi-rature.  dyspno>a.  The  blood  becomes 
dark  in  color  and  contains  an  abundance  of  metha'mo- 
globin. 

The  following  conclusions  have  been  arrived  at  by 
Marandon  de  Moiityel  "  from  clinical  observations  on 
patients  in  whom  the  use  of  the  drugliaii  been  pushed  to 
its  physiological  limits:  It  has  no  influence  on  dig<'Stion. 
If  till"  stomach  is  empty  it  causes  an  increased  How  of 
saliva,  a  bitter  taste,  and  a  sense  of  tightness  about  the  epi- 
gastrium. The  ]uilse.  respiration,  and  temperature  are 
lessened  in  patients  without  convulsive  tendencies.  Ver- 
tigo, flashes  of  light,  and  ringing  in  the  ears  are  frecjuent, 
A  local  or  general  cyanotic  surface',  sensjitioiis  of  cold, 
numbness,  and  formication,  are  i)rominent  symptoms. 
The  action  of  the  drug  is  |Udmpt  and  the  effects  are  re- 
covered from  lU'omplly.  the  brain  being  the  first  organ 
affected  and  the  first  to  recover.  When  it  is  administered 
after  meals  its  physiological  action  is  less  marked. 

Beaumont  Small. 

'  Rrttlsli  Medlcnl  .lournal.  Fpl)nmr>-  ITtli,  1890. 

2  //.»(„  .lulv  tmii,  1«XI, 
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■Ixmuliirr. 


•  i/ir<i..  m-ioinT  iMih.  iwn. 

'  Hull.  ti<<ii.  ill'  ThiTiiii.,  Miir  Hmti.  IWl. 

•  lliTllii.  kllii.  Wi.  Iii'ii..  Monli.  IKtC. 
^S4|iiit>l>:  Kiihi'iiiiTiv  l^mi. 

■  llrlll.ih  Miillnil  Jniinnil.  Kiliriiiirv  Hih,  |Mr.>. 

■  Mi'illriil  I'n-n-.  Mini  Clrruliii.  Miilvli  lillh.  INK.'. 
'"  riii'  I  liini|»iilli'  iici/illf.  Kihrimrv.  l»ti, 

"  llntUh  Mi'illiiil  .Iniinml.  Jul)  l^lll.  IMIl. 

"  Ihlil..  ,Mii\  :iil.  Ifl«i. 

i>  /(.(.(..  Julli'  lltli.  IXW. 

"Til.'  I...111I..11  Ijiiii-.'!,  Miiy  Smii.  !(«.'. 

"  Im  'rrlhiini'  iiii'UU-uli',  Juiii-,  IMC!. 

EXAMINER.  MEDICAL.— TIh'SiiiIc  of  Miissfuliusctls. 
ill  iMiMiiKiii  Willi  ciiliir  Stati'X  of  tlu'  rninii.  riiiplnynl 
till' rnriiiiir's  iiniiir"!  as  the  nllli'ial  iiiihIi'  of  iiii|uin' ill 
cusi'Sdf  iliiillis  froiii  siiililrii.  vinli'iil,  nr  sus|>i<iiiiiS(uilsi'S, 
fruiii  Ihrrarly  liistmy  nf  llir  ciilmiy  iiiilil  IH7T. 

Ill  ri>iisi'(|iii'ii('i-<if  ciirnipt  |ini(-ti('<'s  uliiili  liail  licroiiic 
of  frri|ii<'nl  iKTiirri'iiiH'.  ami  also  in  ((Hisciiiiriici'  of  llu' 
iiii'tllricncy  of  tin-  r.xisliiig  syslt'iii,  ami  of  the  iiilurciit 
im-oiiirruity  of  nil  olllcc  rciiuiriiiir  expert  kiiowli'ilj;<' 
I101I1  of  law  and  of  inciliciiu',  a  pcrsislciil  niovcnii'iil  was 
niaili-  liy  llu-  .Massjicliiisill.K  Mcilical  Sociily.'  alily  assisted 
liy  T.  II.  Tyndale.  Ksi|..  and  oilier  nieiiiliers  of  the  leffal 
profession,  liavini:  as  its  prime  olijert  a  radi(al  elian;.'e 
ill  tile  coroner  system.  This  movement  was  heartily  <n- 
doiseil  liy  the  .Massaehuselts  I,ej;isliiture  of  1ST7,  and  re- 
sulted in  the  enaetmeiil.  liy  that  liody.  of  the  followiiii; 
statutes,  wliieh  eonstilute  in  the  main  the  law  now  in 
forre  in  >Ias.saeliusetts: 

A(Ts  OF  1S7T.  — (Chap.   200.]      .lii   Act  to  nMMi  tlir 


iiffiir  (if  Coronrr  1111)1  In  urnride  for  Midinil  ETniitinatioiift 
iimi  Imitii'nttt  in 
etc..  as  follows: 


10  m-'ii 
of  hill 


t/i  liy  VioUnct.     Be  it  unacted, 


"Skition  1.  The  offices  of  coroner  and  special  coroner 
are  hereby  aliolished. 

"Skc.  'i  The  governor  shall  nominate,  and  by  and 
witli  the  advice  and  consent  of  the  council  shall  appoint, 
in  the  county  of  SulTolk  not  exceedinir  two.  and  in  each 
other  county  not  exceeding  the  number  to  be  designated 
by  the  county  conunissioncrs  as  hereinafter  provided, 
aide  and  discreet  men.  learned  in  the  science  of  medicine, 
to  be  medical  examiners;  and  every  such  nomination 
shall  be  maile  at  least  si'Ven  days  prior  t<i  such  appoint- 
ment. 

"Sec.  3.  In  the  county  of  Suffolk  each  medical  ex- 
aminer shall  receive,  in  full  for  all  services  iicrformed  by 
him.  an  animal  sjilary  of  three  thousjuid  dollars.*  to  lie 
paid  ipiarterly  from  the  treasury  of  said  county;  and  in 
other  countiis  they  shall  receive  for  a  view  without  an 
autopsy,  four  dollars:  far  a  view  and  autopsy,  thirty 
dollars;  and  travel  at  the  rate  of  five  cents  per  mile  to 
and  from  the  place  of  the  view. 

"Skc.  4.  Medical  examiners  shall  hold  their  oftices  for 
the  term  of  seven  years  from  the  time  of  appointment, 
but  shall  be  liable  to  removal  from  office  at  any  time  by 
the  governor  and  ci>uneil  for  cause  shown. 

"Skc.  .").  Each  medical  examiner,  before  entering  upon 
the  duties  of  his  office  shall  be  swdrn.and  give  bond,  with 
sureties  in  \\w  sum  of  live  tliousiind  dollars,  to  the  treas- 
urer of  the  cotmty.  conditioned  for  the  faithful  perform 
ance  of  the  duties  of  his  office.  If  a  medical  examiner 
neglects  or  refuses  to  give  bond  as  herein  re(|uired,  for 
the  period  of  thirty  days  after  his  apiioinlment,  the  sjime 
.shall  be  void  and  another  shall  l>e  made  instead  thereof. 

"Skc.  fi.  The  county  commissioners  in  each  county 
.shall,  as  soon  as  may  be  after  the  passjige  of  this  act. 
divide  theirseveral  counties  into  suitable  distrirts  for  the 
appoiutmeiil  of  one  medical  examiner  in  each  district 
under  this  act:  and  when  such  division  is  made,  shall  at 
once  certify  their  action  to  the  secretary  of  the  Cotnmon- 
wealtli.  who  shall  lay  such  certificate  before  the  governor 
and  council ;  but  nothing  herein  shall  prevent  any  medical 
examiner  from  acting  as  such  in  any  part  of  his  county. 

"Skc.  7.  Medical  examiners  shall  make  examinations 
as  hereinafter  provided,  upon  the  view  of  the  dead  bod- 
ies of  such  |)i'rsons  only  as  are  supposed  to  have  come  to 
their  death  by  violence. 

•  This  sum  was  changed  to  four  tliousand  dollars  bj-  an  act  of  1890. 


"Sec.  H.  Whenever  u  medical  examiner  liaN  notice  that 
there  has  been  found,  or  is  lying  within  hlN  county,  the 
dead  body  of  a  person  who  ih  KUppos4-d  \(t  have  cnme  to 
his  death  by  violence,  he  shall  forthwith  repair  to  the 
place  where  such  body  lies  and  lake  ehar^'e  of  the  Hume; 
and  if  on  view  thereof  and  personal  ini|uiry  into  the 
cause  and  manner  of  the  death  he  deems  a  I'urtlier  ex- 
aininiition  iiece^^sary.  he  shall,  upon  being  thereto  author- 
i/ed  in  writing  by  the  district  attorney,  mayor,  or  seleet- 
Ini'ii  of  the  district,  city,  or  town  where  such  body  lies, 
in  the  piesenie  of  two  or  more  discreet  persons,  whoxe 
atlendaiK'e  he  may  compel  bv  sulipii'iia,  if  necessary, 
make  an  autopsy,  and  thin  anil  there  earefiilly  reiliKeiir 
cause  to  be  reduced  lo  writing  every  fact  and  circum- 
stance tending  to  show  the  condition  of  the  body,  and 
the  cause  and  manner  of  death,  together  with  the  names 
and  addresses  of  said  witnesses,  which  record  he  shall 
subscribe.  Before  making  such  autopsy  he  shall  call 
the  attention  of  said  witue.s.ses  lo  the  position  and  ap- 
peanmce  of  the  body. 

".Skc.  !».  If  upon  such  view,  jicrsonal  inquiry,  or  au- 
topsy he  shall  be  of  opinion  that  the  death  was  caused 
by  violence,  he  shall  at  fnice  notify  the  district  allorney 
and  a  justice  of  the  dislricl.  police  or  municipal  court 
for  the  district  or  city  in  which  the  body  lies,  or  a  trial 
justice,  and  shall  file  a  duly  attested  copy  of  the  record 
of  his  auto])sy  in  such  court,  or  with  such  justice,  and  a 
like  copy  with  such  district  attorney;  and  shall  in  all 
cases  certify  to  the  clerk  or  registrar  having  the  custody 
of  the  records  of  births,  marriages,  ami  deaths,  in  the 
city  or  town  in  which  the  person  deceased  came  to  his 
death,  the  name  and  resideiuc  of  the  person  deceasi'd.  if 
known,  or  a  descriiitiou  of  his  person,  as  full  as  may  be 
for  identification,  when  the  name  and  residence  cannot 
be  ascertained,  together  with  the  cause  and  manner  in 
and  by  which  the  jiersou  deceased  came  to  his  death. 

"Skc.  10.  The  court  or  trial  justice  shall  thereupon 
hold  an  inriuesl.  which  may  be  private,  in  which  case 
any  or  all  personsother  than  those  reijuiied  to  be  present 
by  the  provisions  of  this  chapter  may  be  excluded  from 
the  place  where  the  same  is  held;  and  said  court  or  trial 
justice  may  also  direct  the  witnesses  to  be  kept  separate, 
so  that  they  cannot  converse  with  each  other  until  they 
have  been  examined.  The  district  attorney,  or  some 
person  designated  by  him,  may  attend  the  inquest  and 
may  examine  all  witnesses.  An  inquest  shall  be  held  in 
all  cases  of  death  by  accident  upon  any  railroad  ;  and  the 
district  attorney  or  the  attorney-general  may  direct  an 
inquest  to  l)c  held  in  the  case  of  any  other  casualty  from 
which  the  death  of  any  person  results,  if  in  his  opinion 
such  iiuiuest  is  necessary  or  expedient. 

"Skc.  11  The  justice  or  district  attorney  may  issue 
subpienas  for  Avitnesses,  returnable  before  such  court  or 
trial  justice.  The  persons  served  with  such  process 
shall  be  allowed  the  same  fees,  and  their  attendance  may 
be  enforced  in  the  same  manner,  and  they  shall  be  sub- 
ject lo  the  s;tme  iienalties.  as  if  served  with  a  subj-rvna 
in  behalf  of  the  Commonwealth  in  a  criminal  prosecution 
pending  in  said  court,  or  before  sjiid  trial  justice. 

"Sec  12,  The  iiresiding  justice  or  trial  justice  shall, 
after  hearing  the  testimony,  draw  up  and  sign  a  report 
in  which  he  shall  find  and  certify  when,  where,  and  by 
what  means  the  person  deceased  came  to  his  death,  his 
name  if  known,  and  all  material  circumstances  attending 
hisdeath  ;  and  if  it  appears  that  his  death  resulted  wholly 
or  in  part  from  the  unlawful  act  of  any  other  person,  he 
shall  further  state,  if  known  to  him.  the  name  of  svich 
person  and  of  any  person  whose  unlawful  act  contriliuted 
to  such  death,  which  report  he  shall  file  with  the  records 
of  the  superior  court  in  the  county  wherein  the  inquest 
is  held. 

"Sec  13.  If  the  justice  finds  that  murder,  manslaugh- 
ter, or  an  assault  has  been  committed,  he  may  bind  over, 
as  in  criminal  jirosecutions,  .such  witne.s.ses  as  he  deems 
ncces-siiry,  or  as  the  district  attorney  may  designate,  to 
appearand  testify  at  the  court  in  which  an  indictment 
for  such  offence  may  be  found  or  presented. 

"Sec  14.  If  a  person  charged  by  the  report  with  the 
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cominission  of  any  oflt'iicc  is  not  in  custody,  the  justire 
simll  forlhwitli  issiip  piDfcss  for  Ills  aiiprcliciision.  ami 
such  process  sliull  be  made  returnable  befnre  any  court 
or  Miaj;istrale  havinsr  jurisdii'tion  in  the  premises,  wlio 
shall  proceed  therein  in  llie manner  required  by  law;  but 
nolhinj;  herein  shall  prevent  any  justice  from  issuinjr 
such  process  before  the  lindinjr  of  such  report,  if  it  lie 
otherwise  lawful  to  issue  tlii'  sjime. 

"Six.  l."!.  If  the  medical  examiner  reports  that  the 
dentil  was  not  caused  by  violence,  and  the  district  at- 
torney or  the  attorneyjienenil  shall  be  of  a  contrary 
opinion,  either  the  district  attorney  or  the  attorney-gen- 
end  may  direct  an  imjuest  to  be  held  in  accordance  with 
the  provisions  of  this  act  notwithstandinir  the  report,  at 
which  imiuesl  lu'.  or  some  person  designated  by  him, 
shall  be  present  and  examine  all  the  witnesses. 

••Si:c.  10.  The  medical  examiner  may.  if  he  deems  it 
necessary,  call  a  chemist  to  aid  in  the  examination  of  the 
body,  or  of  substances  supposed  to  have  caused  or  con- 
tributed to  the  death,  and  such  chemist  shall  be  entitled 
to  svich  compensation  for  his  services  as  the  medical  ex- 
aminer certifies  to  be  just  and  reasonable,  the  same  being 
audited  and  allowed  in  the  manner  herein  provided.  The 
clerk  or  amanuensis,  if  any,  employid  to  reduce  to  writ- 
ing  the  results  of  tlie  medical  examination  or  autopsy 
shall  be  allowed  for  his  services  two  dollars  per  day. 

"Skc.  17.  When  a  medical  examiner  views  or  makes 
an  examination  of  the  dead  body  of  a  stranger,  he  shall 
cause  the  body  to  be  decently  buried;  and  if  he  certifies 
that  he  has  made  carefid  inquiry,  and  that  to  the  best  of 
his  knowledge  and  belief  the  person  found  dead  is  a 
stranger,  having  no  settlement  in  any  city  or  town  of 
this  Commonwealth,  his  fees,  with  the  actual  expense  of 
burial,  shall  be  paid  from  the  treasury  of  the  Commou- 
weaith.  In  all  other  cases  the  expense  of  the  burial 
shall  be  [laid  l)y  the  city  or  town,  and  all  other  expenses 
by  the  county,  wherein  the  body  is  found. 

''Sf.c.  is.  When  services  are  rendered  in  bringing  to 
land  the  dead  body  of  a  persim  found  in  any  of  the  liar- 
bors,  rivers,  or  waters  of  the  (Jommonwealth,  the  medical 
examiner  may  allow  such  compensation  for  said  services 
as  he  deems  reasonable,  but  this  provision  shall  not  en- 
title any  person  to  compensation  for  services  rendered  in 
searching  for  such  dead  body. 

"Sec.  19.  In  all  cases  arising  luider  the  provisions  of 
this  act,  the  medical  examiner  shall  take  charge  of  any 
money  or  other  personal  property  of  the  deceased  found 
upon  or  near  the  body,  and  deliver  the  same  to  the  per- 
son or  pereons  entitled  to  its  custody  or  possession;  but 
if  not  claimed  by  such  person  within  sixty  days,  then 
to  a  public  administrator,  to  be  administered  upon  ac- 
cording to  law. 

"Sec.  20.  Any  medical  examiner  who  shall  fraudu- 
lently neglect  or  refuse  to  deliver  such  property  to  such 
person  within  three  days  after  due  demand  upon  him 
therefor  .shall  be  pimished  by  imprisonment  in  the  jail  or 
house  of  correction  not  exceeding  two  j-ears,  or  by  a  fine 
Dot  exceeding  live  hundred  dollars. 

"Sec.  21.  The  medical  examiner  shall  return  an  ac- 
count of  the  expenses  of  each  view  or  autopsy,  including 
his  fees,  to  the  county  commisioners  having  jurisdiction 
over  the  place  where  the  exanunation  or  view  is  held,  or 
in  the  county  of  Sutlolk  to  the  auditor  of  the  city  of 
Boston,  and  shall  annex  thereto  the  written  authority 
under  which  the  autopsy  was  made.  Such  commission- 
ers or  auditor  shall  audit  such  acco\intsand  certify  to  the 
treasurer  of  the  Coiiunonwealth.  or  the  treasury  of  the 
county,  as  the  case  may  be.  what  items  therein  are 
deemed  just  and  reasonable,  which  shall  be  paid  by  such 
treasurer  to  the  person  entitled  to  receive  the  same. 

"Sec.  S."!.  For  the  jiurposes  of  the  appointment  and 
qualification  of  medical  examiners  and  the  action  of  the 
county  conunissioners  herein  provided  for.  this  act  shall 
take  efTecl  upon  its  passage,  and  shall  take  full  cfTect  on 
the  rirst  day  of  July  next."     f  A)>proved  May  !)th.  1877.] 

(Sections  22,  23.  and  24.  pertaining  to  the  vicarious 
fimctions  of  the  coroner,  when  acting  as  a  sheriff,  and 


also  to  certain  verbal  corrections  in  other  statutes,  are 

omitted.) 

The  principal  features  in  the  foregoing  act,  which 
ccmstitute  Ili<' chief  dilTerence  between  the  nu-dical  ex- 
aminer system  i>f  Massiichiisetts  and  the  coroner  system, 
are  the  following: 

1.  The  se])aration  of  the  medical  from  the  legal  iluties 
involved  in  the  investigation  of  the  cause  of  death,  the 
former  being  entrusted  to  meiiiial  ollicers  ("able  and  dis- 
creet men,  learned  in  the  .science  of  medicine  ")  (Sections 
2-tl.  1()-21,  Alts  of  1877,  Chapter  200;  and  the  latter  to 
pniperly  i|inililied  legal  magistrates,  Sectiiuis  1U-14I. 

2.  The  abolition  of  the  coroner's  oflice,  and  also  of  the 
jury  (Sections  1  il  xn/.). 

3.  The  limitation  of  the  number  of  medical  officers 
(Sections  2,  (i). 

This  law  is  the  restilt  of  a  successful  attempt  to  intro- 
duce into  a  New  Englaud  conunonwealth,  imbued  with 
a  traditional  adherence  to  old  and  firmly  established 
customs,  the  plan  of  continental  Europe  modified  and 
iidapted  to  a  republican  form  of  government. 

In  Uhode  Island  a  somewhat  similar  statute  was  en- 
acted, providing  for  the  apiioinlmeiu.  by  the  governor, 
of  medical  exandners  in  twenty-four  <listri<ts,  for  a  term 
of  six  years. 

The  town  councils  also  elect  "suitable"  persons  as 
coroners  for  three  years,  and  each  coroner  can  appoint 
a  deiiuty.  The  coroner  may  take  ante-mf)rtcm  state- 
ments. The  expenses  of  the  medical  examiners  are  re- 
turnable to  the  Stale  auditor  and  are  paid  by  the  State. 
The  records  of  medical  examiners  are  returnable  to  the 
State  board  of  health  and  are  published  by  the  board. 

In  Connecticut  the  coroner  and  his  jury  still  exist,  but 
the  coroner  may  iiiipoint  a  medical  examiner  in  each  town. 
The  medical  examiner  pays  fifty  cents  to  each  persim 
who  first  reports  a  death  by  violence.  The  medical  ex- 
aminer may  hold  an  inquest  in  certain  instances. 

As  may  be  seen  by  an  examination  of  Section  8  of  the 
present  law  of  Jtassaehusetts,  the  medical  ollieer  takes 
the  initiative  steps  iu  the  investigation  of  each  case  re- 
quiring the  exercise  of  his  duties.  This  method  of  pro- 
cedure rests  upon  the  assumption  of  a  natural  sequence  in 
the  investigation  of  all  cases  of  death  by  violence.  "  The 
inqvest  is  lield  by  the  court,  and  is  the  inquiry  into  the 
facts  outside  the  body;  the  e-ramiiintinn  is  made  by  the 
(medical)  examiner,  and  it  leads  the  way  to  the  inquest." 

"The  purpose  of  the  law  is  the  detection  of  crime;  its 
method,  the  division  of  functions  among  those  properly 
qualified  to  perform  them.''- 

Financially,  the  nudical  examiner  system  has  also 
proved  successful.  Comparing  the  cost  of  coroner's  in- 
quests and  views  in  Msus-sachusetts  for  three  years  under 
the  old  law  (1874.  187.5.  and  1876)  with  the  cost  of  similar 
inquiries  under  the  new  law  for  a  like  jieriod  (1878,  1879, 
and  issd).  as  nearly  as  could  be  ascertained,  the  residt 
was  for  the  former  jieriod.  S(i3.712.(U;  and  for  the  latter, 
854..509.31:  leaving  a  dilTerence  of  .S9.20-,'.73  in  favor  of 
the  medical  examiner  system,  not  withstanding  an  increase 
of  population  between  the  two  periods  of  at  least  one 
hundred  thousand,  and  a  consequent  increase  in  the 
amount  of  work  done.' 

The  average  expense  of  the  medical  examinations 
ranged  from  a  maxinnun  of  §13. 08 each  in  1886  to  amini- 
inum  of  811. (is  caeli  in  IsilO. 

When  considered  as  a  jicr  capita  tax  upon  the  poptda- 
tion  the  expense  of  conducting  the  medical  examiner 
system  is  shown  to  be  far  less  than  that  of  the  coroner 
system. 

"  The  budget  brought  before  the  Board  of  Estimate  of 
New  York  City  in  .lanuary.  1898.  contained  an  item 
of  S239.0,')0  for  coroners  in  the  five  boroughs,  in  an  esti- 
mated pojuilation  of  about  three  and  one  half  millions  or 
seven  cents  jier  capita  of  the  i)opulation  for  the  cost  of 
the  coroner  system.  In  the  s;uue  year  in  .Massjichusetts, 
under  the  Medical  Examiner  System,  the  co.st  was  less 
than  S4().()t)0  in  a  population  of  about  two  and  two- 
third  millions,  or  less  than  one  and  one-half  cents  per 
capita,  for  conducting  all  examinations  extendinjj  over 
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nion-  tlinii  8.000  si|iiiiri'  iiiIIch  of  tiTrlldry.     'I'lic  <'<>iirl 
cxpi'iisrs  wen-  iticliiili'il  in  tliH  siiin  ' 

Till-  rllicf  Cliusis  iif    tllji  ililllillUlinll   ill  CNIH-IISC  lire  llll' 

alioliiiiiii  i>r  iIk'  ('oriiiiir  >.  jun.  mul  llic  ilcrirasr  in  tin- 
iiiiiiiliiT  of  ini|iu'st.s.  In  llll' tliD'f  ytars  spicitlril  iimlrr 
llir  olil  liiw.  tliiTi'  wrrr  lii'lil,  ill  tlir<-<'  <'iiiiiilirs  in  Mtissii 
t'liust'tts.  line  liiinilrt'll  iiiiil  twenty  roiir  iiiiiui'sl.s.  In 
tJirtT  yi'iii^,  iiiiilcr  tlic  nrw  law.  with  a  liirp'r  |ii>|iulati<iii 
till'  iiiiinlicrof  ini|iu'.sls  lirlil  in  tlic  saiiU'cinintii'S  was  but 
si'vriity  livr 

I'liilrr  till'  hIiI  law  tlic  ratio  iif  iiii|Ui'Sts  to  cases  oT  all 
sorts  I'Xaininril  tliroiiKlioiit  tlic  wliolr  Slate  was  alioiii 
forty  per  cent.  I'liiler  the  inedical  e.vaininer  law  the 
nitiohiisnot  liecn  more  than  twenty  two  percent.  "The 
n'asons  fur  this  clianjic  iniiy  lie  I'oiinil  in  the  apiioini 
ineiil.  to  till  till'  ollUes  formerly  held  hy  coroners,  of  men 
whose  education  necessarily  tits  llieiii  for  the  work  wliii  h 
they  are  expected  to  perform.  I'nder  the  old  law  a  man 
found  (li'iul.  even  withoiii  the  least  suspicion  of  violence, 
as  ill  siiiiph'  cases  of  heart  di.sea.sc  or  apoplexy,  would  in 
all  piolialiilily  lie  reported  to  the  village  coroner,  pro 
vided  the  most  I'ommoii  hypostatic  marksof  postmortem 
discolonition  were  oli.serveil  liy  a  bystander,  and  inter 
prett'il  by  him  as  signitieant  of  a  violent  death.  Ilencc 
the  coroner  sets  in  motion  llie  eiiinbrous  machinery  of 
his  ollicc.  In  the  tirst  place  lie  sends  for  a  constable. 
The  constable  summons  a  jury.  The  witnesses  come 
next ;  and  last  of  all.  the  nearest  jihysieian  is  sumiiioiii'd. 
whoseevidence  filially  shows  that  tlii'  man  died  a  natural 
death.  I'nder  the  workinir  of  the  present  law  the  order 
of  procedure  is  reversed.  The  medical  otiicer  tirst  views 
the  body,  and  in  a  case  like  that  just  cited  he  .simply 
reports  it  as  a  view.  If,  however,  he  lielieves  there  is 
reasonable  suspicion  of  violence,  as  revealed  by  the  evi- 
dcn<e  shown  him  from  an  external  examination  of  the 
body,  and  a  personal  iiiipiiry  of  the  witnesses,  and  also 
by  all  autopsy,  if  that  be  reciuisile,  the  case  is  then  re- 
ported to  tli<'  proper  authorities  for  inipiest."^ 

After  the  inedical  examiner  law  had  been  in  operation 
for  a  period  of  seven  years  and  a  half,  the  Legislature  of 
1S85  carefully  considered  certain  measures  which  were 
liroposed  for  the  further  improvement  of  the  existing 
law.  These  were:  the  reporting  of  cases  to  some  cen- 
tnd  authority  who  should  lie  entrusted  with  the  compila- 
tion, classilieation.  and  publication  of  the  returns  of  the 
medical  examinei'S:  the  proper  remniieration  of  medical 
witnes.ses  at  autopsies;  and  a  provision  for  more  definite 
authority  for  making  autopsies  ou  the  bodies  of  persons 
found  dead. 

The  tirst  of  these  duties  had  been  performed  very  effl- 
eiently  for  seven  years  by  the  Massjichusetts  Medico- 
Legal  Society,  an  association  having  as  its  object  "to 
elevate  the  ollicial  character  of  the  medical  examiner, 
and  to  assist  him  in  the  discharge  of  his  duties;  to  collect 
and  utilize  such  facts  as  have  a  medico-legal  value;  and 
to  excite  a  general  interest  in  the  subject  of  foren.sic 
medicine,  and  to  promote  its  successful  cultivation."* 

The  transactions  of  this  society  form  a  valuable  con- 
tribution to  the  litemture  of  forensic  me*iicine.  It  was 
desirable,  however,  that  the  State  should  have  the  super- 
vision of  the  reports  of  its  medical  officers,  since  it  could 
by  statutory  enactment  re(|uire  a  complete  report  from 
each  examiner,  a  measure  which  wa.s  clearly  impossible 
in  a  voluntary  as.sociation.  The  following  is  the  sub- 
stance of  the  amendments  enacted  in  1885: 

[Chap.  379.]  ^Ih -If^  rdnting  io  Medical  Examiners. — 
Be  it  enacted,  etc.,  as  follows: 

■'  Skc.  1.  Section  nine  of  chapter  twenty -six  of  the  Pub- 
lic Statutes  is  amended  to  read  as  follows:  Stction  9.  In 
the  county  of  Suffolk  each  medical  examinershall  receive 
from  the  treasurer  of  the  county,  in  full  for  all  services 
performed  by  him.  a  salary  of  three  thousjind  dollars  a 
year,  and  the  associate  meiiical  examiner  a  salary  of  five 
hundred  dollars;  but  if  the  said  associate  medical  ex- 
aminer serves  in  any  year  more  than  two  months,  at 
the  re(|uest  of  either  medical  examiner  he  shall,  for  such 
service  in  excess  of  two  months,  be  paid  at  the  sjime  rate 
as  such  medical  examiner,  and  such  compensjition  shall 


Im- deducted  from  llic  Nulary  of  the  medicul  exuminer  iu 
wlioHc  stead  he  serves  The  medical  examiners  in  other 
counties  shall  receive  fees  as  followH:  For  a  view  with- 
out an  autopsy,  live  dollars;  lor  u  view  and  autopsv. 
thirty  dollars;  and  for  travel,  hi  tliu  rate  of  t«u  cealH  u 
mile  to  and  from  the  place  of  view. 

"Skc.  'i.  When  a  medical  examiner  deems  it  neccRsory 
to  have  a  physician  present  at  an  autopsy  as  one  of  the 
witnesses,  as  provided  in  .section  eleven  of  chapter 
twenty  six  of  the  I'liblic  Statutes,  such  pliVKician  shall 
be  allowed  five  dollars  for  his  services.  (JIher  witnesscg 
iei|uiri'd  by  law  to  be  present  ut  an  autopsy  slmll  be  al- 
lowed twii  ilollars  each. 

"Si-;c.  'A.  Medical  examiners  are  to  transmit  copies 
of  the  records  of  all  deaths  investigated  by  them  to 
the  Secretary  of  the  Common  wealth,  auuuullv,  before 
.March  1st 

■■.Si;c.  4.  Fees  for  returning  such  copies,  twenty  cents 
each  for  first  twenty  entries  and  ten  cents  for  each  silb- 
seiiiient  entry.  Penalty  for  refusal  or  neglect  ten  to 
lifty  dollars. 

"Siic.  5.  Secretary  to  provirle  blank  book  for  records. 

"Sec.  0.  Secretary  to  collect  returns  and  tabulate 
them  and  report  to  genend  court. 

"Siic.  7.  Medical  examiners  to  report  all  autopsies  to 
the  district  attorneys,  and  atlirm  their  necessity." 

The  iiresent  number  of  medical  examiners  is  seventy- 
three,  being  about  one  to  each  ys.OOO  of  the  population. 
Uoston  has  two,  with  an  associate  who  acts  in  the  absence 
of  cither  of  the  others.  Each  one  of  the  larger  cities  ha.s 
also  one  medical  examiner,  who  also  acts  in  the  neigh- 
boring towns.  The  remainder  are  distributed  with  a  fair 
degree  of  uniformity  throughout  the  State. 

Hy  an  act  of  18!I8  provision  was  made  for  the  appoint- 
ment of  one  associate  examiner  in  each  district. 

The  following  statistics  relativi'  to  the  operation  of 
this  law  are  cjiioted  from  the  registration  reports  of 
Massachusetts,  for  the  years  188.5  to  1899  inclusive: 

Total  Deaths,  a.vd  Deaths  bv  Sexes,  lNVE.sTi<;ATEn  U.nder  the 
Medical  Examiner  Laws  in  Massaciicsetts,  1885-1899,  To- 
gether WITH  THE  N'UUBER  OK  AUTOPSIES  MADE. 


Years. 

i 

SS 

a 

a 

s 

g 

el 

a 

s 

i 

3-i 
•<S. 

188.i 

188« 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

i8ar 

1898 

1899. 

97:1 
l.lt.'7 
1,191 
1,201 
1,253 
1,3«« 
l,ii(B 
1,(M2 
1,678 

i,6in 

1,721 

l,77:t 

1,658 
1,961 
1,788 

76.1 
74.5 
76.5 
76.4 
75.8 
73.5 
74.0 
74.3 
7.5.0 
76.4 
74.3 
73.3 
72.8 
74.0 
73.0 

286 
319 
3.50 
373 
388 
449 
457 
.500 
.530 
5*5 
.582 
038 
612 
6S3 
661 

22.4 
23.2 
22.5 
22.6 
2t.4 
2,5.3 
24.8 
25.3 
23.9 
23.4 
2,5.1 
28.4 
36.9 

a).8 

27.0 

19 
32 

15 
17 
13 
21 
21 
8 
13 
5 
14 
5 
9 
4 

1.5 
2.3 
1.0 
1.0 
0.8 
1.2 
1.2 
0.4 
0.5 
0.2 
0.6 
0.3 
0.3 
0.2 

1,278 
1,378 
1,.556 
1,651 
1,6.54 
1.773 
1,840 
2,210 
2j»i 

2,159 
2,317 
2,416 
2  279 
2,648 
2,449 

165 

202 
188 
219 
216 
306 
225 
272 
269 

•>-.> 

271 
213 
245 
230 
288 

Total.... 

22.240 

74.5 

7.398 

24.8 

196 

0.7 

L". '.>■_".' 

In  the  following  table  the  same  deaths  are  classified  bj- 
the  modes  of  death: 

Summary  or  Cases  Investigated  in  Massachcsetts  Under  the 
Medical  Examiner  Law.s.  by  .Mfrrnons  ok  Death. 


HOMI- 

Atl  il.K.M 

NaII  RAL  AND 
l.VKNOWN 

SCICIDE. 

OR  NEG- 

1       Caises 

LIGE.NCE. 

iNCLCniNO 
ALCOHOLISM. 
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1885 

45 

3.5  1 

181 

14.2 

.567 

44.4 

485 

.37.9 

1.278 

18S6 

47 

SA 

1.57 

11.4 

678 

49.2 

496 

36.0 

1.373 

1887 

.52 

3  3 

i7;t 

11  I 

748    48.1 

583 

37.5 

1..5.56 

1888 

52 

3.2 

190 

11.5 

785 

47.5  1 

624 

37.8 

1.651 

45 
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BrillMAKY   or  (ASKS   IXVKSTKiATKI)  IN    .M ASSArlHSHTTX   I'MIKR  TIIK 

Mkdical    Exami.nkh   Laws,    iiv    Mkthods    or    Ukaih.  -  Con- 
tinued. 


Natl-rai.  AXn 

HOHI- 

ACCinKST 

U.VKNonx 

SCICIDE. 

OR  NEG- 

(AlStS 

LIGENCE. 

I.VCI.lI>l.\(i 

Alcoholism. 

Team. 
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s 
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z 

:t.l 

z 
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^ 
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1889 

AI 

1D» 

12,11 

792 

47.9  1 

612 

37.0 

1,6.>4 

18i» 

X. 

•-'.(1 

Illtl 

II. 1 

8(SJ 

48.6 

(ISO 

:t8.3  + 

1.773 

1801 

tui 

s.-J 

187 

1(12 

8(j(> 

47.1 

727 

:».5 

i.mo 

1883 

•^i 

:t.i 

274 

12.4 

974 

+4.1  1 

890 

40.3 

2.210 

1898 

TB 

:t.4 

•sn) 

13.1 

97C. 

4:t.« 

879 

39.6 

.»  'Wl 

1884 

IW 

;t.i 

270 

12..1 

975 

45.2 

846 

39.2 

2.1.i» 

1885 

74 

;».2 

281 

12.1 

1.019 

44.11 

943 

40.7 

2.317 

1896 

■♦ 

».i 

318 

13.2 

1.042 

43.1 

see 

40.6 

2.416 

1897 

Til 

3.1 

285 

12..'> 

901 

42-! 

963 

42.2  + 

2.279 

1888 

7« 

2.9 

331 

12.5 

1.194 

4.1.1 

1.044 

.39.4 

2.648 

1899 

57 

2.3' 

319 

13.(1 

l.Olll 

48.7 

1.072 

:t6.o 

2.449 

Total  . . 

912 

3.11 

1 

3.651 

12.2 

13,440 

45.1 

11,826 

39.6 

29.829 

It  is  a  sufficient  comment  upon  this  law  that  more 
thiin  4(1,000  cases  of  sudden,  suspicious,  and  violent 
deaths  have  been  investiirated  under  its  authority,  and 
in  a  far  more  .satisfactory,  iiitelliifent,  and  economical 
manner  than  could  liave  been  possible  under  the  old 
regime.  Samnuel  W.  Abbott. 

Refkrexcks. 

'  Tran.saotlons  of  the  Mas-iiachusetts  Medical  Society.  Proceedines 
of  the  Cnunclllnrs.  vol.  .\il..  dctoher  4th.  1876.  p.  77. 

'  Conreniini;  tdroiieiii  and  the  Theory  and  Practice  of  lnqiie!its.  By 
T.  H.  Tviidule.  Esq.  Transactions  of  Massachusetts  Medico-Lepal 
Society.  1H7S.  vol.  i..  No.  i..  p.  :$i. 

'  Financial  .Aspects  of  the  Mciljcal  Fxitiiiiner  Svstem.  Tr.iiisjictions 
of  the  .Ma.ssachllscUs  Mc.lico-I.ciral  .s.icicly,  ls-1.  Xo.  4.  pp.  206.  207. 

*  Constitution  of  iiic  MussacliuscKs  Mciiico-I.cL'al  Society,  .\rticle2, 

'The  Time  iiiiM  the  Hour,  rcl,.  :,,  ISt's. 

EXAMINING  AND  LICENSING  BOARDS.— There  is 
no  nati<jual  authority  in  the  United  States  that  can  pre- 
sciibe  standards  for  degrees  or  for  license  to  practise  the 
professions.  Ejich  State  makes  its  own  professional 
laws.  As  a  result  there  are  almost  as  many  standards  as 
there  are  political  divisions.  The  desirability  of  uniform 
standards  thi'oitghout  the  country  for  adniissiou  to  pro- 
fessional practice  is  recognized  generally,  liut  varying 
conditiuos  as  to  density  of  population,  educational  ad- 
vantages, and  genend  development  make  it  impracticable 
to  hope  for  the  attainment  of  this  end  for  some  time  to 
come.  Conditions  are  such  that  some  States  cannot 
maintain  the  standards  demanded  elsewhere,  others  can- 
not alTord  to  lower  theirs,  but  needless  multiplication  is 
unfortunate.  Instead  of  a  separate  standard  for  almost 
each  jiolitical  division,  twoorat  most  tliree  should  answer 
for  all.  In  the  (irst  group  should  come  the  strongest 
States,  and  the  standards  maintained  by  these  States 
would  act  as  a  stimulus  to  weaker  jiolitical  divisions. 

Thirty  years  jigo  the  ]iiiblic  had  little  protection  from 
incompetency  in  jirofessioniil  practice.  The  liar  is  sjiid 
to  have  Ixjen  at  its  lowest  ebb,  .Medical  laws  were  crude 
and  largely  inoperative.  In  several  States  only  were 
there  any  acts  designed  to  control  the  pitictice  of  phar- 
macy and  dentistry.  There  was  no  law  whatever  re- 
stricting the  jiractice  of  veterinary  medicine.  There  has 
been  e.xtraorilinary  progress,  specially  in  the  last  decade, 
in  restrictive  professional  legislation,  and  in  the  admis- 
sion and  gniduation  rcquiremenls  of  professional  schools 
throughout  the  Unitc(l  States.  In  medicine  all  political 
divisions  except  Alaska  now  have  examining  and  licens- 
ing boards.  In  view  of  these  fads  the  growth  in  jifofes- 
sional  students  is  remarkable.  From  isss  to  l!Sil9  the 
increase  was  as  follows:  theology  3-1  per  cent.,  law  224 
per  cent.,  medicine  84  per  cent.,  dentistry  380  per 
cent.,  pharmacy  31  per  cent.,  veterinary  medicine  17  per 
cent. 

Pouer  to  Confer  Degrees. — Low  standards  in  many  pro- 


fessional schoolsare  due  to  a  failure  to  subject  the  degree 
conferring  power  to  strict  stale  supervision.  In  New 
York  and  I'cnnsylvania  the  laws  now  prevent  an  nbuse 
of  the  jiower  to  confer  degrees.  In  Massachusetts  and 
VermonI  bodies  formed  under  the  general  corporation 
acts  are  prohibitcil  from  conferring  degrees.  In  O\\\o 
and  Nebraska  the  statutes  re(|uire  only  the  nominal  en 
dowmciit  of  .s.").0(>0  for  a  degree-conferring  institution 
In  other  States  and  Territories  as  a  rule  any  l]ody  of  men 
may  form  an  educiitional  corporation  with  power  to  con- 
fer degrees  "without  any  guaranty  whatever  that  the 
privilege  will  not  be  abused." 

This  matter  has  been  under  discussion  recently  in 
various  educational  bodies,  and  there  is  a  strong  senti 
ment  in  favor  of  a  strict  supervision  by  the  Stale  of  the 
degree-conferring  jjower. 

Pniiiuiiiiiry  (!i:iitriil  Kdnattion  for  Degrees. — In  New 
York,  high  standards  in  preliminary  general  education 
arc  tlcniandeil  both  for  degrees  and  for  licenses,  and  m 
each  case  the  <niestion  of  attainments  is  determined  hy  a 
central  authority,  the  University  of  the  State  of  New 
York,  As  a  rule  in  other  States  medical  schools  conduct 
their  own  entrance  examinations,  and  the  tests  are  often 
mere  matters  of  form,  even  though  the  standards  mav 
appear  satisfactory  on  paper.  In  1898  21  percent,  of  the 
students  of  medicine  in  the  United  States  held  either  B,A, 
or  B,S,  degrees  as  compared  with  oi  percent,  of  those 
in  theology  and  29  per  cent,  of  those  in  law. 

Pniiiniuary  General  Education  for  l.irenses. — In  New 
York  State  a  preliminary  general  education  eiiuivalent 
to  graduation  from  a  four  years'  high-school  course  after 
a  completed  eight  years'  elemeut;irv  coursi-  is  prescribed 
by  statute  as  the  minimum  stanilard  for  license  to  prac- 
tise medicine.  This  standard  approximates  that  required 
in  continental  Etirope,  New  Hampshire  and  Ohio  have 
similar  requirements,  but  they  are  not  so  rigidly  enforced, 
California  makes  the  leqtiirements  "in  no  particular  less 
than  those  prescribed  by  the  Association  of  American 
Medical  Colleges."  AVisconsin  requires  the  elementary 
education  ueces.sary  for  admission  to  the  junior  year  in- 
cluding one  year  of  Latin.  The  statutes  of  Delaware, 
Maryland,  New  Jersey,  and  Pennsylvania  prescribe  a 
" common-sclKWl  education,"  Louisiana  dcmandsa  " fair 
])rimary  education,"  ilaine  a  standard  of  prcliminsiry 
education  approved  by  the  medical  board.  The  rules  in 
Vermont  prescribe  a  high-school  course:  in  JIaine  a  good 
English  education;  in  Illinois  and  Iowa  less  than  one 
year  of  high-school  work;  in  Virginia  "evidence  of  a 
lu'eliniinary  education."  In  reiuaining  political  divisions 
laws  and  rules  are  either  silent  in  this  respect  or  .so  in- 
definite as  to  be  of  little  value. 

Length  of  Professional  Courses. — The  following  table 
shows  great  progress,  specially  since  188.5,  in  the  adop- 
tion of  higher  stjmdards  for  sraduation. 
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42 
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0 

6+ 
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10 
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1 

*  Distinction  between  medical  scIhhiIs  with  two-  and  three-year 
courses  not  certain.       +  Including  three  medical  preparatory  schools. 

Influence  of  Medical  Societies. — In  1839  the  New  York 
State  Medical  Society  resolved  that  teaching  and  licens- 
ing ought  to  be  separated  as  far  as  possible.  In  1837  the 
same  view  had  been  advocated  in  Philadelphia.  Further 
discussion  led  to  a  call  for  a  convention  of  delegates  from 
all  medical  schools  and  societies  in  the  United  States. 
The  convention  was  held  in  New  York  in  1846,  and  from 
it  sprang  the  .\meiican  Medical  Association. 

Results  of  examinations  show  the  importance  of  sep- 
arating teaching  and  licensing.  Under  the  New  York 
laws,  for  example.  (i,349  physicians  have  been  examined. 
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of  wliiim  l,:t7»  <ir2l.7  |ht  itiiI,.  were  ri'ji'ctol.  In  llicw 
8tallmi('H  cni'li  caiiiliiliil)-  who  failH  is  ciiiiiili'il  iih  nftcii  iih 
cMiiiiiiii'il,  lull  iicvfrllii-li'ss  so  larp' «  per  rciil.  of  icjcc 
tioiis  is  astoiiislilii;;  in  virw  of  llii'  fail  llial  achnisslon  to 
li(»'nsin>;  cxaniiaationK  |)irsii|i|ios(s  tin-  |ii<liniiiiaiT  cdii 
t-atlon  ri'(|ilin'<l  t>y  staluli'  and  also  >;m(liialioii  with  a  (If- 
jfri-c  from  a  ri'^istiTrd  imdical  scliool.  Incliidinjf  those 
iinahh'  to  nii'i  t  the  rr(|uiriniiiils  for  admission  to  lici-ns 
ini;  I'Xaminalions.  more  tliaii  :«>  percent,  of  all  appli 
cants  have  failed  lo  seenre  licenses. 

The  following  socieiies  have  exercised  an  important 
intlticiK'e  in  proniolini;  lil);her  standards:  Association  of 
American  Medical  Colletres  ( ISlKd.  American  Institiit<- of 
IIoMiieopatliy  (ls.U).  National  Confederation  of  Kdectic 
Mi'dical  Colleires  ilxTl).  Southern  Aledical  College  Asso- 
ciation il^l»'.').  The  first  and  fourth  of  these  societies 
prescrihe  for  admission  lo  mi<lical  schools  a  preliminary 
fteneral  education  ei|uivaliiit  tooTU'  year  in  a  liiu'li  school; 
the  seconil  and  third  ilemand  work  ei|uivalent  toalioul 
two  years  in  a  hifjh  school.  All  prescrilx^  four  courses 
of  h'cturis  in  dilTcri'iit  years  as  a  condilion  for  an  M.Il. 
deirree,  thouirh  they  jfive  an  allowance  of  one  year  to 
graduates  of  reputalile  lilirary  colleires  anil  of  other 
professional  schools.  All  t<Mid  to  improve  facilities  for 
teachini;.  dissection,  and  clinics.  These  societii-s  regis- 
teri'd  in  liMID  ''i.  71.  (i.  and  11  medical  schools  n'spcc- 
tively. 

Till'  American  Academy  of  Medicine  (1S7(!)  and  the 
National  Confederation  of  Slate  Medical  K.xannninj;  and 
Licensinj;  Hoards  (IfSUl)  should  also  lie  menlioiied.  The 
former  of  Ihise  societies  has  emphasized  since  1S.S4  the 
importance  of  a  proper  preliminary  education,  a  graded 
profes-sional  course,  and  a  state  licensing  examination; 
the  latter  has  recommended  a  four  years'  hi irli  school 
course  for  admission  to  medical  .schools  or  an  alternative 
examination  reiiresenting  somewhat  less  than  three  years 
of  high-school  work. 

Medii-'il  S,i-tx. — As  commonly  understood,  regular  phy- 
sicians have  no  distinctive  theory  or  practice;  honi- 
(copallis  treat  disca.scs  with  drugs  that  excite  in  healthy 
persons  symptoms  similar  to  the  morliiil  condition  treated; 
eclectics  make  use  of  w  hat  they  regard  as  specific  reme- 
dies, cliietly  botanic  al ;  idiysiomedicalists  use  only  botan- 
ical remedies,  discarding  those  w  hich  are  poisonous.  In 
practice  the.sc>  distinctions  are  not  always  observed. 

In  addition  to  the  medical  sects  to  which  detailed  ref- 
erence is  made,  a  nund)er  of  putfiien  flourish  in  many 
Stales  unmolested  under  such  names  as  osteopath,  vita- 
path,  electropath,  hydropath,  divine  healer,  magnetic 
iiealer,  C"liristiaii  scientist,  faith  curist.  mind  curist,  sun 
curist,  etc.  Men  and  women  without  i>reliminai"V  or 
professional  training  treat  disca.scs  under  these  or  similar 
systems  to  such  an  cxtc'iit  that  the  health  of  the  peojile  is 
endangered.  These  so-called  systems  are  followed  with 
impunity  in  many  States  in  what  seems  to  be  open  viola- 
tion of  laws  restricting  the  practice  of  medicine.  This  is 
due  largely  to  the  fact  that  so  many  statutes  lack  specific 
definitions  a.s  to  what  constitutes  the  practice  of  medi- 
cine, and  without  these  definitions  the  conviction  of  such 
practitioners  cannot  be  secured  through  the  courts. 

Osteopathy  was  "discovered  "  in  1M74.  It  is  based  on 
the  theory  that  "a  natural  fiow  of  blood  is  health  "  and 
that  the  bones  may  be  "used  as  levers  to  relieve  pre.s.sure 
on  nerves,  veins,  an«I  arteries."  Oseteopathy  is  now- 
recognized  by  law  in  California.  Connecticut.  Indiana. 
Kansas,  (Ihio,  Iowa,  Michigan,  Missouri,  .Montana,  Ne- 
braska, North  and  South  Dakota,  Tennessee,  Vermont, 
and  Wisconsin.  Practice  of  "the  system,  method,  or 
science  of  osteopathy  "  is  restricted  to  licensed  physicians 
and  to  graduates  of"  "a  legally  chartered  and  regularly 
conducted  school  of  osteopathy."  The  use  of  drugs  and 
operations  in  "major  or  operative  surgery"  are  not  per- 
mitted in  the  practice  of  osteopathy. 

In  Georgia.  Kentucky,  Nebraska,  New  Jersey,  New 
Mexico,  Montana,  and  West  Virginia  there  are  stringent 
laws  against  nonmedical  practitioners.  In  some  other 
States,  like  Illinois,  they  receive  such  legal  iirotection 
that  any  person  may  treat  "  the  sick  or  suffering  by  men- 


ial or  Hiiiritiial  means,  without  the  use  of  any  drug  or 
material  remeily."  L'nder  lliese  condillonH  any  iienion 
in  (.'oimeclicut.  Maine,  MassachtiKi'tiK,  and  New  llamp- 
shire  is  free  to  pnictis*-  "  the  siui  cure,  mind  cure,  hvp- 
notism.  magnetic  liealing.  Chrislijin  wlence,  etc,"  The 
greater  part  of  New  England  sc'enis  to  be  on  about  the 
same  footing  in  this  respect  with  the  Cherokee  nation, 
Indian  Territory,  where  entiri'  liberty  is  given  to  "en- 
chantments in  any  form."  In  striking  contrast  Hawaii 
inflicts  heavy  fines  on  any  person  convicted  of  an  attem|>t 
to  cure  "aiHither  by  practice  of  sorcery,  witchcraft, 
anaana,  luKipiopio,  hoounauna,  lioomamiinana,  etc." 

There  is  much  misiuidi-rstaiiding  in  this  country  re- 
garding the  duty  of  the  state  in  relation  lo  the  health  of 
the  peo|)le.  It  doesnol  coiisi.st  in  discriminating  U'twecn 
schools  or  .systems  of  meilicine.  but  in  reipiiring  withont 
prejudice  or  i)artiality  of  all  w  ho  siek  a  license  lo  prac- 
tise for  gain  on  the  lives  of  fellow-beings  a  minimum 
preliminary  ami  professional  tiaiiniig. 

}fi<lirifini. — Special  tests  for  certificates  of  registration 
as  mi<lwivcs  are  rei)uired  in  Arizona,  Connecticut,  Dis- 
trict of  Columbia,  Illinois,  Indiana,*  Iowa,  Louisiana, 
^Missouri,  New  .Jersey,  Ohio,  Texas.  I'tali,  Wyoming. 

In  the  following  political  divisions  the  provisions  of 
the  medical  practice  acts  do  not  apjdy  lo  women  engaged 
in  the  practice  of  midwifery:  Alabama.  Arkansjis,  Flor- 
ida, (Jeorgia.  Idaho,  Kentucky,  Maine,  Maryland,  Mis- 
sissippi, -Vlontana,  New  Mexico,  North  Carolina,  Rhode 
Island,  South  Carolina,  Tennessee,  Vermont, f  Virginia, 
Washington.  West  V'irginia. 

In  otiier  political  divisions,  though  there  are  some 
special  provisions  for  certain  localities,  the  general  acts 
regulating  the  practice  of  medicine  make  no  reference 
whatever  to  the  practice  of  midwifery  by  women. t  It 
woidd  seem,  therefore,  that  these  laws  restrict  the  prac- 
tice of  midwifery  to  licensed  physicians.  Nevertheless 
a  large  proportion  of  the  children  in  these  political  divi- 
sions are  brought  into  the  world  by  ignorant  nndwives, 
and  as  stilted  by  Dr.  M.  .J.  Lewi. "of  New  York,  many 
women  are  physical  wrecks  through  their  incoiupetence. 
Practically  the  conditions  in  )iolitical  divisions  where  the 
lawsscem  to  restrict  the  |iracti(e  of  midwifery  to  licensed 
physicians  are  little  better  than  in  ]ioiitical  divisions 
where  the  practice  of  midwifery  by  women  without  a 
license  is  authorized  by  statute  There  will  probably  be 
little  change  for  the  better  till  the  nudwife  receives  legal 
recognition  and  the  practice  of  midwifery  is  regulated 
by  definite  statutory  provisions. 

E<irly  Lef/iKliiiif/ii. — The  earliest  law  relating  exclu- 
sively to  physicians  was  passed  by  Virginia  in  1639.  but 
like  the  later  act  of  1736  it  was  designed  mainly  to  legu- 
hite  their  fees.  The  act  of  1736  made  concessions  to 
physicians  who  held  university  degrees.  In  only  two  of 
the  thirteen  colonies  were  well-considered  laws  enacted 
to  define  the  qualifications  of  physicians.  The  General 
Assembly  of  New  York  in  1760  decreed  that  no  person 
should  practise  as  physician  or  surgeon  in  the  city  of 
New  York  till  examined  in  jihysic  and  surgery  and  ad- 
mitted by  one  of  his  majesty's  coinicil.  the  judges  of  the 
supreme covirt.  the  king'sattorney-generaland  the  mayor 
of  the  city  of  New  York.  Such  candidates  as  were  ap- 
proved received  certificates  conferring  the  right  to  prac- 
tise throughout  the  whole  province,  and  a  penalty  of  £5 
was  luescribed  for  all  violations  of  this  law.  A  similar 
act  was  passed  by  the  General  Assembly  of  New  Jersey 
in  1772. 

In  1840  laws  had  been  enacted  by  the  legislatures  of 
nearly  all  the  States  to  protect  citizens  from  the  impo- 
sition" of  quacks.  Between  1S4()  and  1850.  however,  most 
of  these  laws  were  cither  repealed  or  not  enforced  as  a 
result  of  the  cry  that  restrictions  against  uidicensed  prac- 
titioners were  designed  only  to  create  a  monopoly. 

•  Either  examination  or  approval  of  diploma. 

+  Those  practising  inidwiferv  without  a  rertiflrate  cannot  eniorce 
oollwtloD  of  tee.  but  this  does  n"t  apply  t"  the  practice  of  midwifery 
bv  women  in  Uie  town  or  localllv  in  which  thev  reside. 

:  In  Nebraska.  Xonli  and  Soutii  Dakota  (tie  practice  of  "medicine, 
surgery,  or  otistetrics"  without  a  license  Is  prohibited. 
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Si/iiii/min  iif  lui/iiilVlii,-lltil  to  i:>OJ. — In  tlio  foUowillfr 
pr)liti(iil  (livisii)ns  incilical  dipliinias  do  not  now  confiT 
the  riitlit  to  ]iriK-tisc  nii'iliiinc.  iiu  fxnniination  bcinj;  ii- 
qiiiic'd  in  all  casfs:  Alabama.  Arizona.  California,  Con- 
ueclicut,  ])tlaNvarc,  Disirid  of  C'oliinibiu.  Florida.  Geor- 
gia. Hawaii,  Idaho,  Illinois.  Indiana  (after  January 
Isl,  litO."!!.  Indian  Territory.  Cherokee  and  t'lioetaw  na- 
tions. Iowa,  Louisiana.  Maine,  .Maryland.  Massachnselts. 
MinnesotH,  Mississippi,  .\Iis.sonri,  Montana.  New  llamp- 
-sliire.  New  Jersey.  New  York,  North  Carolina,  North 
Dakota,  Ohio,  Oregon,  iVnnsylvania,  Tcinie.ssce,  Te.\as, 
Utah,  Verinont,  Virginia,  Washington,  West  Virginia, 
Wisconsin. 

The  following  require  for  admission  to  the  licensing 
examination : 

Alabama,  requirements  of  State  Medical  Association. 

Arizona,  diploma  Irom  reeognized  medical  school. 

(,'alifornia,  diploma  from  legally  chartered  niydical 
school,  requiring  in  no  jiarticular  less  than  the  Associ- 
ation of  American  ^Icdieal  Colleges. 

Coiniecticul ,  diploma  from  reputable  medical  school. 

Delaware,  competent  common-school  education,  diplo- 
ma from  legally  incorporated  medical  school. 

District  of  t'olumbia,  diploiua  of  school  authorized  by 
law  to  confer  MIX  degree 

Florida,  diploma  from  recognized  medical  school. 

Georgia,  diploma  from  legally  organized  medical 
school. 

Idaho,  diploma  from  legally  chartered  medical  school. 

Illinois,  less  than  one  year  of  high-school  work,  diplo- 
ma from  approved  medical  school, 

Indiana,  diploma  from  reputable  medical  school. 

Indian  Territory,  Cliemkee  nation,  diploma  from  rep- 
utable medical  school;  Choctaw,  one  term's  attendance 
at  reputable  medical  school. 

Iowa,  less  than  one  year  of  lilglischool  work,  diploma 
from  recognized  medical  school. 

Louisiana,  fair  jiriniary  education,  diploma  of  recog- 
nized medical  school. 

.Maine,  diiilonia  of  reputable  medical  school  maintain- 
ing .-m  a  pprovTd  standard  of  preliminar}' education  and 
medical  instruction. 

Maryland,  conmion-school  education,  diploma  from 
legally  incorporated  medical  school. 

Jliiine.sota,  four  full  courses  of  lectures  at  recognized 
medical  school. 

Montana,  diploma  from  legally  chartered  medical 
school. 

New  Hampshire,  full  high-school  course,  diploma  from 
regidarly  organized  medical  school. 

New  Jersey,  common-school  education,  diploma  from 
legally  incorporated  medical  school. 

New  York,  four  years'  high-school  course  or  its  equiv- 
alent, diploma  from  registered  medical  school. 

North  Carolina,  diploma  from  medical  school  in  good 
standing. 

North  Dakota,  three  six  months'  lecture  courses. 

Ohio,  full  high-school  course  or  its  equivalent,  diploma 
from  legally  chartered  medical  institution. 

Pennsylvania,  common-school  education,  diploma  from 
legally  chartered  medical  school. 

Utah,  diploma  from  chartered  medical  school  ia  good 
standing. 

Vi'rmont,  high-school  course  or  equivalent  and  diplo 
ma  from  a  United  .sintes  medical  school. 

Virginia,  evidence  of  a  i)reliminary  education,  diploma 
from  medical  school. 

Washington,  diphmia  from  authorized  medical  school 
having  at  least  a  three  years'  graded  course. 

Wisconsin,  elementary  education  equivalent  to  admis- 
sion to  junior  year  of  a  credited  high-school. 

The  followiiig  re(|iiire  the  licensing  examination  only : 
Hawaii,  Massachusetts.  Jlississippi,  Oregon,  Tennessee, 
Texas,  West  Virginia. 

The  following  require  approval  of  medical  diploma  by 
duly  qualilied  boards:  Kentucky,  Nebra.ska,  South  Da- 
kota: diploma  must  evidence  four  full  courses. 

The  following  require  either  approval  of  medical  diplo- 


ma orexamination  by  State  orotlierduly  (|Ualilied  boards: 
Arkansjis,  Colorailo,  Indian  Territory  (Creek  nation),  Kan- 
sas, Michigan,  Nevada,  New  Mexico,  Oklahoma,  Rhode 
Island.  South  Carolina.  Wyoming. 

The  following  recpiiring  either  approval  of  medical 
dijiloma  or  examination,  admit  to  examination  on:  Ar- 
kansjis,  a  gfiod  literary  education;  Kansas,  four  peri(xls 
of  stmly  of  six  months  each;  Nevada,  live  years'  pnic- 
ticc  in  the  State  just  prior  to  act  or  diploma  from  a 
reputable  school  without  the  Uniteil  States;  Oklahoma, 
fullcourseof  lectures.  Rhode  Island  approves  diplomas 
of  schools  that  require  for  matriculation  a  highsehool 
dililomaorits  equivalent,  and  for  graduation  four  regular 
courses  in  four  dilTerent  years;  Alaska  has  no  law.  In 
Cuba,  the  I'liilipiiines.*  and  Porto  Ricof  the  require- 
ments are  in  process  of  transition. 

The  following  political  divisions  have  mixed  examin- 
ing boards,  that  is.  the  boards  are  composed  of  rcpresi-n- 
tatives  of  the  several  .schools  of  medicine:  Alabama, 
Arizona.  Arkansas,  California.  Colorado,  Hawaii,  Idaho, 
Illinois.  Indian  Territory,  Indiana.  Iowa,  Kansas,  Ken- 
tucky. Maine.  Massachusetts,  Michigan,  Minnesota. 
.Mississippi.  Missouri,  Montana,  Nebraska,  Nevada,  New 
Jersey,  New  ^Mexico,  North  Carolina,  North  Dakota, 
Ohio,  Oklahoma,  Oregon.  Rhode  Island.  South  Carolina, 
South  Dakota.  Tennessee,  Utah,  Virginia,  Washington, 
West  Virginia,  Wisconsin,  Wyoming. 

The  following  have  separate  examining  boards  for  each 
recognized  school  of  medicine:  Connecticut.  Delaware, 
District  of  Columbia,  Florida.  Georgia,  Louisiana,  Mary- 
land, New  llaiupshire.  New  Y'ork,  Pennsylvania,  Texas, 
Vermont. 

Alaska  has  no  examining  board. 

James  Russell  Parsons,  jr. 

EXCELSIOR  SPRING.— Onondaga  County,  New  York. 

PosT-tjKFiCE. — Syracuse.  This  spring  is  located  iu 
the  city  of  Syracuse.  It  was  analyzed  by  Charles  A. 
Goessman  in  1868,  with  the  following  result : 

One  United  States  Gallo.n  Contains: 

Solids.  Grains. 

Calcium  carbonate 1-5.34 

Calcium  sulphate 36.43 

SodiuHi  chloride 584..« 

Alumina  i  ■>  (y> 

Silica       \   ''"^ 

Sodiuui  sulphate 13.16 

Magnesium  chloride 17.69 

MiiKuesium  bromide 15 

Total 868.34 

Carbonic  acid  gas  present. 

This  analysis  indicates  a  very  potent  saline  water, 
with  diuretic  and  slightly  aperient  properties. 

James  K.  Crook. 

EXCOCCURIA.     iiw  Euphorbiacea. 

EXERCISE,  PHYSICAL.     See  Training,  Phymeal. 

EXOPHTHALMIC  GOITRE.     See  the  Aim-endix 

EXPECTORANTS  arc  medicines  that  are  used  in  catar- 
rhal allcciioiis  of  the  larynx,  trachea,  and  bronchi,  to 
modify  secretion  and  facilitate  the  removal  of  morbid 
products. 

L'ntil  recently  our  knowledge  of  their  use  wa.s  founded 
entiiely  on  careful  clinical  observations.  It  had  been 
observed  that  certain  remedies  ameliorate  cough  and 
increase  expectoration  in  the  early  stage  of  acute  inHam- 

*  The  assistant  sifretarv  to  the  military  governor  in  the  Philippines 
wrote  Sei)teinl)er  4lh.  ISli).  that  "the  Spanlsli  law  as  to  admission  to 
practice  still  1,'overns.  In  peneral  this  nniuires  a  diploma  from  a 
reputable  colli'Re.  scIuhiI,  or  university  of  such  iirofe&sion  or  in  lieu 
Ihen'of  an  exuiuinaiion." 

+  (ienerat  Davis  established.  Septemtx-r  SIth.  Is'.Ri.  In  Porto  Rico  an 
examining  conimiltee  for  llcen.scs  to  practise  iiifilicme.  midwifery, 
and  pnifessional  iiui-sinir.  Duly  those  Willi  satisfactory  credentials 
aix'  admitted  to  the  c.vumiiiations. 
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iiiutioiiii  of  the  nir  puHsuKt'fi.     MoRt  uf  tliciii,  when  given 

ill  liirKi' ili>>M's,  priKliirc  iiiiiisi'U  ami  viuiiiting,  iiiiil  a  not- 
iiMr  cli-pn-vsliiii  iif  llic  );i'iii'nil  riicwliiliuii  Tliry  weri' 
!lit*rt*fi)iT  nillrd  ih priMttitt,  /uihttirf,  or  tnnitietiitt  I'Xprc- 
tiiiiiiils.  Otiii'i  ri'iiit'dirs  IiikI  lict'ii  fiiiiiid  In  aiiu'liiirnt)' 
coii^li  mill  iliiiiiiiisli  ixiiiMiunilioii  In  tlir  liillrr  staji;!'  of 
aciilf  nitiirrlis.  iiiiil  in  rlnoiii)'  i  utarrlis  allciiilrd  liy  ciipi 
IIII.4  M'crrlioii  III  \i\v^v  (liist's  niiiiiy  nf  (liiiii  cause  local 
iirilalioii.  willi  iimri'  or  less  cxcitcniciil  of  Ihc  gciicrul 
1  irciilalioii.  Ilciicc  llicy  were  called  uliiinil'iiit  v\\tvcUi- 
niiilN.  The  rc<eut  e.\periiiient-s  of  l<(>s,slia<  li  have  con 
tlrnied  Ihe  theory,  foiiiiiird  mi  clinical  observation,  that 
Rome  expectonints  increase  and  olheisdiininish  secretion. 
They  have  rendered  our  knowledfie  more  precise,  and. 
licsldi's,  have  estulilished  the  iiiiporlant  fuel  that  some 
expecloniiils cause  a  iliinintitionof  llio  va.sciilarity  of  the 
respiniloiy  niiicoiis  nieinbmne 

Dki'Ukssant  oil  Skdativk  Exi-kctohants. — Aimiimr- 
li/iiiiii  l/i/diiH-Ziliinm. — Soon  after  aponiorphino  came  into 
vogue,  clinicians  ol)S«'rved  that  it  exerts  a  very  decided 
inlliienee  in  <'atarrhal  intlaininations  of  the  air  pas.sjigcs. 
In  11  short  time  after  its  adniiiiist  nit  ion  is  hegiiii  expectora- 
tion is  elTi'cted  more  easilv.  and  Ihe  sputa  heionic  more 
copious  and  less  viscid.  I  sually  these  effects  occur  with- 
out any  noteworthy  nausea,  or  this  is  observed  only 
after  the  first  dose. 

According  to  the  experiments  of  IJo.ssbacli.  the  expcc- 
tonmt  action  of  apornmrphiue  is  due  to  augmented  ac- 
livitv  of  the  imicous  follicles:  for  it  caused  a  very  de- 
I  ideil  increase  of  the  (piantity  of  mucus  of  the  exjiosed 
tracheal  imicous  inembranc.  when  the  nerves  ])assing  to 
the  tnichea  had  been  divided,  and  all  the  large  blood- 
vessels supplying  this  organ  bad  been  ligated. 

In  expectorant  doses,  apomorphine  does  not  diminish 
the  appetite,  nor  cause  diarrha^a. 

Apomorphine  is  in<iicated  in  catarrhal  affections  of  the 
larynx,  trachea,  and  bronchi,  when  only  small  (luanlities 
of  viscid  mucus  are  .secreted;  lunce.  especially  in  the 
early  stage  of  bronchitis,  when  dry.  sibilant  rales  arc 
heard,  and  when  coughing  occurs  frequently,  and  is  at- 
Icndeil  by  little  or  no  expectoration. 

Trustworthy  ob.servers  slate  that  they  have  obtained 
more  speedy  and  more  decided  success  from  apomorphine 
than  from  all  other  means  in  bronchitis,  tracheitis,  laryn- 
_ilis.  jdilhisis.  and  the  stage  of  resolution  of  pneumonia. 
l!"ssbach  employed  it  in  pseudo-membranous  croup  with 
excellent  results,  the  membranous  exudation  becoming 
detached  and  expelled. 

Apomorphine  is  contraindicated  in  the  above-named 
affections  when  moist  rales  are  heard  and  expectoration 
is  copious.  It  should  never  lie  given  when  the  bronchial 
tubes  are  overloaded  with  secretions  which  are  not  ex- 
pectorated from  want  of  strength. 

When  a  cough  is  frequent  and  very  severe,  and  little 
mucus  is  .secreted,  as  shown  by  the  scanty,  viscid  sputum, 
morphine  may  be  combined  with  the  apomorphine.  if  the 
latter  do  not  speedily  ameliorate  the  cough.  Morphine 
does  not  prevent  the  action  of  apomorphine.  The  com- 
bination simultaneously  increases  s<'cretion  and  lowers 
the  excitability  of  the  respiratory  centre. 

Xo  fixed  rules  can  be  given  as  to  the  dose  of  aimmor- 
phine.  on  account  of  the  differences  in  susceptibility  to 
its  action,  and  the  great  variations  in  extent  and  intensity 
of  the  catarrhal  intiamniations  of  the  air  pas-sjigcs.  For 
adults,  from  gr.  ss,  to  gr,  i.  in  twenty-four  hours  is  usu- 
ally sutticieiit ;  but  sometimes  from  gr.  i.ss,  to  gr,  ij,  are 
required.  Doses  of  gr,  ■j\  to  gr.  J  may  be  given  every 
two  or  three  hours.  To  children  apomorphine  may  be 
given  in  doses  of  gr.  j'j  to  gr.  -^rr  according  to  their  age. 
At  the  age  of  one  year  the  single  dose  may  begr.  r\f.  and 
this  may  be  increased  by  the  gr.  -j+i,  for  each  additional 
year,  so  that  at  the  age  of  two  years  the  dose  will  be 
gr.  ^.  at  three  years  gr.  j'j.  and  so  on.  It  may  be  pre 
scribed  as  follows:  R  Apomorph.  hydrochlor..  gr.  ss.-i. ; 
acid,  hydrochlor.  dil..  gtt,  x,  ;  aq,  destill..  3  iss.  M. 
Sig. :  One  teaspoonful  every  two  or  three  hours.  The 
acid  is  added  to  prevent  the  change  o'  color,  which  rap 
idly  takes  place  if  no  acid  is  added,  and  the  medicine  is 
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not  dispenw^Mii  n  dark  bottle.  A  syrup  may  In-  iidih-d, 
or,  if  di'siniTile.  each  dose  may  be' taken  in  H\\e(  1. mii 
water.  Morphine  may  be  added  to  the  aptimnipljiiie, 
as  ill  Ihe  following  formula,  1(  Apomorph,  hydrochlor, i 
gr,  .ss,-i,  ;  morph,  hydrochlor..  gr,  ss,  ;  acid,  liydiiM  hlnr, 
dil,.  gtt.  x,  ;  iii|,  di-still,,  I  iss,  Jl.  fSig.  :  One' teaspoon- 
ful every  two  or  three  hours 

Ijirftifiiiinliii — This  medicine  is  freipienlly  employed 
in  catarrhal  affections  of  the  air  paswiges,  CHpeeiallv  in 
the  early  stages,  when  cough  is  severe  and  expeclonition 
scanty.  It  acts  most  rapidly  when  given  in  sik  h  doses 
as  priwlnce  nausea.  As  Ihe  activity  of  the  mucous  glands 
becomes  iiicrea.sed  during  nausea,  it  has  generally  iH'en 
held  that  ipecacuanha  acts  by  increasing  secretion,  but 
that  Ibis  takes  place  only  when  nauseating  doses  are 
irsed.  Hut  it  is  fni|NeMlly  ob,serve<l  that  the  symptoms 
of  broncho  tracheal  catarrh  become  ameliorated  by  iloses 
which  do  not  |)rodiice  notable  sickness. 

The  action  of  ipecacuanha  is  due  to  the  alkaloid  eme- 
tine, which  it  contains  in  small  and  variable  quantities. 

Hossbach  found  that  emetine  causc-s  a  decided  increase 
of  the  mucus  of  the  trachea,  without  augmenting  the 
quantity  of  blood  in  the  mucous  membrane.  The  in- 
crease of  secretion  alst)  took  place  when  the  nerves  going 
to  the  trachea  had  been  divided,  showing  that  it  lesiilts 
from  a  direct  action  on  the  mucous  glands  or  on  the 
secretiiiy  nerves. 

Ipecacuanha  is  indicated  in  acute  and  chronic  catarrhs 
of  the  air  passages  attended  with  scanty  and  viscid  ex- 
pectoration. It  is  the  exitectorant  geneiiilly  employed  in 
the  bronchial  iufaniniationsof  very  young,  very  old.  and 
feeble  patients,  and  is  especially  applicable  when  llie.se 
affections  present  more  or  less  fever,  a  dry  skin,  soreness 
of  the  chest,  oppressed  breathing,  painful  cough,  viscid 
sputum,  and  dry  rales. 

The  dose  of  ipecacuanha  varies  from  gr.  ss.  to  gr. 
ij..  on  account  of  the  variable  (luantilv  of  emetine  that 
it  contains,  and  the  differences  in  intensity  and  extent  of 
the  catarrhal  infliimnialions.  If  small  doses  do  not  speed- 
ily cause  a  decided  change  in  the  expectoration,  larger 
ones  should  be  given,  so  as  to  induce  slight  nausea. 
The  syru|)  and  wine  of  ipecacuanha  are  given  in  doses  of 
Til  X.  "to  TH  xl. 

Andmoniiet  Potnmi  Tartras. — Tartar  emetic  is  a  very 
depressing  expectorant.  When  administered  in  small 
doses,  gr.  f"j  to  gr.  ,!.  at  intervals  of  .several  hours,  it 
usually  produces  no  immediate  effects;  but  after  several 
doses  have  been  taken  a  decided  action  on  the  heart  and 
secretions  becomes  manifest,  the  heart's  action  becoming 
slower  and  feebler,  and  the  secretions  of  the  mucous 
membranes  and  skin  decidedly  augmented.  After  sev- 
eral days,  if  the  medicine  is  continued,  very  marked 
debility  ensues. 

Tartar  emetic  is  held  to  be  serviceable  in  severe  forms 
of  bronchitis  occurring  in  robust  individuals.  It  is 
especially  indicated  when  there  are  present  dyspna^a. 
Hushed  face,  full  and  strong  pulse,  soreness  of  the  chest, 
with  little  or  no  secretion,  as  shown  by  the  dry.  sibilant 
rales  heard  on  auscultation.  On  account  of  its  depress- 
ing action,  which  is  most  evident  in  weakly  persons,  it 
is  not  a  suitable  remedy  for  debilitated,  very  young,  or 
very  old  patients.  It  is  contraindicated  in  catarrhs  of 
the  air  passages  complicated  with  severe  disorders  of  the 
alimentary  canal. 

Tartar  emetic  is  usually  administered  in  doses  of  gr. 
,'j  every  two  or  three  hours.  I(  Aniim.  et  jiotass.  tart., 
gr.  i,  :  syr,  altha;^T.  5  ss, :  aq,  destill,.  =  i,  M,  Sig,:  One 
teaspoonful  ever.v  two  hours.  Sometimes  minute  doses 
are  given  at  very  short  intervals,  as  by  dissolving  one 
grain  in  five  or  six  ounces  of  water,  and  directing  a 
teaspoonful  of  the  .solution  to  be  taken  every  ten  minutes 
until  nausea  ensues.  As  soon  as  this  takes  place,  a 
marked  increa.se  of  secretion  and  exjjectoration  occurs, 
with  ilecided  relief  of  the  soreness  of  the  chest  and 
dyspniea.  The  wine  of  antimony,  containing  1  part  in 
230  parts,  is  given  in  doses  of  iii  x.  to  iTl  xl.  It  is  one 
of  Ihe  ingredients  of  the  C'Hi/wHHrf  mixture  ofglycyrrhiza, 
which  is  given  in  doses  of  a  tablespoonful. 
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hMia  is  iisofl  as  an  expectomnt  wlieii  bronchial  ca- 
tarrh is  rnniplicatcd  witli  spasmodic  contmclion  of  the 
hroncliial  liihis,  or  when  ii  scvrrr  cinijrh  is  iitl<ii(li-il  willi 
(lillicull  bniiliiiiiir.  iiliuiiiliinl  sihilaiit  rales,  and  viscid 
sputnni.  From  its  iililily  in  siicli  cases  it  has  been  in- 
ferred that  it  increas<s  secretion,  and  al  the  same  time 
relaxes  the  bronchial  muscles.  In  sjiasmodic  asthma  it 
is  freipiently  employed  with  much  henelil.  Hut  it  usu- 
ally fails  to"  produce  any  marked  ellect.  unless  ijiven  so 
astci  cau.se  nausea.  The  dose  varii's  from  jrr.  i.  to  gr. 
v.,  as  an  expectorant.  Of  the  tincture  (1  in  5)  the  do.se 
is  TH  V  to  III  XXV..  and  .of  the  vinegar  (1  iu  10)  double 
these  (luantities. 

PiliH-arpi IK. —ThK  alkaloid  was  found,  in  the  experi- 
ments of  Rossbach,  to  cause  a  very  proftisc  secretion  of 
watery,  tninsparcnt  mucus  from  the  trachea  and  bronchia, 
so  that  moist  rales  could  be  heard  over  all  jiarts  of  the 
thoi-ax.  Trials  of  the  remedy  in  cases  of  bronchitis  were 
attempted,  but  the  action  on  the  salivary  and  sweat 
glands,  and  on  the  heart,  was  so  disiigreeable  to  the  ya- 
tients  that  they  refused  to  iiersevere  in  its  \isc.  The 
ordinary  therapeutic  use  of  this  medicine  has  occasionally 
been  followed  by  pulmonary  (vdema. 

Al/^'iilii's. — It  has  been  frcijuently  observeil  that  bron- 
chial catarrhs  improve  during  the  intertial  use  of  alkalies. 
Usually,  expectoration  lakes  [ilace  more  readily,  and  the 
.sputuiii  is  less  adhesive.  Hence  it  has  been  inferred  that 
alkalies  increase  the  bronchial  secretion  and  render  it 
more  Huid. 

The  residts  of  Rossbach's  experiments  arc  at  variance 
with  this  view.  After  exposing  the  trachea!  mucous 
membrane  of  cats,  he  injected  into  a  vein  3  gm.  of 
carbonate  of  sodimn.  The  mucous  membrane  rapid!}' 
became  jiale,  presenting  a  peculiar  grayish-wliite  color, 
and  the  secretion  of  mucus  gradually  diniinishcd.  and 
soon  ceased  completely.  As  this  rcstilt  was  unexpected, 
the  experiment  was  often  repeated,  but  the  sjune  plienom- 
cna  imiforndy  took  place.  Rossbach  was  unable  to  de- 
termine the  cause  of  the  arrest  of  secretion.  That  it  was 
not  due  to  tlie  anaemia  was  evident  from  the  fact  that 
even  more  decided  aua'mia,  jiroduced  by  irritating  the 
nerves  distributed  to  the  trachea,  did  not  diminish  the 
secretion  of  nuieas.  The  local  ajiplication  of  solutions  of 
carbonate  of  sodium,  eonlaiiiirig  from  one  to  twfi  per 
cent.,  caused  no  obvious  cliange  iu  tlie  appearance  of  the 
niucotis  membrane. 

The  expifiments  of  Rossliach  confirm  tlie  clinical  ob- 
servation that  increased  alkalinity  of  tlie  blood  modifies 
the  secretion  of  mucus,  although  they  contradict  the 
tlieory  that  it  liecomes  increased.  Perliaiis  it  will  be 
found  hereafter,  as  suggested  by  Rrunton,  that  the  modi- 
fication of  secretion  depends  upon  the  iiuantity  of  alkali 
administered,  small  doses  increasing  and  large  ones  di- 
minishing the  secretion. 

If  further  observation  should  show  that  the  action  of 
alkalies  is  the  same  in  man  as  in  Rossbach's  exi)eriments, 
it  would  follow  that  alkalies  might  be  used  in  all  stages 
of  bronchial  inllammation.  and  that  they  would  be  service- 
alile  not  merely  to  modify  secretion,  but  to  diminish  the 
!iyp<'r:emia.  the  eldef  morbid  ])henonienon  of  the  disease, 

STiMti..vNT  ExPKCTon.vNTS. — AiiiiiKDiii  ('hliiridniii. — 
No  medicine  is  more  fre(iuently  employed  in  bronchial 
catarrhs  than  this  salt.  It  is  held  to  lie  suitable  when  no 
fever  is  presi-nt,  and  expectoration  is  diflicult  on  account 
of  viscidity  of  the  secretion,  and  to  tie  useless  wlien  tlie 
sputum  is  aliundant  and  easily  coughed  up. 

In  oliservations  on  himself,  Wilimer  found  a  very  de- 
cided increase  of  the  bronchia!  mucus  after  iloses  of  gr. 
viij.  to  gr.  XV..  taken  hourly.  Other  careful  observers 
also  noticed  an  augmentation  of  the  bronchial  secretion 
from  its  use.  Theexperiments  of  Rossbach  .seem  to  show 
a  ditferent  mode  of  action.  Under  the  influence  of  the 
salt  the  tracheal  mucous  membrane  became  ana'mic,  and 
the  s<'cretion  of  mucus  gradually  ceased.  The  titility  of 
chlorideof  ammonium  in  catarrhs  of  tlieair  passag<'S  may 
therefore  depend  tipon  a  favorable  moililiciition  of  the 
vascularity  of  the  mucous  membrane,  not  merely  upon  a 
change  of  the  quantitj'  of  the  secretion. 


Chloride  of  ammonium  is  indicated  in  lironchitis  after 
the  fever  lias  subsiiled.  When  secretion  is  very  viscid,  it 
is  fre(|Ueiitly  combined  with  ipecaciiaiilia.  or  with  minute 
doses  of  tartar  emetic.  To  adults  it  is  given  in  doses  of 
gr.  V.  to  gr,  X,  every  two  or  three  hours,  1$  Amnion, 
chlor.,  3ij.  to  3iv. ;  ex.  glycyrrh.,  Z  ss.  to  3i.;  aq. 
dcstill..  I  iv.  M.  Sig. :  One  tablespoonful  every  tlirce 
hours.  The  extract  of  liipiorice  of  this  prescription 
reiKlers  the  taste  of  the  salt  liss  disagreeable.  Ifsliglit 
elevation  of  temperature  exist,  or  if  dry  nlles  be  heard, 
ipecacuanlia  may  be  added,  or,  in  robust  subjects,  tartar 
emetic  as  follows;  IJ  Animon.  chlor.,  3iv. ;  ex.  gly- 
cyrrh., 3  ss.  ;  syr.  ipecac,  3  ij,  to  3  iv. ;  aq.  dcstill.  ad 
1  iv.  M.  Sig. :  One  tablespoonful  every  tlirce  hours. 
V,  Ammon.  chlor..  3iv. ;  antim.  et  potass,  tart.,  gr.  ss. 
to  gr.  i. ;  ex.  glycyrrh.,  3  ss.  :  aq.  dcstill.,  3  iv.  M. 
Sig. :  One  tablespoonful  every  three  hours. 

Amniimii  Ciirhonns. — This  salt  is  employed  in  bron- 
chitis, catarrhal  pneumonia,  and  croupous  pneumonia, 
when  tlie  fever  has  subsided  or  abated,  and  the  general 
condition  of  the  patient  reiiuires  the  use  of  stimulant 
remedies.  It  is  held  to  act  on  tlie  mucous  glands  of  the 
air  passages,  thus  increasing  the  quantity  of  mucus  and 
rendering  it  more  iiuid.  At  the  same  tiiiie  it  stimulates 
the  res])iratory  centre  wlirn  given  in  tolerably  large 
doses,  and  thus  avigmenls  the  ellicicncy  of  the  expulsive 
efforts.  The  recent  researches  on  the  physiological  action 
of  this  salt  have  fully  contirmed  the  theory  held  in  the 
early  part  ofthe  last  century  that  it  jiossesses  great  utility 
in  pulmonary  affections,  because  it  stimulates  the  nervous 
system,  and  hence  enables  debilitated  patients  more 
readily  to  cough  up  accumulated  masses  of  mucus. 

Usually  it  is  given  to  adults  in  doses  of  gr.  v.  to 
gr.  X.  every  two  or  three  Ikuiis.  On  accoiuit  of  its  pun- 
gency it  is  comliined  in  prescriptions  with  gum  arable 
and  sugar  or  liquorice.  I?  Amnion,  carb.,  3ij.  to  3iv. ; 
pulv.  acaciic,  saccli.  albi.  .aa  3ij.;  aq.  nientli.  piji.  ad 
3  iv.     31.     Sig. ;  One  tablespoonful  every  three  hours. 

A(ptn  Ammonia  &\vX  Spiritiis  Ammoniin  Ariimtiti(>i»,  in 
appropriate  doses,  may  lie  used  as  stimulant  expectorants, 
to  increase  secretion  and  excite  the  resjiiratory  centre. 

ScHla. — Squill  is  perhaps  more  freciuently  used  than 
any  other  expectorant  in  the  advanced  stage  of  acute 
bronchitis  and  iu  chronic  bronchitis,  especially  when 
secretion,  though  not  scanty,  is  tenacious,  and  hence 
expectorated  with  ditheulty.  The  investigations  on  tlie 
physiological  action  of  sciuill  have  not  fully  cxiilained  its 
expectorant  action,  no  special  niodilication  of  .secretion 
of  mucus  having  been  observed.  But  they  have  conclu- 
sively established  that  sipiill  modities  the  action  of  the 
heart  in  the  same  manner  as  digitalis,  rendering  its  con- 
tractions slower  but  more  forcilile.  The  general  blood 
pressure,  iherefore,  becomes  increased,  and  the  circulation 
in  the  respiratory  mucous  membrane  accelerated.  It  is 
hence  quite  probable  that  catarrhal  symptoms  subsiile  as 
the  result  of  the  improved  pulmonary  circulation.  The 
fact  freciuently  o!).served  that  squill  is  most  effectual  in 
bronchial  cat.arrhswitholistructivc heart  disease,  strongly 
sujiports  this  view. 

Scpiill  is  ustially  administered  iu  the  form  of  the  syrup, 
in  do.ses  of  m  xx.  to  ■n[  xl.  every  two  or  tliree  hours. 
It  is  often  combined  with  ijiecacuanha  and  campliorated 
tincture  of  opium  when  secretion  is  scanty  and  the  cough 
severe.  1}  Syr.  seilhc,  syr.  ijiccac,  tinct.  opii  canipli., 
iia  1  i.     M.     Sig. :  One  tcaspoonfnl  every  tliree  hours. 

Senega. — The  use  of  senega  as  an  expectorant  is  based 
upon  careful  clinical  observation,  although  it  has  been 
found  to  cause  cough  am!  cxpeetoiation  of  mucus  in 
healthy  perscnis.  Kxperience  has  shown  that  it  is  most 
useful  in  the  second  stage  of  acute  lironcliitis,  in  chronic 
brcuicliial  catarrh,  and  in  pneumonia  in  the  stagi^  of  reso- 
lution, when  the  symptoms  indicate  that  the  bronchial 
tubes  contain  large  (|uanlities  of  secretion.  It  is  held  to 
lie  especially  serviceable  wlien  the  sputa  are  muco-puru- 
lent  and  the  power  l<i  expectorate  is  small. 

The  use  of  senega  in  bronchitis  and  pneumonia  is  in- 
dicated by  the  presence  of  numerous  moist  rales,  puru- 
lent or  mucopurulent  expectoration,  and  oppression  of 
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liniX'i  ■..ninis. 
KxiH'i  Kirniiis, 


till- i'Iu'hI.  It  kIiimiIiI  not  Itc  iiiliiiiiiisli'ivil  iim  loll);  iiH  llio 
ti'iii|i<'niliirc  Ik  iniicli  iiliovc  till' iioriiiiil  It  Ik,  Iihwi'Vit. 
iloiililfwl  w  lii'lliri'Hi'iii'i;it  li'iiils  to  liii'i'i'iisi' ri'Vir,  as  il  liiis 
liri'li  roiiliil  r\|>ri'iliirlilully  Hull  Na|ioiiiii.  wliirli  iipiii'illH 
lo  hr  iili'iitiriil  Willi  till-  iirliYi'  priiii'l|ilr  of  M'lifffii,  iiiwcTH 
tllr  Irlllprrilluir. 

'I'lir  |iii'|iiii'iilioiis  of  sinc^'H  most  fri'iiuriitlv  tiwd  iiri' 
till-  tliilil  ixiniil  mill  the  syrup,  ill  iloscs  of  ill  s.  to  "l  .\x. 
mill   I  i   or  ij  .  nsprclivily 

llliiiiii  7'tiil'iiit/iiii'i  — Il  has  frripiriilly  lii'i'ii  obsirvi'il 
that  oil  of  tiirpi'iiliiir  iliiuiiiislii'S  llir  spiiluiii  in  vnrioiis 
forms  of  hroiirliitis  with  profiisi'  srcri'lion,  anil  li'ssi-ns 
I  III'  olTriisivi'oilor  of  ilii'i'xpi  Ttoialioii  in  firtiil  lironrliitis 
mill  iiiilinoniiry  piiiiririii'.  That  il  rrally  Irssins  llir 
mnountof  si'i'ri'tion  in  lironcliialralarrlisuasconrliisivcly 
hIiowii  by  .lUriiriisi'n  (Ziiiiissi'ii's  "111111111111111."  Hil.  v., 
p.  \X'2),  who  in  niinicroiis  rasi's  rarrfully  iiirasiirril  llii' 
ipiaiilily  of  spiiliiiii,  anil  roiisianlly  loiinil  a  iliniiiiiilion. 
Till' I'liniial  ohsirvalions  Iimm'  Imiii  fully  rniilirnii'il.  anil 
till'  inoilrol  ml  ion  of  oil  of  liirpintiiu'  plausibly  I'xplailiril 
by  till'  invi'stipitions  of  Hossbaih.  In  laiitiilly  con- 
diii'ti'il  i-xprriiiii'iils  111'  foiinil  that  llir  oil  ixiris  a  very 
ili'ciilril  iiilliiriicr  nil  tlir  iiiucous  iiii'inbiaiu'  of  tin-  air 
piis.saj;i'S.  Wlirii  a  I'lirrcnl  of  air  whirli  hail  passed 
tliroiii;li  oil  of  Iwrpriiline.  so  as  to  become  loaileil  with 
it.  was  applieil  lo  a  pail  of  the  iniieoiis  nieinbraiie.  the 
seerelion  of  miiiiis  ^'iiiiliially  iliiiiiiiishiil.  anil  linally 
reasi'il.  anil  the  nii'iiibnuie  bei'mni'  very  ilry.  A  watery 
solution  lonlaiiiinjr  fioni  one  to  two  per  cent.,  ilroppeil 
upon  the  iiiiicoiis  iiiembrane.  caiiseil  an  iniiiifiliate  in- 
crease of  s«cretion  ami  notable  anii'miu. 

Oil  of  liirpi'iitinc.  when  taken  internally,  is  (imtly 
eliiiiinati'il  by  llie  respiratory  mucous  membrane.  In 
passini;  throiiirh  the  membrane  il  iloubtle.ss  exerts  an 
irritant  or  sliniiilant  ailion  on  the  blooil  vessels,  in  cou 
sec|iience  of  whieli  they  coiilracl.  This  coiitnietioii  of 
the  vessels  is  soon  followeil  by  absorption  of  e.xuilalioii 
anil  le.sseiieil  activity  of  Ihemucous  /.'lanils.  Theileciileil 
iiuproveininl  observeil  in  Iheoilor  of  the  sputum  in  fietiil 
broiichilis  ami  pulmonary  gangrene  is  iloiibtless  attrib 
iitable  lo  the  aniiseplic  power  of  oil  of  turpentine,  by 
w  hii'li  it  arrestsllie  proee.ssnf  ilecompositioii  in  thesecre- 
lions.  Hossbaeli  supposes  that  its  anlipyrelic  aelion,  its 
jiroperly  of  slowing  respiration,  ami  ils  depressing  elVeel 
on  sensory  nerves  may  lonnibule  toils  therapeutic  utility. 

Oil  of  turpentine  is  indicated  in  all  forms  of  bronchitis 
with  free  se<  ret  ion.  but  especially  when  the  expectora- 
tion is  profuse,  muco  purulent,  and  fu'tid. 

It  is  usually  given  in  doses  of  gtt.  v.  lo  gtt.  xx.  every 
two  or  three  hours.  Freipiently  it  is  ailminislered  in 
emulsion,  as  follows:  H  Olei  terebinth,,  3  i.  :  vitelhim 
ovi  uiiius;  syr.  auranl.,  3  ss.  ;  aq.  ciiinam.  ad  3  iv.  M. 
Sig. :  One  labli'spoonfiil  every  three  hours.  Ji'irgcnsen 
aiiministirs  the  oil  in  doses  of  ,ibout  twelve  drops  six 
times  daily  in  several  ounces  of  milk.  If  the  oil  is  taken 
in  capsules,  a  small  i|uaiility  of  milk  may  be  drunk  after 
each  one.  in  order  to  prevent  irritation  of  the  stomach. 

'J'rri-iii  lfi/flriil)\  C'loIIir'.UIjO.  is  a  hydrate  of  oil  of 
turpenline  thai  often  forms  when  the  oil  is  in  contact 
with  a  small  ipianlily  of  water  for  some  lime.  On  a 
large  scale  it  is  obtained  by  niixiiigoil  of  turj^entine  with 
alcohol  and  nitric  acid.  It  is  in  Ihe  form  of  large  color 
less  crystals,  having  no  odor  and  only  a  very  slight 
aromatic  ta.slc.  It  dis.solves  in  i.")(l  parts  of  water  at  IS 
C.  in  152  jiarts  of  boiling  water,  and  in  1(1  parts  of  alcohol, 

Terpin  hydrate  was  introduced  by  U.  Lepine.  of  Lyon, 
as  an  elTcctive  remedy  for  chronic  bronchitis.  He  had 
usi'd  il  in  sevenil  hiindred  cases,  and  had  observed  that 
doses  of  0  •.;  lo  b.li  (gr.  iij.  to  gr.  ix.)  daily  rendered 
the  sputa  less  tenacious  and  more  copious,  and  facilitated 
expectoi-alioii.  In  cases  of  bronchorrha'a  larger  doses. 
1..")  (gr.  xxij.)  daily,  lessened  the  quanlity  of  sputum. 
Such  doses  also  increa.sed  the  action  of  the  kidneys,  but. 
when  these  organs  were  normal,  never  caused  albumin- 
uria or  hiemaluria. 

The  obs(>rvalions  of  Lepine  have  been  corroborated  by 
a  number  of  clinicians  in  large  hospitals.  Thus  Germain 
See  found  terpin  hydrjite  very  efTective  in  catarrhal  alTec- 


lioimof  the  ri'Kpiralory  mucous  iiieiiibmiie.  iIk  iM.,rlMil 
.Kccretion  griidiially  diminishtng  under  iu  pri.loiii;i'i|  u-v. 
In  caUirrlial  forms  of  phthisis,  he  observed  ihal  Ihe 
muco  purulent  Kecrelioii  lessined  mid  often  eiilirely 
ceii.sed.  lie  employed  it  also  to  arresi  Ihe  hii'iiioplynfc 
of  the  early  stage  of  plithiKis,  anil  held  it  to  act  iiioru 
nipidly  than  ergoiin. 

|)r  .Mmia.s.se.  of  Iterliii,  found  terpin  liydmte  very 
useful  in  w  hooping  cough,  of  which  he  treated  forty  line 
ca.m'S.  varying  in  age  from  nine  iikpiiIIis  to  twelve  years. 
Every  ca,se  was  carefully  observed,  the  frei|Uency  ami 
severity  of  Ihe  paroxysms  being  noted  daily.  To  chil- 
dren iiiiiler  one  year  of  age  he  Koinetimes  gave  ils  much 
as  1.5  (gr.  xxij.)  daily,  and  never  observed  any  injur! 
mm  action  on  the  digestive  or  urinary  appanilus.  Anil 
in  no  case,  when  2.,"i  to  H.O  daily  were  given  to  older 
I'liildreii.  did  the  urine  become  albuminous  or  bliHidy 
.Vs  a  rule,  in  four  or  live  days  the  paroxysms  were  less 
numeroiisand  always  le.sssevere.  The  bronchial  catarrh, 
which  was  present  in  most  cases,  diminished  more  rapidly 
than  usual,  and  linally  disappeared  eiilirely.  All  the 
ca.ses  treated  with  lerpiii  hydrale  recovered.  The  medi- 
cine was  given  in  the  form  of  |)owder  as  follows: 

1;  Terpini  liydrat.  5.0-10.0  (gr.  Ixxv.  to  gr.  d.).  Div. 
in  part,  aqiial.  Xo.  X.     S  :  One  powder  three  limesdaily. 

The  following  formula'  have  been  ncommenili'd : 

H  Terpini  liydrat.  8.0  (gr.  xlv.);  saccli.  alb.,  inucil, 
acaciiv,  aa  q.  s.  M.  ft.  pil.  No.  xxx.  S. :  One  to  four 
pills  three  times  daily.  R  Terpin.  liydrat.  2.0  (gr. 
XXX.);  spiritus  (alcohol),  aq.  dest.,  syr.  menthie  pip.,  aa 
50.0  (  3  xiij.).  M.  S. :  One  tablespoonful  from  three  to 
six  times  daily. 

Cojmihii. — Although  the  action  of  this  agent  on  the 
mucous  menibrane  of  the  air  passages  has  not  been  in- 
vestigated exin'rinientally.  it  seems  liigldy  iirobable  that 
it  is  analogous  to  that  of  oil  of  lur|ienliiie.  Numerous 
careful  observers  have  found  il  useful  in  chronic  and  in 
fu'lid  bronchitis,  and  some  of  them  state  that  il  is  equalled 
liy  no  other  medicine  in  catarrhs  attended  witli  profuse 
expectoration.  It  is  usually  given  in  emulsion  in  doses 
of  HI  X.  to  ni  XX.  from  three  to  six  limes  daily. 

Pi.r  Liquuhi. — Tar  seems  to  be  useful  in  chronic  ca- 
tarrh of  the  bronchi  and  in  phljiisis.  when  copious  secre- 
tion is  taking  jilace.  It  oflcn  les.sens  Ihe  eX|iecloration, 
eases  the  cough,  and  diminishes  Ihe  oppression  of  the 
chest.  Usually  it  is  administered  iu  the  form  of  the 
officinal  syrup,  of  which  the  dose  is  3  i.  to  3  iv.  The 
following  fonnula  was  recommended  by  Adrian:  i^ 
Picis  liq.,  vitell.  ovor.,  ail  25.0;  glycciini,  50.0.  M. 
Sig. :  One  or  two  teaspooufuls  from  three  to  six  times 
daily. 

EiiCfilypM. — This  volatile  oil  has  receiilly  gained  some 
repute  in  bronchorrlKea  and  fielid  bronchitis.  It  is  a 
|iowerful  antiseptic.  Taken  internally,  it  is  eliminated 
liy  the  kidneys  and  the  lungs,  and  seems  lo  act  upon  the 
resiiiraloiy  mucous  membrane  in  the  same  manner  as  oil 
of  turpenline.  It  is  administered  in  doses  of  gtt.  v.  to 
gll.  XV.  in  capsules  or  emulsion. 

Gririddin  has  lately  been  strongly  recommended  in 
spasmodic  and  catarrhal  afTeclionsof  the  bronchial  tubes, 
and  in  whooping-cough.  According  to  some  of  the  pub- 
lished rejiorls.  in  some  instances  "it  ads  like  a  charm, 
instantly  controlling  the  cough,  and  relieving  the  tickling 
in  the  throat  and  bronchial  tubes."  The  fluid  extract  is 
given  in  doses  of  tii  x.  to  tii  Ix. 

Ammoniacum.  benzoic  acid,  myrrh,  hiiliuim  of  Peru, 
huliuim  of  tolii.  f/iirlic.  and  sanijuiimrin  have  been  em- 
Iiloyed  iu  bronchial  catarrhs  with  good  elTects.  They 
are.  however,  at  the  present  time,  iiirely  |irescribcd. 

MoKi*i!i>E  AND  Atkoi'ixk. — These  alkaloids  are  so 
useful  in  diseases  of  the  air  i>as,«ages,  and  so  frequently 
administered  simultaneously  with  some  of  the  expecto- 
rants, that  a  very  brief  consideration  of  their  mode  of 
action  is  here  approiiriate. 

Atropine  is  iu  constant  use  in  phthisis  to  arrest  night 
sweats.     Many  observers  have  noticed,  during  its  admin 
istratioB,  a  decided  lessening  of  expectoration  and  cough. 
This  effect  was  usually  ascribed  to  an  action  on  the  vagi 
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in  tlie  lunps.  mid  on  the  nniroiis  glands,  wliioli  ■wcro 

snppostMllii  Ix'cnnic  iilTcctcd  in  the  sunic  inimncr  ns  the 
sweat  frlunds.  In  ixpirinii'Mls.  Uossliiicli  ulisi-rvr-d  lliat 
ntropinc  acts  very  slninirly  npnii  Ihc  liiiili<al  iniicons 
nu'inbnini'.  Hi'  iiivaiialil.v  linmd  llmt  the  nicmbranc, 
which  lia<l  been  secreting  noiinally  and  was  very  nmisl, 
became  al)S(ilulely  dry.  Gradually  very  (U'ciiU'd  hy|ier 
n'niia  supervened;  yet  no  secretion  ocoirred  for  an  hour 
or  hmjier.  and  afterward  returned  very  sh)wly  and  feebly. 
The  persistence  iif  the  dryness,  notwithslandinj.' the  hy- 
pera'inia.  |)r<ivi'(l  that  alrn]iine  acts  onllie  mucous  irlands 
or  secretory  nerves.  It  is  llicrcfdrc  an  appropriate 
remedy  in  bronchial  and  pulmonary  diseases,  when  the 
coujrh  di'pends  upon  copious  secretion  in  the  trachea  and 
bronchial  tubes. 

M'/r/i/iiiie  lessens  coujrh  in  two  ways — by  diminishing 
secretion,  and  by  lowering  the  excitability  of  the  respir- 
atory ci-ntre. 

Hossbach  observed  that,  normally,  after  removal  of  the 
mucus  from  the  t  radical  mucous  membrane,  about  twenty 
seconds  passed  before  I  he  membnini'  was  again  conijiletely 
moist.  Hut  after  subculaneous  injections  of  morphine, 
the  membrane  did  not  become  eiiually  moist  before  the 
lapse  of  from  eighty  to  one  hundred  seconds. 

Cough  may  be  very  readily  produced  by  slightly  irri- 
tating the  normal  mucous  membrane  of  the  larvn.x  and 
trachea,  especially  near  the  bifurcation  of  the  bronchi. 
An  hour  after  injecling  morphine.  Hossbach  fnuiid  that 
only  very  severe  irritation  produced  cough,  while  gentle 
irrilalicin  had  no  elfect. 

WIk'ii  used  simultaneously,  both  alkaloids  act,  lower- 
ing the  excitability  of  the  respiratory  centre  and  notably 
lessening  secretion.  In  chronic  catarrhs.  eni|iliyseina. 
and  phthisis,  with  copious  expectoration,  they  have  been 
found  of  great  utility.  In  phthisis,  when  the  expectora- 
tion comes  from  cavities,  no  very  marked  diminution  can 
be  prnduccd. 

As  a  rule,  the  two  alkaloids  should  be  prescribed  sepa- 
rately— atropine  to  be  taken  only  in  the  evening,  between 
six  and  ten  o'clock;  and  morphine,  in  very  small  doses, 
during  the  day, 

Cixlehie. — Codeine  has  recently  come  into  use  as  a 
means  of  allaying  cough.  According  to  luunerous  re- 
ports, it  is  generally  as  effectual  as  morphine  or  the  ]>rc])- 
arations  of  ojiium.  Often  it  has  been  observed  that  the 
cough  of  mild  forms  of  bronchitis  ceased  in  a  few  days. 
But  its  principal  advantage  is  that  it  does  not  depress 
the  functions  of  the  alimentary  canal.  The  use  of  mor- 
phine is  usually  followed  by  a  diminution  of  appetite, 
and  often  by  constipation.  Codeine,  while  it  allays  the 
tough,  does  not  interfere  with  the  appetite,  or  with  the 
normal  action  of  the  bowels.  This  has  been  especially 
observed  in  phthisis,  in  which  codeine  was  found  to 
mitigate  the  cough  without  lessening  the  desire  for  food. 
When,  to  test  the  difference  in  action,  Dover's  powder 
was  given  to  patients  that  had  been  taking  codeine,  the 
appetite,  which  had  imjiroved  under  the  use  of  codeine, 
diminished  again,  showing  the  decided  superiority  of 
codeine.  It  has  been  found  to  be  very  useful  in  the 
bronchitis  of  children,  and,  in  appropriate  doses,  has 
been  given  to  infants,  without  any  unpleasant  elTects. 

Codeine  should  therefore  be  preferred  to  morphine  in 
all  cases  of  severe  cough  in  which  it  is  necessjiry  to 
maintain  a  good  ajipelitc.  as  in  bronchial  catarrhs  com- 
plicating chronic  wasting  diseases,  in  children,  and  in 
persons  subject  to  constipation.  Especially,  should  code- 
ine be  iireferred  to  morphine  to  relieve  the  cotigh  of 
phthisis:  for  if  the  means  used  to  mitigate  this  torment- 
ing symptom  interfere  with  digestion  and  luitrition, 
little  hope  >^f  saving  life  can  be  entertained. 

The  .salts  of  codeine  commonly  used  are  the  sulphate, 
lihosphale,  and  hydrochloride.  They  all  readily  dissolve 
in  water,  and  are  usually  jircscribed  in  aciueous  solution 
with  a  small  (piantity  of  syrup,  or  together  with  sugar 
in  the  form  of  powder.  The  (lose  for  adults  is  gr.  f  to 
gr.  J:  for  infants,  gr.  ^^■.  and  for  children  three  or  four 
years  of  age,  gr.  ^'j  to  gr.  -^g.  from  three  to  live  times 
daily. 


Heroine,  a  derivative  of  morpliine— diacetyl  inorpliine 
— is  rapidly  coming  into  use  as  a  cough  remedy.  It  is  a 
white  powdir.  having  a  bitter  lasti'.  nut  easily  snluble  in 
water,  but  r<adily  snluble  in  water  acidulated  with  n 
few  drops  of  acetic  aciil.  Its  salt,  heroine  hydro<'liloride. 
is  soluble  in  two  parts  of  water. 

Heroine  was  introduced  in  1S9H  by  Prof.  II.  Dreser.  of 
Elbcrfeld.  In  exjieriments  upon  animals  Dreser  had 
found  that  heroine  notably  slows  the  res|iiratorv  process 
anil  renders  it  deeper.  He  admiiustered  it  in  doses  of 
(i.ui  to  patients  having  cough  and  found  it  to  give 
much  relief 

Ilarnack  in  experiments  upon  dogs  observed  also  no- 
table slowing  of  respiration,  but  it  became  decidedly 
weaker;  hence  he  concluded  that  heroine  is  more  poison- 
ous than  morphine  and  should  not  be  given  in  doses 
larger  than  O.UOo.  Strnbbe  experimented  upon  dogs, 
cats,  anil  rabbits,  and  obtaineil  results  agreeing  es.sen- 
lially  with  those  of  Dreser.  Sarlissen,  on  the  contrary, 
found  the  respiintioMs  shallower,  although  slower. 

Nuineiousclinical  observations  of  the  action  of  heroine 
have  been  made  in  hos|)itals  and  in  private  i>raclice,  and 
with  nearly  uniformly  good  results.  Perhaps  the  most 
careful  oliservationsare  those  of  Brauser,  made  in  Ziems- 
sen's  clinic.  In  eighty  cases  an  accurate  record  was 
kept,  and  control  trials  were  made  with  simple  sugar, 
codeine,  and  morphine.  The  cases  treated  embraced 
))htliisis,  acute  and  chronic  bronchitis,  croupous  |ineu- 
monia,  iileuritis.  cardiac  dyspmea,  and  patients  having 
pain  from  other  causes.  In  the  great  majority  of  the 
cases  heroine  iu'om])tly  lessened  the  cough.  Usually  this 
result  followed  when  0.00.")  was  given  in  the  morning 
and  at  noon,  and  0.01  in  the  evening.  In  most  ca.scs  the 
respirations  were  slowed,  often  from  five  to  eight  in  a 
minute,  sometimes  oidy  two  or  three.  In  the  same  pa- 
tients sometimes  the  respirations  were  Ics-sened,  some- 
times unintlucnced.  In  about  one-third  of  the  cases  no 
change  in  the  frequency  of  respiration  could  be  observed, 
especially  in  cases  not  jiresenting  any  marked  accelera- 
tion. This  occurred,  however,  also  when  the  respiratory 
jirocess  was  greatly  accelerated,  espec'ially  in  imeunionia. 
In  some  cases  of  cardiac  dyspnoea  the  action  of  heroine 
was  notably  bcneticial.  the  breathing  becoming  slower 
and  more  nearly  normal. 

From  these  and  numerous  other  cases  Brauser  con- 
cluded that  heroine  acts  as  promptly  and  effectually  as 
mor]diiiie  in  relieving  cough,  and  that  it  is  very  useful 
in  dyspmea,  though  not  certain,  giving  decided  relief  in 
only  about  two-thirds  of  the  cases  treated. 

Floret  observed  that  heroine  when  given  together  with 
apomorphine  produced  disagreeable  effects — vertigo  and 
headache.  In  jdithisis.  when  not  far  advanced,  the  com- 
bination of  heroine  and  iluotal  ( heroine  O.OO.'i-O.Ol ;  iluolal 
O..").  given  four  times  daily)  was  followed  by  general  ini- 
proveincnt  and  a  notable  retrogression  of  "the  objective 
symiitoms.  Samuel  2^'ickle^f. 

EXPECTORATION.     See  fip"t>nn. 

EXPERT    MEDICAL    EVIDENCE.— In    the    last  few 

years  the  medical  expirl  witness  has  ligured  prominently 
in  many  celebrated  criminal  and  (^ivil  actions.  At  first 
his  evidence  was  received  by  the  court  and  jury  with  the 
deference  and  respect  which  honesty,  intelligence,  and 
learning  always  inspire.  But  in  more  recent  times  many 
things  haveconspired  to  jdace  the  medical  expert  witness 
on  a  much  lower  plane  than  he  formerly  occupied.  The 
lirincip.-il  reasons  for  this  degeneration  may  be  found  in 
the  seeming  partisanship  of  some  of  those  who  lake  the 
stand  as  experts:  the  employment  of  witnesses  who  are 
(lualified  neither  by  education  norbv  experience  to  act  as 
experts:  and  the  opinion,  which  has  become  impicgnated 
in  the  )iublic's  mind,  owing  to  the  methods  of  procedure 
followed  by  the  attorneys  in  the  ease,  that  the  most  able 
experts  can  be  hired  to  swear  to  diametrically  opposite 
conditions  of  facts.  All  of  these  things  together  have 
operated  to  prejudice  the  people,  and  conse(|ueiitly  the 
juvors.  against  the  introduction  of  medical  expert  evi- 
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(Icncf.  Iiidi'fil  In  iiiort-  tliitti  mic  iiistaiui-  tiili'Hiiii-n  liiivo 
txcii  rrji'clcil  US  jiiriirs  iHcniisi-  of  llicir  iivuwol  clislicliir 
ill.  mill  ili'lrniiliiiition  in  ri'jrrl.  III!  iniiitI  rvlili-iiri' 

.Mritiriil  i'.\|ii'rl  rviili'iirr  sliniilil.  llirnrrtinillv.  oflni 
Ih-  of  iiirsliiiii-liii'  MTvirr  ill  tliat  It  Is  pcrlmps  llir  mily 
wiiy  ill  wliirli  icrtaiii  furls  viliil  in  iiiiiinrliilirc  niii  l>r 
hrmiu'lil  III  till'  iillinlimi  of  tlic  jury,  anil  tlir  nlalimi  nf 
tlirst'  fads  ti>  llir  iiisi'  ('\|ilailii'il  A  iiiriliial  t',\|irrl  is 
oiir  wild  liy  sillily  ami  fV|nTii'iicr  lias  In'omif  fs|ir(ially 
Icanii'il  or  skillril  in  soiiir  Inaiicli  of  incdiial  sciniri'  anil 
wliKsi'  jiiili;iiiriil  anil  ii|iiiiiiiiis  ilicrcrnrr  an- sminilir  lliiiii 
llmsc  of  llii-  iivinnir  pliysiriaii.  Il  is  of  llir  j;rralisl  iin 
piirlanri'.  tlnTifnrr.  Ilial  mic  wlio  pnsfs  as  an  I'XpiTl 
slum  III  lutiially  !»•  iiiiiililiiil  loail  as  sucli.  Allorm-ysuri' 
ni'l  always  rarifiil  in  llir  si'lniinn  iil  llieir  inriliral  w  il 
lussis.  rillii  T  frniii  iiiiiiirani  r  or  lirriiiisi'  liny  iiinnol  or 
will  iioi  pay  Ilir  frrswiiirli  llir  i\pirl  Kini'ially  ilrnianils, 
anil  tliry  oftiii  call  to  ilii'  slaiiil  pliysirians  of  cxcclk'nl 
Hcnmil  kiiowliilirc  Iml  wlm  ari'  noi  al  all  prrpariil  lo 
ini'rl  llic  in;;<'nious  i|iifslions  of  a  skilful  i  rnss  exaniina- 
llon.  Apiiii.  llir  fault  is  w  illi  llir  |>liysiriun  who.  Icniptril 
ritliiT  tiy  tlir  piTuniary  rcwanl  for  liis  siTviccs  or  liy  llio 
opportiinily  of  arliirvin!;  a  rirlain  ilr^rii- of  notoriety, 
plairs  liiinsi-lf  in  a  position  w  liicli  his  liinitcil  kni)wl(il>;i' 
ami  fxpiTii'ni  r  ari'  inailriiuatr  to  siip|iorl.  His  answers 
lo  i|Uislions  clearly  show,  to  the  expert  at  least,  that  he 
iliH'S  not  possess  an  intiiiiate  know  leil.i;e  of  his  subject, 
anil  when  confronted  by  an  expert  witness  there  often 
follows  a  Hat  eonlrailielioii  of  opinion.  The  evidence  of 
the  medical  witness,  like  the  evidence  of  any  other  wit- 
ness, is  aildres.si'd  to  the  jurors  and  is  for  their  considera- 
tion. They  ill)  not  always  know  w  ho  are  experts  and 
who  are  not;  so  i;enerally  reirard  all  the  medical  wit- 
nesses a.s  pos,sc.ssinj;  the  same  deicree  of  skill  and  ability. 
They  cannot,  of  course,  be  expected  to  delect  the  ig- 
nonince  on  the  part  of  a  medical  witness  which  is  so 
apparent  to  the  expert.  They  simply  reco/;ni/.e  the  con- 
tnirlictions  which  necessarily  arise  in  u  coullict  between 
i.giionuice  on  the  one  hand  and  knowledjie  on  the  other; 
and  confusion  of  mind  and  doubt  naliindly  follow.  For 
this  reason  niiiliial  evidence  is  .somelimes  com]iletelv 
i.nnorcd  by  the  jurors  and  falls  .irreatly  in  public  esliinii- 
lion.  The  medical  witness  should  never  allow'  himself 
lo  act  in  the  dual  role  of  witness  and  associate  counsel. 
The  spectacle  is  seen  at  nearly  every  trial  of  prominence, 
and  in  many  others,  of  one  or  more  physicianssitling  close 
to  counsel,  taking  copious  notes  of  the  evidence,  fonnu- 
latinir  ipiestions  lo  be  used  in  direct  and  cross  examina- 
tions, lookinir  up  references  and  in  reality  condiictintr 
the  medical  part  of  the  prosecution  or  defence,  and  thin 
when  their  turn  comes  takini;;  their  place  in  the  witness 
chair  to  act  as  experts.  Associate  medical  counsel  is 
often  of  valuable  a,s.sislauce.  Xo  niatli'r  how  skilful  an 
attorney  may  be  or  how  thoroughly  he  has  studied  his 
case,  a  well  tniined  medical  mind  can  point  out  to  him 
many  features,  and  give  him  many  suggestions  which 
would  otherwise  escape  him.  A  counsel  often  strength- 
ens his  case  by  the  help  of  a  medical  as.sociate  and  the 
employment  of  a  physician  as  such  is  perfectly  projier 
from  every  standpoint.  But  for  such  a  one  to"  take  the 
stand  as  a  witness  stamps  him  as  a  partisjin  to  the  jury. 
It  cannot  help  but  regard  him  as  a  bia.s.sed  witness,  w  ho 
comes  prepared  to  tight  for  "his  side"  of  the  case.  The 
intliience  of  his  testimony  is.  of  course,  much  less  than 
that  of  the  witness  who  contines  liiniself  to  his  duties  as 
a  witness  only.  It  is,  of  course,  incumbent  ou  a  phy- 
sician who  |Hirposes  to  act  as  an  expert  w  itne.ss  to  point 
out  the  medical  aspects  of  the  case  to  counsel  and  to 
suggest  such  ([ucstions  for  the  direct  examination  as  will 
enable  him  lo  express  his  investigations,  deductions,  and 
opinions  in  his  own  way  and  to  liis  best  advantage.  lie 
may  also  with  propriety  suggest  the  general  course  of 
the  direct  ami  cross  examination  of  other  experts,  but 
further  than  this  he  should  not  go  and  cannot  go  without 
si'rioiisly  conijiromising  himself  as  an  unbias-scil  witness. 
Even  the  conslnietion  of  hypothetical  i|Uestion  which 
.generally  tenninates  the  e.xjiert  witnesses'  direct  ex- 
amination, should  not  be  performed  by  him.     He  may 


point  out  to  roiinw'l  the  nudlciil  fnetH  whicli  shotild  Ik« 
incorponiled  in  the  i|uestion.  Hut  should  the  fact  Im- 
eliciled  from  the  wiliies.s  that  he  was  theaulhorof  ihe 
i|ueslion  he  has  just  replied  to.  the  force  of  Iuk  uiiNwer  i.s 
lost  and  his  value  as  a  w  itness  is  greatly  iliminiKlied. 

Il  geiieniUy  appears  lo  Ihe  public,  parliciilarly  in  no- 
torious trials,  that  a  certain  iiiiiiiber  of  e.v  perls  called  bv 
one  side  swiar  positively  and  dianielrically  opposite  to 
the  experts  called  by  ll:i'  other  side.  It  is  this  feature 
which  has  called  down  so  iniichaml  so  unfavorable  eritl- 
cisni  upon  Ihe  medical  expert  witness  and  upon  the  value 
of  expert  testimony  in  general.  A  great  deal  has  been 
w  rilleii  and  much  ihoughl  given  to  the  formation  of  a 
plan  by  which  medical  ex  pert  testimony  can  be  employed 
wilhoiit  the  objeclioniible  features  which  now  mar  it 
ami  yet  preserve  the  constitutional  rights  of  the  prosecu- 
tion or  defence.  It  is  not  a  simple  i|uesiion  for  solution, 
and  none  of  the  inethods  which  have  so  far  been  ad- 
vocated .seems  to  fiillil  all  the  requirements  of  the  case. 
The  fault  lies  mainly  with  Ihe  attorneys  and  not  with  the 
experts.  It  seems,  at  first  glance,  as  if  the  experts  on 
one  side  tlatly  contradict  the  experts  on  the  other. 
This  may  be  the  case  in  some  instances,  for  two  minds 
working  ujion  the  sjiinc  assumption  may  come  to  dilTer- 
eiit  conclusions.  Hut  it  is  not  generally  so.  at  least,  in 
medicine.  In  trials,  as  they  are  comlueted  at  the  present 
time,  there  i.s  no  possible  chance  for  an  agreement  of  the 
experts.  The  witnesses  for  the  two  sides  are  not  asked 
to  give  opinions  based  upon  the  same  assumptions;  each 
counsel  has  his  own  hypothetical  question  which  differs 
from  that  of  his  opponents  as  night  differs  from  day. 
They  are  based  upon  absolutely  diirerent  as.sumplions  of 
facts,  and  Ihe  answers  given  are  in  accordance  with  the 
assumption  in  each  question.  f>hoidd  Iheopposing  coun- 
.sel  exchange  hypothetical  questions,  the  answer  of  every 
expert  witness  would  be  changed  also. 

The  expert  opinions  are  of  no  value  at  all  unless  the 
assumptions  contained  in  Ihe  hypothetical  question  are 
proved  to  be  true.  If  the  jury  believes  the  assumptions 
in  one  hypothetical  question,  then  the  exi>ert  opinioua 
ba.sed  thereon  are  worthy  of  consideration;  otherwise 
not.  If  these  points  were" generally  imderstood,  it  would 
be  comprehended  that  the  seeming  clashing  of  expert 
opinions  is  in  reality  nothing  of  the  sort,  but  that  the 
opinions  given  are  nearly  what  they  claim  to  be,  honest 
answers  to  absolutely  different  questions. 

Another  feature  which  stands  in  the  way  of  obtaining 
the  best  expert  evidence  is  the  purposeful  and  wilful 
interference  with  which  one  attorney  in  the  action  foils 
every  altemjit,  to  the  best  of  his  ability,  of  the  expert 
called  by  his  opponent  to  obtjiin  tho.se  details  of  the  case 
which  are  requisite  for  Ihe  establishment  of  a  -sound 
medical  opinion,  while  every  facility  is  freely  granted 
for  every  investigation  his  own  experts  desire  to  make. 
Thus  a  man  on  trial  for  murder  pleads  insanity.  The 
experts  called  by  his  counsel  have  frequent  interviews 
with  the  accused,  and  on  thesis  occa,sions  he  talks  freely 
and  openly  and  submits  willingly  to  any  examination 
they  may  desire.  The  relatives  and  friends  communicate 
the  family  history,  the  personal  history,  and  any  other 
facts  which  may  be  of  service  to  the  examiner,  "and  he 
comes  into  court  well  informed  in  every  detjiil  of  the 
medical  features  of  the  case.  But  how  is" it  w  ith  the  ex- 
pert called  by  the  state?  Has  he  had  an  equal  chance 
for  rendering  a  truthful  solution  of  Ihe  question?  He 
certainly  has  not.  When  he  interviews  the  accused  he  is 
not  welcomed.  The  prisoner  sees  in  him  a  man  who  is 
to  a.ssist  in  taking  his  life  and  therefore  gives  as  little 
vifoniiation  as  he  can.  He  is  often  carefully  coached  as 
to  the  replies  he  is  to  make  to  certain  questions,  and  the 
friends  and  relatives  either  give  no  information  at  all  or 
else  give  that  which  is  either  false  or  misleading.  As  a 
rule  the  examiner  obtains  but  little  more  information 
than  can  he  derived  from  a  study  of  the  j^hysical  symp- 
toms, which  in  many  cases  is  absolutely  insullicient  for 
a  satisfactory  dia.irnosis.  These  defects  in  the  present 
.system  of  expert  medical  evidence  are  frankly  admitted 
by  both  physicians  and  law  vers  and  any  method  by  w  liich 
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an  unl)iiiss(il  and  \ni(ontniili(-t('<l  cxpiTl  opinion  ooiiiil 
lie  obtiiinol  willionl  inl'nnj;ing  upon  p.crsonal  righls. 
would  be  jiludly  uclcoincd  by  botli  ])rnfcssioiis.  Tlic 
jdan  most  consuintly  iirjiiil  is  llu'iippoiiitnicnt  of  ii  board 
of  experts  cninniissioncd  liy  theeoiirl  to  inid^e  ii  pbysieal 
or  mental  examination,  or  both,  as  the  case  may  be.  and 
tlieu  to  repi>rl  the  risult  of  its  liiidinirs  to  the  eoiirt  and 
jtiiy.  This  seems  simple,  and  no  doiibi  it  would  prove 
io  be  a  most  satisfactory  method  if  the  ipU'Slion  eould  be 
emled  then  and  there.  But  it  would  not  end  there.  A 
party  to  an  action  has  a  right  to  call  any  witness  whose 
testimony  will  tend  Io  prove  his  allegations,  (should  the 
report  of  tin-  commission  of  experts  be  adverse  to  his  in- 
terests he  may  call  his  own  experts,  who  may  not  agree 
with  the  commission  and  then  there  is  the  same  old  story 
of  expert  against  expert. 

A  most  simple  and  elTective  method  and  one  which, 
while  it  preserves  the  rightsaiiil  liberties  of  all  the  parties 
coucerned,  would  result  in  more  harmonious  expert  evi- 
deuce,  is  the  following:  Each  imrty  to  the  controversy 
shall  select  such  expert  or  exjierts  as  they  may  desire. 
When  this  has  been  accomplislwd  to  the  siuisfaction  of 
both  parlies,  it  shall  be  obligatory  that  every  examination 
of  the  plaintiir  or  defendent.  as  the  case  may  be,  shall  be 
made  in  the  presc'uce  of  all  the  exjierts  togetlierand  shall 
be  particiiialed  in  by  all  the  experts.  And  that  at  each 
exaiuiuation  counsel  for  both  parties  shall  be  present, 
aud  an  ollicial  stenographer  who  shall  rejiort  verbatim 
what  was  .sjiid  and  also  what  was  done  by  each  examiner 
iu  the  line  of  his  examination,  and  that  a  copy  of  the  r<'- 
port  of  each  examination  shall  lie  furnished  to  each  coun- 
sel and  to  the  court  to  be  used  by  counsel  ou  the  direct 
and  cross  examination  of  each  expert ;  and  that  all  infor- 
mation relating  to  the  quesliou  supplied  tooraciiuired  by 
any  expert  shall  be  furnished  to  every  other  expert.  By 
this  means  all  the  experts  will  have  an  equal  knowledge 
of  the  case  and  each  will  have  every  opportunity  for 
forming  a  correct  opinion.  The  .steuographer'.s  report, 
showing  each  expert's  complete  exaininatiou,  iu  the 
hands  of  cotuisel  will  do  more  to  secure  a  unanimity  of 
opinion  than  anything  else  could  do. 

When  everything  lias  been  said,  however,  and  the 
question  has  been  considered  from  all  its  standpoints,  it 
must  be  admitted  that  exjiert  medical  testimony,  which 
should  be  a  valued,  scientitic,  aud  honored  method  of  as 
sisting  justice  to  know  the  truth,  has  been  prostituted  by 
those  attorneys  who  are  willing  to  use  any  means  to  save 
a  client  or  secure  a  verdict,  and  by  physicians  who  are 
willing  to  lend  themselves  for  such  a  purpose.  The 
medical  expert  should  be  regarded  as  a  scientist,  aud  ex- 
pert evidence  should  be  received  by  court  and  jury  with 
respectful  consideration.  It  is  the  medical  expert  him- 
self who  is  to  blame.  When  he  recognizes  this  fact  the 
remedy  will  (|uickly  follow.  The  medical  profession  is 
respectcil  everywhere  but  in  the  courts.  Let  it  be  seen 
to  that  it  is  respected  there  also. 

Graeme  M.  Hammond. 

EXTRA-UTERINE  PREGNANCY.— By  extrauterine 
pregnancy  we  mean  tlio.se  instances  in  which  the  fertilized 
ovum  is  arrested  somewhere  in  its  course  from  the  ovary 
to  the  uterus  and  there  undergoes  development.  The 
term  eeto|iic  gestation  has  a  somewhat  broader  meaning 
than  e.xtra  uterine  ])regnancv.  and  has  reference  not  only 
to  such  cases  as  mentioned  above,  but  also  to  those  in- 
stances iu  which  till'  pregnancy  occurs  in  some  abnormal 
diverticulum  of  the  uterus, 

I'ntil  as  recently  as  1883  the  condition  was  of  interest 
cliietly  from  its  pathological  standpoint:  and  few  or  even 
uo  fas<'s  were  recognized  <liniially.  But  from  that  <late. 
at  which  time  Tait  operated  on  his  lirst  case  of  ruptured 
tubal  pregnancy,  the  clinical  interest  in  the  alTection  has 
been  niark<illy  increasing,  as  is  shown  by  the  decided  in- 
crease iu  the  literature  on  the  subject  and  the  apparent 
increase  in  the  freipiency  of  the  (ondition. 

Fkiujikxcv. — Before  extra-uterine  pregnancy  came  to 
be  recognized  clinieally  and  at  autopsy,  observers  were 
mueh  misled  as  to  its  freciueiicy :  and  consequently  such 
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Statements  as  that  luade  by  Ilennig.  in  IsTft,  to  thi'  elTecl 
thai  the  alTection  is  .so  rare  thai  the  directors  of  large  ob- 
stetrical clinics  might  never  .see  a  case  of  it.  were  not  to 
be  woniliiid  at.  On  the  other  hand,  the  ilata  now  avail- 
able niiglil  readily  lead  one  to  suppose  that  the  frei|uencv 
has  markedly  increased  siiwe  that  time.  Thus,  for  ex- 
ample. Parry,  in  ISTO,  was  able  to  colled  only  live  hiin 
died  cases  that  had  been  reported  up  to  that  lime,  while 
in  1S!)2  Schrenck  collected  six  hundred  and  ten  cases 
which  had  been  reported  in  the  live  previous  years. 

This  apparent  increase  in  fre(|Ucncy  has  also  been  noted 
in  the  experience  of  iixlividual  operators  and  in  single 
clinics.  The  increase,  as  a  matter  of  course,  is  more  ap- 
parent than  real;  it  is  due  unquestionably  to  our  im- 
proved methods  of  diagnosis  and  greater  knowledge  of 
tli('  subject. 

Etioi.oov. — So  many  theories  have  been  advanced  to 
explain  the  occurrence  of  extra  uterine  pregnancy  that  it 
is  impos.sible  to  make  any  very  deliiiile  statements  as  to 
its  etiology.  .T.  Whilri<lge  Williams,  after  a  most  ex- 
haustive review  of  Ihe  lilirature.  gives  the  following 
classilicalion.  whi<  h.  although  somewhat  comiilicated,  is 
])robably  Ihe  best  which,  in  the  present  stale  of  our  knowl. 
edge,  can  be  oH'ered.  He  divides  the  etiological  theories 
into  four  groups: 

I.  Condi/ioii/i  vliicli  Interfere  Merhameally  irit/i  the 
DownwartJ  Pntisiif/e  of  the  Oriim. — (a)  Peritoneal  adhe- 
.sions.  This  is  one  of  the  earliest  explanations  for  the  oc- 
currence of  extra-uterine  pregnancy  and  is  still  held  by 
many  to  be  the  principal  one.  The  adhesions  act  either  by 
directly  coni])ressing  the  lumen  of  the  tube,  or  by  inter- 
fering with  its  muscular  action:  both  of  which  condi- 
tions are  sometimes  veriticd  at  operation  or  at  autop.sy. 

(A)  Tubal  polypi,  projecling  into  the  cavity  of  the 
tube  and  therefore  impeding  the  downward  passage  of 
the  ovum,  have  been  found  by  certain  operators.  AVil- 
liams  in  his  analysis  is  of  the  opinion  that  only  a  few  of 
tlie<'ases  ill  which  this  condition  was  stated  to  have  been 
the  cause  are  at  all  convincing,  and  he  agrees  with  Ahl- 
f eld  in  thinking  that  in  many  cases  the  "tubal  ])olypi " 
are  merely  decidual  ingrowths,  the  result  rather  than  the 
cause  of  the  extrauterine  pregnancy. 

(<■)  Tumors  of  the  tube  wall  and  in  some  instances 
tumors  of  adjacent  organs  have  been  Siiid  to  play  a  simi- 
lar part  by  compressing  the  lumen  of  Ihe  tube. 

('')  Salpingitis.  The  suggestion  was  made  by  Schroe- 
der  ami  Tait  that  intlaiiunation  of  the  lining  of  the  tube 
so  damaged  the  cilia  of  the  mucous  membrane  that  a 
downward  current  was  no  longer  jiroduced  and  conse- 
quently no  obstacle  was  offered  to  the  entrance  of  the  sper- 
matozoon into  the  tube.  This  view  presupposed  that 
fertilization  normally  took  place  in  the  uterus  and  that 
the  ciliary  currents  favored  a  meeting  of  the  male  and 
female  cells  at  the  fundus.  We  know  now,  however, 
thai  the  currents  Ihroughoiit  the  utero-tubal  tract  run  in 
the  same  direction,  viz..  from  above  downward,  that  the 
spermatozoon  has  to  work  against  the  slreaiu  from  the 
time  it  enters  the  internal  os.  and  that  as  fertilization 
normally  takes  jilace  in  the  tube  all  pregnancies  are  pri- 
marily tubal.  Microscopic  examination,  furthermore, 
has  not  ccmtirmed  the  view  put  forward  by  Schroeder 
and  Tait.  for  in  these  cases  of  tubal  pregnancy  ciliated 
e])ilheliuiii  is  usually  found  covering  the  mucosji. 

(()  Obstruction  by  twin  ova.  The  comparative  fre- 
quency of  the  coexistence  of  extra-  audi  lit  ra-uterinepreg 
naiiev  has  led  certain  observers  to  suggest  the  possibility 
of  the  mutual  interference  of  twin  ova  as  a  cause  for 
tubal  piegnancv. 

(.;■)  l-Vtal  twisting  of  the  tube.  While  the  Fallopian 
tiilie  in  adult  life  is  a  comparatively  straight  canal,  that 
of  the  fietus  is  a  convoluled  one.  These  convcdutions 
may  persist  in  adults,  and  may  then  stand  in  causative 
relation  to  certain  forms  of  tubal  disease,  notably  extra- 
uterine  iiregnancy. 

_  (.</)  Diverticula  of  the  lumen  of  the  tube.  The  occa- 
sional presence  of  these  diverticula  was  demonstrated  by 
Williams  in  1891,  and  he  at  that  tiuK- suggested  that  they 
might  be  shown  to  act  as  a  causative  factor  in  certain  cases 
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of  iiilml  prfRmiiify.     Whlk-  he  is  still  of  tlic  oninlim  timt 
•<iirli  II  Mtiitr  i>r  lilTiiirs  i/Kii/ cxixl.  he  ailinits  ilml  In- liiis 

I II  iiiisli'il  liy  siiiiii' of  Ills  S|ii'rililriis  ill  wliii  li  lir  foiiiiil 

till'  fi'i'iili/i'il  o\  inn  h  iiiK  oiitsiilr  of  an  iippiirinllv  intiicl 
tuliiil  Iniiirii  Since  Vilii>i  liiis  (liinonslnitril  in  llir  iilc 
rns  llial  lliroviini  Iiiiitows  dowii  liciii  iitli  Ihcrpilliiliiiin, 
wliirli  linully  closes  to  form  an  inlJM-t  surface  over  it, 
lliercis  reasIiM  to  lielieve  tliat  the  same  lliiii);  occiii-s  in 
llictiilM-:  tlins  expliiiiiini;  the  fact  that  in  early  cases  of 
liilial  pregnancy  llie  ovum  may  he  entirely  outside  of  the 
lumen  of  the  tnhe. 

(/()  j'nerpenil  atrophy  of  the  tuhe.  Dnhrssen  has  ri'- 
ported  cases  of  extra  uterine  prej;iiancy  which  have  oc- 
curred ill  an  iiieredilily  short  time  after  liilior.  in  some 
instances  even  while  llie  nmihers  were  nnrsiiifc  their  cliil 
dnn.  Ill  these  inslanci's  he  considers  the  cause  to  he  a 
puer|>enil  atrophy  of  the  Inhi'  which  interferes  with  its 
peristalsis.  In  one  case  operated  ii|ion  hy  the  author  this 
factor  may  haveheen  present.  The  preitiiiincy  prohalily 
hei;aii  six  wi'cks after  the  liirlli  of  a  dead  child,  and  tiihal 
rupture  took  place  six  weeks  later. 

(i)  ICxieriial  migration  of  the  ovum,  wliicli  is  (inile  a 
common  occnrreine  in  exlni  Mli'rini'  preiriiaiicy,  has  lieen 
piveii  as  a  causative  factor  liy  sonn'  iiivestij;ators,  lliev 
holdinj:  that  the  fertilized  ovnni  in  its  transit  llirongii 
the  peritoneal  cavity  attains  such  a  .si/c  that  its  trans- 
mission Ihroujrh  the  opposite  tuhe  is  an  impossihility. 

II.  .V'lioniiiil  ('•inililiiiiin  llixiilliiiij  fri'iii  Iiifliiiiiiinitory 
/>iV,.M.«  of  tlif  T'iIhk.  Ilnirun.  mul  IVIrif  Pi  ritnuenni. — 
Meiiliiin  has  already  been  made  of  the  part  that  the  nl) 
senceof  cilia  is  supposed  to  play  in  tliecausiition  of  extra- 
uterine pregnancy  and  little  need  he  added  to  this  stiitc- 
ini'iit.  Slost  eases  of  tiilial  priirnancy  will  ri'veal  a  his- 
tory of  pre-existinsr  intlaiiimatory  trouble,  and  it  is  the 
rule  to  tiiid  some  other  abnormality  besides  the  pregnant 
tube  at  operation  or  autopsy.  This  has  given  rise  to  the 
statement  that  an  inllanimatory  condition  of  the  pelvic 
organs  is  the  i>rincipal  cause  of  "extra-uterine  pregnanry, 
but.  unfurl iinalily  for  the  correctness  of  this  statement, 
actual  examinations,  at  ojieration  or  at  autopsy,  show 
that  such  an  inllanimatory  condition  is  not  present  in  all 
cases.  t)n  the  other  hand",  the  fact  that  tubal  pregnancy 
<«-ciirs  repeatedly  in  women  sulTering  from  gonorrhu'a 
cerlainlv  favors  ilie  above  statement. 

III.  iVii/iiii-al  iiidI  Dfriliipiiifiitnl  Cutiditiohs  ir!u>fi  Foror 
Ikriiluiil  h'lirmiitini,  in  the  ThIhi: — This  theory  was  orig- 
inated by  .1.  C.  Webster,  who  was  not  satisfied  with  the 
numerous  etiological  views  that  hail  been  advanced.  He 
recalls  the  fact  that  as  the  uterus  and  tubes  are  both  de- 
velo|)ed  from  the  .sjune  embryonic  structure,  the  MiUlerian 
ducts,  there  is  no  reason  why  the  ovum  should  not  be  im- 
planted upon  theuiiper  aswell  as  upon  the  lower  portion 
of  the  tract.  Xorinally.  the  lower  portion  of  this  duct 
becomes  dilTcrentiated  from  the  upper,  so  that  in  the 
latter  the  conditions  are  not  such  as  to  favor  the  formation 
of  a  decidiia.  Abnormally,  on  account  of  some  develo]i 
mental  anomaly  or  reversion  to  an  earlier  tyite,  the  con- 
dition of  the  tubal  mucosa  is  such  that  adeciduacan  form, 
and  ill  such  instances  wc  can  get  an  extra-uterine  im- 
plantation of  the  ovum.  This  view  has  been  adopted  by 
a  number  of  observers,  but,  as  is  readily  seen,  it  is  based 
upon  a  theoretical  rather  than  upon  a  practical  basis. 

Other  observers,  among  whom  may  be  mentioned 
Moerieke  and  Kehling.  have  elaborated  Webster's  idea  in 
that  they  claim  that  the  ixcurrence  of  extra-uterine  i>reg 
nan<  v  isa  reversion  to  an  earlier  type,  brought  about  by 
poor  hygienic  conditions.  The  fontier  authority,  basing 
his  conclusions  upon  a  large  number  of  gynecological 
patients  who  were  under  his  care  in  Chili,  states  that  ex 
tra-uterine  pregnamy  is  a  very  rare  occurrence  among 
them,  whereas  at  tlie"Clinic  in 'Stuttgart  it  was  observed 
quite  freiiueiitly.  Hi'  attributes  this  marked  dilTerence 
to  the  fact  that  the  Chilian  women  lead  an  oiildour  life, 
while  those  of  Stuttgart  are  subjected  to  very  poor  hy- 
gienic surroundings. 

External  migration  of  the  ovum,  the  frequency  of 
which  in  extra  uterine  |iregnancy  has  already  been  re- 
ferred to,  has  led  Sippel  to  put  forth  a  view  that  is  more 


or  less  closely  allied  to  Hint  of  Webster.  Sippel  claims 
that  it  Is  necesKiirv  for  n  certain  length  of  time  to  elupM- 
between  ferl  ili/.al  loll  and  decidual  formation  Thu><  wiien 
exieriiiil  niigralioii  occurs,  the  ovum  is  delayed  in  nai  liing 
llie  genital  trad,  and  then  liiiils  in  the  lube  condilioiiH 
favorable  for  the  formation  of  a  deeidim.  This  view  is 
an  interesting  one,  but  is  purely  theoretical, 

IV.  ('iniilitioiiii  iif  Ihf  Oriiiii  ir/iif/i  mini  Furor  ilii  Arrmi 
ill  till  I'll  til . — A  few  years  ago,  when  the  general  opinion 
was  that  the  ulerineand  tubal  epithelium  wii.s  converK.Kl 
into  syncytium,  Strassman  was  of  the  opinion  that  an 
the  ovum  enlired  the  lube  covered  by  the  cells  of  the 
membrana  granulosa,  it  muld  nol  become  attached  to 
the  syncytium  of  the  tube  iinlil  this  layer  of  granulosa 
cells  had  disappeared:  but  if  the  layer  of  granulosa  wag 
diminished  in  amount,  or  if  for  any  reason  it  was  absent, 
the  naked  ovum  came  into  direct  contact  with  the  syncy- 
tially  changed  tubal  nincosa  and  there  became  attached, 
while  nornially  the  layer  of  granulosa  prevented  this  oc- 
currence until  the  ovum  had  reaelied  thi'  uterus.  This 
view  is  no  longer  leiiable,  for  opinion  is  now  unanimous 
that  the  tubal  and  uterine  epitlieliuni  does  not  undergo 
this  change, — ('.(.,  into  syncytium, — but  that  the  latter 
i.s  lUrivcd  from  the  fietal  ectoderm. 

It  is  therefore  very  evident  that  there  is  no  lack  of 
theories  as  to  the  causation  of  extra-uterine  pregnancy. 
The  mechanical  theories  must  be  given  a  certain  amount 
of  consideration,  but  they  are  open  to  the  objection  that 
while  mechanical  obstacles  are  frequently  present,  the 
existence  of  extra-uterine  i)regnancy  is  of  comparative 
rarity.  On  the  other  hand,  recent  experimental  work  on 
animals — ligation  of  the  lubes  and  uterine  cornua — has 
failed  to  cause  extrauterine  development  of  the  ovum, 
after  the  animal  under  consideration  has  been  put  to  the 
male.  Thus  these  experimenters  believe  that  the  sup- 
posed extra-uterine  pregnancy  in  the  lower  animals  is 
really  uterine,  the  mistake  being  due  to  confounding 
the  lubes  and  uterine  horns  with  one  another.  Tubal 
diverticula  may  play  an  ini]iorlant  part,  and  in  some 
ciuses  undoubtedly  exist;  but  this  again  cannot  liold 
.good  for  all  cases.  The  same  may  be  said  of  inflamma- 
tory conditions. 

We  had  best  close  tliis  portion  of  the  subject  l)y  quot- 
ing from  Williams,  who  siiinniari/es  as  follows:  "The 
etiology  of  extra-uterine  pregnancy  is  not  a  simple  matter, 
and  there  is  no  universal  cause  for  all  casis.  Careful  st  udy 
of  the  specimen  and  of  the  patient's  history  will  give  us  a 
sjitisfactory  explanation  for  itsoccurrence  in  the  majority 
of  cases,  liut  in  a  small  number  we  cannot  account  for 
the  production  of  the  affection,  and  its  cause  will  remain 
to  us  as  great  a  problem  as  to  our  piedeces-sors." 

Ci..vssikic.\Tiox. — The  fertilized  ovum  may  be  arrested 
at  any  point  bet  ween  the  ovary  and  uterus.  AVe  may  thus 
distinguish  between  ovarian  and  tubal  pregnancy  accord- 
ing as  the  development  occurs  in  either  of  these  organs. 
To  these  two  forms  some  add  a  third,  viz..  abdominal 
pregnancy;  but  I  here  is  considerable  doubt  as  to  whethera 
primary  implantation  can  take  place  on  the  peritoneum 
and  thus  give  rise  to  this  form  of  pregnancy. 

Oniriini  I'trgnaney. — Ovarian  pregnancy  was  first  de- 
scribed early  in  the  seventeenth  century,  and  in  the  eigh- 
teenth was  pretty  generally  recognized.  In  1835  'N'elpeau 
made  the  statement  that  "many  of  the  cases  descnbed  as 
ovarian  ]ircgnancy  were  open  to  objections,  and  he  took 
the  rather  radical  view  that  none  of  the  cases  reported  gave 
to  him  conclusive  evidence  as  to  their  ovarian  origin. 
Observers  in  general  agreed  with  him,  and  at  present  there 
are  few  who"  believe  "in  the  existence  of  ovarian  preg- 
. nancy. 

Tliere  isevidence,  however,  that  the  condition  undoubt- 
edly does  exist,  although  very  rarely  :  and,  since  Spiegel- 
berg  reported  a  case  of  this  nature  in  ISTS.  we  are  in  pos- 
session of  certain  criteria  by  which  an  ovarian  ]iregnancy 
can  be  recognized.  Spiegelberg  demands  that  the  follow- 
ing conditions  he  noted  before  we  can  make  a  diagnosis  of 
a  given  extra-uterine  pregnancy  being  ovarian:  (1)  The 
tube  on  the  affected  side  must" be  intact.  (2)  The  fotal 
.sac  must  occupy  the  position  of  the  ovary.     (3)  It  must 


oo 


Extra-l'IrrInc  Prcg- 
iiaiK-y, 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


bi'  conucctftl  with  the  utcnis  by  the  iitcroovariaii  lijra- 
ment.  (4)  Deliiiile  nvariaii  tissue  niiist  be  demonstniteil 
in  its  walls.  Wlien  jiul^reil  by  the.se  erileria  it  is  clearly 
seen  that  many  of  the  eases  rejiDrted  as  ovaiiaii  preir- 
nancy  will  be  fduiul  wanting.  Williams,  in  discussing 
these  points  brought  out  by  Spiegelberg.  calls  attention 
to  the  fact  that  in  certain  cases  of  tubal  and  broadliga- 
mcnt  pregnancy,  the  ovary  may  be  so  tlaltened  out  as  ap- 
parently to  occupy  a  jiortion  of  the  sac  wall,  and  for  this 
reason  he  suggests  that  the  fourth  condition  be  so  modified 
as  to  read :  "  Delinile  ovarian  tissue  must  be  demonstrated, 
not  at  a  single  point  in  the  sac  wall,  but  at  several  points 
a  considerable  distance  from  each  other." 

Williams  has  carefully  reviewed  the  literature  of  ovarian 
pregnancy  in  the  past  hundred  years  and  has  applied  the 
above  criteria  to  the  reported  ciises.  The  residts  of  his 
analysis  show  that  only  four  cases  can  be  classified  as 
jkm'tire  (•</.«< a,  eleven  cases  as  /iif/fi/i/  prohiMe.  and  twenty 
as  fiiirly  ]in>hitlih' ;  thus  clearly  dcnioustrating  that,  al- 
though ovarian  pregnancy  undoubtedl}-  does  e.\ist  as  a 
primary  condition,  it  is  of  the  greatest  rarity.  He  al.so 
shows  that  one-half  of  the  positive  or  probable  cases 
reached  full  term,  indicating  that  the  ovarian  tissue  can 
more  readily  acconunodate  itself  to  the  increase  in  size 
of  the  growing  ovum  than  can  the  tube. 

In  ovarian  pregnancy  rupture  with  formation  of  a 
secondary  abdominal  pregnancy  can  occur,  or  the  case 
may  go  to  term  and  the  formation  of  a  lithopaedion  be 
the  result. 

Tiihnl  Pretjnaney, — "When  the  ovum  is  arrested  in  the 
Fallo|>ian  tube  and  develops  there,  we  have  what  is 
known  as  a  tubal  pregnancy,  this  is  by  far  the  most  fre- 
quent variety  of  extrauterine  pregnancy.  According 
as  the  arrest  of  the  ovtmi  occurs  in  the  various  portions 
of  the  tube  we  can  distinguish  between  ampullar,  istlimic, 
and  interstitial  pregnancy,  the  relative  frequency  being 
in  the  order  named. 

Tail's  idea  was  ihat  the  invariable  fate  of  a  tubal  preg- 
nancy was  rupture  into  the  peritoneal  cavity,  and  that 
this  rupture  always  occurred  not  later  than  the  twelfth 
week.  Further  investigation,  however,  has  proven  this 
view  to  be  an  erroneous  one,  and  that  man}-  cases  termi- 
nate at  a  much  earlier  period,  in  what  is  known  as  tubal 
abortion,  or  that  in  rare  instances  the  tube  may  so  ac- 
commodate itself  to  the  growing  ovum  that  the  case  may 
go  on  to  term. 

Tubal  abortion  was  thought  to  be,  until  quite  recently, 
a  pathological  curiosity,  but  in  1887  Werth  called  atten- 
tion to  the  fact  that  it  was  not  infrecjuent  for  the  ovimi 
to  be  e.xtruded  through  the  fimbriated  end  of  the  tube 
into  the  peritoneal  cavity.  Attention  having  been  di- 
rected to  tlie  fact,  it  is  now  generally  believed  that  this  is 
the  most  frequent  termination  of  tubal  pregnancy,  and  in 
the  last  three  years  statistics  collected  by  Martin,  Orth, 
Mandl,  .Schmidt,  and  others  show  that  seventy-eight  per 
cent,  of  the  cases  end  in  tubal  abortion  as  against  twenty- 
two  per  cent,  rupturing  into  the  peritoneal  cavity. 
Martin  indeed  considers  that  abortion  is  the  general  rule 
and  says  that  rupture  occurs  only  in  those  cases  in  which 
abortion  is  prevented  by  closure  of  the  fimbriated  end 
of  the  tube. 

The  abortion  which  occurs  in  the  tube  is  in  a  measure 
analogous  to  that  which  takes  place  in  the  uterus.  The 
liability  to  liemorrhage  is  increased  owing  to  the  imper- 
fect development  of  the  decidua  The  maternal  vessels 
are  opened  up  by  the  downgrowth  of  fanal  ectoderm  or 
trophoblast.  and  the  hemorrhage  loosens  the  embryo  from 
its  attachtneut  to  the  tube  wall.  If  the  separation  is 
complete,  the  ovum  is  forced  through  the  fimbriated  ex- 
tremity and  the  abort  ion  can  be  designated  as  "complete." 
On  the  other  hand,  if  the  separation  of  the  ovum  is  only 
partial,  the  hemorrhage  continues  and  the  ovum  remains 
in  the  tube;  here  the  abortion  is  "incomplete." 

It  is  probable  that  two  factors  act  in  the  expulsion  of 
the  ovum — vi/.,  the  actual  contraction  of  the  muscular 
■wallsof  the  tube,  and  the  force  from  behind  furnished  by 
the  blood  clot.  If  the  abortion  is  complete,  hemorrhage 
will  be  profuse;   but  if  the  ovum  remains  in  the  tube. 


it  may  be  converted  into  a  "flcsliy  mole,"  similar  to  those 
observed  in  uterine  abortion.<". 

What  has  been  just  gone  over  has  served  in  the  last 
few  years  markedly  to  change  the  views  that  were  held 
as  to  the  causation  of  pelvic  hiematocele  and  Iwemato. 
.salpinx.  Opinion  is  now  pretty  general  that  both  of 
these  conditions  are  secondary  results  of  tubal  pregnancy. 
In  the  first  instance  the  blood  flowing  through  the  tiiii- 
briateii  end  forms  a  clot  in  the  neighborhood  of  the  ovary, 
and  in  the  second  the  liiniorrhage  occurs  into  the  tubal 
lumen  and  the  blood  remains  there. 

Ji'ipliire  into  till-  P<  rit'iiiciil  Curili/. — As  has  alreatly 
been  stated,  rupture  in  this  manner  is  not  so  common  as 
was  thought  by  Tait.  AVlien  it  does  occur  the  preg- 
nancy is  usually  situated  at  some  distance  from  ihe  fim- 
briated end  of  the  tulje — either  at  the  islhnuis  or  in  the 
interstitial  portion.  If  it  is  siluated  at  the  isthmus,  rup- 
ture usually  takes  place  witliiu  the  first  twelve  weeks 
of  the  pregnancy,  and  not  inlreipuntly  during  its  first 
month;  but  if  it  is  situated  in  the  interstitial  portion 
rupture  occurs  later,  for  this  portion  of  the  tube,  being 
surrounded  by  uterine  muscularis,  more  nadily  responds 
to  the  influence  of  pregnancy  and  allows  the  ovum  to  at- 
tain a  larger  size. 

Ruinure  may  occur  spontaneously  or  may  be  brought 
about  by  violence;  the  most  frequent  form  of  violence 
being  a  rough  vaginal  examination.  The  writer  recalls 
a  case  in  charge  of  a  friend  in  which  death  from  hemor- 
rhage took  place  twelve  hours  after  a  vaginal  examina- 
tion; the  diagnosis  of  extra-uterine  pregnancy  had  not 
been  made.  When  rupture  occurs  spontaneously  it 
usually  follows  some  exertion  on  the  part  of  the  pa- 
tient. 

The  underlying  causes  of  rupture  are  twofold,  viz.. 
(n)  overdisteution  of  the  tube  by  the  growing  ovum  and 
(*)  perforation  of  the  tube  wall  by  the  chorionic  villi, 
which  grow  down  rapidly  between  the  muscle  fibres  and 
not  infrequently  penetrate  to  the  peritoneal  coat.  The 
ftt'tal  ectoderm  or  trophoblast  proliferates  and  causes  a 
certain  amount  of  degeneration  of  the  muscle  fibres  and 
connective  tiss\ie  of  the  tube  wall.  If  then,  as  frequently 
happens,  a  maternal  blood-vessel  be  opened,  the  rapid 
discharge  of  blood  into  the  tube  will  cause  its  overdis- 
teution and  rupture. 

Rupture  usually  takes  place  in  the  neighborhood  of 
the  placental  site,  and  hemorrhage  and  discharge  of  the 
ovum  will  occur  cither  into  the  peritoneal  cavity  or  be- 
tween the  folds  of  the  broad  ligamenj,  depending  on  the 
original  site  of  implantation  of  the  placenta. 

When  rupture  occurs  into  the  peritcmeal  cavity,  as  a 
rule  the  entire  ovum  is  extruded;  but  if  the  wound  be  a 
snnill  one,  there  may  be  profuse  hemorrhage  without  the 
ovum  being  discharged.  In  either  case,  however,  the 
hemorrhage  is  profuse  and  the  patient  will  show  marked 
signs  of  collapse — or  will  die  before  relief  can  be  obtained. 
In  the  event  of  an  operation  or  if  a  fatal  issue  should  not 
take  place,  the  residt  will  depend  u))on  the  amount  of 
damage  whi<'h  has  been  done  to  the  ovum. 

If  the  entire  ovmn  escapes  into  the  peritoneal  cavity  its 
death  is  inevitalile.  and.  unless  the  f(etus  is  beyond"  the 
third  month,  absorption  of  the  entire  product  of  concep- 
tion is  the  rule.  The  old  vi<'W  that  in  such  a  case  the  pla- 
centa may  become  attached  to  some  neighboring  organ  and 
thus  form  vascular  connections  is  now  scarcely  tenable; 
but  if  the  fa>tus  alone  escape  from  the  tube  and  the  pla 
centa  remains  in  situ,  the  elTeel  of  the  rupture  on  the 
pregnancy  will  vary  according  to  the  amount  of  damage 
done  to  the  placenta.  In  those  cases  in  which  the  greater 
portion  of  the  placenta  remains  atta<hed.  the  f(etus  will 
go  on  to  term  as  a  secondary  abdominal  itregnancy.  and 
if  the  original  tubal  wound  has  been  a  small  one  the  pla- 
centa will  develop  in  a  sac  formed  by  the  remains  of  the 
tube;  but  if  the  rent  were  large  and  close  to  the  margins 
of  the  placenta,  this  organ  will  overgrow  its  tubal  at- 
tachments and  become  adherent  to  some  neighboring 
organ,  viz..  uterus,  pelvic  floor,  or  intestines.  Most  ob 
servers  agree  that  further  growth  of  the  fo'tus  after 
escape  from  the  tube  is  impossible  unless  it  is  surrounded 
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lixlra-l  It-rlif'    I'rrt:- 

tIMIM  ) . 


by  the  uiiiDiuii.     Tliurc  urv,  however,  exceptions  to  this 
rule. 

Kilptiiri'  lictu'i'cn  llir  folilsot'  tlic  lirotul  liKiiliielit  takcN 
pliue  ill  II  fi'W  nisi's  llirniif;))  tliiit  pnrliiui  <if  llie  liilir 
Willi  wliU'li  Is  not  eovenil  by  |HTit(>iiiMiiii,  iiml  here  llic 
tiilml  coiiteiils  will  puss  tlownwiird  into  lliat  nimici' 
wlilcli  Is  siliiitteil  Ih'Iwim'II  tin-  broiiil  lipiiiieiil  iiiiil  its 
pcrilolieiil  eciverliiK.  Tills  Is  <iiiisi(Uri(l  llic  most  fiivor- 
iilile  Icriiiiimlloii  of  iiii  e.Mni  iilcrliii'  priirniiiiiy  iiml  iisii 
ally  results  In  the  ilintli  <><  ihc  ovum  unit  llir  r<>riiiatiiiii 
of  a  limail  liKaiiii'iil  liii'inaliuiiii.  More  ranly  thi'  pri^r 
iiaiiiy  iiiav  ^o  on  to  Irrin  in  this  situation:  ami  in  such 
u  ease  it  is  rviilriit  that  the  plareiita.  Iielnu'  attaiheil  to 
thr  uiiruptiirril  portion  of  Ihr  tulie  wall,  will  lir  at  the 
superior  part  of  thr  gestation  sue.  wliieli  eomlltioii  has 
given  rise*  to  the  erroneous  iilea  that  the  placenta  may  lie 
atlachctl  to  some  remote  ornun  such  as  the  liver  or  the 
iliapliriigm.  In  such  ii  ease  the  pregnancy  is  entirely 
oiitsiile  of  the  peritoneal  cavity,  and  the  condition  has 
been  spoken  of  as  a  liiiiad  ligiimeiit  or  cxtniperitoiieiil 
liregnancy.  The  gestation  sac  here  has  been  known  to 
rupture,  and  u  secondary  abdominal  i>regimncy  is  then 
the  result. 

The  intlmote  relation  that  exists  between  these  preg- 
nancies and  the  rectum  rendeis  them  more  prone  to  in- 
viision  liy  intestinal  baeteriii.  anil  if  suppuration  should 
occur  the  pro.\iniity  to  the  bliiilder  explains  the  discharge 
of  filial  bones,  etc,  by  way  of  the  uretlmi — an  occurrence 
which  lias  been  noted  in  such  instances. 

Williams  and  others  are  of  the  opinion  that  the  fre- 
quency of  this  form  of  pregnancy  has  been  overestimated, 
us  Williams  has  observed  it  only  once  in  about  forty  cases. 

AMominal  I'lrffiui ncy . — There  is  at  present  little  doubt 
in  the  minds  of  most  openilors  that  those  cases  which 
were  thought  to  be  primary  abdominal  pregnancies  have 
turned  out  to  be  only  secondary  abdominal  pregnancies. 
I.e.,  secondary  to  a  pre-existing  tubal  pregnancy,  and 
there  is  uncertainty  as  to  the  po.ssibility  of  the  existence 
of  a  pregnancy  primarily  abdominal.  Recent  work  by 
Zweifel,  jiartin.  and  others,  has  shown  that  the  fertilized 
ovum  can  become  implanted  upon  that  thin  stri])  of  tubal 
tissue  which  extends  from  the  timbriated  extremity  of 
the  tube  to  the  ovary,  the  tinibria  ovarica.  It  is  readily 
s<en.  however,  that  such  ca.ses  are  not  abdominal  but  in 
reality  tubal  in  origin,  which,  when  we  bear  in  mind  the 
fact  that  small  structures  covered  by  ciliated  epithelium 
have  been  found  in  the  wall  of  the  gestation  sac  of  many 
cases  described  as  primary  abdominal  pregnancy,  mate- 
rially weakens  the  theory  as  to  the  possibility  of  such  a 
form  of  extra-uterine  pregnancy  existing.  If,  for  exam- 
ple, an  ovum  liecame  implanted  upon  this  portion  of  the 
tulK-.  the  placenta  would  very  rapidly  overgrow  the  very 
narrow  limits  of  the  limbria  ovarica  and  give  one  the  im- 
pression that  the  pregnancy  were  primarily  abdominal. 
Williams,  in  his  discussion  of  this  part  of  the  subject, 
sjiys  that,  of  the  cases  thus  far  described,  not  a  single  one 
appears  to  him  to  furnish  sutlicieiit  evidence  to  justify 
its  being  considered  primarily  abdominal.  Nevertheless, 
in  view  of  the  fact  that  decidual  formation  has  been  noti-rl 
in  the  sub-peritoneal  connective  tissue,  the  possibility  of 
such  a  tiling  cannot  be  denied, 

F-vTK  OK  TiiF.  F<i:Tts  IX  ExTn.\-UTEUiNE  Pkkonwncv. 
— Attention  has  already  been  called  to  the  fact  that  when 
small  embryos  are  extruded  into  the  peritoneal  cavity 
absorption  is  the  rule.  This  fact  is  made  manifest  by 
the  circumstance  that  one  rarely  succeeds  in  finding  any 
trace  of  the  fietal  bmly  in  the  blood  clots  which  till  the 
peritoneal  cavity  after  tubal  rupture.  Absorption  fre- 
quently takes  place  within  the  gestation  sac  inside  of  the 
tube,  and  when  we  cut  into  such  a  tube  it  is  by  no  means 
unusual  to  lind  a  shapeless  mass  hanging  to  the  umbilical 
cord,  or  even  no  trace  of  embryonic  body  at  all,  while  the 
cord  simply  hangs  free  in  the  amniotic  cavity. 

Such  a  iermination,  however,  is  impossible  when  the 
fa-tus  has  reached  a  certain  size:  it  then  undergoes  one 
of  the  following  changes:  munimitication.  suppuration, 
conversion  into  a  lithopiedion  or  into  adipocere.  In  the 
first  of  these  conditions  the  tluid  portions  of  the  embryo 


are  ubsorlHil  and  the  fieluH  becomeH converted  Into  a  dry, 
iniiinnillled  iiiasH,  nothing  remaining  but  the  bones,  cov- 
ered by  a  shrivelled  skin.  When  suppuralion  takes 
place,  as  is  (|uite  coninioii  in  cases  of  broad  ligament 
pregnancy,  the  sac  llrst  siippuiales  and  the  pl'tH'ess  then 
extends  to  the  fo  tiis,  The  patient,  under  thew  circum- 
stances, shows  niiirked  signs  of  sepsis,  ami,  iiiilesH  the 
pus  is  evaluated  by  ojii  ration  or  by  rupture,  she  will  die. 
itiipture  into  the  blailder  or  rectuin  is  not  an  uncommon 
leiniinalion  in  mh  li  instances. 

In  a  small  nuinberof  cases  neitherof  the  above  changes 
takes  place,  but  the  fiilusand  membranes,  by  a  dejiosition 
of  lime  salts  within  them,  become  converted  into  a  cal- 
careous mass  or  lithopadion,  A  structure  of  this  char- 
acter has,  in  certain  instances,  been  carried  by  the 
luolher  for  years,  giving  no  trouble  except  when  it 
blocks  the  pelvis  and  forms  an  obstacle  to  normal  labor. 
KtUhi'nmeister  has  carefully  reviewed  the  literature  of 
this  portion  of  the  subject  and  divides  lithopadia  into 
three  classes:  (I)  C'alcilication  limited  to  the  fietal  mem- 
branes (lithokelyphos);  (2)  both  fietiis  and  fa;tal  mem- 
branes partially  calcilied  (lithokelypliojiiedion);  and  (3) 
calcification  limited  entirely  to  the  fcetus  (lithopadion). 

The  last  possible  termination — conversion  into  adipo- 
cere— occurs  only  rarely.  Here  the  foetus  is  transformed 
into  a  grea-sy  yellow  mass;  the  material  is  thought  to  be 
an  animoniacal  soap. 

Anatomic.m.  C'oNsii)i-:it.\Tioxs. — It  has  been  the 
privilege  of  the  writer  to  examine  most  of  the  sections  of 
the  specimens  of  Williams,  also  to  read  the  manuscript  of 
his  as  yet  unpublished  article  on  extra-uterine  pregnancy. 
In  the  present  section,  therefore,  I  shall  quote  somewhat 
fully  from  his  report. 

Structure  of  the  Siic  Wall  in  Tuhnl  Prfumtncy. — If  one 
is  lucky  enough  to  get  a  specimen  of  early  unruptured 
tubal  pregnancy,  one  tiuds  that  the  tube  is  the  seat  of  a 
fusiform  swelling  about  1  or  2  cm.  from  its  uterine  end. 
Sections  through  a  pregnancy  at  this  age  show  that  the 
sac  wall  is  made  up  of  the  miiscularis  of  the  tube.  The 
individual  muscle  cells,  however,  do  not  seem  to  be  in- 
creased in  number  but  spread  apart  by  o-dema.  There 
is  marked  dilatation  of  the  arteries  and  veins  in  this 
situation,  particularly  in  the  neighborhood  of  the  placental 
site,  and  there  may  be  some  heinorrhage  into  the  lumen 
of  the  tube.  Later,  one  will  notice  marked  degenerative 
changes  in  the  tube  wall  in  the  neighborhood  of  the 
chorionic  villi,  so  that  at  this  period  the  sac  wall  consists 
of  a  tissue  closely  resembling  fibrin.  The  thickness  of 
the  tube  wall  diminishes  as  the  pregnancy  advances,  and 
the  muscular  elements  appear  to  have  diminished  in  num- 
ber. If  the  case  reach  term  the  sic  wall  will  be  found 
to  be  composed  almost  entirely  of  connective  tissue  with 
here  and  there  a  muscle  fibre,  indicating  that  the  niuscu- 
laris  of  the  tube  has  not  the  same  tendency  to  proliferate 
under  the  influence  of  pregnancy  as  has  that  of  the  uterus. 

It  is  not  possible  to  make  definite  statements  as  to  the 
part  played  by  the  ovary  in  the  formation  of  the  sac  wall 
of  an  ovarian  pregnancy.  Maybe  if  an  early  specimen 
eotdd  be  obtained  the  entire  sac  wall  would  be  found  to 
consist  of  ovarian  tissue.  The  diagnostic  value  of  the 
presence  of  ovarian  tissue  in  the  sac  wall  of  pregnancies 
thought  to  be  ovarian  has  already  been  referred  to.  and 
it  is  evident  that  positive  .statements  cannot  be  made  as 
to  the  ovarian  origin  of  the  pregnancy  unless  ovarian  tis- 
sue can  be  demonstrated  in  several  parts  of  the  sac  wall 
more  or  less  remote  from  one  another. 

The  condition  of  the  fimbriated  end  of  the  tube  varies: 
if  tubal  abortion  has  taken  place,  it  is  of  course  patent : 
while  if  abortion  has  not  occurred  it  may  or  may  not  be 
opened.  The  relation  of  the  lumen  of  the  tube  to  the 
pregnancy  is  also  a  subject  of  variation.  In  certain  in- 
stances it  can  be  traced  into  both  ends  of  the  foetal  sac, 
while  in  others  it  is  apparently  completely  shut  off. 

Dccidua. — It  has  long  beeii  known  that  the  uterine 
mucosa  under  the  infiuence  of  extra-uterine  pregnancy 
becomes  converted  into  decidua  just  as  it  does  in  uterine 
pregnancy,  and  the  statement  is  usually  made  that  its 
structureis  the  same  under  both  conditions.     However, 
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ret'i'iitly  observers  such  ns  Williaiiis,  Dobbcrt.  hikI  Tiisscn- 
broi'k  liiive  pointt'd  (Uit  that  there  exist  certain  ililleienees 
ill  the  stnictiiii-  (if  the  two  lueiiilnanes.  For  exani|)le. 
in  uterine  iircL'iiaiiey  the  spoiiiry  layer  of  the  decidiia  is 
not  so  well  developi'il  as  in  extia-iitcriiic  presrnaiicy.  and 
in  the  former  there  is  a  portion  of  (k'cidiia  lyinjr  under 
the  spongy  layer  that  maintains  the  appearance  of  the 
normal,  non-pregnant  mucosa.  In  extrauterine  preg- 
nancy the  vessels  are  markedly  enlarged  and  lie  near  tlie 
surface  of  the  deciiliia.  their  rupture  accounting  for  the 
uterine  liemi>rrliage  so  frequent  in  this  condition. 

.Soon  after  the  cleath  of  the  fo'tus  the  uterine  decidiia 
is  cast  olT.  either  as  a  whole  or  in  small  pieces,  a  phe- 
nomenon said  to  possess  considerable  diagnostic  impor- 
tance. 

Decidmi  Virti  in  the  Tube. — The  opinion  of  all  of  the 
earlier  writers  on  extra-uterine  pregnancy  was  that  a 
definite  <lecidua  vera  was  <lcveloped  in  the  pregnant 
tubes.  In  1^!H  Bland  Sutton  denied  its  existence,  and 
since  then  there  have  lieeii  many  conflicting  statements 
regarding  it.  If  one  exiiects  to  lind  a  distinct  decidual 
membrane  in  the  i)regnant  tube  analogous  to  that  found 
in  the  uterus  one  will  be  disappointed,  as  it  does  not  occur 
as  such ;  but  beyond  an}-  possible  doubt  changes  take  place 
in  the  connective-tissue  stroma  cells  of  the  tubal  folds 
by  which  they  arc  converted  into  cells  morpliologically 
similar  to  the  decidual  cells  in  the  uterus.  This  change 
docs  not  take  place  throughout  the  entire  length  of  the 
tube,  but  only  in  discrete  ])atches,  and  undoubtedly  a 
great  part  of  the  tissue  which  has  been  described  as  de- 
cidual is  in  reality  foetal  ectoderm.  In  the  specimens  of 
Williams  the  decidual  changes  are  beautifully  shown  and 
the  distinct  transition  from  a  connective-tissue  to  a  de- 
cidual cell  can  be  traced. 

The  view  that  a  decidua  forms  in  the  tube  has  been 
materially  strengthened  by  the  discovery  of  analogous 
changes  in  the  opposite  non-pregnant  tube,  so  that  at 
present  we  cannot  deny  that  a  decidua  vera  is  formed, 
although  not  to  the  same  extent  as  in  the  uterus.  The 
specimens  of  Williams  also  show  that  the  columnar  epi- 
thelium of  the  tube  becomes  flattened  out  just  as  it  does 
in  the  uterus. 

Deridnn  Strotitta  utul  liefleMi. — From  what  has  just 
been  sjiid,  it  is  evident  that  the  decidua  serotina  does  not 
reach  the  same  state  of  development  in  the  tube  that  it 
does  in  the  uterus,  and  undoubtedly  that  which  has  so 
frequently  bei-u  described  as  serotina  is  nothing  more 
than  a  mass  of  fa-tal  ectoderm  or  "Zellschicht."  Careful 
examination,  however,  at  the  point  of  attachment  of  the 
ovum  will  enable  one  to  differentiate  between  three  va- 
rieties of  cells,  viz.,  syncytium,  "Zellschicht,"  and  true 
decidual  cells. 

The  same  may  be  said  of  the  reflexa — i.e.,  while  un- 
doubtedly present  it  never  reaches  the  same  stage  of  de- 
velopment that  it  does  in  the  uterus.  Its  existence  lias 
been  denied  by  many,  but  if  one  examines  a  carefully 
prepared  intact  specimen,  one  finds  a  thin  layer  of  tissue 
.separating  the  ovum  from  the  lumen  of  thetube.  This 
band  of  tissue  is  usually  covered  on  its  outer  side  by  flat- 
tened tul)al  epithelium;  it  contains  few  if  any  true 
typical  decidual  cells.  The  cells  in  this  situatiou  can  be 
identilied  with  "Zellschicht "  cells,  and  as  pregnancy  ad- 
vances marked  degenerative  changes  in  them  are  seen 
to  occur. 

This  appearance,  particularly  in  early  pregnancy,  has 
led  to  a  number  of  different  explanations:  for  example, 
that  two  tubal  folds  had  grown  over  the  ovum,  or  that 
the  pregnancy  had  taki'U  place  in  an  accessory  tube  lu- 
men. The  nuestion  has  lately  been  entirely  cleared  up 
by  the  monograph  of  Peters,  in  which  he  descriljcs  a 
young  ovum  in  the  uterus  (certainly  the  earliest  one  as 
yet  described)  in  which  the  reflexa  has  not  yet  closed 
over  the  ovum.  Peters  is  of  the  opinion  that  the  ovum 
burrows  beneath  the  epithelium  of  the  endometrium 
which  then  do.scs  over  it.  an<l  there  is  every  rea.son  to 
believe  that  the  same  process  occurs  on  the  tube. 

Ptticciitii. — Excejit  for  the  difference  in  the  structure 
of  the  tube  wall  and  uterus,  and  the  difference  in  the 


formation  of  the  decidua.  the  structure  of  the  placenta 
in  tubal  pregnancy  does  not  differ  materially  from  that 
in  utirine  pregnancy.  The  chorionic  villi,  not  being 
sejiarated  from  the  miiscularis  and  ves.sels  by  a  thick 
layer  of  serotina,  invade  more  deeply  and  qiiickly  the 
tube  wall  and  open  up  the  vi'S.sels,  thus  accounting  for 
the  hemorrhage  and  early  tubal  abortion.  The  villi 
themselves  present  practically  the  sjime  appearance  in 
extra-  as  in  intra-utcrine  pregnancy,  their  stroma  is  made 
up  of  a  loose  mucoid  connective  ti.ssue.  and  in  early  cases 
one  can  distinguish  two  layers  of  epithelium— "Zell- 
schicht "  and  syncytium.  When  a  villus  comes  in  con- 
tact with  the  serotina  its  behavior  is  the  same  in  the  tube 
as  in  the  uterus;  viz.,  there  is  marked  proliferation  of 
the  "Zellschicht  "  at  the  point  of  contact,  resulting  in  the 
formation  of  a  "cell  node."  If  abortion  does  not  occur 
at  an  early  period,  a  definite  intervillous  circulation  is 
establishecl.  the  intervillous  spaces  being  lined  with  syn- 
cytium just  as  in  uterine  pregnancy.  The  old  view  that 
in  certain  instances  the  ])lacc'nta  continues  to  grow  after 
the  death  of  the  fietus  is  now  scarcely  tenable. 

8vMi'TOMs. — The  symptoms  of  an  early  unruptured 
extra-uterine  pregnancy  are  by  no  means  characteristic, 
and  frequently  one  has  no  idea  of  the  existence  of  the 
condition  until  rupture  takes  place  and  the  patient  is  in 
a  state  of  collapse. 

The  patient  usiuilly  considers  that  she  is  beginning  an 
ordinary  uterine  pregnancy,  and  has  the  usual  subjective 
.sym])toms  of  that  condition.  There  is  not  uncommonly 
some  pain  in  one  or  the  other  ovarian  regions,  but  usually 
of  .so  slight  significance  as  not  to  alarm  either  the  patient 
or  her  friends.  Menstrual  .suppression,  while  not  the  rule, 
sometimes  occurs.  Statistics  show  that  the  menses  persist 
in  about  forty  three  per  cent,  of  the  cases. 

If  the  fo'tus  (lies  at  an  early  period — i.e.,  before  rupture 
or  tubal  abortion — there  is  usually  a  discharge  of  blood 
from  the  uterus.  This  may  be  mistaken  for  the  return 
of  a  dehij'cd  menstrual  period  or  au  early  abortion. 

In  the  majority  of  cases  the  first  indication  of  anything 
being  wrong  is  the  occurrence  of  a  sharp,  lancinating 
pain  in  the  ovarian  region,  followed  soon  by  signs  of 
collapse.  When  collajise  occurs  it  is  usually  the  result 
of  intraperitoneal  hemorrhage,  either  from  a  rent  in  the 
tube  wall  or  from  the  fimbriated  extremity  after  tubal 
abortion,  and  it  is  readily  seen  how,  unless  immediate 
relief  be  obtained,  the  collapse  may  become  dee|>er  and 
deeper  and  the  individual  finally  bleed  to  death  into  her 
peritoneal  cavity.  On  the  other  hand,  the  hemorrhage 
may  not  be  of  sutficient  extent  to  be  fatiil,  and  here  the 
result  will  be  a  retro-uterine  hiematocele. 

If  the  hemorrhage  is  severe  the  symptoms  are  tliose 
of  collapsi — weak,  rapid  pulse,  subnormal  tempemture. 
pallor,  etc.. — while  in  those  cases  in  wliieh  the  hemor- 
rhage is  slight  and  is  followed  by  the  formation  of  an 
hiCinatocele.  we  have  a  general  improvement  of  the  symp- 
toms. The  present  opinion  is  that  by  far  the  majority  of 
pelvic  luematoceles  are  the  result  of  an  extra-uterine 
pregnancy. 

lia'matocele  usually  is  the  result  of  tulial  abortion  and 
not  of  tubal  rupture,  and  according  as  the  luematoeele 
occupies  the  greater  jiarl  of  the  ]ielvis  or  forms  a  smaller 
mass  on  the  region  of  the  fimliriated  end  of  the  tube  we 
can  tlilTerentiate  between  diffuse  and  solitary  i)elvic 
luematoceles.  In  the  former  case  adhesions  of  the  jielvic 
viscera  are  necessary  to  prevent  the  escape  of  the  blood 
into  the  general  jieritoncal  cavity,  but  not  in  the  case  of 
the  latter,  foraecording  to  Siinger  the  solitary  luvmatocele 
is  the  result  of  a  gradual  dripping  of  blood  from  the 
fimbriated  end  of  thetube.  The  formation  of  an  hainato- 
cele  is  almost  always  a  favcuiiblc  termination  for  extra- 
uterine iiregnancy,  for  in  this  way  the  acute  hemorrhage 
is  checked.  However,  cases  have  been  rejiorted  in  which 
the  hemorrhage  at  the  centre  of  the  ma.ss  continues,  finally 
causing  its  rupture  into  the  jieritoneal  cavity  and  death. 
Another  unfavorable  termination  of  Inematocele  is  suij- 
puration. 

Occasionally  the  patient  does  not  succumb  to  the  first 
loss  of  blood',  and  here,  if  the  placenta  is  not  entirely 
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M'punitcil  from  its atlAchmcnt  to  tlir  I iilw  wiill,  it  iic<-oiul»r>- 
iiIhIoiiuiiiiI  prcu'iiiuicy  will  rcsiill.  In  such  ti  casi'  tin- 
iinliiiiiry  syMiptuins  nf  |iri'i;niiii('V  will  ('iiiiliiiiic,  poKxitily 
with  III)  iiliiiiiriniil  iiiiiiniiit  i>f  |>airi 

In  It  Miiiill  iiiiinliri'iif  ciists  riiptim'  may  iKciir  brtwcrii 
the  fiilils  cif  ihi'  liii>iiil  lit.'iiiiiriit.  mill  rurtlicrilrvi'lopnu'iil 
f;iii>ii  iiiily  til  niptiii'i'  iiirain  iul<>  tin-  piritiiiinil  inviiy : 
Ihi'll  the  rntiis  l>iri>ini'-i  alii|i>liiilial  whili'  tlir  plilci'iltn 
rciiiaiiis  lii'twrm  tlir  rulilsof  tin  lirouil  li);aiiiriit.  Term 
Miitv  III'  rnirhril  ill  such  an  inslaiicc. 

\Vhcii  a  patient  williascciiinlary  alHloniiiial  pregnancy 
rcaclii's  term,  what  is  kiinwn  as  raise  or  spurious  lalior 
sets  ill,  iluriiiu'  which  t  lure  arc  ilistiiict  emit  met  ions  similar 
to  ilmse  occiirrini.'  in  the  early  staires  of  normal  lalior. 
The  contnietions.  however,  are  not  of  the  jrestation  sue. 
for  this  structure  coninins  so  few  muscle  lilircs  that  its 
contraclion  is  a  matter  of  impossibility  :  liiit  the  contract- 
ing or;:an  is  the  uterus.  False  lalior  continues  for 
scvenil  (lays  ami  iliirin;:  that  time  the  <-liil(l  dies.  After 
fii'tal  death  the  placciitnl  circulation  lieeomesoliliterated  : 
the  tii'lal  sac  shrinks  and  liecomes  closely  applied  ovi'r 
the  liody  of  the  cliilil.  which  then  uiider>roes  one  of  the 
chaiiires  iilidve  nieiilioned.  The  alidonien  here  of  course 
liecomes  smaller,  a  symptom  w  hieh  is  usually  noticed  by 
the  patient. 

In  certain  instances  the  extra-uterine  pregnancy  may 
exist  at  the  same  time  as  an  intniuteriiie  one.  Parry 
pointed  out  the  frei|iiencv  of  this  occurri'iicc  and  found 
that  it  occurred  22  limes  in  otHI  cases.  To  his  'i'i  cases 
AVilliams  has  recently  iiildcd  others,  making  the  present 
number  of  reported  ca.ses  4!).  I'arry  called  the  condi- 
tions ■'combined  i>regimncy."  More  rarely  twill  extra- 
uterine pregnancy  has  been  noted,  and  in  very  rare  cases 
both  fiitiises  were  in  the  sttme  tube. 

Repealed  tubal  pregnancy  has  been  observed  and  re- 
ported in  a  number  of  instances.  Williams  has  collected 
a  total  of  sixty -six  such  ciLses  in  which  the  diagnosis  has 
bci'ii  contirined  at  operation  or  auto])sy.  This  phenom- 
enon has  been  ulili/.ed  by  certain  observers  to  explain 
points  in  the  etiolo.gy  of  the  atTection.  The  anatomical 
findings,  however,  have  not  been  uniform,  and  little  in- 
formation has  been  gained  from  this  source. 

l)i-\oxosis — The  symptoms  of  au  early  unruptured 
extra  uterine  prcijnancy  are  so  uncertain  that  they  render 
a  diagnosis  at  this  stage  almost  an  impossibility.  Tait 
made  the  statement  tliat  it  was  impossible  to  make  a 
diagnosis,  and  most  operators  agrie  with  him.  In  rare 
cases  a  diagnosis  of  the  condition  is  made,  but  it  is  al- 
most the  rule  that  after  such  a  diagnosis  the  operator 
finds  the  mass  in  ipieslion  to  be  either  an  inflamed  tube 
or  a  small  ovarian  cyst. 

The  diagnosis  wo\ild  be  based  upon  the  following 
symptoms:  A  patient  who  had  been  sterile  for  some  time 
thinks  herself  pregnant,  having  the  usual  subjective 
symptoms,  with  pos.sibly  an  abnormal  amount  of  pain  in 
tile  ovarian  region.  If  such  a  patient  were  the  subject 
of  a  tubal  pregnancy,  on  examinalion  the  uterus  would 
l)e  found  to  be  enlarged  and  .somewhat  soft  and  boggy, 
and  oil  to  one  side  there  would  be  a  small  pulsating  (?) 
tumor  roughly  the  size  of  the  supposed  pregnane}'.  But 
as  has  already  been  ssiid.  it  is  coinnion  to  find  after  such 
a  diagnosis  CO  that  the  mass  is  of  other  than  the  sus- 
pected nature.  Tayhir  has  calle(l  attention  to  the  fact 
that  the  pregnant  tube  may  prolapse  into  the  ciil-de-sjic 
of  Douglas  and  give  one  the  impies.sion  of  a  retroHcxed 
pregnant  uterus — a  statement  proven  by  the  fact  that 
st'venil  cases  have  been  reported  in  which  rupture  of 
the  tube  followed  an  attempt  to  replace  that  which  was 
thought  to  be  the  fundus. 

Aceoiiling  to  Williams.  Veit  in  Germany  in  1883  and 
.lauvriii  in  this  country  in  1888  were  the  first  to  confirm 
by  abihuninal  section  the  diagnosis  of  unruptured  tubal 
pregnancy.  This  state  of  affairs  is  very  nire.  the  writer 
never  having  seen  a  case  in  a  considerable  experience  as 
resident  obstetrician  in  the  .lolins  Hopkins  Hospital,  and 
he  knows  of  only  one  case  in  the  hands  of  a  colleague 
(Upliam.  of  Columbus.  Ohio). 

If  the  fietusdic  before  rupture  of  the  tube  a  dia.gnosis 


in  8tlll  very  dilllciilt,  such  canes  usually  IN-Ing  Utkeii  for 
uteiine  abortion  associated  with  an  intlaniniatory  tubal 
ma.s.s.  Till'  source  of  error  is  that  wluii  the  fo'tiis  dies 
the  uterine  decidiia  is  cast  oil  in  shreds  giving  the 
appearanic  of  the  discharge  of  a  normally  implanted 
ovum. 

Most  obsiTviTs  believe  that  the  iliseharge  of  a  more  or 
less  complete  decidual  cast  of  the  uterine  ravity  Is  au  in- 
fallible sign  of  extni  uterine  pregnancy.  Tliefallacy  of 
this  sign  is  shown,  however,  by  the  fad  that,  relying  on 
this  sign  alone,  some  operators  ((irilDth  and  Dolaiii  have 
opened  the  abdomen  only  to  find  it  free  from  abiiurmal- 
ity.  or  that  the  supposed  i-xtia-uti-rine  pregnancy  had 
been  simulated  bv  a  small  ovarian  cyst. 

It  has  been  advised  that  the  uterus  be  curetted  for 
diagnostic  purposes,  the  presence  of  decidua  on  the 
sera  pings  alTording  conclusive  evidence  as  to  iheexisteni-e 
of  extra  uterine  pregnancy  :  but  as  the  decidua  may  have 
been  cast  olT  early  in  the  preguancy,  the  discharge  being 
considered  by  the  patient  to  be  a  menstrual  period,  the 
uncertainty  of  this  procedure  is  obvious. 

A  probalile  diagnosis  after  death  of  the  fo-tus  and  be- 
fore ruplure  can  be  made  in  some  cases  by  a  careful 
sifting  of  the  history  of  the  case  and  by  an  exainina 
tion  of  the  patient.  For  example,  she  thinks  herself 
pregnant;  she  has  discharged  shreds  of  tissue  which 
may  have  been  deiidual.  If  now  an  enlarged  uterus  is 
found  with  a  small  mass  on  one  side  corresponding  iu 
size  to  the  sujipo.sed  dunitiou  of  the  pregnancy,  a  fairly 
probable  diagnosis  can  be  made. 

At  the  occurrence  of  rujiture  or  of  tubal  abortion  with 
intraperitoneal  hemorrhage,  the  symjitoms  are  so  char- 
acteristic that  an  almost  certain  diagnosis  can  be  made 
even  without  an  examination.  The  patient  may  or  may 
not  have  given  the  above  history  when  suddenly,  with  a 
sharji  attack  of  jiain  in  the  ovarian  region,  she  goes  into 
a  condition  of  collapse,  with  weak  rapid  pulse,  pallor, 
subnormal  temperature,  etc.  Vaginal  examination  here 
usually  reveals  but  little,  as  the  ]>atient  is  too  sensitive  to 
allow  a  thorough  exploration.  A  crepitating  sensation 
may  be  imparted  to  the  examining  finger  in  the  cul-de-sac, 
due  to  pressure  ujion  recently  clotted  blood.  With  the 
above  symptoms  the  diagnosis  of  ruptured  tubal  preg- 
nancy is  i>ractieally  a  certainty,  and  if  not  speedilj'  re- 
lieved by  operation  the  patient  will  die.  If  she  recover 
from  the  collapse  the  probaliilities  are  that  a  tubal  abor- 
tion has  taken  place  and  that  the  hemorrhage  has  been 
cheeked  by  the  formation  of  a  pelvic  ha'matocclc. 

As  tubal  rupture  may  occur  very  early  in  pregnancy, 
even  before  the  jiatient  has  thought  herself  pregnant,  one 
should  always  regard  collapse  with  signs  of  intraperi- 
tonal  hemorrhage  as  strong  probabilities  in  favor  of 
ruptured  extra-uterine  pregnancy ;  and  in  such  a  case 
only  by  acting  proraptlj'  cau  the"  life  of  the  patient  be 
Siived. 

If.  as  is  often  the  case,  she  is  not  seen  until  after  primary 
rupture,  examination  will  reveal  a  large  tumor  filling 
the  posterior  portion  of  the  pelvis,  and  an  exploratory 
puncture  through  the  posterior  vaginal  fornix  will  render 
the  diagnosis  certain. 

In  cases  in  which  the  foptus  has  survived  the  damage 
done  at  the  time  of  jirimary  rupturcand  has  continued  to 
develop  in  the  abdominal  cavity  or  in  a  gestation  sjic. 
the  diagnosis  is  not  usually  made,  because  our  attention 
is  not  directed  to  the  fact  of  early  rupture,  and  it  is  not 
until  false  labor  sets  in  that  our  suspicions  arise  as  to  the 
child's  not  being  in  the  uterine  cavity.  If  careful  ex- 
amination be  luade.  however,  the  condition  should  offer 
little  dilliculty ;  the  child  is  found  to  be  more  easily 
palpable  than  normal,  its  movements  give  the  luother  a 
certain  amount  of  pain,  and  by  bimanual  examination 
the  uterus  is  found  to  be  practically  normal  in  size.  If 
an  ha'iuatocele  has  formed  between  the  folds  of  the  broad 
ligament,  the  mass  will  lie  largely  in  the  small  pelvis  and 
the  uterus  will  lie  pushed  over  to  one  side. 

When  an  extra-  and  an  intra-uterinc  pregnancy  occur  to- 
gether and  have  reached  term,  the  diagnosis  of  twins  has 
usually  been  made,  and  it  is  not  until  the  cause  of  delay 
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in  the  birth  of  llic  second  cliilil  is  investigated  that  its 
extni  iilcriiie  existence  is  noted. 

Tkk.\1'Mi;.nt. — Hifoiv  Iliijitiire. — When  iin  e.xtni-uteiiiie 
lirejrnaucy  is  dia.LjMosed  I)efoie  nipt\ire.  it  must  !»•  re- 
gaitiedasa  nialiifiiant  irrowthand  rrinoved  l)y  lapaioloniy 
assoonas]iossil)le.  This  iirocediire  cannot  l)e  toourij:ent1y 
ailviscd.  for  until  it  is  niuoved  I  lie  patient  is  in  imminent 
danjier  of  a  fatal  rupture.  All  methods  whicli  have  as 
their  end  the  destruction  of  tlie  fretus,  sueli  as  electricity 
or  the  injection  of  medicinal  substances,  are  to  be  strongly 
condennicd;  for.  as  we  know,  even  the  death  of  the  child 
does  not  preclude  the  possiliility  of  rupture  of  the  tube. 
However,  from  what  has  already  been  .s;iid,  it  is  apparent 
that  such  a  line  of  treatment  will  rarely  be  thought  of 
owing  to  the  uncertainty  of  diagnosis  at  this  time. 

Afler  Itiijiliiiv. — Although  laparotomy  was  advised 
some  years  ago  for  the  removal  of  a  "ruptured  tube, 
operators  were  not  willing  to  accept  this  plan  of  treat- 
ment until  Tait  demonstrated  the  ease  w  ith  which  the 
di.seascd  tube  could  be  removed  and  hemorrhage  checked. 
This  method  is  now  almost  iniiversidly  employed,  and  all 
of  us  can  recall  numerous  iustjinces  in  which  life  has  been 
saved  by  it. 

The  diagnosis  of  ruptured  tube  and  intraperitoneal 
hemorrhage  once  having  been  made  by  the  very  char- 
acteristic symiilonis  already  discussed,  the  abdomen  must 
immediately  Ijc  opened  (unless  the  degree  of  collapse  is 
so  great  that  the  patient  is  moribund  when  first  seen). 
Then  immediately  afterward  longclampsareto  be  passed 
down  into  the  ]ielvis  and  applied  on  both  sides  of  the 
tubal  mass.  This  wil!  at  once  check  all  hemorrhage,  and 
the  injured  tube  can  be  excised  without  unnecessary 
haste.  If  the  peritoneal  cavity  is  tilled  with  clotted 
blood  which  obscures  the  field  of  operation,  the  clamps 
must  be  applied  by  the  sense  of  touch  alone. 

An  excellent  method  of  counteracting  the  effect  of  the 
loss  of  blood  is  by  the  infusion  of  normal  salt  solution. 
This  can  be  done  during  the  operation  and  the  infusion 
allowed  to  run  into  llic  submammary  svibcutaneous  tissue 
or  injected  directly  into  the  circulation. 

In  tubal  abortion  some  operators  have  made  the  at- 
tem])t  to  save  the  alfecled  tube.  The  advisability  of  such 
an  attemptajipears  to  be  of  doubtful  nature,  as  it  has  not 
been  proven  that  the  tube  once  affected  ever  regains  its 
functional  activity. 

Operation  through  the  vagina  has  lately  been  advised 
and  even  now  has  many  adherents.  As  it  has  many 
obvious  disadvantages,  it  is  mentioned  here  onlj'  to  be 
condemned.  Among  the  di.sjid vantages  may  be  men- 
tioned the  .small  lield  of  operation  in  the  vaginal  method 
as  compared  to  the  large  one  in  the  abdominal,  and  the 
fre(|uent  neces.sity  of  having  to  open  the  abdomen  to 
arrest  hemorrhage  which  has  been  started  in  the  vaginal 
operation. 

IliriKiitorele. — It  has  been  shown  that  the  majority  of 
cases  of  pelvic  hicnmtocele  undergo  spontaneous  cure  and 
rarely  re<iuire  operation.  Thorn  reports  1.57  cases,  in  only 
6  of  which  was  operation  thought  necessiuy,  the  rest  hav- 
ing been  treated  by  careful  watching  and  rest  in  bed.  The 
total  mortality  here  was  only  six-tenths  of  one  per  cent. 
Fehling  has  reported  91  cases,  treated  in  a  similar  manner, 
without  a  single  death.  A  disadvantage  of  the  method, 
however,  is  that  it  is  extremely  slow  and  the  patients 
have  to  remain  many  weeks  in  bed. 

On  the  other  hand,  there  are  certain  conditions  which 
render  operation  imperative  in  cases  of  hjtmatocele:  such 
indications  as  niiud  increase  in  the  size  of  the  tumor, 
signs  of  suppuration,  or  prc.s.sure  on  important  organs. 
When  such  conditions  are  present  the  hamatoccle  is  best 
attackeil  l)y  way  of  the  vagina.  An  incision  is  made 
through  the  jiostcrior  vaginal  wall,  the  clot  is  evacuated, 
and  the  cavity  is  atonce packed  with  sterile gauze.  This 
usually  gives  most  excellent  results,  but  all  oju'rators 
agree  that  it  is  frequently  necessary  to  open  the  abdomen 
in  order  to  check  liemorrhage  that  cannot  be  controlled 
by  the  jiack ;  therefore  one  should  always  have  the  ab- 
domen prepared  for  a  laparotomy  before  making  the  va- 
ginal incision. 


Treatment  during  the  htttcr  Months  of  Pritj mi iinj . — 
Occa-sioually  in  the  latter  half  of  im'gnancy  we'shall  lind 
the  f<et us  enclosed  in  a  large  tubal  or  ovarian  sjii-;  more 
commonly,  however,  the  f(rtiis  has  escaped  Ihnnigh  the 
rent  in  the  tube  wall  and  we  have  to  deal  with  a  second- 
ary abdominal  pregnancy  in  which  the  placenta  is  at- 
tJiched  to  the  pelvic  llooV  while  the  fot us  lies  free.  In 
such  cases,  as  there  is  always  danger  of  a  secondary 
rupture,  prompt  laparotomy  "is  indicated.  If  the-  chilli 
is  within  a  few  weeks  of  viability  some  have  advised  a 
waiting  policy,  thus  giving  the  child  a  chance  that  it 
would  not  have  were  inunediateoperation  done.  If  such 
a  course  be  dciiilcil  upon  the  dangers  to  the  mother 
slioidd  always  be  explained  to  the  family. 

As  to  the  best  method  of  operating  in  such  cases,  un 
(jucstionably  the  ideal  l>rocedure  is  to  open  the  abdomen 
and  remove  the  entire  gestation  sac;  but  frecpiently,  on 
account  of  adhesions  to  neighiioring  organs,  such  a  course 
is  inadvisable,  and  here  the  s;ic  should  be  incised,  care 
being  taken  to  avoid  wounding  the  placenta  if  possible. 
Then  the  child  should  be  removed  and  the  edges  of  the 
sac  should  be  stitched  to  the  mari;ins  of  the  abdondnal 
wound,  the  cavity  being  jiackcd  with  gauze  and  the  pla- 
centa allowed  to  come  away  |iiec<nical.  This  entails  a 
longer  convalescence,  but  on  the  whole  is  better  than  en 
dangering  the  lifeof  the  patient  by  attemiJting  to  remove 
an  adherent  placenta.  In  certain  cases  this  plan  cannot 
be  carried  out,  and  then  the  entire  -sic  must  be  removed 
no  matter  how  serious  the  procedure  may  seem. 

When  t  he  fffitus  dies  the  danger  tot  he  iiiother  materially 
diminishes,  for,  when  the  fu'tal  circulation  ceases,  the 
hemorrhage  from  the  placental  site  is  not  .so  much  to  be 
feared.  If  a  diagnosis  of  the  death  of  the  child  be  made, 
operation  should  be  deferred  for  a  short  time  in  order  to 
favor  closure  of  the  maternal  blood  spaces  and  separation 
of  the  placenta;  it  being  understood,  however,  that  im- 
mediate operation  mav  be  necessarv  at  any  time. 

■  di'inje  If.  IhMiit. 

EXUDATION,    PATHOLOGICAL.— One   of   the   chief 

pheTiomcria  of  iiilI:inniiaticiM  is  the  |ias.sage  of  a  j)ortion 
of  the  lluid  and  cellular  constituents  of  the  blood  from 
the  blood-ves.sels  into  the  tissue  spaces  or  out  upon  one 
of  the  free  surfaces  of  the  body.  This  process  is  known 
as  exudation,  and  the  fluid  and  cells  which  have  left  the 
vessels  as  an  exudate.  Exndiitiuii  is  distinguished  from 
trannmhttion  in  that  it  isalwaysa  part  of  an  intlamniatory 
process,  while  the  latter  term  is  cunnnouly  restrictcil  i"u 
its  application  to  an  increase  in  the  formation  of  lymph 
not  due  to  inflammation,  but  dependent  upon  changes  in 
blood  pressure,  alterations  in  the  blood,  or  in  the  vessel 
wall  which  favoran  increased  lymph  production  ((edema). 
Exniliilot  dilTer  from  tniiiKiiilntis  in  tlicir  higher  albumen 
content,  higher  specific  gravity  ( 1.01G-l.l)>'.ji,  and  their 
greater  richness  in  cellular  elements.  Transudates  have 
a  low  spccjlic  gravity  (l.llOfi-l.OIIS,  rarely  reaching  1.01'.J>, 
contain  but  few  cells,  and  dilTer  but  liltlc  in  their  com- 
position from  that  of  normal  lymph,  their  albumen  con- 
tent being  \ny  slight,  sometinu'S  lower  and  sometimes 
slightly  higher  than  that  of  lymph.  Exudates  are  visu- 
ally tvirbid  from  the  large  nmnber  of  leucocytes  contained 
in  them,  while  transudates  are  usually  clear  or  but  slightly 
cloud)'. 

The  source  of  both  the  fluid  and  the  cellular  constitu- 
ents of  exudates  is  the  blood,  and  theescapeof  these  from 
the  vessels  is  due  to  some  alteration  in  the  vascular  walls 
which  fonns  an  essential  part  of  the  inflammatory  proc- 
ess. Evidences  of  this  alteration  are  seen  in  the"  dilata- 
tion of  the  vessels,  the  increased  resistance  olfcred  to  the 
blood  current  with  conseiiuent  slowing  of  thecircidatiou, 
the  increased  adhesion  of  the  cellular  elements  of  the 
blood  to  the  vessel  wall,  and,  most  important  of  all.  the 
increased  ]icrmeability  of  the  walls.  The  composition  of 
the  exudate  is  therefore  dependent  uiion  the  ilegree  of 
pathological  alteration  as  well  as  upon  the  |ieculiar  prop- 
erty of  the  affected  vessel.  The  greater  the  injury  the 
greater  the  exudate  and  the  amount  of  albumen  and 
cellular  eleineuts  contained  in  it.     Moreover,  since  the 
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jiri>|H'rti('s  of  the  liliKHl-vtiwd  wiiIIh  ililTrr  in  (IIITi'ri'tit 
rcifiniH  of  tilt' IkhIv.  the  rlmnicliT  of  liitliiininiitory  cMi 
(liitrs  ill  clitTin'iit  imrK  will  jiI-o  mii'\  ,  tlms  ilic  iill>uiiirii 
<iiiiti'Mt  of  |ii'rii'iircliiil  timl  |ili'iinil  rwnlitlrs  is  liiKlur  list 
II  rule  lliiiii  lliiii  i>f  iirritoiiiiil  KmhIiiIi'S  ililTcr  further 
ill  llir  |iio|)orlioniili'  iitiiotiiils  of  llic  vnrioUN  lilooil  cU- 
iiiriilH  roiiliiiiicd  ill  tlirrii.  In  one  ciisi' tin'  cMKliitr  iniiy 
III'  iilinosi  iiitirclv  lliiiil  «  llli  ii  very  siimll  niiiiilii'r  of  rrlls 
(mroiis  cxinliittO  ;  in  iiiiollicr.  tlir  lrn<-o(vl<'S  iiiiiy  lir  wi 
iiiiiiii'roiis  lis  to  K'^''  "«'  I'Xniliitc  II  iiiorr  or  less  tliicli. 
(Tiiiiiiy  iili|ii'iiniMr<-  (piiniliiit  rxiidiilr):  or  tin-  csciiin'il 
tliiiil  iiiiiy  roiitiiin  liiri^c  iinioiiiitH  of  Dliriiio^'cii  iiiiil  tilirin 
fcniiiiit  (llliriiious  cxiiiliitc).  Furlliri,  iimiiy  ncl  IiIikhI 
rrlls  limy  csciipc  liy  rlirxis  or  (liiiiii-drsis  (liciiiorrlmjjir 
cxiiilalri.  or  liirirciuitiilicrsof  lilood  |ilalcsniay  lie  |irts<iil 
ill  the  cxiidiitc.  (oiiiliiiii'd  clianxtcristics  cxisl,  so  some 
cxiidati'siiiay  1h'  proiH-rly  styled  si'ro-Hlirinous,  sero  puru- 
lent, tllirinopuriilent.  ete.  15<sides  I  he  lilood  const  it  iieiits 
inllaininatory  exiichites  also  eontaiii  tissue  deliris.  Iliiids 
arisiiii;  from  lellular  licpiefaetion  and  deL'eneration.  etc. 
Till' hiirh  proportion  of  allMinieii  in  niMiiy  c Midales  is  due 
partly  to  proteids  derived  fiuin  cellular  desinielioii.  In 
exudates  there  may  lie  contained  also  poisons  arising 
from  tis.siu'  destruction  or.  in  infective  iiitlaniniations. 
from  till'  growth  of  miiroor.iraiiisms:  the  hiKteria  them- 
fk-lves.  and  cells  arising  from  the  proliferation  of  fixed 
«ells  of  till'  tissue,  may  likewise  lie  present. 

'Pile  various  jirolileiMs  regarilin.i;  the  nianuer  of  escape 
of  till-  exuilate  from  the  lilood-ves.s<ls  have  olTered  aliun- 
daiit  scope  for  investigation  and  speculation,  and  a  survey 
of  the  various  theories  evolved  to  solve  these  ])rolilems 
forms  one  of  the  most  interesting  historical  chapters  in 
the  development  of  pathology.  The  existence  of  jiatlio- 
logical  exudates  was  very  early  recognized.  Hokitaiisky 
believed  that  they  arose  from  an  increased  permeability 
of  the  wall  of  the  vessels  due  to  tliinnin.s  fnnn  overdis- 
teiilion.  Vogel,  Paget,  and  olliersexplaimd  Ilieir  furina- 
tion  as  being  due  to  an  increa.srd  attraction  between  the 
tissues  and  the  elements  of  the  blood.  Virchow  distin- 
guisIuMi  two  kinds  of  exudates:  one  the  result  of  me- 
rlianical  pressure  in  the  vessels,  ]>ressedout  blood  serum; 
the  Second  as  nutritive,  the  result  of  an  increased  attrac- 
tii'ii  between  the  tissues  and  blood  constituents.  The 
cellular  portion  of  the  exudate  he  believed  to  originate 
from  a  proliferation  of  the  tissue  cells  iu  the  inllanied 
area. 

Dutnx'het  in  1842  and  Waller  in  lf*4G  first  observed  the 
mignition  of  leucocytes  from  the  vessels,  but  these  obser- 
vations were  forgotten  until  C'ohnlieini  in  1867  rediscov- 
ered the  idienoineuon.  This  observer  ullirmed  that  the 
pas.sage  of  leucocytes  from  the  vessels  formed  the  essen- 
tial feature  of  intlammatoiv  exudation  ;  that  the  cells  in 
intlamcd  areas  did  not  arise  from  the  ti.ssue  cells;  and  he 
explained  the  origin  of  the  lluid  jiortion  of  the  exudate 
as  due  to  a  molecular  change  in  the  vessel  wall.  This 
view  was  oppose<l  by  many,  notably  Strieker,  who  held 
that  the  greater  part  of  the  cells  iu  inHanimatory  exu- 
dates were  not  leucocytes  but  new  cells  arising  out  of 
the  iiitlamed  tissue,  pus  cells  therefore  taking  their  origin 
from  (onnective-tissue  cells. 

Ileit/.mann  believed  also  that  the  cells  of  the  exudate 
were  not  leucocytes,  but  were  embryonic  cells  arising 
from  the  .softened  or  dissolved  intercellular  substance. 
Jlore  recently  Gmwitz  has  taken  a  similar  position,  in 
that  he  declares  the  cells  of  the  exudate  to  arise  front  so- 
called  "sliunbering  cells"  in  the  intercellular  substance 
of  connective  tissue  which  under  normal  conditions  are 
not  visible.  The  views  of  Strieker.  Heitzmann,  and 
Oniwiiz  lind  little  acceptance  at  the  present  time,  the, 
alinost  universjilly  accepted  opinion  being  that  the  chief 
part  of  the  cells  of  inllamniatory  exudates  at  least  arises 
from  the  blood. 

Heidenhain  explains  the  formation  of  lymph  as  a  proc- 
ess of  secretion  on  the  part  of  the  cells  of  the  ves-sel 
walls  and  not  as  a  pure  filtration  process.  Pathological 
stimulation  of  this  process  or  alterations  in  the  vascular 
walls  will  change  the  amount  and  character  of  thissi'crc- 
tion.     A  portion  of  the  tiuid  of  exudates  at   least  inusi 
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secretion      According  to  Arnold,  Thoina,  iiii'i  1  : 
the  formation  of  the  exildiilc  is  due  chielly  to  i 

till'  lines  of  cement  substance  Iving  between  tin   ■  .,  

liiil  cells  of  the  veH.s<'l  wall.  Thn>iigh  distention  of  the 
veH.s<'l  the  cement  Hubstiince  may  1m'  so  thinned  as  to  form 
small  openingH  through  which  both  lluid  and  cellular 
elements  escape.  Other  writers  hold  that  the  escape  of 
the  leucocytes  is  not  due  to  alterations  in  lire  vitscular 
walls  but  to  clieniotactie  intliiences  ait ing  from  outside 
of  till'  ves.sels  and  causing  the  cells  to  paw*  through  the 
wall. 

At  the  present  time  the  exact  nature  of  the  process  by 
which  cMidatesare  formed  cannot  be  said  to  be  dellnitely 
fixed.  The  most  commonly  accepted  view  is  that  the 
chief  part  of  the  lluid  and  cellular  elemetit.s  conies  from 
the  blood,  and  that  both  pathological  secretion  and  al- 
terations in  the  wall,  as  well  as  chemotaxis,  pla.v  parts  in 
the  formation  nf  the  exudate.  The  escape  of  the  leuco- 
cytes is  cimsidered  an  active  process  brought  about  by 
means  of  theiramieboiil  jiower  in  response  locheniotactic 
stimuli.  In  the  very  earliest  stages  of  the  inllainmatory 
process  the  cells  of  the  exudate  are  wholly  leucocytes; 
later,  tissue  proliferation  begins  and  a  jiart  of  the  cefls  of 
the  exudate  may  thus  be  derived  from  tissue  cells. 

Recently  much  attention  has  been  given  to  the  closer 
.study  of  the  leucocytes  found  in  exudates.  Lubarsch 
divides  the  cells  of  iiillaniniatoiy  exudates  into  hainotog- 
enous  wandering  cells  and  hislogenic  wandering  cells, 
in  the  former  case  descendants  of  immigrated  cells,  in 
tlu'  latter  arising  from  fixed  connective-tissue  cells.  The 
relative  proportion  of  these  cells  varies  in  dilTerent  forms 
of  infiammation.  and  in  dilTerent  stages  of  the  same 
form;  but  the  immigration  of  leucocytes  forms  the  most 
prominent  feature  of  the  ma.iority  of  intlammations. 
I'ntil  recently  it  was  afiirmed  lliat  the  migrating  leuco- 
cytes were  chietly  polyiiuclear  forms  and  that  these  only 
possessed  the  powerof  active  movement.  AVeleh.  Coini- 
cilman.  and  others  have  shown  that  lymphoid  cells  may 
also  migrate,  a  fact  which  was  formerly  denie<l.  The 
so  called  plasma  cell  also  appears  to  play  an  important 
role  in  many  exudates,  particularly  those  of  chronic  in- 
Hainmation.  This  cell  is  now  believed  by  the  majority 
of  writers  to  be  of  lueniatogeuous  origin,  most  probably 
a  form  of  lymphocyte.  It  is  characterized  by  a  proto- 
plasm staining  blue  with  methylene  blue,  an  eccentri- 
cally jdaccd  nucleus,  a  perinuclear  clear  space,  and  a 
luiclevis  ]iosscssing  a  number  of  coarse  particles  of  chro- 
matin arranged  on  the  inner  surface  of  the  nuclear  mem- 
brane. Plasma  cells  occur  in  large  numbers  in  the  cellu- 
lar exudate  of  chronic  inflammations,  i)articulaily,  as 
Councilman  has  shown,  in  the  interstitial  nephritis  of 
scarlatina.  This  observer  believes  that  they  arc  lym- 
phocytes which  migrate  as  such  or  as  plasma  cells  from 
the  blood,  and  multiply  outside  of  the  vessels  in  response 
to  chemotactic  stimuli.  It  would  appear,  then,  that  there 
are  selcctiye  chemotactic  stimuli ;  part  inlluencing  the 
migration  of  lymidioid  and  plasma  cells,  ]iart  the  poly- 
nudears  or  other  varieties  of  leucocytes.  Some  exudates 
contain  large  numliersof  eosinopliiles  and  mast  cells,  but 
the  significance  of  such  occurrence  is  not  yet  known. 

Wieniarski  confirms  the  as.serlion  of  Kiuczynski  and 
Wernicki  that  lym))hocytes  predominate  iu  exudates  not 
due  to  mali.srnant  disease  or  showing  a  tendency  to  be- 
come purulent.  When  neutrophile  polynudears  pre- 
dominate the  exudate  is  caused  either  by  malignant  dis- 
ease or  by  pus-forming  agents.  According  to  these 
observers  the  presence  of  eosino])liile  cells  and  red  blood 
cells  in  exudates  is  without  significance.  In  pleural  and 
peritoneal  transudates  the  cells  are  almost  exclusively 
lymphocytes:  in  pleural  exudates  of  serous  nature  they 
are  also  lymphocytes:  the  predominance  of  polynudears 
always  indicating  a  purulent  process  in  case  no  malig- 
nant disea.se  iS  present.  In  one  case  in  which  but  few- 
leucocytes  were  present  in  the  exudate,  but  these  all 
])olynudears.  a  ptirulent  exudate  developed  later:  in  an- 
other ca.se  in  which  0.230  lymphocytes  were  present  in  a 
cubic  millimetre  of  the  exudate  the  inHammation  did  not 
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bfcomc  punili'iit  in  clmraotcr.  Tlio  smiic  facts  apply 
hIso  to  peritoneal  exudiites.  In  serous  pleunil  exiKliUes 
tlie  nunilnr  i<{  lyinpliiK  ytes  varies  from  '.'To  to  y.270  per 
euliie  uiilliiiu'lre,  in  tniiisuilates  from  lid  to  ;i(H».  In  peri 
toueal  tnmsudates  even  smaller  unmbers  of  lymphocytes 
arc  usually  pn-senl.  During  tlie  absorption  of  exudates 
llie  mimlierof  l<'Uc<K"ytes  increases;  durinj:  tilirinons  exu- 
dation they  are  found  in  smaller  numliers.  Much  work 
yet  remaiiLs  to  lie  done  alonj;  this  line,  asmanv  important 
problems  rejtarilin!;;  the  fate  of  the  migrated  cells  have 
yet  to  be  settled. 

The  fluid  and  cellular  exudates  from  the  vessels  collect 
first  around  these,  but  soon  spread  into  the  lymph  spaces 
of  the  neighboring  ti.ssiu's  forming  an  inliltration.  If 
the  exudate  is  very  abundant  the  neighboring  healthy 
tissue  may  be  infiltrated  to  such  an  extent  that  it  may  be 
damaged  anil  the  infiammatory  process  spread.  The 
tissue  elements  may  absorb  a  portion  of  the  exudate,  and 
become  swollen  or  vacuolated:  or  all  of  the  tissues  may 
become  dissolved  in  the  exudate.  If  fibrinogen  and 
fibrin  ferment  arc  present,  coagulation  may  take  place 
either  before  or  after  liquefaction  of  the  alfected  tissue 
takes  place.  Open  spaces  in  the  tissues,  such  as  the  lung 
alveoli,  may  become  filled  with  the  exudate;  if  the  in- 
fiammation  in\olves  a  body  surface  the  exudate  may 
eil  her  collect  in  one  of  the  body  cavities  or  be  discharged 
from  a  free  surface. 

The  first  pathological  changes  which  find  expression 
in  the  formation  of  a  jiathological  exudate  are  vascular 
phenomena  which  are  due  either  to  irritation  or  paralysis 
of  the  vasomotor  system,  or  to  a  direct  action  upon  the 
walls  of  the  vessels  themselves,  the  result  iu  either  case 
being  a  dilatation  of  the  vessel.  This  change  may,  how- 
ever, take  place  without  the  production  of  au  exudate, 
but  it  always  precedes  exudate  formation  when  the  latter 
occurs.  Following  the  dilatation  of  the  vessel  there  is  a 
slowing  of  the  blood  stream  and  with  this  a  marginal  col- 
lection of  the  leucocytes  along  the  vessel  wall ;  and  tiualh' 
diapedesis  of  the  cellular  elements  takes  place  simultane- 
ously with  tlu^  pa.ssing  out  of  the  fluid  portion  of  the  ex- 
udate. The  jiussage  of  the  leucocytes  is  an  active  proc- 
ess accomplished  liy  means  of  anueboid  movement,  and 
is  oidy  an  increjised  degree  of  a  process  which  takes  place 
to  a  limited  extent  normally  (wandering  cells).  The  cause 
of  the  increased  diapedesis  of  leucocytes  in  inflammation 
is  probably  partly  chemotaxis  and  partly  changes  iu  the 
vessel  wall.  According  to  Arnold  and  Thoma  the  leuco- 
cytes pass  through  the  endothelial  cement  substance 
which  is  stretched  and  thinned  by  the  distention  of  the 
VCS.SC1.  The  leucocyte  first  sends  a  process  through  the 
thinned  portion  of  the  wall,  and  through  the  opening 
thus  made  the  remainder  of  the  cell  body  slips  after. 
Through  the  opening  formed  in  this  manner  the  red  blood 
cells  and  fluid  elements  of  the  blood  may  also  pass. 

The  passage  of  a  serous  exudate  into  a  body  cavity, 
as  the  pleural  or  ])eritoneal,  is  spoken  of  as  a  serous  effu- 
sion. Serous  exudates  on  mucous  membranes  are  styled 
catarrhs;  localized  collections  of  fluid  beneath  the  horny 
layer  of  the  skin  are  blisters,  vesicles,  bnlUe,  or  blebs. 
The  serous  infiltralionof  tissue  spaces  is  au  iutlannnatory 
a-denia.  On  mucous  surfaces  serous  exudates  may  eon- 
tain  a  large  ijercentage  of  mucin  derived  from  mucous 
degeneration  of  the  epithelium  (mucous  catarrh);  or  a 
loosening  of  the  epithelium  into  the  exudate  may  occur 
(des(iinimative  catarrh).  If  flakes  of  fibrin  are  formed 
in  the  exudate  it  may  Ije  styled  serofibrinous;  if  the 
niuubcr  of  leucocytes  is  so  great  as  to  make  the  fluid 
slightly  turbid,  .seio  purulent. 

Pibiinoiis  exudates  oceureither  upon  mucousor  serous 
surfaces,  into  the  lung  alveoli,  or  into  ti.ssue  spaces.  On 
mucous  membnuies  they  form  whitish  or  grayish  crovip- 
ous  or  diphtheritic  membranes  which  are  either  loosely 
or  firmly  adherent  to  the  tissues  beneath.  These  mem- 
branes are  made  up  chiefly  of  granular  or  fibro-.srranular 
fibrin,  occasionally  in  coarse  bandsor  hyaline  masses.  In 
fibrinous  effusions  largi'  masses  of  stringy  librin  may  float 
in  the  exudate,  while  the  serous  surface  may  be  covered 
with  a  thick  layer  of  stringy  fibrin,  or  in  mild  cases  only 


small  strings  or  Hakes  may  be  scattered  over  the  surface. 
In  the  Itnig  the  alveolar  spaces  ma.v  be  completely  filled 
with  a  network  of  fine  fibrin  librilhe  enclosing  leucocytes, 
reil  blood  cells,  and  desipuimati-d  epithelial  cells  in  its 
meshes.  In  the  kidneys  fibrillar  or  hyaline  fibrin  may 
be  found  iu  the  tubules.  In  the  follicUs  of  the  spleen 
and  lymph  glands  the  spaces  between  the  cells  may  be 
filled  with  a  librinous  exudate.  The  intercellular  spaces 
in  tubercles  are  also  commonly  tilled  with  an  exu<lale  of 
fibrin.  According  to  Neumami  the  fibrinous  material 
found  in  certain  inllammations  of  serous  membranes  is 
not  an  exudate,  but  the  result  of  a  "fibrinoid  degenera- 
tion "of  the  superficial  connective  tissue  of  the  mem- 
brane. This  theory  is  not  supported  by  the  actual  find- 
ings, and  has  not  been  generally  aeeejited. 

If  the  inflammatory  ewidate  contains  a  large  number 
of  leucocytes,  but  not  in  a  sulficieiit  number  to  cover  tip 
the  structure  of  the  tissue,  it  is  spoken  of  as  a  small  celled 
infiltration.  AVhen  the  leucocytes  in  the  exudate  are  so 
numerous  as  to  give  it  a  white  or  creamy  appearance  it 
is  called  pus;  such  an  exudate  on  mucous  membranes 
is  a  purulent  catarrh;  in  the  body  cavities  a  purulent 
effusion  or  empyema.  Purulent  vesicles  are  styled  pus- 
tules; deep  seated  purulent  exudates,  absces.ses.  iSero- 
purulent  exudates  may  iufiltnite  the  tissues  (purulent 
nilema).  Fibrin  is  a  very  frei|uent  accom|ianinient  of 
purulent  exudates  (fibriuo  purulent  exudate);  and  the 
inflammations  of  serous  membranes  usually  produce  ex- 
udates of  this  kind.  Usually  with  an  increase  of  pus 
formation  the  amount  of  fibrin  decreases  and  the  fibrin 
masses  present  in  the  exudate  begin  to  dissol ve.  Fibrin 
coagula  infiltrated  with  leucocytes  become  white  and 
friable.  The  jiresencc  of  large  numbers  of  red  blootl 
cells  (hemorrhagic  exudate)  and  blood  plates  is  found 
usually  in  association  with  fibrinous  exudation,  but  they 
may  also  be  present  in  serous  inflammations. 

The  exciting  causes  of  pathological  exudation  are  those 
of  inflammations  in  general.  Serous,  serofibrinous,  and 
fibrinous  exudates  may  be  caused  by  thermal  and  chem- 
ical means;  butaremost  frei|Uently  due  to  infection  with 
the  Diplococcus  pneumoniie.  Bacillus  diiihtheri;e,  and 
the  Streptococcus  pyogenes.  Purulent  exudates  may 
also  be  caused  by  chemical  action,  but  are  most  fre- 
quently the  result  of  infection  by  the  Streptococcus  pyo- 
genes, the  staphylococci,  gonococcus,  etc.  After  "the 
causes  which  have  produced  them  cease  to  operate  exu- 
dates are  discharged  from  the  bod}-,  absorbed,  organized, 
or  under  certain  conditions  encapsulated  and  calcified. 
In  the  processes  of  repair  and  organization  it  is  possible 
that  the  exudate  may  serve  as  a  source  of  nutriment  for 
the  new-formed  tissue  cells. 

The  significance  of  iiathological  exudations  is  practi- 
cally that  of  inflammation  in  general.  The  old  view,  and 
the  one  still  commonly  accepted  by  clinicians,  is  that  they 
are  essentially  harmful.  From  the  pathological  side, 
however,  inflammation  must  be  regarded  as  a  reaction  on 
the  part  of  the  body  to  local  injuries,  having  for  its  pur- 
pose protection  and  repair.  Though  both  protective  and 
reparative  measures  may  be  imperfectly  carried  out  and 
even  many  times  in  themselves  cause  further  damage,  it 
luust  be  granted  that  inllamniation  is  essentially  an  at- 
tempt at  .self-preservation.  In  this  attempt  the  constitu- 
ents of  the  exudate,  both  cellular  and  fluid,  play  the 
chief  part.  The  leucocytes  of  the  exudate  act  as  phago- 
cytes and  as  .sources  of  bactericidal  and  antitoxic  sub- 
stances, or  may  even  furnisli  nutriment  to  formative 
tissue.  The  fluids  of  the  exudate  likewise  possess  im- 
portant germicidal  and  antitoxic  powers;  Uiey  serve 
fiirthei  as  diluting  and  irrigating  agents;  and  may  also 
carry  nutriment  to  the  newly  forming  cells.  Even  fibri- 
nous exudates  may  serve  a  beneficial  purpose  in  limiting 
the  action  of  bacteria.  Masses  of  leucocytes  may  also 
form  mechanical  barriers  to  the  spread  of  germ  growth. 

In  the  exudate  we  therefore  find  the  means  of  counter- 
acting or  destroying  harmful  agents.  neutRilizing  their 
poisons,  protecting  the  organism,  and  aiding  in  healing. 
iiiit  in  tile  attempt  to  fulfil  these  functions  exudates 
may  in  themselves  create  new  conditions  that  may  damage 
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tlir  IkhIv.  Till'  pn'ssiiir  iipiiii  till'  liniiii  uf  iiiciiiiiKi'nl 
I'Miiliili'S.  till'  illstiirhiiiici-  iif  ri'Spinitiiiii  iiiiil  lirart'snr- 
tiiili  liy  plrimil  mill  pi-ririinlliil  I'tTiisjinis.  tlii'  cInKiirc  of 
iIk'  );l"lli^  frniii  iiitliiiiiMiiitory  liitillnitinii,  rti-..  iirr  I'X 
illiiplrsiif  till'  iliipiTfiTt  iiiliiplatlnliiif  till'  priH'i'SS,  wlilrli 
lliiiiiftli  ill  till' iiiuiii  iiiti'iiili'il  III  III'  III  ni-lU'iul  may  nflrii 
nviTriiirli  its  iijiii. 

(S'r  also  Injliiiiiiiiiltioii.)  Alilrtil  Snilt   Wiirtfiill. 

EYE.  — (Ji'^NKII.M,      AUKANIIKMKNT. — Till'     I'VI'llllll    (!«'<• 

Ki^'     ID.V.')   is  a  splicniiilal   I'.xpaiision   altaclii'il    to   llir 
(■ml  of  till-  uptic-  iii'rvf,  upticaily  i'i|uivuli'iii  to  a  ruiii' 


ronjum'tlva 


lachrjriiinl  caniiirlo 


wliirli  ri'f,'iilati's  ilir  iiiliiiiHxiiiii  of  light  tlirou(;li  a  ri'iitml 
apiTliiro.  till'  /<M//i7  ;  an  inner  oiii',  iK-rcipii'iit  In  char- 
lU'tiT,  forini'il  of  nirvoiiK  I'li'ini'iits  anil  lalliil  tin-  r,tii,<i 

Till'  lays  of  li;;lil  llial  pass  tlinnigli  tlii>  pupil  ar<^ 
fociissi'il  ilioptrirally  liy  tlir  rrfractivi' aitiou  of  a  clnir. 
li'Uliciilar  liiiily.  Ilii'  i-ri/nliilliiie  li im.  wliich  Ih  ki-I  lii'liinil 
till-  iris  anil  iliviilrs  the  cavity  of  llic  cyi'liall  into  two 
eoMiparlnii'iits  oi'iliainlHTs:  tlii'  nt/ni'/iijir/iiiiiifitr,  Kitiiutoil 
ill  front  anil  contaiiiin;;  a  watery  tliiiil  lalli'il  tlic  ik/iuoiiii 
hniiinr.  anil  llie  ritnuuH  rim iiiln r  licliinil.  lontainiiii;  IIil' 
wniilliiiil  litriDiiK  hiiiiiiir  iir  Ijixli/.  Tlii' aqiU'oiis  rlianibt-r 
is  suliiliviili'il  by  the  iris;  the  space  in  froul  of  that  cur- 

|-^^^^  IKjBicrlor  rlininlMT 


vorticose  vein 


Scale  of  inilllmctres. 
Fm.  10)2.— niotfnim  of  Horizontal  Section  of  Eyeball  Prawn  to  an  .Accurate  Scale.     (Flemoiins.) 


era  obscura  and  filleil  with  tluiil  or  seinitluid  contents. 
It  has  three  concentric  envelopes  or  coats:  an  mitcr  one. 
protective  in  character,  fornieil  of  libroiis  tissue,  calletl 
the  .W<ci(  behinii.  where  it  is  w  liitc  and  opaiiue.  and  llie 
cnrnea  in  front,  where  it  is  clear  and  tians]mrent :  a  mid- 
dle one,  nutritive  in  character,  composed  of  vascular 
tissue  intermingled  with  ]iisment,  called  the  rhomiO  be- 
hind, in   front  assisting  to  form  the  irin  or  diaphragm 

anliTlor  pole       scleral  sulcus 


na«al  side 


e<iuator 


temporal  side 


otitic  nerve     - 


posterior  pole 


Fig.  1953,— DiaKTBin  of  Rlirlii  Eye.  as  Seen  from  Above,  to  lUustrate 
Terms  of  orientation. 


tain  being  known  as  the  anterior  chamber,  that  between 
it  and  the  lens  as  the  poxterinr  rhtimbcr. 

In  describing  the  eye  terms  applicable  to  a  spheroid  are 
used  (see  Figs.  19.')3  and  19.54).  The  antero-pixsterior  di- 
ameter is  termed  the  «.(•(«,  the  ends  of  that  diameter  the 
jxileif.  The  equator  is  a  line  ou  the  surface  etiiiidistant 
from  these  poles:  circles  and  directions  parallel  to  it  are 


equatorial  directions 


.    temporal  aspect 


superior  aspect 

.—-vertical  meridian 


horizontal  iiieridlan 


.  na-sal  aspe-t 


scleri 


Inferior  aspect 


Fig.  1954.— Diagram  of  Right  Eve,  as  Seen  from  Before,  to  Illustrate 
Terms  of  lirlenlation. 
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termcil  equatorial.  Cirdcs  drawn  from  pole  to  pole  are 
ternieil  ineridinnit,  directions  iiloii;;  (licse  are  mrridioual. 
Any  half  of  tlic  orular 
gldlic  is  callnl  a  /iiiiii- 
Hjihire.  any  fourlli  a  ijnuil- 
rniit.  The  lateral  as])(Tts 
of  till'  globe  an-  distin- 
guished as  tem]mriil  and 
nasal. 

The  ej'eball  is  not  a 
perfect  sphere.     Its  an- 
tell)  -  posterior  diameter 
averages  24. 'J   mm.,   its 
transverse  diameter  23.0 
mm.,  and  its  vertical  di- 
ameter 23.2  mm.     The   radius  of  curvature   of   the 
cornea  is  considi'rahly  less  than  that  of  the  sclera  and 
a  slight  groove,  the  w/tjvi/  iiiilcti«,  separates  the  two 


the  angles  or  cantfii  of  the  eye.     The  external  angle  is 
sharp,  the   internal   rounded,    forming   a  slight   recess 


Fio. 


liW. -The    Eyehiill 
pared  witb  a  Sphere. 


Cum- 


Fio.  Iftii).— An  Emmetropic  or  Normal  Eye.  Parallel  rays,  a  h.  are  focussed 
uiHiii  Uie  retina :  while  divergent  ravs,  as  tliose  proceeding  Irom  the  point  c 
come  to  a  focus  bcliiml  tlie  relliia,  as  at  D. 


(see  Fig,  10.").5).  Individual  variations  may  lead  to 
visual  defects.  An  examination  of  the  aniaexcd  fig- 
ures (Figs.  1956,  19.")T,  and  1058)  -will  show  that  a 
lengthening  of  the  axis  of  the  ball  may  cause  the 
rays  from  distant  objects  to  focus  in  front  of  the  ret- 
ina, while  a  sliorlening  of  that  axis  may  focus  them 
behind  it.  The  average  weight  of  the  eyeball  is 
about  7  gm.,  its  specilic  gravity  about  1.077.  At 
birth  its  weight  as  comiiarcd  with  the  rest  of  the 
body  is  as  1:419;  at  maturity  it  is  as  1:4,832. 

Rf.i..\tions.— The  eye  is  "placed  just  within  the 
margin  of  the  pyramidal  cavity  of  the  orbit,  16  to  18 
mm.  from  the  optic  foramen  "(Figs.  1959  and  1960), 
usually  a  little  nearer  to  the  upper  margin  and  to 
the  temporal  side,  though  equidistant  from  the  up 
per  and  lower  walls  at  the 
e(iuator(Fig.  1961)  II  fills 
about  one-fifth  of  the  cav- 
ity, the  remainder  being  oc- 
cupied by  the  ocular  ves- 
sels, nerves  and  muscles. 
the  lachrymal  gland  and  the 
bidbar  fascia,  loose  orljital 
fat  lying  in  the  interstices. 
The  edge  of  tlu'  orbit  re- 
treats somewhat  on  the  tem- 
poral .side  so  that  the  eye- 
ball is  there  somewhat  more 
accessible  for  operation. 

In  front  the  eyi-  is  pro- 
tected by  two  movable  folds 
of  integument,  the  eyelids, 
or  piil/uhni',  which,  when 
open  (Fig.  1902)  form  an 
ai)erture  known  as  the  ric- 
tus jiiilj)i//nirum  or  palpe- 
bral opening  that  exposes 
nearly  the  whole  of  the  cor- 
nea and  a  considerable  jmr- 
tion  of  the  sclera.  About 
30  nun.  in  length  and  12  to 
15  mm.  high,  it  is  curved 
above  and  below,  luiiting 
interuallv  and  I'xteruallv  at 


Fin.  lli'i,.— A  Myopic  or  Short-slBhtcd  Eye.  Parallel  rays,  a  h,  convente 
before  reaching  the  retina,  llays  must  be  divergent  \a  order  to  foi-us 
there. 


known  as  the  laclirymal  bay.  It  is  here  that  are 
found  passages  for  the  removal  of  the  lachrymal 
fluid  (Pig.  19(i3).  Two  small  openings,  the  p'uKrtn 
hirhfjimuUii.  lead  into  the  short  lachrymal  ducts 
whicti  discharge  through  the  na,sjd  duct  into  the 
inferior  meatus  of  the  nose.  With  horizontally  di- 
recteil  vision  the  upper  lid  ini)iinges  slightly  ujion 
the  cornea,  the  lower  falls  near  Its  inferior  edge; 
when  looking  upward  a  strip  of  sclera  is  visible 
below.  The  axis  of  the  ])alpebral  opening  is 
slightly  higher  at  the  outer  angle,  but  when'  the 
eyes  are  closed  (Fig.  1964)  the  outer  angle  de- 
scends. 

The  lids  arc  lined  by  a  thin  epithelial  membrane, 
the  eonjiinrfirii,  which  extends  from  them  over 
the  anterior  surface  of  the  ball  (Fig,  1965),     The 


Fio,  19.58.— a  Hypermetropic  or  Far-sighted  Eye,    Parallel  rays  converge 
hcliind  the  retina.    Rjiys  must  be  cimvergent  in  order  to  focus  there. 


s  nasjil  pn)cess 
'/  of  sup,  lllil.X, 
AE 


optic  nerve 


eyeball 


malar  oone 


f  spben  o  I  d 
(      bone 


nnsnl  septula     / 
Intenial  carotid  artery 


chlasma 


optic  nerve 
e.viernal  rectus 
\  internal  R'ctus 

Internal  carotid  artery 


Fni.  1959.— The  Eyes  and  Optic  Nerves  Seen  from  Atwve  after  Removal  of  the  Roof  of  the  Orbit. 

Axis  of  Orbit ;  AE,  a.\ls  of  eye. 
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Kyr. 


pliii't'of  ri'llcrliMii  is  known  ii.s  llu' /"rxi'r  of  llir  ((injuiic 
tivii  iiuil  is  Kiliiati'il   !;)  nun.   fnim  tlii'  iipprr  lid,  U  mm. 


iciiitoriiiliH-lirn' 


fluprnorbltAl  nvn'r 


-  orclplUi-fninlallii 

( ortili'iiliiriN   imI- 
'*     |N-hniniin 

I'Vi'liniw 

_.wptuni  (irbltaU- 


—  —     m'pliim  nrbllali' 
Inferior  oblique 


Inferior  rectus 


eyebrow  ^ 


outer  aoKle 


capsule  of  Tenon 

fia.  1M0.— SaRttlal  Section  of  tbe  VLsiml  .\ppnniiu.s  TlirouKli  the  Summit  of 
tlie  I'oraen  aiiU  the  Optic  Foniiiieii.     (Murkel.) 

from  tlie  lower  oue  wlieii  the  eyes  are 
open.  Its  (iistanrf  frnin  tlir  coinon  is  10 
mm.  iiliiivc.  8  mm.  lu-low,  14  mm.  ill  tlie 
outer  luigle,  and  7  mm.  at  the  iuueraugle 
(Testiit). 

Within  the  orbit  a  thin  aponeurotic 
.sheet,  the  bullxir  fascin  or  caiiside  of 
Tenon,  separates  the  eveliall  from  the 
orbital  fat  (Fig.  19(>(iV  '  This  invests  the 
posterior  part  of  llie  ball  with  two  lay- 
ers, one  elosely  adlicrciit  to  Ihe  sclent  and 
sometimes  ealleil  the  i/iisclmi,  the  other 
relleeted  over  the  orbital  contents.  The 
two  layers  are  united  by  line  tnibeeuke, 
and  there  is  between  them  a  loose  la- 
cunar interval,  the  jHrixrltnil  Sjxn-f,  that 
communicates  with  the  perineural  space 
of  the  optic  nerve.  Processes  from  the 
bulbar  fa.scia  invest  the  structures  that 
pass  to  the  eyeball.  Those  that  ext<'nd 
upon  the  ocular  muscles  are  of  consid- 
erable surgical  importance.  Extensions 
also  pa.ss  To  the  fornix  of  the  conjunc- 
tiva, to  the  eyelids,  and  to  the  edges 
.of  the  orbit.     As   tlie  latter  assists  to 


relain  llie  contents  of  that    cavity,   it  U   known   as   the 

orliital  srjittini. 

DKVKi.nPMKNT.— Tile    percipient   portion  of    the 

eye   is,   like  ll ssential    part   of  other   orguiiH  of 

.s<-iisi',  derived,  either  directly  or  indin-clly,  from 
the  I'CtiHlerm.  In  its  simpli-st  form,  its  seen  in  in- 
vertebrates, it  consists  merely  of  ti  iruimiitary  cells, 
forming  eye  spois  or  n-tiiias,  siiiroundid  by  pig- 
ment and  eomniuiiicating  by  tilamentous  proeesHcs 
with  nervous  ganglia.  Often,  by  a  thickening  of 
the  epiilermis.  one  or  more  lenses  anr  developed  In 
comieclion  with  thesi-. 

In  vertebrates  the 4'eiodermal  integument  becomes 
infoldi'd  to  form  the  central  nervous  system,  and 
the  (Icvclopniiiil  of  the  eye  is  more  complicated. 
In  Ampliioxus  Ihiie  appears,  toward  Ihe  close  of 
the  eniluyoiiic  period,  on  the  swollen  anterior  end 
of  the  simple  tube  thai  forms  its  eentnil  nervous 
system,  a  |)igmente(l  spot  that  is  believed  to  repre- 
sent an  eye.  To  this  spot  rays  of  light  pass  through 
the  |)ellucid  .ielly  that  covers  the  animal  extenially, 
and.  arrestcil  by  the  i>ignient,  excite  directly  the 
cills  of  till'  ni-unil  tube  and  apparently  imjiart  an 
obscure  sensjition  of  vision.  In  this  primitive  form, 
therefore,  vision  apjiears  to  be  a  direct  function  of 
a  specialized  portion  of  the  central  nervous  system. 
An  examination  of  the  visual  organs  of  higher 
vertebrates,  including  man,  shows  that  here  too  the 
essential  element  was  primitively  a  portion  of  the 
central  nervous  system  which,  extending  peripher- 


superior       tarsal  part  (  .„ 

orb.-pal.  sulcus  :      orbital  part  f  "P'*'^  *'*"" 


outer  commissure 


ant.  edge  of  eyelid  ' 

post,  edge  of  eyelid 


/ 


pupil  lowereyelld  \ 


J  corn*'a    Willi    Iris 
^'  :  showing  through 

(conjunctiva  of 
,^  I     eyeball 


lachrymal  caruncle 


Inner  commissure 


-~^(  Inner   anele   and 
I     lachryiiiul  bay 


^  lachrymal  papilla 
'  Infrapal.  sulcus 


supraorbital  nerve 
levator  paliR'brse       |  superior  rectus 


supratrochlear  nerve 
superior  oblique 


infratroch.  nerve  - 
Internal  rectus 


xlllury  sinus 


Inferior  rectus        supramaxillary  nerve 
110.  1961.— Frontal  Section  of  the  Eyeball  In  tbe  Orbit.    (Merkel.) 
Vol..   IV.— 5 


Infer,  orbito-pal.  sulcus 
FIG.  1962.— The  Eye  as  Seen  with  Lids  Open.    (Toldt.) 


ally,  became  separated  and  associated  with 
other  elements  to  form  a  complicated  ajipa- 
ratus.  The  retina  may  be  regarded  as  a 
specialized  portion  of  the  cortex  of  the 
brain,  the  oi)tie  nerve  as  a  fibre  tract,  the 
lens  as  an  epithelial  invagination,  the  cor- 
nea, sclera,  choroid,  and  contents  of  the 
eyeball  as  connective-tissue  derivatives. 

In  Ihe  human  embryo  of  three  weeks 
(corresponding  to  the  chick  of  two  or  three 
days)  the  centr.il  nervous  system  is  also 
tubular,  being  formed  by  the  approxima- 
tion and  gradual  concrescence  of  the  edges 
of  a  groove.  The  area  that  is  to  form  the 
retina  lies  at  first  along  the  outer  edges  of 
the  groove,  in  the  region  known  as  the 
neural  crest,  from  which  also  originate  the 
cells  for  the  sensory  nerves.  Tlie  retinal 
cells  differ  from  the  latter  in  that,  as  the 
edges  of  the  groove  fold  over  to  form  the 
tube,  they  are  gradually  drawn  in  until 
thev  lie  alontr  tlie  sides  of  the  cavitv  (Fig. 
1907.  A.  B.  CT  D). 


-  -  temporal  muscle 

-  -  lachrymal  gland 

-  external  rectus 

-  -  Inferior  oblique 
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( siipprtor 
-  tachrvmal 

/  .lii.-l  ■ 


^  inner 

^  -  [iHlpebral 

"      I  lif^rurneiit 


t  niLsal 
'( duel 


The  (iciilar  vesicles  in  their  outward  gniwih 
soon  rejich  tlie  epithelium  or  eotoderiii  of  the 
side  of  the  head  which,  at  the  place  i>(  ( ontact, 
becomes  thieUeiied  and  cupped.  This  cup- 
pin;;  or  invairiiiatiou  coniiiuies  until  another 
vesicular  structure  Is  formed,  tin-  lenticular 
vesicle,  from  which  develops  the  crystalline 
lens.  The  intrusion  of  the  lens  upon  the 
prowing  end  of  the  ocidar  vesicle  causes  the 
latter  to  assume  a  shape  like  that  of  a  thin 
hollow  rubber  ball  with  a  marble  somewhat 
smaller  in  size  pressed  airainst  its  surface 
(Fig.  li)70).  IJecause  of  this  chaiiire  of  form 
it  is  henceforth  called  the  o|iiic  cup  (second- 
ary ocular  vesicle  I.  The  successive  changes 
are  shown  diagrammatically  in  Figs.  lilTl  to 
197.").  The  edge  of  the  cup  is  the  future 
margin  of  the  pupil ;  its  walls  are  double,  the 
inner  or  retinal  layer  being  nuich  thicker 
than  the  outer  one  in  which  ])igment  is  de- 
posited; they  are  at  this  stage  deficient  be- 


orblial  flit 

/ 
/ 

inferior  f ' 
oblique  muscle  i' 


infraorbital 
foramen 


lower  margin  of  orbit 

ant.  edgeof  evelid  show-  ( 
Ing  exit  nf  ollia  >  > 

Interaiarglnal  sul. 


Fig.  1963.— The  Uichrymal  Passages. 

This  peculiar  displacement  of  the  cells  of  the 
retinal  area  is  made  possible  by  delay  in  the 
concrescence  of  the  edges  of  the  groove.  If 
this  occurs  prematurely  the  foetus  develops  but 
a  single  orbital  cavity,  a  tei"atological  phenom- 
enon known  as  cydopin,  wliicli  differs  accord- 
ing to  the  stage  at  which  union  takes  place. 
If  early,  the  two  retinas  may  be  fused  together 
to  form  a  single  eye ;  somewhat  later,  tlie  two 
are  imperfectly  united;  still  later,  two  eyes  ex- 
ist in  a  single  median  orbit. 

At  the  period  we  are  considering  the  neural 

upper )  orbital  part       sup.  orbito-palpebral  sulcus 

eyelid  l  tarsal  pan    |  I  eyebrow 


openings  of  Mei-  i. 
bomian  glands  ( 


outer  angle 


outer  commissure 


Pinguecula 


papilla  larbrymalis 

/  lachry.  caruncle 


.( inner  angle  and 
'*  lachrymal  bay 


plica  semilunaris 


limbus  of  cornea 


infer,  fornix  of 
conjunctiva     f 

bulbar  conjunctiva 
palpebral  c<injunctlva 

Fig.  1965.— Widely  Opened  Eye  of  an  Elderly  Person;  Lower  Lid  Everted. 

low  where  growth  is  less  rapid  and  a  fissure   is  thus 
formed,  known  as  the  choroidal   cleft,  through  which 


outer  I / 

angle  I  ^^.^-^    "•   ifnipalpebral 

sulcus 
nuia  palpebrarum 
lower  eyelid 

ciLliL 

FIG.  1964.— Eyelids  of  Right  Eye  when  Closed.  ^ 

tube  shows  at  its  cephalic  end  three  bulbar  enlargements, 
the  primary  cerebral  vesicles.  It  is  from  the  anterior  of 
these,  the  forebrain,  that  arc  formed  the  parts  immedi- 
ately concerned  with  vision:  the  retinal  areas,  the  optic 
nerves,  the  corpora  geniculata.  and  the  optic  thalami. 
The  forebrain  now  widens  out  laterally,  forming  two 
hollow  protrusions,  whose  bulbar  extremities,  containing 
the  retinal  areas,  are  called  the  primary  ocular  vesicles, 
the  constricted  pedicles,  from  which  the  optic  nerves  are 
formed,  being  known  as  the  optic  stalks.  The  cavity 
of  each  still  communicates  freely  with  that  of  the  fore- 
brain (Figs.  196«.  1969). 


Fig.  Iflfifi.- Sagittal  Section  of  the  Eye,  showing  the  Bulliar  Fascia 
and  Its  Attachments,  a.  Prolongation  of  bulbar  fascia :  h.  levator 
palpebni' :  c.  re<'tus  siiiterior:  »/.  iierineunil  space:  r,  r\  septum 
orbltale :  f.  tendon  of  levaior:  i/.  tarsus  superior;  /i.  <v>mea;  i, 
tarsus  Inferior;  k.  Inferior  rwtus  muscle  :  I,  inferior obllrue  muscle; 
m,  prolongation  of  bulbar  fascia. 


f.r. 
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y.yr. 


wiiniloriiif;  iiieticnt'hyniul  c-cIIh  pciiotratv  lM>twii'ii  tin;  rcl- 
inn  mill  till'  IciiH  In  fitrni  llie  vilrcmishody.  The  inter- 
viil  bclwccii  llir  liivcrs  is  wmui  iil)liirmlril.  Tlif  nnlnil 
artt'ry  of  llic  rclina  ciitiTs  tlu.'  cleft  liiieli  nf  the  eiip, 
tipou  the  optic  8lalk,  thus  l)vcnniiii),'   tiimlly  cucluscd 


nii'<lluii  iiiwiim 


rt'liiiul  arm 


lens  vcslilo 


Fig.  1967.— Dfa<rrains  showing  Mie  Displacement  of  the  Retinal  Cells 
and  their  Relation  to  the  First  Cerebral  Vesicle.  (Dejerine.)  .1 
anil  /{  sliciw  the  earlv  developnient  of  the  llrst  primitive  cerebral 
vesicle:  ('.the  primitive  ix-ular  vesicle:  D.  the  secondary  ocular 
vesicle  and  the  lens  vesicle. 

within  the  optic  nerve.  The  cleft  clo.«es  early  but  a 
trace  of  it  may  often  be  found  in  the  adult.  If  the  clos- 
ure is  incomplete  the  ocular  defect  known  as  coloboma 
occurs,  causing  distortion  of  the  pupil  or  a  defect  of  the 
visual  field. 

The  retina  develops  like  a  part  of  the  cerebrospinal 
axis.     Spongioblasts  and   neuroblasts  arise    in    it,    the 


former  developinf; 
into  the  snpportinK 
tiNslle  of  llir  ntiiia 
or  libns  of  .MUller. 
of  whiili  Ihe  ex 
piilideil  lia.ses  form 
Ihe  internal  limit- 
in;;  iiii'iiiliriiiie.  the 
distal  arliDrcMent 
e.Miemitiis  the  ex 
t  erini  I  I  i  mi  I  i  ii  g 
niemlirani'  in  wliiih 
.s  p  a  c  e  s  a  r  e  I  e  f  t 
which  eventually 
enclose  the  rods 
and  cones.  The 
neurobliisis  appear 
lirst  ill  the  area 
eeiitialis,  afterward 
extending  iieriplier- 
ally  as  far  as  Ihe 
ora  serrata.  Be- 
yond this,  in  the  retinal  layer  of  the  ciliary  region  and 
the  iris,  spongioblasts  alone  occur.  The  neuroblasts 
develop  axis-cyliiuh  T  proces.ses  that  grow  inward  along 
the  optic  stalk,  gradually  obliterating  its  cavity  and 
constituting  the  optic  nerve.     The   percipient  elementa 


Fid.  MHW.-nnUn  of  Hu- 
man Kmhrvo  fif  atiout 
FIfti-eii  luivs.  I  Mix.  I  A, 
(xiilMr  vi-kIiI.'  :  //,  ilmt 
MH-onilarv  vt-^ii-lf,  or 
veslch*  of  ciTi'linil  hemi- 
sphere: Z,  ilmlanii'n- 
eephalon  or  stt-Miid  «■<•- 
oniIar>-  v«9*lcle;  M,  iiililhraln; 


f,  Irilhmu.f 


iH'tween  mid-  and  liliidlmiln  :  }lh.  fourth 


Ilflh 


itndar>* 


s»'<'ondarv    vesicle;     .V. 

vesicle  :  (ill,  otle  Vi'slili'  ;  III.  fourtll  Ven- 
tricle: A'/f,  niM-k  curvature :  /fr,  |miiih  cur- 
vature: /*»t.  mammitlary  prtK-ess;  Tr, 
Intundilnilum. 


LttTti.teriTvi 


H-b. 

Fig.  1970.— Model  showing:  He- 
constniction  of  the  Optic  Cup. 
(Hortwijr.)  j*.  outer  wall  of 
cup.  which  txH'onies  the  plp- 
mented  layer  of  the  retina;  7\ 
Ha  inner  wall,  which  lN?comes 
the  n*I1na  :  x.  temp<irar>' space 
iH'lween  the  two  walls;  r, 
vltnvius  chamlKT  :  /,  lens :  c/i, 
choroid  fissure:  o;j.  hollow- 
stalk  of  cup  which  becomes 
the  optic  nerve. 

(rods  and  cones)  are  the  last  to  develop,  not  appearing 
until  the  fifth  month  in  man  and  after  birth  in  kittens 
and  rabbits. 

In  its  early  stages  the  lenticular  vesicle  is  propor- 
tionately larger  than  at  birth,  tilling  the  cavity  of  tlie 
optic  cup  so  that  there  is  but  little  space  left  between  it  and 

anterior  cerebral  vesicle 


Fig.  19i!9.— Dorsal  view  of  Head 
of  Chick  of  Fifty-eight  Hours. 
(Mihiilkovics.)  lAim.  Icrin., 
Lamina  lemiinalis:  F.h„  fore- 
brain  :  Opt.  c,  ocular  vesicle : 
M.h.,  midbrain :  H,  heart. 


ix'ular  t  / 
vesicle  f 

FIG.  1971.— Section  of  Head  of  Chick,  Second  Day  of  Inculiatlon. 
(Duval,) 
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the  rctiua.  Its  colls  are  soon  amiDged  in  a  single  layer, 
those  on  its  outer  aspect  remaining  cul)ical  and  forming 
the  so-euUed  lens  epithelium;  while  those  on  the  inner  or 

auteriur  oerebral  vesicle 


lens    I 
Teslele  t 


ocular  I 
vesicle  I 


Fig. 


I9B. -Section  of  Head  of  Clili-k. 
(Duvul.) 


liiril  Day 


Incultalion. 


ant.  cer. 

VCSlf 


•er.  I 

L-le  ) 


lens 
vesicle 


ocular  t 
vesicle  1 


Fig.  1973.— Further  Development  of  Retina 
and  Lens.  The  lens  vesicle  Is  still  attached 
to  the  epidermis.  (Duval.) 


retinal  aspect  become  greatly  lengthened  and  form  the  lens 
fibres  (Fig.  1970).  By  this  process  the  cavity  of  the  vesicle 
is  finally  obliterated."  At  the  equator  or  edge  of  the  lens 
there  is"  a  transition  region  where  proliferation  is  most 
active.  The  leus  increases  in  size  by  the  addition  of 
successive  layers 
of  fibres  which  ex- 
tend from  the  an- 
terior to  the  pos- 
t  e  r  i  o  r  surface. 
The  structureless 
capsule  of  the  lens 
is  now  believed  to 
be  a  product  of 
the  cells  them- 
selves and  not  of 
mesoblastic  o  r  i- 
gin. 

Besides  the  cap- 
sule proper  the 
lens  is  invested 
during  fietal  life 
by  a  vascular 
membrane,  the  tii- 
iiini  ranculom  leii- 
iis.  The  vessels 
that  suiiply  this  are  derived  from  the  hyaloid  artery,  a 
bnmch  of  the  central  artery  of  the  retina,  and  from  the 
long  and  short  ciliary  arteries  that  supply  the  iris  (Fig. 
Idfi).  The  supply  is  especially  great  around  the  equa- 
tor of  the  lens  where  proliferation  is  active.  The  por- 
tion of  this  mem- 
brane that  lies  in 
front  of  the  lens 
stretches  over  the 
pupil  or  mouth  of 
the  optic  cup,  and 
is  known  as  the 
pupillary  m  e  m- 
lirane.  The  tu- 
nica vasculosa  be- 
gins to  disijppear 
about  the  seventh 
month,  but  ves- 
tiges often  remain 
after  birth. 

Around  the  op- 
tic cup  and  the 
lens  the  meso- 
derm forms  a  coni- 
FiG.  iwri.— Further  Development  of  Retina  plcte  investment 
and  Lens.  The  lens  vesicle  hius  iM-ionie  en-  in  which  two  lav- 
tlrt'lv  detached  iiiiil  Ik's  at  the  entrance  lo  ..^^  mnv  lii'  liistiii- 
the  liptlc  cup.  The  Inner  layer  to  the  optic  ^'^'""J  oniisun 
cup  has  hcKun  i.i  tht.keu.  guished :  an  inner, 


more  vascular  one,  which  becomes  the  choroid  coat,  the 
choroidal  i)art  of  the  iris  and  the  pupillary  membniue: 
and  an  outer,  less  vascular  one,  which  forms  the  sclera 


conjunctiva     -  - 


vitreous  twdy 


piKmeuted  I 
laver      i 


Fig.  lit".').- -Further  Develupmeni  uf  the  lietlna  and  I>>ns.  The  pos- 
terior wall  of  the  lens  liits  U'lruii  to  thicken  ;  the  external  layer  of 
the  optic  cup  is  charged  with  pi^Tuent.  (Duvul.) 

and  cornea.     In  front  of  the  lens  a  cleft  appears  which 
enlarges  to  become  the  aqueous  chamber  (Fig.  1978V 

The  eyes  have  first  a  lateral  position  like  those  of  fishes, 
but  the  growth  of  the  superior  maxillary  and  nasal  proc- 
esses causes  them  to  assume  their  adult  situation.  At 
first  the  cornea  is  entirely  uncovered,  the  lids  develop  as 
folds  of  integument. 
The  nasal  duct  is  formed  in  the  fold  between  the 
superior  ina.xillary  and  nasal 
processes  by  the  canalization 
of  a  cord  of  infolded  eetoder- 
mic  cells. 

T/ii'  Oiiteriir  yihroiis  Coat. — 
Analogous  to  the  dura  mater 
of  the  brain,  this  tunic  com- 
pletely invests  the  eyeball 
except  where  penetrated  by 
vessels  and  nerves.  It  is 
g  composed  of  fibrous  tissue 
c  irregularly  arranged  behind. 
^  producing  the  while,  opaque 
§  sclera,  more  regularly  in 
front,  forming  the  clear, 
transparent  cornea.  It  is 
very  scantily  supplied  with 
vessels  and  nerves,  but  has 
numerous  lymph  cluiiinels 
that  appear  to  afford  it  nutrition.  Associated  with  these 
and  lying  in  the  interstices  of  the  tissue  are  various 
specific  forms  of  corpuscles.  The  density  and  hardness 
of  the  coat  efliciently  protect  the  eye  and  contribute  to 
its  shape,  which  essentially  depends,  however,  uiion  the 
tension  produccil  by  the  enclosed  contents. 
The  Sclerit. — Four-fifths  of  the  surface  of  the 

papillary  memlinine 
iris.. 


membrane 


Fig.  1976.— Final  Stages  of  De- 
velopment of  Lens.  The  cav- 
ity of  the  leus  vesicle  almost 
wholly  disappears,  t  Duval.) 


eveball 


long  ciliary  I.  _ 

artery        i 
short  ciliary  (. 

artery        \ 

capsular    I 


vitreous  Ixidy 


hyaloid  artery 
Fig.  1977.— The  Vascular  Tunic  of  the  Lens  in  the  Foetus.    f?oUman.) 
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Kjr*. 


Is  foniH'd  liy  the  tlcnsr.  opnq'ic  Rfriirtiiif  knnwn  ii«  llio 
"wliiltiif  llif  eye."     lis  cleiul   while  ii|)|H-imiiire  is  ihii' 


i'<i|ijtim'llr»-' 

(■iiliT  liiyi'i  ■>plli'  I'lip. 
Iiiiiir  liivi-r  "iillctuii. 

ittnitii 
unlfiiur  (-huiiiUT 
piiplJlao'  liii'iiil>niiii'     t^  ■( 


^ .  bjraluld  urtrry 


Fio.  iwr8.— Formation  of  tlio  Anterior  Cbanibor. 

1(1  till'  iiitrrfcrciicc  of  lifilil,  iicciisidiu'd  by  lln'  irici;iiliirly 
iiilcrw<ivt'ii  luitidli's  i)f  its  librcs.  In  t'liildreu  luiil  tlio 
diirkiT  riui's  tlii'  iiiidcrlyiiiir  pigiucnt  sliows  tbrougb  it 
sliglitly,  >;iviii);  it  u  bliiisii 
iiisl.  Ill  (lid  pcrsdiis  it  is  j-ol- 
lowish  fidiii  tlic  deposit  of  fat 
witliiii  it. 

Two  priiu'ipid  openings  oc- 
cur in  (he  selera:  one  in  front, 


viz.:  i\  posterior  riliiiry  spt,  iirmnifMl  nljoiit  the  npilc 
nerve  (Fin.  I!*"!",  lo^'cihcr  with  tlioKe  for  the  liiii^r  ciliiiry 
vessels  mid  ii('rv(  s  IviiiK  a  Hhort  ilistiime  further  for- 
wiird ;  II  middle  set.  eoliiprihiii).'  the  vorlicow  veins:  iind 
an  anterior  ciliary  t»jt  u  short  distance  Ixdiiiid  the  corneo- 
scleral junction. 

The  sclent  allains  its  inuxiiniim  thickness  of  ulxiut  1 
nun,  in  the  vicinity  of  the  optic  nerve  entrance  where  It 
is  rei|Uired  to  support  the  most  sensitive  part  of  the 
retina.  It  );r(iws  gradually  thinner  forward  until,  just 
liehinil  the  insertion  ol  the  recti  muscles,  it  is  hut  (l.:!.~i 
mill,  thick.  Tin;  tendons  of  those  mii.scles  reinforce  it 
to  some  extent  and  at  the  comeo-sclenil  junction  it 
measures  i).W)  mm. 

The  recti  muscles  are  inserted  liy  means  of  flatteiieil 
e.vpansions  that  blend  intimately  with  the  sclera.  The 
adjoiniii,!;  sketch  I  Ki>.'.  litH(l)  shows  thai  their  insertions 
follow  a  spiral  line  running  at  a  distance  of  .')  mm.  from 
the  corneal  margin  for  the  rectus  intcruus,  to  8  mm.  for 
the  rectus  superior.     The  oblique  muscles  are  inserted  in 


Fio.  ISW.-Post.  1 1  r 
sliowlnff  F.ntniii"''  " 
tut.)  .1.  Nii.siil  siili 
t.  vertical  nierlitliin 
(lljin  :  ;i.  optir  ncrvi 


'■r\i. 


"f    RlRht  Eye, 

■  Nnrve.    (Tes- 

ifiiiiHiral  side: 

li<>ri>:<)iitul  nierl- 

4.  4.  (■illiir\'  vess(?ls 


Fig.  1!>S(I.— Insertion  (^f  the  (Iciilar  Muscles  upon  the  Sclera  of  ihi;  Ri^ht  Eye.  Drawn  from  the 
determinations  of  Fuchs.  .1.  View  from  aliove:  7J.  from  iia.sal  side  ;  ('.  from  tielow  :  />.  fri»m 
lemiMinil  side :  /■>'.  in^m  the  fnmi :  F.  fnim  b(.'bind  ;  a.  rectus  superior :  /».  rectus  Inferior":  r, 
rectus  Inlernus ;  (/,  rectus  extemus :  c.  obliquus  superior :  /.  obllquus  inferior :  A,'  i.',  equat(->r ; 
rx.  axis.    In  F, )/ )/,  borlzontal  meridian  ;  xx,  vertKMl  meridian. 


and  nerves:  4'  4',  lonir  ciliary  arteries:  .5, 
h\  su|M'rior  vorticose  veins :  (J.  li'.  Inferior 
vorticose  veins. 


where  the  transpar- 
ent cornea  is  set 
into  it  like  the 
crystal  of  a  watch 

into  its  fnimc,  the  fibres  of  the  two  mutually  interbleud- 

ing:  one  behind,  where  the  optic  nerve  enters  at  the  so- 
called    "jilir    raiiiil   (optic 

forainen.    porus   opticus). 

Strictly    speaking    the 

sclera   is    not    wholly  de- 

licient  in  the  latter  situa- 
tion, as  it    is  represented 

by  a  perforated  sheet  of 

connective  tis.sue.  the  In- 

vtinii     eribroM.     through 

which   the   fibres   of    the 

optic     nerve    pass.      The 

canal  is  situated  about  3 

mm.    from   the    posterior 

pole  on  the  na.sal  side  and 

1  mm.  below  the  horizon- 
tal   ineridian.     Since    the 

fibres  of  the  optic  nerve 

lose    their     medullary 

sheaths  as  they  pa.ss  for- 
ward, the  canal  contracts 

funnel  wi.se  from  without 

inward,     terminating 

within     in    a     crest-like 

ridge,    the    jMxten    sclera. 

Other    perforations    for 

vessels  and  nerves  occur, 


the  posterior  hcmisiihere,  their  lines  of  insertion  being 
diagonal  to  the  meridians.  The  striated  fibres  of  the  in- 
ferior obli(jue  are  inserted  directlj'  upon  the  sclera  with- 
out the  intervention  of  a  tendon. 

The  density  of  the  sclera  is  considerable,  its  weight 
being  at  least  one-sixth  that  of  the  entire  eye. 


^ju'.bar  fascia. 


Vessel  surround 
ed  by  lym 
phatlc  sheath. 


Lamina  fbsca. 


Lamina  vascU' 
losa. 


^^^fV^^^— Cboriocapillarls. 


Basilar  lamina. 


Fig.  1881.— Transverse  Section  of  the  Sclera  and  Cbcrold.    (Testut.) 
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Tlir  solcni  is  ii  typiciil  loiiiioetivctissiic  slriicluro.  bc- 
iuii  cDiiiiioscd  i)f  white  liliioiis  lissut'  witli  ii  few  vcllow 
i-liislic  lihros  iiilciininirlcd  (Ki^'.  1!»SI).  On  lioiiiiif,'  il 
yii'lils  jiclatiii.  Tin-  b\iii(ll(S  iiiv  in  all  parts  of  it  irreg- 
ularly arnin;;c(l.  llmiiirli  <i|uati)iial  bands  are  ini)rc  coni- 
inon  near  the  edrne"  scleral  juuclion.  The  interstitial 
spacts  are  small  and  elefl  like.  In  their  walls  are  found 
l\.\ed  cells,  t he  scleral  ciirpuseles.  in  their  cavities  waiidi'r- 
inj;  leucocytes.  Piirmenledconneclivetissue  cells  occur, 
especially  in  the  deiper  layers,  where  their  air.irreiration 
gives  a  dark  lirown  color  to  the  tissue,  called  for  this 
reason  the   himiiui  fimat.     Perivascular  and  perineural 


post.  IlmttlnK  layer 


Fio.  1982.— Transverse  Section  of  Cornea  Slightly  Magnifled. 
lacb.) 


(Ger- 


lymph  channels  exteud  from  the  perisclcral  space  into 
the  tissue  alous  the  iuter])enptrating  vessels  and  nerves 
and  coniniunicate  with  a  lynipli  space,  the  penclioroidal 
sixire.  tliat  occurs  between  the  sclera  and  the  choroid.  It 
is  mostly  by  the  lymphatic  circulation  that  the  sclerals 
nourished,  as  its  blood-vessels  are  very  few. 

Near  the  corueo-scleral  junction  there  occurs  an  equa- 
torially  extending  channel  called  the  sclerul  sinus  or  canal 


w 


-Li 


Fi(i.  ISIKI.  -Swti.in  tlmHiKti 
the  ,\iiteriiir  Porlion  of  Ilie 
Curiii'ii  of  the  Ciilf.  (Wal- 
(lever. '  ((,  Flatl4Mieil  ('i>t- 
lliellal cells ;  II,  priihli'cells: 
r.  jiolymon>Ii*'Us  cells:  (/, 
iMisiil  Invcr  cif  flub  >lmix>d 
cells;  r.  ittiteriur  limiting 
ineiiibmiu' :  t  mni  (;.  sub- 
Btuuliu  |iit)|>ria  of  i-unu'u. 


Fio.  1981.- Isolated  Cells  from  the 
Comeal Conjunctiva.  ( Waldeyer.) 
^'1,  From  tlie  ba.*>al  layer;  Ii,  poly- 
niorphims  cells;  C,  iirickle  cells; 
I).  Ihilti'ncil  cells ;  /),.  pluno  view  ; 
D3.si'U'\li'\v  ;  K.younu'ccllsfrom 
the  iiii'Mlc  layers;  /-.'i.  cell  under- 
going division :  K^,  cells  with 
one  nucleus;  £j,  multinucleate 
cells. 


of  Schlemin.  that  is  now  considered  to  be  of  a  venous 
cliaractei-.  It  is  probably  by  this  avenue  that  the  aiple 
ous  humor  is  removed  fiom  the  eye  and  the  proper  in 
tercliangi'  of  lluidsefTected.  It  appears  to  have  no  direct 
communication  with  the  ehiimbers,  and  the  action  of  re- 
moval must  be  liy  iiilereellular  tiltratiou  (Leber). 


TIiP  nerves  supplying;  the  sclera  are  few  in  ntmiber  anil 
are  derived  from  tin-  ciliary  nerves. 

T/ic  t'in-iiiit. — This  is  also  a  couuective-tissuc  structure 
formed  of  superposed  aud  auiistomosiug  Itiinellie,  closely 


Fig.  198.5.— Section  through  Human  Coniea.  (Waldeyer.)  1,  Con- 
junctival epitlieliuin  ;  -.  anterior  limitini:  membi-ane;  3,  substantia 
propria;  4.  iMisu-rJor  liuiitint:  ineiubranc;  .'i.  ciidoihelial  layer;  «, 
tlbres  frcin  anterinr  liinitiitL'  iiicmbrniic  euiciiiii:  substantia  propria; 
)i,  Ilbres  I'ut  iniiisvcis.iy  anil  fasciculi :  c.  cnicul  corpuscles;  <i, 
fasciculi  cut  lengthwise  and  lliert-furc  ajipearinir  luniiugeneous  ;  c,  «', 
corneo-scleral  junction. 

applied  to  each  other  aud  with  no  substance  intervening 
that  can  vary  the  refractive  force  of  its  libies.  Although 
composed  of  many  dilTerent  units — epithelium,  limiting 
membiaiies,  successive  layers  of  connective  tissue,  lymph 
channels,  corpuscles  and  nerves — all  have  thcssinie  index 
of  refraction  and  the  membrane  is  perfectly  transparent. 
A  slight  disturbiuicc  tending  to  derange  its  mechanical 
adjustment,  such  as  comprcs.sion  or  other  strains,  the  ab- 
sorption of  Huids,  etc..  at  once  beclouds  it. 

The  history  of  its  development  shows  that  its  layers 
may  be  classitieil  according  to  their  sources:  (1)  onijiinc- 
ticiil.  forming  the  exterior  layer  of  epithelium,  derived 
from  the  ectoderm;  (2)  scli-ral,  forming  the  main  ])ortiou 
of  the  structure  together  with  its  anterior  limiting  mem- 
brane, derived  like  the  sclera  from  the  mesoderm  (mes- 
enchyme); C-i)  rhomiihd.  forming  the  endothelium  lining 
till'  ;interior  chamber  together  with  the  posterior  limiting 
membrane,  also  of  ectodermie  origin  but  correlated  with 
the  middle  tunic  of  the  eye. 

Set  like  a  window  in  the  fraiuc  of  the  .sclera  its  outline 
is  slightly  elliptical,  its  horizontal  diameter  being  11.6 
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Br*. 


mm.,  whili-  Us  vcrticnl  ono  is  Init  11  mm.     The  outer 
ami  iiiuiT  8iirfiU'es  iirf  uii('c|iitilly  rurvcd,   tlio  iiiiicr  one 


Flo.  1W<8.— SpTtlon  of  lliinmn  Ciimfa  Stained  with  riilnrlde  of  Gold, 
slioninK  the  lora™!  CunmscU's  ami  Ncrvi'  Kiullnirs.     (WaUli'ver.) 

havine  iiciirly  the  curviiturc  of  a  sphere  with  a 
mdius  of  0  tii'm.,  wliilc  the  outer  one  has  that  of  an 
ellipsoid  with  a  horizontal  mdius  of  7.8  mm.,  and 
n  vertieal  one  of  7.7  mm.,  even  greater  variations 
being  freinientlv  observed.  The  surfaees  therefore 
are  not  pamllei.  and  the  thiekness  of  the  eornea 
varies  from  1.1  mm.  at  its  piiiphery  to  0  9  at  the 
oeular  a.\is.  It  attains  its  permanent  dimensions 
early;  its  weight  aveniges  180  nigm..  one  fortieth 
that'  of  the  entire  eve;' and  it.s  specific  gravity  is 
1.076  (Davv).  Its  i'nde.K  of  refraction  is  1.3523, 
that  of  disti'Ued  water  being  1.33r)S(Krause).  Wlieii 
boiled  it  yields  a  form  of  chondrin  instead  of  gelatin 
as  docs  tiie  sclera.    It-s  iiercentagc  of  water  is  72.7."). 

The  main  substance  of  the  cornea  is  "a  lamellated  con- 
nective tissue  line<i  both  without  and  within  by  clear 
structureless  limiting  mi'mbnmes,  then  clothed  without 
bv  the  epithelium  iif  tlie  conjunctiva,  witliin  by  the 
endothelium  of  tlie  anterior  chamber.  Thus  there  are 
five  varieties  of  tissue  to  be  considered  (Fig.  1982). 

The  corneal  conjunctiva  is  an  epithelium  correspond- 
ing with  that  of  the  general  surface  of  the  body,  but 
having  fewer  layers  of  cells  and  no  corneous  layer.  The 
deeper  cells  are"e.\i)anded  at  the  base  and  show  signs  of 
mitotic  division  isce  Figs.  1983, 
1984).  Those  of  the  middle  layer 
("prickle  cells")  are  stirrounded 
by  intercellular  pas.sagcs  that 
permit  tlu'  circulation  of  lymph. 

The  anterior  limiting  mem- 
brane (Bowman's  membrane,  an- 
terior elastic  lamiiiat  is  a  clear 
anhistous  sheet  that  lines  the 
cornea  under  the  conjunctiva 
up  to  near  the  margin,  send- 
ing down  into  the  deejier 
layers  fibres  of  a  similar 
character.  It  behaves  with 
reagents  like  the  spiral  fibres 
that  encircle  comiective-tis- 
sue  bundles,  not  dilating 
when  treated  with  acetic 
acid,  and  resembles  the  sub- 
epithelial basement  layer  of 
many  menibranes. 

The  proper  tissue  of  the  cornea 
presents  from  sixty  to  si.xty-five 
lamellie  (Fig.  198."))  composed  of 
flattened  bundles  of  white  fibrous 
tissue  arranged  nearlvat  right  an- 


({Ip»  to  each  ntlin  11.  i  wi.  n  iIji-hc  Ik  an  intricate  RVfitetn 
of  inlerfusciculur  spaicsor  l\  inph  laiiiii/e  <oniir<  li  d  with 
each  other  by  tine  caiuils  anil  cuntniniiig  li.Mil  i clLs,  the 
corneal  corpuscles  (Fig.  19M»().  Tlies<- liaveu  reu-mblanco 
to  the  osteoblasts  of  bone  In  thai  tlicy  occupy  interstilial 
spacesand  apparently  send  lini-  branching  proeeH.ses along 
delicale  canals  that  communicate  with  other  spaces.  Wan- 
dering cells  are  also  found  in  the  paiisiiges  of  the  cornea. 
At  the  corneal  nmrgin  these  pa.s.sages  communicute  with 
similar  ones  in  thi'  sclera. 

TIk'  posterior  liniitiiig  membrane  (membmne  of  Des- 
cemet,  of  Deinours,  of  Duildi'll,  posterior  elastic  lamina) 
is  also  an  anhi.stous  layer  but  apparently  (piite  dilTerent 
in  diameter  and  origin  from  the  anterior  limiting  mem- 
brane. Its  increase  with  age,  and  certain  irregularities 
found  on  its  surface  lead  to  the  conclusion  tliat  it  is 
produced  by  the  endothelial  cells  which  it  supports.  At 
the  margin  of  the  cornea  it  becomes  thickened  into  u 
ring  like  zone,  the  iiniiiilnr  li'/uininl,  beyond  wliich  it 
can  be  traced  over  to  the  insertion  of  the  iris,  as  a  series 
of  distinct  bundles  of  fibres,  the  jiertiiinte  liffiiuient,  sepa- 
rated by  minute  clefts,  the  »paces  of  Fontana  (Fig.  1987). 


Fig.  1!>87.— Meridional  Section  Showlnc  the  Conneotion  Between  the 
Cornea  and  the  Middle  foat  of  the  Eye.  (Testut.i  a.  Posterior 
llmilinK  layer;  />,  annular  lipiment :  r,  scleral  11 1  ires ;  </,  ciliary 
ntires ;  f,  t)osterior  tlbres  forming;  the  ])e<"tlnate  ligament :  /.  Fon- 
tana's  space ;  y.  scleral  sinus ;  /i,  meridional  lllires  o(  the  ciliary 
inusele :  i,  annular  dbirs  of  same ;  U,  ciliary  process ;  !,  Iris :  in, 
cornea ;  ».  anKle  of  the  iris  :  o,  sclera ;  p,  scleral  vein. 

The  endothelium  that  forms  the  posterior  boundary  of 
the  cornea  is  a  flattened  single  layer  of  cells  similar  to 
those  usually  lining  .serous  cavities.     It  is  continuous 


Fio.  Iflss.-The  looped  Manrlnal  Plexus  at  the  Periphery  of  the  Cornea.    (.TValdeyer.) 
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over  llip  aciito  peripheral  portion  of  the  anterior  chamber 

ikniiwii  us  the  ninjU  cf  l/u  iri^)  with  tlic  endotlieliuiu 
liuiiijr  the  anterior  siirliiee  of  the  iris. 

In  the  healthy <(>riiea  there  are  no  blood-vessels,  c.vccpt 
just  at  the  niargin  where  vessels  from  the  sclera  form 
a  looped  network  (Fig.  IfISS).  Xotwithstandini;  this 
wounds  of  the  cornea  hcul  rapidly,  nutrition  being 
alTorded  by  the  eopio\is  supply  of  lymph. 

The  uirvis  tluit  sujiply  the  eornia  are  derived  from 
the   anterior  eiliaiv  set   which    I'urru.   near  the  corueo- 


pigmented  vascular  membrane  that  extends  from  the 
I  optic-nerve  entrance  as  far  as  the  boundaries  of  the  visual 
j  retina  where  it  is  limited  by  a  crenulate  line  called  the 
'  orti  sernitii  ;   (i)  the  ciliary  choroid,  or  ciliary   body,  a 

thickened  portion  containing  muscular  fibres  and  vascular 


I  t 

Fig.  lilKO.— Nerve  I'lexuscs  I'f  the  Cornea.  (Testut.i  1, 1.  Two  affer- 
ent nen'e  Inniks ;  -.  di'ep  stroma  plexus ;  3,  subepilbelial  ple.xus ; 
4,  iDtra-epitbelial  pU'.\u»;  a,  cornea  proper:  6,  anterior  limiting 
membrane ;  c,  anterior  epitbellum. 

scleral  junction,  a  close-meshed  plexus,  the  plej-rm  aiiiiu- 
lari.1,  from  wliicli  sixty  to  eighty  nerves,  containing  both 
medulluledand  uoumedulluted  fibres,  pass  to  the  cornea, 
two-thirds  going  toward  the  anterior  surface.  They 
soon  lose  their  medullary  sheaths  and  form  a  second 
ple.xus,  the  ilcep  stroma  ple.eus  (primary  plexus,  funda- 
mental plexus)  (Fig.  1989).  Reaching  the  anterior  limit- 
ing membrane,  perforating  fibres  from  this  plexus  peue 
trate  that  layer  and  unite  to  form  a  third  or  suhepithelial 
pU'-ciin  from  which  again  fibres  pass  between  the  epithe- 
lial cells,  forming  a  fourth,  or  intra-epitheUal  plem». 
From  this  as  well  as  from  the  subepithelial  plexus  ter- 
minal filaments  are  given  otf  on  which  are  formed  end 
organs  shaped   like   rounded   bulbs,   hooks,  loops,   and 


Fig.  190O.— Branched  Cells  of  the  Choroid. 

platelets.  So  rich  is  this  supply  that  it  appears  prob- 
able that  every  epithelial  cell  is  in  actual  contact  -with  a 
nerve  fibre  or  its  terminal. 

The  iticMlc  iir  Vdxrulav  Coal. — Considered  from  an 
cmbryological  point  of  view  this  coat  is  proiierly  divided 
into  four  regions:  (1)  The  choroid  proper,  comprising  the 


Fig.  1991.— Swlion  o(  the  Human  Cliorold.     (BOhm  and  von  DavidofT.) 

plexuses :  (3)  the  choroidal  part  of  the  iris,  comprising  the 
greater  portion  of  the  colored  curtain  which  is  stretched 
in  front  of  the  lens;  (4)  the  corneal  choroid,  comprising 
the  corneal  endothelium  lining  the  anterior  chamber  and 
its  product,  the  posterior  limiting  membrane.  These 
last  have  already  been  described. 

This  coat  generally  offers  a  marked  contrast  to  the 
other  two  by  its  vascular  and  pigmented  character,  and 
has  been  compai'ed  to  the  jiia  nuiter  of  tlie  brain.  Its 
function  is  essentially  nutritive,  and  it  supplies  the  fluids 
that  fill  the  eyeball  and  preserve  its  tension.  It  is  soft, 
yielding,  and  easily  torn  or  injured. 

T/w  Choroid  Proper. — This  portion  of  the  middle  coat, 
covering  about  two-thirds  of  the  eyeball,  is  a  loose, 
vascular,  extensible  tunic  about  0.1  mm.  in  thickness 
at  the  optic-nerve  entrance,  thinning  gradually  to  about 
half  that  at  the  ora  serrat^i.  It  is  imperfectly  separated 
from  the  sclera  by  the  suprachoroidal  space,  intervening 


ciliary  I 

muscle  f 


/  !  '  I    ,^ 


c  1 1  i  a  r  y  I    «? 
nerves  1 


'1  \'W 


I  vence  vor- 
>     Ucosae 


# 


Fir..  Iflne.— Tlie  Chorolrt  Viewed  from  its  Outer  Surface.     (Merkel.) 

bands  of  fibrous  tissue  as  well  as  numerous  perforating 
vessels  and  nerves  uniting  the  two.  Its  inner  surface 
is  smooth  and  closely  applied  to  the  pigmented  layer 
of  the  retina. 

Its  color,  depending  on  the  pigment  deposited  in  its 
cells  and  the  amount  of  blood  iu  its  vessels,  is  a  dark  or 
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Kjrr. 
tit*. 


ri'iIiIlKli  briiwn.  mhiku  Imi  lighter  in  ilir 

njil  iliiiii  ill  till'  yoiini;.  a 

'I'lir  );cii(nil  siili>liiii«c  or  stntiiiii  of 
till'  cliiiiciiil  is  ciiiiiiMiscd  (if  iiitorwiivcn 
Inilicculii'  cif  cciiinii-livr  lisMic,  iHith 
wliilc  tiiiil  clii.slic.  sii|i|iiirliiiK  II  larjjc 
iiuiiilx'r  iif  liliMiil  vessels  mid  eoiiliiiii- 
in>;  iimiiy  irreitiiliirlv  liniiiched,  pig- 
ineiited  eells  (Kif;.  MKMI).  'I'lie  outer 
liiyer.  iM'iii);  more  loosely  wnveii  and 
containini:  fewer  vessels,  is  known  as 
tlie  liiiiiiiiii  mipnif/nniiiiltii  :  llmt  next 
to  it.  eonlaiiiiiig  the  larjiest  veasels.  is 
tile  liiiiihiii  nixfiiliMi  ;  the  next  layer 
havin;;  iin  extremely  rieli  network  of 
rapillarii's  is  the  luiiiiiin  rhoriiinipH- 
Uirii. :  while  the  anhistous  liniitini; 
ineiiiliniiie  that  sepanites  this  from  the  retina  is  tin- 
liiiiiiiKi  IkikiiUx  (Fii;.  lUKU. 

Wliih'  the  suprarhoroidea  is  not  itself  reiimrkalily  rich 
in  vessels  and  nerves,  its  loose  tissue  allords  an  avenue 
by  which  they  readily  penetrate  to  their  ultiiniitedestina- 


Fio.  IflW.— Thi>  Cnplllnrv  Network  of  ttie  Choroid,  a,  Neiir  Itie  optle-nene  pnlmnw:  h, 
iitM)iit  the  )H|iiiitnr  of  the  eyeluill ;  r.  near  the  ore  serrnla.  The  vefnn  nre  sirluleil  lonifltu* 
illnnlly,  the  iirter<<':<  iniiiDVerwIy,  the  rapllIarleH  nn-  l>lark.  Tbu  latter  are  oiiljr  half  an 
Imtail  it.s  iliey  otiKht  to  Im*. 


tapttiim  tliBt  causes  Ilie  metallic  slieen  observed  in  the 
eyes  of  many  lower  uninmls  under  certain  conditions  of 
rellectcd  li^'ht. 

The  choriocapillaris  or  membrane  of  Huysch  (Fig. 
liti)4)  is  a  dose-ineshed  network  of  capillaries,  so  close, 
in  fact,  that  the  space  occupied  by  the  vessels  is  greater 
than  the  intervals  between  them.  This  appears  to  be 
required  for  the  nourishment  of  the  closely  contiguous 
percipient  layer  of  the  retina.  (.<..  tbe  rods 
and  cones,  to  which  the  jiroper  arteries  of 
tbe  retina  do  not  penetrate.  The  vorticose 
veins  begin  in  this  layer  by  capillary  whorls, 
sometimes  called  the  iitur^  nf  Winsloir  (Fig. 

i<)!r>i. 

The  basilar  lamina,  also  known  as  the 
vitreous  inenibrane.  or  the  membrane  of 
Bruch.  is  structureless  or  nearly  so.  and  ap- 
pears to  be  analogous  to  the  basement  mem- 
bniiie  of  epithelium. 

The  long  and  short  ciliary  nerves  send 
vasomotor  twigs  to  the  choroid,  and  lym- 
phatics gather  tluid  from  its  numerous  in- 
terspaces. 

T/ii  Vilinry  Bodi/, — The  wavy  line  of  the 
ora  serrata  marks  the  liniil  of  the  layer  of 
rods  and  cones  of  the  retina  and  of  its 
trojihic  layer,  the  choriocajiillaris  (Fig. 
19H.">i.  From  this  line  to  the  border  of  the 
iris  curtain  the  middle  tunic  of  the  eye  is 
marked  by  linely  radiate  striie  resembling 
cilia,  hence  the  name  that  has  been  ap- 
plied to  this  region.    The  posterior  portion. 


^* 


no.  inre.-l'artlally  DIatrrammatIr  ISepresentatlon  of  tbe  Course  of 
the  Vessels  In  the  Choroid,  ilx-lier. i  Cli,  ehorolil :  ./,  iris;  .1/c 
rllliin.-  niiis-U's:  7V,  elMiiry  processes:  (Ic,  ciliary  riiiK ;  '),  optic 
nerve  entrance;  .1'*.  shnii  posterior  ciliary  arteries;  -t/,  lonj?  |h)s- 
terior  ciliary  arteries ;  -4n.  anterior  cilfar>*  arteries ;  f  on,  preater 
arterial  circle  of  Iris :  I'r,  vorticose  veins ;  r,  r,  reeiirrenl  arteries. 

tions.  The  long  ciliary  arteries  and  nerves  lie  almost 
wholly  in  this  layer  in  their  transit  forward  to  supply 
the  iris  and  neighboring  structures  (Fig.  1992). 

The  art<Mies  of  the  lamina  vasculosa  (Fig.  1993)  are 
derived  mainly  from  the  short  ciliary  set  that  ])enetra1e 
the  ball  by  about  twenty  small  branches  in  the  vicinity 
of  the  optic  nerve.  The  main  vessels  of  this  layer  are, 
however,  the  vorticose  veins,  from  four  to  eight  large 
trunks  formed  by  converging  whorls  of  vessels.  They 
are  usually  arninged  in  a  nearly  symmetrical  manner  in 
four  sets  nearly  ninety  degrees  apart,  and  jtenetiate  the 
sclera  olili(|uely  near  the  equator.  Owing  to  this  oblique 
penetration  their  clischarge  is  liable  to  be  interfered  with 
by  pressure  from  without,  particularly  from  the  action 
of  the  ocular  muscles.  In  the  deepest  part  of  this  lamina 
are  found  wavy  bundles  of  clastic  tissue,  a  vestige  of  the 


Fio 


liSfi.— The  Origin  ef  ilic  Clu.n.lilul  Veins,  '.\mold.l  1.  1.  One 
f  the  Innrer  veins:  2.  -'.  coinrnniiicatinir  veins.  :j,  3,  "Stars  of 
Winslnw,"  or  vortical  whorls  of  ca|>lllarie*  'ly  which  the  veins  arise 
from  tbe  cboriocapUlary  layer. 
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conipiimlivcly  snidolli.  is  known  as  tlic  rili'nri/  ring  or 
orl)iciilus  (iliaris;  the  iintciinr  imrtion.  tliickcucd  and 
plicated  in  a  nifiididnal  diri-cliim,  is  known  as  tlie  corona 
nuiiiitn.     Botwecn   llii'se  and   the  sclera,   in   the  more 
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Fig.  1996.— The  Ciliary  Body  as  Seen  from  Behind.    X  3. 

su]icrti(ial  jiortiou  of  the  middle  coat,  lies  an  annidar 
band  of  muscular  tissue,  known  collectively  as  the  cili- 
ary iiiiinch'. 

The  ciliary  ring,  about  4  mm.  broad,  is  formed  of 
nearly  straight,  uubranched  vessels  for  conveying  blood 
either  forward  to  the  corona  radiata  or  backward  to  the 
vorticose  veins,  imited  by  a  loose  stroma  like  that  of 
other  portions  of  I  lie  middle  coat.  The  basilar  layer  is 
continued  forward  and  is  even  somewhat  thickened. 

The  corona  radiata  is  the  zone  lying  between  the  mar- 
gin of  the  ciliary  ring  and  the  outer  margin  of  the  iris. 
It  derives  its  name  from  the  radiate  arrangement  of  its 
characteristic  featuj-es,  the  ciliary  processes,  club-shaped 
plications  from  2  to  3  mm.  in  length  and  0.12  mm.  wide, 
that  lie  in  a  meridiona!  direction  (Fig.  1997).  They  re- 
.seinble  the  glomeruli  of  the  kidney  in  containing  convo- 
luted blood-vessels,  and  doubtless  assist  in  the  production 
of  the  aqueous  humor.  The  suspensory  ligament  of  the 
lens  (zonida  ciliaris)  extends  backward  over  them  as  far 
as  the  ora  serrata.  some  of  its  fibres  springing  directly 
from  the  stroma  of  the  processes.  A  marked  interval 
separates  the  corona  from  the  iris. 

The  <'iliary  muscle  (Fig.  1998)  occupies  a  zone  6  to  7 
mm.  in  width  and  triangular  in  meridional  section,  reach- 
ing a  ma.xiinum  thickness  of  0.8  mm.  It  takes  its 
origin  from  the  annular  ligament  and  the  sclera  in  the 
neighborhood  of  the  scleral  sinus  and  is  inserted  upon 
the  stroma  of  the  middle  coat  in  the  region  of  the 
ciliary  body  and  beyond.  Its  most  superficial  fibres  are 
directed  meridionally  and  constittite  the  tensor  choroidea 
of  IJri'icke;  tli<ise  next  succeeding  ajiproach  more  and 
more  n  radial  direction  as  they  get  deeper:  and  the  deep- 
est of  all  are  arranged  cciuatorially.  constituting  the  com- 
pressitr  Itnlis  of  H.  AlUller.  The  office  of  the  muscle  is 
to  draw  the  choroid  forward  and  tlius  relax  the  stispen- 
sory  ligament  of  the  lens,  wliicli.  being  no  longer  lield 
ten.se.  assumes  a  more  convex  shape  suitable  for  the  refrac- 
tion of  diverging  rays  from  objects  near  at  hand,  lu 
myopic  eyes  the  circular  tilires  are  fewer  in  number  or 
wanting,  while  in  hyperiuetropic  eyes  they  are  greatly 
increased. 

Many  ancient  anatomists  (Eustachius,  Scheiner,  Plem- 
l)ius,  Descartes)  suspected  that  this  structure  was  mus- 
cular, but  the  first  to  demonstrate  it  from  actual  micro- 
sco])ic  I'xamination  appears  to  have  been  an  American 
oculist.  AVilliam  Clay  Wallace  of  New  York  City,  who, 
in  183.">.  publisheil  in  the  American  Journal  of  .Sciences 
and  Arts  an  article  "On  the  Accommodation  of  the  Eye 
to  Distances,''  saying  : 

"At  the  base  of  the  ciliary  proces.scs.  upon  the  inner 


surface  of  the  choroid  coat,  there  is  a  range  of  muscular 
fibres.  In  the  sheep  the  fibres  of  the  iipper  portion  run 
transversely  to  the  ciliary  proees,ses;  those  of  the  lower 
])orlioii  run  par.iUel  to  them." 

IJriUke.  to  whom  the  credit  of  the  discovery  of  the 
meridional  fibres  is  usuallv  given,  did  not  describe  the 
muscle  until  1840.  and  H.  Nliiller.  usually  credited  with 
the  discovery  of  the  equatorial  fibres.  ))ublished  first  in 

IH.")"). 

The  muscle  is  sup]iliid  by  the  long  ciliary  nerves  frimi 
llienasid  branch  of  theophtlialmie  and  liy  the  short  ciliary 
from  the  ciliary  ganglion.  'I'hese  form  within  the  .sub- 
stance of  the  muscle  a  ring  like  plexus,  the  ciliary  j/tijiis 
lorbiculus  gangliosns),  from  which  ]>ass  fibres  of  appar- 
ently motor  function,  ending  free  bet  ween  the  muscle  cells, 
vasomotor  fibres,  and  also  .sensory  fibres  with  terminal 
end  organs.  Some  of  the  latter  are  believed  to  impart  an 
accurate  appreciation  of  the  contraction  of  the  muscle. 

77«-  Jris. — This  colnreil  diajilnagm.  ]iiereed  with  its 
central  aperture,  the  imjiil.  hangs  freely  but  not  quite 
vertically  in  the  ai|Ueous  eliainber.  iis  outer  or  ciliary 
border  attached  just  liehind  the  corneoscleral  junction, 
and  its  free  or  pujiillary  border  resting  a  little  anterior 
to  the  other  upon  the  lens.  Behind,  its  tissue  is  continu- 
ous with  that  of  the  ciliary  body,  in  front  with  that  of 
the  pectinate  ligament  and  the  angle  of  the  iris. 

Its  diameter  is  fnjm  10  to  12  mm.,  its  thickness  0.4  mm. 
when  lax.  increasing  to  double  that  amount  when  con- 
tracted. The  pupil,  slightly  eccentric  toward  the  nasal 
side,  varies  from  1  to  8  nun.  in  diamet<r,  according  to  the 
state  of  ccmtractiou  of  the  iridial  muscles. 

It  will  be  remembered  that  the  pupillary  border  of  the 
iris  forms  the  edge  of  the  optic  cuji,  which  here  doubles 
back  upon  itself  and  becomes  invested  by  the  vascular, 
mesodermal  layer  that  produces  the  clioroUI.  Hence  the 
iris  is  composed  of  two  genetically  distinct  ])ortious:  a 
retinal  one,  secondarily  derived  from  the  ectoderm,  hif- 
louging  to  the  optic  cup  proper;  and  a  choroidal  one, 
mesodermic  in  origin  (Fig.  1999).  Since  the  retinal  por- 
tion contains  no  percipient  elements  it  will  be  convenient 
to  consider  all  together. 

Viewed  closely,  the  anterior  surface  will  be  seen  to 
present  two  concentric  zones,  pupillary  and  ciliary,  sepa- 


Fjo.  1907.— fnjiTti-il  Ciliiirv  Fhh-.-ssis  Vliwi-d  from  Belilnd.  (Sap- 
per.)  1.  i,  Vi-niius  ple.viisi's  ii.mpMsiiiii;  Ilie  liulli  of  Ilie  projeotfuns ; 
3.  ;X  i-ITen'nl  Ininlis  trllmtorv  to  the  vorticose  veins;  4  4,  venous 
rartlclis  fi-om  tlie  Iris.     X  40. 


rated  by  a  festooned  line,  the  lesser  arterial  circle,  that 
indicates  the  former  attachment  of  the  pupillary  mem- 
brane (Figs.  20011  ;ind  2IM)1).  Both  zones  are  marked  by 
radial  striie.  caiised  by  vessels  and  nerves:  those  of  the 
pupillary  zone  being  line  and  close,  radii  mi nores;  those 
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«if  llie  cilliiry  /.iiiw  liirjfrr,  rmlii  Hi.»/V.rni.  Tin-  piipilliiry 
bonier  hIious  ii  tliiii  hliick  liiii-  sli^lilly  bi-iiiliil  wliiTc  llx' 
striii'  rriicli  it  In  llir  |iii|>illiiiy  /mii'  tlirrc  iirc  fciund 
liotwr'in  I  Ik  si  I  ill'  riiiiiiili'  (  lifts  tlml  pcili'tliltr  tlir  strniim 
ami  ('(iiiiiiiiiiiioilr  with  lymph  spiuis  'I'lic  ciliary  /Diir 
is  lurrDWc'd  by  coriciiitric  rldijis  that  iiidicntc  wliCTf 
folds  arc  foriiicd  <ltiriiig  ilihitatiini. 

Pigiiii-iitvd  ct'lls  soulUTcd  tliroiigli  the  slroiiia  impart 


li'oii.  fiilih)  tire  iiicreaseil  in  nutidier.  The  i  olur  nf  the 
poHtei'ior  surface  is  imrmally  iiiiifnnii  ami  dark  from  Uiu 
piirtiieiileil  retinal  epithelium. 

Ill  miiiiiti'  stnietiire  the  iris  coiiHiHts  of  a  choroidal  pur- 
ti(pii.  composed  of  a  loose  stroma  condeiiKed  both  exler- 
iiallyaiiil  internally  ton  boiinilarv  membraiicaml  clothed 
uIno  anteriorly  with  the  endotlieliiini  of  the  anterior 
chandler,  and  of  a  retinal  portion,  composed  of  two  layers 


iDwnlon  of  nuperlor  nTlu»  ___ 


j    ii|iil(«l  iiiirl  of  ri'tlna 
I'm  wmtia 

lliiiry  |iart  nf  niliui 
luifiiii'iitiil  jayer  uf  retina 


anterior  rtllary  arteries  and  veins  '^'./4\  '    ' 


gri'uler  iirterliil  elrcle 
nnitle  i>f  the  Iris 

sinus  vcnosus 


llmbus  of  cornea 


anterior  cliaiiil)or 


epttlielliiiii 


anterior    llinltliii;  i 
lueuibrane  i    ~" 


capsule  of  lens 


posterior  limiting  membrane  \      \      ^  stroma  of  Iris 

\  posterior  surface  of  iris 
sphincter  of  pupil 

FKi.  lans.— Meridlanal  Section  of  a  Portion  of  the  Anterior  Part  of  the  Eyeball.     (Toldt.) 


color.  When  these  are  scanty  the  piffiiicnt  of  the  pos- 
terior cpithelinm  shows  through,  producing  the  color 
characteristic  of  blue  or  jrray  eyes  according  to  the 
thickneas  of  the  translucent  stroma.  The  stroma  pig- 
ment is  scattered  in  tlecks.  produciug  various  tints  of 
green,  yellow,  or  brown  which  when  very  deep  is  called 
black.  In  albinos  pigment  isabseut  even  iu  the  posterior 
epithelium  and  the  iris  appears  reddish  from  the  hue  of 
its  blood -ves.sels. 

The  posterior  surface  (Fig.  200'3)  presents  a  series  of 
radial  ridges  cut  by  concentric  lines  into  rectangular 
spaces.     \^''Miiu  the  pupillary  zone  these  ridges  (contrac- 


of  augmented  cells  corresponding  to  the  doubled  margin 
of  the  optic  cup. 

The  anterior  epithelium,  clear  and  transparent,  is  like 
that  lining  the  posterior  surface  of  the  cornea. 

The  anterior  botindary  layer  is  composed  of  delicate 
interlacing  bundles  csseutiallr  similar  to  the  connective 
tissue  of  the  stroma. 

The  stroma  is  much  like  that  of  the  choroid,  being 
composed  of  numerous  vessels  and  nerves  united  by  loose 
connective  tissue,  with  interstitial  lymph  spaces  and 
muscular  libres.  The  latter  are  condensed  near  the  pu- 
pillary margin  to  an  annular  band.  \\\c  sphinetev  pupilia, 
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Eye. 
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while  an  iinpcrfect  layer  of  railially  arranged  bundles 
stretchiii}^  frciin  the  sphincter  to  tlie  pectinate  lipinient 
constitutes  the  (liUiUitur pujiiUn .  Tlie  long  controversy 
regariling  tlie  existence  of  these  fibres,  which  are  very 
dillicnll  to  demonstrate  in  the  pigmented  iris,  may  now 


Fig.  liWl.— Mcridlonnl  Section  tliroiigh  the  Pupillary  Zone  of  the 
Huiniin  Iris.  <i,  Puplllarv  Ixirder  formed  of  epithelium,  arranKed  In 
bead-like  priKvssi's  :  1,  anterior  Hunting  layer;  2,  stroma  or  vascular 
laver:  :i.  pimnentetl  epithelium,  ebntlnuous  behind  with  the  retina  ; 
4,  sphincter  pupillx. 

be  regarded  as  settled.  Tlie  sphincter  appears  to  be  con- 
trolled by  the  ocido-motor  nerve,  the  dilatator  by  the 
sympathetic. 

"  The  posterior  boundary  layer  is  a  continuation  of  the 
basilar  lamina  of  the  choroid  and  like  it  is  a  very  thin 
structureless  memltrane  formed  by  condensation  of  the 
connective  tissue  of  the  stroma. 

The  epithelium  of  the  retiual  portion  of  the  iris  is  in 
two  layers,  of  which  the  outer  is  composed  of  fusiform 
cells,  the  inner  of  columnar  cells.  Both  of  these  are 
densely  crowded  with  pigment. 

A  vascular  network,  file  greater  arterial  circle  (Fig. 
2003).  formed  by  braiielics  of 'the  anterior  and  long  ciliary 
arteries,  lies  at  the  ciliary  border  of  the  iris  between  the 
two  portions  of  the  ciliary  muscle.  From  this  arterioles 
pass  radiallj'  toward  the  pupil  and  on  reaching  the  sphinc- 


( sphincter 
I    muscle 


FlO.  2000.— Sejmient  of  Ant.ri'  >r  Siirfiir  e  of  Iris  with  Pupil  Contracted. 
;•:  30.    U'uchs.) 

ter  unite  in  another  anastomosis,  the  lesser  arterial  circle, 
from  which  are  given  off  vessels  that  supply  the  pupil- 
lary zone  and   the   pupillary   membrane   of   fcetal  life. 


Venules  from  tlies*'  networks  ))ass  radially  outward  and 
finally  discharge  into  trunks  that  reach  the  vorticose 
veins. 

There  are  abundant   lymph  s|)aces  within  the  stroma 
of  the  iris,  but  no  lympiiatic  vessels  properly  speaking. 


>-  puplUarr  zone 


>-  smooth  part     ^ 


Coat. — Being  formed  from  the 


foldetl  part 


marginal  part 


Fig.  axil. -Segment  of  Anterior  Surface  of  Iris  with  Pupil  Dilated. 
X  ai.    (Fuchs.) 

The  nerves  of  the  iris  are  derived  from  the  ciliary 
ple.xus.  Their  fibies,  as  they  proceed  toward  the  pu- 
pillary border,  form  a  coarseiueslnvork  from  which  are 
derived  motor  nerves  with  ultimate  filaments  that  sup- 
ply muscle  cells,  vasomotor  nerves,  and  sensory  nerves 
that  lie  immediately  under  the  anterior  endothelium. 

The  Inner  nr  yerroiis 
duplicjtte.  invaginatcd 
layers  of  the  optic  cup, 
originally  an  outgrowth 
from  the  brain,  the 
structure  of  this  coat 
bears  some  analo.gy  to 
that  of  the  cerebral  cor- 
te.x.  As  the  ventricles 
of  the  brain  arc  lined 
with  epithelium  (epen- 
dyma).  so  the  liuiu.g  of 
the  cavity  of  the  optic 
vesicle,  originally  con- 
tin  uo  us  with  them, 
retains  an  epithelial 
character.  By  the  in- 
vagination of  the  optic 
e\ip  this  cavity  becomes 
obi  i  t  erat  ed.  but  the 
boundary  linin.!;  remains 
as  the  two  outer  layers 
of  the  retina.  The  outer- 
most of  these  is  a  single 
layer  of  highly  i>ig- 
mented  epithelium;  the 
inner  one  becomes,  for  a 
region  extending  frnin 
the  optic-nerve  entriince 
to  the  oni  serrata.  a 
highly  specialize  d 
neuro-epitlielium  rein- 
forced by  it  lar.ge  num- 
ber of  nervous  elements, 
while  over  the  ciliary 
region  and  the  iris  it  too 


Fi<i.  21102.  .Semnent  of  Posterior  Sur- 
face of  Iris.  .Medium  Dilatation  of 
Pupil.     -,  25.    (Fuchs.) 
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Im  ndiiciil  lc>  11  Hiiijfli'  liiviT  iif  siiii|ili'  (■|iillirliiiiii.  nmi- 
piL'iiK'iiti'))  ill  111!'  fi>riiirr,'|iiKiiiriilcil  in  liir  laiur  rrtrioii 

\Vi'  limy  ttiiTifiiri'  iliHtiiiiriii'*li  lliin-  ivliniil  rrnioii*:  (li 
The  riiiiiii  |ir(i|Mr.  nr  |H-iri|iiriit  nliiiii:  C.'l  llic  ciliiiry 
rcliiiii;  itiiil  1^)  till'  iricliaii  irliiiii.  Tlif  liiM  Ims  iiliriiily 
bien  (Irscl'iliill 

TIti    ttiliioi  l'ri>i»r  it  ii  siiioulli   tunic  lliiit   rovers  tlir 
iMPSIcriiir  Iwii  lliinls  nf  lln-  inlrrinr  nf  tlic  cvi-lmli.  rcacli 
Ills;  to  iilioiil    .I  mill,    fniin   lln'    allm  liiiniil   of   llic   iris. 
Winn  llu'  inlriiiir  of  tin'  rye  is  vii'wnl  liy  llif  o|ilitlial 
inowopc  it   a|i|Mais  rnlilisli   Iroiil   llir  lilood-vc-vscls   lliat 
niinitv    in    tin-  iiiiiciinosi    layer-;       Its   llii(kiu-s.s    varies 
from  ii  I  mill,   hi-liiiul   to  lialf  that   near  the  ma  sirnila 
lis  outer  epithelial    layer   is  deeply    piirniciitid.  the   re 
inaiiuler  perfectly  traiispari'iit    unless  depriveil  of   lifrht, 
when  it  assumes  a    purplish  hue  diii'  to  a  dilTusid  eolor 
ill);  matter  known  as  the  visual  purple.      Its  tninspareiiey 
(■eas<'S  after  death  and  sometiiues  during  life  from  patho 
lo^rieal  eaust's.      ll  is  also  normuUy  oliscured  where   the 
Utiles  of  the  optie   nerve  eiitiT— the  "/i^c  (//V.  and   in  an 
elliptical  area  lyiiii;  in  tlu'  optical  axis— tln'  >/,ll:iir  k/miI. 

Till'  ii|>tic  disc  M'ptic  iiapilla,  poms  opticus),  situated 
I  mm.  Iielow  till'  hori/ontal  meriilian  and  '-i  mm.  to  the 
nasal  side  of  the  vertical  meridian,  is  nearly  cir- 
cular ill  form  with  a  dianielcr  of  from  1.4  to  1.7  mm. 
As  till'  optic  fibres  puss  tUroiigh  the  laiiiiiiacrihrosii  tliey 

s 


Fig.  a«).— Artfries  of  ttie  Iris.  (Sapiiev.)  1, 1,  lonp  posterior  ciliary 
arteries :  ~.  3.  tlieir  linUK-lics  ot  Infurratlon  :  4.  recurrent  arterii'S 
di'Stlned  for  tlie  rliopiid :  .').  .'i.  li.  <>.  iinterior  ciliary  arteries  anasto- 
miwliiK  witli  tlie  lone  ciliary  to  fnnii  the  irrcater  arterial  circle  of  the 
iris:  T,  the  Icstfcr  ancriul  cin-lc  of  the  iris. 

lose  their  nicdtiUary  sheatlis  and  diverge,  causing  a  de- 
pression near  the  centre  of  the  disc,  termed  the  e.rcata- 
liiHi.  The  myelin  of  the  deep  tibres  shiniiiuf  through  its 
trans|iareiit  surface  gives  a  whitish  appearance  to  the 
ilisc  and  the  free  edges  of  the  selcni  and  choroid  are  seen 
as  iMnindary  rings.  The  central  artery  of  the  retina  en- 
tering at  tlie  excavation  ramiti-s  upon  its  surface.  There 
being  no  percipient  elements  in  this  area  it  is  insen.sible 
to  light,  and  is  hence  sometimes  called  the  punctum 
civeiiin  or  blind  spot. 

The  yellow  spot  (macula  lutea.  spot  of  SDminering) 
is  a  redilish  brown  area  nearly  circular  in  form,  about  i 
mm.  in  diameter.  Near  its  centre  it  has  a  depression 
termed  the  central  fovea  (fovea eentnilis),  0.0'3  toO.4  mm. 
ill  diameter,  which  is  the  seat  of  the  most  acute  vision. 
The  i>ercipicnt  elements  have  here  a  special  arraugemcnl 
which  w  ill  be  hereafter  explained. 

The  retina  being  the  only  sense  organ  directly  derived 
from  the  cerebral  cortex,  shows  combined  within  it  struC 
tures  usually  widely  separated.  Its  cells  are  arranged 
in  three  laycis  that  coninninicatc  with  each  other  in  a 
chain-like  series;  (1)  collectivi'.  comprising  the  neuro- 
epithelium  of  the  rodsand  cones  that  receive  the  primary 
impulses  leading  to  vision;  Vi)  transniittive.  bipolar  cells 
sometimes  collectively  called  the  ganglion  of  the  retina ; 


18)  limiiial.  large  miiltipoliir  ci-IIh  lying  near  the  inner 
Hiirfaci-  of  the  retinii  and  seiidiiig  librcH  Imdnwurd 
through  the  optic  nerve. 

.Similar  members  exist    in  other  wnw  orgaliH;   thiiH.  in 
the  organs  of  eummoii  KciiMition  we  have-  1 1  1  il»'  epiihc 


plKinentcd  layer 


iieuro-eplthelltti  layer 


iayer  of  bipolar  cells 


I  layer  of  multipolar 
3  (     ;ella 


Ka;.  '21104.  Schema  ShowinR  the  ArranRement  of  the  Striictaral  Ele- 
inenus  of  the  lietlna.  A.  Fibre  of  Mflller:  B,  nene  and  epithelial 
cells.  1.  Meinl)rana  liniluins  inti'ma;  L'.  layer  of  nerve  IIIir's;  3, 
uranRlionlc  layer.  4.  Inner  inolwnlar  layer;  5,  Inner  nuclear  layer ; 
5,  ouu-r  molwalar  layer;  7,  "iiler  nuclear  layer;  S,  nieailirana 
limitans  externa ;  i),  layer  of  rodsand  cones:  in,  pigmentary  layer. 

lium  surrounding  the  nerve  terminal  in  the  skin;  (2)  the 
cells  of  till'  spinal  ganglia.  c<inveying  the  impulses  to  the 
nervous  centres;  (a)  the  cells  of  tjie  receptive  nuclei  in  the 
spinal  cord  or  the  medulla  oblongata. 

Besides  the  elements  of  the  retina  already  mentioned, 
which  are  doubtless  the  main  api>ai'atus  by  which  visual 
sensationsare  conveyed,  there  are  certain  associative  cells 
that  jiroliably  .serve  to  correlateand  co-ordinate  the  action 
of  the  sejiaiate  neural  chains. 

All  these  may  lie  considered  active  elements.  There 
are  also,  in  the  central  nervous  system,  certain  passive 


^^jlH^^^^^^ 


lyiiii ''^ililli'' 


Fic.  3n(r>.- -Cells  of  Pltinent  Epithelium  from  the  Human  Iteilna. 

( Max  Schiiltze. )  <i.  surface  view  :  /).  side  view  showing  frinKe-like 
.  pHH-cssi-s  that  extend  Inward  the  layer  of  rods  and  coin's;  r.  a  cell 

to  which  the  outer  i>orUons  of  *ime  riMls  are  attached. 

or  sustcntacular  elements.  These,  kno'n-n  in  other  re- 
irions  as  neuroglia  cells,  are  in  the  retina  called  the  fibres 
r.f  MUllcr. 

The  retina  is  often  described  as  consisting  of  from  nine 
to  eleven  layers.  There  seems  to  lie  no  good  reason  for 
this,  as  some  of  the  appearances  described  as  layers  arc 
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caused  by  tlii'  inlrrniiiiirliiii:  jiroccsst-s  of  ci'Us.  while 
others,  the  socnileil  liiiiiling  membranes,  nre  expansions 
from  llic  supporting  cells  or  fibres  of  JlliUer.     Morpho- 


■cssr:®si?i?i 


Fig.  31X»'>.— Sertioiis  of  Frog's  Ri'tina  Sbowing  the  Aclion  of  Lijrht  upon  the  Pipnient  Cells,  and  upon 
the  Rods  and  rones,  (von  Gendesen— Slort).  ,-1,  Fnnn  a  fro?  which  had  IteeD  kept  In  the  dark 
for  s<)nie  hours  before  death  ;  B,  from  a  fro^'  whieh  had  been  exposed  to  litrht  just  before  betne 
killed.  Three  pi^'iiit-nt  fells  are  shown  in  each  sectitin.  In  A  the  pipment  is  colle<:*ted  toward 
the  nueleateil  pan  of  the  cell,  in  B  it  extends  nearlj-  to  the  basis  of  the  rods.  In  A  the  nnLs, 
outer  seirmenls,  were  colored  red  (the  detached  one  preen),  in  li  they  liad  become  bleached. 
In  A  the  cones,  which  in  the  frog  are  much  smaller  than  the  rods,  are  mostly  elongated,  in  B 
they  are  all  contracted. 

logically  speaking  there  are  but  four  layers,  the  tliree 

already  mentioned  and  the  external  layer  of  pigmented 

epithelium.     The  accompanying  diagram  pi'esents  both 

the  older  and  the  more 
recent  nomenclature 
(Fig.  2004).  The  layers 
will  be  described  in  suc- 
cession from  without  in- 
ward. 

The  pigmented  layer 
comprises  the  entire 
outer  lamella  of  the  op- 
tic cup,  the  part  not  in- 
vaginated  in  the  course 
of  its  devcUipment.  and 
is  composed  of  a  single 
laver  of  tesselated  poly- 
gonal  cells  (Fig.  200o), 
whose     protoplasm     is 
crowded     with    colored 
giaiiules  (the  fuscin 
of    Kiihue),    which 
have    the    form  of 
minute    crystals 
with  long  axes  per- 
jii'iidicular    to    the 
letinal     surface. 
They  arc  somewhat 
more  deeply  colored 
near  the  ora  seinita. 
The   outer   surface 
of     the     cells,    ap- 
plied to  the  basilar 
lamina  of  the  cho- 
roid, is  smooth  and 
devoid  of  pigment; 
the  inner  surface  is 
not  well  delined,  for 
it  consists  of  fringe- 
like     lilanielits     loaded 
Avilh    pigment    that  ex- 
tend down  between  the 
outer    segments    of  the 


rods  and  cones  which  are  applied  directly  against  it.  Ex- 
periments have  shown  that  the  distribution  of  the  color- 
ing matter  in  these  cells  varies  with  exposure  to  light, 
for  during  jirolouged  darkness  it 
-o  is  willnlniwn  into  Uie  cell  bodies, 

while  after  the  stimulus  of  light 
it  descends  liUe  a  curtain  into  the 
fringe  between  the  rods  and  cones 
(Fig"  2006).  The  visual  purple 
found  in  the  outer  segments  of 
the  rods  appears 
to  be  derived 
from  the  pig- 
mented layer. 

The    n  e  u  r  o- 
epithelial  layer, 
or  layer  of  vis- 
ual cells  proper, 
comprises    two 
distinct  ele- 
ments,  the    rod 
cells     and      the 
cone  cells  (Fig. 
2007),    set   in    a 
framework   (ex- 
ternal    limiting 
m  e  m  b  r  a  n  e) 
formed  by  proc- 
esses   from    the 
fibres  of  .Milller, 
and     projecting 
into   the   pig- 
mented     fringe 
already    d  e- 
scrlbed.      These 
cells  are  bipolar  in  form,  having  ellip- 
tical cell  bodies  (rod  and  cone  granules) 
with    large    nuclei   surrounded    by    a 
small     amount    of     protoplasm     from 
which    processes    extend    ladially    in 
either    tlirection.      The    outer   one    of 
these  expands  into  the  peculiar  bacil- 
lary   forms    known   as    the    rods  and 
cones;   the  inner  one   extends   inward 
for  a  short  distance  and  ends  cither  in 
a  rounded   knob  (rod   cells)  or  an  ex- 
]ianded   foot  (cone  cells)  embraced  by 
the  filamentous  terminals  of  the  gan- 
glion cells  of  the  next  layer. 

The  bodies  of  the  rod  cells,  which  lie  at  various  levels, 
show  when  stained  under  favoitible  conditions  dark  and 
light  bands.  The  rods  themselves  are  divided  into  two 
nearly  equal  segments;  an  outer,  cuticular.  doubly  re- 
fracting one.  and  an  inner,  protoplasmic  singly  refracting 
one;  the  former  being  cylindrical,  staining  but  slightly 


FIG.  aids— A  Rod 
and  a  Cone  from 
the  Human  Ret- 
ina, f.  Situation 
of  the  membnina 
llmitans  externa. 


Fro.  21*17.- Neuni-epltheliuni  of  the 
Human  Retina.  iMax  Schullze.) 
0.  .\rix)rescent  pnfcesses,  forming 
the  ai>i>eaniiice  known  as  the  "ex- 
ternal molecular  layer";  7.  nuclei 
of  the  epithelial  cells,  forming  the 
"external  nuclear  layer";  H.  prill- 
work  formed  by  pntcesses  of  the 
fibres  of  Milller,  forming  the  "  nuMii- 
bnina  llmitans  externa"  ;  U,  sp*'clal- 
Ized  prwesws  of  the  epithelium, 
forming  the  layer  of  rods  and  cones. 


fa 


Fig.  200!).— Distribution  of   the    Rods  and  Cones,    .t.  From  the  peripheral 
IKirtlon  of  the  retina ;  B.  from  the  region  of  the  macula  lulea. 


and  having  a  tendency  to  break  up  into  superimposed 
discs;  the  latter  slightly  elliptical  in  outline,  staining 
readily  and  showing  at  its  outer  end  a  fibrillate<l  area 
called  the  ellipsoid,  more  apparent  in  the  lower  animals 
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limn  ill  iimii(Kitf.3<H).S|.  Tliroulirwuminlsiirc  |)iir|>lisli- 
Kil  ill  linl,  iiwiii^'  lo  tlic  ililTimiciii  tliroiitli  llinii  of  rimuit 
jiiiri'lc  or  rliodopsiii,  llir  inriiliiir  coloriii);  iimlliT  of  the 
rftiiiii,  wlilcli  ijiii«l<ly  IpUhiIhs  in  llir  pri'Miiri-  of  light. 


lii|Hiliirs  mill  I'oni'  1ii|Mi1iirN  luTordiiii;  iix  tlii-y  iiri'  icliitrd 
to  ilii'  roll  or  III  till-  roni' iiIIk  Tlir  roil  bipolurs  Imvu 
prolii|iliiKiiiii'  proi'i'stu's  wiili  virlinil  iirlHiri/.iitioiiN,  iin- 
bruciii);  from  ilirri'  lo  Iwiiily  Iuikih  of  roil  ciIIk,  mij 
loiii;  iixis  rvlinili  T  prmissi'H  llmt  piiirtiutu 
ri'iitnilly  iiM  fur  us  ilir  limlii'H  of  tlii'  iniiltipo- 
liirnllsi  iiroiiiiil  wliirli  liny  ramify.  Tin- rone 
liipoliii-s  Imvi'  piolipplii.sriiir  proci-Ksi-K,  with 
hori/.oiiliil  arbori/iitions  that  iiit^'rlili'inl  with 
t\vii.'s  from  llir  frit  of  w-vrral  roni-  ii-Uh, 
|iroiialily  iniluiliii^'  also  in  tlnir  ronla^l  urea 
some  of  llii- Irrminalions  of  tlir  roils.  Their 
axis  cylinili'r  prmrssis  arc  niiicli  shorti-r  than 
thosi-  iif  till'  Mil  liipolars  anil  tcrniiiiatc  on  live 
iliirrrint  anil  ipiilr  ilrlrrminate  Irvels  hy 
liliiiilinj;  with  llir  ascindiiife'  prooesseH  of  the 
cells  of  Ihr  ni-xt  layer. 

The  layer  of  iniillipolar  cells  consists  of 
large,  irrennlarly  oval  elements  with  proto- 
plasmic processes  that  inlerlwine  with  arbor- 
escences  of  cells  from  the  outer  layers,  and 
whose  axis  cyliniler  proces.ses  turn  toward 
the  optic  disc  and  become  fibres  of  the  optic 
nerve  (Fig.  20I0|.  The  cells  of  this  layer  are 
classified  according  to  the  arrnngeinent  of 
their  protoplasmic  processes:  (1)  monostrati- 
ticil.  tlio.se  whose  processes  ramify  in  but  one 
level;  (2)  multistnililiid.  those  whose  proc- 
esses ramify  in  more  tljaii  one  level:  (8)  dif- 
fuse, those  whose  jiroloplasmic  arboresccnces 
are  not  limited  to  delinite  levels. 

At  two  ililfirent  levels  of  the  retina  asso- 
ciative cells  are  found:  (1)  in  relation  to  the 


(2)   in 


relation    to    the 


Kio.  aim.-  Radlatton  of  ttie  Opttc  Nen-e  Fibres  upon  the  Retina.    (MIcliel.)   A.  Optic 
disc ;  B.  maoula  lutea. 

The  bodies  of  ihe  cone  cells  (Fig.  21107)  arc  contiguous 
to  their  buiillary  processes  or  cones.  The  latter  also  have 
an  outer  and  iin  inner  si'gment.  The  outer  segment, 
apparently  similar  in  inlimale  structure  to  that  of  Ihe 
rods,  is,  "however,  much  shorter,  ending  in  a  blunt 
point.  The  inner  one,  thick  and  flasU-shaped,  contains 
also  an  ellipsoid.  During  prolonged  darkness  the  cones 
appear  to  stretch  outward  toward  the  i)i^meuted  layer 
(Fig   2iMUi)     They  do  not  contain  rhodopsm. 

The  distribution  of  the  rods 
and  cones  varies  in  dilTerent 
parts  of  the  retina  and  in  dif- 
ferent animals  (Fig.  20()it). 
In  the  central  fovea,  the  re- 
gion of  the  most  acute  vision, 
cones  only  are  found,  but 
from  this  point  forward  the 
proportion  of  rmls  gradually 
increases,  until  at  the  ora 
scrrata  cones  are  almost  whol- 
ly absent.  It  is  estimated  by 
Kraiise  that  there  are  in  the 
retina  about  seven  million 
cones,  or  seven  to  each  fibre 
of  the  optic  nerve,  and  that 
the  number  of  rods  is  about 
130,000,000.  While  in  fishes 
the  rods  far  exceed  the  cones 
in  number,  in  birds  and  rep- 
tiles the  reverse  is  the  case, 
li/.arils  possessing  cones  alone. 

In  the  layer  of  bipolar  cells 
the  characteristic  elements  Fio 
are  fusiform  with  protoplas- 
mic processes  that  surround 
the  inner  terminals  of  the  vis- 
ual cells.  They  may  there- 
fore be  distinguished  as  rod 


rod   and   cone  cells 

layer  of  bipolar  cells  (Fig.  2011).     The  first 
cla.ss  run  inirallel  to  the  layers  of  the  retina 
and   hence   are   often  called  horiznutul  cells, 
three   varieties  of  which   arc  distinguished: 
one  small,  flattened,  stellate,  one  aimneiatires, 
connecting  cone-terminals   with   each  other; 
another  larger  and  placed  somewhat  deeper,  rml  am>na- 
fives,  connecting  by  means  of  long   axis-cylinder  proc- 
esses rod  terminals";  a  third,   large,   pyriform  in  shape, 
having  descending  jirocesses  that  pa.ss  centralward  as  far 
as  the  internal  ramitications  of  the  bipolar  cells. 

The  second  class  of  associative  cells  is  situated  in  the 
internal  portion  of  the  layer  of  Inpolar  cells,  constituting 
there  what  some  authors  recognize  as  a  distinct  layer  of 
the  retina.     W.  Miiller,  supposing  them  to  be  of  a  sus- 


.  201I.-r)ia(rram  lllustratlnir  the  Relation  of  the  Retinal  Elements.  iKalliiis.)  .1,  I.ayer  of  rods 
and  i-ones :  /J,  llmllans  externa  :  ( '.  miler  nuclear  layer  iliodies  of  visual  lellsi  :  D.  llenle  s  exlemai 
Bbnius  Inver  (roinpos-d  primipallv  of  nirt  llhresl :  K.  outer  plexifonn  layer :  h.  Inner  nuclear  layer 
I  rod  and  i-one  WpolarsJ  :  ',-.  inn.'f  plexiform  layer:  H.  layer  of  large  pinellon  celLs:  ./.  H/'re  layer, 
ff.  llmllans  interna:  n.  supi>iTtini.'  m>re  of  Muller:  h,  c.  rod  ami  cone  visual  cells;  ''.  bliwlars 
Iwlonpfnc  to  nid  cells;  r-i.  liipolars  lielonirinp  to  cone  cells:  A-iii,  horizontal  nene  cells: 
trifugal  nene  llbre:  o  (.Kangllon  cells  connected  with  optic  Bbres; 
layers ;  <-*,  diffuse  amacrines ;  n,  nervous  amaoine. 


H.  cen- 
auiatrines  arranged  In 
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tenlnciilurclmrucii-r.  calli'd  lliciiispdiigioblasts,  Ilspcms 
di'siiiiblt'  Id  (lisconliniic  I  lie  use  of  iliis  iiiiinc  ns  it  Ims 
been  ii|>|ili('il  l>_v  Hi'*  to  intnlly  (lillirent  stnicturis.  tlie 
primitive  ciOls  of  the  iiii(lullaiv  pliite  fiDin  which  iieiiro- 
gliil  is  fDlliied.  HiiilviiT,  who  leiriirileil  these  eleinelils 
lis  iiiuli>iil)leiily  nervous,  ilesiirimteil  tlieni  as  unipolar 
eells,  Cajal.  baviiii;  in  view  tlie  fiict  t)iat  Ibi'V  do  not 
show  any  axis  cylinder  ]>rocess  of  the  typical  form, 
calic-d  tliem  niiineriiu-  cells,  from  n.  jirivitive;  /inKpoc, 
long;  If,  iiiif,  nerve — i.e.,  having  no  long  process.  Tlie 
name  is  not  wholly  satisfactory,  as  honiologmis  structures 
in  reptiles  and  birds  luuloubtedly  pos.sess  a  distinct  a.xis- 
cylinder  process,  and  in  man  a  con.siderable  liifTerence  is 
noted  in  the  raniitieations  on  two  siiles  of  the  cells. 

These  cells  are  large  and  inriform  wilh  arborescent 
processi's  extending  iuwanl.  and  may  be  subdivided 
into  iliffiiff  ainacrines  that  send  niinilications  throughoiit 
all  levels  where  the  terminals  of  the  bipolars  branch. 
and  stnitifiirm  amacrines  that  confine  their  raniitieations 
to  one  of  the  five  levels  at  which  the  cone  bipolars  ter 
niinale.  Their  terminal  filaments  appear  to  embrace  the 
inosculations  of  the  bipolar  and  multipolar  cells. 

It  will  be  remembered  that  the  greater  part  of  the 
fibres  of  the  optic  nerve  originate  as  outgrowths  from 
the  cells  of  the  retina.  Some  ■"centrifugal"  fibres  do, 
however,  occur,  probably  for  conveying  impulses  from 


the  r.rleniiil  liiiiiliiir/  memhr/nif.  Septa  from  the  fibres 
closely  invest  the  bodies  of  the  visual  cells,  and  <lelicate 
lateral  processes  are  also  given  olT  by  them  for  tli<' 
supiiort  of  the  terminals  of  the  bipolar,  multipolar,  and 
amacrine  cells. 

in     :i      s 


neu- 
spi- 


Stellale 
Idglia  or 
der  <(lls  are 
found  near  the 
inner  surface 
of  the  retina 
bet  ween  the 
bundles  of 
nerve  fibres 
and  among  the 
m  u  1 1  i  po lar 
cells. 

The  struct- 
ure of  the  ret- 
ina in  the  mac- 
ula lutea  and 
fovea  centralis 
varies  some- 
w  hat  from 
t  li  a  t  already 
described  (Fig. 


Fig.  aili;.  -The  Course  ..f  .\'i-riv  Fibres  Between  Retina  and  Braia.    (Ramon  y  Cajal.)    A, 
Retina;  II.  corpi'-^  Ki'iilciilatum ;    J,  central   ganglion;    a.  Ii.  c,  a  eone  "system  com- 
posol  of  a  rcKl.  a  l)i|iolar  eell.  anil  a  multipolar  cell;  m.  ji.  o,  a  rod  .system  eomposed 
of  a  nnl,  a  hipiMar  cell,  and  a  multipolar  ceju  (/.  cells  of  the  corpus  geniculatum  that 
t »...  „...;....   .,         .. ._.  ^^  centrifugal 


reiclve  excitations  fiiiiu  the  retina  through  the  optic  nene;    (),  <;, 
current  urlglnatuig  in  the  brain  and  passing  to  the  retina. 


the  bndn  to  the  retinal  cells  (Fig.  2012).  Some  of  the.se 
end  by  ramifications  about  the  amacrine  cells,  others  at 
various  levels  by  horizontal  arborescence. 

During  the  early  development  of  the  neural  tube  cer- 
tain cells,  callecl  by  His  spongioblasts,  become  shaped 
into  rods  extending  throughout  the  entire  thickness  of  the 
wall  of  the  tube  and  constituting,  by  interlacing  proc- 
esses, an  efficient  framework  for  supporting  llie  deliciite 
protoplasmic  nerve  cells  that  they  surround.  These  ele- 
ments remain  as  the  neuroglia  o"f  adult  nervous  tisstic. 
The  retina  shows  its  genetic  relation  to  the  medullary 
tube  by  the  possession  of  similar  sustentacular  elements 
which  are  known  as  the  fl/refi  of  Midler  and  the  tpidtr 
ccHti. 

The  fibres  (Fig.  2011*  extend  radially  throughout  all 
portions  of  the  percipient  retina,  being  cspecmlly  well 
marked  near  the  ora  serrata  and  in  the  macula  "lutea. 
They  arc  greatly  modified  and  elongated  cells,  whose 
nuclei  lie  at  the  level  of  the  layer  of  bipolar  cells.  At 
the  internal  surface  of  the  retina  thev  comtneuce  by 
broad  and  often  forked  bases  that  tinite  wilh  each 
other  to  form  a  continuous  boundary  known  as  the 
inlenxil  limiliiii/  iiiemlmim'.  which,  however,  cannot  in 
any  way  be  considered  to  be  an  independent  structure. 
At  their  distal  or  external  ends  thev  unite  to  form  a 
grillwork  around  the  rods  and  cone.s"which  project  be- 
yond them.     This  fenestrated  structure  is  inaptly  called 


2013).  In  the 
fovea  the  cones 
are  the  only 
visual  c  e  1  Ts 
found,  being 
t  h  e  r  e  m  u  c  h 
narrower  a  n  d 
longer  than  in 
other  regions. 
The  conical  de- 
pression of  the 
fovea  causes 
the  fibres  of 
the  cells  to  be 
d  r  a  w  n  o  u  t 
ob  1  i  ((  u  e  1  y  . 
The  bi  jio  lar 
and  multipolar 
layers  d  isa  p 
pear  at  the 
centre  of  the 
fovea.  l)ut  im- 
m  e  d  i  a  t  e  I  y 
about  it,  within 
the  macula,  be- 
come increased 
in  thickness. 


Fig.  2013.— Diagnimmatic  Section  of  the  Mac- 
ula Lutea  and  Fovea  Cenlnills.  2.  Ijiver  of 
nerve  ilbres:  :i,  ia.ver  i.f  nuiltlixilar  cells;  4, 
lulenial  molecular  layer.  conii)ose<l  of  inter- 
twining arlHiresi-ent  proces.ses;  it.  layer  <i( 
lil|K)lar  cells,  or  InUTnal  granular  layer; 
G,  external  molecular  laver,  coniiKWed  of 
tnlerHvining  arlnirescenl  pnK'es.ses;  7,  nu- 
clei of  ejillhelial  cells,  or  external  granular 
layer;  ,s,  frillwork  formed  Ijy  pnx-esses 
from  nhiies  of  Mfiller,  often  called  the"cx- 
tenuil  limiting  membnine " ;  !>.  laver  of 
rods  and  cones;  lu,  layer  of  pigment  epi- 
tbelium. 
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vowwls  from  this  HyHlcni  nrc  wanting  (Plj:. 
20I.'i).  IIS  iniKliI  lie  cxpcclcil  friin  the  abscniw 
uf  till'  inner  liivcrs  iit  tliiit  |iliii'i'. 

The  n-ynliill'iiif  /</(*(Fij;s.  'Hn(\.  2017.  2018). 
Ih  II  tniiis|iiiri-iit  bic'iiiivcx  lioily  willi  it  circular 
miirKiii.  applied  In  tlie  npeMiii);  of  the  pupil, 
toiicliiii^'  llie  Iris  ill  front  ninl  resting  iH'liind 
in  II  slmllow  i|(  pression  nT  the  vitremis.kiifiwn 
0.1  the  hjiiiliiiil fimui.  Its  niar^'iii  Is  (rum  D.."!  to 
O.n  nun.  from  llie  eillnry  proees.ses  to  which  It 
is  united  liy  u  Riispi'nsory  IlKiiinciit  called  the 
!"ii'ilii.  Its  diatneter  is  from  9  to  1((  mm., 
and,  havin;;  the  iiiiii|Ue  property  of  clmn^'ing 
its  form  iinilcr  theiiilluenceof  t lie  ciliary  muscle 
for  adaptation  to  vision  of  near  or  remoto 
objects,  it.s  thickness  varies  from  3.7  to  -I  mm. 
While  not  niathemntically  exact,  its  curved 
surfaces  are  nearly  those  of  spheres,  the  railing 
of  the  anterior  one  varying  frotu  10  to  (i  mm., 
that  of  the  pr)slerior  one  from  (i  to  5  mm.,  ac- 
cording as  the  lens  is  accommixlated  for  dis- 
tant or  near  objects.  The  fecial  lens  is  nearly 
circular;  in  old  ajre  it  becomes  flattened. 

The  weipht  of  the  adult  lens  is  from  0.20  to 

0.2.>  pm.,   s|)ecilic  pravily  1.121.   volume  0.25 

c.c.     The  central  core  or  ji'irlinx  is  moie  con- 

dcns<(l   and    less    elastic   than    the   perii)heral 

part  or  nirticid  Dtilmtnni-t,  tlioufrh  its  histoloff- 

FIO.  SOU. -DtaCTnm  ..f   tlip  niw-l-vessels  c.t    llif  Iliiiiiiin   Rwina.     (Lel)or.  nftpr    if.„ I  structure  is  tin- same       This  difrerenc- diips 

Jaettrr.i    (iii».  r/.«.  Sii|H'rt..r  nasal  anerv  uixl  vein;  ,i(k  i(<.  supcrt.ir  leni|>..nil    '™'  sirucinre  ISUK   sanK .       1  Ills  (lUK  ruict  aiits 

ariery  and  vein;   (iiii.  no.  Inferior  nusiil  artery  anil  vein:   <i(i,  rti.  Inferior    not  exist  in  the  fietus  and  increases  with  age, 

lemjiiirHl  artery  and  vein ;  imi,  nil,  macular  artery  and  vein  :  aiic,  rnir,  median    depriving  the  lens  of  its  elasticity,  so  that  the 


artery  and  vein. 

The  Ciliary  lietiiui. — As  we  approach  the  ciliary  region 
the  highly  specialized  structures  that  characterize  the 
fundus  of  the  retina  become 
changed.  The  cones  become 
more  scanty,  the  multipolar 
cells  are  fewer,  the  rods  are 
shortened  and  disa|ipcar. 
Finally  the  elements  are  ab- 
ruptly reduced  to  a  simple 
layer  of  cnliimimr  epitheli- 
um. This  sudden  diminu- 
tion leaves  a  line  of  de- 
marcation known  as  the 
ora  serrata,  well  seen  by 
the  unassisted  eve. 

The  retinal  blood-vessels 
(Fig.  20141  are  derived  from 
the  central  artery  of  the  ret- 
ina, which,  as  already  stat- 
ed, pierces  the  nerve  at  from 
15  to  20  mm.  behind  the 
e.veball  and  appears  f  n  the 
disc  at  the  bottom  of  the 
excavation.  It  immediately 
breaks  \\\t  into  two  branch- 
es, the  .«(/;(( )■/'/)•  anil  inftrior 
l»iliilliin/  iirlirifs.  each  of 
which  subdivides  into  a 
tcniponil  and  a  nasal 
branch.  The  papular  arte- 
ries also  send  small  twigs, 
the  miituliiriirhrifx.  toward 
the  region  of  tlie  yellow 
spot.  Except  at  the  ojttic- 
nerve  entrance,  where  a 
capillary  anastomosis  oc- 
curs with  twigs  from  the 
posterior  ciliary  arteries,  all 
these  *es.sels  form  a  system 
independent  of  that  of  the 
choroid.  They  r  a  m  i  f  v 
mainly  in  the  layer  of  mul- 
tipolar cells  and  do  not  an- 
astomose with  each  other. 
At  the  central  fovea  the 
Vol.  IV.— 6 


eyes  of  elderly  persons  do  not  readily  accom- 
modate   for  distance.      The   nucleus    refracts 
more  than  the  cortical  substance,  the  indices  being  l.^Wl 
and  l.W.IS   respectively,  that   of  distilled  water   being 


Fig.  2015.— Blood-vesaeU  of  Uie  Macula  Lutea.    Tlie  part  tbat  19  totally  tree  from  vessels  is  tlie  fovea 

centralis. 
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201ti.— AlilelKil    ,sui(kic   u(    Adult 
Lens.    (Arnold.) 


1.3342  (Kraiise).  The  Ions  is  complctoly  enveloped  by 
a  struct iirele.is  elastic  capstile  thicker  in  front  than 
behind,  which  resi-mblcs  in  it,s  reactions  the  siirccileniina 

of  muscle  or  the  Micni- 
lirana  propria  of 
glands. 

The  development  of 
the  lens  is  the  key  to  its 
structure.  It  will  be 
remembered  that  it  is 
formed  from  an  invagi- 
nation of  the  ixternal 
epillielium  tliat  be- 
comes isolated  as  the 
lenticular  vesicle  and 
that  the  cells  of  the 
anterior  wall  retain 
their  epithelial  charac- 
ters, becominjr  more 
and  more  columnar  to- 
ward the  niarjiin  or 
ecjuator  of  the  lens, 
while  those  on  the  retinal  aspect  become  lenjrthened  into 
flattened  tibres  that  vary  in  size  and  length  in  the  cen- 
tral and  the  peripheral  i)ortions  (Fig.  2()ltl).  The  super- 
ficial fibres  are  from  (t.OlO  to  0.1112  mm.  wide,  O.OD.T  mm. 
thick,  and  8  nun.  long,  while  those  of  the  deeper  portion 
are  0.1)07.")  wide,  O.OOi.")  thick,  and  4  mm.  long.  In  the  mid- 
dle and  interior  jiortionsof  the  lens  the  edges  of  the  fibres 
are  finely  serrated  (Figs.  2020.  2021),  but  these  seirations 
do  not  tit  into  each  otlier  and  theie  are  thus  left  between 
the  tibres  tine  spaces 
that  serve  for  the  pas- 
sage of  lymph.  Asthe 
lens  has  no  blood-ves- 
sels such  a  jirovision 
seems  necessjiry  for  its 
nutrition.  Between 
the  epithelium  and  the 
lens  tibres  is  thit  origi- 
nal cavity  of  the  len- 
ticular vesicle  reduced 
to  a  uariow  slit  filled 
with  semifiiiid  mate- 
rial. This  rapidly 
liquefies  after  death 
an<l  becomes  the  so- 
called  lifjiK/r  Mitif/agiii. 
When  treated  by 
ajipropriate  reagents 
the  fibres  of  the  peripheral  third  of  the  lens  may  be 
separated  into  concentric  layers  like  those  of  an  onion 
(Fig.  2022).  In  each  layer  the  fibres  have  appro.ximately 
the  s;ime  length  an<l  terminate  along  nearly  re.gular  ra- 
diating lines  called  the  le/ix  .■./iirn  (Fig.  2li23).  In  the 
young  lens  these  have  behind  an  arrangeiueut  like  a  Y, 
in  front  that  of  the  sjime  letter  reversed  {\).  They  are 
more  con)plicated  in  the  adult. 
The  zonula,  formerly  thought  to  consist  of  two  folds 
of  a  tenuous  luembrane  en- 
closinga  triangular  canal  (ca- 
nal of  Petit)  that  encircles 
the  lens,  is  now  known  to  be 
a  system  of  delicate  fibiilhe 
that  extend  from  the  ciliary 
region  and  the  hyaloid 
membrane  to  be  implanted 
upon  the  capsule  of  the 
lens.  The  origin  and  exact 
nature  of  these  Hbriihe  is  still 
under  discussion.  It  seems 
probable  that  they  originate 
like  the  vitreous  from  mesen- 
chymal connective  tissue. 
They  form  an  annular  struc- 
ture about  0  mm.  wide  that 
Flo.  2()18.— Lens  of  a  Child  at  „  ni  n  1  e  t  e  I  v  encircles  the 
Birth  seen  from  the  Side.  t"f"P'<?ti-l\  nKiiclts  tlit 
(Arnold.)  was,  serves  to  hold  it  in  po- 


Fio.  2017.— Postericir  Surface  of  Adult 
Lens,     (.\mold.) 


Fig.  20ia— .Meridional 
Section  Thrnu[rh  Lens  of 
Calf.     (Arnold.) 


sition    and   to  keen   the  capsule 
tense. 
The   anterior  chamber  has  the 

character  of  a  lymph  space  devel- 
oped in  the  connective  fissiu-  that 
Ijrimitivcly  separates  I  lie  lens 
from  the  external  epithelium. 
This  cavity  is  filled  by  i\w  iit/iurttis 
huiiinr.  a  sparkling,  transparent 
fluid  containing  9H. 71  per  cent,  of 
water  and  having  a  considerable 
similaritv  to  Ivmpli.  The  (pian- 
lity  i>f  this  is"  from  231  to  323 
'  mm.  and  re- 
mains nearly 
constant  during 
life,  being  sut- 
tieient  to  main- 
tain  an  intni- 
oc  u  la  r  tension 
ei|ual  to  that  of 
a  column  of  mer- 
cury 2(3  mm.  in 
height.  Its 
specific  gravity 
is  l.()0.j:iand  its 
index  of  refmc- 
lion  1.3420,  that 
of  distilled  water 
being  1.3342 
(Krause).  Ap- 
parently it  is 
constantly  re- 
newed b}-  a  secretion  from  the  vessels 
of  the  choroid,  particularly  those  of 
the  ciliary  piocesses,  and  removed 
from  the  chamber  by  infiltration 
through  the  .spaces  of  Fontana  into 
the  scleral  sinus  and  perhaps  by  the 
Ijmph  crypts  of  the  iris.  Xormally 
it  contains  no  morphological  elements. 

Behind  the  lens  the  cavity  of  the  eyeball  is  filled  with 
X\\c  ritrous  fitimor  or  hmiy.  a  traus])arent.  jelly-like  ma- 
terial that  has  the  chanicters  of  a  primitive  form  of  very 
watery  connective  tissue,  showing  widely  scattered  cells 
embedded  in  a  matrix  of  gelatinous  material  in  which 
approi)riate  reagents  develop  a  rich  fibrillary  network. 
Leucocytes  are  also  found  in  it.  especially  where  it  is  in 
contact  with  the  retina.  It  has  a  very  delicate  envelope, 
the  hyaloid  memhrnne,  adherent  to  the  retina  at  the  oi)tic 
disc  and  the  ciliary  region 
where  arteries  enter  during 
ftt'tal  life.  This  membrane 
docs  not  pass  down  into  flic 
intervals  between  tlie  cil- 
iaiy  bodies,  but  spans  them 
o\'er,  forming  thus  small 
meridional  spaces,  the  re- 
ctsucK  of  the  jMsterior  chum- 
bei;   which  are  tilled  with 


I 
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Fig.  2i:eiJ.- Isolated 
Fibres  from  Leas. 
(.Arnold. I 


Fif;.  2U21.  .seclinn  of  Ircj/en 
L^ns  showiniu:  Hexajfonal 
Shape  of  llbres.    (.\rnold..) 

aqueous  humor  infiltrated 
through  the  zonula  from 
the  anterior  chamber.  In 
front  the  vitreous  has  a 
depression,  the  hi/nloiil  or 
patellar  fossa,  into  which 
the  lens  is  received.  The 
hyaloid  membrane  ap- 
pears to  be  lost  upon  the 
zonula  in  front  and  not  to 


Fic.  20e2.— Lamination  of  the  Lens 
a.<st)own  After  Treatment  with 
Dilute  Alcotiul.  (Arnold.)  1. 
Former  rentnil  porthtn  called 
the  nucleus  lentls ;  2,  2,  layers 
of  the  so-caUed  conical  sub- 
stance. 
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be  ('oiiiIiiiuhI  over  llii'  liyiilold  rosHii.  Ilic  ■■iiiiHlKtciici-  of 
llic  vltniHHiil  timt  |ilm'i'  licin^'  iimiiiliiiinil  liy  it  cumiIi'M 
Htitliin  <>r  i(>i  siilisiiiiii'i'.     Kniiii  llic  njilir  iIIm-    fiiruiinl 
tliiri'  runs  in   fii'liil  life  it  Kniitll  vc.-uu'l,  llir  hijiitnid  niliiy. 


C 


Fi(i.  Litjt.     Arniiii;i'inc'iil  nf  the  Kllirps  <if  the  I^'iis  In  llii'  Fnliis  nnil  nt  Birth.    A,  rosterlor 

siirfiii'c;    /I.  iinliTlnr  Hurfiu-e;  l\  skit*;  r nlri'  uf  tin-  Ifiis  Mliirs.  iM'Inf;  the  anterior  iinU 

imslirliir  iMilfsipf  ihr  U'h»;  1  tod,  cimrst-  uf  llhrrs  lukcn  ut  ih|uhI  dlsiam'ra. 


fur  till'  nourishment  of  llic  lens.  This  is  rc))ri\si'ntc<l 
in  the  iiilult  l)v  a  cent  nil  lynipli  spiice,  Ihe  /ii/nl'iiil  ai  mil 
(Kig.  lil.Vi).  Just  in  front  ot  the  disc  this  cuniil  enlarges 
to  a  s|mir  known  as  Ihe  iiri<i  Miiili(ii4iiii. 

The  refraclive  index  of  the  vitreous  body  is  nearly  that 
of  distilled  water,  its  weight  is  from  (i.T  to  >*.'.',  gm.  and  its 
spe<-ihe  gravity  is  l.(HI,"i.  Its  rea<lioii  is  alkaline,  and  tlii' 
proportion  of  water  found  in  it  is  very  high,  being  US. -10 
to  US. (54  per  cent.  h^ank  Baker. 

EYE,  DIOPTRICS  OF— Hefilvction.— 1.  The  term 
refnictioii  iilir>  in  physics  to  the  deviation  of  a  ray  of 
light  from  iis  straighl  path  on  passing  from  one  trans- 
parent medium  iiitoaiiotherof  ditTeri'iil  nalure.  In  jihys- 
iologieal  optics,  however,  this  term  is  used  with  a  sjic- 
cial  signilicance.  denoting  the  relation  of  the  focal  length 
of  the  eye  to  Ihe  position  of  the  retina.  The  eye  has  a 
normal,  or  emmetropic  (from  efiucrpn^,  according  to  meas- 
ure, and  iji/'.  eye),  refraction,  if  images  of  distant  objects 
are  sharply  detined  on  the  retina;  the  rcfnietion  is  myo- 
pic, or  near  sighted,  if  distant  object.s  form  images  in 
front  of  the  retina ;  while  hypermetiopia  is  that  refrac- 
tive stale  in  w  hich  images  of  distant  objects  can  be  sharp- 
ly ilehneil  oidy  behind  the  actual  ])lace  of  the  retina. 
Any  refnielive  state  other  than  emmetroiiia  is  rcl'i  rreil  t<i 
in  genend  as  ametropia  (from  auerimr^  disproportionate, 
and  iJV.  pye). 

The  eye  of  all  vertebrates  is  an  optic  insUument.  the 
principle  of  which  is  illustrated  by  the  photographer's 
camera  obscuni.  By  means  of  a  convex  lens,  the  lays  of 
light  coming  from  tiie  ditTcrent  poinlsof  external  objects 
are  so  reuinted  as  to  form  inverted,  but  geometrically 
correct,  images  of  those  objects  ou  a  screen.  The  screen 
is  the  retina,  w  hih'  tlic  convex  lens  is  constituted  hy  all 
the  transparent  media  of  the  eyeball. 

A  correct  know  ledge  of  the  optic  properties  of  the  eye 
is  not  possible  without  some  familiarity  with  the  laws  of 
I)liysical  dioiitrics.  Hence  we  must  begin  wilh  a  resume 
of  the  laws  of  Ihe  refraction  of  light.  In  order  to  kee|) 
this  article  within  the  allotted  space,  we  will  not  attempt 
to  follow  out  Ihi'  mathematical  deduction  of  all  the  vari- 
ous formulie  of  which  we  must  make  ii.se.  For  the  com- 
plete mathematical  proof  of  all  the  statemenls  the  reader 
must  consult  some  <if  the  works  mentioned  in  Ihe  bibli- 
ography, especially  those  of  Helmhollz  and  Donders. 

The  paths  of  the  rays  of  light  entering  the  eye.  and  the 
influence  of  the  different  media  upon  them,  can  be  de- 
duced from  the  following  optic  principles: 

'i.  hiir  iif  liifniftlnii.  — From  every  point  of  a  himinons 
or  illuminated  object  there  proceed  rays  of  light  in  all 
directions.  Every  ray  pursues  a  straight  course  as  long 
as  it  pa.s.ses  through  a  uniform  medium.  When  a  ray 
passes  from  one  tmuspareut  medium  into  another  of  dif- 


fereut  optic  propcrtleH,  it  Ih  rcfnuU'<l  or  delleeud  front 
its  straighl  path,  except  when  lis  original  direellon  in 
vertical  to  tlii' surface  of  ihe  hei'oinl  liiediiim.  The  ex- 
tent of  delleetion  depemlM  on  a  speeillc  property  of  each 
niediiim.  viz.,  its  nfniclive  jiower. 
The  iclalion  of  the  refraclive  power 
of  any  rme  medium  to  that  of  un- 
ollier  is  teriiied  the  refractive  index, 
anil  is  usually  designated  by  the 
letter  /(.  .\ir  is  taken  as  tin-  stan- 
dard of  comparison,  and  its  imlex  of 
refraction  is  called  1.  Compared 
with  air  the  refractivi'  inilex  of 
water  is  l.lilt-l:  of  crown  glawi, 
\.'>i.\:  of  Hint  glass,  IfWl-l,  A  me- 
dium having  the  gicater  refractive 
index  is  said— in  a  somewhat  loose 
manner — to  have  a  greater  optic 
density  than  anolher  rarer  medium. 
The  exb'iit  to  which  a  ray  of 
light  is  detlecled  from  its  straight 
path,  by  refrarlion.  dc^pends  on  the 
angle  at  which  it  strikes  the  surface, 
as  well  as  on  the  refractive  indices 
of  the  media. 
Let  ,1.  in  Fig.  2024,  be  air,  with  the  refractive  inde.v 
=  II,  and  B  be  gla.s.s.  with  the  index  =  n  ,  \\\r  two  being 
separated  by  the  surface  «  n' .  A  ray  of  light,  having  the 
direction  n  c  in  the  air,  will  be  bent  in  the  direction  c  rf  on 
entering  the  glass.  If  we  erect  the  normal  li  r  e  vertical 
to  the  surface  at  the  point  <•.  the  angle  a  c  h  is  the  angle 
of  ineideiiee  of  the  ray  ii  r  ;  the  angle  e  r  if  is  the  angleof 
refraction.  The  latter  is  here  snialler  than  the  former, 
for,  in  the  denser  medium,  the  refracted  ray  is  beat 
toward  the  perpendicular.  The  relation  of  one  angle  to 
the  other  depends  on  the  relation  of  the  refractive  indices 
of  the  two  media,  so  that  the  sine  of  either  angle  is  to  the 
sine  of  the  other  inversely  as  the  index  of  the  correspond- 
ing medium  is  to  that  of  the  other,  or 


sine  a  c  b 
sine  e  c  d 


(1) 


Since  the  sine  of  an  angle  zero  is  likewise  zero  in  value, 
it  follows  that  when  the  incident  ray  is  itself  perpendic- 


ular to  the  refracting  surface,  it  continues  to  be  perpen- 
dicular after  its  entrance  into  the  second  medium,  i.e.,  it 
is  not  deflecteil  at  all  from  its  course. 

The  path  which  a  ray  describes  in  passing  through  one 
or  more  refracting  surfaces  is  the  same,  whether  that  ray 
travels  forward  or  backward  from  any  given  point  in  its 
course. 

3.  If  the  denser  medium  is  in  the  form  of  a  plate 
bounded  by  parallel  surfacesand  surrounded  by  the  same 
rarer  medium  on  both  sides,  a  ray,  after  passing  through 
Ihe  jdatc.  follows  a  direction  parallel  to  its  original  course, 
but  is  displaced  laterally. 
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For  in  Fie.  2()"i.").  wlicrp  -1  reiircscnts  tlic  air,  and  Ti 
the  pliilc  (if  u'lass,  llic  my  <'  c  on  ciilpiin;;  the  (ihiss  is 
bent  towiiril  llic  |H'rpeniriculiir  </ <■  to  an  cxtcnl  exactly 
counterbalanced  by  its  deflection  from  the  perpendicular 
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f/on  leaving  tbc  glass.  Hence  the  ray  e  h  after  pas.siug 
through  the  glass  is  parallel  to  the  prolonged  direction  of 
the  original  ray  a  e. 

4.  Ref ruction  by  a  Single  Refracting  Surface. — Wlicn 
the  denser  medium  is  bounded  by  a  convex  spherical  sur- 
face, all  rays  (except  one)  coming  from  any  point  in  the 
nirer  medium  are  deHecled  in  such  a  manner  as  to  be  less 
divergent  after  their  refraction  than  they  were  before. 
The  one  ray  not  detlected  is  the  one  striking  the  surface 
vertieady,  lieiice  coinciding  in  the  radius  or  axis  of  that 
point  of  the  surface.     It  is  hence  termed  the  nxiiil  rny. 

In  Fig.  2026  let  a  be  a  point  in  the  air  from  winch  rays 
proceed  toward  the  convex  surface  b  c  separating  the  air 
from  the  glass.  Let  o  be  the  centre  of  curvature  of  the 
refracting  surface  b  c.  Let  the  ray  a  e  be  vertical  to  the 
surface,  i.e..  coinciding  with  the  direction  of  the  radius 
oc;  it  will  hence  not  be  detlected  from  its  course.  The 
ray  n  h  is.  however,  refracted.  If  n  h  is  the  radius  of  the 
surface,  and  is  lienee  vertical  to  the  ]ioint  h.  the  angle 
of  refraclion/i  o  can  be  fotind  l\y  the  formula: 
sine/ 6  o  :  sine  a  b  d  =  n    :  n' 

It  is  evident  from  Fig.  2026.  that  if  the  point  k  be  not 
too  near  to  the  refracting  surface,  the  refracted  ray  bf 
will  verge  toward  the  undetlectcd  axial  ra\',  and  will 
meet  it  in  some  jioint  which  we  will  designate/.  It  can 
be  shown  by  a  matlieniatieal  analysis,  tliat  not  only  this 
one  ray.  but  that  all  rays  proceeding  from  the  jioint  it 
toward  the  convex  surface  b  c  are  so  refracted  as  to  meet 
the  axial  ray  at  the  point?',  provided  we  limit  our  analy- 
sis to  tho.si'  rays  only  whicli  are  not  very  oblique  to  the 
axis,  aiul  do  not  strike  the  surface  far  from  the  axis. 
With  tliis  ])rovision,  the  point /is  the  collecting  jioint 
of  all  rays  coming  from  rt  ;  the  point/ is  therefore  the 
image  of  the  jioinl  ti.  If  we  trace,  however,  the  course 
of  the  rays  wlueh  are  very  obliiiue  to  the  axial  ray,  or 


FIG.  2020. 

which  strike  the  surface  far  from  its  axis,  we  shall  find 
that  they  meet  the  axial  ray  at  various  points  dilTerent 
from/.  Such  a  want  of  exact  reunion  of  all  the  rays, 
when  too  large  an  extent  of  the  refracting  surface  is  ex- 
posed, constitutes  the  fault  of  0|itic  instruments  known 
as  splicriciil  aberration.  The  refraction  of  such  very 
oblitpie  rays  is  rei^resented,  in  a  somewhat  exaggerated 
manner,  in  Fig.  2027. 

5.   Fi>r<il  /x-H^M.— When  the  luminous  jioint  issituated 
in  the  rarer  medium  at  a  distance  iutiuitely  great  com- 


pared with  the  dimensions  of  the  refracting  surface,  the 

dilTerent  rays  emanating  from  tliat  jioint  strike  the  re- 
fracting surface  with  .so  little  divergence  as  to  be  prac- 
tically parallel  to  each  other.  Tlie.si'  pandlel  niys  are 
rendered  convergent  by  their  refraction.  The  point 
whiTc  these  refracted  rays  meet  is  called  the  ])rincipal 
posterior  focus,  and  its  distnnce  from  the  refracting  sur 
face  is  the  posterior  focal  length.  This  distance,  desig- 
nated usually  as  /''",  depends  on  the  relative  inilices  of 
refraction  of  the  lirst  and  second  media  and  on  the  radius 
of  curvature  of  the  refracting  surface.  If  we  call  this 
radius  ;■,  the  fornuda  for  the  posterior  focal  length  is: 


F'=- 


(2) 


The  plane  drawn  through  the  posterior  focus  vertical 

to  the  axis  of  the  refracting  surface  is  called  the  posterior 
focal  plane. 

As  the  luminous  point  moves  nearer  to  the  refracting 
surface,  so  as  to  make  the  incident  rays  more  and  more 
divergent,  their  focal  reimion  recedes  farther  from  the 
surface,  until  a  certain  point  in  front  of  the  convex  sur- 
face is  reached,  the  rays  j^roceeding  from  which  are  so 
divergent  that  they  can  no  longer  be  rendered  convergent 
by  their  refraction,  but  only  parallel.  Their  point  of 
focal  reunion  may  then  be  considered  as  iutiuitely  far  be- 
liind  the  surface.  Tlii'  jioint  in  front  of  the  surface  from 
wliich  these  rays  proceed  is  the  principal  anterior  focus, 
and  its  distance  from  the  surface,  which  we  will  call  F', 


Fig.  2027. 

is  the  anterior  focal  length.  A  vertical  plane  laid  through 
it  is  the  anterior  focal  plane.  F'  can  be  found  by  the 
formula: 

F=^L^  (2a) 


A  comparison  of  formu1;c  (2)  and  (2a)  shows  that  the  an- 
terior and  posterior  focal  lengths  are  not  alike  under  the 
circumstances,  but  that 

F'  :  F'  =  n   :  n  (2b) 

Renieml)ering  that  the  path  of  the  rays  is  the  same. 
whether  Ihiy  travel  forward  or  backward,  we  may  also 
define  theanlerior  focus  as  the  point  in  which  rays  unite, 
which  proceed  |iarallel  to  each  other  in  the  denser  me- 
dium toward  the  refracting  surface. 

6.  The  distance  of  the  focal  reunion  from  the  refract- 
ing surface  can  be  calculated  for  any  set  of  mys.  coming 
from  any  point,  if  we  know  the. distance  of  that  point 
from  the  surface,  and  also  the  anterior  and  posterior  focal 
lengths  of  the  refracting  surface.  If/  be  the  known  dis- 
tance of  the  luminous  point,  the  distance  of  the  corre- 
sponding focal  reunion/'  will  be: 

F'  f 


r 


F 


(3) 


Conversely,  the  distance  of  a  luminotis  point  /'  can  be 
found,  if  we  know  the  distance  of  its  corresponding  focal 
reunion  or  image/',  according  to  the  formula: 
F'  f 
f  =f-F-  ^'^^ 
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A  viTV  convi'iiii'iil  romiiilii  fur  liiiilint;  llir  pliii-i'  (if  llic 
fiH'iil  rciinioii  i>r  niys  ciiiiiiii);  rri>iii  ti  imini  iit  a  kiuiwri 
iliNlniii'c  run  lie  nlittiiiicil  liy  (hi'  triuisl'iii'iimtii<ii  of  0\)  tiiid 
{'.Ui).  If  we  ilrsif;Millr  till'  ilistlllll'i'  from  lllr  llKllillolls 
point  to  (III'  iiriti'iior  focus,  vi/,. :  j  —  A  as  /  (rountiii^;  / 
iii'giilivu  if/  ia  iifariT  to  tliu  surfucc  than  /"),  uiid  the 


SiiK'i' thi-  final  IctiKth  of  a  r<'fnit'tiii({  Hiirfaii'  Ik  alwiiya 
lnrratiT  tliaii  its  rmiiiiN.  ancpnlilif;  In  foriiiuia-  Ci)  to  (3i"o, 
lliirifiiiT  (III-  intual  iiiiagisof  objects  furlhcr  off  Ihuu  the 


/" 
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ilistaiui-  from  tho  posterior  focus  to  the  point  of  focal 
rcuuiou  of  the  rays  in  ijuestion,  viz. :  /'  —  !<"  aa  C ',  then 


f  r  =  y  F' 


(3b) 


In  nil  these  instances  the  relation  of  luminous  point  and 
corresponiling  image  can  be  reversed  without  change  of 
position:  in  other  words,  if  the  point  x  is  the  image  of 
the  point  </.  then  for  rays  proceeding  in  the  reverse  direc- 
tion. (/  is  also  the  image  of  the  point  x.  Any  two  points 
having  such  a  relation  of  luminous  point  and  correspond- 
ing image  iire  called  conjiii/ntc  jxn'iitn. 

7.  Viituiil  liiiii;/<. — ^Vhen  the  rays,  coming  from  a 
point  nearer  than  the  anterior  focus,  strike  the  refracting 
surface,  their  divergence  is  too  great  to  be  entirely  over- 
come by  the  refraction,  Tliey  cannot  therefore  be  united 
to  form  an  actual  image;  but  if  Iheir  direction,  after  the 
refraction,  be  prolonged  backward.  Iheir  privlongations 
meet  to  form  a  lirfunl  image.  The  focal  reunion  of  such 
niys  is  therefore  negative. 

Thus,  in  Fig.  20'.JS.  if  F  be  the  jirincipal  anterior  focus 
of  the  refracting  surface  «».  and/'  the  luminous  point, 
the  rays  proccedin.ir  from/'  will  have  a  divergence  after 
their  refraction,  as  if  they  came  from  the  ])oint/".  which 
is  therefore  the  imageof/  .  Since/'  is  on  the  same  side 
of  the  surface  us/  ,  its  distance  is  counted  negative.  It 
can  be  determined  by  forniida  (3a)  or  (lib). 

8.  F'iniiiitioii  </  ItiKiyin. — Since  an  object  is  made  up 
of  an  intinilely  great  number  of  points,  and  since  of 
every  such  point  in  front  of  the  refracting  surface  an 
image  is  formed  somewhere  behind  the  surface,  therefore 
an  image  must  also  be  formed  of  the  entire  object.  From 
every  point  of  the  f>bjeet  there  [irocccds  one  ray.  which 
is  not  bent  from  its  course  by  refraction,  viz. :    the  ray 


FIG.  ae9. 

which  strikes  the  surface  perpendicularly,  and  hence  co- 
incides in  direction  with  the  radius  of  the  jioint  of  the 
surface.  Such  rays  are  tcrnuil  iiiy.<>  of  ilinrtiini.  Since 
all  other  rays  proceeding  from  any  one  point  of  the  ob- 
ject meet  the  ray  of  direction  at  the  corresponding  dis- 
tance of  focal  reunion,  the  image  of  every  point  of  the 
object  is  situated  somewhere  in  the  path  of  the  ray  of 
direction  coming  from  that  iioint.  Since  every  ray  of 
direction  coincides  with  one  of  the  radii  of  the  refracting 
surface,  the  rays  of  direction  must,  therefore,  like  the  ra 
dii,  intersect  at  the  centre  of  curvature  of  the  surface. 


Fl(i.  Mm. 

anterior  focusarc  formed  somewhere  beyond  the  point  of 
intersection  of  the  rays  of  direction,  and  are  hence  in- 
verted.    This  is  illustrated  by  Fig.  2l»2(t, 

The  point  where  the  rays  of  direction  cross,  viz.:  the 
centre  of  curvature  of  the  "surface,  is  also  called  the  optic 
eenlre. 

9.  When  the  object  lies  in  a  plane  vertical  to  the  axis 
of  the  refracting  surface,  all  points  of  the  object  near  the 
a.xis  arc  sensibly  at  the  .same  distance  from  the  refracting 
surface,  as  measured  by  the  length  of  the  rays  of  direc- 
tion. Their  images  are  therefore  likewise  situated  at 
equal  distances  behind  the  surface,  and  hence  lie  in  a 
plane  vertical  In  the  axis.  Hut  tliis  is  true  only  as  long 
as  the  angle  included  between  the  ray  of  direction  coming 
from  that  point  of  the  object,  and  the  axis  of  the  refract- 
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ing  surface  is  so  small  as  to  permit  the  substitution  of  its 
chord  for  its  arc  without  practical  error.  In  the  case  of 
objects  of  dimensions  exceeding  this  limit,  the  images  lie 
in  a  curved  line,  with  the  concavity  toward  the  refracting 
surface,  as  shown  in  Fig.  2030. 

Such  extensive  images  are  blurred,  on  account  of 
spherical  aberration.     (See  Section  4.) 

10.  ('irdei<  of  Diff union. — An  image  is  sharply  defined 
only  in  the  plane  of  focal  reunion  of  the  rays.  In  any 
plane  anteiior  to  this  the  rays  are  not  yet  united:  in  any 
plane  posterior  to  this  the  rays  diverge  again.  Hence  a 
screen  placed  in  front  or  in  the  rear  of  the  focal  reunion 
receives  a  blurred  image,  since  every  point  of  the  object 
is  represented — not  by  a  single  point — but  by  a  circle  of 
dilTvision.  The  size  of  the  circles  of  dilTusiou  increases 
with  the  distance  of  the  screen  from  the  point  of  focal 
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reunion  in  cither  direction,  and  with  the  extent  of  the  re- 
fracting surface  through  which  rays  pass.  This  is  evi- 
dent from  Fig.  2031. 

11.  Size  of  Images. — The  size  of  the  image  is  to  the  size 
of  the  object  as  the  distance  of  the  image  from  the  ojitic 
centre  is  to  the  distance  of  the  object  from  the  same 
point.     If  we  designate,  in  Fig.  2032,  the  distance  of  the 
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objoc-t  A  li  from  «,  tlio  optic  centre,  asi/',  and  the  dis- 
tance of  the  image  ii  h  from  o  i\&g',  we  can  express  tlie 
relation  of  size  by  tlie  formuhi; 

'  ,ih  :  A  n  =  1/   :  g'  (4) 

the  truth  of  wliicli  is  evident  from  the  similarity  of  the 
two  triangles  ,1  lin  iind  <i  h  o.     For  certain  caUulatious 
the  relation  of  size  can  be  more  conveniently  stated  as 
•    ab:  AB=f'  -  F'  :  F'  (4a) 

in  which  formula  F'  is  the  principal  posterior  focal 
length,  and/'  the  distance  of  the  image  from  the  surface. 
The  derivation  of  this  formula  is  shown  in  Fig.  2033. 

For  if  we  draw  in  this  figure  the  ray  A  t!  from  the 
point  A  parallel  to  the  axis,  it  is  refracted  as  if  it  were  a 

A 
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ray  coming  from  some  point  in  the  axis  at  an  infinite 
distance,  that  is  to  say.  it  is  deflected  to  F'  the  posterior 
focus,  and  proceeds  beyond  F"  until  it  meets  the  other 
rays  coming  from  A  in  the  point  of  focal  reunion  a. 
Thereby  are  formed  the  two  similar  triangles  d  c  F'  and 
a  b  F'.     Hence, 

ab  -.dc  =/"  F'  -.cF" 

Since  the  line  A  d  lias  been  drawn  parallel  to  7>  <•,  the 
side  d  c  is  equal  in  size  to  the  object  .1  B.  If  we  substi- 
tute the  term  F"  for  the  line  c  F",  and  the  term/ "  —  F" 
for  tlie  line/"  F"  according  to  our  premises  we  get  the 
equation : 

ab  :  AB=f"  -  F"  :  F" 

12.  Virtual  Imnijex. — When  the  object  is  nearer  to  the 
refracting  surface  than  the  princiinil  anterior  focus,  there 
is  no  real  image,  but  only  a  virtual  image  is  formed  on 
the  same  side  of  the  surface  as  the  object  is  itself.  In 
this  case  /"  is  hence  negative,  otherwise  the  same  for- 
uiulic  apply  as  above.  Since  the  ra_vs  of  direction  do  not 
cross,  this  virtual  image  is  erect,  and  since  it  is  always 
farther  from  the  optic  centre  than  the  object,  it  is  larger 
than  the  object.  The  aniplilication  of  the  image  dimin- 
ishes as  the  object  approaches  the  refracting  .surface,  for 
when  the  object  has  just  passed  through  the  anterior 
focus  the  image  is  at  an  infinitely'  great  distance,  and  is 
therefore  most  enlarged,  while  when  the  object  touches 
the  refracting  surface,  object  and  image  coincide  in  posi- 
tion and  size.  The  formation  of  virtual  images  is  shown 
in  Fig.  21)34. 

13.  All  the  facts  above  stated  with  reference  to  images 
formed  in  the  denser  medium  of  objects  situated  in  front 
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of  the  refracting  surface,  are  equally  true  conversely  of 
images  formed  in  the  rarer  medium  of  objects  situated 
behind  the  refracting  surface. 

14.  Rffrartinii  by  Concave  Surfaces. — When  the  refract- 
ing surface  is  concave  on  the  side  of  the  rarer  medium. 
rays  coining  from  any  one  point  are  not  reunited  in  an 


actual  focus.  Rut  if  the  direction  which  they  assume 
after  their  refr.iclion  be  prolonged  baikwiird,  the  pro- 
longed rays  will  meet  in  a  point  representing  the  focus. 
This  buiii  lenglh  is  theiefore  always  negative,  that  is  to 
say,  the  focus  is  always  on  the  same  side  of  the  surfa<e 
as  the  object  itself.  The  i)osition  of  the  i)rinci|)al  foci  or 
any  conjugate  point  of  focal  reunion  can  be  found  by 
the  same  formulie  as  in  the  case  of  a  convex  surface,  but 
these  values  are  always  negative,  because  the  radius  of 
curvature  of  the  concave  surface  is  negative  in  din-etion. 
The  images  formed  by  a  concave  refracting  surface  are 
hence  always  on  the  Siinie  siile  as  the  object,  that  is  to 
say,  they  arc  not  real,  but  virtual,  and  can  only  be  smaller 
than  the  object,  as  is  shown  in  Fig.  2035. 

l.">.  liefractiiiii  bi/  Succemi're  Surjaceti.  —  AVheii  light 
passes  tiirough  a  number  of  surfaces  of  dilTerent  media, 
the  above  developed  formula'  apply  to  the  refraction 
through  ea<'li  surface.  Thus  the  focus  of  the  first  surface 
forms  the  luminous  point  for  the  .second  refraction,  its 
distance  being  ciiunled  positive  when  it  is  in  front  of  the 
second  surface,  and  negative  when  it  hap|)ens  to  be  be- 
hind that  surface.  Similarly  the  image  formed  by  the 
second  surface  is  the  object  "for  the  third  surface,  and  so 
on.  But  such  calculations  become  very  cumbersome  if 
we  try  to  follow  actually  the  course  of  the  niys  through 
their  successive  refractions.  The  matter  is  sim])lified  by 
treating  the  series  of  surfaces  as  one  system  having  cer- 
tain fixed  points,  the  position  of  which  determines  the 
path  of  all  rays.  These  are  called  the  cardinal  points. 
Their  position  remains  constant  in  any  given  system,  and 
can  be  calculated,  if  the  refractive  indices  of  the  media. 
the  radii  of  curvature  of  all  the  surfaces,  and  the  dis- 
tances of  all  the  surfaces  from  each  other  are  known, 
provided  the  centres  of  curvature  of  all  the  surfaces  lie 
in  a  straight  line,  the  axis  of  the  svstem.     If  the  latter 
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to  be  centred. 
two  principal 


condition  is  fulfilled,  the  system  is  said 
The  cardinal  jioints  are  the  two  foci,  the 
points  and  the  two  nodal  points. 

16.  T/ie  Foei. — The  foci,  anterior  or  first,  and  jiosterior 
or  second,  are  the  two  points — one  on  either  side  of  the 
system — at  such  distances  that  rays  coining  from  the 
focus  are  rendered  parallel  to  each  other  by  their  last 
refraction.  Conversely  parallel  rays,  entering  the  system 
from  either  side,  arc  united  in  a  point  in  the  focus  on  the 
other  side,  as  has  been  shown  to  occur  in  the  ca.se  of  a 
single  refracting  surface.  The  distance  of  either  one  of 
the  foci  of  a  compound  system  from  the  surface  next  to 
it  may  be  computed  in  the  following  manner:  Let  ii  be 
the  refractive  index  of  the  first  inediuin.  ii,  of  the  second, 
ii.i  of  the  third,  and  so  on.  Let  >'i  be  the  first  refracting 
surface,  and  r,  its  radius  of  curvature;  Xj  the  second 
surface,  and  Cj  its  radius,  and  so  on.  The  value  of  )•  is 
])ositive  if  the  surface  is  convex  on  the  side  of  the  lumi- 
nous point ;  negative  if  it  is  concave.  Let  (/,  be  the  dis- 
tance from  the  first  surface  to  the  second.  (/.,  from  the 
seemid  to  the  third,  and  so  on.  Determine  the  foci  of 
each  surface  by  itself,  without  reference  to  the  other  sur- 
faces. According  to  formula'  (2)  and  (2a).  we  get  for  the 
first  surface, 

K=-i^^andF,-  =  -^ii-^ 


and  for  the 


second  surface, 
7!,  J'a 


F,'=- 


and  fV 


SO 
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The  pi)Slcriiir  ffK'iH  for  I  ho  flntt  nnil  wcoiid  HiirfnrcR  taken 
lourlhiT  will  now  111'  fciiinil  liy  consHliriMK  /■','  as  llir 
liiniiiiiiiis  point  for  >, ;  iinil,  on  iipplyini;  tlit'  fonniilu  (it), 

v  r 


viz../': 


,■  _  /-•■ 


Wf  get  the  equulion: 


F(,  +  .)"  = 


/•,•  (d-  -  V,') 


(5) 


(rf'  -  h\')-  F, 

wliirli  states  the  distance  of  the  posU'rior  focus  of  tlie 
.system  of  surfaces  N,  unci  .S  from  .S      Tli<-  disUinci-  <if 
liie  anterior  f<x-iis  of  >',  ami  .S  together,  from  .S.  is  simi 
larly  foumi  liy  the  application  of  formula  (3a).  \\/...J   = 

It*'  t" 
~-  anil  foUowiuj;  the  lijjlit  in  the  reverse  direetiou, 

/  ~ 
hence 

(a,  —  ft  )  —  Hi 

W\  treating  the  surfaces  ."J,  and  .'^j  as  one  system,  we  can 
lllen  proceed  lo  determine  the  foci  for  .S  (, -|- ,)  and  .s',, 
and  so  on. 

The  foci  of  an  optic  system  having  been  detcnnine<i, 
the  focal  length  is  now  lueasured  by  the  distance  of  each 


F' 
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focns  from  its  correspon<liiii;  principal  point.  If  we  call 
the  anterior  or  tirst  principal  point  // .  and  the  posterior 
or  second  principal  point  //',  then  /•'  //  is  the  anterior 
focal  lenjrtli.  and  //'  F'  is  the  poslerior  focal  length. 

IT.  Till-  Principal  I'ointn.—'VXiv  iirincipal  pointsare  the 
two  points  where  the  axisof  the  system  is  cut  by  tlic  two 
|irincipal  planes.  The  signilicance  of  the  principal  planes 
can  Ih-  best  explained  on  comparinp  the  refraction  by  a 
single  surface  with  the  course  of  rays  through  a  com- 
pouiul  system.  In  tlie  ca.se  of  the  single  surface  a  b, 
Kig.  2036,  the  my  F  <i.  coming  from  the  anterior  focus, 
is,  by  its  refraction,  made  iiarallcl  to  thea.xial  ray  h"  /•". 
Incident  and  refracted  rays  inli'i>;ect  here  in  the  plane  of 
the  refracting  surface.  The  .s;ime  is  true  of  the  ray  F' 
h  coming  from  the  posterior  focus,  and  its  continuation, 
b  c  after  refraction.  In  Fig.  2037,  however,  where  there 
are  two  refracting  surfaces,  n  b  and  n'  b ,  the  ray,  F'  n. 
coming  from  the  anterior  focus,  is  twice  bent  from  its 
course,  viz.,  at  each  surface,  so  as  to  tlnally  assume  the 
direction  a  d.  parallel  to  tlie  axial  ray.  In  this  case  the 
incident  ray.  /•"  <».  and  the  refniclcd  ray,  <?'  d.  do  not  in- 
tersi'Cl,  being  separ;il(<l  by  the  space  between  a  and  n' ; 
but  if  we  prolong  them  ihrough  this  space,  their  pro- 
longations intersect  at  the  point  /('.  A  plane,  //'  //', 
laiii  through  this  point,  vertical  to  the  axis,  is  the  tirst 
principal  plane.  Similarly,  if  we  prolong  the  ray  F'  b' , 
which  proceeds  from  the  (losterior  focus  to  the  surface  a' 
b  .  it  will  cut  the  backward  prolongation  of  the  refracted 
rav  A  (•  at  the  point  h' .  which  point  detennines  the  i)osi- 
tion  of  the  scconil  principal  j-lane.  It  is  evident,  from 
Fig.  2037.  that  the  ray  wliicli  before  entering  the  system 
is  (iirectcd  toward  the  juiint  li  ill  tlie  first  priiicijial 
plane,  has  a  direction  after  its  last  refraction  as  if  it  came 
from  a  point  in  the  second  principal  plane  at  the  same 
distance  from  the  axis  as  the  point  h  .  Likewise  the  ray 
which  proceeds  in  the  opposite  direction  from  F'  toward 
the  point  /('  has  a  direction,  after  its  last  refraction,  as  if 
it  came  from  a  point  in  tlie  tirst  principal  plane  at  the 
same  distance  from  the  axisas  the  point  h' .  This  mutual 
relation  of  the  two  ]irincii)al  planes  is  the  same  for  all 
rays,  not  merely  those  coming  from  F'  or  F' ;  and  it  is 


true  niHo  for  any  dislanee  at  which  the  jxilnts  h'  and  h' 
■nay  be  from  the  axis  williin  the  limitations  of  Set  lion  4. 
In  other  words,  any  my  w  hich  is  directed  toward  a  niveu 
point  in  the  principal   plane   on  the  side  from  which  it 


conies,  apparently  emerges  from  the  other  jirincipal  plane 
at  the  same  distanci-  from  the  axis.  We  can  thus  deter 
mine  by  conslruetion  the  direction  of  any  ray  after  ils 
refra<tion  through  a  compound  system,  and  thereby  lirid 
the  places  of  tlii'  image  formed  by  such  rays,  if  we  know 
the  |iosilion  of  tlie  foci  and  the  two  princigial  planes.  In 
Fig.  203.'*,  let  (I  II  be  the  tirst.  and  A'  A'  be  llie  la.st  refract- 
ing surface  of  a  compound  system:  let  7/  be  the  tirst, 
and  //'  be  the  seconii  principal  point,  F  the  anterior, 
and /■"  the  posterior  focus.  Draw  the  axis  J""  /•".  From 
the  point  /;  there  proceeds  the  rny  Bii,  parallel  to  the 
axis,  anil  verging  toward  the  point  in'  in  the  first  princi- 
pal plane.  Hence,  after  its  last  refraction,  that  my  has 
a  direction  as  if  it  came  from  the  point  )//'  in  the  second 
principal  jilane,  going  lliidiigli  the  posterior  focus  /■". 
Anotlier  ray  convenient  to  follow  is  the  one  coming  from 
li  and  passing  through  F .  This  verges  toward  the 
jioint  II  in  the  first  principal  plane.  Hence,  by  its  re- 
fraction, it  is  turned  in  the  direction  »"  b,  as  if  coming 
from  h'  and  proceeiling  parallel  to  the  axis.  Where  the 
two  refracted  rays  meet,  at  the  point  b,  is  the  image  of 
the  luminous  point  B. 

Since  the  course  of  rays  is  detennined  by  their  relation 
to  these  imaginary  principal  jilaiics.  the  focal  lengths  of 
a  system  must  be  measured  by  the  distance  of  eaeli  focus 
from  its  corresponding  principal  point,  and  not  by  the 
<listance  of  the  foci  from  the  refracting  surfaces.  Indeed, 
for  all  subsequent  jmrposes,  we  can  practically  ignore  the 
position  of  the  refracting  surfaces  of  any  system,  after 
we  have  once  determined  the  position  of  the  foci  ami  of 
the  principal  planes.  For  now  all  the  problems  relative 
to  the  position  of  object  and  image  can  be  solved  by  the 
same  formula'  as  in  the  case  of  a  single  refracting  sur- 
face, by  measuring  tbe  focal  lengths  from  the  principal 
planes. 

18,  The  position  of  the  two  principal  points  is  deter- 
mined by  the  position  of  the  two  planes  in  which  the 
images  of  a  certain  other  plane  are  of  equal  size  ami  di- 
rection. In  every  refracting  system  there  exist  only  two 
such  planes,  and  these  are  the  principal  planes;  and  there 
exists,  moreover,  only  one  plane  of  which  two  images  of 


(■(pial  size  and  direction  arc  possible.  Hence,  in  order 
to  find  the  principal  points,  we  must  determine  where  a 
line  must  be  in  order  to  form  two  images  of  the  same  size 
and  direction,  and  then  learn  the  place  of  these  two 
images. 

This  proposition  can  be  demonstrated  by  means  of  Fig. 
2039,  in  which  we  have  a  refracting  system  bounded  by 
the  surfaces*  S'  and  «'  S'.  F  is  the  first  and  F'  the 
si'cond  focus.  Draw  the  ray  F'  c,  which  is  deflected 
toward  «'  by  the  surface  »'  5 ,  and  is  made  parallel  to  the 
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axis  by  the  surfiice  »'  S'.  By  the  intersection  of  the  pro- 
longed iiu-idcnt  iinil  rcfnuica  rays  the  point  /('  detiTinines 
the  position  of  tin-  tirst  iirlmi|ml  pliinc.  Similarly  a  re- 
verst'  ray  going  from  F'  to  e  is  bent  twice,  so  as  to  fol- 
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low  ultimately  the  diiectioii  .«  /<  parallel  to  the  axis.  The 
prolongalioiisof  the  ray  before  entering  and  after  leaving 
the  system  give  us  the  jioint  /(",  and  thereby  the  position  of 
the  seeond  ]>rineiiial  plane.  If  we  draw  a  line  rf  d'  verti- 
cal to  the  a.xis  from  the  [Kiint  <l.  where  the  rays  coming 
from  each  .side  intersect  after  their  first  refraction,  the 
virtnal  image  of  d  d'  produced  by  the  surface  ,■*  ^'  coin- 
cides with  the  tirst  principal  plane  /i'  II',  while  the  image 
formed  by  the  surface  «"  .S"  coincides  with  the  second 
principal  plane  A"  II",  as  is  evident  from  the  refraction  of 
the  rays  according  to  the  construction;  and  these  two 
images  are  alike  in  size.  The  distance  of  d'  from  each 
surface  is  determined  by  the  equation  (4a). 

a  b  (image)  :  A  B  (olt/ect)  =/"  —  F"  :  F' 

or  more  conveniently,  on  account  of  the  erect  position  of 
the  virtual  image, 

ab  :  AB=F"  -f  :  F" 

Each  surface  is  here  considered  independently  of  the 
other.  Hence  it  can  be  deduced  that  the  distances  of  d' 
from  each  surface  must  be  to  each  other  as  the  focal 
lengths  of  the  surfaces,  in  order  to  have  the  images 
formed  by  the  two  surfaces  of  equal  size.  This  is  shown 
in  Fig.  2040,  where  P  S"  is  the  focal  length  of  the  sur- 
face s"  S"  in  the  medium  between  the  two  surfaces  and 
P'  S'  of  the  s\iifHCe  n'  S', 

A  consideration  of  the  two  triangles  P'  S'  s"  and  P" 
S'  «'  and  their  segmentation  by  the  line  d  d'  proves  that 

d'  S"  :  d'  S'  =  P"  S'  :  P'  S"  (6) 

Hence,  in  order  to  find  the  principal  planes  of  a  system, 
determine  the  position  of  a  point  in  the  axis,  the  distances 
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of  which  from  the  two  refracting  surfaces  are  to  each 
other  as  the  focal  lengths  of  these  surfaces  in  the  medium 
between  them.  Then  calculate  the  place  of  the  images 
of  this  point  formed  by  each  surface  independently  of 
the  other,  according  to  formula  (3). 

When  the  o|itic  system  .consists  of  more  than  two  re- 
fracting surfaces,  determine  the  principal  jioints  for  two 
adjoining  s\irfaces.  and  then  divide  the  distance  between 
the  one  principal  point  next  to  the  thinl  surface  and  the 
third  surface  into  two  parts,  which  are  to  each  other  as 
the  corresponding  focal  lengths  in  the  intervening  me- 
dium. The  images  of  the  dividing  point  formed  inde- 
pendently by  the  third  surface,  and  by  the  system  of  the 
other  two  surfaces,  are  then  the  principal  points  of  the 
system  of  three  surfaces. 

19.  The  7((xitd  Pointn. — The  nodal  points  of  a  com- 
pound system  replace  the  optic  centre  of  a  single  refract- 
ing surface.     For  while  all  rays  of  direction  pass  unde- 


flected  through  the  optic  centre  of  a  single  surface,  a 
see(md  surface  will  deflect  all  rays  with  the  exception 
only  of  the  axial  ray.  HenceasingU>  optic  centre  cannot 
exist  in  a  compound  system.  But  tliere  exist  two  points 
in  the  axis.  vi/,..  the  nodal  jioints,  of  sucli  iiroptrties  that 
a  ray  directed  toward  the  tirst  before  entering  the  system 
pursues  a  course  after  its  final  refraction  as  if  it  had 
passed  through  the  .second  nodal  point  parallel  to  its 
original  direction. 

That  a  jiair  of  points  of  such  properties  must  exist  in 
any  compound  system  is  evident  from  Fig.  2041.  where 
F  is  the  tirst  and  F"  the  second  focus,  and  in  II  it  the 
first  and  in"  11  n'  the  second  principal  plane.  A  ray  D 
in' ,  coming  from  the  luminous  points  /),  forms  with  the 
refracted  ray  m"  h  any  angle  of  less  than  ISO  as  seen 
from  below,  while  the  ray  I>  n'  forms  with  its  refmcted 
prolongation  ii"  li  an  angle  greater  than  IfSO  as  seen  from 
below.  Somewhere  between  in'  and  //  there  must  be  a 
level  where  the  incident  ray  includes  with  its  continua- 
tion beyond  the  second  principal  plane  an  angle  of  180° 
exactly,  in  other  words,  where  the  two  are  parallel.  Let 
this  be  at  the  level  I'.  If  we  prolong  the  incident  ray 
IS  i,  the  points  where  this  prolonged  ray  and  the  refracted 
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ray  I  "  b  cut  the  axis,  viz..  A"  and  A'",  answer  the  require- 
ments of  the  nodal  points.  The  position  of  the  nodal 
points  relative  to  the  principal  points  is  made  evident  in 
Fig.  2042. 

In  this  figure  we  will  draw  the  line  B  F'  on  F'  verti- 
cal to  the  axis.  From  the  point  B  there  proceeds  a  ray 
of  direction  B  A"  to  the  first  nodal  point  A'  .  According 
to  our  premises  the  ray  K"  b  must  be  parallel  to  B  K' 
and  in  the  direction  A' "  b  lies  the  image  of  B,  at  an  infi- 
nite distance  from  the  optic  system.  Since  the  jioint  B 
lies  in  the  anterior  focal  plane,  every  ray  proceeding 
from  it  is  rendered  parallel  by  its  refraction  to  the  ray  of 
direction  coming  from  B.  Hence  the  niy  Bh  parallel 
to  the  axis  is  continued  after  passing  through  the  second 
principal  plane,  as  h'  F"  parallel  to  K'  h.  and  hence  also 
to  B  K.  From  the  similarity  of  the  tiiangle  B  F'  K' 
and  /( '  W  F"  it  is  evident  that  the  distance 


F'  K'  =H'  F" 


(') 


and  by  reversing  the  figure  and  constructing  the  course 
of  rays  coming  from  the  posterior  focal  plane,  we  can 
similarly  learn  that  the  distance 

F'K'  =  H'F'  (7a) 

and  that  hence 

H   II"  =  K'  K'  (7b) 

which  latter  corollary  is  also  apparent  from  Fig.  2041. 
The  position  of  the  nodal  points  can  le-nce  be  at  once 


learned  by  formula'  (7)  and  (7a).  after  knowing  the  posi 
tion  of  the  principal  jioints  and  of  the  foci.  And  thus 
we  have  all  data  necessary  to  follow  the  course  of  rays 
through  any  compound  optic  system. 

20.   LfiiuK. — It  will  be  best  to  refer  briefly  to  the  optic 
properties  of  glass  lenses  before  we  proceed  to  the  eye 
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ilw'If.  .\croitliiiK  to  till'  riirvutiirL-  of  their  siirfuci'S  uud 
llir  ili>lniu'('  Ih'Iwcoii  tliciii,  Ifiiws  cillitr  rniiiil*'  into  our 
|iniiit  all  till'  nivN  coiiiiii^'  fMiii  line  |iciiiii.  or  iliN|ii-riw' 
lliiiii.  Tlif  foriiKT,  or  lollictinn  I'li^"*.  liiivc  ii  |Hwilivc 
fiKiil  Iniv'tli.  They  form  iiiviTliiliKliiiil  iimi>;csof  iliKliiiil 
ohjrits,  mill  i-rict.  virtiiiil.  iiiiil  <iiliirn<il  imii^'i-siif  oIijihIs 
iiiiirtr  lliiiii  tluir  focuH.  Tin-  latter,  or  clivcrjjliij;  Iciiwk, 
liiivr  It  iiri;iitiv('  fociil  li'ii^tli.  mill  ran  form  only  erect, 
virtual  ima^is,  siiiuller  tliaii  their  object.  When  both 
surfaces  of  a  lens  Jire  convex,  or  one  ih  convex  aiul  the 
other  |>laiie,  the  lens  belongs  to  the  former  variety  ;  when 
one  surfaif  is  concave  and  the  other  [ilaiie,  or  when  Ixitli 
are  coiicavi-.  we  have  a  iliverKinj;  lens  with  nepitive 
focus  When  one  surface  is  convex  ami  ihe  other  con- 
cave, the  |iosilive  or  iK'pilive  value  of  the  resulting  focal 
lerifTth  ilepeiiils  not  only  on  llii'  curvature  of  thi!  two 
surfaces,  but  also  on  the  ilistance  lictweeii  them. 

The  refnictivc  index  of  the  >rla.s.s  used  for  spectacles  is 
DO  near  I.. *>  that  we  can  calculale  on  thai  basis  without 
imporlaiit  error,  at  lea.st  for  spectacles.  Taking  this 
iiidix  we  lind  that  in  a  planoconcave,  or  piano  convex 
lens,  till'  focal  length  is  twice  the  length  of  the  nidius 
of  the  curved  surface,  measuring  from  the  curved  sur- 
face, aciordiin;  lo  formula  Vi)  or  (ia).  The  lirst  and  sec- 
ond fiH-al  lengths  are  of  course  ei|ual  lo  each  olliir,  when 
the  lens  issurroundeil  by  Ihe  sami'  mediiini  on  both  sides, 
according  to  (2b).  The  distance  of  the  foci  from  the 
plane  surface  is,  however,  not  the  .sjinie*  as  from  the 
curved  surface,  for  the  focal  lengths  are  measured  from 
tlie  principal  points,  one  of  wjiich  coincides  with  the 
curved  surface,  while  the  other  is  between  the  two  sur- 
faces, liul  for  most  of  our  purposes  we  can  ignore  the 
tliiikness  of  the  glas.s  lenses,  as  long  as  this  is  slight  com- 
pared with  the  oilier  dimensions,  and  practically  measure 
the  focal  length  from  the  surface,  or.  iudilTereutly,  from 
Uie  centre  of  the  lens.  If.  hence,  we  express  tlie  focal 
length  of  u  pUiuo-conve.x  lens  as 

F'  =  F-  =2r 

we  get  for  a  biconvex  lens  the  formula 

— 2~ 

If  the  radii  of  curvature  of  the  twosurfaces  are  alike,  we 
tind  the  focal  length  eipial  to  the  nulius,  provided  the 
index  of  refraction  is  practically  I. .5.  This  applies  sinii 
Inrly  to  biconcave  lenses,  F  being,  however,  negative. 
In  lenses  with  one  convex  and  one  concave  surface,  the 
measurement  of  the  focal  length  is  not  (luite  so  simple, 
becaus*'  the  thickness  of  such  a  lens  cannot  be  ignored 
vvithout  error,  and  the  principal  points  can  in  such  a 
combination  be  outside  of  the  substance  of  the  lens. 

The  so  called  strength  of  lenses  is  measured  ditferently, 
according  to  the  unit  which  we  adopt.  Formerly  a  lens 
of  the  focal  length  of  one  inch — either  negative  or  posi- 
tive— was  taken  as  the  standard  and  called  1.  Any  lens 
of  longer  focal  distance  could  be  named  only  in  fractions. 


i  being  unc-half  of  that  Htreugth :  timl  U  to  tuiy,  Imving 
a  focal  distance  of  iwo  inclu-s,  and  ^|  having  twelve 
inches  focal  length,  while  a  stronger  lens,  greater  than  1, 
had  a  <orresp(inding  shorier  focal  ilistance.  ISlnce  the 
adoption  of  the  metric  svsteni  in  oplilhalliiologv,  the  op- 
posite way  of  enumeration  has  been  employed.  ,\  lens 
of  the  focal  length  of  1  imlie  is  now  taken  as  unit,  and 
called  one  ilioptrii-,  or  1  I).  .\iiy  lens  of  longer  focal 
length  is  expressed  in  a  decimal  fraction,  thus,  0.2.')  I) 
means  a  lens  of  I  melres  focal  length.  The  stronger 
lenses,  on  the  other  hand,  are  meiuiiired  by  several  diop- 
trics; thus,  10  I),  being  a  lens  of  ■,'„  metre,  or  10  c.e,  focal 
length.  Since  both  syslems  of  measurement  are  yet  in 
use,  it  is  best  to  become  familiar  with  both.  As  regards 
the  convenience  in  calculation,  for  which  puriiose  the 
dioptric  .system  was  iiitrodiiceil,  there  is  really  iml  much 
difference  between  Ihem.  In  order  to  convert  the  niiiii- 
ber  of  a  lens  from  one  sysK'Ui  into  another,  it  is  to  be 
remembered  that  the  metre  is  ei|iial  to  :il).37  English 
inches,  or  ;{li.y4  French  inches.  On  account  of  inaccimi- 
cies  ill  grinding  glasses,  the  whole  numbers,  40 (English), 
and  l!(i  (Frencli).  are  close  enough  for  iiracliuil  purjioses. 
Hence,  to  get  the  dioptric  ii|uivaleiit  of  an  English  num- 
ber, divide  that  nuinbir  into  40,  and  to  translate  a  cer- 
tain nuiiilier  of  dioptrics  into  the  French  inch  system, 
divide  the  numtier  into  3*5. 

21.  In  order  to  examine  the  refraction  in  the  eye  we 
must  determine  the  refractive  indices  of  the  different 
media,  the  curvature  of  the  surfaces,  and  the  distances 
between  the  sejiarate  surfaces. 

22.  liefradire  Itidiciii  nf  the  Mulin  cf  (he  Eye. — The  re- 
fractive indices  have  been  measured  by  various  observers 
in  dead  eyes  by  means  of  dillerent  physical  methods.  On 
account  of  less  perfect  methods  former  results  must  be 
taken  with  some  caution.  Even  the  more  recent  deter- 
minations made  with  Abbe's  refnictometer  have  yielded 
not  inconsiderable  discreiiancies  among  different  observ- 
ers, which  may  perhaps  be  attributed  to  individual  vari- 
ations. The  table  of  refractive  indices,  given  below,  is 
copied  from  Zelieniler  luiil  .Mallhieson.'  It  is  the  most 
complete  of  all  recent  determinations. 

The  indices  of  cornea,  aipieous  liunior,  and  vitreous 
body  are  so  nearly  alike  that  an  average  index  of  the 
three  can  be  used  as  a  basis  for  calculation  without  ap- 
preciable error.  Helmholtz  assumes  1.331).')  as  the  most 
nearly  correct  average  in  his  latest  publication.  While 
the  index  of  the  capsule  of  the  lens  is  considerably  above 
this  figure,  this  membrane  is  so  thin  and  its  surfaces  are  so 
nearly  parallel  to  each  other  that  its  intiueiiceon  the  rays 
can  be  neglected  without  error.  The  index  of  the  lens 
itself  increases  from  the  external  layer  to  the  nucleus,  so 
that  the  lens  really  consists  of  a  large  number  of  layers 
of  increasing  optic  density.  By  reason  of  this  stratified 
arrangement  the  total  refractive  power  of  the  lens  is 
greater  than  it  would  be  were  the  entire  lens  of  the  re- 
fractive index  of  its  nucleus.  For  each  layer,  as  we  pro- 
ceed toward  the  nucleus,  increases  not  only  in  refractive 
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index  but  also  in  ronvexity.  This  is  evident  when  we 
fduipare  llic  folliiwin!;  two  Iciisi's.  tlic  tliicknessof  wliieli 
must  n<it  l)e  imiri'  iliiin  >i  sumll  fraclinti  of  the  focal 
IfUfith.  Let  one  of  these  lenses.  .1.  he  hoiiiojieneous  anii 
have  the  refmetive  index  »".  the  index  of  the  surroiind- 
in;;  tne<lluni  heini;  n,  while  the  otliir  li'us,  />',  ha.sonly  a 
core  or  nucleus  more  convex  than  tlie  surface  of  the  lens 
of  the  index  ;<".  the  supiMlicial  laver  having:  an  index  n  , 
intermediate  between  ii  and  ii'.  If  >i  is  now  very  nearly 
e(iual  to  II.  we  have  practically  a  lens  of  the  same  index 
as  that  of  the  lens  .1.  hut  of  shorter  radius  of  curvature, 
and  hence  of  shorter  focal  length.  If  ii'.  however,  is 
very  nearly  e(|nal  to  ii'.  the  lens  />  will  be  praelicnlly  of 
the  SiUiie  streUL'th  as  the  lens  .1.  but  never  lcs.s.  Hence, 
no  matter  in  what  ratio  the  index  increases  as  we  proceed 
toward  tli<'  nucleus,  the  lens  irains  thereby  in  strength. 
The  special  a<lvantaj;es  of  this stratitical ion  over  a  homo- 
geneous lens  is  the  more  regular  refraction  of  rays  very 
obliipie  to  the  axis,  as  has  been  .shown  mathematically 
by  Hermann.'  Thereliy  the  images  of  objects  .situated 
hilendly  from  the  axisof  the  eyeare  not  distorted  as  they 
wo\ild  be  when  projected  by  a  .glass  lens.  The  actual 
refraction  of  the  excised  human  lens  was  found  by  Ilelm- 
holtz  in  two  measurements  to  be  ciiual  to  that  of  a  homo- 
geneous lens  of  the  sjime  curvature,  but  with  a  refractive 
index  =  1.4.5U)  and  1-1414.  Hut  in  his  latest  estimate 
(1874)  he  adopts  1.4371  as  the  more  nearly  correct  average 
total  refractive  index  of  the  lens  in  its  normal  attachment 
during  life. 

23.  Ciirrature  of  the  Ocular  Surfaces. — The  curvature 
of  the  surfaces  cannot  be  iiieastired  with  accuracy  in  the 
dead  eye.  on  account  of  the  altered  tension  of  the  eye- 
ball. In  the  living  eye  the  curvature  can  be  calculated 
from  a  measurement  of  the  size  of  images  reflected  from 
the  surfaces.  The  cornea,  for  instance,  acts  as  a  polished 
convex  mirror,  producing  diminutive  images,  apparently 
behind  its  surface.  The  size  of  stich  an  image  is  to  half 
the  radius  of  curvature  of  the  mirror  as  the  size  of  the 
object  is  to  the  distance  of  the  object  from  the  cornea. 
The  .size  of  the  image  is  most  conveniently  measured  by 
means  of  Helmholtz's  f>plitlialmometer.  This  consists  of 
a  telescope,  in  front  of  wliich  there  is  a  thick  jdale  of 
glass  with  parallel  surfaces,  which  has  been  cut  in  two, 
so  that  the  line  separating  its  two  halves  exactly  bi.seets 
the  field  of  the  telescope.  The  two  plates  can  be  turned 
on  an  axis  verticiil  to  the  line  of  separation.  As  long  as 
the  two  plates  are  iiraetically  one.  that  is  to  say.  lie  in 
one  and  the  same  jilane,  objeels  are  seen  through  them 
in  their  natural  sha]ie;  but  when  the  two  plates  are 
turned  in  opposite  directions,  the  objects  appear  split 
into  two  halves,  which  are  displaced  laterally  in  opposite 
directions,  in  proportion  to  the  rotation  of  the  plates. 
The  explanation  of  this  dis|ilacement  has  been  given  in 
Section  3.  For  actual  use  theo])hthalmometer  is  directed 
toward  the  observed  eye.  at  a  distance  of  several  metres, 
and  the  images  of  two  lights,  one  placed  on  either  side 
of  the  telescope,  or,  rather,  the  ideal  line  miiting  the  two 
lights,  are  observed  as  rettecled  from  the  cornea.  The 
two  lights  are,  of  course,  placed  in  the  prolongation  of 
the  line  separating  the  two  glass  plates  of  the  instrument. 
These  plates  are  then  turned  by  a  screw  until  the  image 
is  doubled;  that  is  to  say.  until  the  two  halves  are  dis- 
])laced  laterally  through  the  open  space  occupied  by  the 
image.  From  the  observed  degree  of  rotation,  and  the 
thickness  of  the  )ilates.  the  extent  of  displacement,  and 
hence  the  size  of  the  image,  can  be  calculated,  and  there- 
by the  radius  of  curvature  of  the  cornea  be  determined. 

The  radius  of  curvature,  measined  Ijy  retieetion  froin 
the  midille  portion  of  the  cornea,  has  been  found  to  vary 
in  different  eyes  from  7  to  S.'i  mm.,  an  average  near  7.8 
mm.  being  the  most  common.  No  delinite  relation  has 
bien  found  between  this  radius  and  any  existing  ame- 
tropia. On  observing  the  reflection  from  the  marginal 
portion  of  the  cornea,  it  can  be  seen,  even  with  the  un- 
aided eye,  that  the  images  are  larger  than  in  the  centre; 
that  is  to  say.  that  the  convexity  of  the  cornea  diminishes 
from  the  centre  toward  the  i>erii)hery.  The  cornea  is 
therefore  a  segment  of  a  sphere,  only  iu  its  central  area, 


while  toward  the  poripliery  its  shape  approaches  that  of 

an  ellipse,  the  major  and  minor  axes  of  which  are  to  each 
otli<>r  in  the  ratio  of  about  i)  to  ID  or  11.  The  posterior 
surface  of  the  cornea  is  found  in  the  ilead  eye  to  be  nearly 
concentric  with  the  anterior  surface.  This  fact,  in  con- 
nection with  the  rather  slight  difference  in  the  in<lices  of 
cornea  and  aijueous  humor,  allows  us  to  regard  the  cor- 
nea, aijueous  humor,  and  vitreo\is  body  as  one  optically 
homogeneous  medium,  boimded  by  a  single  surface. 

The  radius  of  curvature  of  the  anterior  surface  of  the 
lens  has  been  found  to  vary  between  9  and  12,  and  ex- 
ceptionally even  14  mm.  ;  and  that  of  the  posterior  sur- 
face between  .'i.'j  and  (i..'5.  The  images  reflected  from 
these  surfaces  are  so  faint,  on  account  of  the  small  <lifTer- 
ence  in  the  refractive  indices  of  ai)ueoiis  humor  and  lens, 
that  the  ophthalmometer  can  lie  used  to  advantage  only 
with  sunlight.  The  ajiparent  size  of  these  images  re- 
(juires  a  correction,  for  the  cornea  and  aqueous  humor  act 
as  a  magnifying  lens,  interposed  both  in  the  path  of  the 
rays  from  the  object  to  the  retleeting  surface,  and,  again, 
between  the  latter  and  the  ophthalmometer.  In  the  case 
of  the  images  reflected  from  the  iKisterior  surface  of  the 
lens,  the  substance  of  the  lens  must  also  be  taken  into 
account  as  part  of  the  magnifying  system.  It  is  neces- 
sary hence  to  know  the  distance  from  the  cornea  to  the 
anterior  surface,  and  from  the  latter  to  the  posterior  sur- 
face of  the  lens  in  order  to  calculate  the  radii  of  curva- 
ture. The  posterior  surface  of  the  lens  acts  as  a  concave 
mirror,  giving  an  inverted  and  very  small  image. 

24.  Disiancet  bitireen  the  liefriictinff  SnrfureK. — The  dis- 
tance of  the  anterior  surface  of  the  lens  from  the  cornea 
has  been  determined  according  to  various  methods  by 
Heliuholtz  and  his  pupils.  By  means  of  a  focussing 
microscope  with  graduated  screw,  or  by  means  of  the 
ophthalmometer  with  the  aid  of  movable  lights,  it  was 
learned  how  far  the  rim  of  the  iris  appears  behind  the 
cornea  and  the  true  position  of  the  pupil  was  then  calcu- 
lated from  the  known  refractive  power  of  cornea  and 
aqueous  huiuor.  Values  between  3.2  and  4  mm.  have 
been  found  in  different  eyes.  Helmholtz  adopted  3.6 
mm.  as  a  sufliciently  accurate  average  to  use  in  his  dia- 
grammatic eye.  Tlie  distance  of  the  posterior  surface  of 
the  lens  from  the  cornea  can  be  measured  only  by  com- 
plicated methods  Ijased  on  the  observation  of  the  parallax 
l)etween  the  reflection  from  the  cornea  and  that  from  the 
posterior  surface  of  the  lens,  and  by  taking  into  account 
the  influence  of  cornea,  aqueous  humor,  and  lens  sul)- 
stance  on  the  rays.  It  has  been  found  to  ajiproximate 
very  closely  to  7.2  mm.,  which  gives  3.()  mm.  as  the 
average  thickness  of  the  lens  (while  the  eye  is  not  ac- 
comiuodating).  The  lens  taken  out  of  the  eye  increases 
iu  thickness  on  account  of  elastic  retraction,  as  will  be 
explained  in  the  section  on  Accommodation. 

25.  Diiir/riimmatic  E//C. — V>'e  learn  thus  that  there  are 
noticeable  differences  in  the  optic  constants  of  normal 
eyes,  so  that  two  eyes,  both  emmetropic,  are  not  neces- 
sarily identical  in  conslruelion.  But  within  the  latitude 
of  emmetropic  eyes  the  deviations  of  the  difl'erent  ligures 
from  the  average  counterbalance  each  other,  so  that  the 
object,  the  formation  of  shar]!  images  of  distant  objects 
in  the  jilaneof  the  retina,  iseqiuilly  attained  inall.  From 
numerous  measurements  made  l)y  himself  and  others, 
Helmholtz  has  constructed  the  following  diagmmmatic 
eye,  corresponding  to  the  average  ligures  of  human  em- 
metropic eyes: 

Millimetres. 
KHfrsctlve  Inrte.x   of  ooniea,  aqueous,  and  vitreous 

huiii'>r 1.3365 

Ui'fnietive  inde.x  of  ihe  lens  as  a  whole l.i.^ 

Hiiilliis  of  I'urviilureof  the  cornea 7.829 

Railitis  iif  curvature  of  the  anterior  surface  of  the  lens.  10. 
Radius  of  curvature  fpf  the  iM»sterior  surface  of  ttielens.  6. 
Distance  from  the  iimerlor  surface  of  the  cornea  to  the 

lens 3.8 

Thickness  of  the  lens 3.6 

From  these  data  are  computed: 

Anterior  focal  letittth  of  the  cornea,  aqueous  and  vitre- 
ous humor 2:j.3tJ6 

Posterior  focal  lenRth  of  the  cornea,  aqueous  and  vitre- 
ous humor 31.095 
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Vf-nl  li-nirth  "f  Itif  li'iin  <ln  plnpo) IKl.iri 

i>L<«tiiiif-«*  >>f  flrMt   t>nil«'l|>ul  iMitiu  uf  till*  leiu  frulii  lU 

tinc*-rli>r  fturfurf 2A2 

liMiiiicv  of  M'<'i>iiil  iirtiic'lpul  iKiliit  iif  till'  li'iin  fnMii  llji 

|M>i«ii>rti>r  MirtiM-f \.'Si 

lil^iiiiio'  lit  till'  llnii  |irliiii|iiil  imliil  II'  lit  the  ciitln- 

i-n-  Ih'IiIiiiI  llH'ii.riii'ii 1.750 

Dhiiiiiii'  of  ihi'  oiiinil  |irlni'l|iul  |>ulnt  11'  o(  the  pntlre 

■•M-  iK'liliiil  ihi'  iiinii-ii 2.118 

lil!<iiiiiii' iif  till'  llnii  iiikIiiI  imlni  K"  nf  till!  I'lilln' I'Vi- 

Ik'IiIimI  llii'  r.irili-ll O.llOll 

lilitiiiii f  Ihi' Mil  mil  mihIkI  iNiInt  K'lit  Ihi't'ntln'i'yt' 

lu'lllllil  nil'  r.  Tlli'll 7.331 

A MiiTl. ir  f. N-ul  li'iiiftli  iif  llii'  I'lillni  i-ye If)..'i08 

I'.wii'riur  t'l-ul  li'iiiftli  iif  llu-  I'litlriM'ye 30.710 

TliU  liilItT  IlKurr  plus  the  ilislmicc  of  //'  fniiii  the  cor- 
nea jfives  u.s  2"J.)<y4  iniii.  us  the  optic  ii.vis  from  Ihc  an- 
terior surface  of  llie  cornea  to  tlie  sensitive  plane  of  the 


Kill.  a>ti. 

retina  and  adding  to  tliis  number  tlie  tliicUness  of  tlie 
sclerotic  coat,  viz.,  1.3  mm.,  we  obtain  about  24.1  nun. 
as  the  lengtli  of  the  eyeball.  Anatomical  measurement 
has  shown  tlie  eyeball  to  vary  between  22..')  and  27  mm. 
in  length.  24  to  24. G  mm.  being  the  most  common  limits. 
Vnfortunately  these  anatomical  measurements  refer 
mostly  to  eyes  the  refractive  state  of  which  was  not  de- 
termined during  life.  The  diagrammatic  eye  of  Ilelm- 
holt/.  and  the  jiosition  of  its  cardinal  pointsare  illustrated 
by  Fig.  2043.  amplified  twice. 

26.  In  the  calculation  of  the  size  of  retinal  images  and 
of  the  influence  of  gla.sses  on  sight  in  fact,  in  almost  all 
the  i>roblems  not  relating  to  the  changes  during  accom- 
modation, we  can  arrive  at  results  sulticiently  accurate 
by  taking  as  a  ba.iis  the  simplified  diagrammatic  eye  of 
Donders,  in  which  the  lens  is  omitted.  It  consists  of  a 
single  refracting  surface,  representing  the  cornea  with  a 
radius  of  curvature  of  ii  mm.  The  single  internal  me- 
dium, optically  identical  with  the  cornea,  has  a  refrac- 
tive index  of  1.333  (|).  Thereby  we  deal  with  but  one 
princijial  point,  viz..  in  the  plane  of  the  cornea  and  but 
one  nixial  point,  the  centre  of  curvature  of  the  cornea. 
The  first  focal  length  is  1.)  mm.,  the  second  20  mm.,  which 
latter  figure  represents  likewise  the  length  of  this  eye-. 

The  human  eye  has  some  advantages  not  possessed  by 
artificial  optic  instruments,  but  also  various  faults  which 
a  skilful  optician  can  avoid. 

27.  ]'iituiil  Fidil. — There  exists  no  instrument  which 
has  as  extensive  a  field  as  the  eye.  since  images  are  de- 
picted on  the  retina  of  objects  situated  as  far  as  .'5.')°  to  6.5° 
from  the  line  of  direct  sight,  and  on  the  temporal  side 
even  as  far  as  90°  to  100  .  The  fact  that  images  fonned 
near  the  periphery  of  the  retina  arc  not  seen  distinctly,  is 
due  primi pally  to  the  relative  dulness  of  .sensibility  of 
the  periphenil  portion  of  the  retina.  The  images  them- 
selves are  (|uitc  sharp,  as  we  can  learn  by  examining  the 
periphery  of  the  retina  in  the  eye  of  another  person  with 


the  ophthulmOHCope.  When  Ihcrefrudi  n  i~ .  nnnetroplr 
in  the  centre  of  the  retina,  It  U  very  nearly  so  hImi  in 
till'  extreme  periphery.  This  is  due  to  tlie  curvalure  of 
the  rear  of  the  eyeball  and  of  the  retina  (compare  hw-c- 
lioii  Hi.  .Moreover,  the  elliptical  curvature  of  theconiea, 
and  slill  more  the  stratified  slrurlure  of  llie  li-ns  prevent 
till-  distiirlinii  of  imat'cs.  which  ordinary  spherical,  homo- 
geneous lenses  would  |)r<Hluic  in  I  he  ca.se  of  objects  situ- 
ated far  latenilly  from  the  axis  of  the  sysli'm. 

2M.  f>/)/iirirtil  Alurriitinn. — Spherical  lenses  do  not  col- 
lect in  the  common  focus  those  rays  which  are  very 
oblii|ue  to  the  axis  or  strike  the  refracting  surface  far 
from  its  centre.  This  spherical  aberration  is  shown  in 
Fig.  2027.  In  the  eye  it  is  almost  wholly  obviated  by 
the  elliptical  shape  of  the  cornea  and  the  stratification  of 
the  lens.  The  iris,  moreover,  serves  the  jiurpose  of  a 
diapliragni.  so  that  the  extniiie  marginal  rays  cannot 
orilinarily  pa.ss  through  the  pupil. 

211.  C/irtimalic  Aliirnitivii. — The  chromatic  al)erration 
of  lenses  gives  rise  to  colored  rings  around  images  other- 
wise well  defined.  It  is  due  to  the  fact  that  the  index 
of  refraction  is  not  the  sjinie  for  waves  of  light  of  dilTer- 
ent  length.  Ileiice  there  is  necessjirily  a  slight  separa- 
tion of  the  dilTerint  colors  when  mixed  or  so  called  white 
light  is  refrjuted  by  a  lens.  The  eye  is  not  free  from  this 
defect:  it  possesses  it  to  about  the  same  extent  us  if  it 
consisted  of  water.  If  either  end  of  a  sharply  defined 
spectrum  be  observed  through  an  achromatic  telescope 
the  other  end  appears  diffu.se  until  the  adjustment  of  the 
telescope  (or  of  the  eye)  isaltered.  The  iJilTerence  in  ad- 
juslnv'iit  corresponds  to  about  1..5  to  2  dioptrics;  that 
is  to  sjiy.  an  eye  forming  a  sharp  image  of  an  object 
emitting  violet  light,  rei|uires  an  additional  convex  lens 
of  some  7.")  to  .'50  c.c.  focal  length,  in  order  to  bring  the 
less  refrangible  red  rays  into  a  focus  upon  the  retina. 
Ordinarily  we  are  not  conscious  of  this  defect,  because 
the  eye  is  adjusted  for  the  middle  and  brightest  portion 
of  the  spectrum,  viz.,  yellow  and  green  to  blue,  while 
the  red  and  violet  rays  form  circles  of  diffusion  around 
the  image,  which  blend,  and  thereby  diminish  in  dis- 
tinctness of  color,  being,  moreover,  much  less  bright 
than  the  sharply  defined  image  which  they  surround. 
Hut  we  can  see  these  colored  circles  of  diffusion  quite 
distinctly  on  looking  at  some  bright  object,  while  cover- 
ing one  half  of  the  pupillary  aperture  with  an  ojiaque 
screen,  for  by  thus  cutting  olt  half  of  the  pencil  of  light, 
we  prevent  the  blending  of  the  color  rings,  and  the  ob- 
ject shows  then  a  blue  edge  on  one  side  and  a  yellow 
margin  on  the  other.  The  chromatic  aberration  is  also 
quite  noticeable  on  observing  a  luminous  point  through 
a  violet  glass,  which  absoibs  the  middle  part  of  the  spec- 
trum, whereupon  we  see  either  a  red  point  surrounded 
by  a  blue  halo,  or  a  red  margin  around  a  blue  point  of 
light,  according  to  the  refractive  state  of  the  eye, 

30.  Imperfect  Centring. — The  optic  system  of  the  eye 
is  not  perfectly  centred.  The  centre  of  the  cornea  coin- 
cides, indeed,  with  the  vertex  of  its  ellipse:  but  the 
major  axis  of  this  ellipse  forms  an  angle  with  the  visual 
line,  or  line  of  direct  sight:  that  is  to  say,  the  line  of  the 
ray  of  direction  i)assing  from  an  observed  point  through 
the  nodal  points  to  the  centre  of  the  retina.  The  visual 
line  deviates  toward  the  nasal  side  of  the  corneal  axis 
(proceeding  outward)  to  an  extent  of  from  4°  to  8\  This 
relatively  oblique  direction  of  the  corneal  axis,  when  ex- 
treme, may  give  some  eyes  a  false  appearance  of  diver- 
gent squint.  Still  no  noticeable  deficiency  of  sight  can 
be  attributed  to  this  want  of  centring. 

31.  Aitiijnxitiiim. — More  serious  defects  are  those  due 
to  irregularities  in  the  curvature  of  the  refracting  sur- 
faces. We  have  so  far  considered  only  the  refraction  of 
rays  which  lie  in  one  plane,  with  the  tacit  assumption 
that  our  refracting  surfaces  are  the  surfaces  of  true  bodies 
of  rotation,  tlrnt  is  to  say.  that  the  radii  of  curvature  are 
equal  in  all  meridians.  For.  in  this  case,  any  of  the  fig- 
ures illustrating  the  cour.se  of  rays  in  the  plane  of  the 
paper  may  be  supposed  rotating  on  their  axis  in  order  to 
illustrate  the  course  of  rays  in  all  planes.  But  this  as- 
sumption is  scarcely  ever  correct  in  the  case  of  the  human 
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eye.  On  measuring  with  Ihdophtliiilmometortliccornt'nl 
nuliiis  of  riirviiliiii'  in  the  liDrizontnl.  iiiid  tlicn  in  tin- 
Vertical  nieridiiiii.  th<'  two  raiiii  are  found  to  dilTcr  from 
caeli  other  lo  ii  Iritlini;  extent  even  in  tlie  most  normal 
ryes.  More  eominonly,  hut  not  always,  the  nnlius  is 
smallest  in  the  vertical  meridian.  The  two  meridian.s 
pri'.sentinj;  the  fireatest  discrepanries  are  not  necessarily 
liori/.ontal  and  virti<al;  they  may  have  any  inclination. 
A  dilTerence  of  0. 1  mm.  hetween  the  radii  of  two  merid- 
ians lit  rii;hl  iinirleslo  each  other  sepanitcs  the  focus  of 
one  miridian  from  that  of  the  other  to  the  e.\tent  of  about 
0,:i  mm.  DilTcrcnccs  of  O.dl  to  O.O.")  nun.  in  the  radii  are 
the  most  common.  The  cornea  is  lience  the  seirment  of 
an  ellipsoid  with  three  uneii\ial  axes.  As  a  result,  the 
focal  lenjrlh  is  not  the  sjime  in  any  two  meridians  of  uu- 
ei|ual  curvature,  and  hence  the  points  of  an  object  can- 
not be  rei)resenle(l  by  points  in  the  images  formed  in 
such  an  eye.  If  in  Fi>r.  2(144.  .1.  we  represent  the  ellip- 
soid cornea  with  the  horizontal  meridian  /(  Ji  having  a 
greater  radius  of  curvature  than  the  vertical  meridian 
c  ('.  the  focus  in  the  former  meridian///  must  be  farther 
off  than,/'c,  the  focus  of  the  vertical  meridian.  If  wc 
place  a  screen  successively  in  the  positions  numbered  1, 
2,  3,  4.  and  .'».  the  image  of  a  distant  point  would  appear 
as  sliown  in  an  exaggerated  manner  at  7>,  1,  2,3,  4,  and  5 
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of  the  same  figure.  The  refraction  by  such  an  ellipsoid 
cornea  can  be  imitated  by  means  of  an  ordinary  spherical 
lens,  to  which  is  added  a  cylindrical  lens,  the  segment  of  a 
cylinder,  thereby  introducing  a  difference  in  the  refrac- 
tive strength  in  the  two  meritlians,  of  which  one  is  paral- 
lel with,  and  the  other  at  right  angles  to,  the  axis  of  the 
cylinder.  This  defect  of  the  eye  is  known  as  the  regular 
astigmatism  (from  «,  privative,  and  criyfia,  a  point). 
There  are  very  few,  if  any,  eyes  entirely  free  from  it. 
When  the  ineipiality  in  the  refraction  of  two  meridians 
exceeds  the  strength  of  about  one  half  to  one  dioptric, 
it  may  necessitate  correction  by  means  of  cylindrical 
glasses  (see  under  Antigiuntixm).  As  the  result  of  regti- 
lar  astigmatism,  lines  of  different  inclination  are  not 
seen  equally  distinctly.  If,  for  instance,  the  eye  be  ac- 
curately emmetro|iic  in  the  horizontal  meridian,  while 
the  sharper  curvature  of  the  vertical  meridian  brings  the 
focus  behind  the  retina  in  the  latter  meridian,  then  only 
vertical  lines  at  infinite  distance  will  be  sharply  dctined  on 
the  retina,  while  the  more  a  line  approaches  the  horizon- 
tal diri'ction.  the  more  dilluse  will  be  its  retinal  image. 
The  interference  with  sharp  sight  increases,  of  course, 
with  the  degree  of  astigmatism.  Adiscrepaney  between 
two  meridians  iiiiKUinting  to  less  than  half  a  dioptric  does 
not  interfere  with  sight  lo  any  practical  extent. 

In-fijiiliir  A-ilir/iiiatiKiii  gives  rise  to  such  slight  imper- 
fections of  retinal  images  as  the  radiation  of  "rays" 
around  stars  and  other  small  luminous  points.  It  is  due 
to  o])tic  inefpialities  in  the  different  sectors  of  the  lens, 
whereby  some  of  the  rays  are  deflected  from  the  ]mth 
which  they  would  pursue  in  a  perfect  eye.  This  irreg- 
ular astigmatism  does  not  exist  after  the  lens  has  been 
removed. 

32.  Mi(»c<ri  Volitanteg. — Few,  if  any,  eyes  do  not  at 
times  see  flying  specks,  so  called  niuscic  volitantes. 
They  appear  in  the  form  of  transparent  rows  of  beads  or 


groups  of  grannies,  or  simply  shadowy  streaks  Moating 
about  when  the  eye  is  move<l.  Tlieyare  due  to  the  pres 
dice  of  similarly  shaped  objects  floating  in  the  vitreous 
body,  cells  and  groups  of  ceils,  and  shredsof  membranes, 
transparenl,  but  of  an  index  of  refraclion  slightly  differ 
ent  from  that  of  the  me<iium  surrounding  them.  Their 
rims  hence  cast  shadows  similar  to  those  of  a  glass  ball 
between  a  light  anil  a  screen.  These  shadows  are  most 
marked  when  the  rays  of  light  are  parallel  in  the  vitreous 
body,  when  the  source  of  light  is  in  the  anterior  focus  of 
the  eye.  We  ciin  observe  them  well  by  using  as  source 
of  light  a  pinhole  in  an  opaipie  screen  held  close  to  the 
eye  and  toward  the  sky,  or  on  looking  into  a  microscope. 
When  the  atteiilion  has  once  bei-n  called  to  them  they 
may  continue  to  aniifiy  nervous  persons,  mentally  rather 
than  optically.  These  shadows,  even  if  inconvenient, 
are  not  indicative  of  any  disease. 

33.  Aiiictri>))i(i. — The  last  and  most  important  imper- 
fection of  the  eye  is  the  not  uncommon  want  of  harmony 
between  the  focal  length  and  the  anatomical  length  of 
the  eyeball,  the  refractive  defect  kmnvii  as  ametropia. 
We  have  seen  that  the  radii  of  curvature,  the  distance 
from  cornea  to  lens,  the  length  of  the  eyeball,  and  per- 
hajis  even  the  refractive  indices,  may  vary  within  certain 
limits  in  different  eyes.  It  is  only  in  the" more  fortunate 
instances  that  the  ideal  result,  viz. :  the  coincidence  of 
the  [losterior  focal  plane  with  the  position  of  the  retina. 
is  olitained,  while  in  many  eyes,  otherwise  healthy, 
images  of  distant  objects  are  formed,  either  in  front  of 
the  retina,  constituting  myopia,  or  behind  the  retina,  the 
condition  of  hypermetropia.  In  eitherof  these  twocases 
the  retinal  images  of  distant  objects  are  blurred  in  pro- 
portion to  the  distanceof  the  retina  from  the  focal  plane, 
and  in  proportion  to  the  size  of  the  pupil.  The  lower 
degrees  of  ametropia  may  be  due  to  an  unproportional 
curvature  of  the  corneal  and  lenticular  surfaces,  while 
the  length  of  the  eyeball  is  normal :  but  when  the  anom- 
alies of  refraction  reach  any  liigh  degree,  the  eyeball  is 
found,  not  merely  relatively,  but  absolutely  too  long  in 
myopia,  too  short  in  hypermetropia. 

While  emmetropiais  the  most  fortunate  refractive  con- 
dition, it  is  not  necessarily  the  most  common.  Statistics 
show  that  in  the  upper  classes  of  schools,  and  especially 
high  schools,  in  European  countries,  from  one-third  to 
one-half,  and  sometimes  even  two-thirds  of  the  eyes  are 
nearsighted,  and  si^me  tive  to  ten  per  cent,  are  far- 
sighted.  In  this  country  the  figures  are  a  little  more 
favorable,  as  regards  the  frequency  of  einmctropia. 
Fuller  details  of  these  statistics  will  lie  given  under  the 
heading  Mi/itpin. 

34.  liefnii-tiiin  diiiintf  the  Growth  of  the  Eye. — In  the 
infantile  eye  all  the  dimensions  are,  of  course,  smaller 
than  in  the  adult  organ.  The  shorter  axis  of  the  eyeball 
is.  however.  )iroportionate  to  the  shorter  radii  of  curva- 
ture of  cornea  ami  lens,  so  that  emmetropia  can  exist. 
Indeed,  during  childhood  there  are  more  emmetropic 
eyes  than  in  ailult  life.  The  eyes  of  babes,  however,  are 
most  frequently  far-sighted,  as  shown  by  ophthalmo- 
scopic examinalion,  Jaeger  formerly  asserted  the  con- 
trary, having  found  78  eyes  myopic  out  of  100,  and  but 
.')  accurately  emmctro]iic  in  new  liorn  babes.  He  seems 
tohavcliccn  misled,  bnwcvcr.  by  the  accommodated  con- 
dition of  the  infanlile  eye.  for  later  observers,  who 
paralyzed  the  accommodation  by  means  of  atropine,  have 
arrived  at  different  results.  Thus  Kli-*  found  but  11  eyes 
myopic,  17  emmetropie.  and  72  liypermetro|)ie  in  100 
eyes  of  infants.  Bjerruni'' noted  (il  hypermel ropes.  23 
emmet  ropes,  and  3  myopes  on  <xamining  87  balics. 
Ilorslmann'  found  in  .W  new-born  infants  88  far-sighted 
eyes,  10  emmetropic,  and  but  2  short-sighted  eyes.  In 
.")0  chililicn,  of  the  age  of  one  or  two  years,  84  eyes  were 
far  sighted,  10  normal,  and  6  short-sighted:  while  in  .'iO 
children,  four  to  live  years  old,  hypermetropia  had  di- 
minished, involving  74  eyes:  myopia  liinl  increased  to  13 
eyes:  13  eyes  being  emmetrojiic.  These  figures  show 
that  the  refraction  increases  ordinarily  as  the  child  ad- 
vances in  years.  During  the  years  of  school  attendance 
this  growth  leads,  in  many  instances,  to  a  myopic  refrae- 
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tlon.     Indw<l,  iim  we  paiw  fnmi  llic  Ictwor  to  tlio  lilf;licr 

clii.HMcs  III  scliiMils.  \\v  tliiil  iiiyopiii  iiirn'iiHJiijr  Ktniiliiy  in 
fri'inifiny  iiihI  in  ilcKr"'''  Tlii- ii-fnicllHii  rriimiiisslnlinii 
iiry  fnnii  tlir  lliiii'  I'f  |iiil)crty.  in  linillliy  rvcit.     'I'lii'  in 


Kiii.  am."). 

rn-asc  i>f  inynpia  so  often  nolcd  from  tliis  time  on  until 
iilioui  till'  lliirtictli  year  must  he  considcrt'd  a  morbid 
c'liiin^i' 

3."i.  Hryoiid  the  sixtii'tli  year  of  a.u'f  Hx'  rcfmctlon  di- 
minislics  airain.  so  thai  cnimrtroiiia  turns  into  slijrlit  liy- 
]Mrnic'tro|)ia,  on  account  of  senile  rlinnjces  in  the  lens. 

;W.  A(  ioMMoi>.\TioN. — Aceordini;  to  the  laws  of  re- 
fraction, the  eiiinietropic  eye  can  form  sharp  retinal 
imajies  of  tliosi'  objects  oidv  which  are  situated  at  an  in- 
tinite  distance  from  the  eye.  or  at  least  at  a  distance  very 
lari;e  when  compared  with  the  dimensions  of  the  retracl- 
iiii;  surfaces.  I'nictically  this  amoimts  to  any  distance 
beyond  5  metres.  Hut  every  day  experience  teaches  u.s 
that  we  can  also  sec  distinctly  objects  iiuitc  close  to 
the  eye;  but  we  can  never  see  equally  distinctly,  and  at 
one  and  the  same  time,  two  objects,  one  far  and  the 
other  near.  On  looking  at  a  distant  sign  through  a  veil 
held  in  front  of  the  eve,  we  can  get  alternately  sharp 
images  of  the  distant  letlei-sorof  the  threads  of  the  ad- 
jacent veil,  but  we  cannot  see  them  both  distinctly  at 
oiH'  and  the  same  time.  This  jiower  of  successive  ail- 
jiistmeiii  of  the  eye  for  distant  ami  adjacent  objects  is 
ternu'd  the  faculty  of  accomniodalion. 

The  exertion  of  the  accommodation  increases  for  the 
lime  lieing  the  refmctivc  strength  of  the  eye.  It  is  evi- 
dent that  an  <'ye  accommodated  for  an  object  four  inches 
distant  must  be  e(iual  in  refractive  strength  to  the  em- 
metropic eye  |>lus  the  strength  of  a  convex  lens  of  four 
inches  focal  length.  For  were  the  eye  deprived  of  its 
power  of  accommodation  it  would  be  necessary  to  add  to 
it  the  strength  of  this  lens  in  order  to  get  sharp  ictinal 
images  of  ol)jects  four  inches  olT.  The  accommodative 
effort  of  an  eye  can  therefore  be  represented  by  the 
strength  of  a  convex  lens  of  a  focal  length  equal  to  the 
distance  from  the  eye  to  the  object  accommodated  for. 

37.  ('/iiiiii/fn  in  ilif  Ki/e  (iiii-hif;  Arniminndii/idii. — The 
optic  changes  upon  which  accommodation  depends  occur 
solely  ill  the  crystalline  lens.  Neither  the  corneal  curva- 
ture nor  the  position  of  the  retina  is  altered.  Removal 
of  the  lens  deprives  the  eye  completely  of  its  |)ower  of 
accommodation.  Any  eye,  except  one  extremely  myopic, 
becomes  highly  liypermetropicuiion  removal  of  the  lens, 
requiring  then  a  strong  convex  glass  in  order  to  see  dis- 
tinctly at  a  distance.  On  ai  count  of  the  impossibility  to 
accomnuMlate.  the  strenglhof  thisglassmust  be  increased 
for  near  obji'cts.  and  with  a  given  glass  accurate  sight  is 
possible  oiilv  at  one  given  distance.  If  the  individual 
can  read  at  ilitTerent  distiinces.  it  is  done  by  ignoring  the 
circles  of  ditfusion,  especially  when  they  are  small,  on 
account  of  a  narrow  pupil.  The  most  rigid  test — whether 
in  this  or  in  any  other  case  an  eye  is  adjusted  fora  certain 
distance — is  known  as  Scheiner's  experiment. 

38.  S<-/i(i>i)r's  ExjM rimiht. — If  siaiie  luminous  point — 
for  instance,  a  pinhole  in  a  screen  in  front  of  a  light — be 
viewed  through  two  pinholes  in  another  screen  which 
are  closer  together  than  the  diameter  of  the  pupil,  the 
only  effect  of  the  latter  screen  held  close  to  the  eye  will 
be  to  diminish  the  number  of  niys.  and  thereby  reduce 
the  brightness  of  the  retinal  image,  if  the  latter  be  sharply 


defined  on  arcoiint  of  proper  Biljuatmcnt  of  the  r\,-  i,,r 
tlie  light.  But  if  till-  eye  is  not  adjUKled  for  thi'il  ili4 
tance,  and  circleH  of  diffusion  are  formed  on  the  retina, 
the  screen  with  two  |ierfoiations  will  cut  off  the  rays 
forming  the  middle  portion  of  the-  diffuse  image,  leaving 
instead  two  sepanite  images  of  the  InmiiioUK  point,  to 
which  the  eye  is  much  more  sensitive  than  to  tln'  circle* 
of  dilTiision.  Ileiiee  any  want  of  adjustment  (iniscs  the 
luiuiiioiiH  )>oint  to  ujipear  double,  ua  is  evident  from 
Fig.  StM.'t. 

3!l.  i'lmnt/t'x  III  the  Sfm/if  of  the  Lrni*. — During  accoin- 
inodalioii  the  lens  becomes  more  convex,  especially  its 
anterior  surface,  which  also  moves  forward  on  account 
of  the  thickening  of  the  lens.  If  we  place  a  light  slightly 
to  one  side  of  an  observed  eye  and  watch  the  images 
rellected  from  the  various  surfaces,  tliey  will  appear  as 
seen  in  Fig.  2(1-10,  -1.  while  the  observed  eye  looks  as  a 
distant  object.  When  the  eye  ob.served  is  then  adju.sted 
for  some  near  object,  the  images  change,  as  s<'en  in  Ji, 
Fig.  2<i4li.  The  corneal  iinagi',  </.  remains  the  same  In 
both  cases.  The  rellcclion  from  the  anterior  surface  of 
the  lens,  /i,  iliminishes  in  size,  indicating  increiLsed  curva- 
ture of  the  surface,  and  moves  lalerallv  toward  the  cor- 
neal image,  a  motion  refenible  to  the  advancement  of  the 
anterior  surface  of  the  lens.  The  small,  sharply  defined, 
and  inverted  image  (<■)  produced  by  the  concave  poste- 
rior surface  of  the  lens  shrinks  likewise  ,slightly  in  size, 
showing  that  the  radius  of  cnrvature  of  that  surface 
diminishes  as  well,  though  but  little.  No  indication  of 
any  motion  of  the  jiosterior  surface  can  be  observed. 
These  chan.ircs  in  the  curvature  of  the  lens  have  been 
more  accurately  nuasiired  with  the  ophthalmometer, 
which  shows  that  the  radius  of  curvature  can  be  reduced 
during  a  strong  accommodative  effort  to  about  6  mm.  for 
the  anterior  surface,  and  about  .")..")  mm.  for  the  posterior 
surface  of  the  lens,  while  the  thickness  of  the  lens  may 
increase  from  3.6  to  4  mm.  Thereby  the  focal  length  of 
the  lens  ill  the  diagrammatic  eye  would  be  reduced  from 
."ilt.CiTl  mill  during  rest  to  39  mm.  during  a  strong  ac- 
commodative effort.  Calculating  on  this  basis  the  re- 
fractive strength  of  the  diagrammatic  e3-e,  we  shall  now 
find  the  principal  posterior  focus  1.044  mm.  in  front  of 
the  retina,  while  the  retina  itself  is  in  the  plane  of  focal 
reunion  for  rays  coming  from  an  object  140.6  mm.  (not 
quite  six  inches)  distant  froin  the  first  principal  point, 
which  latter  is  l.'iOOmm.  behind  the  cornea  in  such  an 
accommodated  eye.  Mathematical  analysis  thus  confinns 
that  the  increased  curvature  and  the  advancement  r)f  the 
front  surface  of  the  lens  suffice  to  account  for  the  ac- 
commodative changes. 

During  accommodation  the  pupil  diminishes  in  size. 
The  utility  of  this  contraction  of  the  iris  is  evident  on 
remembering  that,  according  to  Section  4,  the  spherical 

I'         c  a  h  c 
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aberration  would  increase  with  the  divergence  of  the 
rays,  and  hence  with  the  proximity  of  the  object.  On 
account  of  the  advancement  of  the  front  surface  of  the 
lens  the  iris  is  also  moved  forward,  which  can  be  seen  on 
lookinsr  in  profile  view  at  an  eye  during  accommodation. 
40.  Aftehanimi  of  Accommodation. —The  accommoda- 
tive changes  of  the  lens  are  brought  about  by  the  action 
of  the  ciliary  muscle.  The  lens  itself  is  not  a  muscular 
organ,  it  is  "devoid  of  contractility.     It  is.  however,  an 
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FIG.  3047. 


elastic  body  kept  stretched  by  its  attachment  to  the  an- 
nvihir  li^aiueiit,  as  uu  elastic  hoop  would  be  flattened  by 
the  tnictiouof  two  eordsiittiicjiril  iit  two  cipposilepnints. 

Helitvcd  of  this  traction 
the  lens  increases  in  con- 
vexity and  becomes  more 
nearly  globuhir,  so  that 
the  lens  removed  from 
the  eye  is  more  convex 
and  thicker  tlian  while  in 
place.  Diirinjr  tlie  ac- 
eonimoilation  cfTort  the 
ciliary  nuiscle  contracts. 
Its  meridional  libres  pull 
the  choroid  forward.  This 
has  been  shown  by  Hen- 
sen  and  V'oelkcrs.  by  the 
movements  of  a  needle 
put  throufih  the 
sclera  and  choroid 
on  s  c  n  ding  an 
electric  current 
through  the  cili- 
ary muscle  in  the  eyes  of 
animals  and  in  a  human 
eye  just  extirpated  on 
account  of  disease.  The 
circular,  ring-shaped  nuis- 
cular  fibres  of  the  ciliary 
body  on  contracting  cause 
the  ciliary  processes  to 
project  further  toward 
the  centre  of  the  pupil, 
which  movement  of  the 
processes  is  favored  by 
the  above-described  trac- 
tion on  the  choroid  and 
consequent  relaxation  of 
its  anterior  insertion.  In 
ej'es  in  which  a  sufficiently  extensive  segment  of  the  iris 
has  been  removed  by  the  operation  of  iridectomy,  and 
through  the  translucent  intact  iris  of  albinos,  this  ad- 
vancement of  the  ciliary  processes  toward  the  centre  of 
the  jjupil  lias  Ix'cn  directly  observed.  Since  the 
ligament  of  the  lens  is  attached  to  the  ciliary  proc- 
esses the  crowding  of  this  ring-shaped  structure 
into  a  narrower  space  necessarily  relaxes  the  cir- 
cular band  stretched  across  the  aperture  within 
this  ciliary  ring.  Thus  the  lens  is  permitted  to 
retract  by  yielding  to  the  tension  of  its  own 
elastic  substance;  for  the  arrangement  of  the 
fibres  of  the  lens  substance  is  such  that  they 
are  relaxed  by  the  apiiroach  of  the  lens  toward 
the  globular  shape,  while  the  flattening  of  the 
same  by  traction  of  its  ligament  puts  tliem  on 
the  stretch.  The  changes  in  an  eye  during  ex- 
treme accommodation  are  shown  in  Fig.  2047. 
in  which  the  upper  half  represents  the  front 
half  of  the  eye  at  rest,  and  the  lower  half  the 
contraction  of  the  ciliary  muscle  and  its  effect 
upon  the  shape  of  the  lens. 

41.  liiinge  of  Arrniiimodatioi). — The  most  dis- 
tant point  of  which  the  ejx'  at  rest  can  form  a 
sharp  image  on  its  retina  has  been  termed  by 
Donders  the  far  jxrint  (punetum  remotum  =  A') 
of  the  eye.  In  the  emmetropic  eye  the  far 
point  is — according  to  our  definition  of  emme- 
tropia — at  an  infinite  distance.  The  myopic  eye, 
however,  cannot  .see  distinctly  beyoncl  a  certain 
short  finite  distance,  depending  on  the  degree 
of  shortsightedness,  while  in  hypermetropiu  the 
eye  cannot  bring  into  focal  reunion  on  the  ret- 
ina any  but  convergent  mys,  and  tlie  far  point 
is  therefore  negative,  that  is  to  say,  situated  at  some 
finite  distance  behind  the  eye.  The  fact  that  many  hy- 
permetropes  can  see  distinctly  at  a  distance  with  the  un- 
aided eye,  is  due  to  their  using  a  part  of  their  accom- 
modation continuously  in  order  to  increase  the  actual 


10 


refraction  of  the  eye.  The  Mar  fiviitt  (punetum  proxi- 
nium  =  P)  on  the  other  hand,  is  the  nearest  jioint  of 
which  llieacconunoclatcdeyecan  get  a  well  defined  image. 
The  range  of  accommodation  is  the  total  acconunodative 
power  which  an  inili  vidual  eye  possesses.  AVe  can  repre- 
sent it  by  the  strength  of  the  lens  equivalent  to  the  re- 
fractive dilTerence  between  the  eye  at  rest  adjusted  for 
the  far  point  and  the  eye  accommodated  for  the  near 
point.  Thus,  an  emmetropic  eye,  which  can  see  dis- 
tinctly an  object  as  close  as  five  inches,  has  a  range  of 
accommodation  representable  by  a  lens  of  five  inches 
focal  length  or  of  the  strength  of  about  S  D.  For  de- 
|irivefi  of  its  accommodative  power  this  eye  would  re- 
quire such  a  lens  to  be  held  in  front  of  it  in  order  to  get 
a  sliarj)  image  of  this  near  object  on  its  retina.  Practi- 
cally, it  will  do  to  hold  the  lens  very  close  to  the  cornea; 
for  theoretical  accuracy,  however,  the  lens  in  question, 
of  an  infinite  thinness,  must  be  assumed  situated  in  the 
first  principal  plane  of  the  eye.  The  significance  of  the 
range  of  acconunodatiou  is  made  plainer  by  the  use  of 
Donders'  formula, 

JL^_L      _L 
A  '     P  ~   R' 

in  which  we  represent  by  A  the  range  of  accommodation, 
by  /'  the  near  point,  and  by  li  the  far  point.  This  for- 
mula is  applicable  to  ametropic  eyes  as  well  as  to  emme- 
tropia.  for  anomalies  of  the  refraction  do  not  necessarily 
alter  the  range  of  accommodation.  Thus  a  myope  whose 
far  point  is  at  twelve  inches'  distance,  and  who  can  ac- 
commodate for  objects  four  inches  from  the  eye  has  an 
acconunodative  range  =  J  —  .j^  =:  J.  Another  instance 
will  illustrate  both  the  condition  in  hy permetropia  and 
the  u.se  of  the  dioptric  system.  Suppose  a  certain  hy- 
permetropic eye,  the  axis  of  which  is  so  short  that  it 
re(piires  a  correcting  glass  of  4  D  in  order  to  obtain 
sharp  retinal  images  of  distant  objects.  In  this  eye 
the  far  point  is  negative,  that  is  to  say,  it  is  situated 
25  cm.  behind  the  anterior  principal  point.  If  this  eye 
pos.sesses  an  accommodative  range  ecjual  to  eight  di- 
optrics, four  of  them  are  required  to  see  distinctly  at  a 
distance  and  only  4  D  are  left,  enabling  the  person  to 
get  distinct  images  of  objects  25  cm.  distant  by  the 
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extreme  employment  of  his  accommodation.  Donders' 
formula  reversed  expresses  this  on  using  centimetres 
as  follows: 

P        R  ^  A  ' 
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Kfr. 


wbk-li  U  iu  uuincraU 
I 


=  -JL  +  JL 


I 
as' 


or  oiiipIoyiiiK  iliDplric  notnliun,  wliitli  is  tlit-  rrtiprfxal 

of  till'  flH'lll  li'iiuUi, 

/•=    -4  l)  +  HlJ  =  i  D, 

ill  otlicr  wiirils.  (lie  ilistiiiu'i'  of  till'  iii-iir  point  from  tlii' 
r\t!  is  I'lpial  til  llic  fonij  l('iij|;tlii>f  ii  gliiss  of  4  I)  slrciigtli 
=  "J.'i  (III. 

4i.  Iiijliifiicf  of  .{(jf  (III  the  Arr"iiiiii'Hliitiiiii.  —  From 
(-liilitliiioil  on.  tlu'  riKi'lily  of  tliffrvstalliiic  lens iiu-na.'ifs, 
and  till'  cxlciitof  its  ilaslic  retraction  cliniinisliis.  llcnci' 
llic  nuiK)'  of  accoiiiniiiilatiiiii  liiniinislKs  as  lln  yrais  a<l- 
vani'c,  lii'<-aiis<>  tlii>  Icnsrannut  ri'trarl  asiniicli  in  llir  later 
periiHl  of  life  as  iluiin»;  youtli.  lliiiil;:li  the  eontraiiiiiK 
ciliary  niiisele  relaxes  tile  annular  lii;aiiienl.  Tlie  ranjje 
of  aceoniniiulatinn  sinks  ilins  fmni  heyond  ten  ilinplrics, 
(liiriiif;  chililliiioil,  to  zeni  towanl  the  aire  of  sixty  years. 
I)iiii(lirs  has  conslriKied  a  dia;.'raiii  (!•"!>.'.  V!(t4-'<l.  based  on 
nuineroiis  iitiservatiims.  which  illuslrates  tliis  decline  in 
a  jjraphie  inanner.  The  heavy  line  (the  lower  one)  repre- 
s«-nts  the  refractimi  of  the  eye  at  rest.  As  before  slated, 
the  eninielropic  eye  becomes  sliglitly  hypernielropic  in 
adviiiieed  aire,  presumably  from  an  acluiil  tlatlenini:  of 
the  lens  or  a  diminution  of  its  refractive  index.  The 
ranire  of  liccomincidulion  extends  fnnii  the  lieavier  line 
of  |iiissive  refract  ion  to  the  thin  line  indicatinj;  the  ex- 
Iroine  active  adjiislnicnt  of  the  eye.  The  tijjures  at  the 
bottom  );ive  theaije  in  years:  those  at  the  side  the  (active 
or  passive)  adjustmc'iit  in  French  inches  (or  expressed  in 
dioptrics  on  the  right  side).  Occasionally  deviations  are 
found  from  this  standard  of  decline.  Thus,  anion jr 
oilwrs.  the  writer  has  seen  a  gentleman,  .seventy  years 
of  age.  who  could  read  the  tinest  ty|ie  up  to  eight  inches' 
distance.  He  had  a  sliglit  myopia  and  myoiiic  astigmn- 
tisin.  less  than  1  I),  so  that  this  aecomniodative  range 
was  still  a  trille  over  4  D.  a  very  unusual  amount  for  his 
age.  Exceptions  of  the  opposite  kind,  si  falling  short  of 
the  ncconimodalive  range  normal  to  the  age  of  the  pa- 
tient, are  always  due  to  disea.se  of  the  eye  or  general  im- 
pairment of  the  health. 

43.  Iiiiiirrntiiiii  nf  the  Arcmimodiitire  Apparatus. — The 
ciliary  muscle  derives  its  nerve  supply  from  the  third 
cranial  nerve  or  motor  oculi.  w  liich  sends  the  motor  root 
to  the  ciliary  ganglion,  whence  issue  the  ciliary  nerves 
which  penetrate  the  sclera.  It  is  a  common  clinical  ob- 
servation to  find  paralyses  of  other  branches  of  this 
nerve  accompanied  by  paralysis  of  the  mechanism  of  ac- 
commodation. Experiments  by  Traut  vet tcr' have  shown 
that  the  tibres  of  accommodation  run  in  the  trunk  of  the 
motor  oculi  in  pigeons,  w  hile  in  other  animals  the  results 
were  negative.  In  dogs.  Ilenscn  and  Voelkers  have  traced 
the  tibres  up  to  the  floor  of  the  third  ventricli' of  the 
brain,  as  shown  by  the  result  on  stimulating  those  parts. 

Although  the  ciliary  muscle  consists  of  unstriated  fibres 
in  mammals,  its  movements  are  both  as  rapid  and  as 
muchunderthe  control  of  the  will  asthosc  of  any  striated 
muscle.  In  birds,  indeed,  having  evidently  a  very  ener- 
getic accommodative  mechanism,  the  ciliary  muscle  is 
striated.  While  the  ciliary  movements  are  voluntary  in 
a  certain  sense,  wc  are  ordinarily  not  conscious  of  any 
accommodative  effort.  The  movements  of  the  ciliary 
muscle  are  guided  by  the  retinal  impressions  which  we 
get  of  the  objects  viewed,  and  may  hence  be  clas.sed 
among  the  complicated  cerebral  reflex  movements.  The 
accuracy  of  tliest>  movements  is  wonderful,  ina.smuch  as 
the  most  rapid  changes  of  adjustment  of  the  eyes  for  dif- 
ferent distances  never  give  rise  to  any  blurring  of  the 
images  forwhich  the  eyeaccommo<Iates.  The  regulating 
mechanism  does  not  miscalctilate  the  distance  of  the  ob- 
jects. The  accommotlating  movements  are  always  ac- 
companied by  an  exactly  corresponding  convergence  of 
the  two  eyes,  .so  that  in  normal  instances  the  object  ac- 
commodated for  is  also  the  one  toward  which  both  eyes 
arc  directed,  so  as  to  place  its  image  in  the  centre  of  the 
retina  of  each  eve.  The  association  of  the  movements  of 


"c< iiiiiMliilioii  und  convergence  U  no  iullinate  that  »«• 

cannot  voluntarily  perform  either  movement  to  imv  ap 
precialile  extent  wilhinit  the  oilier.  Ilul  by  optic  in'ean^, 
which  simulate  the  effect  of  mie  or  the  otlier  moveiiienl, 
we  can  leiiiporarily  niplure  the  aswHiation.  Thiis,  w  Itli 
a  given  di-gree  of  convergence  fur  a  cerUiin  fixed  object, 
we  <an  either  force  ourselves  to  a  greater  accominiHlaiive 
effort  by  looking  Ihroiigji  concave  gliLsses,  or  rela.x  llie 
accommodation  by  ineaiis  of  convex  spectacles.  Siiiii 
larly,  wi' can  vary  the  degree  of  convergence  aMUK-iated 
with  a  certain  aiionimndative  effort  by  placing  prisms 
of  variable  streii;.'lh  and  inelinalion  in  front  of  one  or 
both  eyes.  The  ability  to  separate  these  two  niovemenlH 
ordinarily  as.s<Mialed  is  increased  by  practice.  It  is  evi- 
dent that  the  correlation  of  the  two  niovenienis,  as  well 
as  the  disturbance  of  this  association  by  optic  means, 
subserves  th<'  same  purpose,  viz.,  distinct  vision  without 
double  images. 

•14.  MiirtiiHiitf.  ami  Xerrcs  of  llie  Irit. — On  account  of 
the  as.sociatioii  with  the  iKcommodation,  the  movements 
of  the  iris  can  be  best  discus.se(l  in  this  connection.  The 
iris  serves  the  purpo.seof  an  optic  diaphragm,  the  aperture 
of  which  can  vary  in  size  according  to  necessity,  the 
physiological  limits  being  from  1  to  (1  nun.  diameter.  By 
rerte.x  action  the  piijiil  contmcls  with  increasing  illumina- 
tion, thereby  diminishing  both  the  fatiguing  brightness 
of  the  retinal  image  and  the  w  idth  of  any  circles  of  diffu- 
sion due  to  oiitic  iniperfectioiis.  When  the  light  is  rela- 
tively feeble,  a  large  pupil,  on  the  other  hand,  permits  a 
relatively  greater  brightness  of  the  retinal  images,  while 
the  enlarged  circles  of  diffusion  do  not  blur  the  sight  so 
much,  on  account  of  their  feebler  intensity.  The  pupil 
contracts  also  with  each  accommodative  effort,  thereby 
diminishing  the  spherical  abermtion.  which  the  proximity 
of  the  object  and  the  increased  convexity  of  the  lens 
would  produce.  Independently  of  external  light,  the 
pupil  is  very  narrow  during  sleep  and  during  artificial 
narcosis.  The  niechunism  of  this  latter  contraction  is 
not  yet  known.  When  the  narcosis  is  interrupted  by 
any  sensory  .stimulation,  or  by  asphyxia,  the  pupil  indi- 
cates this  change  by  dilatation. 

The  nerves  of  the  iris  are  the  ciliary  nerves,  coming 
from  the  ciliary  ganglion,  which,  in  man.  has  three  roots 
— the  short  root  from  the  motor  oculi.  the  long  root  from 
the  iiaso  ciliary  branch  of  the  fifth  nerve,  and  the  sympa- 
thetic tibres  reaching  the  ganglion  along  with  its  arteries. 
The  motor  oculi  controls  the  sphincter  mu.scle  of  the  iris. 
Itse.xperimental  irritation  contracts  the  pni>il;  its  section, 
or  accidental  paralysis,  allows  it  to  remain  dilated.  The 
refle.x  pupillary  contraction  produced  by  light  starts  with 
the  excitation  of  the  optic  nerve.  AVlien  the  optic  nerves 
are  rendered  inactive  by  disea.se,  th<'  normal  play  of  the 
pupils  ceases,  and  they  remain  in  a  state  of  moderate 
dilatjition.  Excitation  of  one  optic  nerve,  however,  con- 
trols tin'  pupils  of  both  eyes,  at  least  in  those  animals 
which,  like  man,  have  a  visual  field  ctmimou  to  both 
eyes.  Hence,  in  cases  of  unilateral  blindness,  the  two 
pupils  are  usually  alike  in  size.  The  centre  concerned 
in  this  retiex  action  is  the  anterior  half  of  the  tubercula 
quadrigemina  (Budge).  Various  instances  of  disea.ses  of 
higher  parts  of  the  brain  have  been  observed  with  integrity 
of  these  parts,  and  hence  sensitiveness  of  the  pu|>ils  to 
light,  although  conscious  sight  did  not  exi.st.  According 
to  Browii-Scquard  the  muscular  tissue  of  the  iris  itself  is 
somewhat  sensitive  to  light,  a  tonic  contraction  being  in- 
duced in  it  by  strong  light,  even  after  extirpation  of  the 
eyeball. 

The  sympathetic  nerve  fibres  control  the  dilator  muscle 
of  the  iris.  The  existence  of  these  radiating  muscular 
fibres,  which  seemed  pretty  well  established  by  the  re- 
searches of  Ilenle.  IwanolT.  and  Merkle,  after  much  con- 
troversy with  Gruenhagen,  has  lately  been  questioned 
again  by  Eversbuscli  (meeting  of  the  Heidelberg  Ophtlial- 
niological  Society,  September,  1884).  He  maintiiins  that 
the  radiating  fibres  in  the  posterior  layerof  the  iri.s.  which 
have  been  interpreted  as  smooth  muscular  fibres,  are 
really  nerve  fibres,  as  shown  by  various  staining  methods. 
If  these  statements  are  corroborated,  it  will  be  impossi- 
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ble  to  account  snlisfnctorily  for  the  action  of  the  symi)a- 
thetie  nerve  on  tlie  iris.  "  The  view  that  tliese  nerves 
change  llie  size  of  the  i>upil.  thnnijrh  their  action  upon 
tlie  muscular  walls  of  the  hloodveswels  of  the  iris,  is  not 
Well  supp(irt<il  by  thr  faets. 

Their  ecMUse  Imvard  tlu;  eyeball  is  partly  along  tlie 
wallsdf  the  arteries,  partly  along  anastomoses  which  join 
the  liflli  enuiial  nerve.  Section  or  paralysis  of  the  sympa- 
thetic niTve  of  the  neik  is  followed  liy  eontractiou  of  the 
pupil,  while  its  irritation  dilates  that  aperture.  These 
lil)res  can  be  tnieed  through  the  rami  conununicantes  of 
the  last  two  cervical  and  the  first  two  dorsd  nerves  into 
the  spinal  cord  (Hudge  and  Waller).  Tlie  rcllex  centre 
of  these  tibres  is  partly  in  the  corresponding  region  of 
the  spinal  cord,  and  partly  in  the  medulla  oblongata. 
Refle.v  dilatation  of  the  impil  through  this  nerve  channel 
can  be  readily  induced  by  any  suusory  impression  through 
almost  any  .sensory  nerve,  at  least  wlun  the  pupil  is  not 
contracted  by  strong  light,  especially  during  sleep  and 
ii'ConipU'te  narcosis.  The  pujiil.  indeed,  is  very  .sensitive 
t>  irriialions  of  sensory  nerves.  It  is  not  known  that 
this  letle.x  dilatation  is  of  any  utility. 

It  has  recently  been  asserted  b_v  Tuwiiu  ■  that  the  su- 
perior cervical  sympathetic  ganglion  maintains  a  slight 
tonus  of  the  dilator  nerves  of  the  iris,  independently  of. 
and  even  after,  its  separation  from  the  central  nervous 
system.  Although  his  experiments  seem  conclusive,  the 
question  should  be  further  investigated,  since  this  would 
be  the  tir.st  instance  known  of  tonic  activity  of  nerves 
maintained  by  a  syin|iatlietic  ganglion. 

The  liflli  cranial  nerve  is  the  sensory  nerve  of  the  iris, 
endowing  it  with  very  great  sensibility.  Irritation  of 
this  nerve  contracts  the  pupil  very  energetically  in  some 
animals,  for  instance  the  rabbit.  Section  of  the  nerve 
has  the  same  effect,  temporarily,  the  fibres  being  evidently 
kept  in  a  state  of  transitory  irritation  by  the  injury,  as 
occurs  as  well  in  certain  other  nerves.  This  influence  of 
the  fifth  nerve  upon  the  pujiil  does  not  exist  in  caruiv.or- 
ous  animals.  The  observations  in  disease  of  that  nerve 
in  man  are  too  conflicting  to  be  decisive.  The  study  of 
eye  di.sea.ses  attended  with  irritation  renders  it  very  likely 
that  in  man  the  fifth  nerve  is  the  vasodilator  nerve  of 
the  iris,  and  that  its  reflex  excitation  congests  the  iris  and 
contracts  the  jiupil  mechjinically  by  the  engorgement  of 
the  vessels.  This  is  also  the  most  plausible  explanation 
of  the  intense  juipillaiy  contraction  obtained  on  punctur- 
ing the  anterior  chamber,  which  result  does  not  occur  on 
ojierating  on  the  dead  eye. 

Uim.ior.it.MMiV. — The  optic  properties  of  the  eye  were 
not  understood  until  Keider,  in  1602,  evolved  the  theory 
of  optical  instruments  in  general.  The  importance  of 
the  various  parts  of  the  eye  in  refraction  was  further 
elucidated  by  the  Jesuit  Scheiner  in  1610.  iliuor  addi- 
tions were  successively  lirought  out  by  the  labor  of  dif- 
ferent authors,  but  it  was  only  after  Gauss  had  published 
his  mathematical  investigation  of  the  cardinal  points 
("  Dioptrische  Untersuchungen,"  Giittingen.  1841)  that 
the  complete  theory  of  the  refraction  in  the  eye  could  be 
deduced.  This  was  done  successfully  by  Listing,  in  the 
article  "nioptrikdes  Auges"  in  Wagner's  "  Haniiworter- 
biieh  der  Physiologic  "  (18.'):!).  who,  by  a  critical  selection 
of  the  older  measurements  of  the  refractive  indices  of  the 
eye  by  Chossjit  and  by  Brewster,  of  the  anatomical  meas- 
urements of  dimensions  and  curvature  by  Kraus.  Kohl- 
rauseh.  and  others,  determined  the  position  of  the  ocular 
cardinal  points  with  considerable  accuracy.  The  most 
marvellously  accurate  methods,  however,  "for  nieasure- 
inents  of  the  living  eye,  were  first  introduced  by  Ilelm- 
holtz,  who,  in  his  "  Handbuch  der  physiologischen  Optik  " 
(1867:  2d  edition,  revised,  1806).  has  produced  a  masterly 
treatise  of  rare  originality,  which  every  student  of  the 
subject  must  consult  in  the  original.  Since  the  publica- 
tion of  his  large  work,  the  first  part  of  which  on  refrac- 
tion appeared  in  l.'i.'ie.  Ilelmholtz  has  pursued  these 
studies  with  the  aid  of  numerous  students,  most  of 
whose  articles  have  appeared  in  the  running  numbers  of 
the  Archir  fiir  Ophthnlmnliigie.  In  an  article  by  Reich 
(Ardi.  f.  Ophth..   1874,  vol!   xx.,  1),  Ilelmholtz  "corrects 


some  of  his  former  measurements  and  figures,  and  ac- 
cepts as  more  nearly  representing  the  values  of  the  car- 
dinal points  in  the  average  eye  the  figures  which  we 
have  nproiluced  in  the  text  of  this  article.  Extensive 
measurements,  especially  of  the  curvature  of  the  cornea, 
have  also  been  made  liy  I)onders("  Anomalies  of  Accom- 
modation and  Refraction."  1H64)  and  by  Mauthiier 
(■■  Vorlesungen  ueber  d.  optischen  Fehler  "des  Auges," 
1873),  and  more  recently  by  Reiiss  {Arch,  f  Ojihthiil- 
niolnt/ie.  xvii.,  1.  p.  27).  The  entire  theory  of  the  forma- 
tion of  images  in  the  eye,  including  physiological  optics 
in  general,  is  most  exhaustively  treated  in  Auberl's 
"GriindzOge  der  phys.  Optik."  in  vol.  ii.  of  Graefe  and 
Saeiniscli's  "  llandbueb  di'r  gesjimmten  Augenheilkiinde  " 
{1S7()),  while  important  recent  additions  are  to  be  found 
in  Nagel's  "  Anomalien  der  Refraction,"  in  vol.  vi.  of  the 
same  work.  Very  complete  is  also  the  treatise  of  Fick 
in  vol.  iii.  of  Hermann's  "Handbuch  der  Fliysiologie."* 
All  of  these  wcu'ks  must  be  consulted  for  tile  complete 
literaturi'  fif  the  subject.  In  the  English  language  the 
most  extensive  but  older  treatise  is  the  work  by  Donders 
on  ■"  Anomalies  of  Accommodation  ami  Refraction  "  (1864). 
which  book  inarki'd  quite  an  era  in  our  knowledge  of  the 
physics  of  the  different  refractive  conditions  of  the  eye. 
in  connection  with  this  latter  subject  the  work  of  Jaeger 
("Einstellungen  d.  dioptriseheu  Aiiparats,"  1861)  must 
also  be  mentioned. 

The  mechanism  of  accommodation  has  been  extensively 
discussed  liy  former  autliors,  by  whom,  however,  no  facts 
were  brought  forth  beyond  those  tjiught  by  everyday 
observation.  By  .some  the  accommodative  changes  were 
referred  to  the  variations  in  the  size  of  the  pupil,  while 
others  even  denied  the  existence  of  any  accommodation. 
The  most  complete  mathematical  discussion  was  fur- 
nished by  Til.  Young  in  the  "  Philosophical  Transactions  " 
of  1801.  in  which  it  was  shown  by  ex])eriments  and  by 
deductions  that  the  accoinniodation  cannot  depend  on 
any  changes  except  those  in  the  form  of  the  lens.  The 
experinientnl  jiroof  that  such  changes  do  occur  was 
furnished  simultaneously  and  independently  of  each 
other  by  Cramer  (in  various  publications  in  the  Dutch 
language,  between  18.51  and  18r).'))  and  by  Ilelmholtz 
(Monatnlicrichtc  d.  Berliner  Acachinie.  February,  18.");!). 
The  mode  of  action  of  the  ciliary  muscle  was  first  ex- 
plained by  Ilelmholtz  theoretically,  and  has  since  been 
confirnii'd  experinienlally  by  Hensen  and  Voelkers,  who 
have  likewise  studied  the  innervation  of  the  accommoda- 
tive apparatus  ("Exiierimentaluntersuchung  ilber  den 
Meelianismus  der  Accommodation,"  IMiS,  and  Arrliir  f. 
Oplith(iltiiiihi;iie,  1873,  vol.  xix).  Important  measure- 
ments of  the  changes  in  the  curvature  of  the  lens  during 
accommodation,  and  a  niatheniatical  iiuiuiry  into  their 
etliciency  were  published  liy  Knajip  {.Irc/iirf.  Op!it/i.. 
1800,  vols.  vi.  and  vii.).+  (liir  knowledge  of  the  range 
of  accommodation  in  health  and  disease  is  due  mainly  to 
the  researches  of  Donders  ("Anomalies  of  Accoinnioda- 
tion and  Refraction  "). 

On  the  innervation  of  the  iris  there  exists  an  cxtcu.sive 
literature,  scattered  throughout  numerous  physiological 
and  ophthalmic  serials.  The  older  literature  is  exhaus- 
tively com])iled  in  Budge's  "Bewegungender  Iris."  18.5.5. 
The  present  writer  |)resented  likewise  a  full  review  of 
the  physiology  of  the  iris  in  the  Chicago  .l"<iriuil  i>f  yir- 
roiiK  (iiiil  MtniiiJ  Dhtdm.t  (April  and  July.  1874).  in  which 
the  comidete  literature  up  to  that  date  can  be  found. 
Whatever  has  been  done  since  1874  is  explicitiv  referred 
to  in  the  text.  II.  'Gradle. 

'  Nafrel :  Anonial.  it.  Retmctlon,  in  Graefeand  Saenilsoli's  Haiidb.  d. 
pes.  Aiiirenli.'dkiinrti'.  p.  4B1. 

'  fctxr  silil.'feii  Iinrclipinir  voii  Stmli1enl>nndeln  durrli  Linsen, 
Gnituliillorisclirlft  nil  C.  I.uilwlii.  1ST4. 

'  Arcliivcs  i.f  I  i|iliUialnioloi;y.  vol.  ix.,  p.  29. 


•  Tlie  iiiiist  recent  ronipjlatlon  wttii  many  nrlirinal  nipasiin-nients  Is 
Tsw'lu'rninir's  "  IMiysloloptcal  diilirs."  trans,  by  <".  Weilaiid. 

+  Various  doubts  raised  eitiuvruinp  Helniho'liz  tbt*»>ry  i»f  aivoninio- 
datlon  liavH  hoen  siitisfai-torlly  aIl^*\ve^ed  t)y  eonllrniatorv  re.s*'arolies 
publWii'd  bye.  He.v<  in  von  (iniefe's  An-lilv  f.  Oplillialmoloele  In  a 
serii's  of  artii'les  fi-oin  ISHT  to  lUOl. 
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•  l>nM-<'<><llnir<  of  lbi>  liilcriintlonal  ConinvM  at  (\iponhairpn,  lf<t*4, 

(IplllllUllllll'  Sn  (I<<ii. 

•  lli'i>->i-i  <ir  ihi'  lli'lili'llH'ru opiiili.  SiM-lcly  In  Di'iiIwIik iiiihI.  Wuclitin- 
Khrlfl,  Ihlolxl  mil.  \KM. 

•  .\n'lilv  r.  ii|iliiliul Iiitfli'.  IMIil.  xll.,  |i.  tiL'i. 

'  Aniiiv  r.  ii.  ui'Niiiiiiiii'  rii)'ni<ii'>iri<'.  iiii.  xxiv..  i>.  iiri. 


EYE  DISEASES. 


Si'i'  imcUr  Ciitiirticl,  C/ioroiil,  Von- 
iiiii'iiiiiii,  J/y/H  rmet ropiii ,  Myojiia,  elc. 


EYE.  INJURIES  OF.— Il  will  lie  proper,  in  h  rilliiK  on 
injurii>  III'  tlir  v\v.  ii>  tiikc  fur  ^'runliil  timt  tlir  rciiilir 
is  will  ii('i|iiiiinli'cl  with  the  analiiniy  iinil  pliysiolutrv  of 
tliiil  orKitn.  tinil  siirli  of  it>itipprniliii;i'X  anil  surroiinilin^s 
IIS.  on  lu'connt  of  Htrncluri'.  fwiulion.  or  sitniiliuii.  arc 
liki'lv.  in  case  of  injury,  lo  rniuirc  trcalnirni  ililTrrin;; 
in  any  way  from  that  wliicli  wonlil  hv  sii);j;rslril  by  tlii' 
principles  of  jieiicnil  niiiliciiic  anil  snrircry. 

Il  is  nnilcrslooil.  loo,  llmt  lie- n  ailir  has  aciinircil  llie 
art  of  nsin^  easily  and  well  all  the  instrninenis  anil 
nielhoils  iM'i'iled  liy  the  oculist  for  the  iliai^nosis  and 
trealineiit  of  those  alTccI ions  which  are  not  trawnialic. 
One  reipiires.  in  liandlini;  eases  of  injury,  not  only  lo 
have  at  coniinand  an  ophlhalnioscope  and  a  fnll  case  of 
siirsiical  iiistriiinents.  biil  to  he  well  drilled  in  their  use, 
anil  to  possess  also  a  certain  adaptaliilily  to  the  sitnalion 
and  independence  of  thouirht  and  action,  which  w  ill  allow 
him  to  depart  occasionally  from  conventionalities,  and  in 
omerifcncy  lo  ii.sc  instrnineiits  for  what  thev  are  worth, 
not  neces-sjuily  for  what  they  are  made.  For.  though 
the  results  of  violeiiei-  ma,v  he  routiind  off  and  classilied 
as  to  the  kind  of  operative  interference  that  they  may 
reiniire,  it  is  ofteinr  in  Ihishranch  than  in  any  other  tlmt 
the  snrjieon  will  discover  new  ami  tinpreccdcnted  situa- 
tions or  conditions  which  occur  so  infrei|Ucntly  as  to 
have  existed  in  literature  only  as  forgotten  curiosities. 

FiiYsiiAi.  CoNiuTioss. — A  word  or  I  wo  relative  to  the 
physical  conditions  which  e.\isl  in  the  healthy  eye  may 
he  of  service  in  helping  to  apiueciate  those  which  are 
likely  to  exist  in  the  injured  oriran.  or  in  one  in  which 
intlammatory  chantres  following  injuiy  have  not  been 
met  by  the  necessary  siu'irical  interference. 

The  eye  is  a  globe;  it  is  lilleil  with  lluid,  scmillnid,  or 
gelatinous  matter  which  is  prnclically  incompressible. 
Its  walls,  though  elastic  and  ticxible,  cannot  be  stretched 
very  much,  and  as  the  s].here  is  that  form  which  will 
contain  the  largest  amount  of  matter  within  a  given  area 
of  covering,  the  residl  is.  there  being  no  outlet,  that  if 
pressure  is  put  upon  this  globe  it  will  not  change  its 
shape  very  much  without  rupture.  The  physical  condi- 
tions are  very  much  the  sjime  as  those  of  a  leather  ball 
filled  with  water^not  those  that  exist  in  a  rubber  ball 
filled  with  air.  The  walls  of  this  globe  are  very  llcxible. 
and  when  the  globe  il.self  is  cm|itied  any  liart  of  the 
sclerotic  or  cornea  can  be  bent  on  itself  like  doth. 
Neither  of  these  tissues,  either  with  or  without  its  lining 
nicmbratu'.  is  subject  to  fracture  in  the  true  sense  of  the 
word,  and  when  there  is  any  complete  and  violent  solu- 
tion of  contiiuiity  in  these  parts  it  is  due  either  to  lacera- 
tion, to  puncture,  to  cutting  from  some  sharp  substance, 
or  to  tension,  erosion,  or  chemical  action.  The  particular 
part  at  which  rupture  takes  jilace  will  be  the  part  at 
which  the  envelnping  material  is  the  weakest,  unless, 
perchance,  that  iiart,  at  the  time  of  the  stress,  is  better 
snpporled  by  the  pressure  of  neighboring  parts,  or  unless 
some  other  portion  is  made  comparatively  weak  by  the 
jiressure  of  some  foreign  substance  which  bends  or  in- 
dents it.  and  so  places  on  it  a  local  strain  that  cannot  be 
tninsmilted.  Rupture  by  contre-coup  is  not  jiossible  in 
the  eye.  though  it  is  sometimes  spoken  of  as  having  taken 
place. 

Before  considering  each  separate  tissue  in  order,  it  may 
be  well  to  supplement  what  has  already  been  said  by 
calling  attention  to  the  fact  that  the  em  losing  tunics  of 
the  healthy  eye  are  more  than  full,  and  once  their  integ- 
rity is  broken  a  small  jiart  of  the  contents  is  likely  to  be 
forced  oiil  by  the  elasticity  of  the  tissues;  that  the  secre- 
tion of  aqueous  and  vitreous,  and  the  supply  of  blood  to 
the  interior  of  the  organ,  keej)  its  elastic  covering  always 
Vol.  IV.-7 


In  n  state  of  tension,  and  when,  by  nipliire,  rnl,  or  punc- 
ture, or  by  ulienition,  or  decay  of  iiijined  tissue,  there 
is  any  solution  of  lontiniiily.  a  part  of  the  contents  will 
have  a  tendency  lo  escape:  and  while  the  opening  re- 
inahm,  Ihe constant  building  up  of  materiiil  tosupply  the 
place  of  what  bus  been  lost  often  forms  a  KerioUH  olmtaclu 
to  the  rapid  healing  of  the  wound,  or  the  siiccesflful  re- 
turn of  any  part  of  it.s  eouteiits,  such  as  protruding  iris 
or  vitreous,  lo  the  eye. 

Witlioul  having  at  linnil  any  experiments  which  may 
be  ipioted  as  giving  dcllnitc  knowledge  of  Ihe  actual 
sirength  of  Ihe  materials  usimI  in  the  structure  of  the  eye, 
it  is  possible  to  state,  from  records  kept  in  wises  of  in- 
jurv.  that  the  part  which  is  least  capable  tif  resisting 
.strain  put  upon  it  by  external  pressure  is  the  sclerotic.  3 
or  4  mm.  from  the  sclero-corneal  margin.  This  is  by  far 
the  most  freiineiil  seat  of  ruiiture.  which  nearly  always 
takes  place  in  a  direction  pur.illil  to  the  silcro  corneal 
margin.  The  fact  that  it  is  usually  found  to  have  broken 
through  the  meridional  librcs  in  the  upper  and  imier 
iiuadrant  is  ])robably  exi)lained  by  Ihi'  position  of  the 
surrounding  parts,  which  are  such  as  to  protect  it  from 
e.xternid  pressure,  and  yet  to  give  little  or  no  support 
when  the  eye  is  iiresseil  iijion  from  some  other  direction. 
Tin- cornea  nirely  ruptures,  and  when  it  does,  il  is  from 
some  ragged  extension  of  an  irregular  sclerolic  tear,  and 
is  not  to  be  looked  upon  as  primarily  a  corneal  lesion. 
The  thickness  of  the  sclerotic  and  cornea  in  the  accom- 
panying cut  is  not  to  .show  theactmil  size,  but  to  indi- 
cate diagrammatically  the  relative  liability  of  difTereut 
parts  to  .give  way  whenever,  from  any  cause,  sufficient 
pres.sure  is  put  upon  the  eye  itself  to  make  a  rupture  of 
its  tunics  inevitable.  In  the  sjime  figure  the  choroid  is 
drawn  as  if  it  were  attached  to  the  inner  side  of  the  sclera 
only  at  the  nerve,  at  Ihe  ven.T  vorticosa',  and  at  Ihe  ciliary 
processes  (Nos.  1.  2,  3).  This  is  not  really  the  fact,  but 
it  is  so  nnich  more  loosely  attached  at  the  intermediate 
points  that,  whenever  the  choroid  itself  ruptures — as  it 
sometimes  does  if  pressure  so  distorts  the  eye  as  to  pull 
this  membrane  away  from  the  overlying  sclera — the  break 


*-a 


FIG.  2049. 

does  not  ordinarily  occur  at  any  of  the  three  points  named 
above,  but  at  some  intermediate  place.  Such  ruptures 
are  most  frequently  seen,  of  course,  in  the  posteiior  part 
of  the  eye.  often"  nearer  the  nerve  than  the  ciiuator. 
They  also  do  occur  anteriorly  to  the  ven.T  vorticos;e.  and 
sometimes  so  far  forward  as  to  be  unrecognizable  during 
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life.  TIk'  wriliT  has  seen  one  case  in  wliicli  history, 
svfiiptoius.  mill  i)phili;iliii(isco|)ic  apix'aramr.s  wanaiilid 
tlic  (liairnosis  of  nipnirc  of  ilioioiil,  with  only  this  ilc- 
nu'Ut  of  iloubt  iu  the  case.  The  linear  licatri.x  which 
was  in  other  respects  so  eliaracterislic  pas.se(l  ilownwaril 
and  inward  ahoiit  forty  de;;rees  from  the  vertical,  directly 
across  tlu  head  of  the  o|>tic  nerve,  beinjr  visible  up  to  the 
edjre  of  the  nerve  above  and  reiippeariug  at  the  edge  of 
the  choroiil  on  the  other  side  below. 

The  lens,  in  its  capstde,  and  the  suspensory  ligament 
form  rather  an  unsubstantial  partition  between  the  an- 
terior and  posterior  chambers,  and,  while  the  outer  tunics 
are  intact,  this  structure  is  not  very  likely  to  be  ruptured 
by  any  pressure  which  is  nniformiy  distributed  over  the 
oiitside  surface  of  that  organ;  but  a  distortion  of  the 
globe  which  tends  to  lengthen  any  diameter  of  the  ciliary 
ring  will  do  serious  injury  to  this  delicate  structure,  and 
a  rnplnre  of  its  walls  in  the  immediate  pro.ximity  of  the 
Icus  or  zonula  so  disturbs  the  eiiuilibrium  between  the 
two  chambers  that  dislocation  is  almost  sure  to  follow. 
Quite  often  lens,  iris,  and  zonula  are  all  carried  away  bj' 
the  pressure  and  expelled  through  the  wound  which  has 
taken  idace  in  the  stronger  membranes. 

The  suspensory  ligament  is  so  delicate  that  it  is  said  to 
have  been  ruptured  liy  blows  upon  the  he;ul,  which, 
not  touching  the  eye  at  all,  have  caused  the  compara- 
tively heavy  lens  to  tear  away  its  support  by  the  rapid 
and  violent"  vil)rations  thus  imparted  to  it;  though  dis- 
locations first  discovered  after  such  blows  may  be  con- 
genital. 

It  would  be  wrong  to  leave  this  subject  without  saying 
a  word  concerning  the  iris.  The  iris  is  one  of  the  weakest 
muscles  in  the  body,  and  the  contractile  tissue,  which 
changes  its  size  and  shape  so  readily,  is  not  aide  to  do  so 
against  any  appreciable  resistance.  In  health  it  floats  in 
the  aipieous,  attached  only  at  the  periphery  in  about  the 
same  manner  that  a  delicate  film  ot  sca-weed  exhibits  its 
natural  conformation  in  water,  but  collapses  and  loses  its 
form  when  removed  from  that  element.  When  the  sup- 
port of  the  lens  is  removed  from  behind  it,  it  trembles 
with  every  movement.  If  there  is  a  leak  in  the  cornea  iu 
front  of  it.  it  is  drawn  into  the  opening,  however  slight, 
and  uidess  extra  precautions  are  taken  it  is  sure  to  get  in 
the  way  and  interfere  with  the  execution  of  any  opera- 
tion which  is  jilanned  in  the  cavity  that  contains  it. 

It  is  well,  of  course,  to  know  the  strength  as  well  as 
the  weakness  of  different  parts.  The  cornea  is  as  decep- 
tive in  its  strength  as  is  the  iris  in  its  weakness.  The 
reason  that  the  amateur  of  the  workshop  .so  often  fails  to 
remove  small  f<ireign  bodies  which  have  stuck  fast  in  the 
cornea  is  because  he  has  been  afraid  to  more  than  touch 
it  for  fear  of  penetration.  This  accident  is  much  more 
likely  to  happen  to  the  professional  than  to  the  amateur; 
but  in  view  of  the  .serious  result  of  such  accidents,  it  is 
well  perhaps  that  the  i)o])idar  impressions  be  allowed  to 
obtain.  Still,  though  the  cornea  looks  as  fragile  as  a 
bubble,  it  will  withstand  considerable  rough  treatment 
from  the  hand  of  an  expert.  It  is  hard  and  almost 
ligamentous  in  its  texture,  and  though  extremely  sen- 
sitive on  the  outside,  is  somewhere  near  1  mm.  in  thick- 
ness. 

Ex.\Mis.\Tios. — In  examiningan  injured  eye  one  must 
look  at  it  as  if  he  had  never  seen  an  eye  before,  and  were 
going  to  tinil  out  just  how  it  is  made  and  what  had 
been  going  on  around  it.  Knowledge  of  what  ou,ght  to 
be  will  call  attention  to  what  is.  But  injuries  do  not 
come  tagged  and  labelled,  and  with  hemorrhage,  inflam- 
matory swellings,  lymph  deiio.sits,  discoloration,  and  dc- 
stiuction  of  tissue,  there  is  often  as  much  dilliculty  in  the 
diagnosis  of  injury  as  of  disease.  The  lids  should  be 
pulled  wide  open  and  examined  thoroughly  for  cuts, 
scars.  ])erforations,  and  foreign  bodies;  neighboring 
cavities  should  be  probed  and  foreign  substances  re- 
moved. One  should  look  the  cornea  over  at  the  window 
as  he  would  examine  any  other  U'us  for  chips  or  scratches; 
he  should  also,  by  the  aid  of  focal  illumination  at  the 
gaslight,  huul  for  perforations,  and  shoidd  explore  all 
depths  of  aqueous,  lens,  and  vitreous  by  the  lenses  iu  the 


ophthalmoscope  which  will  put  them  in  and  out  of  focus, 
lieing  careful  not  to  be  .so  absorbed  and  interested  in  one 
injury  that  .some  other  is  overlooked  and  neglected. 

Some  readers  of  this  H.xndiiook,  who  do  not  make  or 
do  not  wish  to  make  a  special  study  of  ophthalmology, 
will  doubtless  be  called  on  for  advice,  and  will  feel 
obliged  to  assume  the  care  of  diseased  and  injured  organs 
of  sight  until  such  cases  can  be  transferred  to  r)ther 
hands.  The  first  lesson  to  be  learned  by  tho.se  who  are 
tints  feeling  their  way  is  what  not  to  ilo. 

Ca.sesmay  be  divideil  into  those  which  need  astringents 
and  those  which  need  anodynes.  There  is  one  astringent 
that  must  never  be  used — it  is  acetate  of  lead.  Useful  as 
it  might  be  in  some  cases,  it  is  so  dangerous  to  many 
corneal  alfections  that  it  should  never  be  given  except 
by  an  oculist  so  prolieii'iit  as  to  be  able  to  ignore  rules 
and  indulge  in  ophthalmological  jugglery;  but  by  him 
it  is  seldom  needed.  There  is  one  anodyne  tlia.  excels 
all  others — it  is  atropine.  The  ca-ses  which  are  injured 
by  atrojiine  when  they  need  astringents  are  so  few  as  to 
be  counted  on  the  fingers  of  one  hand.  The  ca.ses  which 
are  injured  by  astringents  when  they  need  atrfipine  are 
very  many;  so,  when  in  doubt,  if  you  use  atropine  you 
will  benefit  half  the  cases  and  injure  none,  whereas  the 
astringents  blindly  used  will  benefit  half  the  cases  and 
injure  many.  The  fact  that  atropine  is  poisonous  to 
swallow,  while  most  astringents  are  much  less  .so;  that 
atropine  blurs  the  sight,  while  astringents  do  not;  that 
atropine  is  nearly  always  used  in  serious  cases,  astringents 
in  those  comparatively  simple,  leads  the  novice  to  hope 
for  the  best  and  use  astringents  where  he  would  much 
better,  if  he  feels  himself  at  all  off  his  ground,  believe  in 
the  worst  and  use  atropine.  The  cases  in  which  atro- 
pine must  not  be  used  are  easy  to  diagnose,  with  the  ex- 
cejition  of  glaucomatous  trouble,  with  whii'h  this  paper 
has  nothing  to  do.  Atropine  may  be  used  with  caution 
where  there  is  perforation  or  rupture  of  the  globe  near 
the  sclero-corneal  margin.  Its  use  is  said  to  predispose 
to  prolapse  in  such  cases.  In  the  writer's  belief  neither 
the  phj'sical  conditions  nor  the  results  of  experience  tend 
to  corroborate  this  view.  Atropine,  generally  speaking, 
should  not  be  used  when  a  foreign  body  is  lodged  on  the 
iris  or  is  loose  in  the  anterior  chamber,  and  likely  from 
slight  disturbance  to  fall  down  behind  the  iris  or  behind 
that  part  of  the  sclera  which  forms  the  oiiaque  peripheral 
front  wall  of  the  chamber.  Inmost  otlier  injuries  atro- 
pine is  the  one  remedy  which  the  surgeon  cannot  well 
dispense  with,  while  astringents,  though  sometimes  use- 
ful, are  seldom  indisjiensable  in  the  treatment  of  recent 
injuries. 

Arlt  found  it  convenient  to  divide  injuries  into: 

1.  Those  produced  by  sudden  compression  or  concus- 
sion. 

2.  Those  produced  by  foreign  bodies  not  acting  chemi- 
cally:  (ii)  Those  in  which  the  foreign  substance  does  not 
remain  in  the  eye;  (/i)  those  in  which  the  foreign  body 
does  remain  in  the  eye. 

3.  Those  [u-oduced  bj'  scalds,  burns,  and  corroding 
substances. 

This  is  a  classification  which  must  naturally  run 
through  any  attem|it  to  consider  this  subject,  whether 
from  a  medical  or  a  mechanical  standpoint. 

IIkmouhii.vge. — A  word  or  two  may  be  said  in  a  gen- 
eral way  concerning  hemorrhages,  which  are  not  con- 
nected with  any  lesion  more  definite  than  the  breaking 
of  a  blood-vessel.  th<' location  of  which  isoften  unknown. 
Conjunctival  extra vasalioiisof  blooil,  such  as  come  from 
slight  blows,  or  from  straining,  coughing,  stooping,  or 
any  violent  disturbance  of  the  circulation  or  increase  of 
the  heart's  action,  are  of  no  particular  importance,  and 
require  no  treatment ;  apart  from  their  gorgeous  coloring 
they  would  .scarcely  attract  the  attention  even  of  the  pa- 
tient. The  parts  siiould  be  examined  carefully,  to  make 
sure  that  there  is  no  solution  of  continuity.  Then,  if 
there  has  been  no  iiii]iairmeiil  of  vision,  either  |>eiipheral 
or  Central,  the  patient  may  be  assured  of  certain  re- 
covery. 

Hemorrhage  into  the  anterior  chamber  is  almost  always 
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due  U(  violence;  it  in  nirely  <le|><'n(lenl  upon  wiirvy  or 
ti|iiin  tlie  presence  of  a  neopliiNni,  iinil  very  nirely  il  lm« 
been  reported  ilue  to  oilier  <'iiusi'.s,  nuiIi  lis  iiieiiNtriliil  or 
(lliillielic-  InllilcMie  The  IiIoihI  p  iienilly  i-oines  (roiii  llie 
iris,  iiikI,  ilIilesH  tile  lieiiiorrliii^e  is  eiiiised  liy  some  dis 
liH'iiIioii  or  rupture  other  Ihiiii  Ihiit  of  llie  vesHel's  wall, 
is  nipidly  iihsorlxil.  soiiietiuies  disiippiitrinK  within  three 
(liiys.  soineliliies  reiniiininf;  for  iis  loii);  ii  time  its  three 
weeks.  When  eiioii^li  IiIoimI  liiis  been  elTused  to  ( iineeni 
the  Inner  stnicliins  of  the  eyi'.  tin- diiiifiiosis  mIiouUI  be 
fTUiinled.  lis  they  nmy  Inive  sulTered  serious  injury. 

lli'morrliiii;e  iilso  lakes  place  cKCJi-sionally  into  llie  pos 
terior  chamlMr.  Icavinj;  no  trace  of  injury  by  which  lo 

uccouni  for  the  pri'.s<n( f  blood.     The  riiptiind  vessels 

are  supposed  lo  be  ill  the  anterior  c.vtreliiity  of  the  cho 
n>id.  Tile  depreciiilion  of  vision  i.s  often  just  as  ^reat 
IIS  would  attenil  choroidal  rupture  orotlierscrioiis  injury, 
HO  lliat  il  is  impossible  lo  tell  at  the  time  wlietlier  or  not 
such  injury  has  occurred.  The  trealnu'iit.  of  course, 
iihoiild  !»•  the  siime  as  that  of  the  serious  injuries  which 
it  sometimes  accompanies  and  conceals,  anil  it  may  not 
be  po.ssible,  forsi\  weeks  or  more,  lo  .say  ileiidedly  tliiit 
no  separation  of  retina  or  rui)tureof  choroid  lias  taken 
place  near  tin'  posterior  pide  of  the  eye. 

CoMMiiTio  Hi'.TiN.K. — After  n  blow  on  the  eye,  produc- 
inj;  no  other  visilile  injury,  vision  nmy  he  reduced,  the 
pupil  beconiini:  small  and  respondinu;  .slowly  to  atropine 
while  the  reliiia  is  white  and  anainic  over  the  Whole  or 
a  larsre  part  of  its  area.  This  coiulit  ion  reacliesits  height 
in  about  twenty-four  hours  and  by  the  end  of  a  week 
should  be  well  on  the  way  lo  recovery.  The  uamc. 
thouirli  given  before  the  nature  of  the  trouble  was  well 
understood,  seems  particularly  well  chosen,  us  the  vitre- 
ous is  violently  forced  into  the  region  of  the  nerve  libres 
and  other  retinal  layers  are  more  or  less  affected.  Such 
oises  recover  without  Ireatnieiit,  but  before  allowing  them 
to  ilo  .so  it  is  necessjiry  to  satisfy  one's  self  thai  there  is 
no  rupture  of  the  choroid  or  ]iartial  dislocation  of  the  lens; 
that  the  amblyopia  is  not  due  to  fracture  of  the  skull  at 
the  opti<'  foramen,  to  stretching  of  the  zonula,  or  to  pa- 
nilvsis  of  the  accommodalion. 

f.Mi.M.YSISOl--  SrillNCTEU  OF  PfPII.  ANI>  Cll.I.VHV  5[fS- 

ci.E. — Another  injury  which  seems  rather  intangible,  as 
far  as  its  etiolo.iry  is  concerned,  but  which  has  actual  ex- 
istence, is  the  paralysis  of  accommodalion,  with  partial 
or  coiujilete  mydriasis,  which  .sometimes  follows  a  severe 
blow  upon  the  eye.  In  mild  ca.scs  recovery  may  be  ex- 
pected in  a  few  days,  but  where  the  pupil  is  widely 
dilated  and  there  is  total  loss  of  accommodative  power, 
the  patient  does  not  recover.  The  indications,  it  any, 
are  for  the  instillation  of  eseriue. 

Lins. — Pas,sing  now  to  those  injuries  in  which  actual 
damage  has  been  done  to  the  tissues  themscdves.  I  may 
simply  remark,  concerning  the  lids,  that  whatever  may 
happen  to  them  it  is  proper  to  treat  the  condition  in  ac- 
cordance with  the  usual  methods  of  general  surgery, 
always  remembering  that  they  are  much  needed  cover- 
ings for  the  eye  itself,  and  when  destroyed  should  be  re- 
placed at  the  expense  of  llie  surrounding  tissue;  care 
should  also  be  taken  to  ailjust  the  ]>ails  so  that  the  con- 
traction of  the  scars  will  not  result  in  turning  the  laslus 
in  upon  the  cornea  or  conjunctiva.  Finally,  it  must  not 
be  forgotten  that  cuts  across  the  edge  of  the  lid  margins 
are  liable  to  gape  and  conse<inently  they  should  be  ad- 
justed and  supported  during  the  healing  process. 

CoN.iixcTiv.v. — Wounds — such  as  cuts,  punctures,  or 
tears— of  the  conjunctiva,  unless  they  are  intlicted  by 
some  instrument  that  causes  contagion,  and  provided 
they  do  not  invcdve  other  tissues,  are  not  of  a  serious 
nature.  They  are  amenable  to  the  same  treatment  as  is 
found  effective  in  milil  forms  of  conjunctivitis. 

The  extent  of  danger  varies  with  the  situation  of  the 
wound,  the  nature  of  the  offending  instrument,  and  the 
fitness  of  the  system  to  undertake  rciiair.  In  the  first 
place,  it  is  important  to  remember  that  even  a  slight 
cut  in  the  conjunctiva  of  the  lid  may  be  the  avenue 
through  which  some  sharp  instrument  or  foreign  body 
has  entered  the  orbit  and  has  done  serious  injury  to  the 


optic  nerve  or  the  brain  ilwlf,  a  speciiilly  dangeroua 
fracture  of  the  orbital  vMilN  being  prodiicecl  by  tlirimU 
from  sharp  instruments  w  hieli   penetrate  the  upper  part 

of  the'  i r  wall       Hence   wiiunils  near  the   piripbenil 

part  of  the  ocular  <onjiinilivii  kIiouIiI  be  closely  e.\ain- 
iiied,  anil  evidence  of  foreign  HubslanceH  reniiiiiiin^'  in 
the  wound  or  of  wriouK  injury  to  the  orbit  careliilly 
weighed. 

Small  cuts  or  punctures  limited  lo  the  conjunctiva  arc 
of  little  moment.  The  edges  should  be  cleansed,  steri- 
lized, and  freed  from  any  particles  of  foreign  niallcr  that 
may  still  remain.  Hist  and  cleanliness  are  the  iiece8,sary 
conditions  of  recovery,  and,  I  hough  these  wounds  are  not 
likely  to  be  of  an  especially  dangerous  character,  lliey 
demand  ,some  attention.  The  surgeon  will  often  find  it 
a  dilliciilv  matter  to  decide  just  how  far  it  is  advisable  to 
place  restrictions  upon  the  patient's  usual  nianiur  of  life. 
If  wounds  are  comparatively  large  and  the  intlamma- 
lion  seems  likely  to  affect  the  corneal  tissuis,  or  if  there 
is  any  danger  of  serious  results  from  the  coniraclion  of 
cicatricial  tissue  which  may  produce  symblepharon,  or 
ankyloblepharon,  or  introiiion.  or  laihrynial  obstruc- 
tion, conjunctival  wounds  may  be  considered  serious, 
and  the  patient  should  be  made  to  consider  recovery  bis 
first  duly. 

It  may  be  iiece.s.sary  in  some  ca.scs  to  put  a  stit<-h  or 
two  in  the  conjunctiva,  lo  keep  it  in  [dace  until  the  heal- 
ing process  is  cslablished.  Fine  silk  may  be  employed 
for  this  purpose,  and  usually  it  can  be  put  in  so  lightly 
as  lo  come  out  of  its  own  accord  when  it  is  no  longer 
needed.  In  putting  in  sutures  about  the  eye  it  is  very 
useful  to  have  acipiired  sufficient  dexterity  to  make  the 
forceps  take  the  place  of  one  hand  in  lying" Ihe  knot. 

Shoid<l  granulations  spring  up  in  or  near  the  wound, 
they  may  be  touched  with  nitrate  of  silver  every  other 
day.  This  and  a  one-percent,  solution  of  alum  for  in- 
stillation will  cavise  them  to  disiijipear. 

If  one  of  the  recti  muscles  has  been  completely  divided 
by  a  wound  through  the  conjunctiva,  the  fact  will  be 
made  manifest  l)y  an  inability  to  move  the  eve  toward 
the  affected  muscle,  or  by  the  occurrence  of  double  vis- 
ion, in  which  the  image  is  displaced  toward  the  injured 
side.  Tlie  end  of  the  muscle  should  be  sought  with  a 
pair  of  fixation  forceps  ami  fixed  in  its  proper  place,  as 
in  the  operation  of  bringing  forward  for  strabismus. 

The  most  serious  wounds  of  the  conjunctiva  are,  how- 
ever, those  which  are  made  by  burns  from  hot  metals, 
acids,  unslacked  lime,  and  other  irritating  and  corroding 
substances.  The  cornea  is  more  than  likely  to  be  in- 
cluded, and  upon  the  depth  and  extent  of  the  corneal  in- 
jury the  final  result  is  in  great  measure  dependent.  The 
principal  danger,  so  far  as  the  conjunctiva  is  concerned, 
is  not  so  mucli  the  destruction  of  tissue  as  that,  in  heal- 
ing, two  surfaces  which  usually  move  freely  over  each 
other  may  become  firmly  united,  causing  symblepharon 
or  ankylohleiiliaron,  thus  closing  in  part  a  cavity  which 
should  remain  oiicu.  There  is  also  the  further  danger 
that  adhesions  may  take  jilace  between  difTerent  parts 
of  the  conjunctival  mucous  surface  of  the  lids,  or  be- 
tween the  lid  and  the  cornea  or  some  other  part  of  the 
globe,  and  thus  seriously  lessen  the  mobility  of  the  eye, 
or  disfigure  and  inconvenience  Ihe  patient  by  iinsiurhtly 
deformity  or  liy  the  constant  irritalion  of  an  organ  so 
attached" 

The  firet  thing  to  be  done  in  such  cases  is  to  remove 
the  irritating  substance,  if  it  has  not  already  been  re- 
moved. Jleltcd  metal,  which  has  cooled  into  place, 
niust  often  be  removed  by  the  use  of  considerable  force 
and  with  some  mechanical  injury  to  the  parts.  Lime 
and  sjind  may  be  scrapcfl  carefidly  from  the  cnl-deMC 
with  a  David's  curette  or  spoon.  It  has  been  recom- 
mended that  at  the  time  of  the  accident  alkalies  should 
be  washed  from  the  eye  with  weak  acids  like  vinegar, 
acids  with  weak  alkalies  like  .soda  or  salaratus;  these 
remedies  are  usually  at  hand,  and  are  chemicalh'  appro- 
priate. But  there  is  nothing  so  swift  and  appropriate 
as  plenty  of  water,  with  which  the  eye  may  be  flushed 
immediately.     The  fact  that  strong  sulphuric  acid  and 
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liinc  evolve  hcnt  and  arc  more  injurious  when  small  niras- 
uris  i>f  water  arc  adiliil  iloes  not  count  fur  nuicli  wlicn 
water  can  be  supplied  in  large  quantities  and  without 
anv  delay. 

'I'hese  injuries,  when  t)ie  cornea  is  not  implicated,  call 
for  quiet  antiphlogistic  treatment,  with  the  instillation  of 

sterilized  olivcoil, 
linseed  oil. or  va.sc- 
line,  aii<l  of  atro- 
piiu'  to  allay  any 
irritation  or  tend- 
ency of  the  cornea 
or  iris  to  lieeome 
inllanied. 

If  the  injury  is 
attended  with 
nuieh  pain,  co- 
caine shoidd  be 
tised  as  often  as 
necessary  to  secure  the  comfort  of  the  i)atient.  When 
the  destruction  of  tissue  extends  so  deeply  in  the  ciil- 
de-Mic  that  there  is  no  bridge,  or  only  a  narrow  bridge 
of  sound  conjunctiva  between  the  two  injured  jiarts. 
little  or  uothin.i;  can  be  done  to  prevent  their  growing 
together  during  the  healing  process.  The;  opposed  sur- 
faces must  be  separated  freqtiently,  and  in  spite  of  this 
the  contraction  of  cicatricial  tissue  will  almost  always 
bring  them  together  as  they  heal,  and  will  do  this  with 
persistency.  Plates  of  wa.x,  glass,  silver,  or  guttapercha 
may  be  worn  for  a  while  at  some  risk  of  irritating  the  eye, 
but  in  the  course  of  time  they  will  be  crowded  out,  and 
are  more  likely  to  do  harm  than  good.  Attempts  to  im- 
prove the  local  conditions  by  resorting  to  svirgical  inter- 
ference after  the  wound  has  entirely  healed,  are  not  likely 
to  produce  materially  better  results.  Cutting  the  bridles 
and  attachments  affords  only  temporary  relief,  and  it  is 
only  by  the  jierformance  of  a  suitable  plastic  operation 
or  by  skin  grafting  that  we  can  hope  occasionally  to  se- 
cure some  meastue  of  success. 

If  there  is  a  free  pas.sage  for  a  probe  beneath  the  sub- 
stance of  the  ,symbleplmron.  considerable  improvement, 
or  perhaps  |)ermanent  relief,  may  be  expected;  but  fre- 
([ucntly  the  surgeon  will  exercise  his  ingenuity  in  vain. 
It  may  be  put  down  as  entirely  improbable  that  any 
extensive  symblepharon  or  ankyloblepharon  which  has 
grown  up  from  the  bottom  of  the  eul-ih-sfic,  will  be 
greatly  decreased  in  size  by  any  of  the  measures  men- 
tioned. 

The  accom|)anying  cuts  are  from  Lawson,  and  repre- 
sent very  well  the  conditions  indicated  by  the  text. 
Fig.  20.")b  "represents  the  appearance  produced  by  an 
injury  to  the  eye  from  some  fresh  mortar,  which  was 
thrown  into  the  eye  the  day  before  the  boy  was  brought 
into  the  hospital."  The  coloring,  of  course,  is  not  pres- 
ent, but  the  appearance  of  a  burn  caused  by  mortar  is 
very  characteristic.  Fig.  20.51  "is  a  good  illustration  of 
a  case  of  partial  ankyloblepharon,  and  shows  very  well 
the  position  of  the  listula  which  is  fre()uently  met  with 
when  the  inner  portionsof  the  lidsare  united,"  The  par- 
ticidar  cas('  here  pictured  happens  to  have  been  the  result 
of  mechanical  violence,  but  it  may  well  have  happened 
from  eithir  mechanical  or  chemical  injury. 

ConNE.\. — Although  the  cornea  is  never  ruptured  by  a 
blow  or  by  pressure  causing  momentary  increa.se  of  ten- 
sion, and  although  it  seldom  suffers  from  any  force  tnuis- 
milted  to  it  through  the  closed  lid  (unless  tlie  lid  itself  is 
perforated),  it  often  sulTers  severely  from  the  impact  of 
small  bodies  which  have  appreciable  weight,  and  which 
so  bruise  without  breaking  its  substance  as  to  cause  local 
death  of  the  part  struck.  This  results  in  the  formation 
of  what  is  known  as  corneal  abscess.  The  abscess  thus 
formed  is,  on  account  of  the  thinness  of  the  membrane, 
not  likely  to  exist  as  a  sac  rilhd  with  fluid  of  a  purulent 
natini',  but  consists  of  tissue  inliltmted  with  imrident 
matter  which  discharges  itself  either  forward  on  the  con- 
junctiva or  backward  into  the  anterior  chamber,  or  more 
likely  in  both  directions.  This  abscess  may  be  of  any 
extent,  small  or  large:  it  may  be  superticial  or  it  may  in- 


volve the  inner  and  deeper  layrTs  of  the  mend)rane.  Its 
extent  eaniiot  be  told  al  the  time  of  the  accident.  The 
tirst  sign  of  serious  injury,  apart  from  accompanying 
pain,  is  the  conjimctival  reddening  and  well-marked  cili- 
ary injection,  which  may  extend  eulirely  around  the 
organ  or  may  be  eontined  to  the  immeiliate  prii.\imity  of 
the  part  struck.  Pain,  photophobia,  and  lachrvmation  are 
naturally  at  tciKlant  on  this  condition,  which  may  continue 
fortwoor  three  days  before  t  hi' grayish  discoloration  and 
opacity  that  follow  the  injury  have  marked  out  the  seat 
ami  the  limits  of  the  destructive  ])rocess.  After  this  the 
disease  follows  the  course  i>f  corneal  abscess  from  any 
ciiuse.  Pus  soon  forms  in  the  layers  of  the  cornea  and 
also  in  the  anterior  chamber,  settling  down  to  the  lower 
part  belw<'en  the  cornea  and  iris.  By  this  tiiuc  the  iu- 
tiammation  will  have  advanced  so  far  as  to  threaten  the 
iris  and  ciliary  region,  and  the  pain  is  likely  to  be  very 
severe.  There  is  therefore  danger  that  if  the  iirocess  is 
not  checked  by  operative  interference  it  may  end  in  pan- 
ophthalmitis. Pus  at  the  bottom  of  the  anterior  chand)er 
may  be  distinguished  from  that  in  the  layers  of  the  cornea 
by  placing  the  patient  on  the  side  for  a  moment  or  two 
and  witnessing  the  change  of  place  caused  by  gravitation. 

The  treatment  for  corneal  abscess  of  traumatic  nature, 
either  actual  or  threatened,  is  atropine,  rest,  and  jirotec- 
lion  from  the  light.  During  the  early  stages,  before  the 
formation  of  pus  has  begun,  cooling  applications  exter- 
nally and  iced  comjiresses  are  likely  to  be  of  benetit.  After 
suppuration  is  established,  lukewarm  or  even  hot  water 
will  be  more  gratefully  borne  and  will  probably  hasten 
the  progress  of  the  disease  toward  recovery.  Antiseptic 
juecautions,  of  course,  are  necessary.  They  consist  in 
frequent  bathing  with  water  of  suitable  temperatiu'e.  to 
which  four  per  cent,  of  boricacid  has  been  added,  or  one- 
thirtieth  of  one  per  cent,  of  corrosive  sid)limate, 

AVith  pus  in  the  anterior  chamber  and  threatened  or 
existing  iritis  or  iridocyclitis,  it  will  often  be  necessiiry 
to  administer  iuori>hine  to  relieve  pain  and  to  give  the 
patient  sufficient  rest  and  comfort  to  insure  the  best  re- 
covery. Whatever  the  attitude  of  the  patient  is  toward 
the  use  of  this  narcotic,  it  will  be  well  to  reiuember  that 
pain  is  often  worse  than  poison,  and  the  surgeon  should 
demand  the  right  to  choose. 

If  the  pus  at  the  bottom  of  the  anterior  chamber  is 
more  than  2  mm.  in  depth,  or  if  the  ab.scess  takes  on  at 
its  edge  the  halo  of  light  gray,  which  indicates  that  the 
process  at  tirst  due  to  traumatism  is  extending  beyond 
the  margin  of  the  original  injury,  it  may  be  necessjiry  to 
evacuate  the  anterior  chamber,  and,  perhaps,  to  open  the 
abscess  according  to  Saemisch's  method,  by  (lassing  a 
Graefe  knife,  which  is  held  with  its  back  to  the  pupil 
and  iris,  into  the  anterior  clunuber  on  one  side  of  the  ab- 
scessaud  out  on  the  other,  thus  cutting  entirely  through 
the  abscess  from  within  outward.  After  this,  the  wound 
must  be  kept  freely  open  until  recovery  is  well  estab- 
lished. This  operation  is  not  always  necessiiry,  para- 
centesis of  the  lower  part  of  the  cornea,  in  stich  a  posi- 
tion as  to  favor  the  evacuation  of  pus  from  the  anteiior 
chamber,  being  often  attended  with  the  best  residts. 
This  opening  should 
be  renewed  at  least 
every  second  da}',  un- 
til no  pus  remains. 

The      iirognosis     in 
these     cases     de])euds 
upon   the  extent    and 
location   of    the 
abscess  and  the    .^5^==* 

depth  to   which  .,  -   _ 

the     tissues     are    in- 
volved.   Wherever  the  1 
aljscess  is,    there   will 

remain  a  white  scar.  This,  of  course,  is  of  little  impor- 
tance if  the  scar  is  small  and  situated  at  the  periphery: 
but  if.  on  the  other  hand,  it  is  situated  in  fr<int  of  tlic 
pupil  and  is  of  siu-h  an  extent  as  to  obviate  the  possi- 
bility of  making  an  artificial  pupil,  its  presence  will  ren- 
der the  eye  practically  blind.     If  the  abscess  bicaks  ex- 
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Fi<!. 'Jiv.'.     !  tiii>  ErrortK  of  n  niirn 

fnmi  Mi.li.il  1.1 .1.1.  llmt  Splnshwl  Into  lln> 
Kyi'  rri.in  ji  l'..t  whM\  tliv  nuli'iit  wiis  Oir- 
rjliiir.    lUiwwiii.i 


tcriiiilly.  tin'  li'iis  or  tlif  iri«  is  llkflv  tn  ri'Ht  iit'iiiimt  IIk' 
wiiiiiiil  unit  iiliiiimtcly  tnlH-i'Dinr  iiiliiirrrit  to  il.  iIiiin  niv 
ill:;  risi'  to  iiii|ili'iisilit  syili|ilMiiis  nf  irriliiliini  iiml  jiilliiiii 
iiiiilioM.  wliirli  iiiiiy  III'  vvrll  lini'iH'  fur  iimiiy  yriirs.  Iml 
wliirli  ill  siiiiic  riiKcM  tlimlly  result  ill  |>iiiiii|iliiliiiliiiilis  anil 
plillilsiH  Imllii,  ur  MUiii-liiiu-s  ctiiis(>  Iiii'k>'  iiikI  iiiisi);|iily 

si  11  pliy  liiiiiiitii. 
Tllr  iis<fiiliicss  lit 
nlri>|viiii'  mill  uscr- 
inc  ill  |iliu'iii<;  llii' 
iris  ill  );iv('ii  pnsi 
'i'liK  sliiiiilil  nut 
forKoltrii  iliii- 
_'  llir  progress 
I  111'  ilisease. 
Woiiiiils  iif  the 
>  nil- II  eiilailiiif; 
hiliiiii  of  con- 
tiiiiiily  iiiay  be 
mere  siiperlicial 
sc  ra  I  c  lies,  i  ii 
w  h  ieli  linril  1  v 
more  than  epi- 
tlieliuin  has  been 
reiiioveil,  or  lliey 
may  penctmte  the 
anterior  elinmlKT,  injuring  iris  or  kns.  or  extending  to 
the  ileeper  tissues  of  the  eye.  As  llie  eoruea  is  the  prin- 
cipal lens  in  this  physiological  camera,  the  ilanger  is 
twofolil — that  of  its  destruction  as  part  of  the  tirni  en- 
veloping membrane  which  holds  the  structures  together, 
or  that  of  distortion,  deformity,  or  opacity,  which  de- 
stroys its  usefulness  as  an  optical  instrument.  If  the 
wound  is  11  mere  siiperticial  abrasion,  complete  recovery 
may  be  e.xpeilcd,  though  such  injiiiiesare  often  attended 
with  great  pain,  neuralgic  in  its  nature,  with  idioto- 
phobia,  laihrymation.  and  ciliary  injection.  The  use  of 
colli  comprcs,ses.or  of  a  bandage  wliicli  keeps  the  eye  closed 
and  prevents  the  lid  from  ruiibiiig  up  and  down  over  the 
abraded  surlace.  will  allow  il  to  iiciil  in  a  few  days,  and 
the  instillation  of  atropine,  thrice  daily,  will  banish  the 
pain  and  hasten  recovery.  Occasionally,  a  slight  abrasion 
made  by  some  rough  instrument,  perhaps  by  the  nail  of 
an  infant,  on  the  cornea  of  its  mother  or  nui-se,  will  ap- 
parently ileal  within  a  few- days,  giving  rise  to  no  trouble 
at  the  time;  but  I  wo  or  three  weeks  afterward,  when  the 
incident  may  have  been  entirely  forgotten,  severe  and 
persistent  neuralgic  pains  will  call  the  surgeon's  atten- 
tion to  a  sliglit  irregularity  on  the  surface  of  the  cornea, 
niid  with  the  instillation  of  atropine  and  a  light  bandage 
worn  for  a  few  days,  the  patient  will  entirely  recover. 

The  prognosis  for  these  wounds  is  favorable  for  the 
most  part.  Unless  the  loss  of  substance  extends  as 
deeply  as  the  membrane  of  Descemet,  there  will  be  no 
visible  scar,  the  transparency  of  the  tissue  remaining; 
but  if  the  wound  is  at  or  near  the  centre  of  the  organ, 
and  not  of  a  rather  siiperticial  nature,  so  much  irregu- 
larity of  surface  will  remain  as  maleiially  to  alTect  the 
eye  as  an  organ  of  sight.  Very  slight  injuries,  such  as 
those  just  considered,  arc  often  fraught  with  considerable 
danger  to  old  people  who  are  poorly  nourished,  or  to 
those  sulTering  from  debilitating  disease,  such  injuries 
taking  the  fonn  of  persistent  and  progressive  ulceration. 
w  liich  is  checked  with  ditliculty.  After  the  charai  ter  of 
such  trouble  is  established,  it  is  no  longer  traumatic  in 
its  nature,  and  should  bo  treated  like  any  other  similar 
ulceration. 

When  the  cornea  is  penetrated  by  a  clean,  sharp  in- 
strument, which  docs  not  at  the  same  time  injure  iris  or 
lens,  the  wound,  if  not  of  large  dimensions,  may  be  ex- 
pected to  heal  up  (piietly  without  any  very  great  disturb- 
ance. The  aqueous  humor  will,  of  course,  be  evacuated, 
except  in  very  minute  punctures;  then,  afterward,  if  the 
lips  of  the  wound  are  adjusted  by  gentle  pressure  (pref 
erably  through  the  lid  witli  a  Daviel's  curette*,  they  w  ill 
often  unite  by  lirst  intention,  and  allow  the  chamber  to 
lie  re-established  by  the  secretion  of  aqueous,  which  takes 
place   very  rapidly.     Quite  often,  furthermore,  the  iris 


will  not  becoiiie  iiltuched  to  the  wound  ilgiiinst  which  at 
llrsi  it  wasprcsHing.  I'linclured  woiiniU  iiiaili'  by  rough 
or  blunt  iiislriimeiitHofti  11  ^.-ivi-  n--r  to  much  more  i  rouble. 
There  is  a  larger  vent  for  lli.-  ...iiipeof  ai|UeouM.  The 
iris  or  the  lens  is  likely  to  In-  pnssed  against  the  wound, 
or  perhaps  pushed  through  il.  The  healing  jiroii  hs  does 
not  lake  place  without  some  disi  ruction  of  tinsin-  and  the 
formation  of  a  white  scar,  to  w  liicli  cither  Iris  or  leag  or 
both  may  Ih-  permanently  attached. 

If  the  wound  is  seen  at  the  oiiLsi't,  efTort  should  liu 
made  to  get  the  eye  into  something  iippnmehiiig  itfl 
normiil  condition.  Kagged  edges  of  the  wound  or  of  the 
protruding  iris,  which  cannot  live,  should  be  snipped  ofT 
with  the  sci.s.sois.  (ieiitle  iiianipulations  with  Daviel's 
curette  scoop  or  with  the  rubber  spatula  may  cause  the 
iris  to  return  into  the  chamber.  If  it  does  not  reliirn,  it 
should  be  excised,  unless  it  has  become  adherent  or 
seems  to  occupy  a  useful  position  in  preventing  the 
further  escape  of  the  contents  of  the  anterior  chamber. 
Should  it  be  necessary  to  allow  thi'  iris  to  heal  into  the 
wound,  or  if  later  it  beiomis  irritable,  an  iridectoni^'  can 
be  done  to  set  the  matter  right. 

Any  wound  which  so  opens  the  walls  of  the  globe  as 
to  allow  the  escape  of  any  appreciable  jiarl  of  its  con- 
tents is  a  serious  alTair.  and  demands  ]>erfecl  quiet  on 
the  part  of  the  patient — usually,  indeed,  the  recumbent 
posture,  especially  during  the  early  part  of  recovery. 
Next  to  rest,  the  iiiost  important  thing,  in  corneal  in- 
juries, is  to  give  freqnenl  irrigations  with  normal  salt 
solution  or  with  some  mild  aniiseptic  solution  (boric  acid, 
for  example).  Avoid  all  depleting  measures;  allay  (lain 
with  atropine  or  cocaine  instillations,  or  with  morphine 
subcutaneously  if  necessary  to  give  the  patient  needed 
rest.  If,  after  the  healing  process  is  well  under  way, 
there  remains  a  list ula  through  which  aqueous  continu- 
ally escapes,  touch  it  with  nitnite  of  silver,  or  burn  it 
very  slightly  with  the  electro-cautery.  It  may  be,  and 
often  is  necessjiiy.  after  recovery,  to  iierform  an  iridec- 
tomy, for  the  purpo.se  of  affording  relief  from  the  irritat- 
ing elTects  of  iris  attachments,  or  for  that  of  making  an 
uriilicial  pupil.- 

Burns,  scalds,  and  injuries  of  the  cornea  from  irritat- 
ing and  corroding  substances  arc  of  a  more  serious  nature 
than  similar  accidents  which  affect  only  the  conjunctiva; 
any  deep  destruction  of  tissue  brought  about  in  this  way 
is  followed  by  serious  reactionary  iiitlammation  and  re- 
sulting opacity.  The  danger  of  symlilepliaron  is  great 
in  some  cases,  and  should  be  guarded  against  as  in  con- 
junctival injuries.  If  the  wound  is  seen  immediately 
after  the  injury,  it  will  in  most  ca.scs  give  very  little  evi- 
tlence  of  the  amount  of  damage  which  has  resulted  or 
will  result,  but 
after  the  lapse  of 
two  or  three  days 
one  can  judge 
more  accurately 
of  the  extent  of 
this  damage.  An- 
other woitI  of 
warning  should 
be  given  here 
against  all  colly- 
ria  containing 
preparations  of 
lead.  Many  ca.ses, 
in  which  the  eyes 
have  been  burned 
j)y  acid  or  other 
corroding  sub- 
stance, have  been 
made  ho|ielessly 
blind  by  the   use 

of  acetate  of  lead  collyria  prescribed  by  some  well- 
meaning  apothecary  who  must  needs  do  something 
in  the  emergency.  The  harinfulness  of  the  lead  prejiara- 
tions  lies  in  the  fact  that  they  render  all  scars  in  the  cor- 
neal tissue  thoroughly  opaque,  and  so  interfere  with  the 
transmission  of  light  to  the  retina. 


fiUiS,. 


Fig.  aOM.  —  Rupliin>  nf  Sclerotic.  In  wlilch 
Lens  and  Upper  Half  of  Iri.<  were  Lost  at 
the  Time  of  ttie  Injury.    (I.«wson.) 
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Fig.  2n.>4.— Mapii>liiiiiui»iu.«i  AiiiM-arance. 
Rcsiill  of  bliiw  (in  the  i-ye,  whiiii  caused 
at  the  time  niptiire  of  sclera  and  dislo- 
cation of  lens  beneath  tbe  unbrolien 
conjunctiva. 


Rupture  nf  llio  sclcrotir  iisiiiilly  takes  pliuo  iipwniil 
nnd  iiiwiird:  the  iciit  is  tfniii  li  to  12  niiii.  in  Iciii:!!!.  ami 
nearly  always  pamllel  to  the  sclero  CDrinal  iiiaririii.  It 
may  also  oceiir — though  less  fre<(iiently— in  an  oiilHaiil 

or  (lo\vii«ar(l  diivr- 
lion,  ami  it  may  be 
irregular  in  sliai)e. 
e.xtcndiiig  Ihiough 
t  li  c  sclero  -  eonieal 
margin.  In  rare 
cases  nipt  me  may 
occur  in  the  pos- 
terior part  of  the 
globe.  In  that  posi- 
tion it  does  not  ad- 
mit of  i)ositive  di- 
agnosis, but  may  be 
suspected  in  eases  in 
wliicli  liiemoiilitlial- 
mus  iiostcrior  is  at- 
tended with  very 
considerable  decrease 
of  tension. 

Tlic  complications 
which  imiy  e.\ist  are 
in  gi'eat  measure  de- 
pendent on  llie  force 
of  the  blow,  and  the 
extent  to  which  iris,  lens,  or  vitreous  have  been  forced 
ovit  at  the  time  of  the  accident.  Sometimes  the  lens  is 
forcibly  exi)elled,  and  may  be  found  under  the  lid.  or 
may  be  lost.  Sometimes  it  may  be  seen  at  the  seat  of 
the  rupture  in  a  .stic  formed  l)y  the  unbroken  conjunc- 
tiva, where  it  (usually  with  a  part  of  the  iris)  should  be 
allowed  to  remain  until  the  wound  is  healed  and  nor- 
mal tension  re-established.  When  this  has  taken  ]ilacc 
the  ills  may  be  removed  through  a  sintable  incision  in 
the  conjunctiva.  Rupture  of  the  sclera  is  usually  at- 
tended by  hemorrhage  into  the  anterior  chamber,  often 
by  prolapse  of  iris  and  escape  of  the  lens. 

Perfect  rest  is,  of  course,  the  first  thing  called  for  in 
the  treatment  of  a  rupture  of  the  sclera.  The  patient 
shoiihl  be  contined  to  the  room,  and,  if  not  kept  in  a  re- 
cumbent posture,  should  avoid  sudden  movements  or 
stooping,  coughing,  straining,  which  may  lead  to  com- 
plications from  hemorrhage  into  the  choroid  or  to  retinal 
separation.  Iris  or  vitreous  which  jirotrndes  from  tlie 
wound  may  be  removed 
with  the  scissors,  if  such 
interference  can  be  borne 
without  the  administra- 
tion of  ether.  If  the  lens 
is  so  situated  as  to  pre- 
ventthe  lipsof  the  woimd 
from  closing,  or  if  it  seems 
to  press  on  the  iris  or  the 
ciliary  boily,  an  attempt 
should  be  made  to  ex- 
tract it.  Atropine  is  usu 
ally  indicated. 

The  prognosis  in  cases 
of  niptuie  of  the  sclera  is 
not  so  bad  as  one  would 
be  inclined  lofear.  Some- 
times panophthalmitis, 
with  its  attendant  train  of 
destructive  changes,  su- 
pervenes: but  often  the 
usefulness  of  tlic>  eye  is 
not  entirely  destroyed. 

Cuts  and  punctures  in 
the  ciliary  region  are  al- 
most sure  to  end  disjistrously  so  far  as  sight  is  concerned. 
The  best  rcstilt  that  can  bee.vpeetetl  is  a  (luiet  subsidence 
of  the  inunediale  inllainmatory  action,  to  be  followed  very 
likely  by  gra(h<al  cessation  of  funelion  jind  p.'irtial  atrci- 
phy  of  the  tissues  of  the  globe.  Suppurative  iriilo- 
choroiditis  is  very  likely  to  follow  any  punctured  wound 


Fifi.  saw.  —  PnncniriHt  Wound  of 
Selenitic  Sucn^ssfullv  Treated 
witli  a  Fini>  SutuH'.    (Ljiwson.J 


of  the  sclera,  even  though  it  be  situalc<l  so  far  back  as  to 
have  escaped  the  ciliaiy  region.  It  is  not  absolutely  im- 
possible that  a  clean  cut  through  the  sclera  at  the  ciliary 
region,  if  made  with  a  smooth,  sharp  instrument,  may 
heal  and  leave  a  useful  visual  organ,  but  such  a  re.stilt  is 
not  to  be  exjicctcd. 

The  treatment  for  cut  or  punctured  wotmds  is  the  same 
as  for  opeti  ruptures.  Tissues  presenting  thi'inselves  in 
the  woiuid  shoulil  be  trimmed  iiway  as  much  as  jiossible, 
without  so  disturbing  the  condition  fif  alTairs  that  more 
of  the  contents  of  the  eye  will  be  forced  out  to  take  the 
place  of  those  removed.  Gentle  manipulation  with  the 
spatula  or  the  scoop  should  be  used  in  the  attempt  to 
leave  the  edges  of  the  wound  as  nearly  in  their  normal 
places  as  possible.  If  there  is  much  gaping  of  the  wound 
a  very  line  suture  should  be  put  in.  if  possible,  through 
the  outer  edge  of  the  sclera  only;  then  both  eyes  should 
be  kept  closed  and  uniler  gentle  pre.ssure.  Even  after 
the  wound  has  healed  and  everything  gives  promise  of 
a  fair  recovery,  the  contraction  of  cicatricial  tissue  may 
be  the  cause  of  retinal  separations,  followed  or  attended 
by  gradual  destruction  of  the  wounded  eye  or  by  sym- 
pathetic trouble  in  the  other. 

luis. — Non-penetrating  wounds  of  the  globe  are  some- 
times the  caus<^  of  a  rupture  or  a  tear  of  the  iris.  Radi- 
ating rents  and  fissures  are  quite  rare,  and  art'  not  accom- 
panied by  any  hemorrhage.  The  most  fretiuent  injury 
is  a  dialjsis  or  separation  of  the  peripheral  portion  ifom 
its  attachment.  This  separation  maybe  of  almost  any 
extent.  It  has  been  known  to  include  so  nnich  of  the 
membrane  that  it  might  be  said  to  be  entire,  not  enough 
of  its  ordinary  support  being  left  to  retain  any  |)art 
of  it  in  its  normal  jiosition.  The  effect  of  a  dialysis 
is  usually  to  allow 
that  part  of  the 
iris  which  is  sep- 
aiiited  from  its 
attachment  to 
hang  somewhat 
smoothly  in  the 
position  of  a  chord  ^' 
to  the  arc  which  '% 
originally  marked 
its  place,  so  that 
both  peripheral 
and  (1  u  1)  i  1 1  a  r  y 
margins  are  al- 
tered.  as  is  seen  in 

the  accomjianying  cut,  which  is  taken  frtmi  Lawson. 
The  kidney-shaped  pupil  is  (|uile  characteristic.  This 
injury  is  often  atteiulcd  with  coiisidci-.ible  hemorrhage 
into  the  anterior  chanibrr.  which  is  of  no  particular 
inomeut  and  rapidly  undergoes  absorption.  Beyond 
kee])ing  the  patient  quiet,  little  or  no  treatment  is  neces- 
sary. Active  inflammation  very  seldom  follows  the  in- 
jury, and  the  harm  that  results,  apart  from  cosmetic 
effect,  is  principally  ojitical.  due  to  the  presence  of  two 
]iupils  instead  of  one.  The  p.'iticnt  either  suffers  from 
monocular  diplopia  or  from  tin  inilistinctness  of  sight, 
due  to  the  entrance  of  light  into  the  eye  without  piiss- 
inir  through  that  intrt  of  the  lens  which  is  capable  of 
forming  a  distinct  image. 

It  has  seldom  been  thought  worth  while  to  attempt 
any  operative  correction  other  thiin  an  iridectomy  to  re- 
move any  portion  of  the  membrane  which  interferes  with 
visual  ability  by  hanging  directly  across  theojitieal  axis. 
An  iridectomy  .should  be  performed  only  when  time 
enough  has  ela|ised  after  the  accident  to  prevent  any 
unusual  tendeiicv  to  intlammation. 

Cuts  aiul  |uinctured  wounds  of  the  iris  occur  concomi- 
tantly with  the  injuries  of  the  cornea  or  sclera,  and  re- 
quire no  special  treatment  other  than  what  litis  already 
been  mentioned  in  connection  with  tho.sc  injuries. 

Li-:n"s  .vm)  Zoxi'i..\. — The  position  occujiied  by  the  lens 
and  zonulii  may  l)e  represented  by  ;i  circle  formed  by  the 
intersection  of  the  walls  of  the  globe  with  a  i>lane  which 
cuts  the  visual  axis  at  right  angles,  a  few  millimetres 
behind  the  iris. 


FIG.  ai")6. 
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Tin.  ai'iT.— I'nmal  liinliH-niKin  n(  Lrns  which  Is 
lIci-oinliiK  cliiiKly.    ( Ijiwsoii.) 


.\  hliiw  111'  pressure  wliirli  rnitseH  the  pinbp  to  rlppnrf 
inciiiiriitarilv  fnnii  its  iip|«ru\iiiialrly  spin  rical  simpi'.  is 
likelv  I.)  I( •riKthrli  any  one  nf  llir  iliaiiMliTs  i.f  this  cirde 
and  stnlch  cir  tear  the  zniiula  or  the  capsule  cinitainiiif; 
the  li  11^       Anil  furtlitv   :itiy  pressure  (in  Hie  imleiior  iiart 

(if      thi'      ulidie 
wliieli    increases 
ihe     tinsinn     iif 
\lie  walls  III'  the 
:interiiir     chain- 
lier  is   likely   l<i 
Ihriiw    Ihe    lens 
tiaekward.      lie- 
cause  Ihe  laijier 
u  rea     of     t  h  e 
walls  (if  the  p(is- 
teriiir     chanilier 
a  I  1 II  \v  s    (if    a 
i:reater  increase 
of  capacity  tiefnre  Ihe  same  tension  is  reached.     A   IiuIl'- 
ini;  backward  (if  lens  and   /.nnula  is  lheref(ire  likely  t(i 
fdlldw,  so  that  eilcli  and  every  diameter  (if  the  circle  in 
which  they  lie  is  increased  in  lenirlh. 

One  (if  these  two  condilidns  has  protialily  existed  in 
most  of  those  injuries  in  which  the  only  orLranic  dislurti- 
nncc  is  a  partial  or  total  dislocalion  of  the  lens,  either 
with  or  wilhout  rupture  of  the  capsule. 

It  is  s)iid  also  that  ii  sevciT  Mow  on  the  head  will  cause 
such  sliakinjr  or  oscillalinif  of  the  conipamtively  heavy 
lens  as  to  tear  the  delicate  memlimne  which  suspends  it 
iH-twecn  the  lliud  and  senii-lluiil  humors.  It  seems  al- 
most necessary  loallow  this  if  we  wish  toarcount  forcer- 
tain  dislocations  that  are  reported — those,  for  instance, 
in  which  the  eye  itself  has  not  been  touched  by  the  body 
inllieliiiir  the  blow. 

The  disturliance  that,  takes  jilace  in  all  these  cases 
vaiies  jjriittly.  from  the  slight  disidacemeiit  forward 
which  indicates  a  mere  siretchinj;  of  the  ligament,  to  an 
entire  breakinir  away  from  its  support  on  all  sides,  so 
that  the  lens  is  thrown  buck  into  the  vitreous,  and  sinks 
eventually  to  the  bottom  of  the  eye.  or  so  that  it  is  forced 
forward  entirely  throusrh  the  pupil  and  lies  cMlircly  in 
front  of  the  iris.  Occasionally  the  lens  is  p\ishid  a  part 
of  the  way  Ihrouirh  the  pujiil.  or  it  is  ]iushed  so  that  it 
comes  to  iie  a  little  to  one  side  behind  the  iris,  in  which 
position  its  edire  may  be  seen  across  the  centre.  Under 
these  circumstances  the  finidus  is  visible  clearly  with  a 
minus  jclass  if  the  observer  looks  throujrh  that  part  of  the 
lens  wliich  is  in  siirht,  or  with  a  stron;:  convex  irlass  if  he 
looks  at  it  throu.irii  that  part  of  the  piiiiil  from  which  the 
lens  1ms  been  removed.  Whenever  the  edireof  the  lens  is 
in  siL'ht.  if  brilliantly  illuminated,  it  may  lie  ncoirnized 
by  a  thin  meniscus  of  vividly  contrasted  li^'lil  and  dark, 
oiused  by  refraction  and  total  rellcction  at  the  edire  w  here 
the  front  and  back  surfaces  curve  round  to  meet  each  other. 
Where  the  suspensory  ligament  is  torn,  the  lens,  of 
course,  is  left  free  to  assume  the  convexity  natural  to  ex- 
treme acconuuoilation,  Hence  one  of  the  symi)toms  of 
subluxation  is  (in  the  enunetropic  eye)  apparent  myopia 
with  entire  lossof  accommodation,  and  amlilyojiia.  which 
latter  may  be  due  in  part  to  astigmatism.  If  the  lins  has 
been  moved  backwiird  and  to  one  side,  so  that  il  only  par- 
tially covers  Ihe  puiiil,  monoeidar  diiilojua  may  be  pres- 
ent :  and  if  it  is  entirely  removed  from  its  place,  as  when 
it  has  fallen  back  toward  the  bottom  of  the  vitreous 
liumor,  an  apiiarcnt  liypernietropia  of  somewhere  near 
eleven  diopters  w  ill  be  found  ;  and  on  looking  at  a  reflec- 
tion of  the  candle  tlame  in  the  eye,  only  that  image  which 
is  due  to  reflection  from  the  corneal  surface  will  be  seen. 
The  two  fainter  ]iictures  which  are  reflected  from  the 
anterior  and  the  posterior  lens  surfaces  will,  of  course,  be 
wanting.  A  tremulous  iris  calls  attenlionto  thefactthat 
its  pu|iillaiy  border  has  been  deprived  of  the  support  usu- 
ally given  it  by  the  anterior  surface  of  the  lens;  still  this 
symptom  is  not  pathognomonic. 

T'iirtial  dislocations  of  the  lens  backward  are  likely  to 
liecome  complete  in  time,  that  body  finally  sinking  down 
to  the  bottom  of  the  posterior  chamber,  and   remaining 


there,  nfter  iinderpnlnp  pnrllnl  niropliy.  for  years— per- 
haps the  least  dangeroiiH  foreign  body  thai  i  im  i  \i-i  in 
thai  place.  The  eyeisHiibjeii  to  the  Kiinie  incoii  vi  iiii  iii cs 
and  iKcidelils  as  were  eiilailed  by  the  old  o[>eralion  of 
coiu'hing. 

In  all  posleriordislocations,  unlc-s  there  is  Rome  cogent 
reason  for  extracting,  such  as  ciliary  irritation  or  threat- 
ened sympathetic,  it  will  be  best  to  leave  the  lens  a'^  it  is 
and  make  no  allenipl  at  removal,  lint  if  il  pii-^>.i^  lor- 
ward  on  the  iris,  or  has  partly  or  wholly  pas.seil  thn.ugli 
the  pupil  and  remains  immediately  behind  the  coriien, 
it  should  be  removed  ns  soon  as  the  chcino.sis  that  imme- 
diately followstheiiccideiit  has  disappeared.  Thedanger 
of  attempting  to  remove  a  dislocated  lens  from  the  pos- 
terior chandler  is  very  considerable.  The  cut  is  made  of 
course  as  if  for  the  operation  for  cataract,  but  the  lens 
w  ill  rarely  present  itself  on  pressure,  and  recourse  must 
be  had  to  the  spoon  or  the  hook,  and  then,  even  when  the 
utmost  care  is  exercised,  the  leiiswill  sometimes  sink  into 
the  vitreous,  where  it  cannot  be  recovered,  or  its  extrac- 
tion will  be  accomplished  only  with  the  loss  of  vitreous 
and  perhaps  sid)sequent  accidciits  of  licmorrlmge  and 
retinal  sepanition. 

If  a  dislocated  lens  is  allowed  to  remain  in  the  anterior 
chamber  il  gradually  diminishes  in  size  and  sinks  to  the 
bottom  of  that  cavity,  w  here  it  remains  in  a  shrunken 
o))a(iue  condition,  and  usually  causes  deterioration  and 
opacity  in  the  part  of  the  cornia  on  which  it  rests. 

When  the  lens  is  injured  by  a  penetmting  wound  the 
cornea,  or  possilily  the  sclera,  must  of  necessity  have  been 
punctined,  and  injury  of  the  iris  and  ciliary  body  may 
also  have  taken  place  at  the  same  time.  Apart  from  the 
danger  of  these  acc(miiianying  wounds,  which  of  thein- 
.selves  may  or  may  not  be  of  a  serious  nature,  there  is 
every  reason  toexpect  serious  trouble  with  the  crystalline 
body.  Any  cut  or  puncture  of  the  anterior  capsule  which 
brings  the  "substance  of  the  lens  proper  in  contact  with 
the  aqueous  humor  is  followed  by  an  opacity  and  a  swell- 
ing in  that  body,  conditions  whicii  .seriously  interfere  with 
nutritive  and  functional  processes.  Such  an  accident  is 
much  less  serious  in  a  child  than  in  an  adult,  the  softness 
and  solubility  of  lens  substance  being  such  in  the  child  as 
toadmil  of  itssomewhat  rapid  disinlegniliou  and  absorj)- 
tion.  These  changes  may  take  place  so  ipiickly  and  com- 
pletely us  to  jiroduce  no  serious  injury  other  than  the  loss 
of  the  lens  itself;  or  there  may  remain  a  cai)sular  opacity 
which  can  be  removed  by  anydf  the  methods  usually  em- 
ployed after  the  operation  for  cataract. 

If  much  of  the  lens  surface  has  been  exposed  by  the 
opening  of  the  capsule  the  swelling  will  be  greater,  there 
will  be  an  increa.se  of  tension  in  the  globe,  and  the  press- 
ure of  the  lens  on  the  iris  w  ill  cause  a  greater  degree  of 
irritation.  If  the  patient  has  reached,  or  is  Hearing,  adult 
life,  the  reaction  caused  by  this  disturbance  will  be  ijuite 
severe,  usually  dangerous,  and  the  result,  so  far  as  disap- 
pearance of  the  lens  is  concerned,  will  in  no  way  be  com- 
plete. 

The  closure  of  the  cajisular  wound  in  such  injuries  is 
an  impossibility.  The  indications  are  for  temporizing 
and  anti])hlogistic  treatment.  Atropine  should  at  once 
lie  given  to  prevent  anterior  synechia'.  Iritis  and  cyclitis 
should  be  combated  with  anodynes,  and  if  the  pain  is 
severe,  ice-cold  applications  should  be  added  to  the  latter. 
Extraction  should  not  be  attempted  unless  the  lens  or  a 
greater  part  of  it  has  found  its  way  into  the  anterior  cham- 
ber. If  the  iris  is  pu.shed  forwardby  the  sw-ollen  lens  and 
the  symptoms  are  dang(Mously  severe,  the  anterior  cham- 
ber may  be  tapped  rep(^atedly  "to  allow  the  escape  of  a(iue- 
■  ous  anil  of  any  softened  lens  matter  which  has  found  its 
way  into  it:  and  in  this  way  the  process  may  be  allowed 
to  go  on  until  suflicicnt  absorption  has  taken  place  to  per- 
mit the  organ  to  return  to  its  natural  qiiiet. 

After  all  inflammatory  symjitoms  have  subsided,  if 
nothing  but  opaque  caps'ule'is  left  it  may  be  operated  on 
as  before  suggested ;  but  if  the  rent  in  the  cajiside  has 
been  closed  by  a  false  membrane  and  there  arc  consider- 
able nucleousand  cortical  remains,  these  may  be  lemoved 
asin  cataract  operation,  discission  being  the  method  which 


103 


Kyc. 
Kjo. 


REFERENCE  HiVNDBOOK  OP  THE  MEDICAL  SCIENCES. 


promises  the  best  results,  especially  in  children.  It  is  very 
iniporlimt  to  delay  such  operations  until  all  danger  of 
inllaunnatory  reaciion  has  pas.sed  away.  The  ]>rocesses 
above  described  "ill  seldom  be  completed  in  less  than 
two  or  three  moiilbs.  and  during  this  time  the  patient 
should  be  kept  constantly  luider  tlie  care  of  the  surgeon, 
and  during  convalescence  he  should  wear  shaded  glasses. 
In  spile  oi'  cverv  precaution  many  cases  of  injury  to  the 
lens  are  not  likely  to  end  happily  either  for  the  patieut 
or  for  the  surgeon.  Cai)Sular  intlammation  is  likely  to 
block  up  the  pupil  witli  a  dense  membrane  to  which  the 
iris  becomes  strongly  faslenetl ;  pus  also  may  show  itself 
in  the  anterior  chamber ;  and,  llnally.  there  may  be  panoph- 
thalmitis with  complete  (U'struction  of  the  affected  eye. 

Thk  Ciiouoid. — The  choroid  is  often  ruptured  as  the 
result  of  sudden  conipres.sion.  The  rent  may  occur  at  a 
point  so  far  forward  as  not  to  admit  of  diagnosis  during 
life,  and  from  such  accidents  no  doubt  come  many  of  the 
cases  of  litemophtlialmus  posterior  which  make  a  fair  re- 
covery without  any  special  mark  to  indicate  the  source  of 
the  hemorrhage.  "These  anterior  ruptures  also  are  sup- 
posed to  accoimt  for  some  of  the  hypothetical  cases  of 
commotio  retina'.  Though  ruptures  are  sometimes  seen 
at  a  point  anterior  to  tlic^  veua;  vorticosoe,  most  of  those 
which  fall  under  surgical  observation  are  near  the  poste- 
rior pole  of  the  eye.  They  do  not  come  at  a  point  directly 
opposite  the  blow  or  pressure  which  causes  them,  but  are 
situated  on  the  same  side  of  a  vertical  plane  which  passes 
through  the  centre  of  the  globe  from  front  to  back.  'J'his 
seems  to  be  in  accordance  with  a  priori  reasoning  con- 
cerning ruptures.  The  choroid  has  been  known  to  rup- 
ture in  two  jdaces  at  on<'e,  both  ruptures  being  situated 
in  the  same  meridian  and  on  the  same  side  of  the  eye  as 
the  compression  which  caused  them. 

Very  often  the  perception  of  light  becomes  quantitative 
as  soon  as  the  accid(;ut  happens,  but  sometimes  the  dim- 
inution of  vision  is  not  very  great  until  after  several  days 
have  elapsed.  However  this  may  be,  the  power  of  ac- 
commodation is  at  once  suspended,  and  after  recovery 
vision  rarely  i-eaches  its  normal  acuteness.  The  wound, 
when  lirst  examined,  will  be  fouud — if  there  has  been  no 
very  great  hemorrhage— to  be  filled  with  blood  which 
conceals  its  edges.  The  uninjured  retinal  vessels  may 
sometimes  be  traced  over  the  wound;  at  other  times  the 
retina  is  broken  through  and  separated  at  its  edges  from 
the  choroid.  The  indications  for  treatment  are  the  same 
as  in  other  ruptures  of  the  external  tunics,  except  that 
constant  recMnihency  is  not  so  iniiierative  and  the  patient 
may  be  allowed  a  little  more  freedom  after  the  first  few 
days.  The  intlanuuatory  disturbance  that  follows  rup- 
ture of  the  choroid,  though  sometimes  destructive,  is  not 
usually  very  .severe,  and  the  amount  of  useful  vi.sion  that 
is  recovered  is  dependent  very  much  on  the  seat  of  the  le- 
sion. Of  course,  if  the  tear  has  extended  through  the 
macula  there  will  be  a  permanent  central  scotoma.  The 
size  of  the  final  scotoma  is  not  always  commensurate  with 
tliat  of  the  original  injury,  it  being  sometimes  much  less 
than  would  have  been  thought  probable. 

FouF.KiX  Bodies. — Concerning  foreign  bodies  in  gen- 
eral, that  have  entered  the  eye  and  remained  in  it,  a  word 
or  two  is  necessary.  The  eye  is  never  safe  so  long  as 
they  remain  imprisoned  in  its  tissues.  Still  there  is 
Imrdly  any  place  inside  its  walls  where,  according  to 
reportetl  cases,  foreign  bodies  have  not  remained  for 
months  and  years.  But  in  all,  or  nearly  all,  the  cases 
so  reported  Slrious  trouble  eventually  developed  and 
brought  the  ])atient  to  the  oculist.  Yet  it  is  fair  to  sup- 
pose that  patients  have  sometimes  carried  foreign  bodies 
in  their  eyes  to  the  grave  without  serious  trouble,  but 
this  is  so  exceedingly  I'jire  that  in  general,  when  a  for- 
eign body  has  penetrated  the  globe,  it  is  good  surgery  to 
remove  it  as  soon  as  the  diagnosis  is  made;  aud  if  it  is 
not  possible  to  remove  it  from  the  eye,  tlien  it  should  be 
removed  with  the  eye. 

This  rule  admits  of  one  or  two  exceptional  cases,  to  be 
mentioned  hereafter — cases  in  which  foreign  bodies,  on 
accotint  of  the  slight  inconvenience  which  they  cause  at 
the  lime,  invite  delay  for  the  purpose  of  escaping  for  a 


time  the  reaction  which  is  sure  to  follow  operative  in- 
terference. Temporizing  nuiy  be  allowed  only  when  the 
success  of  operative  interference  is  not  compromisi'd  by 
delay. 

An  investigation  of  the  cases  in  which  the  globe  of  the 
eye  has  Iwen  penetrated  by  a  foreign  body  and  no  at- 
tem]>l  has  been  made  to  remove  it.  shows  that  in. not  a 
few  instances  the  patient  has  ex])erienced  months  of  suf- 
fering and  danger,  and  then  finally  has  lost  the  sight  of 
one  eye,  if  not  of  both.  Under  these  circumstances  the 
surgeon  should  advise  against  a  jirotracted  postponement 
of  operative  interference.  In  a  few  cases  only  is  it  per- 
missible to  advocate  delay.  Thu.s,  for  example,  if  a 
patient  presents  himself  having  in  the  h'lis,  or  on  the  iris 
orretiiui,  a  small  bit  of  copper  or  steel,  an  eyelash,  or  other 
substance  which  has  been  forced  through  to  its  positiim 
without  exciting  any  lasting  reaction,  and  if  the  eye  has 
retaiiud  its  usefulness  in  great  measure,  it  is  not  neces- 
sary to  attempt  to  remove  it  if  it  is  so  fastened  in  its  posi- 
tion that  any  ordinary  accident  or  change  in  the  sur- 
rounding tissue  is  unlikely  to  make  it  at  some  future 
time  more  dillictdt  of  access.  \i  it  is  so  situated  that  to 
remove  it  is  an  easy  and  safe  procedure,  it  would  of 
course  be  the  part  of  wisdom  to  do  so  without  further 
delay.  But  if,  as  is  often  the  ca,se,  it  is  where  it  can 
be  reached  only  by  operative  interference  attended  with 
great  risk  of  injury  or  failure,  it  is  better  to  counsel 
delay,  while  giving  the  patient  emphatic  warning  that 
when  any  change  for  the  worse  does  occur  o|)erative 
interference  will  then  become  imperative.  Ciliary  in- 
jection, pain,  tenderness,  photophobia,  or  lachrymation, 
or  any  of  the  symptoms  of  beginning  iridochoroiditis, 
should  warn  both  surgeon  and  patient  that  further  delay 
is  dangerous. 

The  Uie  of  MagneU  in  liemonng  Foreign  Bodies. — 
Qinte  a  large  per  cent,  of  the  foreign  bodies  that  pene- 
trate the  globe  aud  would  remain  there  but  for  surgical 
interference  are  made  of  iron  or  steel  and  may  be  re- 
moved more  easily  by  the  magnet  than  in  any  other  way. 
Even  if  the  magnet  itself  is  not  all-sufiicient  for  this 
purpose,  it  may  be  of  great  assistance  by  adding  mag- 
netic attraction  to  the  force  applied  by  the  surgeon  to 
any  steel  instrument  that  he  may  employ. 

For  purposes  of  diagnosis  the  electro-magnet  is  espe- 
cially useful.  Definite  sensations  of  jiain  in  the  eye  as 
the  circuit  is  made  or  broken  furnish  undoubted  evidence 
of  the  presence  of  a  magnetic  metal.  It  must  be  added 
that  the  lack  of  such  sensations  does  not  with  like  cer- 
tainty determine  its  absence. 

There  are  three  classes  of  magnets  in  use.  The  per- 
manent magnet  of  Gruening  is  independent  of  batteries  or 
electrical  connections,  and  has  proved  to  be  a  usefid  in- 
strument. More  powerful  than  this  is  the  electromagnet 
introduced  by  Hirschberg.  Various  forms  of  this  are  in 
use,  most  of  them  from  five  to  eight  inches  in  length  and 
capable  of  developing  an  attractive  force  of  considerable 
strength,  even  across  the  whole  diameter  of  the  eye.  A 
giant  form  of  this  very  valuable  instrument  has  been 
constructed  by  Haab.  This  new  instrument  .so  enlarges 
its  sphere  of  uscfidness  that  it  has  become  a  well  recog- 
nized part  of  the  equipment  of  the  hospital  operating 
room.  The  fact  that  in  its  most  desindde  form  it 
takes  uji  a  square  metre  of  floor  space,  weighs  nearly 
'2(10  kgm..  anil  costs  relatively  a  large  sum,  has  some- 
what interfered  with  its  general  adoption  as  an  office 
accessory. 

The  methods  of  using  the  magnet  are  such  as  are  nat- 
urally suggested  by  the  situation.  Various  forms  of  tips 
are  eiVsily  attached  to  the  iron  core;  some  being  intended 
for  insertion  into  the  eye,  others  for  placing  on  or  near  its 
surface.  The  greater  the  mass  of  the  magnetic  metal  and 
the  nearer  the  foreign  body,  the  better.  It  slioidd  be  re- 
memliered  that  although  the  attractive  force  is  practically 
instantaneous  in  its  action,  the  movement  of  the  attracted 
body  is  not. 

Viscosity  and  other  structural  conditions  of  tlie  tissue 
arc  such  that  repeated  attempts  to  extract  a  hypothetical 
foreign  body  on  several  successive  days  may  give  no  evi- 
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(lonciMif  Ifscxistpiioc.  iind  yet,  on  n  snbspqiicnt  rppptiUoii 

III  till'  iitii'iii|il.  tlic  IiihIv  ill  i|iirHtiiiii  will  ii|i|i('iir. 

'I'llr  lnrsiluT  iif  II  fiirri>;ll  IiimIv  ill  till'  i-Vr  is  HI'  IMTiollH 

H  iniitlrr.  itiiil  till'  iiniiiriliatr  rcsiills  nf'  I'Mnx'ttnii  liy 
iiii'iiiis  III  till'  iiiii^'ticl  arc  Hii  lirilliiiiil.  tliiit  mir  tuny  easily 
iivcicsliiiiiltc  llir  avi'nif;!'  Iii'liftit  to  lir  rxpirtcil.  It  is  to 
1m'  ri'iiii'iiiliriril  tlial  iimiiv  >'(  tlif  chms  in  wliirli  a  fnrcijili 
lioily  liiis  Imtii  iriiiiivnl  friiiii  till'  lyc  witlioiit  iiifrrtioii 
nr  iiiiilur  vjuliiicr.  turn  mil  luully,  riiiliiii;  in  almpliy  or 
litlirr  striiiiis  Iroiilili'.  Nniwitlislanilini;  all  this  tin-  iiiug- 
lie!  is  a  viTV  valiiiililr  iiililitinn  to  tin-  surirical  oiitllt. 

Kiin-iKii  iMKlii's  that  liiiil  tlirir  way  lirtwirti  tlic  lids, 
iiiul  slick  fast  ill  tlu' coiijiiiK'tiva  willimil  ilrcply  pt'iu-- 
tniliiii;  it,  sfliloni  irivc  risi-  to  any  Inmlili'  after  tliey  are 
(lisiiivi-reil.  If  lliey  are  not  easily  seen  liy  everting  the 
liils  iiniler  (ioi.iil  illiiiiiiiwitioii.  it  iniiy  heoii  ainnint  of  llieir 
iniiiuti'  si/.e.  or  lieiausi'  Iliey  have  lieeii  eariieil  up  to  the 
fnlil  of  tniiisitioii  lieiieath  the  upper  liil.  I'arlieles  of 
plass  are  partieularly  apt  lo  eseape  ohservatioii.  Koeal 
illuiiiinatiiinanila  eurefulexplonitioii  witlia  l>avieIs])oon 
is  all  that  is  needed  for  their  recovery,  and  this  is  easily 
iiiaiia.i;ed  iinlessthere  iscmisiderable  spasmof  the  oiliicu- 
laris.  when  it  iiiiiy  he  neeessjiry  toaiuestlietize  tlieeye  with 
cocaine,  or  possibly,  in  children,  to  resort  to  fiiiieriil  an- 
ii'Slhesia.  The  seat  of  injury  should  lie  carefully  ex 
aniined  to  see  that  nutliini;  has  i)enetrated  beyond  the 
liniil  of  the  eonjvinctivii  and  has  become  lodged  iu  the 
orbit  or  sclem. 

Foreij;ii  bodies  most  frequently  encountered  in  practice 
are  those  w  liicli  have  lodged  in  the  sul)slaiice  of  the  cornea. 
They  are  sonietinies  very  small  and  dillieult  to  see,  on  ac- 
count of  their  color  being  such  as  to  liarnioni/e  w  ith  that 
of  the  pupil  or  iris.  They  can  be  detected  reiiilily  in  the 
direct  light  of  the  window,  or  by  focal  illiiniiiialion.  and 
can  be  removeil  nearly  always  without  the  aid  of  a  iiiag- 
lii lying  glass.  The  point  of  a  discission  needle,  cataract 
knife,  or  any  other  sharp  instrument  will  be  found  useful 
for  the  purposi'.  The  patient  should  sit  or  stand  before 
the  window  and  fix  the  eye  on  some  object  which  will 
insure  its  being  held  in  the  right  position,  while  the  sur- 
geon stands  wherever  Ihcsubslaneecan  be  most  distinctly 
seen.  Some  piiliiiits  will  lix  beller  by  looking  with  both 
eyes,  others  with  only  the  injured  one. 
"  It  is  not  always  possilile  to  pick  up  a  small  particle  of 
steel  or  emery  on  the  point  of  a  needle  until  after  re- 
peated efforts.  In  order  to  diminish  the  pain  caused  by 
such  elTiirts  it  is  a  good  plan  to  .scrajie  oil  the  eiiitheliuni 
from  the  very  small  surface  (less  than  a  millimetre  in  dia- 
meter) immediately  surrounding  the  foreign  body.  When 
these  small  sul)staiices  have  iienetrated  deeply  into  the 
cornea,  great  care  should  be  taken  not  to  push  them 
through  into  the  anterior  chamber.  Such  an  accident  is 
of  a  most  serious  nature:  it  is  quite  likely  to  necessitate 
aniridecloniy  for  the  removal  of  the  foreign  body.  AVhen 
the  foreign  body  is  so  deeply  situated  that  this  accident 
.s<'ems  imniineut.  it  is  best  to  enter  the  anterior  chamber 
with  a  Graefe  knife,  which  should  be  iniroiliiced  at  a 
point  2  or  U  mm.  to  one  .side  of  the  foreign  body  and  made 
to  emerge  at  some  distance  beyond  it.  The  Hat  of  the 
knife  will  thus  serve  as  a  suiiport  for  the  foreign  body, 
which  may  llieii  be  removed  willi  safely  by  the  usual 
manipulations.  Care  should  lie  taken  not  to  turn  the 
knife  so  as  to  allow  the  escape  of  aqueous  and  nol  to  en- 
croach any  mme  than  is  nece.s.sjjry  on  the  pupillary  area. 
Sometimes  a  splinter  jienetnites  the  layers  of  the  cornea 
and  seems  to  be  placed  lengthwise  in  its  substance  in  such 
a  manner  that  it  can  neither  be  removed  by  forceps  nor 
gnisped  by  a  needle.  In  such  a  case,  the  upper  layere  of 
the  cornea  may  be  o])ened  by  a  Graefe  or  a  Beers  knife, 
held  with  its  back  to  theanteriorchamber.  In  rare  cases 
a  sniiill  bit  of  foreign  substance  may  be  driven  through 
the  cornea  in  such  a  manner  that  one  cm!  of  it  hangs  loose 
in  the  anterior  chandler,  while  the  other  remains  fast  in 
the  deeper  layers  of  the  cornea.  When  this  state  of  affairs 
exists,  the  foreign  substance  may  be  removed  liy  making 
a  cut  in  another  pari  and  removing  the  offending  sub- 
stance from  within  with  a  |)iiir  of  ili  licate  forceps. 

Foreign  bodies  in  the  anterior  chamber,  unattached  to 


th«'  IrJH  or  lens,  ofton  sink  to  the  lower  par'  >■'   •'■■     ■  ' 
ml ic  border.     Very  siimll  bodieN  may  be  i ' 
or  behind  the  iris  or  the  iipa<|ue  wlerti.     Tli' 
become  partly  eneapsulatiil  or  Kiirrounded  uilli  lymph 
before  exciting  destructive  iiilliiniination.     In  some'eaw-M 
they  niiiy  be  removed  by  an  iridectomy.     Ocinsioiuilly 
such  a  foreign  body  has  ulcerated  through  and  ha--  been 
discharged  before  the  eye  was  entirely  ruined.     If  muIi  ii 
process  is  going  on  when  the  patient   llrsi   preH'iils  him 
self,  it  may  be  well  lo  tempori/.e.  but  never  to  delay  oper- 
ating with  the  hope  thai    the  substance  may  be  gotten 
rid  of  through  the  establishment  of  such  a  process. 

In  cases  in  which  it  is  othertvise  impossible  to  diagnose 
or  locali/e  a  foreign  body  it  may  often  be  seen  by  the  aid 
of  an  "j'  ray  "  apparatus  and  a  lliioresceiit  screen.  Two 
pictorial  reproductions  from  different  positions  are  usu- 
ally iK'ce.ssary  and  sullicieiil  lo  determine,  with  .some  de- 
gree of  exactness,  the  position  of  the  foreign  body.  This 
is  done  liy  comparing  its  position  in  the  picture  with  that 
of  other  substances,  which  though  outside  of  llie  eye  have 
been  placed  iu  the  Held  in  a  manner  suitable  for  com- 
parison. 

I.ens  and  iris  seem  particularly  tolerant  of  foreign 
bodies.  If  a  small  foreign  body  is  attached  to  the  iris  in 
such  a  manner  that  it  does  not  seem  likely  to  fall  to  the 
bollom  of  the  anterior  chaniber,  it  may  be  left  in  nidi  a.s 
long  as  it  causes  no  disturbance,  )irovided  the  chance  of 
successful  removal  is  not  grow  ing  less.  A  foreign  bmly 
in  the  lens,  if  the  opening  iu  the  capsule  is  small,  may  be 
left  in  place  until  it  can  be  successfully  removed  by 
a  cataract  operation.  If  theeapsuleis  widely  opened,  the 
case  should  be  treated  as  a  traumatic  cataract,  and  the 
foreign  body  should  be  removed  if  po.ssible  with  the  swol- 
len cortical. 

A  foreign  body  in  the  vitreous,  immediately  behind 
the  lens,  will  sometimes  present  itself  al  the  wound  and 
be  expelled  by  gentle  jiressure,  or  it  may  be  removed  by 
a  scoop  or  hook,  after  the  lens  has  been  removed  by  a 
cataract  operation.  Such  a  residt,  though  gratifying,  is 
hardly  to  be  depended  on.  In  fact,  the  removal  of  a 
foreign  body  from  anywhere  iu  the  vitreous  is  something 
of  a  forlorn  hope.  An  incision  either  equatorial  or  merid- 
ional, may  be  made  back  of  the  ciliary  region,  and  in  such 
a  manner  as  not  to  divide  entirely  any  of  the  muscles. 
Through  this  opening  the  foreign  body  may  come,  or  may 
be  made  to  come.  A  few  cases  liave  been  recorded,  but 
no  one  has  had  so  many,  or  has  been  so  successful,  as  to 
warrant  us  iu  establishing  any  rule  or  definite  course  of 
action. 

When  a  foreign  substance  has  been  in  the  eye  so  long 
as  to  cause  considerable  inflammation,  which  has  ren- 
dered the  vitreous  opaque  and  full  of  connective-tissue 
opacities,  removal  is  out  of  the  (juestion  as  a  means  of 
preserving  sight,  and  a  constant  watch  should  be  kept 
over  the  patient,  so  that  the  globe  itself  may  be  enucle- 
ated before  the  establishment  of  severe  or  dangerfius  in- 
llammation.  Small  substances  (less  than  2  mm.  in  their 
longest  diameter)  that  rest  on  the  retina,  or  are  suspended 
iu  the  vitreous,  do  not  demand  surgical  interference  if. 
when  they  are  lirst  .seen,  the  symptoms  of  irritation  have 
passed  away,  and  if  delay  iu  removing  them  does  not 
seem  likely  lo  render  the  operation  more  ditticult. 

Foreign  bodies,  both  large  and  small,  may  pa.ss  through 
the  conjunctiva  and  remain  in  the  orbit.  If  their  pres- 
ence is  not  recognized  at  the  lime,  the  extenial  wound  is 
quite  likely  to  heal.  In  rare  cases  the  body  then  becomes 
encysted,  but  more  commonly  it  gives  rise  to  orbital  ab- 
scess, and  is  discharged  or  removed  with  the  conlents  of 
■the  abscess.  Orbital  abscessi'S  are  not  unattended  nith 
serious  danger,  on  account  of  possible  pressure  on  the 
globe  or  extension  to  the  cerebral  cavitv. 

Wiliiam  S.  Deuncll. 

EYE,  TUMORS   OF.— I.  Timohs  of  the  Etelids. 

A.  B<)ii;/ii    T'liii'iiK. — The  benign  tumors  of  the  lids 
are  partly  congenital,  (lartly  acquired  later  on  in  life 
Their  growth  is  but  seldom  accomjianied  by  any  intlani 
matory  symptoms.      These  tumors,   of  course,    during 
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their  growth,  arc  infliioncKl  hy  tlie  nature  of  the  tissue 
from  whieli  thcv  sprinji;  and  into  whicli  they  grow,  and 
till'  varicly  of  tissues  whieh  constitute  what  we  term  tlic 
eyelids  iieeessarily  tuinirs  aliout  a  niiml)er  of  ilistinct 
forms  of  tumors,  and  an  endless  variety  in  tlieir  .shape. 

1.  liV/W.i  and  ijiilln/inl  hunin  (not  to  lie  confounded 
witli  ipilhehal  u'rowths)  are  soiuetinies  found  ou  the 
outerth'rmoid  surface  of  tlie  lids,  more  frequently  on  the 
upper  liil.  Tliey  may  be  congenital,  and  they  may  keep 
on  growing  gradually  until  it  becomes  necessary  to  re- 
move them  on  account  of  their  unsiglitliness,  or  because 
their  weight  is  felt  disagreeably  anil  has  become  a  Inu- 
dranee  to  the  free  movements  of  the  lids  ;  or,  linally,  be- 
cause they  actually  olislruci  sight  by  obscuring  a  part 
of  the  visual  licld  in  certain  positions  of  the  eyeball. 

Such  warts  usually  spring  from  the  lid.  with  a  broad 
basis.  They  are  not  easily  confounded  with  epithelial 
gri.wths,  because  they  lack  a  zone  of  inflammation  and 
infiltration,  which,  in  the  case  of  the  latter,  is  never 
wanting.  Furthermore,  epithelial  growths  usually  show- 
points  of  ulceration.  Jloreover,  epithelial  growths  of 
the  eyelids,  although  observed  in  young  subjects,  are 
more  fre(|uenlly  foun<l  in  the  declining  years  of  lif<',  and 
lie  most  freiiuently  near  one  of  the  canthi  or  al  the  lid 
margin.  Warts  and  liorns,  however,  are  found  in  all 
ages,  and  seem  to  be  more  fre(|uent  near  the  middle  por- 
tion of  the  eyelids  than  at  any  other  locality. 

According  to  their  suiierficial  arrangement,  such  epi- 
thelial warts  of  the  eyelids  have  been  described  as  jiapil- 
lomata  when  resembling  caulitlower,  and  as  condylomata 
when  resembling  the  broad  cjr  jiointed  condylomata  ob- 
served in  other  regions  of  the  body. 

The  histological  structure  of  these  warts  has  nothing 
that  woidd  distinguish  them  from  other  warts  of  the  skin. 
They  consist  of  jiypertrophic  papillary  structures,  cov- 
ered by  very  thick  and  horny  la_\ers  of  epithelial  cells. 

Although  such  warts  are  in  themselves  benign  tumors, 
we  mtist  state  here  that  in  later  years  epithelial  growths 
often  begin  from  such  warts,  and  their  removal  is  there- 
fore to  be  recommended. 

2.  Granulj»nn  or  c/iulinitm  of  the  eyelid  is,  in  contra- 
distinction to  the  other  benign  tumors  of  the  eyelids,  an 
inflammatory  t  umor.  In  its  origin  it  is  a  hordeolum,  that 
is,  an  inflammator)-  process  caused,  in  the  more  super- 
ficial or  the  deeper  layers  of  the  eyelid,  by  the  stoppage 
of  one  or  more  secretory  canals  of  the  Jleibomian  glands, 
be  this  merely  mechanical  (by  foreign  substances)  or  due 
to  an  infection  or  an  inflanunatory  process,  which  only 
secondarily  involves  the  secretory  ducts  of  these  glands. 
Such  a  Meibomian  hordeolum  is  originally  the  distended 
Meibomian  gland,  tilled  with  its  own  secretion  and  pus. 


Flc.  saw.— Xanllielasmii  of  tlie  Eyelid. 

and  later  on  with  an  atheromatous  detritus.  This  sac,  so 
to  speak,  lies,  as  is  clear  from  its  tnode  of  development, 
cmbediled  within  the  tarsjil  tissue,  and  pushes  out  tlie  skin 
of  the  lid  ill  the  form  of  a  roundish  elevation,  the  iieiiph- 
ery  of  which  falls  oil  into  the  surrounding  tissue  at  a 
more  or  less  acute  angle.     These  tumors  vary  considera- 


bly in  size,  and,  aside  from  the  deformity  which  tlieir 
presence  causes,  they  may  have  to  be  removed  because 
they  interfere  with  sight. 

AVe  tind.  then,  usually,  that  these  tumors  (tjirsid 
tumors,  as  they  are  often  styled)  consist,  at  a  later  period, 
to  a  great  extent,  or  even  totally,  of  granulation  tis.sue. 
which,  having  sprung  from  the  walls  of  the  sjic,  has 
forced  the  semifluid  contents  of  the  original  cyst  to  one 
side  where  they  have  undergone  jiartial  absorption. 
Later  yet,  we  may  tind  solid  granulomata,  and  no  ves- 
tige of  the  atheromatous  or  purulent  contents  of  the  sac. 
As  curiosities  we  may  mention  that  one  author  claims 
that  chalazion  is  due  to  the  tubercle  bacillus,  while 
another  author  has  even  found  an  eiionnoiis  bacillus 
chalazicus. 

This  is  undoubtedly  the  form  of  tumor  most  frequently 
met  with  on  the  eyelids. 

3.  X'utt/u'liimiui  or  jiinthomn  of  the  eyelids  is  not  a  nire 
alTectiim.  It  seems,  however,  to  be  more  frequent  among 
females  than  among  males.  It  isa  roundish  or  lobulated 
elevation  of  the  skin,  of  a  peculiar  yellowi.sh  appearance, 
which  has  given  it  its  name.  Its  development  has  often 
been  brought  into  relationship  with  diseases  of  the  liver. 

Very  frequently  these  elevations  occuiiv  symmetrical 
positions  on  both  eyes,  especially  ou  the  ujiper  eyelids. 
They  are  not  found  in  early  youth,  and  uniloubtedl.v  be- 
long to  the  later  years  of  life.  In  females  they  often 
develop  in  the  catamenial  years.  Aside  from  the  de- 
formity which  they  cause,  there  is  hardly  any  reason  for 
their  removal. 

So  far  as  their  histological  formation  is  concerned  there 
can  be  no  doubt  that  different  forms  of  tumors  which 
have  nothing  in  common  except  their  yellow  asjiect.  may 
be  taken  for  xanthelasmata.  This  yellow  coloring  is  due  to 
the  presence,  in  the  subcuUineous  tissue,  of  a  large  num- 
ber of  stellate  connective-tissue  cells  which  contain  yellow 
pigment  granules.  Aside  from  these,  the  tumor  may 
consist  of  connective  tissue  which  has  undergone  fatty 
infiltration  and  degeneration,  or  it  may  show  jilainly  a 
hypertrophic  condition  of  the  sebaceous  glands,  with 
stoppage  and  perfect  occlusion  of  their  excretory  canals. 
We  find  then,  in  these  tumors,  large,  round  Siics  of  con- 
nective tissue  filled  with  the  enormously  swollen  ei)ithe- 
lial  cells  of  these  glands,  which  are  undergoing  retro- 
gressive metamorphoses  (sec  Fig.  2058).  In  other  cases 
we  find  simply  a  dense  connective  tissue,  void  of  even  a 
trace  of  the  glandular  structure,  but  containing  the  pig- 
mented, stellate  cells  which  these  tumors  all  have  in 
common,  and  from  which  they  derive  their  name.  The 
same  enlarged  and  degenerated  epithelial  cells  are  found 
in  molluscum  conta.giosum  and  have  been  claimed  to  be 
the  characteristic  molluscum  bodies.  They  are.  however, 
also  found  in  epithelial  horns  and  other  jiathological 
conditions  of  the  lids. 

Acconling  to  their  fonn.  these  tumors  have  been  de- 
scrilied  as  xanthelasma  planum  or  tuberosum. 

4.  Aiifiiiiiiiiiid  of  the  eyelids  are  almost  always  con- 
genital tumors,  although,  from  their  slow  development, 
they  may  become  noticeable  only  several  years  after 
birth.  They  belong  either  to  the  cavernous  or  the  arte- 
rial variety. 

The  cavernous  angiomata  cause  a  swellin.g  of  the  lid 
in  which  they  are  embedded,  and  usually  impart  to  it  a 
dark-blue  color.  If  the  upper  lid  be  the  one  alTected.  it 
cannot  be  raised  freely,  or  else  it  shows  the  <ondiiion 
known  as  ptosis.  Any  impediment  to  the  continuous 
flow  of  the  venous  blood  (stooping  down,  coughing,  press- 
ure, etc.)  causes  the  tumor  to  swell.  These  growths 
frequently  extend  backwanl  into  the  tissues  of  the  orbit, 
or  into  the  tissues  surroundin,!:  this  cavity.  From  their 
site,  coliu'.  and  conformation,  such  cavernous  angiomata 
may  be,  in  rare  ea.ses,  confounded  with  orbital  cysts, 
which  sometimes  cause  a  very  similar  aspect  of  these 
regions. 

The  histological  structure  of  these  cavernous  growths 
shows,  of  course,  nothing  peculiar. 

The  teleangiectatic  tumoi-s  are  usually  smaller  than 
the  cavernous  ones,  and  since  they  generally  reach  to 
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the  ciitanfmis  surfaci',  tlioy  nro  riToffiii/cil  at  n  iniicli 
iiirlicr  piTiiMl.  TliiTc  i«  very  iifif'ii  Imi  lilllcor  no  kwcII 
iufi.  Iiut  tlic  lirifililml.  ciilnrKiMl  IiIimmI  vchwIs  can  lie 
iHrli  lliroiigli,  ori'vcii  in.  tlii'  skin.     Tliis  liinilof  auglumu 


The  case   rt'porU'<l    im  lyinnhangin 
iiiiii|iir.     It   is  Kiiid    III   Imvo  iH'i'n    Hitiiiiti-U 


Fia.  3050.— Itplthflloma  of   Kyi-ll<l.  nllarliml  to  and  Invadinir 
Uw  I'oracu. 

is  Iml  scliloin  contincd  to  llic  I'Vclid  iilotii".  Yet  llicrcarc 
also  iclciingicftnlic  tumors  of  tlic  cVflids  .so  well  di-liiied 
tliat  llicy  can  almost  )«'  cnuclcati'd  lil\L>  ii  grantiloma. 

While  cavernous  angiomata  arc  apt  to  grow  willi  ad- 
vancing years,  tlie  teleangioctaticangiomata  do  not  seem 
to  Inive  this  tendency  to  a  very  marl<cd  degree. 

r>.  Filiniiiiiitii. — n.  Ifiiiil  jVirnniiilii  of  I  lie  eyelids  are 
of  very  rjiru  occurrence,  and  may  possiblv  talie  llieir 
origin  from  a  granuloma  formeil  in  tlie  cystic  distention 
of  a  Meiliomian  gland  iliordeoluni).  Tlie  writer  lias  seen 
and  examined  only  two  such  cases.  In  both,  the  round 
tumor  was  implanted  in  the  tarsal  tissue,  and  raised  the 
skin  of  the  lid  just  as  a  chala/ion  tloes.  In  troth,  the 
tumor  was  .situated  in  the  upper  lid  and  was  harder  to 
the  touch  than  a  chalazion  \isually  is.  The  size  of  the 
tumors  was  about  that  of  a  cherry  pit,  and  they  consisted 
altogether  of  a  denst'  connective  tissue  with  short  spindle 
cells. 

,*.  The  »i/>.^V(;-o;»<i  (fibroma  molluscum  I  of  the  eyelids 
is  also  of  very  rare  occurrence,  and  is  usually  found  at  the 
same  time  on  other  parts  of  the  body. 

These  tumors,  which  api>ear  always  in  large  numbers, 
vary  in  size  from  that  of  a  pea  to  tliat  of  a  large  pear, 
and  even  much  larger  ones  have  been  observed.  As  they 
grow  they  usually  liecome  pedunculated,  and  hang 
pouch  liki-  by  this  pedicle. 

Their  histological  structure  has  not  as  yet  been  satis- 
factorily studied.  Some  authors  have  found  only  soft 
connective  tis,sue.  while  others  report  the  presence  of 
pec\iliar  cells  tmdergoing  retrogressive  metamorphoses — 
probably  epithelial  cells  of  the  sebaceous  glands,  resem- 
bling closely  those  found  in  xanthelasma. 

).  A  third  form  of  fihnnnn  of  the  eyelid  has  been  de- 
scribed a,s  jilfxiform  nitirn-jihromn.  This  rare  kind  of 
growth  is  sjiid  to  be  congeniial.  and  to  consist  of  a  series 
of  swellings  and  cords  which  lie  in  the  subcutaneous  tis- 
sue, and  which  in  parts  are  extremely  painful  to  the 
touch. 

The  histological  examination  has  not  cleared  up  the 
nature  of  thesi-  fibromata  very  materially.  They  are  sjiid 
to  consist  of  dense  connective  tissue,  rich  in  nuclei,  and 
surrounding  simply  atrophic  nerve  bands,  or  nerve  fibres 
undergoing  fatty  degeneration. 

fi.  t.ijximiilii  of  the  eyelids  are  of  rare  occurrence. 
They  may  be  congenital,  or  they  may  appear  in  very 
obese  people  in  advanced  life.  In  the  latter  case  they 
are  apt  to  grow,  and  may  have  to  be  removed  because 
they  interfere  with  the  sight,  and  this  is  especially  apt 
to  be  the  case  when  they  develop  in  the  upper  lids  and 
hang  over  the  lid  margin. 

Xo  further  importance  is  attached  to  this  kind  of 
growth. 

T.  Lym)Juinffinmata  and  lymphomnta  have  also  been 
found  in  the  evelids. 


fieemH  to  Ijc 
lit  the  lid 
margin,  the  si/.e  being  that  of  u  split  pea.  It  coiiKiHleil 
of  llhroiiH  itinnective  tissue.  Ihroughoiil  whii'li  were  wat- 
tered  a  large  number  of  cavities  of  dilTerenl  sizes.  Thew 
cavities  I'ontained  a  tini',  granular  siibNtance  in  which 
lymph  cells  wire  suspended.  The  walls  of  the  cavities 
were  lineil  with  an  <'ni|i>theliuin. 

In  harmonv  with  this  ih'scription  the  tumor  wiia  styled 
a  cavernous  lymphangioma. 

Lyinphonmla  of  a  very  large  size  were;  found  in  all  the 
four  eyelids  of  a  man  siilTering  from  leukainia. 

H.  Miili'iuiiiit  TiiiiiiifH  iif  till  KiiiUiln. — 1.  Of  the  malig- 
nant tiimorsof  the  eyelids  (he  most  fre(|iient  nrc  i  jiit/irlial 
tumors,  and  among  them  especially  tin-  tiat  epithelioma. 
The    epillielioina   of   the   eyelid    begijis   almost 
always  al  the  lid  miirgin,  espe<  iaily  on  the  lower 
lid,  and  it  s<-enis  to  grow  with  preference  near  the 
inner  or  outer  cant  bus. 

In  the  beginning  we  usually  linil  a  small,  round- 
ish, reddish  nodule,  which  is  (|uilc  hard.  Some- 
\  limes  this  hardness  and  some  redness  around  the 
original  nodule  ari'  the  rinly  symptoms  by  which 
we  may  distinguish  it  from  a  common  wart. 
After  a  while,  either  sponlaneotisly  or  becau.se  the 
patient  keeps  irritating  it  with  liis  fingers,  the  sur- 
face of  this  nodule  becomes  slightly  ulcenited,  and  a 
crust  is  fomied.  Now  this  one  nodule  may  keep  on 
growing  and  spreading,  and  become  excoriated  al  its 
surface,  or  new  nodules  may  spring  up  around  it  and 
share  the  same  fate.  Thus  there  is  finally  developed 
a  flat  ulcer,  with  a  hard  basi-.  and  hard,  ragged  edges, 
which  freiiuently  bleed  profusely  when  but  slightly  in- 
jured. As  the  ulcer  creeps  along  some  parts  may  iieal, 
and  the  tough  white  bands  of  scar  tissue  give  ilie  af- 
fection then  an  aspect  very  .similar  to  that  of  scirrhous 
cancer  in  other  parts  of  the  body.  The  infiltration  of  the 
tissues,  the  breaking  down  of  the  lid  margin,  and  the 
development  of  bandsof  cicatricial  tissue — all  these  alter- 
ations, singly  or  combined,  may  cause  very  annoying  and 
unsightly  deformities  of  the  eyelid.s.  The  lower  lid.  as  a 
rule,  becomes  everted,  and  to  all  other  aflliclions  is  added 
a  continuous  flow  of  tears.  The  growth  of  this  kind  of 
epithelioma  is  but  slow  and.  r/H'int/  ritiim,  very  much  less 
to  be  dreaded  than  another  form  of  this  growth  which 
eats  rapidly  into  the  tissues  and  breaks  them  down  in  a 
verj- short  ])eiiod.  In  the  latter  variety  the  ni|)id  prog- 
ress of  the  primary  disease  is  soon  followed  by  infiltration 
of  the  lymphatic  glands  and  of  the  parotid,  or  the  dis- 
ease may  spread  over  the  conjunctiva  bullii  into  the 
cornea,  and.  eating  its  way  through  it.  may  enter  the  eye- 
l)all.  or  grow  around  it  and  invade  the  tissue  of  the 
orbit.  This  form  is.  luckily,  observed  larely,  and  the 
prevalent  form  is  the  one  which  we  first  described. 

Ei)ilhelioma  of  the  lid  is  a  disease  which  is  found  in 
individuals  of  advanced  age  only. 

When  this  form  of  tumor  involves  the  eyelid  the  his- 
tological elements  found  are  iirceisely  the  same  as  those 
observed  in  the  growth  when  it  involves  some  other  jiart 
of  the  body.  The  |)re-cxisling  epithelial  cells  of  the 
cutis,  as  well  as  those  of  the  sebaceous  glands,  become 
hypertroidiic,  and  grow  in  the  typical  way  into  the  under 
lying  and  surrounding  tissues,  in  the  shape  of  cylinders. 
Kre(|ueutly  the  rapid  increa.se  in  number  of  the  epithelial 
cells  causes  the  formation  of  pearl  nodules.  The  periph- 
ery of  the  growth  shows  the  usual  zone  of  infiltration 
and  inflammation. 

2.  Adiiirima  an<l  ndeno-cnreinoma ,  especially  of  the 
/Meibomian  glands,  but  also  of  other  glands  in  the  tissues 

of  the  lids,  have  been  found  in  a  number  of  instances. 
AVheii  seen  at  the  proper  time  it  has  been  found  that 
what  originally  was  an  adenoma  had  developed,  later  on, 
a  carcinomatous  character. 

3.  S<iir">iitit(i  of  the  eyelids,  at  least  those  of  primary 
nature,  have  been  observed  in  small  numbers  (about  fifty 
in  literature).  The  eyelids  are  more  frequently  invaded 
by  siircomatous  growths  from  the  orbit  and  the  "surround- 
ing tissues. 
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In  tlip  pnsi's  of  prininrv  snrpoma  of  tho  lid  wliirli  hnvc 
been  dhscrvcd,  llu'  |i:iliiiits  wire  niailv  all  cliildnii. 
Till'  tumors  grew  iiipidly  and  soou  intillratcd  the  whole 
tissue  of  the  lid.  The  iieopliisms  were  mostly  of  the 
round-cell  type;  in  some  instances,  however,  the  growth 
belonjied  to  the  melanotic  variety,  and  in  still  otiicis  it. 
was  lomposed  of  spindle  cells,  of  cells  of  a  myxomatous 
type,  or  of  cells  arraniri'd  in  alveoli. 
"  Of  course,  the  ilansrer  to  life  due  to  sjw'omatous 
growths  maki's  their  removal  as  urgent  when  they  origi- 
nate in  the  eyelid  as  when  they  develop  in  any  other 
region  of  the  body. 

II.  Ti.MonsoK  THE  CoN.ifSCTlv.v. — A.  Btiiii/n  Tumom 
of  t/ie  Oinj'inetiru. — 1.  Li/m p/ia nr/iertitsin  of  the  conjunc- 
tiva appears  usually  as  a  conirlomeration  of  small,  round- 
ish elevations,  tilled  w  itli  n  watery  liuid,  and  often  strung 
togi'ther  lik  beads.  Thi'Se  little  tumors  jive  rise  only 
vrrv  rarely  to  an  inllanmiatory  condition  of  the  surround- 
iug  conjunctiva,  and,  as  a  rule,  cause  the  patient  no  an- 
noyance to  speak  of.  When  punctured  they  collapse, 
but  are  generally  soon  retilled.  Their  usual  seat  is  the 
bidbar  conjiniciiva. 

From  the  a|)i)earauccs  presented  under  the  microscope 
these  tumors  consist,  undoubtedly,  of  distended  lymijli 
vessels.  The  little  tumor  is  composed  of  a  system  of 
canals  and  cavities,  which  are  in  no  way  connected  with 
the  blood  vessels.  The  latter  show  the  more  plainly,  as 
they  are  usually  hyper;emic.  The  cavities  and  canals  just 
spoken  of  are  sepaiated  from  each  other  by  trabeeula"  of 
dense  connective  tissue,  but  they  intercommunicate.  The 
surrounding  conjunctival  tissue  appears  condensed  and 
pressed  asiile.  This  system  of  canals  contains  a  perfectly 
translucent  serous  lluid  in  which  are  suspended  a  number 
of  lyin|ihulic  cells.  Tlic  walls  show,  now  and  then,  some 
traces  of  an  endothelial  coat  (see  Fig.  2060).  The  writer 
lias  ha<l  occasicm  to  report  a  case  of  acute  formation  of 
hemorrhagic  lymphangiectasia  in  an  idiotic  girl. 

2.  Sen/iix  ci/Kts  of  the  conjunctiva  may  imdoutedly 
result  from  what  was  origiuall.y  simply  a  lymphangiec- 
tasia: th('  septa  existing  belween  the  canals  and  cavities 
of  such  a  tumor  having  gradually  yielded  to  the  pressure, 
and  all  the  cavities  having  thus  become  united  into  one. 
But  serous  cysts  have  also  been  found  in  the  conjunctiva 
at  birth,  and  they  may  develop  without  being  preceded 
by  a  typical  lymphangiectasia,  especially  after  injuries, 
or  they  may  be  due  to  the  cystic  degeneration  of  small 
glandular  lobules  situated  in  tlnf  fornix. 

They  ajipear  as  round  or  oblong  or  oval  swellings  in 
the  conjunctiva,  and,  owing  to  the  nature  of  their  con- 
tents, they  usually  present  a  somewhat  3ellow  tinge. 


Fig.  2(]()0.— Lymphansrlecta.'ila  of  tlie  Bulliar  ronjunotiva. 

They  are  not,  as  a  rule,  movable  under  the  conjunctiva, 
but  they  may  become  large  enough  to  annoy  the  patient, 
and  nmst  then  be  removed. 

They  have  a  well  defined  cyst  wall,  consisting  of  con- 
nective tissue,  and  are  usually  lined  with  one  or  two 
layers  of  endothelial  cells. 

:{.  TiUininiirtiitli-  tiunors  are  also  occasionally  found  in 
the  conjunctiva  of  the  lids  and  eyeball,  and  usually  there 
is  then,  at  the  same  time,  a  teleangiectatic  tumor  in  the 


lid.     The  sent  of  these  tumors  seems  to  be  mostly  in  the 
region  of  the  lachrymal  caruncle. 

Their  histological  structure  is  the  same  as  that  of 
other  teleangiectatic  tumors. 

4.  Oriiiiiiluiiiiiiii,  conunoniy  called  polyps,  of  the  con- 
junctiva are  comi)aratively  fret|Uent.  They  are  reil, 
sottish  nodules  which  project  into  the  eonjuiiclival  siic; 
their  inoile  <pf  attachment  to  the  conjunctiva  being  either 
by  a  broad  baseor  by  a  slender  peduncle.  They  are  found 
chielly  near  tin-  inner  can  thus.  They  are  due  either  to  in- 
juries or  to  chronic  intlannnatory  alfections  of  the  con- 
junctiva, and  may  attain  a  considerable  size,  especially 
on  |)lithisical  eyeballs.  Now  and  then  they  make  their 
appearance  at  the  site  of  a  tenotomy  for  strabismus. 

Thi'ir  structure  is  that  of  all  graiudomala.  They  con- 
sist mainly  of  newly  formed  round  cells  and  small  s|)indle 
cells,  here  and  there  intersected  by  connective  tissue 
trabecida'.  This  tissue  is  often  full  of  blood-vessels, 
and  usually  contains  a  number  of  cavities  tilled  with 
serous  fluid.  In  rare  cases  the  tissue  is  found  to  be  of  a 
higher  organization,  the  granuloma  being  changed  into 
a  fibroma. 

5.  What  has  been  described  as  lijMyma  of  the  conjunc- 
tiva is  a  subconjunctival  growth  of  fat  tissue.  In  the 
few  cases  which  have  been  described  this  kind  <pf  tumor 
was  congenital,  in  some  it  increased  in  size  in  later  life. 
The  subconjunctival  lipoma  appears  as  a  yellow,  round- 
ish, and  soft  swelling,  usually  consisting  of  several  lob- 
ules. They  seem  to  be  generally  situated  between  the 
external  and  the  superior  rectus  muscles. 

According  to  the  descriptions  given  of  their  histological 
structure  these  tumors  are  very  closely  allied  to  the  der- 
moid tumors;  it  even  seems  as  if  tliey  were  dermoid 
growth.5  with  an  excess  of  subcutaneous  fat  tissue.  In 
one  or  two  cases  bone  and  fibrous  tissue  have  been  fouial 
in  connection  with  such  a  fatty  growth. 

6.  P(ipilli>iiiii  of  the  conjimctiva  has  been  found  in  a 
number  of  instances.  The  tumor,  when  seen,  usually 
encroached  upon  the  cornea,  thus  simulating  a  ])t(M'ygiiun. 
Its  histological  examinatiou  alone  revealed  the  true  char- 
acter. In  one  case  reported  by  the  writer,  almost  sym- 
metrical ])ai)illomata  developed  in  both  eyes  and,  growing 
over  the  cornea,  renilered  the  patient  blind. 

7.  Ikrtiiiiid  tumors  of  the  conjunctiva  are  always  con- 
genital tumors.  Their  seat  is  at  the  corneoscleral  junc- 
ture, and  very  fre<iuently  they  lie  i)artly  in  the  corneal 
and  partly  in  the  conjunctival  tissue. 

The  tumor  appears  as  a  grayish  or  yellowish  round 
elevation,  about  the  size  of  a  pea — sometimes,  however, 
much  larger.  Where  it  ends  in  the  corneal  tissue  it  is 
usually  surnuuuled  by  a  zone  of  gray  corneal  tissue, 
not  unlike  an  arcus  senilis.  Conjunctival  blood-ves- 
sels may  enter  it.  Its  surface  is  usually  smooth  and 
shitting,  and  it  ma_v  be  partially  or  totally  covered 
with  fine  hair.  Sometimes  one  or  more  of  these  hairs 
grow  very  long  and  protrude  through  the  palpebral 
tissurc.  Such  a  tumor  may  remain  stationary  a 
whole  lifetime  and  cause  no  greater  annoyance  than 
what  may  bedueto  tliegrowth  oftliehair.  Inolher 
cases  .some  irritation  causes  the  tumor  and  its  sur- 
roundings to  become  inflamed,  and  then  the  tumor 
may  begin  to  grow  and  invade  the  thus  far  healthy 
tissue  of  the  cornea.  In  such  a  case,  or  from  cosmetic 
reasons,  the  removal  of  a  dermoid  ttnnor  may  become 
neces.sary.  and  is,  as  w  ill  be  seen  from  the  histologi- 
cal conditions,  easily  a<com])lished. 

The  clermoid  tumor,  as  its  name  indicates,  consists 
essentially  of  the  elements  of  the  skin.  It  is  covered 
by  epithelium,  the  outer  flattened  cells  of  whichare, 
however,  not  always  horny,  but  often  undergoing  a  ret- 
rogressive metamori)hosis.  This  is  probably  due  to  the 
moisture  in  which  the  surface  of  the  tumor  is  continuously 
bathed.  There  are  also  usually  a  number  of  mucous  cells 
to  be  found  in  this  layer.  This  epithelial  coat  isuneven, 
like  thesMrfaee  of  the  skin,  and  numerous  ofVsetsare  sent 
into  the  depth  surrounding  the  papilla:  of  the  tumor. 
From  almost  all  of  these  indentations  one  or  two  fine 
hairs  spring  forth,  and  here  lie  also  the  orifices  of  the 
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nciiiiiUHKliiiulH.  wliirliiiriMisuiilly  foiinil  in  tlicHO  growllis. 

Till'  coiiiH-ftivc  tisMiif  uiirlcr  il pitlinliiiin  is  vitv  (Iciiw- 

iiikI  lllirous.  ll  ('(iiitiiint  rliislir  lllirillii-.  ami  mh  ii  riilf, 
1)111  fiw  crlliiliir  rli'liiciits.  unless  till'  Iiltili.r  lie  ill  all  ill 
lliiiiiumliii  V  niiiilitiiiii.  Tlic  'iiisisipf  llir  lUMior.  wliicli  is 
only  vriv  lipuscly  ciiiiiircti'il  .villi  llic  r|iis(lrnil  lissuc.  is 
liiiiilc  il|i  uf  fill"  tIsMir.  \Vlii;r''  tlir  luiiior  liis  iiii  llic 
niriuul  lissuc.  llir  iiiiinii  is  .isimllv  a  very  llriii  niii-. 
'riKscluiuiirs  1(111  lain  a  iiiiiilniiU' iiiiiiil>iii>f  liloml  vissc-ls, 
bill  it   KffiiiH  tliiit   llii-yaic  bill   sniiilily  sii|>|ili>'il   willi 

lllTVfD. 

8.  Tnit ivileiimalii  of  t hi- colli iiiii-l i vit  liii v«  bct'ii  observed 
ill  a  small  iiiiiiibiTof  cases.  Tlie  foriualioii  of  bony  tissue 
sti'liis  not  to  have  been  coii^reiiilal.  Tliire  appeaieil,  ill 
one  lasi-.  a  small  lumor  on  llie  eyi'ball  near  ilie  outer 
c-aiitliiis.  anil  il  was  rcinovecl  on  acciMint  of  llie  aiinoy- 
anee  wliicli  il  caused.  In  anotlier  ease  the  minor  had 
altained  the  sizeof  a  bean.  The  hi.slological  exaininatiou 
iTVealed  true  bone  tissue. 

it.   The  writer,  on  one  oeeasion,  removed   from  the  eye 
of  an  infant  a  tumor  which  must  be  styled  a  cli'ni- 
ilni  iiileiifiiiii  nf  the  conjuneliva.     This  tumor  sal 
on  the  bulbar  conjunctiva  with  a  broad  base,  was 
whitish  in  color,  and  presented  a  perfectly  smooili 
surface.     The  parents  had  observed  it  at  the  time 
of    the  child's  birth,  and  thought  that  il  had  been 
•jnidually  growinjr  since  that   time.     Its  size  was 
about    lliat  of  a  split  pea  when  the  writer  sjiw  it. 
hislolou'ical examination  revealed  the  fact  that  it  consisted 
of  a  larire  cluster  of  glandular  tubules,  lesembliiiirsome- 
whal  in  their  arrauueiiiciit  those  of  llie  lachrymal  gland, 
and  a  large,  roundish  piece  of  embiyoiiic  cat  lilage.     These 
two  kindsof  tissue  weresepanitcd  from  each  other,  and  to- 
get  her  they  were  surrouuded  by  a  dense  connective  tissue. 

H.  Miiliriuiiiit  Tumor*  nf  tlif  Voiijinictini. — 1.  Siiro- 
iiitilii  (>{  the  conjunctiva  are  of  rare  occurrence.  They 
are  either  uiipigmented,  or.  wliiit  is  more  fre(|Uenlly  the 
case,  pigmented.  Tiiesc  tumors  take  their  origin  almost 
invariably  from  the  region  where  the  conjunctiva  bulbi 
joins  the  <iirnca.  that  is.  from  the  ciiisderal  tissue  at  the 
cornco  scleral  junctiiie.  in  rare  cases  from  the  loose  tissue 
of  the  fornix.  Their  development  has.  in  a  iiunibcr  of 
cases,  been  ascribed  to  an  injury. 

The  sjircomalous  tumors  of  this  regiou  usually  form 
roundish,  sometimes  lobulated  swellings,  which  soon  en- 
croach upon  the  corneal  tissue.  Thi'y  are  very  vascular, 
and  bleed  easily.  They  are  usually  of  a  rusty  browu 
color,  or  they  iniiy  even  be  almost  black,  at  least  in  jiarts. 
Their  surface  appears  smooth  and  shining,  which  is  due 
to  the  fact  that  the  growth  for  a  long  period  remains 
covered  by  the  conjunctival  and  corneal  epithelium. 
Sometimes  new  nodules  appear  at  some  other  point  of 
the  corneoscleral  margin,  occasionally  at  n  point  dia- 
metrically opposite  the  original  tumor.  In  their  further 
development  these  tumors  may  spread  into  the  interior 
of  the  lye.  and,  from  tliedissemimitiou  of  their  elements, 
death  may  ultimately  result. 

Histologically,  the  sarcomata  of  the  conjunctiva  are 
usually  of  the  small  round  celled  variety.  The  origiuai 
nodule,  when  growing  cai  to  the  cornea,  spreads  for  a 
time  between  the  corneal  e|iitheliumand  Bowman'slayer, 
in  the  way  paunus  tissue  is  known  to  spread.  Later  on, 
Howinans  layer  is  destroyed  at  the  periidiery.  and  the 
sarcomatous  elements  invade  the  corneal  tissue  proper 
(see  Kig.  iOOl).  Yet  the  resistance  of  liownians  layer  is 
so  great  that  the  tumor  w  ill  now  sprcail  underneaili  this 
layer  into  the  cornea.  In  rarer  cases  the  elements  of  the 
sjircoma  are  spindle  cells.  The  iiigmentation  of  the  cells 
varies  considerably  in  one  and  the  same  tumor.  The 
more  siiiierlicial  parts  are,  liowcver,  usually  I  Ik-  least 
pigmented  ones.  There  is  but  very  little  intercellular 
substance.  The  large  (|iiantity  of  blood-vessels  which 
thesetumors  usually  contain  has  already  been  mentioned. 
There  an'  always  signs  of  former  hemorrhages,  and  usu- 
ally evidences  of  recent  ones  are  to  be  found.  In  the 
l)ropagation  of  these  tumors  the  blood-vessels  seem  to 
play  an  important  role,  as  they  are  sometimes  found  to 
be  iilled  with  i)igineuted  molecules  and  pigmented  cells. 


The  periplii'ry  of  these  tumors  U  formed  by  a  well-pro- 
iioiinced  /one  of  intlamiimllon. 

'i.  Eiiilliiliiniiiitii  of  the  coiijiiiu'llvii  are  more  often 
obsi-rved  tluin  any  other  kind  of  conjunctival  tumors. 
.\ltliougli  they  are  seen  more  lrei|iienlly  in  personH  of  an 
ailvanced  age,  they  make  their  appearance  also  in  voiing 
inilividiials.  They  are  generally  sitimled  on  the  iiiilbur 
conjiiiiiliva,  and.  like  the  siircomiitous  tumors,  they 
most  freipieiilly  start  from  a  point  near  the  eoriieo- 
sclerul  junclure. 


Fig.  2061.— Snreoma  of  the  Conjunctlvii. 

Their  formation  may  begin  witli  the  development  of  a 
small  phlyctenula-like  nodule  covered  with  hyperiemic 
blood-ves.seIs;  usually  a  number  of  larger  and  distended 
blood-vessels  going  to  this  nodule  may  be  seen  in  the 
scleral  conjunctiva.  The  growth  may  for  a  long  period 
remain  stationary,  or  it  may  kee])  on  increasing  grad- 
ually ill  si/e.  or  upon  some  special  irritation  it  may  start 
to  develop  rapidly,  and  be  aceoinpanied  by  inllamnialoiy 
symptoms,  and  sometimes  by  considerable  pain.  The 
tumor  usually  spreads  upon  the  cornea,  which  it  may 
gradually  penetrate,  and  thus  lind  an  entrance  into  the 
interior  of  the  eyeball.  The  pain  and  sulTering  usually 
force  the  patient  to  submit  to  the  t'emoval  of  the  eyeball 
before  any  further  spreading  of  the  elements  of  the  tumor 
has  taken  place.  In  its  early  slag<-s  the  new  formation 
may  be  removed  from  the  eyeball  without  much  tlilliculty, 
as  this  has  been  stated  of  the  sarcomatous  new  formations. 
Such  epithelial  growths  of  the  conjunctiva  have  some- 
times beeu  found  to  be  pigmented,  and  have  then  been 
desciibed  as  melnitoaDirroida. 

The  epitheliomataof  the  conjunctiva,  like  those  found 
in  other  jjarts  of  the  body,  originate  in  a  li_>  perjilasia  of 
the  pre-existing  epithelium.  Thus  we  tind  in  the  begin- 
ning the  ei)itlieliul  layer  considerably  thickened,  the 
seriated  cells  very  numerous  ami  w  ell  ])ronoiinced.  !n 
some  cases  we  lind  a  layer  of  lioniy  cells  of  considerable 
thickness.  This  original  tumor  is  usually  surrounded  by 
a  tissue  which  is  hypenemic  and  intiltnited  with  round 
cells.  When  the  tumor  grows,  e]iithelial-cell  cylinders 
begin  to  dip  into  the  underlying  tissue  and  send  otT  new 
branches.  Gradually  the  new  formation  invades  the 
cornea,  this  invasiou  being  always  preceded  by  the  new 
formation  of  blood-vessels  and  by  round-cell  intill ration. 
Bowman's  layer  gives  way,  and  the  epithelial  cell  cylin- 
ders spread  into  the  corneal  tissue  proper.  In  the  same 
way  the  epithelioma  spreads  into  the  sclerotic.  Some- 
times the  surface  of  the  tumor  is  ulcerated. 

The  epithelioma  may  spread  into  the  interior  of  the 
eyeball.  Thus  it  has  been  seen  to  invade  the  ciliary 
body  and  the  choroid  along  an  anterior  ciliary  artery,  or 
the  iris,  after  perforation  of  the  cornea  and  anterior 
synechia  had  taken  place.  In  some  cases  the  conditions 
seemed  to  warrant  the  assumption  that  the  external  tumor 
had  s]iread  to  the  inteiior  of  the  eyeball  by  metastasis.  _ 

The  earlier  the  oi>eration  is  resorted  to,  the  easier  is 
the  removal  of  such  tumors.  This  may  be  done  success- 
fully by  means  of  either  the  knife  or  the  gal  rano  cautery. 
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III.  Ti'MOKS  OF  THK  CoifSK.\. — The coriieii  proper  rlocs 
not  si'i-iu  lo  be  till'  sent  of  primiuv  tumors.  AVImt  has 
been  (lesi'ril)c(l  as  siuli  is  lo  bu  found  in  sicliou  II. 
(Tumors  of  tlic  Conjunrtivii). 

IV.  Tt'Moiis  i)K  Till-:  Sci.khotic. — The  sclerotic,  like 
the  cornea,  does  not  seem  to  be  n  field  for  primary  new 
formations.  Those  which  have  been  <lescrilied  as  such 
probalily  belonir  to  the  conjunclival  (episcleral)  tumors, 
and  have,  therefore,  been  treated  under  II. 

V.  Tl  Molts  OK  THt;  luis. — A.  />'(«(>/»  Tiimiirs  nf  the 
Iris. — 1.  Simple  grduiiloiiiittit  ol  the  iris  have  sometimes 
been  observed,  and  have  a  number  of  times  l)een  men- 
tioned in  the  older  ophtlialmie  literature.  Tiny  were 
described  as  small,  round,  yellowish,  or  grayish  swellings. 
which  made  their  appearance  usually  in  the  hiwer  half 
of  the  iris.  Gradually  such  a  tumor  would  grow  until 
it  reached  Desceniel  s  membrane,  anil  linally  it  woidd 
lead  to  jurforation  of  ihe  cornea.  This  generally  was 
followed  by  shrinkage  of  the  eyeball  and  the  formation 
of  scar  tissue. 

Histologically,  these  tumors  are  found  to  consist  of 
round  cells,  and  to  contain  numerous  giant  cells  ("mye- 
lopla.xes").  Such  a  structure  is  .so  similar  to  that  of 
tubercles  that  some  recent  authors  have  described  the 
simple  gnmuloma  of  the  iris  as  tuberculosis  of  the  iris. 
It  is  certainly  strange  that,  since  we  have  learned  what 
tumors  may  grow  iu  the  tissue  of  the  iris  in  consequence 
of  syjihilis"  and  tuberculosis,  no  further  case  of  simple 
graniiloiua  of  the  iris  seems  lo  have  been  observed. 

'i.  A  special  kind  of  tumor  has  been  observed,  iu  a  few 
instances,  lo  spring  from  the  iris ;  it  is  generally  mentioned 
among  the  cases  of  gniiniloma.  This  is  a  very  vascular 
swelling,  from  which  on  slight  provocation  the  anterior 
chamber  would  be  tilled  with  arterial  blood.  I  should 
suppose  that  in  such  a  case  we  would  have  to  deal  with 
a  tcleangiirtdtir  tumor,  rather  than  with  a  granuloma. 
The  writer  has  had  occasion  to  report  the  histological 
results  of  the  e.vamination  of  two  cases  of  iris  tumor 
which  had  been  diagnosed  as  sarcomata,  but  which 
proved  to  be  vascular  tumors.  The  one  had  the  char- 
acter of  a  capillary,  the  other  of  a  venous  angioma.  The 
cases  reported  as  granulomata  of  the  iris,  accompanied 
by  more  or  less  jfcriodical  hemorrhages,  have  probably 
been  of  a  similar  character.  A  case  described  as  a  "  pap- 
illoma of  the  subepithelial  tissue  of  the  iris"  undoubtedly 
also  belonged  to  tliis  class  of  n;evi. 

3.  Trail miitic  granuloma  of  the  iris  is  occasionally  met 
with, — in  some  cases  after  the  corneal  wound  is  perfectly 
healed,  but  in  most  cases  after  the  iris  has  undergone  a 
prolai)se  and  is  exposed  lo  Ihe  air.  In  the  former  cases 
the  granulation  tissue  was  found  to  perforate  the  cornea, 
and  cause  perfect  loss  of  sight  in  the  same  way  as  do 
malignant  inlra-ocidar  tumors.  In  the  latter  cases  the 
tissue  of  the  granuloma  gradually  becomes  organized  and 
forms  scar  tissue,  and  nuvy  thus  bring  about  a  spontane- 
ous cure. 

Such  granulomata  also  consist  of  round  cells  and  small 
spindle  cells,  and  contain  but  little  connective  tissue  and 
new  formed    blood-vessels.     Later   on.    the    round   cells 

fradually  are  changed  into  spindle  cells,  and  linally  we 
nd  a  dense  connective  tissue  containing  but  few  cellular 
elements.  The  granulomata  which  start  from  a  pro- 
lapsed jiortion  of  the  iris  are  usuallj'  covered  with  epi- 
thelium. 

4.  Mdannmn  of  the  iris  has  occasionally  been  observed. 
It  appears  as  a  darker  raised  spot  iu  the  tissue  of  the  iris, 
and  it  is,  to  say  the  least,  as  yet  (lucstionable  whether 
what  has  been  called  melanoma  was  not  iu  reality  a 
melano-sarcoma.  The  authors  usually  stale  that  a  benign 
melanoma  may  at  any  time  assume  a  malignant  sarcoma- 
tous characler. 

Such  a  melanoma  is  sjiid  to  consist  of  a  circumscribed 
accumulation  of  "stroma  cells  of  the  iris,  the  larger  jiart 
of  which  are  pigmented,  have  many  offsets,  and  anaslo- 
niose  with  each  other.  They  pass  witlunit  a  sharp  boun- 
dary into  Ihe  neighboring  tissue,  and  the  remainder  of 
the  iris  is  normal." 

5.  Cyists  of  the  iris  have  been  observed  in  a  large  num- 


ber of  cases.  They  are  either  serous  cysts  or  cysts 
tilled  with  epithelial  material — epidermoid  {atheromatous) 
cysts. 

Cystic  formations  in  the  iris,  as  a  rule,  <levelop  only 
after  an  injury.  They  begin  as  small,  round,  yellowish, 
or  grayish  tumors.  The  yellowish  color  is  more  charac- 
teristic of  Ihe  eiiideriuoid  character,  while  the  grayish  or 
grayish  while  color  seems  lo  be  that  of  Ihe  serous  cysts. 
Such  cysts  gradually  grow  uiilil  lliey  reach  Descemet"s 
membrane,  and  Ihen  may  beeome  tirudy  adherent  to  it. 
Obliijue  illumination  will  tisually  show  at  once  whether 
the  cyst  contains  .serum  or  some  other  material,  for  in 
the  former  case  the  tumor  will  be  plainly  translucent. 
In  some  cases  the  presence  and  the  growth  of  such  a  cyst 
seem  to  cause  b\it  Utile  discomfort;  in  others,  however, 
.severe  inllammatory  symptoms  make  their  appearance, 
anil  sight  may  be  destroyed 

The  manner  in  which  the  formation  of  such  cysts  takes 
place  is  as  yet  not  absolutely  settled.  I$vit  from  recent 
e.\perinienls  it  seems  that  these  cysts  usually  develop  in 
small  portions  of  e|)illielial  tissue  which  have  been  forced 
into  the  iris  by  .some  previous  injury  ;  these  parts  enclos- 
ing organs  which  are  apt  to  retain  their  contents  and 
secretion.  There  can  be  no  doubt,  however,  that  in  some 
cases  serous  cysts  are  formed,  provided  a  fold  of  the  iris 
becomes  adherent  to  Dcscemel  's  membrane  or  to  a  wound 
canal  in  the  cornea.  The  closure  and  subsequent  expan- 
sion of  iris  crypts  has  also  been  mentioned  as  a  possible 
cause  for  cystic  formations. 

The  cyst  walls  have  usually  been  found  to  consist  of 
atrophied  and  attenuated  iris  tissue,  lined  with  a  layer  of 
endothelial  cells,  and  usually  tirmly  adherent  to  the  cor- 
nea. There  is  scarcely  any  pigment  found  iu  the  cyst 
walls.  The  contents  of  the  serous  cyst  are  a  perfectly 
transparent  Huid,  while  the  contents  of  the  epidermoid 
cysts  correspond  with  those  of  other  atheromatous  cj'sts 
and  sometimes  contain  hair. 

B.  Malignant  Tumors  of  the  Iris. — Sarcomata  of  the  iris 
have  been  met  with  in  comparatively  few  cases.  They 
have  been  mostly  pigmented,  but  in  a  few  cases  they 
were  uupigmeuted,  or  at  least  only  slightly  pigmented. 

These  tiunors  of  the  iris  seem  to  have  originated  mostly 
in  the  parenchvma  of  this  membrane,  and  near  its  sphinc- 
ter edge.  When  allowed  to  grow,  the  tiunor  slowly 
spreads  over  the  iris,  and  at  the  .Siunelime  presses  against 
the  cornea,  which  it  finally  [lerforatcs.  Duiing  its  de- 
velopment it  causes  increase  of  intra-ocular  pressure  and 
inflammatory  attacks,  with  subsequent  destruction  of 
sight.  Later  on,  it  leads  to  metastases.  The  rule  is, 
undoubtedly,  that  these  tumors  grow  on  Ihe  anterior 
surface  of  the  iris.  The  writer  has  in  one  instance  seen 
a  darkl}'  pigmenled  sarcoma  spring  from  the  iK)Sterior 
surface  of  the  iris  near  the  ]iupillary  margin,  and,  press- 
ing Ihe  lens  backward,  spread  into  the  interior  of  the 
eyeball.  In  its  early  stages  sarcoma  of  the  iris  has  been 
successfully  removed  by  iridectomy ;  later  on,  the  eyeball 
has  to  be  sacrificed. 

In  Ihe  few  cases  which  have  been  histologically  ex- 
amined Ihe  tumors  were  either  pigmenled  round  cell  sar- 
comata or  sarcomata  of  Ihe  pigmenled  and  luipigmented 
spindle  cell  variety.  They  seem  to  lake  their  origin  from 
the  parenchyma  of  the  iris. 

VI.  Tumors  of  tiik  Cili.\rt  Body. — A.  Benign 
Tumors  of  the  Cilia rt/  Body . — 1.  Up  to  the  present  time 
the  wriler  hasexamined  nine  instances  of  inhnoma  of  the 
ciliary  body.  These  small  tiunors,  which  s]irang  from  the 
pars  ciliaris  retina',  were  usually  confined  to  one  ciliary 
process,  and  seemed  to  cause  no  symptoms  during  life, 
llislologically.  they  consist  of  the  cells  of  the  jiars  ciliaris 
reliiae.  arranged  in  double  rows  like  glandular  duets, 
and  these  tubules  form  numerous  convolutions.  Between 
these  tubules  lies  a  coagulated  amoriihous  substance. 
The  tumiu's  are  surrounded  by  pigmenl  I'pithelium.  It 
is  as  yet  not  clear  whelher  these  adenomata  are  congeni- 
tal or  develop  later  iu  life. 

2.  .\fi/o»ia  of  Ihe  ciliary  body  has  only  once  been  ob- 
served and  described.  In  this  case  a  brownish-red  tumor 
was  found  to  press  part  of  the  iris  against  the  posterior 
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Biirfiirr  of  III)- i'i>riicii  mill  to  prolnidf  for  some  (llNtanrc 
into  llir  |Hi|iilliiry  s|iii(c.  The  tumor  hIhhmiI  Nriiootli 
t'liviiiioiis.  'I'lirri-  wiis  iiicniiw  of  iiilnioculiir  IciiKioii. 
iiikI  iillHiks  of  seven-  |iuiM  were  eoiii|iliiiiieil  of,  Tlie 
tiiiiior  fjrew  .slowly  Init  eontiiiuously.  iiiiil  wus  coiisirl 
ereil  to  1)1- It  siireoiiiii.  Kiiiiilly,  llii- |mli<-Ml  eoiisi-iiteil  to 
tin-  c-mieleiitioii  of  the  eyetiiill.  The  minor  wiis  foiinil  to 
have  ilie  si/i>  of  H  lilln-rl,  anil  to  lie  liriiily  altiielieil  to  the 
filial  V  niiisele  When  iliviileil  it  |iii-<entei|  a  iiil  surfaee 
of  a  ios<-ale  eolor.  anil  it  was  only  slijrlilly  |ii^iiiinleil  in 
the  |H-ri|>lii-ral  parls.  On  iiiieroscopieal  exiiniination  it 
was  foiiiiil  III  eonsist  aliiioHt  uxeliisively  of  iion  slriateil 
inuseuhir  lilires. 

it.  A  rf/nt  of  tin-  eiliary  Ixuly  hn.s  also  Ih-oii  observed 
anil  ileserilied  in  a  fi-w  iiistanees,  lint  these  eases  liave 
liot  yel  eoiiie  to  lie  e.Miniilieil  inieioseopieally.  The 
evsloiil  forinalion  followi-il  •.:ii  injiiiv  to  llie  lid  and  eye 
hall  The  ey  sis  are  ilesirilied  as  oval  liodies  lyiiii;  jiisl 
hehinil  the  lens,  sprinjiinir  from  Ihe  ciliary  region,  and 
reaehini,'  with  the  larnerend  half-way  aeros,s  the  eye  into 
the  viireoiis.  Hy  olilii|iie  illiiminalion  the  edge  of  .siit-h 
H  cyst  looks  white,  and  can  lie  clearly  detined.  Its  sur- 
face is  doited,  here  and  Ihere,  with  pigment  deposits. 
Hy  direct  e.vamination  with  llie  ophlhalinoscope  the  cyst 
walls  are  found  to  lie  tniiispareiil.  and  the  details  of  the 
baikgroiind  of  the  eye  may  lie  dimly  reeoirnized  Ihroiigh 
them  unle.ss  they  conlain  blood.  These  eysis  have  been 
nliserved  In  grow  slowly,  and  to  cause  allacks  of  in- 
iTeased  intraocular  tension. 

H.  M'lliiiiitiiit  I'll iiii/rs  of  the  Ciliary  Body. — Primary 
leuco  sjircoina  and  nielatio-sarcoma  undoubtedly  occur 
in  the  ciliary  body,  but  are  comparatively  r.ireiy  seen, 
and  yet  iiiore  niiely  examined  microscopically.  More- 
over. Iliese  forms  of  tumors  liave  nothing  which  would 
dislingiiisli  Iheiii  from  Ihe  s;iiconiatous  growths  of  the 
choroid,  and  they  arc.  tlierefore.  best  considered  under 
that  lii-ad  (VII..  15).  Of  late,  in  a  number  of  instances, 
oircinomala  of  the  ciliary  body  have  been  reported.  They 
an-  described  as  having  sprung  from  the  pigment  layer, 
more  especially  from  the  so-called  glands  of  the  ciliary 
bmly  (Collins).  This  matter,  however,  needs  further  in- 
vestigation. 

V!I.  TiMons  OF  THE  Choroid. — A.  Beniffii  Tumors 
of  thr  Chnroiit. — 1.  Oraiiuloiiiii  of  the  choroid  is  some- 
times found  in  the  course  of  histological  examinations. 
AVIielher  it  has  ever  been  clinically  diagnosticated  the 
writer  di«-s  not  know.  In  literature  no  mention  is  made 
of  such  a  diagnosis. 

In  eyes  in  which  the  choroid  has  been  injured  (through 
■lieseU-rotic).  or  in  whicii  round-cell  accumulations  have, 
after  Ihe  manner  of  abscesses,  perforated  the  lamina 
viiria  of  the  choroid,  wi-  tinii  occasionally  a  small  tumor 
consisting  of  granulation  tissue,  i.e.,  of  free  nuclei,  round 
cells  ami  small  spindle  cells,  and  newly  formed  blood- 
vessels. These  tumors  may  either  lift  the  retina  from 
the  choroid  and  thus  causi-  a  circumscribed  detachment 
of  Ihe  former  membrane,  or  they  may  pierce  the  retina 
alsoand  protrude  into  the  vitreous  body.  Later  on.  these 
granulation  tumors  are  changed  into  connective  tissue, 
and  ulliinalely.  after  contraciion  has  taken  place,  they 
form  a  simple  scar. 

There  is  one  observation  on  record  of  the  presence  of 
Miiall  gmnuloniata  of  the  choroid  in  the  eye  of  an  indi- 
•  idual  who  had  long  been  sulTering  from  "  granular  lids." 

■-.  So  far  as  I  can  learn,  ryutoid  formations  in  the  chor- 
■id  have  been  st-eii  only  once,  viz.,  by  the  writer,  and 
ilien  only  in  the  course  of  the  microscopical  examination 
of  an  eye.  They  were  found  situalid  in  the  peripheral 
portionsof  this  membrane,  and  formed  a  small  number  of 
round  and  oval  cavities  embedded  in  the  parenchyma  of 
the  choroid.  They  had  a  menibrana  propria  anri  were 
lined  with  endothelium.  As  regards  their  structure  they 
Were  proliably  composed  of  dilated  lymph  vessels.  The 
tissue  of  the  choroid,  which  was  displaced  by  these  cys- 
toid  formations,  was  intiltnited  with  round  cells  and 
hypenemic. 

B.  Miilif/niiiit  Tumors  of  the  Choroid. — The  only  form 
of  primary  malignant  tumor  found  in  the  choroid  (and 


ciliary  iKnly)  is  that  of  the  Mtrronut  In  dome  fini-  of  li» 
niimi-rous  viirielies.  ' 

SliKc  sarcoma  of  the  choroid  (and  ciliary  IiikIv i  1h  ini- 
doubti'dly  Ihekind  of  inlra-oeiilar tiiniormost  frei|uenily 
met  with,  we  will  give  it  a  more  exleimive  conHideralion, 
Ihe  more  so  as  itsclinical  development  is  lypiial  for  that 
of  all  malignant  iiiira  ocular  tumors.  It  happens  but 
eomparalively  seldom  that  wi-  have  occasion  lo  w-e  and 
diagnoslieateaclioroidal  sareoma.  and  iiflerwanl  to  verify 
our  diagnosis  by  a  mieroseopieal  examinalion  at  Ihe  pe- 
riod which  is  usually  deseribed  as  Ihe  llrsi  one  in  ils  de- 
velopmenl.  At  this  stage  Ihe  patient  usually  complaing 
only  of  a  diminiilion  of  sight.  If  tin-  tumor  springs  from 
the  ciliary  region  it  can  usually  Ik-  recognized  by  the  jiro 
Iriision  of  the  iris,  and  be  seen  under  olilii|ue  light.  The 
diagnosis  ismoredilllciill  when  Ihe  tumor  is  silualed  more 
eenlndly.  or.  as  is  frei|Ueiitly  I  lie  case,  near  Ihe  opiie  nerve 
entrance.  The  dillicully  may  be  coiisidenibly  inerea.si-d 
if  the  retina  at  the  site  of  the  choroidal  lunior  has  become 
detached.  This  seems,  however,  to  be  less  fieijUenlly 
the  case-  than  was  formerly  stated  by  the  authors.  Ai. 
this  stage  the  ophthalmoscope  may  reveal  one  larger- 
.sized,  roundish  elevation  in  some  part  of  the  Imekground 
of  the  eye.  or  a  Hat  elevation  with  a  smooih  or  undulat- 
ing surface  covered  by  Ihe  retina,  whosi' blood  vessels  ap- 
pear accordingly  dislorled  in  Iheir  course.  The  pigment 
of  the  sarcoma  may  (lerhaps  be  seen  Ihrough  Ihe  retina ; 
even  in  cases  in  w  liich  the  retina  at  the  site  of  Ihe  liimor 
is  detached  it  may  be  po.ssible  to  recognize  the  latter 
through  the  retina  with  the  aid  of  strong  illumination  and 
a  higli  magnifying  power.  In  most  cases,  however,  it 
will  be  necessary  to  make  repeated  examinalions  of  the 
fundus  througlioul  a  considerable  iH-riod  of  lime,  in  order 
to  be  able  to  determine  w  hetlier  there  is  any  cliangi-  in  the 
picture  and  whether  the  suppo.sed  I  umor  increases  in  size. 
If  an  apparent  detachment  of  the  retina  lying  in  the  upper 
half  of  the  eyeball,  or  to  one  side,  remains  conliiied  to  its 
original  seat,  and  if  the  lower  half  of  the  retina  does  not 
become  involved,  the  condition  should  be  considered  very 
suspicious  of  the  presence  of  a  choroidal  sarcoma. 

The  growth  of  a  choroidal  sareoma  may  vary  consider- 
ably as  to  rapidity.  While  some  reach  the  second  period 
in,  say.  one  year,  others  may  take  a  number  of  years  to 
reach  the  same  stage. 

The  second  jieriod  in  the  development  of  a  choioidal 
Sitrcoina  is  characterized  usually  by  an  increa.se  of  the 
intraocular  tension  to  a  varying  degree  (glaucomatous 
stage),  combined  with  inflammalory  attacks  and  often 
severe  pain.  In  some  cases  glaucomatous  symptoms  are 
wanting.  In  this  period  the  tumor  tills  the  vitreous 
chamber  more  and  more,  and  pushes  the  retina,  the  con- 
densed vitreous  body,  the  usually  cataiactous  crystalline 
lens,  and  the  iris  toward  the  cornea.  Or  it  spreads 
through  the  whole  uveal  tract,  forming,  so  to  speak,  a 
Siircomatous  shell  which  encloses  Ihe  retina,  the  condensed 
vitreous  l)ody.  and  the  cataractous  crystalline  lens.  In 
this  period  the  eye  usually  shows,  externally,  the  signs 
of  a  chronic  inflammation. 

The  third  perioil  in  the  development  of  a  choroidal 
siircoma  is  usually  called  that  of  perforation  and  Ihe 
spreading  of  the  tumor  outside  of  the  eyeball.  Thus  ihe 
elements  of  the  tumor  usually  grow  through  Ihe  sclerotic, 
along,  or  even  by  way  of,  a  blood-vessel  (vena-  vorticos;v, 
anterior  ciliary  arteries,  etc.),  or  through  the  channel  of 
a  ciliary  nerve,  or.  what  is  quite  often  the  casi-.  when 
the  tumor  originates  near  the  optic  nerve,  by  way  of  this 
nerve  or  its  sheaths,  or  by  way  of  the  intra  vaginal  space. 
In  other  cases,  the  tumor  will  cause  a  staphylonia-like  dis- 
tention of  the  anterior  parts  of  the  .sclerolic  or  of  the 
cornea,  and  cause  a  rupture  lliere.  In  this  case  the  lens 
is  usually  expelled  from  the  eye.  and  the  tumor,  no  longer 
restrained  in  its  growth  by  a  resistant  capsule,  grows 
rapidly  outward  until  the  lids  can  no  longer  be  closed 
over  it. 

At  the  same  time  dissemination  of  the  elements  of  the 
tumor  has  usually  taken  place.  Such  elements  taken  up 
into  blood-ves.s(,-ls  are  carried  away  by  Ihe  current  of  the 
blood,  and,  wherever  they  are  deposited,  new  (metastatic) 
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tumiirs  art'  fDrinctl.  wliicli  ultimatoly  cause  the  death  of 
till'  patient.  The  oisiaiis  whicli  are  usually  atlackeil  1)y 
such  iiutaslalie  tuiiKii-s  are  ( Iiielly  the  liver,  the  liiiiKS, 
pleura,  intestines.  ki<lneys,  spleen,  l>rain,  ele. 

In  very  rare  eases  siireonia  has  been  fouml  to  attack 
both  eye>-  (if  the  Jiatient. 

The  (levelnpnieiil  of  sarcoma  of  the  choroid  is  usually 
observed  at  an  advanced  age,  yet  it  has  also  been  found 
in  very  yoiinir  individuals.  It  seems  to  be  somewhat 
more  fre(|Uent  in  males  than  in  females.  In  a  consider- 
able number  of  cases  its  devulopmeut  may  rightly  be  at- 
tritiuled  to  an  injury. 

Ilislologically,  we  find  the  choroidal  sarcoma  to  be 
more  fre(|Uently  pigmented  than  uiijiignicnted.  The 
liigmenlalion  varies  consideralily.  however,  even  in  one 
and  the  same  tumor.  The  elements  of  the  tumor  are  either 
round  cells  or  spindle  cells.  The  spindle  cells  seem  to  be 
prevalent  in  the  un])iginented  .sjircomata.  The  round 
cells  of  the  pigmented  sarcomata  (melano-'sjtrcomata)  are 
usually  very  large.  The  round-cell  sarcomata  are  mostly 
very  vascular.     The  spindle  cell  sjtreomata  have  gener- 
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ally  but  few  blood- vessels,  and  in  certain  respects  they 
present  rather  the  characteristics  of  a  tibroma.  They  also 
seem  to  grow  more  slowly  than  the  roiuid  cell  sarcomata. 

The  s;ircomata  of  the  choroid  may  take  their  origin 
from  the  ililVcrcnt  layers  of  the  choroidal  parenchyma. 
The  .statement  has  been  made,  and  its  correctness  has 
been  denied,  that  the  tinpigmented  spindle-ccll  sarcomata 
spring  usually  from  the  outer  layersof  the  choroid.  The 
writer  is  Silt istied  that  this  is  the  correct  view,  and  that  the 
pigmented  sarcomata,  especially  the  darkly  pigmented 
ones,  si)ring  as  a  rul<-  from  the  inner  lay<'rs  of  the 
choroid.  They  get  their  dark  pigment  from  the  brokeu- 
up  cells  of  the  pigment  e])it helium,  and  from  hemor- 
rhages. Sarcomata  .starting  from  the  outer  layers  of  the 
choroid  may  remain  perfectly  unpigmented,  and  grow 
toiiuite  a  size,  \mtil  by  thelinal  perforationof  the  laniina 
vitrea  of  the  choroiil.  and  the  .subsequent  breaking  up  of 
the  ]iignient  epithelium,  a  large  quantity  of  pigment 
nioleculi-s  is  set  free,  and  then  only  docs  the  tumor  be- 
come to  some  extent  pigmented.  Before  this  happens 
the  pigment  epithelium  is  usually  found  in  a  slate  of 
proliferation. 

Occasionally  there  may  be  more  than  one  primary  sar- 
coma nodule  in  the  choroid  of  one  eye.  From  the  primary 
nodule  the  sarcoma  spreads  in  the  choroid  in  the  follow- 
ing manner: 

When  the  elements  of  the  original  tumor  have  perfo- 
rali-d  the  lamina  vitrea  of  the  choroid,  iletachment  of  the 
retina  may  take  place  or  the  retina  may  remain  in  eon- 
tact  with  the  inner  surface  of  the  tumor  and  become 
tirndy  adherent  to  it,  The  choroid  surroimding  tlie 
tumor,  which  at  tirst  may  appear  normal,  or  hypenemie 
and  slightly  inliltrateil.  is  gradually  invaded  by  the  ele- 
ments of  the  tumor.     This  invasion  takes  place  at  tirst  in 


the  outer  (venous)  layers.  In  these  cases  the  growth  of 
the  tumor  is  a  more  difTuse  one.  In  other  cases  metas- 
tatic noilules  are  formed  in  other  regions  of  the  choroid, 
at  some  distance  from  the  jirimary  nodule.  Gradually 
the  elements  of  the  tumor  reach  the  landna  suprachn- 
roidca,  and  the  tumor  s<ion  ailhercs  to  lli<' scleroii<'.  This 
union  is  sooner  or  later  followed  by  the  perforationof. 
the  sclerotic  and  the  growth  of  .secondary  nodules  on 
the  outer  surface  of  the  eyeball.  As  stated  before,  this 
perforation  of  the  sclerotic  takes  place  along  a  pre-e.vist- 
ingcanal  (nerveor  blood-vessel)  in  the  sclerotic.  In  rarer 
cases  the  cornea  is  perforated  by  ulceration,  and  thus  the 
tumor  spreads  outside  the  eyeball.  On  the  other  hand, 
the  tumor  may  s]iread  backward  by  way  of  the  optic 
nerve.  This  happens  in  one  of  the  following  ways:  the 
elements  of  the  tumor  may  invade  the  substance  of  the 
nerve  itself,  or  they  may  enter  into  the  porus  ojiticus 
along  the  centra!  blood-vessels,  or  they  may  invade  the 
iutravaginal  spaces  of  the  optic-nerve  sheath.  The 
glaucomatous  symptoms,  which  are  observed  in  most 
eases  of  choroidal  siireoma,  are  due  to  the  jiressure  ev- 
erted by  the  growth. 

The  sarcoma  of  the  choroid  is  sometimes  found  to  con- 
tain deposits  of  amorphous  lime. 

In  rare  cases  osseous  tissue  is  found  to  have  been  de- 
veloped within  the  sarcoma  (osteosarcoma). 

Chondromatous  tisstie  is  found  somewhat  more  fre- 
([Uentlv  (chondro-sarcomal  It  usually  ajqiears  in  the 
shape  of  round  or  o\al  islets,  which  are  generally  sur- 
rounded by  a  tough  connective-tissue  cai)sule.  and  lie 
near  or  aroimd  a  larger  blood-vessel. 

In  a  few  of  the  casesobserved  the  sarcoma  was  a  cystic 
sarcoma,  and  in  another  small  number  it  was  an  alveolar 
sarcoma. 

The  spindle-cell  .sarcomata  are,  as  a  rule,  hard  and 
tough,  while  the  roimd-cell  sarcomata  are  softer,  some- 
times even  semifluid. 

In  a  few  cases  metastatic  carcinoma  has  been  seen  in 
the  choroid  of  women,  the  primary  growth  having  its 
seat  usually  in  the  mamma.  In  a  man  the  seat  of  the 
primary  tiniior  was  in  the-  lungs  and  pleura.  In  one 
case  a  metastatic  sarccuua  was  found  in  the  choroid. 

From  the  foregoing  it  is  evident  that,  as  soon  as  the 
diagnosis  of  choroidal  sjircoma  is  made,  the  eye  should 
be  removed,  as  it  is  ini|iossiIile  to  stati'  when  the  tumor 
will  spread  outside  the  cajisule  of  the  eyeball,  although 
this  usually  takes  place  only  at  a  late  period. 

VIII.  TiMORS  OK  THE  Uini.NA. — A.  Biiiiijii  Tumors  of 
tlie  Jittiiiii.  —  Tihdiiijic'tdtir  tumors  and  H\ni\\\  fihrnmntoiis 
tumors  have  been  occasionally  found  in  eyes  exaiuined 
anatomically,  but  they  do  not  seeiu  to  have  ever  been 
observed  during  life,  nor  are  they  of  any  importance. 

15.  Miilii/iKiot  Tumors  of  t/ic  littiim. — The  only  malig- 
n;uit  tiuuor  observed  to  take  its  origin  from  tlie  retinal 
tissue  is  the  i/li"iiiii  of  the  retina. 

(Jlioma  of  the  retina  (fimgus  hiematodes)  is  e,s.sentially 
a  disease  of  childhood;  the  oldest  patient  in  whom  it  was 
luidoubtedly  observed  was  but  twelve  years  old.  It  is 
jirobably.  in  most  cases,  a  congenital  affection. 

As  with  the  sjircoma  of  the  choroid,  we  may  divide 
the  clinical  history  of  the  development  of  a  glioma  into 
three  periods. 

In  the  tirst  period  the  growth  causes  b\it  slight  out- 
ward symptoms,  and  its  existence  at  this  period  is  but 
seldom  discovered.  The  first  symptoms,  on  account  of 
which  the  jiarents  bring  the  child  for  examination,  are 
usually  diminution  or  total  loss  of  sight  and  the  observa- 
tion of  a  light  yellowish  or  yellowisli-red  reflex  from  the 
pupil  (amaurotic  cat's  eye>.  In  this  stage  the  pupil  is 
also  generairy  found  to  be  dilated,  probably  from  paraly- 
sis of  the  nerves  of  the  iris. 

The  reflex  from  the  background  of  the  eye  may  at  first 
be  visible  only  in  certain  parts,  and  then  the  ophthalmo- 
scope may  reveal  only  a  partially  swollen  retina,  and  the 
optic  p.'ipilla  may  as  yet  be  visible.  Gnidually  the 
background  of  the  eyeball  is  shifted  more  and  more  for- 
ward in  the  vitreous  chamber,  and  it  may  now  be  possi- 
ble to  see  diHerent  round  uodtdes  by  the  aid  of  oblique 
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Ilhiiiiiimlii;'!.     Oil  tlic  nnUTlnr   wirfiicp  of  tliiN  yi'Ilow 

nivliiljir  III1IM4  It  iiniiibcr  nf  IiIihhI  vcsiwIh  limy  lir  vj.silili'. 
I'uimllv  Hiiiiic  uliilUli  spills  an-  wen,  wliirli  iiirrcKpiiiiil 
III  pints  uliicli  liiivc  iiiiili'ri;iiiii'  fully  ilri,'<'nrnilii>ii.  nr  tii 
ilrpiisits  nf  liiiii'.  Kiiiiilly.  Ilic  wlioli'  nf  llii-  vilri'iiiis 
cliiiiiilirr  is  illli'il.  mill  till'  tiiiiiiir  rriii'lii's  ilii-  i-ryHlalliiic 
li'iis  mill  piisscs  it  fiirwiiiil.  This  i.s  iisiiiilly  sixiii  fol- 
liiwril  liy  till'  fiiniiiltinli  nf  ratitnicl. 

Ilifoir    tills  stiii;"'    is    niicliiil.   as  a   rule,    the   wtiiikI 
piTiiMl  luis  liiL'iiii   w  hii-li  is  cliunu'ti'rizoil  by  uii  imrnisiil 


Fig.  aws.— Gllomn  ot  tlie  Retina. 

intmooiilar  tonsioii,  pain,  and  inflammatory  symptoms. 
Tlir  eycliall  is  now  fic(|iiontly  ectatic  in  the  criuatorial 
n-jrinii;  tlicre  is  iritis,  anil  soon  tlie  corni'U  ulcerates  and 
is  perfnmteil.  The  lilonil-ves-sels  of  tlie  conjunctiva  and 
episcleral  tissue  are  liyperitmic  and  tortuous.  Tliesc 
syiiiptniiis  are  often  coiiiliiiied  with  cerebral  ones:  lliere 
may  al.so  be  fever  and  vomitinsr.  The  uleeiiilion  and  ])er- 
foratinii  nf  the  cornea,  in  rare  cases,  may  be  fnllowed  by 
the  fnrniatinn  of  scar  tissue  and  shrinkage  of  the  eyeball. 
Such  cases  have  been  described  as  cases  of  spontaneous 
healiiiK  of  glioma:  but  even  after  a  considerable  period 
of  latency  the  tumor  makes  its  appearance  again,  and 
thus  valuable  time  may  have  been  lost. 

The  third  period  is  that  of  perforation.  The  glioma 
grows  out  ward  usually  after  the  perforation  of  the  cornea, 
— innre  rarely  after  perfnratinn  of  the  sclerotic.  If  it 
grows  out  through  the  cornea  it  increases  very  rapidly  in 
size.  The  soft,  easily  bleeding,  often  partially  necrosed 
tumor  soon  prntrudes  between  the  ejelids,  and  may  in  a 
sliort  time  attain  an  enormous  size. 

When  the  tumor  has  spread  through  the  sclerotic,  be- 
fore the  cornea  has  been  perforated,  the  episcleral  tumor 
or  tumors  may  cause  a  considerable  degree  of  e.xoph- 
thalmiis.  The  tumor  may  fiirthermori'  invade  the  optic 
nerve  and  thus  grow  backward  toward  the  cliiasma. 

rsiially  during  this  period  .secondary  tuniorsare  formed 
in  the  lymphatic  glands  of  the  face,  in  the  parotid  or  sub- 
maxillary glands,  in  the  bones  of  the  skull,  in  the  brain, 
in  the  liver,  and  in  other  organs.  , 

Death  follows  from  exhaustion. 

Ilia  large  proportion  of  the  cases  (eighteen  per  cent.) 
glioma  of  the  retina  attacks  both  eyes.  The  affection  of 
the  second  eye  seems,  however,  not  to  be  due  to  an  in- 
fectinn  frnm  the  one  first  attacked.  Frei|Uently  several 
children  of  one  family  suffer  from  this  new  formation. 
It  s«'ems  that  it  is  more  frequently  found  in  males  than 
in  females. 

The  writer  has  reported  one  ease  in  which  glioma  of 
one  eye  gave  rise  to  sympathetic  disea.se  in  the  fellow 
eye. 

In  a  few  cases  purulent  choroiditis,  with  purulent  liya- 

litis  'pseudo-glionia),   has   been   confounded   with   thic 

glioma.     In  such  cases,  however,  the  intraocular  tension 

is,  as  a  rule,  reduced,   and   pain  seems  to  be   wanting. 
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Moreover,  the  eyeball  appeam  rather  Hhrunken  than  dlx 
tended,  as  it  does  in  a  casi'  nf  true  uliniiiii. 

Tile  opiiiinii  fnriiierly  liilil  by  the  writer,  in  common 
with  iiuiueriiusautliors,  that  hisiiilnj;ieally  conHidercil  the 
glioma  (or  glio  sarconiii)  of  the  retina  muni  be  counted 
iinioiig  the  small  round -cell  (medullary)  Kurcoiiiatii  s<i'ii|i< 
no  longer  tenable,  since  the  charaeleriHlic  "spider  <ill>" 
of  the  glia  have  bv  (inlgi's  and  iimiinii  y  Cajal's  pmi  ish 
been  diiiiniislraleil  in  gliniiia  tissue.  Hesides  tliesi'  char- 
acteristic glia  cells  the  elements  of  the  tiiiiinr  are  round 
cells,  smaller  or  hirger  than  white  binnd  cells,  or  idenlicnl 
with  them.  Sometiiiics  these  cells  lutve  Kinall  olfM'lK. 
Between  tlielH  we  find  free  nuclei  and  some  spindle  cells. 
There  is  a  very  small  i|imiitity  of  intracellular  siibslaiu'e. 
The  tumors  are  usually  very  vascular,  and  their  blnod- 
vessels  are  very  wide.  The  cells  seem  to  be  verv  prone 
to  degenerate.  Unsettes,  fnrmed  by  the  riuls  anil  tones, 
have  been  given  of  late  an  undue  inipnrtmice  in  the  his- 
tology of  glioma.  In  the  opinion  of  the  writer  they  arc 
purely  accidental  fonnations.  Tumors  in  which  tliej- 
were  found  have  of  late  been  called  neiiroepitheliomala, 
these  cells  belonging  to  the  so-called  neuro-epithelium  of 
the  retina. 

The  tumor  usually  takes  its  origin  from  the  outer 
retinal  layers,  especially  the  granular  layers:  in  rarer 
ca.ses  its  primary  seat  is  in  the  inner  layers,  especially  the 
nerve-libre  layer.  In  some  ca.ses  it  appears  as  if  the 
whole  thickness  of  the  retina  had  been  primarily  affected, 
and,  in  fact,  the  tumor  may  take  its  origin  from  the  con- 
nective tissue  of  all  the  layers  of  the  retina. 

As  already  stated,  the  glioma  cells  are  apt  to  undergo 
fatty  degeneration,  and  deposits  of  linie  are  often  fouiid 
in  tliese  tumors. 

^Vhen  the  tumor  starts  from  the  outer  layers  ( .ly/fV/wn 
ix'ijifii/hu/i).  the  retina  in  its  neighborhood  soon  becomes 
detached  and  is  pressed  toward  the  axis  of  the  eyeball. 
In  these  cases  the  inner  layers  of  the  retina  may  remain 
intact  for  a  long  time.  On  the  other  hand,  when  the 
tumor  has  started  from  the  inner  layers  {'jliomii  oido- 
ji/ii/liim),  the  rods  and  cones  may  be  preserved  for  a  long 
period.  The  tumor  gradually  spreads  all  over  the  retina, 
and  enters  the  choroiil  either  simply  by  continuous  growth 
or  by  infection  (metastasis).  During  the  growth  of  the 
tumor,  parenchymatous  hemorrhages  freiiuently  take 
place  within  it.  Later  on.  the  tumor  may  spread  into  the 
ciliary  body  and  the  iris,  and  we  may  thus  find  an  eyeball 
filled  perfectly  by  glioma,  and  but  few  traces  of  its  former 
structures  left. 

At  a  comparatively  early  period,  usually,  the  elements 
of  the  tumor  invade  the  substance  of  the  optic  nerve. 

The  perforation  of  the  sclerotic,  and  the  formation  of 
secondary  tumors  outside  of  it.  generally  take  place 
aUing  a   preformed   channel   (nerve  or  blood  vessels),  as 
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we  have  seen  it  take  place  in  the  development  of  the 
sarcoma  of  the  choroid. 

.  Glioma  is  known  to  be  pre-eminently  a  malignant 
growth;  therefore  the  removal  of  the  eyeball,  or  even  of 
the  whole  orbital  contents,  is  necessary  at  the  earliest 
possible  period.  In  this  way  the  life  of  tlie  patient  has 
been  saved  in  a  number  of  cases. 

IX.  Tf.MOHS  OF  THE  Ol'TIC  XkRVE  (OrBIT.M.  POR- 
TION).— The  tumors  of  the  orbital  portion  of  the  ojitic 
nerve  have  a  numberof  symptoms  in  common,  whatever 
the  nature  of  the  growtl  oiay  be,  the  chief  ones  of  which 
arc  loss  of  sight  and  exophthalmus.     The  latter  is  (•ften 
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tii(>  first  svm|ili)m  to  lie  obscrvpd.  This  cxoplillmlmiis 
is,  as  a  rule,  in  ;i  slniii;lil  forward  ilircclioii,  yrt  llniciiiay 
also  be  a  (Icvlalioii  in  aiioilu'r  diri-ctioii,  if  the  tunioi' 
sluiidd  di'vclop  more  rapidly  to  oiu-  side,  Tlic  cyt-ball 
Cjin  usually  lif  moved,  but  its  niovoiiu'nts  arc  restricted 
ill  all  directions;  later  on,  they  may  be  totally  .ibolislied. 
If  the  tumor  is  larire  enoujrh  to  be  palpated,  il  is  found 
to  move  with  the  movements  of  the  eyeball,  and  to  be 
nowhere  attached  to  the  orbital  walls.  When  il  is  small 
it  cannot  be  felt.  In  a  number  of  cases  the  development 
of  the  tumor  is  attended  with  severe  pain ;  in  most  cases, 
however,  this  ,symptom  is  wantinj;.  In  all  cases  sight 
gradually  fails.  "  In  the  early  sta^'cs  the  ophthalmoscope 
reveals  optic  neuritis;  later  on.  we  find  \vliit<'  atrophy 
of  the  <)i>tic  nerve.  The  rapidily  with  which  sijrht  is 
abolislieil  varies  considei-.ibly  in  the  dilTerent  cases,  and 
this  is,  of  course,  due  to  the  mannerin  which,  in  the  given 
case,  the  nerve  itself  is  const ricled  or  invaded  by  the  ele- 
ments of  the  neoplasm.  Thus,  when  the  tum<ir  ori.!;i- 
nates  in  the  outer  sheath,  sight  will  be  preserved  longer 
than  when  the  new  formation  has  its  ori.s!:in  in  the  peri- 
neurium or  the  substance  of  the  nerve  itself.  As  the 
tumor  .grows  and  pu,shes  the  eyeball  out  of  the  orbital 
cavity,  the  corni  a  becomes  less  and  less  i)rolected  by  the 
lids,  and  finally  this  mendirane  ulceratesand  is  perforated. 

It  seems  that  in  all  the  known  cases,  c.vcept  one,  the 
tumor  with  the  eyeball,  or  the  tumor  alone,  has  been  re- 
moved and  a  perfect  cure  has  been  obtained.  From  this 
it  wotdd  appear  that  tumors  of  the  optic  nerve,  quoiid 
vitaiit,  are  not  to  be  c<msidered  malignant. 

As  re.irards  the  nature  of  the  tumors  of  the  orbital  por- 
tion of  the  ojitic  nerve  they  seem  to  be  chietly  my.xoniat- 
ous(iny.\o  sarcomatous)  or  gliomatmis;  in  some  cases  the 
tumors  had  to  be  inlerprclc-d  as  endotheliomatous  (psani- 
nioina).  and  a  few  cases,  described  as  cancers  of  the  ojjtic 
nerve,  most  probably  belong  to  this  latter  class.  In  one 
case  the  tumor  was  found  to  be  a  true  neuroma.  In  a 
few  cases  the  tumor  has  been  described  as  being  formed 
by  a  hypertrophy  of  the  jiia  mater  trabecultB  which  hold 
the  nerve-fibre  strands  in  i)osition. 

Being  enclosed  within  the  space  vrhich  is  limited  by 
the  muscles  of  the  eyeball,  and  the  posterior  aspect  of 
the  sclerotic,  all  of  these  tumors  are  more  or  less  spindle- 
shaped  (see  Fig.  201)4). 

1.  Mii.roma  or  myto-mrcnma  of  the  optic  nerve  consists 
of  spindle-.shapcd  and  stellated  cells,  with  long  offsets. 
These  cells  are  usually  packed  more  densely  in  the  cen- 
tral parts  of  the  tumor  than  in  the  peripheral  ones.  They 
are  separated  from  each  oilier  by  a  hyaline  intercellular 
substance.  TIk'  cells  often  ajipcar  concentrically  ar- 
ranged, and  thus  form  nests  which  resemble  the  pearl 
nodules  of  epitheliomatous  neoplasms.  These  tumors 
are,  furthermore,  well  provided  with  blood-vessels.  The 
mucoid  substance  is  often  found  to  be  accumulated  in 
cysts  of  varying  dimensions.  Closely  adherent  to  tlu- 
new  formation  are  the  sheaths  of  the  optic  nerve,  which 
form  a  capsule  around  it.  Sometimes  some  traces  of  the 
optic  nerve  may  yet  be  found  in  the  centre  of  the  tumor, 

2.  (lliiiinii  (glio-.sarcoma)  of  the  optic  nerve  shows  the 
siune  elements  as  we  find  in  cases  of  glioma  of  the  retina, 
viz.,  round  cells  varying  in  size,  cells  with  offsets,  and 
spindle  cells, 

3.  EiKlolheUiiiiin  (p.samnioma)  of  the  o]itic  nerve  con- 
sists of  connective  tissue,  in  the  alveoli  of  which  cells  lie 
embedded  in  more  or  less  <-oncentric  layers.  These  cells 
arc  large,  fiat,  UKMubrauelike  bodies,  somewhat  thicker 
at  the  spot  where  the  nucleus  is  situated.  Their  con- 
tours are  not  sharply  defined,  and  some  of  them  have 
long  olfsets.  Giant  cells  are  not  wantii  g.  These  cells, 
the  nature  of  which  is  that  of  endothelial  cells,  are  often 
grouped  concentrically  around  a  round  or  oval  shining 
body  (arenoid  body),  from  which  these  tumors  have  also 
received  the  name  of  psammoma. 

4.  In  the  only  casi'  of  true  ninroiiiii  of  the  oi>tic  nerve 
thus  far  described  in  literature,  the  whole  egg-.shaped 
tumor  consisted  of  double-contoured  as  well  iis  of  non- 
mcdiiUated  nerve  fibres. 

X.  TtMOKs  OF  THE  Ohbit,— The  chief  symptom  of 


orliital  tumors,  and  the  one  which  they  all  have  in  com- 
mon, is  c.xophthalinus— prolrusion  of  ihe  eyeball.  This 
protrusion  may,  of  course,  take  place  in  any  direction, 
and  we  can  only  state,  as  a  general  rule,  that  it  is  in  a 
direction  opposite  to  the  site  of  the  tumor  or  to  its  greatest 
develo])ment.  Usually  the  movements  of  Ihe  eye  in  the 
direction  toward  the  tumor  are  impaired  or  abolished, 
AVhilc  siimi' orbital  tumors  cause  a  great  deal  of  pain, 
others  do  not  seem  to  cause  any.  According  to  the  scat 
and  size  of  the  tumor,  sight  will  be  more  or  less  impaired 
or  totally  destroyed,  and  we  find  accordingly,  with  the 
ophlhalinosco])e,  simple  anainia  or  optic  neuritis  or 
atrophy  of  the  optic  nerve  either  partial  or  total. 

Orbital  tumors  do  not  seem  to  lie  apt  to  invade  the 
optic  nerve,  or  the  eyeliall,  but  they  generally  grow- 
around  it.  On  the  other  hand,  tumors  from  the  cavities 
ad.jacent  to  the  orbit  may  and  do  invade  this  cavity, 
Such  tumcMS  have  been  tViund  to  come  from  the  clhmoid 
cells,  the  nasopharynx,  the  frontal  sinus,  llighmore's 
antrum,  and  the  sphenoid  cavity,  as  well  as  from  the 
cranial  cavity.  These  growths  arc  sarcomatous,  endo- 
theliomatous, or  o,sseous  in  character. 

As  a  ruli',  one  may  locate  the  tumor  by  palpation,  and 
it  is  ]iossihle  to  distinguish  one  of  orbital  origin  from  a 
tumor  of  the  ojitic  nerve  by  its  situation  outside  of  the 
cone  formed  by  the  c.vlernal  muscles  of  the  eyeball,  and 
by  its  being  in  many  cases  adherent  to  the  walls  of  the 
orbit,  .\s  the  tumor  (and  consequently  the  exoiihthal- 
mus)  grows,  the  upper  lid  is  dragged  along,  and  it  often 
continues  to  protect  perfectly  the  cornea  even  when  the 
eyeball  protrudes  to  an  enormous  degree.  The  lid  is  then 
in  the  condition  which  we  call  paralytic  ptosis. 

AVhen  the  lid  can  no  longer  protect  the  cornea,  ulcera- 
tions take  place,  and  perforation  of  the  cornea  may  be  the 
result.  According  to  the  nature  of  the  tumor  it  may,  of 
course,  invade  the  brain,  and  cause  metastatic  tunun-s  to 
be  formed  in  other  organs,  and  thus  bring  about  the 
death  of  the  individual.  AVhcn  the  orbital  tumor  cannot 
be  easily  removed  without  detriment  to  the  eyeball, 
Kroeuleiu's  osteoplastic  method  should  be  employed. 

A,  Bcnirjn  Tumom  nf  Vie  Orliit. — 1.  Cystn  of  the  orbit 
have  been  designated,  according  to  their  contents,  as  hy- 
groma, meliceris,  oil  and  fat  cysts,  and  atheromatous, 
ha'inatomatous,  or  steatomatoiis  cysts.  They  all  are 
probably  congenital  and  dcnnnid  in  character,  and  owe 
their  existence  to  faulty  development  during  fo-tal  life. 
This  is  the  more  jirobable,  since  some  of  the  cysts  have 
been  found  to  contain  a  tooth,  or  hair,  or  other  epithelial 
formaticms.  In  many  of  the  ca.scs  the  cysts  were  dis- 
tinctly known  to  have  been  c<ingenital.  and  in  another 
number  they  were  ob.served  in  small  childri'U.  There  is 
usually  but  onecy.st,  although  in  some  cases  several  have 
been  found.  Their  size  varies  considerably.  They  lie 
mostly  outside  of  the  cone  formed  by  the  external  mus- 
cles of  the  eyeball,  and  seem  to  be  situated  more  fre- 
quently in  the  temporal  parts  of  th('  orbit  than  in  any 
other  region.  They  may  extend  far  back  into  the  orbital 
cavity. 

These  tumors  increase  but  slowly  in  size,  unless  stimu- 
lated to  a  more  rapid  develoiunent  by  an  in.jury,  and 
thev  do  not  .give  the  patient  much  discomfort  until  they 
are  large  enough  to  cause  exophthalmus  and  displace- 
ment 4if  the  eyeball,  which  is.  of  course,  in  the  direction 
opposite  to  the  growth.  They  now  may  generally  be 
seen  as  bluish  swellings  in  the  lid  (generally  the  ujiper 
one),  and  may  even  be  directly  demoust rated  by  <'version 
of  the  li<ls.  It  maybe  jiossible  to  detect  tluctualion  in 
the  tuuKirs,  yet  this  can  hardly  be  done  with  any  degree 
of  sjitisfaction.  and  il  is  therefore  better  to  make  sure  of 
a  correct  diagnosis  by  the  use  of  an  aspirator. 

Cysts  of  tile  orbit  seem  to  be  equally  frequent  in  both 
sexes,  and  have  mostly  been  observed  in  young  ])cople, 

2,  Aiir/ioinattr  of  the  orbit  are  either  cavernous  or  tele- 
angiectatic  (erectile  tumors). 

fi.  The  cavernous  angioma  of  the  orbit,  which  can  at- 
tain a  very  considerable  size,  is  cither  congenital  or  de- 
velops in  later  years.  It  is  usually  situated  in  or  starts 
from  the  fat  tissue  within  the  cone  formed  bv  the  external 
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iimtclcs  iif  till' ivclmll.  Tlir  liinior  Is  ofti-n  tiiirrniiiMlid 
liy  II  liiiiL'li  i'a|wiilr  nf  rniiiirrtivi'  lisMic  It  iiiiiy.  lis  il 
riilr.  Ill'  si'i'ii  lis  a  iiliiisli  swi'lliiiK  iiiiilrr  tlir  Hkiii  nf  tin- 
till,  mill  frniii  this  siiiiiliiritv  witli  nrlillal  rysis  riilslakrs 
ill  illiii;ii"''is  liavriirra>iiiiially  nciurri'il.  A  clmnulcriHlli' 
HV iii|iliiiii  of  till'  iin};ii>iiiii  is,  liowvvcr.  timt  rvery  lliiiiK 
ti'iiilini,'  Ik  liiiiiliT  till'  i'i'llii\  of  llic  venous  IiIihmI  will 
cuiisr  II  swelling  anil  |i!'olrusioii  uf  llii' aii^'ioina  :  fiirllii-r' 
nuiri'.  till'  tiiiiior  may  lir  roiiiprissi'il  iiinl  niiptii'il.  'I'lir 
irrinvlli  f  till'  liiiiiiir  is  slow,  anil  il  is  not  ii|it*  to  laiisc 
any  piiiii.  In  rarr  rasi's  a  s|iontani'ous  rtirr  lias  hi'iii  oli- 
si-rvi'il.  Till'  ri'iiioval  of  tin'  tiinior  is  praclinilili',  and 
till'  inorr  riiiilily  so  tin-  carlirr  il  is  umlcrtakcn. 

>'.  Till'  irli'anjrii'i'iiiiif  tumors  of  llir  orliit  arc  usunlly 
foiiiiil  to  l>i'  iu'rom|>aniril  by  similar  tumors  in  tlir  lids 
anil  luiirlilioriii);  tissiirs.  anil  lln-y  also  form  soft,  roin- 
prrssihli'  swi'lliiiirs.  This  kiinl  of  anirionia  seems  to  frriiw 
more  i|niekly  than  llie  eavernoiis  aiiirioma.  It  is  ilesir 
able  thai  the  jirowth  should  be  removed  at  an  early 
period. 

3.  I.iin)iiiii  of  the  orbit  has  bccu  described  a  few  times. 
Yet  il  seems  that  iu  these  cases  the  lipnnin  origiiinlly  in- 
volved the  eyelid. 

■1.  Kiii'hiiiiili'>iii4itniiH  tmiior/i  of  the  orbit  ooeiir  but 
rarely,  if  at  all.  The  deseriplioiis  of  sueh  tumors  thus 
far  laid  down  in  literature  are.  to  say  the  least,  doubtful. 

."i.  DhIiuiiiii  of  the  orbil  has  been  often  observed.  It 
takes  its  oriirin  from  the  diploC  of  the  walls  of  the  orbit. 
It  is  generally  an  ivory  exostosis,  siinietimes  partially 
spoil s;y  or  eartilairinous.  Its  seat  of  predilection  seems 
to  be  the  upper  inner  wall  of  the  orbit.  In  .some  oases 
osteoma  has  been  found  to  d"Velop  symmetrieally  in  both 
orbits  of  the  same  individual.  Tliese  ostemnala  are  usu- 
ally round  tumors,  hind,  and  with  a  smooth  or  nodulated 
siirfiiee,  and  are  mostly  atlaihed  to  the  undirlyiii.ir  bone 
by  a  broad  basis.  Their  ltow  lli  into  the  orbits  may  take 
jilaee  simultaneously  willi  the  growth  of  similar  tumors 
into  the  neiirhborinir  cavities,  or  they  may  originally 
have  started  in  one  of  the  neighboring  cavities  and  from 
there  have  grown  into  the  orbital  cavity.  Their  growth 
is  most  likely  due  to  some  faulty  devclopmeut  during 
fii'lal  life. 

Such  tumors  grow  very  slowly;  in  some  cases  their 
development  is  accompanied  by  pain.  They  mav  cause 
I'Xophlhalmus  with  all  it.s  seijueUi'.  Wlun  superticial, 
they  are  easily  recognized  by  their  seat,  and  by  their 
consistency  and  immobility.  It  has,  however,  happened 
that  retention  cysts  pointing  into  the  orbit  from  a  nei.gh- 
boring  cavity,  iiave  been  mistaken  for  osteoinata.  The 
tumors  umler  consideration  may  have  to  be  removed  on 
account  of  their  danger  to  the  eyeball  and  its  functions. 
Their  removal  is  sometimes  comparatively  easy,  yet  il 
mav  be  attended  with  danger  from  subsei|uenl  meningitis. 

llistologicallv  these  tvimors  arc  found  to  consist  of 
Ixiiie  tissue.  In  most  cases  this  tissue  was  found  to  be 
e.Mremely  compact  and  to  be  almost  bare  of  Haversian 
csmals  (ivory  exostoses).  In  other  eases  they  contained 
varying  quantities  of  marrow. 

l>.  I.jintyiliimin  and  li/iiipliadeiioma  of  the  orbit  have 
been  described,  but  they  took  tlieir  origin  jirobably  not 
from  the  orbital  tissue  pro])er.  Lymphangioma  has  also 
been  founil  in  the  orbit. 

7.  Benign  tumors  con.sisling  of  stiiated  muscular  librcs 
and  nerve  tibres  have  in  a  few  instances  been  removed 
from  the  orbit.  The  writer  has  seen  a  rhabdo-myoma  And 
a  iiii/i>-nfiirom<i  of  the  orbit. 

Ti.  yfiilirjnant  Tuiiiora  of  thf  Orbit. — 1.  Canter  oi  the 
orbit  has  been  described  as  epithelioma,  cancroid,  ade- 
noma, and  adenocarcinoma.  It  seems,  however,  that 
sticli  new  formations  do  not  take  their  ongin  from  the 
orbital  tissue,  but.  having  originated  iu  the  tissue  of  the 
eyelids,  the  episclenil  tissue,  or  the  lachrymal  gland. 
Iiave  gnidually  invaded  the  tissues  of  the  orbit.  It  is. 
therefore,  not  probable  that  a  primary  cancer  of  the 
orbital  tissvie  has  ever  been  observed. 

2.  S,irrt>mii  of  the  orbit  has  frci|uently  lieen  observed 
and  described.  Its  clinical  dia.irnosis  is  extremely  dilfl- 
cult,  since  we  have  but  scantv  means  on  hand  wherewith 


In  .listliigulsh  the  iiiifure  of  a  luiilor  wliiclj    h 
in  the  deeper  parts  of  the  orbit.      When  the  It.t 

tumor  is  reeogni/.id.   its  removal   with  or   « u.. 

siiiiullaiieoiiN  removal  of  ihe  iveball  Ik,  of  coiirsi',  iiii. 
perative.  Sareoniala  have  tliiir  origin  llNiially  in  Ih.' 
orbital  tissue.  In  a  few  cases  the  tumor  had  Marl.il  in 
the  brain  and  seeondarily  invaded  the  orbil.  Tin-re  are 
cases  in  wliieli  sueh  an  invasion  takes  place  more  or  less 
syinmelrically  in  both  orbits. 

A  variety  of  fonns  of  sarcoma  liavi-  been  dewribed. 

a.  ('i/liiiilrniiKi,  a  form  of  sarcoma  clianicleri/.ed  by  a 
system  of  wide,  anastomosing  canals  with  larger  i-yst- 
like  cavities  tilled  with  (liiid,  or  gelatinous  or  libiiiioiis 
contents,  has  but  very  rarely  been  found  in  the  orbital 
tissue. 

ii.  yfyni-iiiireniim  of  the  orbit  has  been  observed  In 
about  a  dozen  ca.ses.  Tlies(^  tumors  were  st-eii  more  fre- 
quently in  children  and  young  individuals  than  in  older 
ones.  In  simie  llieir  growth  was  a  very  nipiil  rme.  and 
in  some  it  wiis  aecomi)aiiieil  by  severe  pain.  The  tiiinors 
consisted  of  long  spindle  and  stellate  cells,  with  a  inncuid 
intercellular  substance. 

)■.  liouiiil-rtH  and  spintUe-eell  sarcomata  are  the  most 
frequent  ones  among  the  orbital  sarcomata.  In  sdmc 
ca.ses  they  are  melanotic. 

fi.  Oitlio-mnroiiiii  of  the  orbit  always  springs  from  the 
bony  walls  of  this  cavity.  It  seems  to  spring  most  often 
from  the  inner  upper  pari  of  the  orbital  wall.  It  is  usu- 
ally a  small  round  cell  or  spindlecell  sjircoma,  with 
spicula  of  bone  tissue  embedded  in  it.  These  spieula 
of  bone  tissue  may  be  verv  nunierous,  and  make  the 
tumor  appear  very  hard  to  the  touch. 

£.  The  writer  has  recently  examined  and  reported  the 
case  of  an  orbital  tumor,  which  was  situated  over  the 
nasiil  wall  of  the  orbil  and  which  proved  to  be  a  myo- 
Jihri'-finxi'iiiii .  The  eleuieiits  of  which  it  consisted  were 
very  numerous  unslriped  muscidar  tibres  and  bands  of 
denser  fibrous  tissue;  in  some  parts  giant  cells  and  spi- 
cida  of  bone  were  situated. 

3.  Another  form  of  malignant  growth  found  in  the 
orbit  is  that  known  as  rhlnriiiiio .  It  consists  of  small 
round  cells  undergoing  a  peculiar  fatty  degeneration  ac- 
companied by  a  greenish-brown  color.  It  springs  from 
the  periosteum.     Probably  it  is  also  a  sjircoma. 

XI.  TuMoiisoK  TiiK  LAriiiiVM.M. Gi.,\xt). — Tlietuinors 
uf  the  lachrymal  gland  may  be  diagnosticated  by  their 
situation  in  the  outer  upper  part  of  the  orbit,  and  by  the 
consequent  cxoi)hthalmus  inward  and  downward  (at  least 
at  the  beginning  of  the  development).  These  tumors 
generally  grow  but  slowly.  Gradually  they  cause  a 
bulging  of  the  iip]ier  eyelid,  most  marked  near  the  outer 
canthus,  and  it  is,  as  a  rule,  now  possible  to  palpate  the 
tumor,  or  even  to  sec  it  protruding  into  the  conjunctival 
sac,  pushing  the  upper  fornix  downward.  By  palpation 
a  tough,  lobulated  swelling  is  felt,  which  may  be  slightly 
movable;  in  most  cases,  however,  it  is  immovable. 
When  the  tumor  grows  it  often  tills  the  posterior  jiarts 
of  the  orbit,  and  thus  it  may  cau.se  the  exophthalmus  to 
change  its  direction,  and  when  the  tumor  has  tilled  the 
apex  of  the  orbit  altogether,  and  has  grown  around  the 
optic  nerve  (which  tumors  of  the  lachrymal  gland  never 
seem  to  invade),  the  eye  may  stand  straight  forward,  as 
if  there  were  a  tumor  of  the  optic  nerve.  For  this  rea.son 
the  movemcntsof  the  eyeball,  which  at  lirst  are  restricted 
only  in  an  upward  and  outward  direction,  may  become, 
later  on,  lestricted  inotherdirectionstoo,  and  even  finally 
be  totally  abolished.  If  the  tumor  grows  still  further, 
ulcerations  of  the  cornea,  etc.,  may  take  place.  During 
the  development  of  such  a  growth,  the  optic  nerve  is,  of 
course,  considerably  prcs.sed  upon  and  stretched,  and  ac- 
cordingly we  tind  it  anjemic.  or  swollen  and  inflamed 
(optic  neuritis),  or  atrophied.  From  the  state  of  nutri- 
tion in  which  the  nerve  is  when  the  tumor  is  removed,  it 
will  depend  how  far  sight  may  be  recovered.  This  re- 
moval may  frequently  be  accomplished  without  sacrific- 
ing the  eyeball. 

Tumors  of  the  lachrymal  gland  are  usually  observed  in 
individuals  of  an  advanced  age,  and  their  origin  is  some- 
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times  atlnbiid'il  Id  iiii  injury.  Somclitiics  llie  laclirymal 
gliiiids  of  liiitli  Di'liits  ill  mil'  iniliviiliial  liavc  Ik'cii  fminil 
to  l)i'  similailv  alTi ctid.  Tlif  lurnur  may,  by  cntcriii^ 
the  cavity  of  I  lie  lnaiii  ami  llio  brain  siibstaiici-,  cause 
the  death  of  the  palienl. 

Various  forms  of  tuuiorsof  the  lacluymal  gland  liave 
been  observed,  liut  opinions  differ  very  consideial)ly  with 
regard  to  what  may  be  considered  il  liimor  of  the  lachry- 
mal gland  and  w  hat  not. 

The  wrilir  has  seen  and  examined  the  following  forms 
of  tumors,  which  iiiuiueslionalily  took  their  origin  from 
the  lachrymal  gland. 

1.  Aili'iii'iiKi  of  the  lachrymal  gland  shows  the  typical 
picture  of  an  e|>ilhelial  neoplasm.  Epithelial-cell  cylin- 
ders, which  compose  the  bulk  of  the  tumor,  lie  embedded 
in  a  small  ciuaiiiily  of  coiuiective  tissue.  The  cells  of 
every  one  of  these  cell  cylinders  are  arranged  around  a 
central  canal,  which  in  some  cases  is  very  considerably 
enlarged  by  a  transparent  lluid.  The  cell  cylinders  are 
made  up  of  one  layer  of  polyhedral,  almosl  cuboid  epi- 
thelial  cells,    aiul   have   a   distinct  niembraua   propria. 


Fia.   aifi.").  —  Enchondroniii    Myxnmatode.s    Carclnomatodos    of    the 
I-aoliryiiial  Gland. 

The  lachrymal  gland  has  also,  in  a  number  of  instances. 
been  the  .seat  of  adeno-carcinoma,  of  lymphoma,  and  of 
lymphadenoma. 

2.  Myxoma  and  myxosarcoma  of  the  lachrymal  gland 
are  characterized  by  the  development  of  spindle  cells 
with  long  offsets,  and  stellate  cells  embedded  in  a  mucoid 
intercellular  substance,  and  by  the  gradual  disappear- 
ance of  the  glandular  structure.  This  kind  of  tumor  of 
the  lachrymal  gland  is,  however,  but  seldom  observed 
alone.  It  is  mon-  frequently  the  case  that  the  glandular 
tissue  does  not  disjippear,  but,  instead,  an  atypical  growth 
of  tissue  takes  place,  at  least  in  some  parts  of  the  tumor, 
and  thus  gives  to  it  the  character  of  an  adenocarcinoma. 
In  some  cases  we  find,  moreover,  besides  these  two  kinds 
of  new  formations,  a  number  of  islets  of  hyaline  cartilage 
tissue.  Thus,  instead  of  a  simjile  myxoma  or  myxo- 
sarcoma of  the  lachrymal  gland,  we  have  then  a  myxoma 
carcinomatodes,  or  a  myxoma  carcinomatodes  chnndro- 
matodes.  In  other cas<'s  the  hyaline  cartilage  may  be  the 
prevailing  tissue;  in  which  case  we  would  have"  to  call 
the  tumor  an  euehoiKlroma  my  xomatodes  carcinomatodes. 

3.  .'^piiiflh-CfU  Ktirroiiia  of  the  lachrymal  gland  has  been 
dcs<Tibed  by  a  number  of  writers.  '  In  one  of  my  own 
cases  the  tumor  developed  quite  rapidly,  and  coiisisted 
of  densely  packed  spindle  cells  in  itsolder  )iortions. 
The  younger  portions  of  the  tumor  showed  rounil  cells 
and  small  spindle  cells.  Not  a  trace  of  glandular  tissue 
was  found. 

4.  In  lympho-tareomn  of  the  lachrymal  gland  the  btdk 
of  the  tumor  consists  of  densely  packed  lymphatic  cells, 
with  hardly  any  intercellular  substance. 

5.  /■.'jiil/iilioiiiti  of  the  lachrymal  gland  is  formed  when 
an  atypical  growth  of  the  e)iitlielial  ilemeiils  of  the 
glandular  tissue  takes  place.     We  lind,  then,  instead  of 


the  glandular  apparatus,  solid  epithelial  cell  cylinders 
and  nestsof  epithelial  cells.  This  form  of  growtji  .seems, 
however,  geiii  rally  to  be  combined  with  the  development 
of  myxomatous  ti.ssue  in  the  lachrymal  gland.  The  cases 
described  as  epithelioma  of  the  lachrymal  gland  shouUl 
probably  with  more  correctness  be  regarded  as  cases  of 
adeno-carcinoma. 

6.  In  the  older  ophthalmological  literature,  anumberof 
cases  of  cystic  degctirralioH  of  the  la<'hrymal  gland,  or  its 
ilucts.  have  been  tlest  riljed  as  dukryopx.  These  cysts  grew 
very  slowly,  and  had  to  be  removeil  on  account  of  tlieir 
imjiairing  the  motility  of  the  eyeball.  It  is  not  known 
whether  the  whole  of  the  lachrymal  gland  is  likely  to  un- 
dergo such  a  change. 

XII.  Tf.MOKS    OF    TIIK   L.\CnitT-M.^I,   CARfNCLE. — The 

lachrymal  caruncle  is  simietimes  the  seat  of  a  new  forma- 
tion. Thus,  congenital  dermoid  tiunors  have  been  ob- 
served in  this  region.     Papillomata  are  not  rare. 

In  advanced  life  the  caruncle  may  bccimie  the  scat  of 
epitheliomatoiis  new  formations  as  well  as  of  sarcoma. 
The  latter  kind  of  tumors  arc  usually  pigmented.  The 
development  of  these  tumors  is  almost  always  attributed 
to  an  injury. 

XIII.  Tf.MOBS  OF  TIIK   L.\CnRTM.\I,   DUArSAOK  APPA- 

R.\Trs. — In  rare  cases  small  yranulomata  (polyps)  have 
been  found  in  the  lachrymal  sac,  and  even  in  thelach 
rvmal  canaliculiis.  It  is  obvious  that  such  little  tumors 
may  gain  some  clinical  importance  by  the  stoppage  of  the 
canals  through  which  the  tears  ought  to  be  carried  olf. 
Their  formation  is  due  to  chronic  iutlainmatory  condi- 
tions of  the  mucous  membrane  of  these  channels. 

Adolf  Alt. 

EYELIDS,  AFFECTIONS  OF  THE.  — The  eyelids 
present  two  surfaces,  both  cpf  which  are  sub.iect  to  dis- 
ease. The  posterior,  or  under  surface,  i.e..  the  surface 
which  is  in  contact  with  the  eye,  is  covered  with  con- 
junctiva, and  affections  of  this  surface  are  described 
under  this  head.  (Cf.  Conjunctira,  Distausof.)  In  de- 
scribing the  affections  of  the  eyelids  we  have  to  consider 
the  anterior  or  uiiju'r  surface,  and  the  structure  between 
the  two  surfaces. 

The  upper  surface  of  the  eyelid  is  covered  with  integu- 
ment which  is  continuous  with  the  integument  of  the 
forehead  and  face.  It  differs  from  the  integument  of  the 
forehead  and  face  in  being  thinner.  Under  the  skin  of 
the  eyelids  we  find  the  subcutaneousareolar  tissue,  which 
frequently  becomes  infiltrated  with  effusions,  and  dis- 
tended with  air  in  injuries  to  the  nose  and  air  siiuises. 
The  next  tissue  is  the  orbicularis  muscle,  the  function  of 
which  is  to  close  the  eyelids.  This  is  the  muscle  which 
is  affected  in  paralysis  of  the  facial  nerve,  producing  in- 
ability to  close  the  eyelids,  or.  as  it  is  sometimes  called, 
lagophthalmus.  Beneath  this  muscle  are  the  t a rsjil  car- 
tilages, upper  and  lower,  the  functions  of  which  are  to 
add  to  the  )irotection  of  the  eye,  to  preserve  the  contour 
of  the  lids,  and.  in  the  upper  lid,  to  give  attachment  to 
the  muscle  which  raises  the  lid — the  levator  palpebra- 
superioris. 

The  tarsal  cartilages  contain  in  their  substnnee  the 
^leibomian  glands,  whose  sebaceous  secretion  lubricates 
the  edges  of  the  lids.  The  tars;il  cartilages  are  thicker 
at  the  free  margins  of  the  lids,  and  gradually  taper  back 
to  a  thinner  edge:  they  are  about  one  inch  in  length. 
The  upper  cartilage  is  abmit  one-third  of  an  inch  in 
breadth  at  its  centre,  and  narrowing  toward  its  outer  and 
inner  extremities  has  a  somewhat  semilunar  shape.  The 
cartilage  of  the  lower  lid  is  much  smaller  in  width,  hav- 
ing a  more  or  less  elli])ti(al  shape.  The  free  margins  of 
the  upper  and  lower  lids — /.«.,  the  edges  while  the  an- 
terior or  cutaneous  surface  and  the  posterior  or  conjunc- 
tival surface  meet — lie  in  contact  with  each  other  when 
the  eye  is  closed,  and  contain  the  cilia,  or  eyelashes,  to- 
gether with  the  o]ienings  of  the  ducts  of  the  Meibomian 
glands.  The  extremities  of  the  margins  of  the  upper  and 
lower  eyelids  are  joined  together,  and  are  called  the  outer 
canthus  and  the  inner  lanthus. 

These  caiithi,  with  the  extremities  of  the  cartilages, 
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»rc  iitliiihcd  to  till'  frmitul  promwcsof  tlir  fniprrlnr  mux 

llllis  111     till'    ilimr    siillK.  mill    In    llir    llllllur    linllrs   <J||    llic 

niiirr  siilis.  \)\  llii' niiillml  liKiiiiii'iit.  ll  is  iiii|iiirliiiil  In 
Intii  lliis  ill 'iiiliid  in  oiicmliiiDS  on  tlic  ihiKt  cuiitlil 
CHIiriiilllv. 

Till'  iii'inT  CHiitliiarr  sliiipcil  (Uiincwlmt  likr  liorsislims. 
mill  III  llir   frri'  cMniiiilirs  of  llir  hIhx'S  iirr  Ilir  <ipriiiii);« 
■if  till'  liK'lin  null  (')iiiiiIk.  (Iir  piiiictu  iHclirYlimliii.      I'liilrr 
till'  liirsiil  ciirliliijiis  is  tlir  piilprbnil   pnrtinn  of  lliccoii 
jniu'livii. 

Tlir  ••jfliils  arc  snhjrct  to  diseases  alTrctin;;  tlic   in 
tenmiKiit   ihiu'IhIIv,  us  well  as  to  alTeetions   peculiar  lo 
Uieiiis«>lves.  Iircuiis<'  of  tlie  siriieliires  involved. 

The  departures  from  tlie  iiomial  wliieh  iiiay  nITect  the 
cutaneous  siirfaees  of  the  eyelids,  either  sepanilely  or  in 
roiniiioii  with  the  skin  of"  the  rorehead  and  face,  are, 
i-ryslpelas.  evaiitlicniata.  ecchynioses,  herpes,  ii'ilenia,  eni- 
phvseiiia.  vinciial  sons,  ei/.eiiia.  and  acne. 

fcrvsipelas  and  exanllninatous  disea.ses  seldom,  if  ever, 
attack  the  eyelids  except  as  they  affect  the  cutaneous 
surfaie  u'liienilly.  Krvsipdas  is  never  coiitined  to  the 
inleiriimeiit  of  tile  eyelids  alone,  e.\cept  that  the  attack 
may  oriirliiatc  in  this  situation  and  spread  to  other  parts. 
Its  restriction  to  the  eyelids,  under  these  circumstances, 
would  lie  only  tenipornrv,  la.sting,  at  most,  not  more 
than  f  )rly  eii:lil  hours.  Ylie  writer  has  seen  a  patient 
nttiicked  "witii  what  appeared  at  the  onset  to  lie  a  iiuni- 
lent  lonjuniiivitis,  with  eyelids  red,  swollen,  and  ledc- 
niatous.  tot'eiher  with  a  moderately  profu.si'  purulent 
diselmriie  from  the  conjunctiva,  develop  in  less  than 
tliirty-six  hours  into  a  ca.se  of  facial  erysipelas,  the  eye 
svmptoms  sulisidin?;  as  the  disea.se  spread  over  the  face. 
Inhere  an'  none  of  tliee.\antheniata  in  which  the  eruption 
manifests  itself  lirsl  about  the  eyelids,  and  when  the  eye- 
lidsan'  involved  it  is  only  asa  part  of  thegenerjil  cutane- 
ous involvement.  Eczema  may  manifest  itself  on  the 
eyelids  as  the  result  of  a  freiieral  facial  condition,  or  may 
lie  secondary  to  the  inllamniatory  condition  of  the  edges  of 
the  lids  known  as  lilepharitis;  of  this  we  will  speak  later. 

Acne  may  also  affect  the  eyelids  as  the  result  of  a  gen- 
eral cutaneous  affection. 

The  tri'alment  of  these  general  inflammatory  affections 
of  the  integument  of  the  eyelids  does  not  differ  from  llio 
trealmeiit  of  the  siime  disease  when  located  elsewhere  in 
or  on  the  cutaneous  surface.  It  may  be  necessary  to  be 
cautious  in  theeinploynunt  of  lotions,  embrocations,  and 
ointnieiils.  containing  irritating  siib.stances,  because  of 
the  danger  of  injuring  the  delicate  structure  of  the  eye 
itself,  but  other  than  "this  the  treatment  of  affections  of 
the  lids,  such  as  we  have  mentione<l,  will  not  differ  from 
the  usual  treatment  employed  when  these  alTeetions  are 
situaled  in  oilier  parts  of  the  body. 

Venereal  sores  which  may  affect  the  integument  of  the 
eyelids  an-  chancres,  chancroids,  and  venereal  ulcers. 
()ne  would  be  naturally  susjiicious  of  the  nature  of  an 
ulcer  or  sore  on  the  eyelid  in  a  patient  known  to  be  suf- 
fering fnim  .syphilis,  or  in  one  who  ha<l  chancroids  or 
sores  known  to  be  of  venereal  origin,  located  elsewhere. 
Even  when  symptoms  of  venereal  disease  do  not  e.\ist 
elsewhere,  venereal  sores  may  e.xist  on  the  eyelids.  When 
palieiils  presi-nt  ulcenitions  of  the  integument  of  the 
eyelids  which  do  not  yield  promptly  to  treatment,  and 
which  the  microscope  does  not  demonstrate  to  be  malig- 
nant, our  suspicions  should  be  aroused  at  once  as  to  their 
pos.sible  venereal  origin. 

Chancres  of  the  integument  of  the  eyelids  are  not  so 
common  as  chancres  of  the  conjunctiva,  and  we  do  not 
wish  to  be  understoiKl  as  intimating  that  they  are  com- 
monly met  with  in  the  latter  situation.  They  are,  how- 
ever, occasionally  encountered  in  the  integument  fif  the 
eyelids,  and  arc  not  always  easily  distinguished,  macro- 
seopically.  from  malignant  diseases,  especially  eiiithe- 
lioinata.  The  diagnosis  may  have  to  be  made  with  the 
microscope. 

The  treatment  of  venereal  soresand  \ilcers  will  depend 
on  whether  their  origin  is  syphilitic;  but  whether  syph- 
ilitic or  not,  their  treatment  will  differ  radically  from  the 
treatment  of  malignant  grow  ths  or  ncopla.sms. 


Svpliilltie  and  venernil  wirei  and  tilcerx  of  the  i  velldB 
wilf  ri'(|Uire  the  local  and  eonsliliilional  In  uImh  ni  i  <iii|. 
monly  given  iliis  class  of  afficiinnH  withoiii  i.giud  lo 
their  Hituation.  Miilignant  ^mutliN,  on  the  other  hand, 
will  generally  n'i|iiin'  openitlve  treatment. 

Herpes  affecting  the  eyelids,  oftener  the  tipiier,  is  not 
uncommon.  We  cominoiily  meei  with  a  iiiiid  form  of 
herpes — fiver  sores  as  they  are  (  ulliil — but  we  iiImi  mecl 
with  a  severe  form,  the  two  ditriring  so  as  iiliiinKt  to 
warrant  describing  themasdiffereiil  alTeetions.  We  have 
herpes  in  the  mild  form,  occurring  as  the  result  of  febrile 
dislurbanci'S  in  eliildren,  occasionally  also  in  adults.  It 
may  follow  exposure  to  high  winds,  sunburn,  and  irrita- 
tions of  the  skin  generally.  The  herpetic  eniplions  from 
these  causes alTect  all  parts  of  Hie  integument  of  the  face 
indiscriminately,  often  both  sides  at  the  same  time,  in- 
cluding the  eyelids.  Tliiic  appears  a  slightly  elevated 
red  spot,  more  or  less  rouinled  in  oiiiline,  varying  in  size 
from  I!  to  20  iiiiii.  in  diameter,  or  even  larger.  This  red 
spot  tingles  and  burns,  and  in  twenty-four  hours  begins 
to  be  Vesicular  in  chanicler,  coniposed  of  a  number  of 
small  vesicles.  The  lluid  in  these  vesicles,  which  in  the 
beginning  is  watery,  soon  becomes  tlocculent,  changing 
into  pus.  The  vesicles  coalesce  and  break  down,  form- 
ing a  scab.  If  this  scab  is  removed  we  find  the  surface 
beneath  ulcerated.  Whether  removed  or  not,  the  sore 
heals  in  a  week  or  ten  days,  leaving  a  reddened  surface, 
which  may  persist  for  a  week  or  two  weeks  longer.  At- 
tacks of  herpetic  eruption  such  as  this  are  of  fregm-nl 
occurrence  in  neurotic  people,  the  result  of  some  slight 
nervous  irritation,  or  of  direct  irritation  of  the  terminal 
endings  of  the  sensory  nerves.  The  course  is  mild,  the 
treatment  palliative,  and  the  ]irognosis  good. 

We  have  another  form  of  herpes,  as  we  have  said, 
known  as  herpes  zoster,  which  affects  the  supra-orbital 
branch  of  the  liftli  nerve,  generally  unilateral,  and  often 
very  serious  in  its  consequences.  Herpes  zo.ster  is  ushered 
in  with  violent  pain  over  the  dislribiilion  of  the  nerve, 
producing  intense  supra-orbital  neuralgia,  which  may  last 
a  day,  or  even  two  tlays.  before  the  eruption  takes  place, 
and  at  times  persisting  during  and  after  the  cruiitive 
period.  The  skin  of  the  upper  eyelid  becomes  reddened 
and  swollen,  and  llic  lid  itself  (edematous.  There  is 
more  or  less  marked  febrile  action.  The  eruption  ap- 
pears to  be  thesiime  as  thatdescribed  in  the  simpler  form 
of  herpes,  except  that  the  underlying  ulcers  are  deeper 
and  frequently  leave  scars.  The  condition  takes  its 
name  from  the  parts  afTected,  as  herpes  zoster  frontalis, 
herpes  zoster  palpebralis,  and  herpes  zoster  ophthalmicus. 
When  it  affects  the  eye  it.self  (herpes  zoster  ophthalmicus) 
very  serious  results,  even  destruction  of  the  eyeball,  may 
follow. 

The  writer  has  seen  several  cases  of  lierpes  zoster 
affecting  the  eyelids  and  forehead  which  have  been  diag- 
nosed by  attending  physicians  who  were  not  familiar 
with  the  disease  as  erysipelas,  all  coming  from  malarial 
districts. 

The  treatment  consists  of  cathartics,  hot  applications  to 
the  affected  parts  to  relieve  the  pain,  and  even  opiates 
may  be  necessiirv.  During  the  beginning  of  the  eruptive 
stage,  the  intense  irritation  may  lie  allayed  by  applica- 
tions of  weak  solutions  of  acetate  of  lead,  lead  and  opium 
wash,  or  carbolic  acid.  After  the  vesicular  stage  has 
pas.sed,  an  ointment  of  carbolic  acid  and  vaseline  will 
soften  the  scabs  and  prevent,  possibly,  the  formation  of 
deep  scars.  In  the  writer's  exi>crience  the  best  results 
have  followed  the  internal  administration  <if  i|uinine. 

(Edema  of  the  eyelids  is  a  symptom  of  imiuirlance  in 
-ilTcctions  of  the  eye  itself,  as  denoting  the  intensity  of 
the  exciting  cause,  which  is  generally  of  an  inflammatory 
nature.  (Edema  may  occur  in  the  eyelids  also  because 
of  disease  of  organs  remote  from  the  eye,  as  in  cardiac 
and  renal  disease,  and  in  ana'mia. 

When  due  to  local  causes  situated  in  the  eye  or  ad- 
jacent structures,  the  amount  of  the  redema  will  gener- 
ally be  in  proportion  lo  the  intensity  of  thedisea.se  which 
produces  it,  as  well  as  to  the  location  of  the  affection. 
For  example,  we  frequently  find  in  iritis,  both  primary 
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anil  wlicn  diip  to  catiinicl  cxlriiclions,  an  o-donin  of  tlif 
liils  at  till'  inner ciiiilliiis.  'I'lii'  samr  will  l)c  line  of  Ucra- 
litis.  soUiilis.  liMionitis.  and  inllaniniations  of  the  eve  and 
its  n|>|)enda,u'>'s  .ireiuiallv.  (Edenin  of  llic  eyelids  from 
iifTections  of  tlieeye  itself  is  never  so  ex  tensive  or  marked 
a.s  we  sometimes  tind  it  as  the  residt  of  jjnrnlenl  inllani 
miitions  of  the  eonjnneliva.  dacryocystitis.  |)ann|)lithal- 
mitis.  fronliil  sinus  disease,  and  ri'trolndliar  abscesses  or 
tnmni-s,  in  which  alTeclions  it  may  become  so  marked  as 
to  threaten  the  dislrnction  of  the  eye  from  ]iressiiie. 
(Edema  of  the  eyelids  may  also  be  present  as  the  result 
of  stings  of  insects.  There  is  ordinarily  very  little  to 
be  done  for  o'diina  of  the  eyelids.  When  due  to  renal 
disease  it  is  more  pronounced  after  rest  in  a  recumbent 
position:  when  due  to  cardiac  disease  it  is  more  or  less 
constant.  althoui,'h  more  pronounced  after  physical  ex- 
ertion. TlK're  is  no  loial  treatment  which  will  remove 
(edema  when  due  to  these  two  can.ses.  If  we  lincl  asso- 
ciated with  the  (edema — as  we  sometimes  do — an  irrita- 
tion of  the  eye  and  the  \mdcr  surface  of  the  eyelids,  wc 
can  obtain  a  certain  aiuount  of  relief  from  the  use  of 
bibonite  of  soda  and  tannic  acid,  each  ten  grains  to  the 
ounce,  or  a  solution  of  boric  acid  in  camphor  water. 

When  due  to  inllammatory  conditions  of  the  eye  and 
surrounding  parts  there  is  nothing  to  be  done  for  the 
tt>dema  it.self — beyond  the  ajiplicalion  of  n  light  bandage 
— except  when  the  swelling  of  the  lids  is  so  great  as  to 
threaten  the  eye,  wlien  the  pressure  can  be  relieved  by 
the  opcrati(m  known  as  external  cantlioloniy.  or  division 
of  the  external  canthus.  Such  extreme  treatment  is.  of 
course,  seldom  necessary. 

It  this  coimectiijn  wc  may  mention  an  affection  of  the 
eyelids  which  may  be  mistaken  for  (vilcma.  This  is 
emphysema,  due  to  injury  of  the  no.se  or  of  the  sinuses 
which  surround  the  eye.  The  onset  is  sudden,  following  a 
traumatism,  and  characterized  by  swelling  of  the  eyelids, 
one  or  both.  de])cndiug  on  the  situation  and  extent  of  the 
injury.  There  may  be  redness  of  the  integument  of  the 
lids, — which,  in  fact,  is  true  in  any  swelling  of  the  lids, 
even  when  not  of  an  intlanunatory  nature;  and  palpation 
gives  to  the  lingers  a  crackling  sensation.  This  distention 
is  apt  to  be  more  marked  in  the  lidstlian  in  the  surround- 
ing parts,  for  the  reason  that  the  integument  of  the  lids 
is  so  loosely  connected  with  th(^  underlying  parts,  and 
its  areolar  tissue  has  so  little  adipose  tissue  in  its  meshes 
that  it  becomes  easily  iidlaled  when  the  walls  of  the 
sinuses,  or  other  air  cells  which  abound  in  this  situation, 
are  broken.  No  treatment  is  necessary  for  the  emjiliy- 
sema  itself,  except  in  extreme  cases,  when  a  bandage  may 
be  applied.  When  the  cause  of  the  cmphy.sema  is  le- 
moveil  the  air  disapi^ears. 

The  patholugii  ill  conditions  grouped  and  described 
under  the  heading  of  skin  diseases  mayalTect  the  integu- 
ment of  the  eyelids,  acne  and  comedo  being  perhajis  the 
least  common,  while  milium,  molluscuin,  and  xanthel- 
asma occiw  frequently;  acne  merits,  at  our  hands,  no  de- 
scription, dilTering  in  no  way  from  the  acne  seen  in  other 
parts  of  the  body.  Comedones,  or  black-heads,  can  be  re- 
moved, here  as  elsewhere.  c.xce]iting  that  while  in  other 
I)arts  they  may  be  removed  with  the  time-honored  watch 
key,  or  the  expressly  designed  comedo  prcssers,  in  the 
eyelids  they  are  best  removed  by  jiressure  between  the 
thumbnails.  The  minute  white  elevations  with  sebaceous 
concretions  known  as  milia,  or  the  larger  mas.ses  with 
depressed  centres  known  as  mollusca,  tHMpiirea  slight  in- 
cision made  in  tlieir  apices  before  they  can  be  expressed 
without  the  in(licti(m  of  considerable  traumatism,  or 
bruising  of  the  skin. 

Xanthelasma,  the  buff  or  yellowish-colored  patches 
which  are  found  at  the  inner  part  of  the  lids,  and  which 
affect  middle-aged  people,  especially  women,  can  be  re- 
moved only  with  the  ktufe  or  scissors.  If  they  are  not 
too  large,  the  writer's  method  is  to  grasp  them  with  a 
broad-pointed  forccjis  and  snip  tliein  off  with  scissors. 
The  skin,  which  is  very  loose  on  the  eyelids,  can  be 
slightly  undermined  with  the  same  .scissors,  and  one  or 
two  sutures  will  obliterate  all  trace  of  the  alTcction, 
which  is  never  anvthing  more  serious  than  a  blendsh.     If 


the  xanthelasma  is  large  it  may  be  impossible  to  excise 
it  without  sacrilieing  more  skin  than  it  is  wise  to  re- 
move. In  such  a  case  it  would  be  better  to  advise  the 
patient  to  tolerate  the  blendsh.  with  the  assunince  that 
it  will  never  assinne  a  serious  or  malignant  character. 

We  meet  occasionally,  in  or  under  the  skin  of  the  eye- 
lids, with  horny  and  warty  growths,  lipomata,  and  cy.sts. 
These  are  easily  removed,  under  either  cocaine  or  general 
amesthesia.  leaving  only  small  scars,  which  time  cITaces. 

The  skin  of  the  eyelids  is  not  infre(|Uently  the  seat  of 
mali,gnant  growths,  the  most  common  form  being  epithc- 
liomata. 

E])itheli(imala  seldom  appear  in  the  eyelids  before 
nuddle  age;  indeed,  most  of  the  cases  seen  by  the  writer 
have  occurred  long  after  middle  age.  The  history  is 
alike  fur  all  cases;  there  has  appeared  a  small,  rounciish, 
elevated  patch  or  pimple,  which  may  exist  for  months 
or  even  years,  williout  causing  very  much  annoyance. 
Then  without  ajjparent  cause,  or  .sometimes  as  the  result 
of  the  patients  picking  it.  this  patch  or  pim|)Ie  becomes 
ulcerated,  and  refuses  to  heal  under  ordinary  treatment. 
When  these  patients  present  themselves  to  the  specialist 
the  growths  have  passed,  as  a  rule,  into  the  ulcerative 
stage,  and  the  ])atienls  are  prejiared  to  hear  that  they 
have  malignant  disease  or  cancer. 

Even  when  ulceration  has  begun,  a  long  time  may 
elapse  before  the  affection  takes  on  a  ra|)i(ily  growing 
malignant  character.  There  is  always,  in  cancerous 
affections  of  the  eyelids,  a-  long  period  during  which 
removal  can  be  effected  without  serious  deformity  to  the 
lid,  and  during  which  time  removal  means  permiuient 
cure.  It  is  only  after  thedisease  has  existed  l(jng  enough 
to  involve  the  entire  structure  of  the  eyelid,  the  skin,  the 
conjunctiva,  and  the  tissues  between,  when  not  only 
is  there  a  deeply  ulcerated  s))ot,  but  the  surrounding 
tissues  are  intiltrated,  that  the  (juestion  of  extensive 
operation,  possibly  the  removal  of  an  entire  upper  or 
lower  lid,  has  to  be  considered. 

It  is  not  just  to  our  patient  to  conclude  hastily  that 
a  suspicious-looking  ulcer  of  the  eyelid  is  a  malignant 
growth,  any  more  than  it  is  to  defer  action  in  the  hope 
that  it  may  not  lie  malignant.  We  of  course  consider 
the  history  of  the  case,  the  age  of  the  patient,  and  other 
points  winch  may  occur  to  us  at  the  time,  but  the 
knowledge  which  shoidd  intluenee  tis,  and  which  we 
should  obtain  as  soon  after  seeing  the  |iaticnt  as  possible, 
is  that  furnished  by  the  microscope.  When  we  have 
this  information,  and  are  satisfied  that  a  patient  has 
malignant  di.sease.  the  indications  for  treatment  are  very 
clear.  There  is  liut  one  thing  to  do  in  cancerous  disease 
of  the  eyelid  as  elsewhere,  and  that  is  to  remove  the 
olfending  neoplasm;  and.  should  we  elect  to  remove  it 
with  till' knife,  we  should  not  hesitate  to  remove  stdticient 
tissue  to  incliuie  not  only  the  growth  itself  but  all  in- 
tiltrated structures  as  well. 

In  removing  cancerous  disease  of  the  eyelids.  o|dithal- 
mic  surgeons,  almost  without  exception,  jirefer  to  resort 
to  the  knife.  Someof  the  authorities  mention  the  use  of 
caustics,  but  the  writer  has  lieen  unable  to  tind,  among 
the  various  textbookson  diseases  of  the  eye.  even  one 
which  recommends  any  other  method  than  the  knife. 

It  is  safe,  as  a  rule,  to  be  guided  by  the  advice  of  those 
who  have  had  large  experience  and  who  are  considered 
authorities;  the  exclusive  use  of  the  knife  in  removing 
cancerous  growths  of  the  eyelids  is.  no  doubt,  advocated 
as  the  result  of  experience.  Oueautlnn'  on  diseases  of 
the  eye  (Noyesl  mentions  tile  u.se  of  caustics,  and  his 
objection  to  their  use  is  that  they  leave  .scars  w  liieli  have 
to  be  removed  Iiy  o]ieration  later,  while  with  the  knife 
in  the  begiiming  lioth  the  cancerous  growth  can  be  re- 
moved, and  the  resulting  deformity  remedied  at  the  same 
time,  which  is  of  course  true.  Still,  a  deformity  of  the 
eyelid,  while  it  may  be  disfiguring,  is  not  fatal  to  life, 
and  many  persons  have  so  great  a  fear  of  the  knife  that, 
to  them,  death  may  be  preferable.  Then  too  the  element 
of  time  may  be  a  consideration.  .\.  surgeon  woidd  hesi- 
tate to  perform  a  plasiic  oiieration  for  the  removal  of  a 
cancerous  growth  and  the  repair  of  the  eyelid  except  under 
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f;<-ncml  iinii'HtlifHin.  nml  witli  the  kiii»vU-ilt;<'  that  IiIh  pii- 
tii'iil  tvciiilcl  niiiaiii  i|iiii't  fur  iit  Iriisl  tuci  wi-rks  fnlliiwiii^' 
the  <ipi-nili<iii,  ill  iiriliT  Id  M'ciiri'  |irci|ii'r  liniliii);.  Willi 
till' niiislic  irniliiHiit  il  wmilil  |icTlia|is  Iw  pcissililr  for 
u  piiliriil  ti>  iillciiil  In  his  iinliiiiiry  liiisinrss  ornipiitiiui 
wliilr  iiiiili'i'piliiK  tniiliiii'iit.  \Vt'  Imvi'  in  iiiiiiil  ii  casi' 
(if  lliis  kiiiil.  Aiiclih't'ly  piillriimn,  citniiiiK  ii  pri'iuriuiiH 
liviiii;  ii>»  III!  iiisiiriiiiri'  iiiriiil.  with  ii  lariji'  ami  hrlpless 
faiiiilv  ilrpi'iiiliiii;  i>ii  liiiii.  prcsciiliil  liiiiisilf  fur  trial- 
iiiriil  fur  an  rpiihilioiiia  of  llii'  upprr  i-vrlid.  TIk' (lis 
ciisi'  hail  I'litcnil  iipiiii  till'  tili'i'nilivc  slai;<'.  anil  iiivolvnl 
u  spill  ill  llii'  ri'iitrt'  iif  till'  liil.  iibiiul  '-i  iiiiii.  in  iliiiiiicli'r. 
Ill'  was  willini;  to  siilmiit  to  an  opt'tiilion  pnivitlin^  jl 
iliil  lint  intrrfiTc  with  his  work:  lit'  was  iinalili' to  slop 
his  work  for  I'vcii  oiii'  wri'k.  In  su<h  it  riisr  it  sirnis  as 
if  our  woiilil  lie  jiistilli'il  in  cniiiloyin:;  a  caiistir  applica- 
tion 'riic  ri'sultin;;  siiir  roiilil  111' ri'imilii'd  at  any  linir, 
wliili'  till'  I'pilhi'lioina.  if  allowed  to  i;o  on  nnrlii'cki'd. 
would  drslioy  ii.s,siii',  and  involvi'  stnictiirt's  wliiili  lould 
be  ri'imdii'il  only  liy  irrcat  sacrilici'.  if  at  all.  Dr.  A.  K. 
Hobin.son,  in  ■•(ilisi'rvations  in  the  Tri.'atnu'nt  of  Caiici-r," 
oonclinirs  "that  tlir  majority  of  casi'sof  ciitiiiu'oiis  cancer 
can  111'  ri'inovi'd  with  llir  jircatcst  certainly  and 
with  liiist  di'fonnily  l>y  caiistirs.  proviihil  the 
piitiriits  arc  seen  lietore  the  lyniplialie  iriaiidsare 
Invaded."  This,  of  coui-sc.  applies  to  cutaneinis 
surfaces  frenerally.  hut  with  less  force,  perhaps, 
when  the  disease  is  in  tlii'  integuineiit  of  Iho  eye- 
lid, liceaiise  of  the  danger  to  the  eye  itself  from 
the  caustic  application.  It  is  impossible  to  lay 
down  rules  which  shall  be  invariable  guides,  or 
to  give  advice  which  is  to  apply  to  all  cases  indis- 
criiniimlely,  but  the  writer  believes  that  while 
the  use  of  the  knife  is  the  best  inotliod  of  treat- 
ment in  most  cases  of  caucer  of  the  eyelids,  there 
are  times  when  caustics  may  be  employed  with 
advantage. 

Of  thealTections  which  are  situated  at  the  mar- 
gins of  the  eyelids,  one  which  is  not  uncommon 
is  ))hthiria.sis.  or  iicdiculi  ciliaies.  This  atrection, 
which  is  not  by  any  means  confined  to  unclean 
people,  is  discovcicil  by  the  specialist  or  the 
family  |ihysiciaii.  and  its  discovery  horrifies  the 
patient  and  fills  him  with  wonder.  The  symp- 
toms are.  itching  and  redness  of  the  margins  of 
the  eyelids,  and.  if  the  condition  is  neglected, 
falling  of  the  eyelashes.  Inspection  reveals  the 
preseiice  of  the  pediculi  on  the  edges  of  the  lids  and  the 
ova  i)ediculi  on  the  lashes.  The  treatment  will  consist  in 
the  removal  of  the  iilTending  parasites,  crushing  them  be- 
tween the  thumb  nails,  and  the  application  of  some  jiara- 
siticide.  IJichloride  of  mercury  wash  must  be  used  with 
caution,  because  of  the  irritating  effect  of  this  drug  on 
the  cornea.  As  a  rule  removing  the  parjisitc  with  the 
nails,  as  mentioned  above,  and  the  application  of  the 
yellow  oxide  of  mercury  ointment,  will  effect  a  cure  in  a 
few  days. 

Hordeolum  is  an  inflammation  of  one  of  the  glands  of 
the  skin  of  the  eyelids,  situated  at  or  near  the  margins  of 
the  lids,  and  often  attei;ded  with  considerable  swelling 
and  tenderness,  and  even  constitutional  disturbance. 
There  are  generally  a  succession  of  the  hordeola,  a  ncw^ 
one  appearing  as  another  gets  well,  until  a  dozen  or 
more  have  appeared.  Such  a  condition  has  often  under- 
lying it  some  general  constitutional  debility,  and  will  re- 
quire for  its  treatment  nourishing  diet,  fresh  air,  and 
tonics.  It  is  doubtful,  however,  if  this  condition  of  fu- 
runculosis.  if  it  may  he  given  this  name,  ever  attacks 
and  is  confined  to  the  eyelids,  even  when  there  is  marked 
constitutional  debility,  unless  there  is  added  to  the  gen- 
eral derangement  a  loail  exciting  cause  as  conjuncti- 
vitis, or  some  weakness  or  abuse  of  the  eye  itself.  It  is 
advisable,  as  a  preliminary  to  the  general  treatment,  to 
give  attention  to  the  local  cause.  If  there  is  found  to  lie 
an  uncorrected  refractive  error  in  the  eye.  it  should  be 
corrected,  and  a  coexisting  conjunctivitis  should  be 
treated.  For  the  hordeolum  itself,  nothing  relieves  the 
pain  and  hastens  the  termination  of  the  iutlanimation  so 


much  an  the  application  of  hot  water.     Wan"  ; ^•'■•■i-n. 

to  hasti'ii  siiiipiiration,  wbich   would   be  le:  :^'. 

where,  should  not  be  inu'd  for  intlammationH  i'  .ihc 

of  their  elTect  on  the  conjunctiva.  Some  of  ilie  moHl 
aggravated  caWfH  of  coiijiinclivitiH  the  writer  liaN  ever 
seen  have  been  caiiiied  by  the  application  of  lliixsi'ed  and 
tea  leaves  poulticeH.  Suppiinilion  is  the  final  outcome 
of  a  hordeoliiin.  but  it  has  si'ldom  been  necesMny  in  the 
writer's  experience  to  employ  the  knife  for  Iheevacualion 
of  the  pus.  Iliis  being,  as  u  rule,  rapidly  broiiglil  almut 
by  the  hot  appliuilions.  Spirits  of  camphor  has  been 
recoinmended  to  abort  the  iiiMiimmalory  process,  and 
while  it  does  not  invariably  act'omplish  this,  the  writer 
ha.H  seen  beneficial  results  follow  its  use. 

A  cliala/.ion  is  a  distention  of  a  .Meibomian  gland  with 
its  noinial  secretion.  This  is  caused  by  an  occlusion  of 
the  duel  of  the  gland,  which  may  be  either  perinaneut 
or  temporary.  The  disteniled  gland  sonietinies  lii-cuines 
intlamed,  wlien  it  simulates  a  hordeolum.  Ordinarily  a 
chalazion  presents  itself  as  a  circumscribed  swelling, 
hard  to  the  touch,  and  of  variable  size.  It  may  be  fn 
either  the  upper  or  lower  eyelid,  and  not  infrcnueutlj- 


Fig.  MOii.— I'uniis"  Operation  for  Ptosis. 
(After  de  Seliwelnitz. i  a.  ii,  Sulun>s 
iinltini;  lliip  U<  Inlesunient  of  brow: 
h,  h.  •iutiiri's  iidvisi')!  l>y  I'aniiii  In  pre- 
vent |H>&'>ibil<Iy  of  ectropiou  resultiiiK- 


—Villi  Kleefs  Mndlfleation  of 
Paniis*  OiH'ratton  for  Ptiwis.  a,  o. 
Sutures  unitliiE  flap  to  integument  of 
liroH- :  ;«.  h,  siiiiiri's  closing  extremi- 
ties of  incision  in  Ijrow. 


there  are  more  than  one  in  the  same  lid.  and  thej-  often 
exist  in  all  four  eyelids  at  the  same  time.  They  also 
are  caused  by  conjunctivitis,  which  may  or  ma}'  not  be 
duo  to  uncorrected  errors  of  refraction. 

A  chalazion  may  sometimes  be  cured  by  massage  of 
the  eyehds.  the  accumulation  within  the  gland  l)eing 
pressed  out  through  the  duct.  When  this  cannot  be  ac- 
complished the  cy^t  can  bo  incised  and  the  ssic  curetted. 
It  has  been  recommended  that  the  incision  be  made  into 
the  siic  through  the  margin  of  the  lid.  or.  if  the  incision 
is  made  through  the  conjunctiva,  that  it  be  perpendicu- 
lar to  the  margin  of  the  lid,  so  as  to  avoid  cutting  other 
Meibomian  glands  than  the  one  involvetl.  While  the 
incisions  can  be  made  equally  well  in  cither  situation, 
i.e.,  through  the  margin  of  the  lid  or  through  the  con- 
junctival surface,  in  some  cases,  in  others  the  method  to 
be  emiiloyed  will  depend  on  the  size  of  the  tumor  and 
its  location.  There  is  no  danger  of  the  incision  destroy- 
ing other  glands  in  either  case,  and  no  evil  rcstdts  ever 
follow  incisions  made  in  either  situation. 

Bk'iiharitis  marginalis  can  be  properly  classed  as  an 
affection  due  to  the  same  causes  as  hordeolaand  chalazia. 
It  is  possible  to  have  blepharitis  as  the  result  of  phthi- 
riasis,  but  the  affection  commonly  known  as  blepharitis 
is  due  either  to  conjunctivitis  or  to  uncorrected  errors  of 
refraction,  and  more  often  to  the  latter. 

Blepharitis  is  characterized  by  a  redness  of  the  mar 
gins  of  the  eyelids,  with  which  is  associated  a  scaly  con- 
dition, and  finally  by  an  interference  with  the  nutrition 
and  growth  of  the  eyelashes. 

Tliis  ma  v  be  the  cause  of  trichiasis  and  districliiasis,  but 
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oflciicr  it  results  in  the  (lonth  of  tlip  eyelnslii's,  the  lids 
tiiiiilly  liccipininir  cnlinly  ilovnid  of  these  hairs. 

The  treatineiit  ot  this  eoiKlitioii  Is  local,  and  consists 
ill  applications  to  the  eyelids  themselves,  and  the  cor- 
rectiim  of  errors  of  refraction  with  suiliilile  glasses.  It 
is  not  unusual  to  see  stubborn  cases  of  blepharitis,  which 
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resist  treatment,  or  after  freciuent  relapses,  finally  be- 
come cured  and  remain  so,  when  properlj-  fitted  glasses 
liave  been  adjusted  and  worn. 

Pagenstecher's  ointment  (Unguentum  hydrargyrum 
o.\idiim  flavuni)  is  the  local  remedy  generally  employed 
in  this  alTection,  It  is  often  made  too  strong,  when  it  is 
very  irritating;  the  greatest  care  should  also  be  exercised 
in  selecting  a  proper  base,  and  having  it  thoroughly 
mi.xed.  The  ointment  should  never  be  made  stronger 
than  one  grain  to  the  drachm  (except  as  a  parasiticide)  and 
the  best  base  toemjiloy  is  vaseline.  Fatty  bases,  as  cold 
cream,  simple  cerate  and  others — which  contain  lard — 
decompose;  the  fatty  acids  alter  the  chemical  nature  of 
the  yellow  oxide,  maliing.  as  before  mentioned,  an  irritat- 
ing ointment.  This  is  an  important  consideration  which 
should  not  be  I'orgolten. 

Trichiasis  and  districbiasis.  together  with  entropion, 
are  the  results  of  inllaminalory  altcclions  of  the  conjunc- 
tiva, such  as  chronic  conjunctivitis  and  chronic  trachoma. 
As  a  result  of  cicatrization  of  the  conjunctiva,  the  tarsal 
cartilage  becomes  curved,  and  the  eyelashes,  instead  of 
curving  outward,  curve  inward  and  sweep  over  the 
eyeball.  The  eyelashes  can  be  pulled  out.  and  for  this 
purpose  speciaHy  devised  forceps  iiave  been  iiiaile,  called 
epilation  forceps.  The  relief  atforded  by  this  treatment 
is  only  temporary  and  incoiuplete.  The  eyelashes  grow 
again,  and  even  if  ]iulled  again  the  inner  edge  of  the 
margin  of  thr  lid  rubliing  over  the  eye  keeps  up  the  irri- 
tation. The  radical  cure  of  this  condition  is  by  opera- 
tion, and  the  writer  prefers  the  operation  in  which  a 
wedge  .shaped  piece  of  the  tarsal  cartilage  is  removed. 
The  results  obtained  from  this  operation  are  good  and 
lasting.  It  is  performed  as  follows:  The  patient  is  ana;s- 
theti/.ed  (which,  by  the  way,  is  best  in  all  plastic  o|)era- 
tioiis  about  the  eyelids).  Cocaine  gives  satisfactory  re- 
sults only  in  operations  on  the  eye  itself.  An  incision 
is  made  through  the  skin,  parallel  with  and  about  2  miu. 
from  the  tarsal  margin,  extending  down  to  the  tarsal  carti 
lage.  Pushing  Ihi'  iiuiscle  and  connective  tissue  aside, 
the  operalnr  should  expose  the  whole  surface  of  the  carti- 
lage and  should  carry  the  incision  straight  down,  in  such  a 
manner  as  to  involve  almost  the  entire  thickness  of  the  car- 
tilage.   Sometimes  t  he  knife  will  go  through  the  cartilage, 


hut  this  does  no  harm.  A  second  incision  is  then  made  in 
the  cartilage,  about  2..")  mm.  froni  the  lirst.  tapering  to  and 
meeting  the  first  incision  at  the  ends.  This  second  in- 
cision, instead  of  going  straight  down  through  the  car- 
tilage, is  made  obli(iuely.  and  meets  the  first  incision  not 
only  at  its  ends,  but  at  the  bottom  as  well.  The  wedge- 
shaped  piece  of  cartilage  thus  formed  is  removed.  A 
central  suture  is  then  ])assi-d  through  the  lower  edge  of 
the  incision  in  the  skin,  and  Ihroiigh  the  lower  edge  of 
the  inrision  in  the  carlilage.  It  is  then  carried  tliroiigh 
the  u])per  jiait  of  the  cartilage,  passing  over  the  groove 
made  in  the  cartilage  by  the  removal  of  the  wedge,  and 
tiiially  brought  down  through  the  uppi-r  edge  of  the 
cutaneous  incision.  Two  more  sutures  like  the  first  are 
inserted,  one  on  either  side  of  the  central  suture,  and  as 
many  more  as  the  operator  thinks  necessarv.  When 
these  sutures  are  tied  the  margin  of  the  lid  and  the  lashes 
will  be  periuaniiitly  everted.  This  operation  can  be  em- 
ployed only  in  the  upi>er  lid.  Operations  for  the  relief 
of  entropion  of  the  lower  lid  are  not  nearly  so  satisfactory. 
The  cartilage  in  the  lower  lid  being  so  small,  the  best  we 
can  do  is  to  remove  an  elliptical  jiicce  of  skin,  which  will 
give  relief,  often  lasting  a  long  time. 

Ectropion  is  the  result,  as  a  rule,  of  cicatricial  contrac- 
tions of  the  skin  of  the  eyelids,  and  requires  for  its  relief 
a  plastic  operation,  "We  will  consider  these  operations 
under  wounds  and  burns.  There  arc  two  forms  of  ectro- 
pion of  the  lower  lid,  however,  one  due  to  chronic  con- 
junctivitis, in  which  the  hypertrophy  of  the  conjunctiva 
and  the  und<'rlying  connective  tissue  everts  the  lid,  and 
the  other  the  result  of  senile  change,  which  can  be  re- 
lieved b_v  applications  of  alum  or  sulphate  of  copper  to 
the  conjunctiva. 

Blepharopbimosis,  a  narrowing  of  the  palpebral  orifice, 
which  may  lie  congenital  or  tlie  result  of  chronic  tra- 
choma, can  be  reinedied  by  the  operation  known  as  cau- 
tholysis,  or  canthotomy.  A  wire  speculum  is  inserted 
Iwtween  the  eyelids,  and  the  external  cauthus  put  on  the 
stretch.  With  straight  and  strong  scissors  the  external 
canthus  is  then  divided,  both  luucous  membrane  and  in- 
tegument, back  to  the  margin  ot  the  orbit.  The  mucous 
membrane  is  then  lifted  with  forceps  and  the  external 
cantha  lligament  divided.  The  mucous  mendirane  at  the 
bottom  of  the  wound  thus  made  is  united  to  the  integu- 
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ment  and  at  the  sides  as  well.  A  vaseline  dressing  is 
applied,  and  the  stitches  are  removed  in  three  or  four  days. 
Canities  is  a  name  given  to  white  eyelashes,  of  which 
there  may  be  One  or  more  in  an  eyelid  whose  other  lashes 
are  of  darker  color,  even  black.  This  condition  may  be 
congenital,  or  the  result  of  soiue  interference  with  the 
nutrition   of  the   cilia.     Nothing  can  be  done   for  this 
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except  cpiliitinn.  which  iimy  he  rcRortcd  to  If  the  while 
IilsIhh  till'  mil  Ion  iiiiinrPMiH 

Iiilrrfiniuc   with  Ihc  iiiotilily  of  tlic  cycliils,   iliic  In 

Siinilvsis  or  olIuT  cimws.  Is  of  fri'i|iii-iit  occiirrriK-e  ami 
I'iiiiinils  iitti-iilioii.  Till' iiio>.t  iiiinoyiiif;  mill  (liiii^rroiiM 
to  till'  imtii'iit'H  HiK'it.  »>«!  which  will  oflm  liulllc  the 
phvsii'iiiii.  is  till'  iiiiiliililv  to  closi'  Ihrcyi'liils  in  piimlysiH 
of  the  wvciith  nerve.     In   this  L-omlition  the  evellils  lire 
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open  when  iiwiike  iiml  when  asleep,  anil  the  eye  fre- 
qiieiitlv  becomes  irritated  ami  even  ulcerated  and  dc- 
stroyeil,  from  this  conslaiil  exposure  to  wind,  smoke,  and 
irrilalini;  substances  jrcnenilly.  If  the  ])aralysis  is  tran- 
sitory, it  may  only  be  necessary  to  protect  the  eye  with 
a  bandaiie  or  with  ashielil;  when  the  paralysis  becomes 
permanent,  however,  as  sometimes  happens,  it  may  be 
necessjiry  to  resort  to  oiicrative  procedure,  and  to  close 
theeyelids  by  suturinir  llie  upper  and  lower  lids  together, 
first  denudini;  the  edj;es. 

The  opposite  condition  to  paralysis  of  the  .seventh 
nerve  is  the  inability  to  open  the  eyelids  when  the  third 
nerve  is  panily/.ed.  This  eondilion  is  known  as  ptosis, 
and  when  due  to  paralysis  of  this  nerve  is  generally  ac- 
quired, and  amenalile  to  treatment  by  drugs.  Paralysis 
of  the  third  nerve — the  motor  oculi  communis — may  be 
due  to  intracranial  growths,  when  it  becomes  a  very 
serious  condition:  in  the  majority  of  cases,  however, 
this  paralysis  is  due  to  aeijuired  .syphilis,  and  responds 
quickly  to  antisyjihilitic  treatment.  We  do  occasion- 
ally miet  patients  in  whom  ptosis  due  to  this  cause  per- 
sists, even  after  prolonged  treatment,  and  when  wc  have 
every  reason  to  believe  the  syphilis  has  been  cured,  and 
then  it  is  necessjiry  to  resort  to  operative  treatment  if  we 
desire  to  remedy  the  defect.  We  may 
not  consider  it  advisable  to  remedy  this 
deformity  always,  as  we  shall  consider 
later. 

Ptosis  may  be  due  to  other  causes;  it 
may  be  congenital  or  it  may  be  the 
resiilt  of  chronic  conjunctivitis  or  tra- 
choma. 

In   congenital    ptosis   there   may  be 
as.soeiated  with  the  paralysis,  or  imiier-       '■•-. 
fei't   development   of    the    levator  pal-  .. 

pebne   superioiis.    paralysis  or  imper-  

feci  development  of  some  of  the  other  Fig 

niu.sclesof  the  eye.  notably  the  superior 
rectus.  Any  or"  all  the  recti  muscles  may  be  involved, 
generally  one  of  those  supplied  by  the  third  nerve.  The 
writer  lias  seen  a  patient  in  whom  not  only  were  the 
muscles  supplied  by  the  third  nerve  affected,  but  the 
external  rectus,  which  receives  its  motor  power  from  t^he 
sixth  nerve,  was  also  involved.  When  the  superior 
rectus  is  involved  the  eye  will  be  rotated  down\yard, 
and  when  the  internal  alone  is  alTected  the  eye  will  be 
drawn  outward.  The  recti  muscles  are  generally  af- 
fected in  syphilitic  ptosis,  and  frequently  are  not  af- 
fected in  congenital  ptosis.  They  are  not  involved 
when  the  ptosis  is  due  to  inflammatory  conditions  of 
the  conjunctiva.     To  overcome  the  ptosis  by  operation 


when  any  of  ;i..   .. .  i,  i,,,.-.  i.  >  uie  Involved  nmy 
posing  a  ilevialiiig  eye.  produee  an  aiinoyiiiL'    hj  I    i    , 
and  this  will  have  to  Ix'  eniihideieil  before  udvi-m-  -u(  li 
an  operation. 

In  Iraehomu.  after  the  dlKi-asi'  Ih  cured,  a  drooping;  of 
Ihe  upper  eyelid  will  Homeiimes  pemisl,  ■  wliii'li  may 
necessitate  an  operation,  and  it  is  in  eawHduc  to  ihiHcauNU 
that  our  best  result  sate  often  obi  aimd.  Various  opeiiitionB 
havi'  liien  devised  In  uvercome  thisilefor- 
mily,  and  the  results  liiive  l«fen  until  re- 
cently rather  unsatisfactory.  The  levator 
palpebrie  superiiiris  mu.scle,  which  raiM-s 
the  upper  eyelid,  arises  in  the  orbit,  from 
the  lesser  wing  of  the  sphenoid  bone,  di- 
rectly in  front  of  the  optic  foramen.  Its 
insi'rlioii  is  in  the  upper  eyelid,  to  the  con- 
vex ma  rgin  of  the  tarsal  cart  i  la  u'c.  I  Is  act  ion 
is  to  draw  llie  lid  upward  and  backward. 
In  the  absence  or  impeifeet  development 
of  this  mu.scle,  and  wlien  it  is  inoperalivc 
becausi'  of  some  all'eclionof  the  nerve  su])- 
plying  it  with  motor  power,  openitors  have 
endeavored  to  make  the  occipito  frontalis 
muscles — the  anterior  portion  of  which  is 
intimately  adherent  to  the  skin  of  the  fore- 
head— take  the  place  of  the  levator.  The 
results  obtained  by  Pageiislecher.  De 
Wecker,  and  others,  have  bei'iionly  partially  satisfactory, 
the  elTccts  not  being  permanent. 

The  operation  devised  by  Panas  has  given  satisfactory 
results,  which  have  been  permanent.  The  operation  is, 
however,  somewhat  complicaled  and  diflicult  to  per- 
form. The  writer  has  modilied  Ihisoperation.  making  it 
extremely  simple,  and  Ihe  results  in  his  hands,  and  in 
the  hands  of  other  operators  as  well,  have  lieen  generally 
successful.  It  is  iierformed  as  follows:  The  jtatient  be- 
ing anicsthetized  and  the  brow  shaved,  the  face  and  fore- 
head are  thoroughly  cleansed  with  a  bichloride  wash.  An 
assistant  then  inserts  under  the  upper  eyelid  a  horn 
shield,  and  with  his  free  hand  steadies  the  skin  of  the 
brow,  as  directed  by  Panas.  The  operator  then  makes 
in  the  upper  lid.  at  or  slightly  above  the  ujiper  con- 
vex margin  of  the  tarsal  earlilage,  an  incision  which  com- 
mences at  the  inner  side  and  includes  the  middle  third 
of  the  lid.  From  the  inner  extremity  of  this  incision  an- 
other is  made  extending  down  to  the  ciliary  border,  and 
a  third  is  made  in  like  manner  from  the  outer  extremity 
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of  the  first.  The  integument  enclosed  by  these  three 
incisions  is  dissected  from  the  underlying  tissue,  down  to 
the  ciliary  border  of  the  lid.  making  a"  Map.  A  final  incis- 
ion is  made  in  the  brow,  parallel  with  the  first  incision  in 
the  lid,  but  slightly  longer.  Theinlcgumeut  between  these 
two  horizontal  incisions  is  then  undermined  in  such  a  man- 
ner as  to  make  a  bridge.  The  jiarts  are  carefully  cleansed, 
the  Hap  is  passed  up  under  the  bridgcand  secured  by  stitch- 
ing its  upper  margin  to  the  upper  margin  of  the  incision 
in  the  brow.  This  is  accomiilishcd  by  means  of  live  inter- 
rupted silk  sutures.  The  outer  and  imier  extremities  of  the 
final  inci.sion  {i.e..  the  outer  and  inner  extremities  of  the 
incision  in  the  brow  after  the  flap  has  been  stitched  in 
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pliicc)  (ircsiiluri'd.  and  tlie  wliole  is  covcn-il  with  stcri- 
li/.i'd  viiscliiic  iiiiil  l)i<ldondf  gau/.c.  and  bandaged.  Tlic 
liandagi'  is  mil  tn  lif  irniDVcd  for  two  days,  after  whicli  it 
slioiilii  be  reinoveil  daily  for  a  week,  when  tlie  stitelies 
c«u  be  taken  out  and  the  dressing  discontinued.  The 
e|iilheliuni  ijf  the  tlap  beeoines  niaeerateil  and  e.xfoliate.s, 
and  the  true  skin  unites  with  tlic  unchr  surface  of  the 
bridge,  of  which  it  liecomesa  part,  or  perhaps  disappears. 
It  IS  not  well  to  make  the  flap  too  narrow:  it  may  even 
be  made  to  include  more  than  the  middle  third  of  the  li<l. 
Its  length  should  vary  with  the  degree  of  ptosis  to  be 
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FIG.  2074. 


FIG.  20r5. 


overcome.  Sometimes  after  the  operation  the  eyelids 
may  not  close  in  sleep,  but  this  is  only  temporary.  An- 
other point  to  be  considered  is  the  tendency  of  the  bridge 
to  curl,  causing  a  scar  in  the  brow.  This  can  be  avoided 
by  including  the  tipper  edge  of  the  bridge  in  the  sutures 
Which  unite  the  flap  to  the  skin  of  the  brow.  The  epi- 
thelial siuface  of  the  flap  may  also  be  scarified  slightly, 
to  hasten  its  union  with  'the  under  surface  of  the 
bridge. 

This  modification  differs  from  the  original  operation 
of  Panas  in  that  the  lines  of  incision  are  straight,  and 
extend  only  through  the  integument,  whereas  Panas 
recommends  that  tliey  extend  down  to  the  periosteum, 
■which  must  necessitate  a  longer  time  in  healing,  and 
adds  to  the  operation  the  danger  of  wounding  deeper 
tissues,  as,  for  example,  the  supra-orbital  nerve. 

The  object  of  this  operation  is  to  make  the  occipito- 
frontalis  muscle  lake  the  place,  or  do  the  work,  of  the 
levator  of  the  lid;  the  flap,  isniting  by  tirst  intention 
with  the  upper  edge  of  the  incision  in  the  brow,  becomes 
a  part  of  the  skin  controlled  by  the  contractions  of  the 
occipilo-frontalis,  quite  as  much  as  it  would  if  the  incis- 
ions were  deeper.  The  two  lateral  sutures  advised  by 
Panas  to  i)revcnt  ectropion  are  not  necessary  in  the 
moditie<l  operation  (see  Figs.  2060  and  2067). 

Blepliarosijasm  is  a  spasmodic  contraction  of  the  or- 
bicularis muscle,  present  in  inflammatory  conditions  of 
the  eye  or  the  conjunctiva.  Occasionally,  when  it  per- 
sists and  interferes  with  the  treatment  of  the  underlying 
inflaimnatory  condition,  it  may  be  necessary  to  perform 
the  operation  known  as  canthotomy,  which  we  have  al- 
ready mentioned.  Blepharospasm  may  also  be  associated 
with  the  alTection  known  as  tic  dovdoureux.  If  the 
cause  of  th(;  tic  can  be  ascertained,  the  treatment  will 
suggest  itself.  In  some  cases  nothing  seems  to  afford 
relief,  and  we  are  coniiielled  to  resort  to  operative  pro- 
cedure, namely,  stretching  or  dividing  the  trigemiiuis,  or 
even  extirpation  of  the  Ga.sseriau  ganglion.  Even  these 
extreme  measures  oflc'ii  fail  to  give  relief.  The  writer 
now  has  a  patient  luider  observation  who  has  facial  tic 
with  l)le|>liarospasm.  and  who  has  become  an  opium 
victim,  whose  ganglion  was  removed  man^'  years  ago. 
When  last  .seen  this  patient  was  taking  sixteen  grains  of 
morphine  sulphate  daily  to  relieve  the  pain. 

Nictitation,  or  winking  of  the  eyelids,  is  due  often  to 
local  troubles,  as  conjunctivitis  aud  trachoma.  Even 
tincorrccte<i  errorsof  refraction  may  be  thecause.  When 
due  to  these  conditions,  the  removal  of  the  cause  will 
effect  the  cure.  At  timcsa  general  nervous  deriingenieut 
seems  to  be  the  cause,  when  tonics  are  indicated.  One 
must  not  expect,  however,  to  cure  all  these  cases,  espe- 
cially when  the  ]mtieuts  are  markedly  netirasthcnic. 

Eechymosis  of  the  eyelids  occurs  as  the  result  of  trau- 
matism or  of  paroxysms  of  coughing,  as  in  whooping- 


cough  in  children  and  in  chronic  bronchitis  in  older  per- 
sons, or  it  may  occur  without  apparent  cause. 

When  eechymosis  of  the  eyelids  occurs  in  elderly  i)C0- 
ple  without  apparent  cause,  we  should  bi'  suspicii>us  of 
atheroma  of  the  blood-ves.sels.  and  the  interior  of  the  eye 
should  be  examined  for  hemorrhages.  We  should  also 
bear  iu  mind  that  a  hemorrhage  of  this  character  may  be 
the  preciu-.sor  of  cereliral  hemorrhage.  Extremely  hoi 
applications  are  recommended  by  some  authorities  as 
giving  the  best  results  in  ecchymoses  due  to  traumatism. 
while  others  iccommetul  iced  applications.  The  writer 
I)rcfers  the  ice  for  the  rea.son  that  it 
is  easier  to  apjdy,  and  is  tlHiefore 
likely  to  be  more  efli<iently  aiiplied 
than  hot  ai)pli<-alions.  F.ither  very 
hot  or  very  cold  apidieatioiis,  if  re- 
sorted to  as  soon  as  the  Iniumatism  is 
received,  will  prevent  extensive  dis- 
coloration of  the  skin,  but  neither  will 
accomplish  much  if  the  ajiplication  is 
delayed.  Warm  fomentations  are  not 
to  be  advised. 

Aside    from   painting    the    integu- 
ment of  the  eyelid  to  liide  the  discol- 
oration, time  is  the  best  remedy. 

Almost  cverv  conceivable  injury  which  can  happen  to 
the  integument  of  the  body  elsewhere  can  occur  about 
the  eyelids.  The  writer  has  seen  a  patient  who.se  eyelid 
was  nearly  torn  off  in  a  street  fracas,  and  has  also  seen 
an  eyelid  split  by  the  branch  of  a  tree,  and  by  being 
caught  on  a  butcher  hook.  Any  of  these  injuries  can  be 
repaired  while  still  fresh  by  carefully  cleansing  the  i>arts 
and  bringing  them  together,  retaining  their  apposition 
with  sutures.  Larger  aud  older  wounds  may  require 
extensive  plastic  operations,  the  extent  aud  nature  of 
which  will  depend  on  the  wound. 

Burns  of  the  eyelids  are  not  uncommon,  and  especially 
gun])Owder  burns.  It  is  well  in  powder  burns  to  remove, 
as  thoroughly  as  possible,  all  particles  of  iiowder  which 
may  be  iu  the  skin.  The  onh'  way  in  which  this  can  be 
accomplished  is  to  pick  the  particles  out,  one  at  a  time, 
with  a  forceps  or  spud.  It  may  tjike  hours  of  patient 
work  to  do  this,  but  the  result  amply  repays  the  time  so 
spent. 

In  many,  perhaps  most,  powder  burns,  only  the  epi- 
thelium of  the  lid  will  be  injured.  When  this  is  the 
case,  it  is  only  necessary,  after  the  powder  specks  have 
been  renio\ed,  to  aiiply  a  bichloride  vaseline,  bandage  the 
parts,  and  keep  them  clean. 

Where  more  than  the  epithelium  has  been  injured,  it 
may  be  necessary  to  stitch  the  lids  together  and  resort  to 
skin  gnifting  in  order  to  prevent  the  deformity  which 
the  cicatricial  contraction  will  produce.     The  method  of 


skin  grafting  which  gives  the  best  results  is  the  Thiersch 
method. 

The  rcjiair  of  damages  to  injured  eyelids,  and  the  re- 
lief of  deformities  occa.sioned  by  cioitricial  contraction  of 
woimds  caused  by  injuries  and  burns,  will  give  oppor- 
tunity for  the  di.splay  of  all  the  ingenuity  and  skill  an 
ojierator  may  possess. 

It  is  impossible  to  lay  down  definite  rules  as  to  when 
def(U-mitiesare  to  be  remedied  by  skin  grafting,  aud  when 
it  may  be  necessary  to  resort  to  extensive  plastic  opera- 
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I<>r>liillra, 


tlonsiind  till'  lnin«iil«iitnllim  of  liir(fe  iiIiti-s  of  nkiii  fri)m 

till- fi.r.liiii.l  1111(1   fiifi'.     As  II  rule,  it   is  lii'ltiT  l<>  rcsiTVc 

till'  'rilj<'|-s<  ll  llll'lllnil    for  lIlllMTItSt'H  ill  Wllil  ll   lllc  lIlllllllKI' 

is  Ml  rxliiisivf  tliiit  il  is  iiii|iipssiliU'liiw(MiriTii(iii);lis<)iiiiil 
Kkiii  frimi  tin-  fiirc  or  fnrrliiml  l<>  rc|>iiir  llir  (liiiiiii_jr<-— ii 
coiiilillun  sciiiH'iiiiiisfoiiiiil  iiflii- snililsiiiid  ImriiK  'I'licrr 
limy  III'  liiiii's  wlii'ii  liiiili  llii-  ti'iiiispliiiilHlioii  of  skin  iiikI 
llii'Tliinsih  iiu'IIhhI  iimv  lir  vlii|>l'>\  i-il 

All  i'.\cliil.  Ill-  IimIIi  t'vi'liils.  on  one  or  both  siilrs,  iimy 
l«'  ii'niiiicil  to  III'  ii'|iliiri'il  liy  skin  tiikrii  fioiii  llic  fori'- 
lii'iiil  or  (lii'i'k,  or  rvcn  from  soiiicoIIiit  piirl  of  llii'  lioily. 
as  tin-  iirin.  Tlii-  nccrssity  for  liikinn  ii  llii|>  from  the 
iiriii  liii|i|)riis  iiifrrc|iniilly.  and  iiin  lir  roiisicli'icil  only 
wliiii  a  rlcatriciiilcoiiilitioiiof  tlir  fine  or  foii'liiad  muki'S 
il  iiii|iossilili'  to  siriiiT  it  from  I licsr  purls.  To  riiiiovc 
a  lariii'  pii  ri' of  skill  ill  tolo  iiiiil  Iniiispliint  it  on  some 
oilirr  part  of  tlir  body  would  nsiill,  as  a  riilr,  in  tin- 
spridv  iliiitli  of  till'  part  so  traiispliiiilcd.  uiilrss  it  IV- 
maiiirdiillarlird  to  itsori;;iiial  sitiialiori  liy  ii  iii'diclc.  In 
onlcr  to  tiimspianl  a  Map  of  skin  finm  tlir  loiiarni  to  the 
oyi'lid.  and  still  nlaiii  llic  atlacliiiiciil  of  tlir  tlap  to  the 
foniirm  liy  a  prdii  Ir.  would  nrccssitatr  liaiidiiirin}:  tlu' 
arm  to  tlir  head  in  a  linn,  immovalili'  ])osilion  for  at  least 
forty  riirlit  lioiirs.  Tliis  has  liccii  done. — imlciil.  such  a 
tnin'splanlatioii  has  lircii  siicccsstiil  wiilmut  a  pcdii-li',— 
till'  pi'ili<li'  being  severed  when  the  llaji  has  united. 
Cienerally .  however,  il  is  possible  to  obtain  enoiiu'li  sound 
skin  froiii  the  fai'e.  except,  as  we  said  above,  when  there 
is  extensive  cicatricial  contraclion.  A  few  i;<'neral  rules 
are  necessary  in  onh'r  to  seiure  a  .irood  result  in  plastic 
operations.  When  the  niarjrins  of  the  liils  are  widely 
separated  or  everted,  by  cicatricial  contraclion.  Ilie  liist 
step  must  be  to  divide  the  cicalrices  and  briiijr  the  lids 
tou'elher.  holding'  Iheiii  in  proper  position  with  sutures. 
Every  conlr.iclion  which  draws  in  any  way  on  the  luur- 
jriiis  'of  the  lids  should  he  freely  loosened.  We  shall 
then  have  exposed  the  whole  denuded  surface  which  it  is 
nece.s.sary  to  repair. 

The  next  step  must  be  to  serure  the  Hap  with  which 
to  cover  this  denuded  surface,  rnilouliledly  we  have 
selecled  the  spot  from  which  this  is  to  come  lielore  we 
bciraii  our  openition.  and  have  been  inlliieiiced  in  our 
choice  bv  the  necessily  of  obtaininj:  a  strip  of  skin  larfje 
enouirh  iotill  in  the  denuded  surface,  from  a  place  where 
it  is  possible  to  secure  also  ii  lieallhy  pedicle.  The  tlap 
should  be  as  nearly  ns  possible  devoid  of  cicatricial 
tissue,  and  it  is  even  more  important  to  liave  the  pedicle 
of  healthy  skin.  We  have  seen  transplanted  flaps  thrive 
when  they  included  siiperlicial  ci<'alrices,  but  w  hen  it  is 
possible  to  utili/e  only  lieallhy  skin  it  is  belter  to  do  so. 
The  Hap  should  be  iar!;e  eiiouirh  to|>reveiil  any  tension 
on  it  or  the  parts  to  which  it  is  sutured,  when  in  stitu, 
and  it  should  be  as  free  as  jiossible  from  adipose  ti.ssue. 
The  pedicle  by  which  it  retains  its  continuity  with  the 
surrounding;  tis.sues  should  be  as  broad  as  it  is  possible  to 
make  it,  and  should  lieastlat  as  iiossible.  A  sliLdit  twist 
in  the  pedicle  is  not  fatal  to  a  uood  result,  but  any  I  wist 
which  is  likely  to  inlerfere  with  the  cin  illation  of  blo.ui 
in  the  llap  is  io  he  avoidi-d.  In  allacliiii?:  the  lUi]!  to  the 
skin  with  which  it  is  desired  to  secure  union,  line  iron 
dyed  black  silk  is  lobe  preferred.  The  sutures  should  be 
ciose  tojielher,  should  not  he  very  deep,  and  should  not 
he  tied  too  tijihtly.  The  writer  does  not  recommend  the 
useof  harelip  pins,  believinjr  that  when  they  are  nece.s.sjiry 
there  is  apt  to  lie  too  jireat  a  tension  on  the  llap  to  iicrmil 
of  union  by  tirst  intention.  A  fatal  mistake  in  jilastic 
operations  is  to  uiiile  the  jiarts  before  all  bleediii!;  has 
ceased.  Severed  arteries  w  liicli  persist  in  bleeiling  de- 
sjiite  torsion  should  be  lied  with  catirut  lij;alures.  and 
the  ooziiii:  of  capillaries  can  be  arrested  by  the  applica- 
tion of  hot  water,  or  by  jrentle  pressure:  we  must  not 
use  so  miicli  hot  water  that  we  destroy  tissues  and  cause 
sloughs.  The  writer  believes  in  the  fre(|ucnt  nasliinir 
of  the  parts  with  a  weak  bichloride  solution  duiing  the 
operation. 

After  the  parts  are  stitched  in  place,  the  spot  from 
which  the  llap  was  taken  must  he  repaired.  This  can  be 
easily  accomplished  anywhere  about  the  face,  because  of 


tlio  loosenciu  with  which  the  intcKumeiit  Ih  applied,  by 
freely  uiidermiiiiiiK  the  eiJKeH  and  brini;>>itt  them  to- 
{[{ether.  Here  is  a  coiiNidenitioii  which  liiilHt  be  taken 
into  account  when  choosini.'  a  site  from  which  to  lake  a 
thip.  We  must  be  sure  that  Ihc  briii^iiiL'  of  the  piirtH 
logelhi'r  after  the  llap  has  been  removed  will  not  creal<' a 
tension  on  the  i'd:;es  to  which  the  tlup  is  Ntltched  afttr  it 
is  in  its  new  posilioii. 

Flaps  should  not  be  taken  from  the  cheek  of  a  man 
whose  beard  is  heavy  and  placed  on  the  I'yclid.  The 
writer  has  seen  this  done,  the  llap  producing  a  thick 
grow  til  of  hair  which  uasaniioyingas  well  asdisligiiring. 

When  the  llap  has  breii  stilclied  in  place,  and  the  parts 
have  all  been  adjusted  to  our  sal  isf  act  ion.  a  d  rosing  of  bi- 
chloride gauze  shoulil  be  placed  over  the  wcninds  and  u 
bandage  loosely  applied.  This  can  be  removid  in  two  or 
three  days,  the  purls  cleansed  if  neces,sjii'y,  and  the  dress- 
ings reaiiplicd.  It  is  desirable  to  disturb  the  wounds  after 
plastic  operations  as  little  as  po.ssihie.  The  stitches  I'au 
be  removed,  a  few  at  u  time,  iu  from  three  days  tu  a 
week.     (Figs.  2088-2076.) 

Kpicanthiis  is  a  congenital  defect  chamcterizcd  by  a 
llalness  of  the  bridge  of  I  lie  nose,  and  by  liie  pre.sMtice  of 
cresceiilic  folds  of  skin  over  the  inner  caiitlii  The  (h-- 
fect  is  remedied  by  removing  an  elliptical  piece  of  skin 
from  the  bridge  of  ilie  nose  and  bringing  the  parts  to- 
gether.    ( Fill'.' 2077. ) 


Coloboma  of  tbc  eyelid  may  also  be  congenital,  and  is 
remedied  by  paring  the  edges  of  the  cffloboma  and  sewing 
them  together. 

X.Tvus.  another  congenital  defect,  a.s,sumes  a  variety 
of  forms.  A  simple  reddened  sjiot  which  varies  in  the 
intensity  of  its  hue.  often  isseen  in  tlieeyelidsof  the  new- 
born infant.  Frequently  these  spots  di.ssippear  in  the  first 
few  months  of  life.  Sometimes  an  intensely  livid  spot  may 
cover  the  whole  lid.  or  even  the  whole  side  of  the  lace 
as  well:  when  marked,  these  spots  do  not  disappear,  and 
verv  little  can  be  done  for  them.  Sometimes  the  distorted 
and Cnlargeil  bloodvessels  may  form  distinct  and  irreg- 
ular tumors.  Treatment  will  be  excision  by  means  of 
the  knife,  or  destruction  of  the  blood  vessels  by  means  of 
hot  needles  plunged  into  them.  At  times  it  may  be  pos- 
sible to  destroy  a  telangiectatic  tumor  by  lying  of  the 
blood  vessels.  "The  variety  of  these  tumors  renders  it 
impossible  to  go  into  their  treatment  in  detail  in  this 
article.  Sometimes  the  results  obtained  are  very  satis- 
factory, and  at  other  times,  unfortunately,  they  are  not 
I   satisfactory.  J-Yank  Van  Fleet. 

EYE-STONES.— The  opercula  of  certain  species  of 
gastropod  inollusks.  These  organs  are  horny  or  calcare- 
ous valves,  silualed  in  the  so-called  foot  of  the  mollu.sks. 
and  serving  to  close  the  apertuies  of  their  shells  when 
'  the  animals  withdraw  themselves  into  them.  They  are 
of  dilTerenl  shapes  and  variously  developed  in  dilTerent 
species — in  many  sjiecics  they  are  absent  altogether. 
Those  which  are  used  as  eye-stones  are  hard,  stony^ 
plano-convex  bodies,  about  as  large  as  split  peas,  0.00.5 
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to  0.01  metre  iiuliameter  (}  to  J  ineli),  rather  longer  than 
broad,  wilh  a  siiKuith  but  nilher  dull  plane,  and  a  very 
smooth  and  shininj;.  eon  vex  .surfaee.  The  former  has 
an  exeentric  white  nucleus,  from  whieli  a  brown,  right- 
banded,  spinil  line  reaches  the  edge  in  about  two  turns; 
the  outer  portion  of  this  surfaee  is  variegated  with  light 
brown  markings,  and  tinely  striated  with  nunnrous  lines 
running  in  the  opposite  direction.  The  convex  surface 
is  slightly  asymmetrical,  the  thickest  point  being  nearly 
oppo.sitc  the  nucleus  of  the  spiral  just  mentioned.  It  ;s 
brownish  fieshcolored  in  the  centre,  shading  to  white  at 
the  margin.  Many  speeiineus  are  much  worn  by  the  ac- 
tion of  the  sea:  the.se  arc  white  as  coral,  and  the  spiral 
structure  is  ditlicult  to  make  out.  Eye-stoues  are  com- 
poseil  mostly  of  lime  carbonate,  and  perform  entertaining 
movements  occasioned  by  the  diseliarge  of  carbonic  acid 
from  the  surface  when  placed  with  the  flat  side  down,  in 
a  vess<'l  containing  dilute  acids.  They  have  long  been  a 
popular  resource  in  treating  foreign  bodies  in  the  eye,  for 
which  one  is  placed  under  the  lid,  where  it  is  carried 
aroimd  by  the  movements  of  the  eye.  When  it  comes 
in  contact  with  the  mote,  this  is  carried  along  with  the 
"stonf "  by  capillary  attraction,  and  is  finally  expelled 
with  it.  They  are  a  clumsy  nieans  of  dicing  what  a  small 
amount  of  skill  will  accomplisli  with  far  more  certainty. 
and  are  deservedly  nearly  ob.solete.  The  belief  that  thi'j- 
are  alive  and  move  themselves  about  in  the  eye,  until 
they  ■■  find  "  the  mote,  is  a  popular  fallacy.  The  demand 
for  them  now  is  very  limited,  and  confined  to  the  igno- 
rant. The  supply  is  also  small  and  uncertain,  those  of 
this  port  (Boston)  coming  mosth'  in  little  lots  from  sailors 
who  bring  them  from  the  Bahamas  and  elsewhere,  as 
curiosities  or  private  ventures.  "Crab's-Eyes,"  lenticu- 
lar concretions  found  in  the  lining  membrane  of  the 
stomach  of  the  cra\vHsh,  look  much  like  eye-stones,  and 
are  di'scribed  for  them  by  several  authors.  The  descrip- 
tion just  given  will  easilv  distinguish  them, 

W.  P.  Bolles. 

EYES.  ARTIFICIAL,    ^te.  Artificial  Eyes. 

FACIAL  NEURALGIA.    See  Neuralgia. 

FACIAL  PARALYSIS  (Bell's  Palsy),— Etiology.— In 
a  large  luoportion  of  cases,  peripheral  facial  paralysis  is 
the  result  of  so-called  rheumatic  influences,  such  as  ex- 
posure of  one  side  of  the  face  to  a  draught,  working  in 
a  damp  room,  or  ^dden  chilling  of  the  body  while  in  a 
state  of  perspiration. 

The  disease  ina\-  also  be  produced  by  a  large  number 
of  org-anic  lesions,  which  may  be  situated  in  the  cranial 
cavity,  in  the  course  of  the  nerve  through  the  Fallopian 
canal,  or  after  its  exit  from  the  mastoid  foramen. 

The  lesions  within  the  cranial  cavity  which  may  give 
rise  to  this  disease  include  basilar  meningitis,  tumors  or 
exostoses  situated  at  the  base  of  the  brain,  syphilitic 
lesions  in  this  situation,  and  aneurisms  of  the  vessels  of 
the  base  of  the  brain. 

Witliin  the  Fallopian  canal  the  paralysis  may  be  the 
result  of  caries  of  the  petrous  portion  of  the  temporal 
bone,  otitis  media,  tumors  which  extend  into  the  canal 
from  adjacent  parts,  fracture  of  the  base  of  the  skull 
extending  through  the  temporal  bone,  syphilitic  depos- 
its within  or  near  the  nerve,  or  an  accumulation  of  wax 
in  the  external  auditory  canal. 

After  the  exit  of  the  nerve  from  the  mastoid  foramen, 
the  paralysis  may  be  produced  by  direct  violence  to  the 
nerve  (a  slap  on  the  face,  fall,  etc.),  pressure  upon  the 
nerve,  for  example,  the  i)ressure  of  the  forcciis  during 
parturition  (a  few  cases  have  also  been  reiiorted  in  which 
facial  paralysis  occurred  during  ditlicult  and  tedious  la- 
bor, although  the  forceps  had  not  been  used),  extension 
of  inflammation  to  the  nerve  from  adjacent  parts  (tuber- 
culous absces-ses  of  the  glands  sitinited  near  the  angle  of 
the  jaw.  par()titis,  incised  wounds  during  operations  in 
this  region,  etc.).  A  case  has  also  been  nported  in  which 
the  disease  was  produced  by  leukemic  infiltration  of  the 
nerve. 


In  comparatively  rare  eases  facial  paralysis  follows 
certiiin  of  the  infectious  diseases,  such  as"  diphtheria, 
smallpox,  erysipelas,  typhoid  fever.  Gowers  and  others 
report  ca.ses  of  facial  paralysis  after  tonsillitis,  and  Hals- 
ehek  has  seen  a  case  of  double  facial  paralysis  after 
mumps.  This  syinptt>m  has  also  been  observed  as  a 
part  of  multiple  neuritis.  Many  writers  regard  the  dis- 
ease as  usually  infectious  in  its  origin.  Several  cases 
have  also  been  reporte<l  in  which  the  di.sease  occurred 
during  the  si-condary  stage  of  syphilis,  and  was  attrib- 
uted to  the  direct  action  of  the  sy  phihtic  virus,  von  Bur- 
ski  reports  two  cases  in  which  the  jiaralysis  developed 
ten  weeks  after  syphilitic  infection,  duiin.g  the  roseola. 

The  disease  is  more  frequent  in  males  tiian  in  females. 
It  occurs  very  rarely  during  childhood  and  infancy. 

Some  writers  believe  that  there  may  be  a  neuropathic 
predisposition  to  the  di.sease.  Browning  reports  the  fol- 
lowing case  which  l)earson  this  point:  A  girl  had  facial 
paralysis  after  a  cold ;  a  few  years  later  an  older  sister 
had  a  similar  attack.  The  younger  sister  had  two  daugh- 
ters; one  of  these  had  facial  palsy  after  a  cold,  the  other 
had  a  similar  attack  during  childbed,  from  sleeping  at 
an  open  window. 

Ci.ixic.vi,  IIisToKY. — Facial  paralysis  is  almost  always 
confined  to  one  side  of  the  face.  In  very  rare  cases  it  "is 
bilateral  (diplegia  facialis),  and  in  such  cases  the  paraly- 
sis sometimes  appears  on  the  two  sides  at  different  times. 
Sometimes  a  similar  cause  operates  upon  both  facial 
nerves  (usuall}'  the  so-called  rheumatic  influences);  some- 
times one  lesion  acts  iiijon  one  nerve,  an  entirely  differ- 
ent lesion  upon  the  other  nerve.  Diplegia  facialis  is 
also  a  symptom  of  certain  bulbar  affections,  but  the  con- 
sideration of  the  symptoms  which  distinguish  the  periph- 
eral from  the  central  variety  will  be  reserved  for  the 
section  on  diagnosis. 

Ordinary  peripheral  facial  paralysis  may  begin  sud- 
denly, or  it  may  be  preceded  for  some  time  by  a  feeling 
of  fulness  and  pultiness  in  the  face,  and  by  peculiar  gusta- 
tory sensations  on  the  atfeeted  half  of  the  tongue.  "  Rare 
prodromes  consist  of  tinnitus  aurium,  dizziness,  and  pain 
in  the  face.  Gowers  has  observed  fever  and  temjiorary 
albuminuria.  In  Hoffman's  case  the  paralysis  was  pre- 
ceded by  severe  pains  in  the  right  side  of  the  neck  and 
face,  and  was  attended  by  unconsciousness.  Hence  this 
writer  believed  that  the  attack  was  constitutional  in  ori- 
gin. The  paralysis  may  occur  suddenly  and  completely 
in  all  branches  (in  rheumatic  cases  from  a  coujile  of  hours 
to  one  or  two  days  from  the  action  of  the  exciting  cause), 
or  it  may  spread  from  one  group  of  muscles  to  another 
(when  it  is  the  resuU  of  compression  by  a  slowly  grow- 
ing external  tumor  or  other  lesion  which  acts  in  a  similar 
manner).  In  the  majority  of  cases  all  the  muscles  are 
affected  in  an  approximately  equal  degree. 

The  appearance  of  the  face  is  well  shown  in  Fig.  2078. 
The  patient,  whose  photograph  is  here  shown,  was 
directed  to  contract  all  the  niuscles  of  the  face,  but,  as 
is  evident  from  the  illustration,  power  over  the  left  facial 
muscles  is  entirely  lost.  The  left  eyebrow  is  slightly 
elevated,  the  palpebral  fissure  is  enlarged,  the  naso  labial 
fold  is  effaced,  the  angle  of  the  mouth  droops  slightly 
and  is  drawn  nearer  to  the  median  line  (this  is  observed 
even  when  the  face  is  in  repose),  the  mouth  is  kept  a 
little  open  on  this  siiie.  and  the  tip  of  the  nose  deviates 
slightly  to  the  healthy  side. 

A  patient  sulTering  from  complete  facial  paralysis  is 
unable  to  wrinkle  or  corrugate  the  brow,  on  account  of 
the  paralysis  of  the  frontalis  and  corrugator  supercilii 
muscles.  On  making  a  vigorous  effort  to  close  the  eye- 
lid the  globe  is  rolled  upward  and  inward  (or  rarely  out- 
ward), so  that  often  only  the  sclera  remains  visible.  But 
the  upper  lid  descends  a  little,  even  when  the  nerve  ap- 
pears to  be  comi)letely  paralyzed.  The  descent  of  the 
eyelid  has  been  attributed  to  a  partial  relaxation  of  the 
levator  labii  superioris.  but  it  nuist  be  confessed  that 
this  explanation  is  not  very  satisfactory.  On  account  of 
the  iiaralysis  of  the  orbicularis  ])alpebrarum  the  jumcta 
lachrymalia  are  no  longer  kept  applied  to  the  globe,  and 
consequently  the  tears  cannot  make  their  way  into  the 
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I'lirnlolt. 


Imhrviiml  riiiiul  iiiiil  imsiil  tavll v.  Ilfiuc.  llii'  pntlcnta 
siilTri"  rrnm  ovcrtlow  of  Imri  Tiir  imnilysis  of  llic  or 
Miiilmis  »ls<i  jircvriils  wjiikitiK  iiml  lli''  rlcisuri'  of  llu- 
rvf  (liiriiii;  sk'i'p.     Tlii'  r(iiisi'i|Ui'iit  irrilalli«ii  of  III"'  <'yi' 

liall  limy  i:\\r  rlw  lo  i jiiiiclivilis  uiul  kmililis.  lliiiiiKli 

llii>i  tliicH  lint  liuiipi'ii  very  oflcii.  The  lower  liil  limy  lie- 
come  everted. 

The  iihi  iiiisi  on  the  imnilvzeil  side  eiiimol  Ik-  (list<-ii(le<l 
-I  vii.'oroii-.l)  as  on  the  healthy  siile,  iiiiil   hence  siiiell  is 

s -Hhat    hii|>aiieil.     Tliis   iinpairnieiit    of  smell    is  ill- 

creiised  still  ftirtlier  iiwiiiK  to  the  fact  that  diversion  of 
the  tears  from  the  imsal  cavity  causes  dryness  of  llie 
Schiieiderian  iimcoiis  iiiemliraiie. 

Till'  aiiL'leof  Ihe  moulh  droops  n  little,  and  is  ilrawn 
-liiihtly  toward  Ihe  median  line.  This  plieiiomenon  is 
iiicieasi'd  upon  hriniiiiiir  into  play  the  muscles  which  are 
iiisiTted  into  the  opposite  an;;le  of  the  iiioutli,  as  in  the 
act  of  laughing.     The  lips  cannot  be  closed  on  the  ttf- 


y*>^ 


Flc;.  airs.  -Well-iniirke<l  Fiiclal  I'anilvsis  i>f  Ilie  I^ft  Side.  (From  a 
plicitiiimirli  taken  at  llie  iiininent  wiieii  llie  patient  was  told  to  I'on- 
tnicl  nil  lliu  mtiwles  of  lib  face.) 

fected  side,  and  lience  whistlins  is  rendered  impossible. 
The  pronunciation  of  labials  may  be  interfered  with,  but 
in  many  ca.ses  articulation  is  uudi.sturbed.  The  cheek 
on  the  pandyzed  side  tlaps  loosely  when  the  patient  at- 
tempts to  pulT  it  out.  Mastication  is  also  interfered  with 
t<i  a  certain  extent,  on  account  of  the  paralysis  of  the 
buccinator  muscle.  The  food  is  apt  to  accumulate  be- 
tween the  cheek  and  teeth,  and  must  be  dislodged  frc- 
ipieiilly  by  ihe  patient's  tins;ir.  In  a  considerable  pro- 
portion. p(rlia|is  the  majority,  of  cases  taste  is  impaired 
upon  Ihe  antirior  third  of  the  ton.srue  on  the  paralyzed 
side,  and  sometimes  the  palieiil  complains  of  peculiar 
subjective  sen.sjitions  in  this  locality.  This  is  owing  lo 
the  fact  thai  the  chorda  tympani  nerve,  which  supplies 
Ihe  aniirior  third  of  the  tongue  with  gustatory  libres, 
joins  with  the  .seventh  nerve  during  its  course  through 
the  Kallopian  canal.  Some  doubt  still  attaches,  how- 
ever, to  Ihe  anatoinical  and  physiological  relations  of 
this  nerve. 

The  lonirue  is  protruded  in  a  straight  line,  but,  on  ac- 
count of  tile  displacement  of  the  oral  tissure  toward  the 
healthy  side,  there  is  an  apparent  deviation  of  the  organ 
toward  tlii'  paralyzed  side. 

In  I'eitain  cases  {riil,  thi-  section  on  diagnosis)  the  pal- 
ate and  uvula  are  found  lo  be  panilyzeil.  L'|)on  inspec- 
tion the  panilyzed  velum  palati  is  seen  to  hang  lower 
than  on  the  opposite  side,  and  Ihi-  uvula  may  be  deflected 
to  one  or  the  other  side  (the  latter  phenomenon  is  some- 
times observed  in  healthy  individuals).  These  parts  also 
remain  almost  motionless  during  phuuatiou.  or  when  re- 


flex uction  is  excited  bv  irrilullon  of  llic  fnii.  • 

I  it  ion  is  also  interfered  with  to  a  certulii  evttiii.        :ii.ii 

the  iialii'iils  often  swallow  the  wrong  way.     Some  writ 

ers  (li-nv  the  iMciirreiice  of  an  alTcilion  of  lh<'  vebiiu  .|iir 

iiig  facial  paralysis.      Lermovez  coiiich  to  Ihe  coik  Iu-mh 

that  Ihe  vi-lum  is  innervated  idinost  entirely  by  the  pneii- 

niogastric. 

Ah  a  mil'.  Ihe  sensibility  of  the  integiiineiit  reinainR 
iinafTected.  but  in  a  few  cases  the  patients  complain  of  a 
feeling  of  numbness  of  the  skin.  In  these  ca.ses.  how- 
ever, we  have  never  been  able  to  detect  any  objective 
evidences  of  disturbed  sensation.  Tlii'  syinptoin  in  ijues- 
tion  is  probably  the  result  of  an  im])li<'alion  of  some  of 
the  recurrent  iibres  of  the  trigeminus  in  their  course 
along  the  facial  nerve. 

Iliaring  may  bealTecled.  somelimes  asthe  result  of  the 
lesion  which  gave  rise  to  the  paralysis,  sometimes  as  the 
result  of  the  paralysis  itself.  In  the  latter  event  Ihe 
patient  sulTers  from  hyperaciisis  (also  called  oxyokoia), 
i.e.,  increa.sedsensiliveni'ss  toaiidilory  impressions.  This 
has  been  explained  by  the  paralysis  of  the  stapeiliiis 
muscle  (which  is  supplied  by  Ihe  facial  nerve),  and  the 
consei|uent  predominance  of  the  action  of  the  tensor 
tymiiani  (supidied  by  the  tiflli  nerve).  Herpes  zoster 
is  sometimes  seen.  Klippel  distinguishes  febrile  zoster 
(infectious  disease)  combin<'il  with  facial  paralysis  from 
the  accidental  herpes  eruiilions.  which,  like  the  accom- 
panviug  facial  paralysis,  are  due  to  delinite  lesions  of 
central  parts  or  of  the  peripheral  nerve.  In  the  former 
event,  thecruplion  may  lie  present  only  on  the  jiaralyzed 
side  of  the  face  or  also  in  other  itarts,  or  it  may  not  be 
located  in  the  face  at  all.  Kemak  reported  a  case,  com- 
plicated with  zoster  of  Ihe  anterior  two-thirds  of  the 
tongue  on  the  paralyzed  side.  The  zoster  recovered 
during  the  first  week  of  the  jiaralysis. 

In  some  cjises  the  muscular  and  nerve  irritability 
remains  normal  throughout  the  course  of  the  disease. 
Sucli  cases  usually  recover  spontaneously  and  with  great 
rapidity. 

Many  cases  present  various  stages  of  transition  from 
normal  electrical  excitability  to  the  coinplet('  form  of  de- 
generation reaction.  Indeed,  we  find  not  infrequently 
that  one  case  presents  various  conditions  of  electrical  ex- 
citability in  dilferent  muscles  and  branches  of  the  nerve. 
If  the  jiaticnt  does  not  recover  from  the  disease,  the 
electrical  inilability  of  the  muscles  gradually  diminishes, 
and  is  tiiially  abolished. 

Experimental  investigations  have  shown  that  the  de- 
generation ri'action  is  the  result  of  certain  lesions  of  the 
paralyzed  nerve  and  muscles.  When  the  degeneration 
reaction  is  at  its  height,  it  is  found  that  the  axis  cylinder 
has  disappeared,  the  medullary  substance  has  undergone 
fatly  degeneration,  and  the  nuclei  of  the  sheath  of 
Schwann  are  increased  in  number;  the  interstitial  con-' 
nectivc  tissue  and  nuclei  undergo  prolifeialion.  At  the 
same  time  the  muscular  fibrillie  are  diminished  in  size 
and  their  nuclei  iucrea.sed  in  number ;  the  transverse  striiE 
are  less  distinct  or  absent,  and  the  interstitial  connective 
tissue  is  increased  in  amount.  If  recovery  ensues  all 
these  changes  gradually  dis)ip|iear. 

Flatau  reiiorts  a  case  of  left  facial  paralysis  due  to 
chronic  tuberculous  otitis  media,  with  total  degeneration 
reaction  (O.K.).  Death  occurred  within  a  year  from  tuber- 
culosis. The  central  portion  of  the  nerve  was  found  dc- 
gencrateil  in  its  intramedullary  and  basal  course :  the  cells 
of  the  left  facial  nucleus  were  swollen,  misshapen,  etc. 
The  degeneration  extended  to  the  intranuclear  facial  tibres, 
the  left  a.seending  root,  the  efferent  root,  etc.  These 
Endings  show  that  'Waller's  law  of  degeneration  is  no 
longer  tenable  as  first  laid  down.  The  peripheral  motor 
nerve  is  dependent  on  the  cell,  but  is  only  part  of  a  co- 
herent, indivisible  entity  (the  neuron),  and  the  destruc- 
tion of  any  pait  of  this  "unit  leads  to  changes  in  the  entire 
neuron. 

Ill  another  case  of  paralysis  from  middle-car  disease, 
Darkschewitsch  and  Ticho'now  found,  on  autojisy,  the 
neunleinma  unaflfected:  the  lesions  were  those  of  purely 
parenchymatous  neuritis. 
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In  a  few  cnsi-s  rcc-oviTV  is  not  complete,  and  spnsnis 
and  contrjKluri'  uf  tlii'  niiisflcs  arc  lift  over  as  sr(|iicl;i'. 
These  eonditidiis  nmy  exist  separately,  lull  tliey  are  usu- 
ally assoeiated  with  one  another.  Tlie  spasms  consist  of 
short,  (juick  contractions  of  the  muscles,  occurring  irreg- 
ularly, and  very  nuich  reseniMing  facial  tic.  These  spas- 
modic movement.sare  unattended  with  pain  and  are  often 
unnoticed  liy  the  patient. 

Cunlracture  is  olisi'rved  particularly  in  the  levator  pal- 
pehne  .siiperioris  ahviiue  na.si  and  zygoniatici  muscles, 
anil  causi's  retraction  of  the  angle  of  the  mouth  upward 
and  outward.  It  thus  tends  to  overcome  the  original 
deformity  jiroduccd  hv  the  paralysis.  AVlien  the  con- 
fracture  is  very  marked,  the  deepening  of  the  uaso-labial 
fold  to  which  it  gives  rise  may  create  a  deceptive  a])- 
pear.uici'  of  ]iai-alysis  upon  the  opposite  side  of  the  face. 
An  error  in  <liagnosis  may  be  obviated  by  directing  the 
patient  to  laugh,  whereupon  it  becomes  evident  that  the 
contractured  nuiscles  remain  motionless,  while  those  on 
the  healthy  side  contract  normally. 

Gowers  thinks  it  probable  that  contractures  and  clonic 
spasms  are  due  to  changes  in  the  facial  nucleus,  caused 
by  continued  interruption  in  the  nerve  tracts  and  constant 
irritation  of  the  centre  during  attempts  to  move  the  facial 
muscles.  The  cell  resistance  is  diminished  and  hence 
the  cells  react  with  abnormal  facility. 

If  complete  |iaralysis  of  the  muscles  remains  per- 
manent, the  muscles  will  undergo  atrophy,  so  that  the 
affected  half  of  the  face  looks  smaller  than  the  other 
side. 

Oppenheim  has  described  a  rare  combination  of  per- 
il>liend  facial  paralysis  with    hysterical    symptoms, 
viz..  hysterical  hemiana'sthcsia  on  the  sjime  side.     The 
paralysis  persisted  but  the  hernia niesthesia  disappeared 
in  a  short  time. 

Ill  diplegia  facialis  the  face  presents  a  rcmarkal)le  ap- 
pearance  inasmuch  as  it  is  absolutcl)'  devoid  of  expres- 
sion, and  even  the  most  violent  emotions  are  experienced 
by  the  patient  without  the  slightest  change  of  counte- 
nance. The  lower  lip  droops,  and  saliva  is  constantly 
flowing  from  the  mouth.  Articulation  and  deglutition 
are  interfered  with  to  a  very  marked  degree. 

Di.vr.Nosis. — The  differentiation  of  |)eripheral  from 
central  facial  |iaralysis  is  usually  cjuite  easy.  In  the  lat- 
ter affection  the  muscles  of  the  forehead  and  eyelid  are 
very  slightly  involved.  As  a  rule,  however,  on  direct- 
ing the  patient  to  close  only  the  eye  on  the  paralyzed 
side,  it  becomes  evid<nt  that  this  is  done  with  less  vigor 
and  promptitude  than  on  the  healthy  side.  The  affected 
muscles  present  no  changes  of  electrical  excitability, 
however  ])rofoiind  the  i)aralysis  may  be.  It  will  also  be 
noticed  that  the  voluntary  and  the  retlex  contractility  of 
the  paralyzed  muscles  are  often  in  marked  contrast  to  one 
another,  the  latter  being  much  greater  than  the  former. 
Furthermore,  the  clinical  history  of  the  two  affections  is 
usually  decisive.  In  the  cerebral  variety  the  facial  pa- 
ralysis is  almost  always  associated  with  paralysis  in  some 
other  part  of  the  body,  usually  of  the  arm  and  leg  upon 
the  same  side.  In  addition,  cerebral  facial  jiaralysis  gener- 
ally develops  after  an  apoplectic-  seizure,  which  is  usu- 
ally accompanied  by  unconsciousness. 

in  a  certain  iiroportion  of  cases  the  disturbance  of  gus- 
tation on  the  anterior  portion  of  the  tongue,  the  paraly- 
sis of  the  velum  palati  and  uvula,  and  tlie  history  of  a 
previous  disea.se  which  may  have  produced  a  lesion  of 
the  seventh  nerve,  will  aid  us  in  clearing  up  any  possible 
doubt  in  diagnosis. 

In  rare  cases,  however,  facial  paralysis  produced  by 
lesions  of  the  pons  Varolii  presents  most  of  the  charac- 
teristics of  peripheral  facial  paralysis.  If  the  lesion  is 
situated  in  the  lower  half  of  the  pons,  the  facial  paraly- 
sis is  iussociated.  as  a  rule,  with  hemiplegia  of  the  oppo- 
site side  of  the  body.  AVhen  the  lesion  is  situated  in  the 
upper  half  of  the  ])ons  (before  the  decussation  of  the  sev- 
enth nerves),  the  face  and  limbs  are  paralyzed  on  the 
same  side  of  the  body.  The  frontalis  and  orbicularis 
palpebrarum  may  be  entirely  ))aralyzed.  as  in  ordinary 
peripheral     i^aralysis,   and,   in   addition,   there   may   be 


marked  changes  in  the  electrical  excitability  of  the  facial 
nerve  and  muscles.  But  a  mistake  in  diagnosis  is  usu- 
ally obviated  by  the  presence  of  other  symptonis  of  a 
pons  lesion,  such  as  contraction  of  the  pupils,  marked 
difliculty  in  swallowing  and  articulation,  and  paralysis 
of  various  cerebral  nerves  (trigeminus,  abduceus,  hypo- 
glossus),  etc. 

After  the  diagnosis  of  the  peripheral  character  of  the 
disease  has  been  made,  we  should  also  endeavor  to  deter- 
mine its  location  more  accurately.  As  a  rule,  this  can  be 
done  with  great  certainty  on  account  of  the  peculiar  ana- 
tomical relations  of  the  nerve. 

If  the  lesion  is  sitiiateil  above  o  (Fig.  2079).  the  patient 
will  suffer  from  paralysis  of  all  the  facial  muscles,  of  the 
uvula  and  velum  palati.  and  from  disturbances  of  hear- 
ing, but  gustation  will  be  unimpaired.  This  is  owing  to 
the  fact  tliat  the  chorda  tympaui  nerve  enters  the  facial 
nerve,  in  all  probability,  at  the  ganglion  geniculatum 


Fic.  21179.- Schematic  fteprcsentatlon  of  tlie  namiflcations  of  the 
Facial  Nerve.  (After  Elcliliorst.)  /r.  Trunk  of  facial  nerve:  <io, 
trunk  of  aconstic  nerve:  iiai,  tnteriial  auiliiory  fnraincii ;  im.gaD- 
plion  srenii'Ulaium  :  p-f/H,  nen'us  petmsiiis  siiperflcialis  major:  stp, 
nerviis  st;tpciims;  e/if,  chorda  tympani:  /«f.  styloiii  foniincn  ;  nap, 
posterior  nuri'-iilar  nerve:  /h"  and  ."(/i,  nerves  to  tlie  lii^'a.stnc  and 
stvlo-hyi>iii  imiscle.s;  trg,  trg',  ini",  try'",  trunk  and  brandies  of 
the  trigeminus ;  gsp,  spbeno-palatine  ganglion ;  Ig,  lingual  ner\e. 

through  the  petrosus.superficialis  major  nerve, /wm  (from 
the  trigeminus).  The  chorda  tympani  leaves  the  facial 
nerve  between  2  and  8.  cht,  and  then  joins  the  lingual 
branch  of  the  trigeminus. 

If  the  lesion  is  situated  between  the  ganglion  genicu- 
latum and  the  point  at  which  the  nerve  to  the  stapedius 
rau.scle,  ntj),  is  given  off.  the  symptoms  will  consist  of 
paralysis  of  all  the  facial  muscles,  disturbances  of  hear- 
ing, and  imjiairmeiit  of  taste  on  the  anterior  third  of  the 
tongue.  The  velum  palati  is  unaffected  in  this  case, 
probably  because  its  motor  fibres  are  given  off  at  the 
ganglion  genieiilatum,  (i;/.  If  the  lesion  is  situated  be- 
tween the  origin  of  the  staiiedius  nerve  and  the  point 
at  which  the  chorda  tymiiaiii.  r/it.  leaves  the  facial  nerve, 
the  symptoms  just  mentioned  will  be  present,  with  the 
exception  of  the  disturbances  of  hearing.  A  lesion  be- 
low the  point  at  which  the  chorda  tympani  is  given  off 
will  simply  ]iroduce  paralysis  of  the  superficial  muscles. 

It  must  be  remembered,  however,  that  these  remarks 
hold  good  only  in  those  cases  in  which  the  lesion  is  of 
such  character  as  entirely  to  destroy  the  couductibility 
of  the  nerve  at  the  affected  part. 

Prognosis. — The    prognosis  depends  chiefly  on  the 
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diameter  of  tho  lesion  which  ImiKlvcn  rlHcto  thu  punily- 
KJs.  mill  IlK'rt'rorc  viirlcs  urnirilinjL;  In  timl  of  tlii'  |iri 
iiiiiiy  ilisciisc  Wlirii  tlic  iinvf  is  invnlvid  ilinilly,  iis 
ill  I  ii'-i's  iif  rlu'iiiiiiitic  iiri^'iii,  or  lliosi' line  to  infrctioiis 
ili^i  ;i-i  ■-,  III-.,  till-  |iriiK'i""is  'i"iy  !"•  ilrlriiiiiiii-il,  ill  grnit 
iiK  ii'-iiK'.  Iiy  llii'  ('liiiii}.'i's  ill  ■ji'i'lririil  ixcilaliilily. 

Wlirii  llir  rvrilaliilily  nl  liii-  iiirvi' iiml  iniiscli's  is  iiii- 
cjiiiiitrril,  Ijirilisiiisi'  will  usually  niuvcr  sponlaiu'ously  in 
friiiii  I  Willi!  four  weeks.  If  conipleleilejfeiieratiiiii  reai'liim 
is  piesciil,  recnvery  eaiiiiiit  lie  lixikeil  fur  in  less  lliaii  from 
lliree  111  six  III'  nine  nmiillis.  But  the  case  slmulil  nut  lie 
leiranleil  as  iilisuliitely  hupeless,  <'Veii  if  the  elect riiiil  ex- 
citaliilily  is  almlislieil  for  a  slmrt  periotl. 

1°lie  ilevelopnieiit  of  niiiseiilar  spasms  anil  cuntracturc 
is  a  very  unfortunate  event.  In  no  ea.se  of  this  kind 
wliiili  lias  eoiiie  iiinler  our  observation  lias  recovery  oe 
curreil.  Till-  eontnirtiire  usually  continues  to  iiicrcii.se 
in  severity,  ami  after  a  while  the  muscles  iiiiilergo  a  cer- 
tain amount  of  atrophy.  These  two  factors  may  K'^*" 
rise  to  consiiicnilile  ilisliiiureiiicnt  of  the  face. 

As  11  rule,  the  iliseasi'  runs  a  loiificr  couikc  in  those 
cases  in  which  the  lesion  is  .situatcil  within  the  Fullopiau 
canal. 

TnK.vTMKNT. — Tlic  causiil  treatment  varies  with  the 
nattire  of  the  iiriniaiy  disi-ase  (alTections  of  the  inidille 
ear.  syphilitic  lesions,  tumors,  ele.).  The  usi' of  leeches. 
blisters,  and  the  adininislnition  of  strychnine,  which  arc 
strcmtoiisly  recommendeil  liy  .some  writers,  have  been 
attended  with  such  iinsiilisfactory  results  in  our  lianils 
that  We  now  rely  exclusively  upon  electrical  trealnient. 

In  tlios<'  casi'S  in  which  I  he  electrical  excitability  of  the 
panilyzeil  nerve  and  mu.sclcs  is  unclianiied.  trcatmeut  is 
unnecessary,  since  recovery  occurs  spontaneously. 

When  complete  deirencralion  reaction  is  present,  elec- 
tricity should  be  applied  to  both  thu  nerve  and  the  mus- 
cles, and  in  the caseof  the nervethe galvanic currentalone 
should  be  employed.  A  small  electrode,  the  anode,  is 
placed  immediately  over  the  mastoid  foramen  (between 
the  mastoid  process  and  the  lobe  of  the  ear)  on  the  af- 
fected side,  tlie  cathode  (with  a  similar  electrode)  over 
the  opposite  mastoid  fonimen.  The  current  will  there- 
fore pass  throiiirli  the  petrous  portion  of  the  temporal 
bone,  and  act  upon  the  nerve  in  its  passage  throui.'li  the 
Fallopian  canal.  It  should  not  be  strong  enough  to  ])ro- 
du(  e  a  feeling  of  pain  or  vcrti.sro,  no  interruptions  should 
lie  made,  and  the  sittings  should  be  held  for  three  or  four 
minutes  every  other  day.  AVitli  this  method  wc  may 
combine  labile  galvanization  of  the  muscles.  One  me- 
dium sized  electrode  (usually  the  cathode)  is  placed  upon 
the  back  of  the  neck,  the  other  small  electrode  is  slowly 
pas.sed  over  the  alTccted  muscles.  The  froutalis  and  cnr- 
rugator  supercilii  muscles  are  brought  into  play  by  pass- 
ing the  electrode  horizontally  across  the  forehead,  a  little 
above  the  eyebrow.  The  levator  labii  superioris  ahequc 
na.si.  zygomatici,  and  buccinator  are  brought  into  play  by 
passing  the  electrode  along  the  side  of  the  nose  (begin- 
ning near  the  inner  angle  of  the  eye),  and  then  outward 
across  the  check,  immediately  below  the  malar  bone. 
Labile  applications  may  also  be  made  directly  to  the  or- 
bicularis oris  and  chin  muscles.  In  appHcations  to  the 
orbicularis  palpebrarum,  we  arc  in  the  habit  of  placing 
a  very  small  electrode  upon  the  muscle,  at  the  outer 
angle  of  the  eye.  anil  then  interriiiiting  the  current  (by 
means  of  an  interruiitor  in  the  handle  of  the  electrode). 

In  an  ap|iarently  inciinible  case  of  facial  paralysis  due 
to  a  giinsliol  wound.  Fanro  and  Furet  stitched  ilie  per- 
ipheml  extremity  of  the  facial  nerve  to  the  adjacent 
branch  of  the  spinal  accessory.  The  results  in  this  case 
were  not  very  sjitisfactory,  but  in  view  of  the  experi- 
ments made  by  various  observers  it  is  ])robable  that  sur- 
gical interference  will  prove  useful  in  a  limited  number 
of  Cjvses. 

In  some  cases  the  excitability  of  the  muscles  will  be 
found  to  have  sunk  to  such  a  low  ebb  that  it  becomes 
neces,s4\ry  to  employ  the  intrabiiccal  method  of  galvani- 
zation. One  electrode  is  then  placed  upon  the  luuscle 
which  we  desire  to  stimulate,  the  other  directly  opposite 
ipon  the  mucous  membrane  of  the  cheek. 


After  the  nerve  liiui  recoven'<I  IIh  electricol  excituhllftv, 
the  fimidie  current  may  be  emiiloyed.  either  U|>iiti  the 
muscles  tlieinsi'lves,  or  by  simply  piiKHing  the  electro<l<! 
ailing  a  vertical  line  imiiiediatilv  in  front  of  ilie  ■  iir.  In 
order  111  stimulate  the  pes  anserlnuH  us  it  spread^  out  in 
this  locality. 

We  may  altempt  to  relieve  coiitrattures  by  stabile  gnl- 
vanizalioii  of  the  affected  muscles,  the  negative  pole 
being  applied  to  the  mastoid  foninieti,  the  poslliu'  pole 
to  the  contraelured  muscle.  Massage  of  Ihe  mus<lis  has 
also  been  employed  for  this  jiurposi'. 

In  all  electrical  applications  in  this  diseiuu-,  the  e|ec< 
Irodes  should  be  very  Ihoroiighly  moistened,  and  the 
current  should  merely  pos.sc.ss  siilllcicnt  slrenglh  to  pro- 
duce visible  muscular  contractions.  Iah'JuiIiI  Putzd. 

F^CES. — The  term  "fa'ces"  is  applied  to  the  excrc- 
mentitioiis  substance  that  normally  leaves  the  body 
IhidUgh  Ihe  anus.  The  material  consists  of  the  waste 
from  the  intestinal  walls  and  the  unabsorbed  residues  of 
the  various  secretions  into  the  alimentary  tnict.  together 
wilh  an  admixture,  in  varying  anioun Is.  of  iindigeslcdand 
])arlially  digested  food,  and  al  times  such  adventitious 
substances  as  may  be  taken  inio  the  aliiiienlary  canal  jitr 
(IK  and  which  are  iml  absorbed.  The  common  idea  tliat 
the  faces  in  health  consist  chietly  of  food  residue  is  not 
sustained  by  the  results  of  recent  investigations. 

After  the  intestinal-contents  have  pa.ssed  the  ilco-cffical 
valve,  they  rapidly  lake  on  the  characteristic  con,sislence, 
color,  and  odor  of  facal  matter,  being  altered  by  the  ab- 
sorption of  the  liiiiiids  and  soluble  substances,  as  well  as, 
to  some  extent,  by  the  continuation  of  putrefactive  and 
fermentative  processes  and  by  admixture  with  the 
strongly  alkaline  secretions  of  the  large  intestine.  The 
extent  of  these  changes  is  largely  influenced  by  the  rapid- 
ity with  which  the  contents  pass  through  the  colon. 

Piivsir.M,  Cii.Mi.vcTKits. — The  (jumitity  passed  in 
twenty-four  hours  varies  greatly,  but  is  estimated  to 
average  r2()-20()  gm.,  in  a  healthy  man  on  a  mixed  diet. 
It  is  dependent  to  some  extent  on  the  (|uantity  and  ipial- 
ity  of  food  eaten,  but  is  influenced  as  well  by  the  condi- 
tion of  the  digestive  organs  as  regard  secretion  and  ab- 
sorption, and  the  frequency  of  evacuation.  As  a  rule  the 
(|uantity  of  ficces  increases  with  the  relative  increa.se  in 
the  amount  of  vegetable  food  in  the  diet.  It  is  probable 
that  this  is  due  largely  to  the  greater  resistance  of  veget- 
able food  to  digestive  action  and  the  subsequent  stimula- 
tion of  peristalsis  by  the  undigested  residues,  with  a  re- 
sulting diminution  of  absorption.  In  an  infant  fed  on 
cow's  milk  the  quantity  is  regularly  considcnibly  greater, 
even  up  to  ten  times,  than  the  amount  passed  by  a  breast- 
fed babe.  This  is  due  not  alone  to  diirereuce  in  digesti- 
bility, but  to  a  considerable  extent  to  the  much  larger 
quantity  of  milk  given  in  arliticial  feeding,  which  both 
adds  to  the  qtianlity  of  undigested  food  residue  and  in- 
creases the  residue  from  intestinal  secretion  and  waste. 
The  quantity  of  fa'cesevacuateil  is  occasionally  increa,sed 
by  pathological  products,  inchuling  mucus,  blood,  pus, 
and  serous  Huid. 

The  ciitiir  is  normally  derived  from  the  intestinal  secre- 
tions, notably  from  Ihe  bile,  and  under  certain  conditions 
is  also  veri'  consideralily  inlluenced  by  the  food,  the 
stools  of  a  mixed  diet  usually  being  a  medium  shade  of 
brown,  tho.se  of  a  meat  diet  dark  to  blackish  brown,  and 
the  evacuations  following  the  exclusive  ingesticm  of 
vegetable  food  being  a  light  brown.  The  stools  of  an 
exclusive  milk  did  vary  in  color  from  orange  to  light 
yellow.  The  dark  color  is  due  to  ha'inatin,  and  to  some 
extent  to  the  compact,  dry  condition  of  the  fa'cal  matter. 
In  ]iarticular  instances  the  color  may  be  modified  by 
special  coloring  matters  ingested  with  the  food,  as.  for 
example,  chloiophyl,  derived  from  large  quantities  of 
green  vegetables.  Adventitious  ingesta  as,  C..7..  certain 
medicaments,  may  determine  the  color.  Thus,  calomel 
may  cause  a  green  coloration,  probably  by  causing  the 
presence  of  biliverdin.  and  bismuth  or  iron  may  each  be  re- 
duced or  may  cxceiitionally  ai>pcaras  the  black  siil|ihide. 
Again,  unusual  changes  in  the  intestinal  contents  may 
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modify  the  color,  as  the  giowtli  of  bacteriii,  producing 
pijriiu'iil,  notjiMy  irrccu.  or.  as  (Hcurs  frcciiiciilly  in  in 
faiUs.  ilicrc  tnav  l>i-  a  |)n)ilti(li(in  of  unusually  strouf; 
alkalinity  in  llir  uppor  inti-stinal  tract,  causing;  the  pres- 
ence nf  liilivciilin  iu  the  fic<-cs  in  (pianlitics  siillicicnt  to 
impart  a  green  color.  Finally,  there  are  th<' clay  stools 
after  conipli'te  suppression  of  the  bile  ami  the  similar 
appearance  incases  without  jaiuulicedue  to  the  presence 
of  excessive  amounts  of  fat. 

The  ihIiii-  of  the  fa'cal  matter  of  adults  is  characteristic 
and  is  to  be  attributed  to  the  presence  of  skatol  and 
indol.  and  prubably  to  oilier  arimialie  iiroihicts  formed 
by  the  putrel'aeliou  of  the  intestinal  contents.  When  the 
pas.s!ige  through  the  intestines  is  rapid  there  may  be  little 
or  no  luoductioii  of  .skatol.  as  in  the  rice-water  stools  of 
cholera,  which  are  almost  or  (luite  odorless.  The  stools 
of  an  infant  do  not  normally  have  a  putrid  odor,  but  if 
strongly  acid  they  may  have  a  lanciil  smell 

Normal  stools  are  cylimlrically^Wmcrf  and  have  a  defi- 
nite consistence.  When  the  iias.sage  through  the  large  in- 
testines is  r!i|>i<l  or  the  secretion  into  the  bowels  unusually 
abundant,  they  may  become  soft  or  even  watery,  while 
under  opposite  conditions  they  may  lie  considerably 
hardened  and  assume  the  form  of  balls  or  very  thin 
cylinders,  these  hardened  masses  being  known  asscybala. 
The  so-called  leaii-lU'neil  form  is  in  no  way  indicative  of 
intestinal  stenosis,  but  is  the  rule  when  there  has  been 
complete  abstineiu'c  from  food,  and  may  be  caused  by 
spastic  or  iiaraiytic  conditions  of  the  large  intestines. 

After  the  exclusive  ingestion  of  soft  food  the  structure 
is  usually  homogeneous,  while  in  fieces  of  the  various 
mi.xed  diets  hard  and  undigested  jiortions  of  food  may  be 
distinguished — as,  for  example,  seeds,  fragments  of  fruits 
and  vegetables,  orfibroustissue.  Adventitiousadmixtures 
of  foreign  substances  are  occasionally  obseiveil,  such  as 
fragments  of  wood,  pieces  of  iiuill.  buttons  and  ]iins. 
The  appearance  in  the  stools  of  bits  of  food  tissue,  recog- 
nizable to  the  naked  eye,  sometimes  results  from  digestive 
insutliciency,  eitliermeclianical  or  chemical.  lusufflcient 
mastication  is  the  most  frcMpieiit  mechanical  fault.  A 
failure  of  the  chemical  processes  of  gastric  digestion  is 
followed  by  the  appearance  of  bits  of  connective  tissue, 
while  insutlicient  pancreatic  digestion  leads  to  the  pres- 
ence of  undigested  muscle  fibre.  Kither  biliary  or  pan- 
creatic insulliciency  may  be  followed  by  the  appearance 
of  much  fat.  Food  fragments  are  more  abundant  in 
diarrhceal  discharges,  the  material  in  some  instances  pass- 
ing the  entire  length  of  the  alimentary  tract  in  a  few 
hours  and  almost  unchanged.  In  such  stools  pieces  of 
meat  may  be  seen  or  milk  clots  of  various  shajies  and 
sizes.  As  a  rule,  the  inner  portion  of  formed  stools  is 
more  recent  than  the  otiter,  the  passage  through  the  in- 
testines following  the  i>rilinarv  rule  of  How,  being  ujore 
rapid  in  the  centre  and  retarded  at  the  perijihery. 

Faical  matter  has  a  certain  fnlurence.  If  it  does  not 
contain  evident  food  residue  the  mass  usually  does  not 
crumble  readily,  wlicn  stirred  with  water,  as  do  stools  in 
which  much  food  residiu'  is  i)resent.  particularly  plant 
ti.ssne  and  undigested  casein.  A  large  amoimt  of  fat  in- 
creases the  coherency,  as  does  also  in  some  in.stances 
much  mticus,  though  possibly  this  is  due  to  the  accom- 
panying fat. 

Inspection  of  the  alvine  discharges  occasionally  reveals 
the  presence  of  jxillioloi/icnl  tiilriiij-tureii.  Blood"  if  from 
the  lower  bowel,  is  recognizable  to  the  unaided  eye,  but .  if 
changed  by  contact  witii  the  dig(?stive  juices,  it  merely  im- 
parts a  dark  color  or  tarry  consistence  to  the  stool.  Like 
w  ise  jius  is  recognizable  only  when  it  has  been  discharged 
into  the  lower  part  of  the  large  intestine.  The  normal 
stool  may  contain  on  its  surface  visible  mucus,  but  not 
in  any  considerable  amounts.  In  catarrhal  conditions  of 
the  intestines,  however,  the  amount  of  mucus  may  be 
greatly  increased,  appearing  either  as  a  glassy  layer  "sur- 
rounding the  fa'cal  matter,  as  in  diseased  condiiions  of 
the  lower  portion  of  the  liowel,  or  mixed  with  soft  fa'ces,  in 
■which  case  the  mucus  adheres  to  a  glass  rod  dipped  into 
the  evacuation;  or.  linally.  it  apjiears  in  watery  dejecta 
as  small  (loating  i)articles.  readily  recoguized.     lu  mem- 


branous enteritis  mucus  is  passed  in  long  strings  or  as 
a  continuous,  tubular  membrane,  sometimes  dense  and 
opaijue  so  as  almost  to  appear  tibrinous.  In  cholera  and 
to  a  less  extent  in  .some  other  conditions  great  ipuintities 
of  serous  tluid.  a  true  transudate,  are  evacuated  with  the 
intestinal  contents. 

Micnoscoi'ir  Cn.Mt.vrTlcns, — Microscopic  examinatioit 
of  facal  matter  reveals  a  mass  of  bacteria  and  detritus  iii 
which  is  endiedded  a  greater  or  less  number  of  recogniz- 
able mor]ihological  and  crystalline  elemenls,  some  being 
residue  of  food  or  a<lveiitilious  ingesta,  others  being  prod- 
ucts from  iidiabitants  of  the  intestinal  tract,  while  still 
othersueh  elementsare  those  derived  from  the  body  itself 
and  its  .secretions. 

VrnrtiMc  cells  and  fibres  of  variable  form  may  be  en- 
countered, some  containing  starch  granules  or  masses  of 
chlorophyl.  Occasionally,  especially  in  diarrlKcal  stools 
and  where  there  is  a  failure  of  ]iaiicreatic  digestion, 
stnicli  graiuiles  more  or  less  unaltered  are  recognized  in 
considerable  number.  They  turn  blue  in  contact  with  a 
solution  of  iodine.  Hoseidieim  states  that  he  could  not 
detect  ().()  per  cent. ;  hence  it  appears  that  less  than  one-, 
half  ])er  cent,  of  starch  cannot  be  detected  with  certainty 
by  microscopic  examination. 

*Of  the  residues  from  iniiiiuilfood,  connective  tissue  may 
be  i^resent  in  variable  amoimt,  being  incrciuscd  when  this 
class  of  food  is  ingested  in  large  quantity,  and  when  there 
isa  deticiency  of  gastric  digestion.  Where  such  food  has 
been  sparingly  eaten,  the  appearance  of  areolar  fibres  in 
notjible  numbers  is  nearly  always  indicative  of  deficiency 
of  the  chemical  processes  of  gastric  digestion.  Ehtstic 
fibres,  except  to  a  very  limited  extent  in  the  instances  in 
which  thev  come  from  swallowed  tuberculous  sputa,  arc 
derived  from  the  food  and  are  not  indicative  of  any  con- 
dition of  disease.  Partially  digested  bile-stained  muscle 
fibres  are  nearly  always  found  in  the  stools,  still  preserv- 
ing their  transverse stria^  so  as  to  be  recognizable,  though 
the  general  appearance  of  the  fibres  may  be  much  altered. 
They  are  not  rendered  more  numerous  liy  gastric  defi- 
ciency,but  the}-  are  apt  to  remain  bound  together  by  bands 
of  undigested  connective  tissue.  A  large  increase  on  a  lim- 
ited meat  diet  is  indicative  of  deficiency  of  intestinal  diges- 
tion. Undigested  milk  clot  is  at  times  present  in  the  ex- 
crement of  adults,  and  is  fre(|uently  seen  in  the  stools  of 
infants.  Theyarc  recognized  by  the  absenceof  structure, 
the  presence  of  fat  globules  and  proteid.  as  indicated  by 
microchcmical  tests,  and  the  solubility  of  the  coagulated 
proteid  in  dilute  alkali  and  its  reprecipitatiou  by  acetic 
acid. 

p'at.  in  the  form  of  globules  and  as  fat  tissues,  is  oc- 
casionally seen,  but  is  commonly  present  as  needles, 
single  or  in  clusters.  These  are  probably  fatty  acids  in 
combination  willi  ealeiiiiii  and  magnesium,  alkali-earth 
soaps.  They  are  present  in  enormous  numbers  in  acholic 
stools  and  are  regularly  increased  when  there  is  a  de- 
ficiency in  the  absorption  of  fat. 

Cholesteriu  cri/ntiiln  rarely  appear  in  the  stools,  this 
substance  not  beinganormal  constituent  of  fa<cal  matter. 
Since  it  is  usually  present  in  meconium,  in  the  stools  of 
starvation,  and  in  evacuations  when  digestion  isarrested, 
its  appearance  in  crystalline  form  is  to  be  looked  for  in 
these  conditions,  Sti'icoriii.  into  which  cliolesterin  is 
normally  converted  in  the  intestinal  tract,  crystallizes  in 
thin  delicate  needlesand  hence  is  distinguished  with  ditli- 
eiilty  from  alkali-earth  soajis.  Whether  this  siilistance 
aii)iears  in  crystalline  form  in  the  stools  is  unknown. 

I'liiis]iliate  crvslalsare  regularly  seen  in  the  microscopic 
examination  of  fa'ces.  cither  as  wedge-shaped  prisms, 
single  or  in  clusters,  of  the  neutral  calcium  salt  or  as  the 
triple  phosphate  in  its  various  forms  (see  under  I'rint). 
They  are  without  iiatliologieal  signifii'ance. 

Calcium  oxalate  crystals  are  fie(|Uently  recognized  in 
fiecal  matter.  They  are  in  many  instances  derived  from 
the  food,  but  there  is  reason  to  believe  that  oxalate  is  at 
times  formed  in  the  fermentative  and  putrefactive  |iroc- 
esses  of  alimentation.  In  the  light  of  o\ir  present 
knowledge  its  occurrence  in  crystalline  form  camiot 
be  considered  significant  of  any  pathological   nrocess. 
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C'ryslaJH  of  oilier  orKimic  siilts  of  (tilciiini  an-  ilcscriln'tl 
as  occiirriiif;  in  stcKiU.  llic  lai-lati-  in  tin-  disclmrL'i'H  of 
chililp'ii.  a|i|>rarin;{  as  sIii-uvch  of  railiaiin;;  niiillrs.  imkI 
till-  ari'tato  anil  liiilynitf  in  the  <liseliar/{es  of  ^'aslrie  and 
iuli'stinal  ealarrli.  Tlie  oecurrence  of  aniorpliouH  par- 
ticles or  (lunililiill  crvsials  of  ralciuni  carlionale  anil  of 
prisms  or  iliiinlilirll  sliapid  aniorplions  masses  of  ealeiiini 
Billphate  is  eM'ei'ilin^'ly  nire  anil  proluilily  ilevoid  of 
pullioloirieal  siiriiillianie.  After  the  ailmiiiisinilion  of 
liismulh  lilaek  crystals  appear  in  the  8touls;  iu  shape 
they  eloselv  reseinlile  hiemin  crystals. 

Chareol  l,eyileii  crystals  are  oeeaNJonally  »<>cn,  most 
frei|Uen(ly  when  intestinal  panisiles.  particularly  worms. 
are  present.  Tiny  are  also  seen  in  typhoid  fever  and 
iu  catarrhal  conditions  of  the  linwel. 

ttf  the  iiiiirii/iiil";/iriil  tlriii,  iiIk  derived  from  the  boily 
epithelial  cells  are  most  freipiently  seen,  as  they  are  al- 
ways present.  Si|inimntisepillielia  come  (loin  the  re;;ion 
of  the  anus,  and  ale  the  least  chanired.  The  columnar 
variety  is  less  frii|uently  recoirni/.ed.  lieinir  much  altered 
by  partial  ili;;estion  and  abstraction  of  inoisliire.  If  in 
great  niimtiers  I  hey  point  to  intestinal  catarrh,  but  are 
of  no  further  diairnoslic  importance.  The  possibility  of 
the  presence  of  liilsof  neoplasm  should  always  be  borne 
in  mind,  but  their  reco'^nilion  when  such  a  ^'rowth 
exists  is  only  occasionally  possible.  The  casts  of  mucous 
enteritis  and  colitis  freinnntly  seem  to  lie  tilirinous. 
but  microscopic  examination  sliows  that  they  consist  of 
deii.se.  more  or  less  transformed  mucus.  Portions  may 
be  intiltrated  with  larire  numbers  of  small  round  cells. 
Blood,  unless  present  in  lariieamount,  is  recoirni/.ed  from 
the  red  corpuscles  only  when  it  comes  from  the  lower 
portion  of  the  rectum,  llemorrhiiiric  stools  frequently, 
however,  contain  reddish  blow  n  h.-ematoidiii.  sometimes 
prcst'iitinir  a  somewhat  crystalline  striictuie.  the  crystals 
appearin!;  in  some  instances  after  a  hemorrhasre  had  oc- 
curred sevenil  days  before  the  stools  were  piissed.  In 
black  tarry  stools  the  presence  of  blood  can  be  proved 
only  by  chemical  tests  (see  Vol.  II..  page  T4).  Pus  cor- 
piisedes  occur  in  dysentery,  ulcerative  processes,  and 
where  an  abscess  has  emptied  into  the  bowel.  Leuco- 
cytes are  usually  much  degenerated  and.  if  present  in  con- 
siderable numbers,  arc  usually  .significant  of  ulceration. 

PiirnnittK. — F;cces  contain  lower  forms  of  ve.iretable  life 
which  von  Jaksch  divides  into  two  classes  according  to 
the  manner  in  which  they  stain  with  iodo-potnssic-iodide 
S'llution.  viz.,  those  that  stain  brown  or  lirownish-yellow. 
and  those  that  stain  blue.  The  latter  occur  in  relativelv 
small  numbers  in  health.  Moulds  are  rarely  present  in 
fii'cal  matter,  only  the  thrush  fungus  being  occasionally 
seen,  ;iiid  then  in  children  with  thrush.  Yeast  cells  arc 
very  common,  being  luesent  even  in  the  stools  of  breast- 
fed infants.  They  arc  luore  abundant  iu  the  acid  stools 
of  children.  The  fission  fungi,  chiefly  bacteria,  probably 
in  most  instances  constitute  the  greater  portion  of  the 
bulk  of  fa'cal  matter,  occurring  in  enormous  numbers, 
the  figures  obtained  by  dilTerent  observers  who  have 
attempted  to  enumerate  them  ranging  from  l,i,000  to 
80,000  or  even  higher  as  an  average  for  each  milligiam. 
Animals  thrive  in  the  absence  of  these  forms  of  life  in 
the  intestinal  contents,  and  they  are  not  present  during 
ftetal  life,  yet  their  presence  is  probably  not  w  ithout  bene- 
fit. Ou  a  strict  milk  diet  the  number  nipidly  dinnnishes. 
In  the  stools  of  infants  the  bacteria  coiumonly  present 
are  the  Bacillus  coli  communis  and  the  Bacillus  lacl  is  aero- 
genes;  they  give  rise  to  acid  fenuentatiou  with  the  pro- 
duction of  acetic  and  higher  fatty  acids  and  occasionally 
formic  acid,  but  they  do  not  occasion  a  true  putrefac- 
tive process.  The  varieties  in  the  stools  of  adults  are 
very  numerous,  more  than  tifty  species  having  been 
i  lentirted,  a  number  that  does  not  at  all  adequately  ex- 
jtress  the  many  species  that  probably  are  present  under 
all  possible  conditions.  It  is  generally  accepted  that  the 
colon  bacillus  is  the  most  constant  inhaliitant  of  the  lower 
bowel,  and  with  it  are  several  of  the  dilTerent  species 
active  in  putrefactive  proccs.ses.  For  an  account  of  the 
individual  species  and  of  the  pathogenic  bacteria,  see 
the  article  on  l>ii<-ttiia  aud  those  tliat  treat  of  the  various 
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ilis(it<u>f).  Animal  iHinuiiii-Hof  varioiifi(l*-wript)onnt  llinwi 
inhabil  the  intestinal  tract,  and  may  be  passxt  with  the 
sliMils.  They  include  various  pmto/.oa,  nuiny  hpecles  of 
worms,  and  not  a  few  insects.  For  uu  accuunt  of  tluiie 
s<'e  the  article  on  I'nriitiitiJi. 

CllKMir.M,  t'oMI'iisiTloN.  —  Xorinal  fa'ces  contain 
»e<('«^n('((/i</r"/<j£i/('Subslaiiceslo  theextentof  fromKixtv- 
eight  to  eighty  two  percent,  of  their  weight,  the  water 
coinprisiiii;iibout  five  pel  cent,  of  the  totiil  aniiiiinl  lost  by 
the  body  through  the  variouschiinnels.  In. soft  and  watery 
stools  the  amount  of  watiT  may  increasi  to  ninety  si'ven 
per  cent,  or  more,  while  in  hard  stools  it  may  diminish 
considenibly.  The  other  volatile  con.stituents  present  in 
relatively  small  amounts  are  volatile  fatty  acid.s,  phenol, 
iiiilol,  and  skatol. 

On  iirnilioii  faces  usually  yiehl  an  amount  of  u«/(  c(|Ual 
to  about  one  ei.irhth  or  h'ss  of  the  total  solids,  but  tlii.s 
does  not  represent  the  condition  of  the  mineral  matter  in 
the  fresh  material,  since  the  acids  of  the  ash  are  to  a 
considenible  extent  formed  from  the  organic  matter  in  the 
_process  of  combustion.  Avoiding  this  enor.  Griindzach 
found  iu  a  normal  adult,  living  ou  a  mixed  diet,  that  the 
bases  Were  chiefly  calcium  and  in  smaller  amounts  potas- 
sium and  magnesium,  with  still  less  of  .sodium  and  a  very 
small  amount  of  iron,  and  that  twenty-two  per  cent,  of 
these  bases  were  comljiind  with  inorganic  acids,  chiefly 
pliosphorii'.  but  with  small  amounts  of  sulphuric  anil 
liydrochloric.  and  that  the  remaining  seventy-eight  per 
cent,  were  combined  with  organic  and  carbonic  acids.  In 
stools  containing  much  serous  transudate  the  quantity 
of  cldoride  is  greatly  increased.  Studying  the  secretions 
of  the  large  intestine  iu  a  patient  with  an  artificial  anus 
in  the  lower  ileum.  Kobert  and  Koch  found  that  on  an 
average  one-fourth  of  the  solids  is  ash.  about  one-half  of 
this  in  one  exaiuination  being  phosiihate.  It  is  evident, 
then,  that  the  inorganic  .solids  are  derived  from  the  in- 
testinal and  other  secretions  as  well  as  from  the  food 
residue.  The  ipiantity  of  iron  is  usually  found  to  vary 
between  2  and  '2'y  mgm.  in  twenty-four  hours,  but  it  has 
been  found  to  be  50  mgm.  or  more  in  malarial  infection 
with  much  destruction  of  ha'moglobiu. 

The  chief  class  of  organic  substances  in  the  fieccs  is  the 
priililih.  the  most  important  of  these,  the  albuminoid  bases 
of  intestinal  mucus,  forming  the  chemical  basis  of  ficcal 
matter.  This  is  not  mucin  as  was  formerly  supposed, 
but  a  phosphorus-containing,  albuminous  substance, 
probably  identical  with,  or  closely  allied  to,  nucleo- 
albumin.  True  mucin  is  not  regularly  present  in  fa?cal 
matter.  It  is,  however,  the  chief  substance  imparting  to 
human  bile  its  mucila.iriuous  character,  and  presumably 
may  at  times  pass  from  the  bile  into  the  ficces,  as  well 
as  from  tlwsjdiva  iuwiiich  it  is  an  important  constituent, 
anil  from  the  food;  but  it  has  not  been  i)roved  to  be  a 
regular  constituent  of  human  excrement.  Appreciable 
quantitiesof  albumins  and  globulins  are  prc.scnt  iu  patho- 
logical conditions  only,  namely,  when  there  is  serous  fluid 
Iiresent,  or  when  the  food  has  jiassed  throii.srh  the  bo*iy 
so  rapidly  as  to  escape  complete  digestion,  and  less  fre- 
quently when  the  digestive  function  itself  is  not  prop- 
erly maintained.  Thus  in  typhoid  and  dysentery  al- 
bumins may  be  found;  in  the  rice-water  stools  of  cholera 
they  are  constantly  present;  they  have  likewise  been 
found  in  stools  deficient  in  bile.  Since  microscopic  bits 
of  bile-stained  meat  fibres  can  always  be  recognized  in 
stools  after  a  meat  diet,  it  is  presumable  that  myosin  is 
present  at  thesjuue  time;  but  the  quantity  under  ordinary 
conditions  is  hardly  appreciable.  Another  class  of  pro- 
teids  not  present  in  the  ficces  of  health  is  the  products 
of  digestion,  the  proteoses  and  peptones.  Thcv  are  con- 
stantly present  whenever  pus  is  found  in  the  stools,  and 
ine.irularly  in  certain  other  conditions.  Nucleins  are 
stated  to  be  commonly  present  in  fiecal  matter.  Whether 
in  most  instances  they  arc  true  nucleins  derived  from  the 
food  or  are  paranncleins  from  mucus  and  nucleo-albumins 
of  the  food  residue  is  uncertain,  liut  it  seems  jirobable 
that  in  many  instances  they  arc  paranncleins.  Leucin 
and  tyrosin  are  not  present  in  the  evacuations  of  health, 
and  in  diseases  only  when  the  passjtge  through  the  lower 
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bowel  has  \>ven  so  rnpiil  ns  not  to  permit  of  absorption, 
IUmu'c  tlu'V  arc  to  l)c  lodUiil  fm,  and  arc  fiiMjurnlly  found 
in  the  stools  of  clioleiaauil  otlier  enndilioiisiliaiacterized 
by  watery  inovenitiits.  Crystals  of  cakiuni  and  nia;;- 
nesiiini  soaps  were  at  one  time  believed  to  he  tyrosin 
crystals,  hut  their  true  nature  is  now  reeo!.'ni/eil. 

An  iuiporliint  elassof  suhstaneesappearinir  i"  lliefii'ces 
in  greater  or  lisscpiantily  is  they'./?.vand  iheinlerivatives, 
consisllnf;  eliietly  <if  neutral  fal  and  snaps  with  .some 
frt'e  fatly  aeids.  "  The  total  i|uaiility  of  these  in  an  adult 
on  an  averaiie  mi.xed  diet  In  health  is  only  exeeptionally 
ns  hiu'h  as  twen;ylive  per  lent,  of  the  dry  solids  of  fiecal 
matter,  the  soaps  and  free  fatty  aeids  usually  pre.sent 
makinir  up  three  quarters  of  the  amount,  with  perhaps 
rather  iiiore  soaps  than  free  aeids,  Thcubsohitequaiitily 
isinllueiieed  by  the  eliaraeterof  the  food,  only  to  a  liiiiitcil 
extent.  In  starvation  and  on  some  diets  the  fat  of  the' ex 
crement  even  exceeds  the  (piantity  ingested,  while  it  has 
been  observed  that  increasing  the  fats  of  the  diet  as 
much  as  twenty  times  only  doubles  the  amount  in  the 
stools,  When  100  gm.  are  ingested  not  more  than 
from  4  lo  6  percent,  of  this  amount  should  be  contained 
in  the  fa>ces.  It  is  interesting  that  the  fat  of  lower  melt 
ing-point  is  more  readily  alisorlied.  the  fatty  acids  re- 
covered from  the  stools  usually  inelling  seven  degrees 
higher  than  those  of  the  food.  With  diminished  absorp- 
tion the  dilTerence  is  less,  and  in  diarrho-a  may  be  almost 
inapprc-<ialile.  The  presence  of  free  fatty  acids  iu  the 
ingested  fats  likewise  favors  absorption  and  correspond- 
ingly diminishes  the  amount  excreted.  Iu  obstructive 
jauiidice  the  total  (piautity  of  fat  is  greatly  increased, 
the  amount  in  some  instances  reaching  sevent3'-tive  per 
cent,  or  more  of  the  dry  solids,  without  there  being  any 
considerable  relative  increase  of  neutral  fat.  With  a 
failure  of  the  pancreatic  secretion,  either  w-ith  or  without 
obstruction  of  the  bile,  there  is  likewise  an  increase  in  the 
fats  excreted,  but  with  a  marked  relative  increase  in  the 
neutral  fat.  When  the  fats  are  thus  increased,  whether 
from  iiisnilicient  bile  or  pancreatic  Huid,  the  stools  take 
the  gray-white  color  and  soft  consistence  that  character- 
izes the  socalled  acholic  stool,  Jlentiou  should  be  made 
of  the  enormous,  thick,  Jiulpy  stools  of  a  dirty  dark  gray 
color  and  greasy  appearance  sometimes  seen  in  diabetics. 
They  contain  a  large  ((uautity  of  neutral  fat  and  other 
food"  residue,  and  are  to  be  attributed  to  a  diminution  or 
absence  of  pancreatic  fluid,  from  extensive  lesion  of  the 
pancreas,  which  in  these  cases  is  the  primary  cause  of  the 
diabetic  condition.  ()th('rc<inililions,  in  which  an  increase 
in  the  excretion  of  fats  has  been  observed,  are  fevers, 
though  usually  not  typhoid,  and  some  cases  of  aiuvnua. 

Viirbv/ii/tlriilei'  ajii^ear  iu  the  fa'ces  only  when  they  are  in- 
gested and  escape  tligestion  and  absorption.  If  they  are 
easily  soluble  their  utilization  is  usually  complete,  being 
determined  entirely  by  the  motor  and  absorjitive  fimc- 
tions,  while  starch  demands  the  action  of  diastatic  ferments 
for  solution,  and  starch  granules  enclo.sed  in  cell  walls  are 
dependent  .still  more  on  this  latter  function,  and  also  call 
into  exercise  the  action  of  bacteria  to  dissolve  or  decom- 
pose the  cell  cellulose.  These  facts  are  iu  accord  with 
the  observation  that  raw  starch  is  more  apt  to  appear  in 
the  stools  than  cooked  and  soluble  carbohydrates.  Con- 
siderably smaller  (piantities  of  starch  can  be  detected  by 
the  fermentation  test  than  by  microscopic  observation 
of  the  iodine  reaction,  by  the  former  niellioil  0.1  per 
cent,  in  one  instance  having  been  readily  indicated,  while 
by  the  latter  0,0  jier  cent,  was  not  r<-cogidze<l,  though  it 
does  not  seem  improbable  that  here  the  structural  form 
was  lost,  and  even  that  the  starch  was  present  in  the  solu- 
ble condition.  Dextrin  and  gums  may  sometimes  be 
(ietected  in  the  stools,  but  even  in  diabetes  dextrose  is 
not  present,  though  secretion  into  the  intestines  be  in- 
duced by  iitirgation.  Of  the  pentoses  rhanuiose  readily 
appears  in  the  stools,  xylose  less  readily,  and  arabinose 
only  after  its  ingestion  in  large  quantities.  Cellulose  is 
not  dissolved  by  the  <ligestive  ferments,  but  to  a  slight 
extent  is  decomposed  into  methau  and  carbon  dioxide  by 
bacterial  action.  A  large  percentage  is  evacuated  un- 
changed. 


Of  the  bile  derimlives  the  most  important  is  the  pig- 
ment. Under  ordinary  conditions  bilirubin  is  reduced  in 
the  intestines  to  the  color  constantly  present  in  faces, 
known  as  hy<lroliilirubin.  and  lo  certain  colorless  closely 
allied  substances  capable  of  ready  oxidation  into  pig- 
nienl.  The  name  "stercobilin,"  used  by  Vanlair  and 
Masius.  who  supjiosed  the  color  to  be  formed  from  bili- 
rubin by  oxidation,  is  still  used  by  some  writers  rather 
than  Maly's  term,  which  ixpresses  the  true  chemical  re- 
lationship. The  average  amount  contained  in  the  twenty - 
four  hours'  evacuation  was  found  by  one  oliserver  to  be 
0,;ili  gm,,  not  including  the  colorless  jiroducls  capable  of 
yielding  |iiginent  by  oxidation,  of  which  a  very  consider- 
able amount  maybe  i)assed.  Under  certain  conditi(ais. 
as  has  been  seen,  the  usual  change  in  bile  ]iigment  does 
not  occiu',  and  biliverdin  is  lueseiil.  giving  to  the  dis- 
<harge  a  green  color.  In  the  gray  "acholic"  stools, 
either  bile  ])ignient  is  absent  or  it  is  obscureil  by  the  pres- 
ence of  excessive  quantities  of  fats.  In  the  latter  in- 
stances, the  residue  of  fa'ces  will  he  seen  to  be  colored, 
when  the  fatty  matter  has  been  extracted  with  alcohol- 
ethir.  Biliary  acids  are  to  a  large  extent  absorbed  from 
the  intestinal  tract,  either  as  such  or  after  decomposition. 
Cholalic  and  cholcidic  acids  are  regidarly  present  in  the 
fa'ces.  but  not  in  large  amount.  Taurin  is  likewise  pres- 
ent, but  it  has  been  found  that  the  quantity  in  twenty- 
four  hours  is  only  0.32  gm.  When  the  passage  through 
the  intestines  is  very  rapid,  so  a.s  not  to  permit  either  the 
usual  chemical  changesorabsorption,  the  bile  acids  or  the 
products  of  1  heir  decomposition  appear  in  the  fa'Ces  iu 
greater  amount. 

Lecithin  is  not  present  iumore  than  traces,  being  either 
decomposed  or  absorbed  as  such;  of  the  products  of  ita 
decomposition  the  fatty  acids  are  in  jiart  excreted  with 
the  fscces.  It  has  been  already  statid  luider  w  hat  condi- 
tions cholesterin  is  present  and  that  ordinarily  this  sub- 
stance is  reduced,  during  its  passjige  through  the  in- 
testines, tostercorin,  Thisdiscovery  of  Flint  has  received 
abundant  contirmation  in  the  last  few  years,  and  it  is  now 
estal)lished  that  normal  f.Tces  of  the  a<lult  do  not  contain 
cholesterin.  The  amount  of  stercorin  is  usually  one  gram 
or  less  ill  twenty-four  hours.  This  substance  (iilVers  from 
cholesterin,  not  only  in  cry.stalline  form  but  in  chemical 
composition,  its  formula  being  CaitLtO  (cholesterin 
C:,ILr,0),  and  in  chemical  behavior.  The  chloroform 
solution  gives  with  concentrated  sulphuric  acid  a  yellow 
coloration  which  on  longstanding  changes  to  deep  yel- 
low and  linally  deep  red.  It  does  not  form  halogen  ad- 
dition lu-oducts.  The  crystalline  needles  melt  at  9.")-%' 
C.  Little  need  be  said  of  the  fats  and  snaps  of  the  bile, 
since  they  meet  the  s;ime  fate  as  these  substances  in  food. 
That  they  appear  in  the  faeces  in  i)art  is  indicated  by  the 
passage  of  fat  in  starvation,  and  also  with  a  fat-free 
diet. 

The  volatile  substances  of  f;eces  include  volatile  fatty 
acids  and  aromatic  products  of  decomposition.  Of  the 
former  three  fourths  consist  of  aci'tic  acid  and  the  re- 
mainder of  butyric,  isobutyric.  valerianic,  and  caproic 
aeids.  and  perhaps  traces  of  others  higher  in  the  fatty 
acid  series.  These  bodies  are  formed  very  largely  as  a 
result  of  ]iutrerying  and  fernienliiig  of  the  intestinal 
coiiteiils.  Lactic  acid  should  be  mentioned  in  this  con- 
nection since  it  is  regularly  present  in  the  acid  stools  of 
infants  on  a  milk  diet.  The  aromatic  decomposition 
lU'oducts  jihenol.  indol.  and  skatol  are  present  in  the  putrid 
fa-ees  of  the  adult.  Occasionally  hydrogen  sulphide, 
ammniiia  and  other  volatile  base's  contribute  to  the  odor. 
In  the  milk  stools  of  infants  deconi  posit  ion  ]iroducts  are 
usually  absent,  though  occasionally  indol  may  be  found. 
Indol  and  skatol  are  colorless  crystalline  solids  formed  in 
the  large  intestines  from  albuminous  substance  by  putre- 
faction and  possessing  a  disjigreeable  imngent  odor. 
Indol  has  the  formula  C, II, .NIL  while  skatol  is  methyl 
indol.  C.IL.CIL.NII.  Kacli  of  these  substances  may  be 
absorbed  and  is  then  eliminated  in  the  urine  or  sweat, 
after  uiKlergoing  slight  oxidation  and  entering  into 
ethereal  combination  either  with  acid  potassium  sulphate 
or  with  glycuronic  acid,  the  indol  in  this  condition  ap- 
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Vtrvvm, 


jH-iiriiidHH  liiilc>»yl,  the  Inrtlcnnof  the  urinp.     In  thcfircpn 

till'  i|iiiiiilily  >'t   tlii'si'  Hiilistniurs  is  Hiiiiill,  but  siitliciLiil 
to  (fin-  cluinirlir  111  llic  cxiivinrMl 

Tlif  iiitnHjfiiiiiiniiHtitliiiii-iji.  usiiiilly  I'Xcrrlcil  liy  llii'kiil 
iirvs.  lit  liiiHH  Inivi'  llic  liiiily  ill  llir  fu'ccM  ill  ciiiisiilinililc 
Hllll>lllll^•  'I'lius  liolh  iircii'miil  iiiiiniipiiiiiiii  nulls  iiiiiy  lir 
pri'M'iit  ill  iiniiiiiii  in  iiolalilr  c|iiiiiiiiiics.  wliili-  it  ii|i|Miirs 
llmt  till-  piiriii  liiiscs,  MiMlliin  iiml  liy i«(iMiiilliiii.  iirc  in 
It'iiliii'iniii  cMnMcd  tliriiiii;li  this  iliiininl  to  llii'  cxliiil  "f 
1  iiii\  II  (liiy.  wliicli  iiini'iint  isc>v.-n  jrn'iil'T  ilian  Iciivcs 
thr  lioilv  ill  llii' urine  Sinii- llicsi'  siilislHiHfs  iirc  prcs 
tilt  in  si'imll  inmiilitics  in  liiiillli.  Iliry  niwst  In-  (■iinsiclcrcil 
noniml  toiisliliicnl-'inf  tin-  fii'tvs.  Tlicy  iircnol  iiu'rciiM'il 
ill  j;iMil.  I'lir  utitl  liiis  not  Ix-fii  foiiinl  in  I  lie  fii'Ci'S  of 
null) 

Mciilion  slioiilil  Ik-  iiiiule  of  tlie  components  of  intes- 
tiiml  lliilus.  Tliry  ronsist  of  curliiin  ilioxidc.  Iiydroiii-n. 
nitrop'ii.  mill  iiHlImn  Ail.  Siliiniilt  cipiirlinlrs  tlml  tlic 
unmnnt  of  iiilmiriii  lii'irrnsis  with  mi  increase  in  the 
trnilcmv  of  tlie  nialerial  to  uiiiIiti.'i>  fernieiilnlion.  wliieh 
romlition  (lepenilson  (he  iiniouni  ami  ileirreeof  digestion 
of  lliiTarlioliydnileof  (lie  food.  Tliu  ([uantity  of  nicthiiu 
varies  in  llie  siiiiie  way. 

Tliere  are  present  in  tlie  fii'ees  sulislanc-es  tliat  render 
tills  material  imisonous.  Kegardinj;  them  and  the  puisim 
onspriHlmtsiii  the  various  diseiuses  tlie  render  is  referred  lo 
the  arlieleon  .\iil"iiil"j^idiliiiii,  and  he  is  also  reminded  of 
the  prohaliility  that  I  lie  fieees  will  at  times  contain  the  tox- 
ins priKlmed  liy  the  liarl<Tia  that  arc  active  in  the  intes- 
tine,s  iliiriiiir  the  formalion  of  the  fa-ces. 

An  aeeount  of  the  chemistry  of  the  fa'Ces  is  incomplete 
without  nientinn  of  the  r/uiiiicut  itiirlioii.  In  the  adult 
it  is  alkaline,  the  acid  cont<'nts  of  the  upper  inlesliual 
•met  licinamore  than  neiitndized  liy  the  abundant  secre- 
tion of  sodium  ciirlioiiale  liy  the  larsre  intestine,  and 
ftirnishiii!;  conditions  favonible  foraminoniacal  fermenta- 
tion. Ill  typlioiil.  ainmoniiim  caibonate  is  jiresi'iit  in 
unusual  quantity,  sivinj;  an  increased  alkalinity.  After 
n  diet  rich  in  vesietables  the  fu'ccs  may  be  slightly  acid; 
when  bile  is  wantinj;  they  are  strongly  so.  They  are 
usually  acid  in  iiilaiits.  and'in  adults  as  well  are  markedly 
so  in  acute  indigestion,  the  acidity  being  due  to  lactic  and 
butyric  acid  fermentation. 

Finallv.  mention  should  be  made  of  certain /crmcH?* 
usuallv  present  in  f;ecal  matter.  A  diastalic  ferment  is 
constantly  present,  derived  apparently  from  the  lower 
part  of  tlic  small  intestine,  the  amount'varying  inversely 
with  the  solids.  Iieing  greatest  in  dinrrho'a.  It  is  not 
influenced  by  the  character  of  the  diet.  Invertin  is  Siiid 
to  accompany  diastase  in  the  stools  of  infants.  A  pro- 
teolytic ferment,  which  is  apparently  trypsin  that  has  es- 
caped destruction  in  its  rapid  passage  through  the  bowel, 
is  reported  to  be  present  in  diarrho'al  discharges. 

In  the  study  of  the  digestibility  or  utilization  of  a 
deliiiite  food  or  dietary,  it  is  important  to  distinguish  the 
fiFcid  matter  containing  the  residue  from  this  particular 
ingested  material.  The  lupanition  of  the  simh  thus  be- 
comes an  important  jiart  of  the  experimental  observa- 
tion. This  is  accomplished  by  the  ingestion,  at  the  be- 
ginning and  end  of  the  experimental  period,  of  material 
which  so  marks  or  characterizes  the  fa'Cal  discharge  as  to 
render  pos.sible  a  mechanical  separ.ition,  both  from  the  fa'- 
cal  matter  preceding  and  from  that  immediately  following. 
A  eonsidenible  numberof  substances  have  been  eini>loyed 
for  this  purpose,  including  in  dogs  bone,  silica,  and  cork, 
and  in  man  lampblack,  milk,  and  carmin.  Perhaps  the 
most  Siitisfa<tory  procedure  is  to  limit  the  meal  imme- 
diately im'ceding  the  periinl  of  the  special  dietary,  and 
also  the  meal  immediately  following,  to  milk,  with  which, 
at  thesjimetime.  several  gelatin  capsules  containing  lamp- 
black are  to  be  taken.  In  the  separation  ad  vantage  can  then 
be  taken  both  of  the  Siilvc  like  consistence  of  milk  stools 
and  the  dark  color  imparted  by  the  lampblack.  In  many 
instances  this  se])anition  is  very  s;itisfactory.  but  in  diar- 
rhiea.  am!  particularly  in  constipation  with  formation  of 
scybala.  the  liouiid.'iry  line  is  not  always  will  marked. 

Alter  the  fares  correspondini:  to  a  iletiiiitc  period  have 
been  obtained,  it  is  then  desirable  to  distinguish  what  por- 


tion of  the  iimlcriul  («  nmidue  from  the  ln)fMt«Hl(llet.  niiil 
what  is  waste  from  the  iiiti'iliiiiil  tnict  Tin  i list inci Ion  lie- 
Iweeii  the  inrtitlnttikiii  rttiithit ,  as  llieM-  proiliirts  are  called, 
and  the  food  residue  isa  matter  of  extreme  dilllciilty,  itixl 
altlioiigli  it  has  ri'ceived  much  iitlention.  therelK  no 
melhiHl  known  at  the  prewnl  dav  that  serves  to  accom- 
plish ihiHi'iid,  except  under  detinue  and  restricted  coikII. 
tions.  The  procedure  of  estimating  tin-  metaboli<'  priMl- 
ducts  in  the  faces  of  starvation  and  deducting  iIiIk 
amount  from  the  total  is  inapplicable,  since  the  metu- 
bolic  products  are  increased  with  the  ingestion  of  f<jod 
and  are  depi'iident  upon  its  character  and  amount.  In 
many  iiisiaiiees  no  elTort  is  made  to  ilistinguisli  between 
metabolic  and  foiMl  residues,  the  total  fa'ces  being  de- 
ducted from  till' amount  of  foiHl  ingested  and  the  difTer- 
elice.  instead  of  beini;  termed  "digestible  "  food,  being 
called  "available  "or  "  utilized  "  food,  and  the  factors  de- 
ducted liein;;  termed  "coelllcienl  of  availability  "  or  "co- 
ellicieiil  of  utilization."  Kvidently  these  factors  repre- 
sent the  net  gain  to  the  body  rather  than  the  digestibility 
of  the  food. 

Till'  fa'ces  are  at  times  the  subject  of  special  examina- 
tion to  ascertain  the  condition  of  the  intestinal  processes. 
The  macroscopic  apiiearan<<'  alone  may  indicate  a  diminu- 
tion of  the  chemical  or  an  increase  in  motor  function,  by 
showing  an  excessof  fat  or  particles  of  foiwl  residue;  but 
the  microscopic  appearances  are  of  greater  service  to  this 
end.  When  mori'  exact  knowledge  is  desired,  the  coefli- 
cients  of  availability  of  the  nutrients  of  a  given  dietary 
of  known  amount  and  composition  may  be  determined 
and  these  resultsconipared  with  theciKHlicients  in  health. 
Ad.  Schmidt  and  Strasburger  have  recently  recommended 
dilferent  procedures  that  promise  to  be  of  some  value  in 
determining  the  utilization  of  carbohydrates.  At  the 
outset,  after  the  ingestion  of  0.3  gm.  carmin,  the  jiatient 
is  put  on  a  special  diet,  known  as  No.  2.  consisting  daily 
of  milk,  1,.560  c.c,  foureggs,  100 gm.  zwieback,  one  plate 
barley  soup  (40  gm.  barley),  one  plate  flour  soup  (2.5  gm. 
flour),  37.5  c.c.  bouillon,  all  containing  20  gm.  sugar,  in 
combination  with  the  morecommondiet  of  CO  gm.  chopped 
beef,  and  2.i0  gm.  mashed  potatoes  (potatoes  190  gm. ,  milk 
60  gm.,  butter  7  gm.).  In  diet  No.  1  the  chopped  beef  and 
mashed  potatoesare  omitted.  No.  3consistsof  l.(i!)0  c.c. 
milk,  3  eggs,  flour  soup,  bouillon,  aud  mashed  potatoes 
as  in  diet  No.  2,  sugar  10  gm.,  milk  rolls  22.5  gm.,  meat 
(cutlet)  1.50  gm.  The  diets  are  seen  to  contain  carbohv- 
dnite  in  increasing  amounts  from  1  to  3  and  successively 
in  more  difticultly  utilizable  form,  as  well.  For  most 
cases  either  or  both  1  and  3  will  be  found  advantage- 
ous in  addition  to  2.  After  the  disiippcarance  of  the 
carmin.  usually  after  an  interval  of  three  or  four  days, 
during  which  the  diet  is  continueil,  the  faces  are  sub- 
milted  to  a  fermentation  test,  as  follows:  The  fresh  stools 
are  mixed  with  water  (usually  two  parts)  to  the  consistence 
of  a  thick  fluid,  and  the  mi.xture  is  put  in  a  fermentation 
tube  of  about  30  c.c.  capacity  and  left  at  body  tempera- 
ture. The  formation  of  gas  in  twenty-four  hours  to  one- 
third  the  capacity  of  tlie  tube  is  a  weak  reaction ;  to 
two  thirds  moderate,  and  more  than  this  strong.  Five 
conditions  determine  the  development  of  the  reaction, 
namely,  the  presence  of  (1)  starch.  (2)  nutritive  ma- 
terial. (3)  obligatory  bacteria,  (4)  a  diastatic  ferment, 
and  (.5)  the  absence  of  a  high  grade  of  acidity.  A  late 
appearance  of  gas  is  due  to  putrefaction  of  the  material, 
and  is  not  to  be  given  the  same  con.sideration  as  the  early 
fermentation.  Striisliurgerconcludes  that  early  fermenta- 
tion with  diet  1  is  always  pathological ;  with  diet  2,  is  on 
the  boundary,  but  is  more  freiiuently  jiathological ;  with 
•diet  3,  is  normal,  yet  in  the  majority  of  normal  stools  does 
not  appear.  Only  positive  results  arc  of  diagnostic  value. 
Under  most  conditions  carbohydrate  is  the  variable  factor, 
and  it  is  apparent  that  Schmidt's  method  is  primarily 
directed  to  the  estimation  of  the  utilization  of  this  class 
of  nutrients.  The  sjime  investigator  hasdevi.sed  a  method 
of  measuring  the  bulk  of  undigested  meat  libre  in  the 
fa-ces  after  The  ingestion  of  these  same  dietaries.  The 
j  method  consists  essentiallv  in  determining  the  reduction 
I  in  volume  which  the  re"sidue  in  the  fa>ces  imdergoea 
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wbcu  submittod  to  the  action  of  pepsin-hyflroclilniic  acid. 
The  value  of  the  procedure  remains  lo  he  ditcrmimd. 

Hriiiat  h'llKinjil/i  >//(('(/(. 

FAHRENHEIT    AND    CENTIGRADE   SCALES.-Tlie 

foUiiwing  lal)le.  slmwini;  the  value  in  di'grees,  tenths  of 
a  degree,  and  hundreilths  of  a  degree,  according  to  the 
Fahrenlieit  scale,  of  every  tenth  of  a  degree  of  tempera- 
ture from  44'  to  32  Centigrade,  while  perhaps  belong- 
ing more  properly  in  the  article  entitled   'J'litnnomiler, 
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is  introduced  in  this  place  for  the  reason  that  such  early 
introduction  is  likely  to  prove  a  convenience  to  many 
readers  of  the  II.vxdbook.  In  the  determination  of  the 
limits  of  this  short  table  only  the  needs  of  the  clinician 
have  been  considered. 

FAINTING.     See  Bruin,  Anamia  of,  and  Syncope. 

FALKENSTEIN,  GERMANY.— There  is  nothing  re- 
markable about  the  climate  of  Falkcnsteiu  which  would 
■warrant  any  extended  account  of  it  as  a  health  resort. 
The  name  "Falkensfein,"  however,  has  become  famous 
in  connection  with  the  renowned  sanatorium  situated 
there,  and  this  demands  notice  as  being  one  of  the  best 
e.xponents  of  the  sanatorium  treatment  of  pulmonary 
tuberculosis  in  the  world. 

Nine  miles  out  of  Frankfort  is  the  picturesipic  village 
of  Cronbcrg  in  the  Taunus  Hills,  where  resided  the  late 
Dowager  Eini)ress  of  Germany  for  a  good  jiart  of  I  he  year. 
A  walk  of  about  forty  minutes  up  the  hill  from  here 
brings  one  to  the  tiny  village  of  Falkenstein,  command- 
ing an  extended  view  over  the  valley  of  the  ^laiii  with 
Frankfort  in  the  distance.  Here,  in  a  location  protected 
on  the  north,  west,  and  east  is  siliuited  the  saiiiilorituu. 
1,300  feet  above  sea-level.  The  institution  consists  of  a 
main  building  with  two  wings  joining  it  at  an  obtuse  an- 
gle and  enclosing  a  large  ternice,  and  two  annexes  united 
to  the  main  building  by  covered  promenade  galleries. 
The  terrace  enclosed  by  the  wings  of  the  main  building 
and  looking  toward  the  south,  has  a  continuous  broail 
veranda  of  glass,  (ticivided  with  sun  blinds  and  curtains, 
where  upon  cushioned  reclining  chairs  one  sees  long  rows 


of  patients  lying  rolled  in  nigs,  taking  the  rest  cure,  some 
reading  or  writing,  ntliers  conversing,  and  a  few  sleeping. 
There  are  also,  near  by.  pavilions,  some  revolving.  alToru- 
ing  further  opportunity  for  the  same  treatment.  The 
climate  is  that  of  central  (iertnany,  its  principal  charac- 
teristic being  a  pure  atmosphere  free  from  dust,  which, 
from  Dettweiler's  pi)int  of  view,  is  the  chief  considera- 
tion in  the  climatie  treatment  of  phthisis,  provided  it  can 
be  utilized  continuously.  Only  about  half  the  days  in  the 
month  are  sunny. 

The  internal  arrangements  are  similar  to  those  in  the 
other  large  sanatoria;  .V  large,  well-ventilated dining-hall 
accommodating  two  hundred  jiersons;  reading,  music, 
and  billiard  rooms;  jiost  and  telegraph  oflice ;  bacterio- 
logical and  analytical  laljoratory;  throat  and  douche 
rooms:  various  offices  and  consvdting  rooms.  Each 
sleei)ing-room  has  a  s])ecial  ventilating  tlue  and  the  usual 
simple  furnishings;  lincileum  lloors.  washable  walls;  they 
are  never  swejit  l)Ut  eleaneil  with  damp  or  wet  cloths. 
The  windows  are  alwavs  open.  Xear  by  are  the  dairy  and 
stable,  gas-works,  anil  a  disinfecting  apparatus.  As  in 
most  of  the  other  siuiatoria  the  system  of  drainage  is  on 
the  piinciple  of  chemical  iireeipitation  with  cleansing 
basin.  The  large  corridors  for  rest  treatment  {l.iege/inllen), 
which  were  first  introduced  as  a  means  of  treatment  at 
Falkenstein.  have  a  powerful  gaslight  between  the  heads 
of  ever}-  two  chairs,  ]ierniitting  the  patients  to  read  as  they 
lie  out  in  the  evening.  Blue-glass  spittoons  containing 
water  are  distributed  in  the  halls  on  brackets,  smaller 
ones  in  the  rooms,  and  white  crockerj-  ware  ones  on  the 
grounds.  Each  jiatieul  is  required  to  carry  with  him  the 
Dettweilcr  pocket  spit-cup.  and  expectoration  except  in 
these  receptacles  is  absolutely  iirohibited — handkcrcliiefs 
or  cloths  not  being  allowed.  The  compliance  with  this 
law  seemed  to  be  perfect.  The  sputum  is  disposed  of  by 
throwing  it  into  the  waste  water  or  by  burning. 

The  jo)ir  nu'ilicid  for  an  average  patient,  as  told  by  one 
of  them,  is  as  follows: 

7  A.M.   Rubbing — dry  or  wet — or  a  douche. 

8,  Breakfast,  consisting  of  coffee,  tea,  or  chocolate, 
■with  rolls,  butter,  honey,  and  milk. 

Until  10.  the  rest  treatment  in  the  reclining  chairs, 

10.  Second  breakfast,  <if  bread,  buner.  milk  and  soup, 
with  wine  or  cognac.  (Upon  this  hitter  Dr.  Dettweiler 
places  a  high  value. ) 

10;  30  to  1  P.M.     The  rest  treatment  again. 

1.  Dinner:  soup,  fish,  vegetables,  several  kinds  of 
meat,  fruit,  dessert,  and  coffee. 

3  to  4;  30.     The  rest  cure  asain. 

4.  Milk. 

4 :  30  to  7 ;  30.     Rest  or  walking. 

7: 30.  Supper,  consisting  of  soup,  hot  and  cold  meats, 
salads,  preserves. 

After  supper  the  rest  treatment  until  10,  with  milk 
at  9. 

10.  Retire. 

It  will  be  seen  from  the  above  that  the  rest  treatment  in 
the  open  air  ( R)i/ieliift-I\iir)  occupies  most  of  the  day.  and 
herein  is  a  marked  difference  between  GOrbersdorf  and 
Falkenstein.  Dettweiler  lays  great  stress  upon  )r,«Mn  the 
open  :ur.  while  BrehuK'r  puts  the  emphasis  upon  methodi- 
cal /liH-rliiiih/hff.  Dettweiler  so  insists  upon  this  system 
of  open-air  rest  treatment  that  the  most  of  his  patients 
spend  from  seven  to  eleven  hours  daily  in  the  o)ien  air  iu 
spite  of  rain,  fog.  or  snow,  and  of  coUl,  even  to  12'  below 
zero.  As  Ransom  observes :  "  This  form  of  t teat ment  is  al- 
most independent  of  weather,"  Each  patient  on  admission 
is  carefully  studied,  not  only  his  physical  condition,  but  his 
temperament  and  will  power,  and  his  inlelligenl  and  will- 
ing co-operation  with  the  physician  is  obtained.  His  plan 
of  life  is  then  arranged  in  all  its  details.  He  is  constantly 
under  the  eye  of  the  idiysicians,  and  always  sees  them  at 
the  principal  meals.  To  this  skilled  watchfulness  and 
care,  the  hygienic-dietetic  measures,  and  the  hyperaPra 
tion  is  due  the  success  attained  in  such  an  institution. 
Here,  as  :it  the  other  sanatoria,  the  treatment  of  fever  is 
continued  rest,  physically  and  mentally,  and  this  applies 
to  all  patients  who  have  a  temperature  of  37.5"  to  38'  C. 
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(^Ky^  to  1(K).4°  F.)  or  over.  At  Roino  Aaniitoria,  as  nl 
lliiliriiliniiiii'f,  till-  piiliciii  i.s  not  I'Vi'ii  iilliiwcd  til  lie  out 
ill  111!'  I.iiyi/iiilliii.  for  fi-iir  tlir  iiioviii);  mid  I'xcilfiiiriil 
limy  kcip  u|)  or  im-rwisc  liis  fever,  bill  is  ke|it  iilisoliilelv 
■  liiiet  ill  liis  riNiiii.  lieni'mlly  iIiIh  tn'iiliiii'iit  iilmie.  willi 
Koiiie  lliinv'iiriiiii  wine  or  eogiiae.  Hiilllees  in  a  Kliorl  time 
to  reiliiee  llie  tempi  iiiliiro  to  noriiuil.  Knopf  explains 
this  illMippiiinince  of  fever  after  a  slmrt  sojourn  at  a  .sail- 
aloriiim  \>\  tlie  alliiosl  Inlai  alisinee  of  piillioi;eiiie  mi 
eroU's.  especially  llie  streptoeocei.  in  the  pure  aluius- 
(iliere. 

1  was  struck  with  the  appeanince  of  the  patients  as  I 
saw  them  at  dinner;  tliey  hardly  dilTered  from  Ilii'  per 
sons  one  would  si'c  in  the  diniiii;  ri«iin  of  an  ordinarv 
hotel,  and  presented  only  to  a  slijiht  dejiree,  if  at  all. 
the  appeanince  one  usually  associates  with  uconsumplive. 
Duriiii;  the  entire  meal  I  hardly  heard  a  cough.     .Moie- 


diiiHin,  and  well  illuKtratcH  the  power  of  Ihe  immixiiibI 
factor  in  the  success  of  ihr  pli\slclaii.  lie  makes  his  pa 
tieiils  lovi'  him,  and  in  i  iin-«'i|uence  ijii-v  readiU  \  jeld  to 
his  will  anil  K'li'lance.  "In  him,"  as  llr.  'riioriii'  hiivii, 
"n'lison,  scieiKc.  anil  lon^  experience  are  correlated  into 
action  liy  iliscrimination,  adiiplahilily.  Kyinpathy,  and 
unliendiiiK  will.  In  liolh  of  the  senses  In  which  the  term 
can  he  employed,  he  is  a  presiding  genius," 
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ANATOMICAL..— See  Ocnera- 


FALLOPIAN    TUBES,  DISEASES    OF.— ANATOMy.— 

In  older  In  ( iiiiipniiciid  coiiipli  lely  ijje  nature  of  the 
diseases  and  ni-oplasmsof  the  Kallopiun  liilws  firipvidiictg, 
a  thoroML'li  Uiinwii  ik'e  of  llieir  anatomy  and  embryology 


I'iG.  2UtJ0.— Tbe  Sanatorium  at  Falkensteiu.  as  seen  trom  AdoKsIelsen. 


over,  it  was  as  contented  and  happy -looking  an  assem- 
blage ns  one  would  See  anywhere.  The  average  length 
of  residence  is  about  three  months. 

The  results  at  Falkcusteiu,  from  1876  to  1886.  of  the 
patients  who  have  been  kept  under  observation  since 
their  discharirc.  is  13.2  percent,  of  complete  cures,  and 
11  per  cent,  of  relative  cures  (disease  arrested),  a  total  of 
24.'-  per  cent. ;  60  per  cent,  or  more  are  improved.  The 
expense  here,  as  at  most  of  the  other  sanatoria,  is  from 
S20  to  S2.5  a  week. 

One  cannot  leave  Falkcusteiu  without  carrying  away  a 
lasting  inipres.siou  of  its  founder  and  guiding  genius,  l)r. 
Detlweiler,  It  was  my  good  fortune  to  ride  up  to  the 
sanatorium  w  iih  him  from  his  modest  home  in  Cronberg. 
It  was  a  chilly,  disjigrcealile  morning  in  May.  much 
like  our  March  weather,  which  perhaps  suggested  his 
remark  that  it  was  not  so  much  a  climate  as  a  method ; 
tuberculosis  could  be  cured  in  any  climate.  He  told  me 
of  his  early  struggle  with  tuberculosis  in  his  own  case, 
when  it  seemed  that  he  could  not  live.  But  the  struggle 
was  successful,  and  now  he  is  a  man  of  middle  age  or 
more,  and  has  accomplished  an  immense  amount  of  work, 
and  is  still  the  inspiration  of  his  sanatorium.  He  is  a 
man  of  great  simplicity  and  sympathy,  inspiring  euthu- 


is  requisite.  The  oviduct  has  a  common  origin  with  the 
vagina  and  uterus  from  the  Milllcrian  ducts.  The  upper 
portion  of  these  duds  remains  open  externally  and  that 
portion  forms  the  pavilion  of  the  tube.  The  occurrence 
of  secondary  pavilions,  or  ostia.  may  be  exidained  by 
supposing  that  the  canal  of  MUller  is  not  completely  closed 
in  all  its  extent  at  that  period  of  embryonic  life  when  the 
two  borders  of  the  gutter  which  give  origin  to  it  are 
turned  towanl  each  other  to  transform  the  channel  into 
a  tube.  The  Milllcrian  ducts  unite  lower  in  their  course 
to  form  the  uterus  and  vagina,  and  the  limit  of  this  union 
is  the  insertion  of  the  round  ligament.  The  similarity  in 
structure  and  the  continuity  of  mucous  membrane  ex- 
plain how  readily  <liseasc  of  "vagina  and  uterus  extends  to 
and  involves  the  tubes.  These  structures  are  veritably 
the  excretory  ducts  of  the  ovaries  and  are  placed,  one  on 
each  side  of  the  uterus,  to  permit  the  i)a.s.sage  of  the 
speniiatozoid  toward  Ihe  ovary  and  to  transmit  the  ovule 
from  that  organ  to  the  uterus.  They  arc  in  the  upper 
folds  of  the  broad  lisaments,  and  their  average  length  is 
from  10  to  12  cm.  their  length  may  be  uneciual  and  is 
subject  to  considerable  variation,  as  in  ca.ses  of  ovarian 
tumors,  when  it  may  be  very  much  increased.  The  lube 
consists  of  three  coats,   the  incomplete  peritoneal,   the 


133 


Pulloltlilll  Tlllx'**, 
Vallopluu  Tubt'K. 


nEFERENCE   HANDBOOK   OF  THE  AfEDICAL  SCIENCES. 


loDgitudinnl  niul  circular  muscular,  and  the  mucous.  It 
is  divided  iiilo  the  isthmus.  Ilio  unipuUu.  aud  thr  tini- 
oriiited  cxlrcniity.  The  uterine  e.xtreuiity,  or  isthmus, 
is  its  narrowi'st  ixirtion  and  will  Imrely  admit  a  bristle. 
The  ostium  abdominale  is  surrounded  liy  a  number  nf 
limbri:i'  which  ar<'  fonued  by  the  outward  bul!;in,i;  of  the 
mucous  memtuane.  These  fimbria'  are  lined  upon  I  la- 
inner  surl'aie  by  nuieons  membrane  an<l  e.\ternally  by 
the  peritoneum,  so  that  there  is  a  direct  continuity  of 
mucous  and  serous  membnines  at  this  point.  Nodistinct 
glands,  such  as  are  found  in  the  cervi.v  and  uterus,  have 
been  observed  in  the  tubes.  The  mucous  crypts  formed 
by  the  folds  of  the  mucous  membrane  arc  probably 
glandular  in  cimracter  and  secrete  an  albuminous  Huid. 
This  membr.-uie  has  a  sinu'lc  layer  of  ciliated  columnar 
epithelinm  upon  two  or  three  layers  of  supporlinir  cells 
which  are  round  or  jiyriform.  The  cells  abruiuly  ter 
miuatu  at  the  ends  of  the  tinduia'.  when'  the  margin 
between  the  columnar  and  jjavement  epithelium  is  dis- 
tinctly marUed. 

M.\i.KonM.\TioNS. ^Malformations  of  the  Fallopian 
tubes  are  rare.  One  tube  may  be  longer  than  the  other. 
Sometimes  the  lumen  of  the  "tube  is  increased.  The  ab- 
normality which  is  most  likely  to  attract  attention  is  the 
presence  of  one  or  more  accessory  abdominal  ostia. 
They  are  u.sinilly  situated  hear  the  abdominal  end  of  the 
tube,  in  the  upper  part  of  its  wall,  and  are  surroiuided 
by  limbriic.  Fcrraresi  found  si.x  openings  ui)on  one 
tube,  all  of  which  were  surrounded  by  limbria?.  These 
openings  are  ju'obably  due  to  failure  in  closure  of  the 
groove  in  the  germinal  epithelium,  or  to  splitting  of  the 
Milllerian  duct  after  it  has  closed.  There  may  also  be 
accessory  tubes,  eitheras  cystic  diverticula  starling  from 
the  lube,  or  as  independent  tubes  with  Hmbriie  starting 
from  the  mesosalpinx.  The  tubes  maj-  be  aliseut  on  one 
or  both  sides,  which  absence  is  due  to  a  destruction  of 
the  corresponding  part  of  the  ^lulleriau  ducts  in  the 
embryo.  Very  often  a  small  pedunculated  cyst,  about 
the  size  of  a  hazelnut,  is  found  attached  to  the  timbria? 
or  to  the  outer  aspect  of  the  tube.  These  cysts  are  called 
hydatids,  or  cysts  of  Morgagni.  They  are  said  to  occur 
in  eight  percent,  of  adults,  and  are  not  of  surgical  interest. 

DisE.\sKS  OF  THE  F.\LLOPi.\N  TfiiES. — The  diseases 
of  the  Fallo])ian  tubes  may  be  either  infiiunnmtory  or 
neopld.ilic.  The  iuflanunatory  changes  produced  in  the 
Fallopian  tubes  are  variously  classified  according  to  the 
extent  of  involvement.  Salpingitis  is  the  ordinary  term 
applied  to  intlamniation  of  the  oviducts.  Perisalpingitis 
is  intlammalion  of  the  peritoneal  covering  of  the  tube, 
a  condition  w  hich  occurs  only  as  a  part  of  a  m<ne  ex- 
tended ])elvic  jieritonitis.  Endosalpiugitis  is  the  term 
applied  to  inflammation  of  the  mucous  lining  of  thetidjc. 
Hydrosalpinx  indicates  an  accumulation  of  serous  flind 
within  the  structure.  If  it  is  distended  with  blood,  it  is 
termed  laematosalpinx ;  or,  when  a  purulent  collection  is 
present,  tlii'  term  jjyosalpinx  is  applicable.  Hydrojis 
tubie  protluens  is  the  teini  a]>plied  to  an  accumulation  of 
fluid  in  a  tube  in  which  the  \itenne  end  remains  ]ierme- 
able.  and.  as  the  fluid  increases,  permits  the  excess  to  be 
draine<l  through  the  uterine  canal.  The  ojicn  tube  acts 
as  a  sjifety  valve,  preventing  the  overdistention  of  the 
oviduct  which  occasionally  ctmipletely  collapses  after 
evacuation.  Tuberculosis  will  be  discu.ssed  under  infec- 
tions of  the  tube,  and  the  neoiilasms  affecting  the  tube 
will  be  considered  later. 

Kruu.oov. — A  knowledge  of  the  causation  of  salpin- 
gitis is  reciuisite  for  .its  prophylaxis  and  treatmeni.  Ac- 
cording to  Xoeggerath  gonorrlaeal  infection  is  the  most 
usual  cause  of  intlanunation  of  the  tubes.  Polk  believes 
that  puerperal  endometritis  is  the  most  firr/iitxt  cause  of 
salpingitis,  while  the  most  dmtnicliri'  form  is  that  pro- 
duced by  gonorrhfral  infection.  Salpingitis  is  hardly 
ever  a  primary  disease,  being  as  a  rule  seeon<lary  to  in- 
flammation of  the  uterus  (u-  peritoneum.  The  intlanuna- 
tion may  follow  the  nuicous  niendirane  by  a  direct  exten- 
sion, or  be  propagated  from  the  uterus  through  the 
lymphatics  of  the  broad  ligament.  It  may  be  due  to  in- 
fectious aud  exanthematous  disease.     JIali>osition  of  the 


uterus,  neoplasms  affecting  the  uterus,  or  stenosis  of  the 
uterine  os  with  retention  of  secretion  in  its  cavity,  may 
produce  tubal  intlanuuation.  Exposure  to  cold,  too  fre- 
([Uent  coition,  or  violent  exercise  immediately  before 
menstruation  are  causative  factors.  Puerperal  infection 
following  labor  or  abortion  under  septic  conditions  may 
be  placed  among  the  chief  causes  of  intlanunation  of  flic 
a|)pendages.  L'nfortuuately,  in  many  cases  unwise  sur- 
gical interference,  intrauterine  I'Xploration,  the  introduc- 
tion of  the  S(aind,  and  the  employment  of  stem  pessaries, 
are  to  be  clas.sified  among  the  sources  of  tubal  infection. 
Too  often  the  gynecologist  is  called  upon  to  perfonn 
sacrificial  operations  uixm  the  adnexa  to  relieve  the  pa- 
tient from  the  results  of  gynecological  tinkering.  The 
ju-aclice  of  some  physicians,  now  fortunately  nearly  ob- 
solete, of  making  intra-uterine  application  of  caustics  or 
astringents  with  routine  intnxluclion  of  the  sound,  is  re- 
sponsible for  endometritis  and  a  secondary  salpingiti-S. 
There  is  a  direct  relationship  between  the  disea.ses  of  the 
endometrium  aud  tubal  alTection.  Salpingitis  cannot 
be  considered  an  uncomiilicated  entity;  it  is  invariably 
associated  with  more  or  less  metritis  or  ovaritis,  and  there 
is  the  constant  danger  of  the  process  involving  the  pelvic 
peritoneum.  The  various  micro  organisms  that  have  been 
identified  in  tubal  affections  are  the  gonococcus.  the 
staiihylococcus.  streptococcus,  and  Bacillus  tuberculosis. 
In  a  few  cases  the  presence  of  the  Bacterium  coli  commune 
has  been  demonstrated.  Frommel  and  Witte  have  found 
the  pueumococus  in  jjucrperal  salpingitis.  One  of  the 
saddest  tlimgs  to  contemplate  is  the  possibility  of  the  in- 
nocent, newly  married  woman  being  infected  with  the 
gonococci,  and  yet  this  is  observed  over  and  over  again 
and  emphasizes  the  necessity  for  complete  cure  of  men 
contemplating  marriage.  The  ravages  of  gonorrha>al 
infection  and  the  dire  res\ilts  produced  upon  the  appen- 
dages demand  plain  speech  aiul  earnest  teaching  upon  this 
point.  Another  cause  of  these  diseases  is  the  neglect  of 
pro]K'r  attention  being  jiaid  tothe  pubescent  girl.  Engel- 
mann  in  a  tabulation  of  .i.DOO  cases  among  school  girls 
found  that  HO  per  cent,  were  afflicted  with  more  or  less 
menstrual  suffering;  aud  no  doubt  a  large  ]iroportion  of 
these  cases  presented  more  or  less  symptoms  of  tubal 
congestion. 

Pathology. — Many  classifications  have  been  presented 
of  the  various  forms  of  tubal  disease;  b\it  here  simplicity 
is  the  secret  of  lucidity.  I.ike  infiammations  of  other 
structures,  salpingitis  nuiy  be  either  acute  or  chronic  and 
it  may  afl'ect  one  or  both  tubes.  As  it  becomes  chronic, 
or  the  infection  increases  in  severity,  the  various  changes 
noted  occur,  such  as  the  formation  of  hydro-,  luemato-, 
or  ]ivosalpinx. 

Ac'ile  Silpiiigitis. — In  the  first  stages  of  acute  salpin- 
gitis the  disease  is  confined  to  the  mucous  membrane  of 
the  tube,  whence  it  ([uickly  extends  to  the  muscular  and 
peritoneal  coats.  The  whole  tidie  is  soft,  congested,  and 
friable.  In  early  ,s;dpingitisa  ]U'onunent  feature  issuuill- 
celled  infiltration  of  the  plic.-e  wliich  causes  them  to 
become  thick  and  club-sha]H(l.  Blood-vessels,  at  first 
dilated,  soon  appear  narrower  than  in  health.  The  folds 
become  fi'dematous  and  hyperaniic.  The  epithelial  cells 
are  swollen,  show  slight  increase  in  the  size  of  tlu'ir 
nuclei,  and  vacuoles  form  in  their  protopla,sm.  The 
.secretion  is  increased  and  contains  mu<His,  albuminoids, 
and  epithelial  del)ris.  This  secretion  exudes  from  the 
abdominal  ostium  when  the  tube  is  s<|Ueezi'd.  When 
the  infected  material  escapes  into  the  peritoneal  cavity, 
the  danger  of  pelvic  peritonitis  is  great.  The  direct 
channel  established  by  the  tubes  between  the  uterine  and 
peritoneal  cavities  facilitates  )ieritoneal  infection.  But 
the  fre(|Uency  of  this  is  diminished  by  nature's  provision 
in  producing  occlusion  of  the  abdominal  ostia  of  the 
tubes,  which  closes  these  orifices.  Many  cases  of  acute 
sjil]iingitis  undergo  resolution  and  the  tubes  are  restored 
to  their  normal  condition.  This  is  particularly  triic  of 
the  mililer  forms  of  catarrhal  saljiingitis. 

In  clintiiic  milpiiifiitis  WtfW  is  an  extension  of  the  in- 
flanunation  and  the  formation  of  adhesions  with  more 
definite  changes  in  the  tubal  structure.     JIany  cases  are 
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ritlirr  siiliui'iilc  iir  chriinic  fmni  tlio  lx-|;iniiiiiR ;  tliut  in, 
llifV  iirvcr  |ircs<'iit  viiili-iil  iir  iicuir  Nyiiipliiins.  Tlir 
K'siiiiiN  iiriKliiccil  lire  inimi'nms  Tliu  liilw  iimy  Iktoiiii' 
eiiliir);fil  iiml  iiii>r<'  lurluoiiH  lliiiri  iioriiuil.  ils  iiiiisculiir 
(lull  iiKin-  i-.\triisivcly  iiiviilviil.  proiliiiiiii;  liitrrsliliiil 
suliiiiiKili""  As  it  |)riinr«s.scs.  Ilii>  ciliii  nf  tlir  lining  <rlls 
<lisii|i|n'iir,  llii-  Willi  111  tin-  liilir  licc'ciini'*  lliirkir  and 
liiirilrr.  with  tin  imrnisiil  iiiiioiiiit  I'f  inmirctlvc  tis.mic. 
Till-  ciiiisirvutivc  cliKurr  <if  tlii'  ali<liiiiiiiiiil  osliuiii  in  nf 
iiiiirli  iiii|ii>rtiiii('<-.  Im'ciuisc  it  |irevciils  li'ukii|;<'  <>f  ll'i' 
wplic-  iiuiti'rial  lliniii^li  lliis  rliaiuu'l  ami  <-ciiisi'(|iiciitly 
iliiiiinlHlii's  til)' ilaiiiiir  iif  iirrilmiilis.  Wlicii  (lie  inllatii- 
iiiHliiiii  I'Mi'iiiU  friiiii  till'  tiilial  imii-iius  iiiriiiliraiH-  l-i  llir 
|HTiliiiii'al  cciviriii);.  Ilii'  liiiitiriii'  ii'inicl  and  licniiin-  in 
vHKinalcil  in  Ilic  nilw;  anil  lliisnpciiinjr,  insiiail  nf  liiiiij; 
giirniiiiiiliil  Willi  priilniilinj:,  ilivcriri-nt  liniliriii',  lirmims 
roiinili'il  anil  siiiiilliT.  Tlir  picicrss  ciinliiiiirs  uiilil  tlir 
(•(Iki'.h  llnally  nii-ft  ami  tiiiitr  by  prritoiii'iil  lullirsiuns, 
musing  coniplfle  closiirr  uf  llii'  iipiniiifr.  As  tin-  liilic 
inrn-asi'S  in  si/.o  ami  wiMirlil  ils  iinsition  is  fric|ueiitly 
i-lianiri'il  anil  it  hiTumrs  lullirriiil  to  I  lie  ulcriis.  I'vurirs. 
<ir  till-  pelvic  prriliinruin.  I'siially  tliire  is  iilislnirtion 
of  till-  iilrrini' rxlniiiily  i>f  the  nilir,  wliirli  is  prudiinil 
by  swrlliiii;  of  llir  iniHims  iiiiinliraiie  in  tlir  nariDw 
istliiiiiis,  liy  riiafrifial  ruiitnutiun.  or  liy  a  sharp  llrxiiri' 
illiini;  till'  iinirsi'  of  llie  lortumis  tiilie.  Tin'  ^freatest  dis- 
tention is  at  the  outer  extremity  of  tlio  tube  «ii  that  it 
assumes  a  pear  shape.  If  the  tube  be  broujflit  into  con- 
nection wiih  the  ovary,  either  by  asgliilinalion  of  the 
tinibrial  exlremity  to  the  surface  of  that  orpan  or  by 
burrowinj:  henveen  the  layers  of  the  broad  liiianienl.  the 
tissue  iiilerveiiinir  belweeii  the  cavity  of  the  tubiand  the 
cyst  of  the  ovary  may  be  absorbed  or  perforated,  and 
tiio  two  cavities  thrown  into  one.  formiiijr  a  tubo-ovarian 
cyst;  or.  if  infection  has  occurred,  a  tubo-ovarian  abscess. 
'  llydroniliiiKJ-. — The  lluid  of  a  hydrosjilpin.x  may  be 
colorless,  slijrhtly  yellow,  or  brownish  when  colored  by 
the  presence  of  biood.  As  the  accumulation  increases, 
the  walls  of  the  cyst  atrophy  and  become  very  thin;  the 
eiiithelium  and  the  mucous  membrane  in  time  disjippear 
until  nothing  but  a  thin-waned  sac  remains.  The  size 
of  the  tube  varies  from  tlial  of  the  tinirer  to  that  of  a 
fivtal  head.  In  a  case  reported  by  the  writer,  the  hydro- 
salpinx wa.s  the  size  of  a  cocoanut  and  was  mistaken  for 
an  ovarian  cyst.  As  a  rule  the  lluid  from  a  hydrosalpinx 
is  sterile,  unirritatini;  to  the  peritoneum,  and  readily  ah- 
sorlicd. 

IliTmiiUuuiljnnx. —Tnic  hwmatosalpiu.x  rarely  occurs. 
Extra  uterine  iircgnancy  is  the  most  common  cause  of 
an  acciimulaliou  of  blood  in  the  Falloliiau  tube  and 
should  not  be  termed  haniatosidpinx.  [Tlie  subject  of 
ectopic  gestation  is  treated  elsewhere.]  Hicmatosalpinx 
may  wcur,  however,  when  hemorrhage  takes  place  into 
a  tube  previously  closed  by  inllammatory  action.  Such 
an  accident  may  result  from  traumatism  or  by  the  torsion 
of  the  pedicle  of  a  tubal  cyst,  or  w  hen  there  is  an  obstruc- 
tion to  egress  of  menstrual  fluid.  The  writer  lias  never 
si-en  a  case  of  tubal  hemorrhage  in  which  ectojiic  gesta- 
tion could  be  excluded.  Although  the  positive  evidence 
of  impregnation  may  not  be  present,  yet  undoubtedly 
the  vast  majority  nf  tlies*-  cases  are  of  such  origin. 

Pumuilpiuj-,  or  a  collect  ion  of  pus  in  the  closed  Fallopian 
tube.  priHiuces  a  gradual  thinning  of  its  wall.  This 
thinning  predisposi-s  to  rupture  and  the  escape  of  the 
pus  into  the  peritoneal  cavity.  The  pyosjiljiiiix  often 
iK'Comes  adherent  to  the  posterior  wall  of  the  uterus,  to 
the  rectum,  or  to  the  small  intestine.  The  contents  of  the 
sac  are  usually  at  tirst  clear,  non-odorous  pus;  but  prox- 
imity to  the  bowel  frei|uently  cau.ses  this  to  assume  a 
more  olTensive  chanicler.  The  pos.sibility  of  a  pyosjil- 
pinx  being  evacuated  through  the  uterus  has  been  as.serted 
by  si^ime  authorities.  This,  however,  is  a  very  unusual 
occurrence,  and  it  is  probable  that  in  stich  cases  the 
escaped  fluid  has  been  retained  uterine  secretion.  The 
pus  of  a  ]iyosalpinx  varies  greatly  in  character.  In  the 
early  stages  of  the  disease  it  is  actively  septic;  but  later 
the  micro  organisms  become  inert,  die.  and  disappear. 
According   to  Penrose,   out  of  133  cases  of  acute  aud 


chronic  Hiippuration  of  the  merino  nppondttKca  in  which 
the  pus  was  examined  baiierinlogjially.  no  orgnuisinil 
whatever  were  found  in  k','  <  hvn  .  in  niher  \vor<l».  the  pu* 
was  sterile  in  about  111  per  iriit.  of  thecaiU'H.  Out  of  118 
ca.Hes  Werlheim  found  that  in  ''i  there  wire  nobaeteriaat 
all;  ill  'A'i  there  were  gonocoeei ;  in  II  there  wiri-  Htrepto 
ciH'ci.  and  in  I  staphylococci.  It  is  only  when  the  puK  Ih 
in  contact  with  an  absorbing  surface,  or  cm  a  pes  into  the 
peritoni'iil  cavily.  that  genenil  iiitlammation  or  Heptic 
symptoms  develop.  It  is  surprising  what  a  quantity  of 
jius  may  exist  in  cases  in  which  there  has  been  no  deviu- 
lion  of  the  pulse  or  temperature  from  the  normal.  In 
this  eoiineetion  it  is  well  to  call  attention  to  the  freipient 
coexisleiiee  of  appi'lidieeal  niid  adnexal  disi-ase.  Adlie 
sions  will  be  found  between  Ihe  appendix  and  the  IuIkj 
and  ovary  in  about  lifteen  per  cent,  of  all  ciLsi-s  of  tiiliul 
disease.  The  pro.ximily  of  Ihe  appendix  to  Ihe  right  ap- 
pendage and  the  frei|uent  coexistence  of  inflammation  in 
both  are  often  perplexing  to  the  diagnostician. 

SvMi-ni.Ms. — In  acute  salpingitis  the  paliiiit  usually 
complains  of  pelvic  ]miii  and  tenderness  which  is  most 
marked  in  the  ovarian  regions.  The  tem|)eniture  is  ele- 
vated, the  |iul.se  rapid,  and  the  knees  are  often  draw  n  up 
as  ill  peritonitis.  Thereaie  no  pathognomonic  symptoms. 
A  chill  may  occur.  llimauual  examination  reveals 
marked  tenderness  upon  pressure  in  the  vaginal  fornices, 
and  there  is  a  sense  of  fulness  in  the  region  of  the  tubes. 
If  the  pelvic  peritoneum  and  cellular  tissuesare  involved, 
the  whole  vaginal  vault  will  feel  resistant.  If  the  patient 
is  thin  and  the  abdominal  walls  are  sufliciently  relaxed, 
the  enlarged,  tender  tube  may  l)e  palpated  by  the  con- 
joined method.  AVhen  the  disease  becomes  chronic,  with 
more  extensive  pathological  changes,  the  sym|itoms  vary 
and  nia.v  in  part  be  attributed  to  associated  ovarian  dis- 
easi'.  Pain  is  generally  continuous,  but  may  be  relieved 
by  the  recumlieiit  ])osture.  It  is  increased  by  exercise, 
coition,  and  during  defecation.  It  may  be  fell  in  one  or 
both  ovarian  regions  or  in  the  sacral  region.  It  often  has 
a  colicky  characterdue  to  thecoiitractions  of  the  inflamed 
muscular  coat.  It  may  be  dull  and  aching,  or  at  times 
sharp  and  lancinating,  and  is  very  much  worse  at  eiich 
menstrual  period.  The  dysmenorrliu'a  in  salpingitis  is 
usually  characteristic,  beginning  several  days  before  the 
flow  and  la.sting  througiiout  the  whole  of  the  period. 
While  the  disease  is  quiescent  there  may  be  no  accelera- 
tion of  the  pulse  or  increase  of  the  temperature.  The 
patient  frequently  has  marked  exacerbation  of  the  pain 
and  sometiiues  acute  attacks,  with  symptoms  of  local 
peritonitis.  Ilcr  life  is  in  constant  jeopardy,  as  there  is 
the  ever-present  possibility  of  intraperitoneal  rupture, 
with  escape  of  septic  material  and  consequent  peritonitis. 
Leucorrlia>a  is  common,  more  or  less  constant,  and  may 
vary  from  a  slight,  thin  watery  to  a  profuse,  pundent, 
or  sjuiguiuolent  discharge.  Menorrhagia  or  metrorrhagia 
is  frequently  present.  The  general  jiealth  suffers,  the 
patient  loses  flesh  and  strength,  and  marked  nervous 
and  reflex  symptoms  develop.  Sterility  is  the  rule  in 
these  cases,  as  the  disease  of  the  mucous  niembraue  and 
destruction  of  the  ciliated  epithelium  render  the  passage 
of  the  ovum  into  the  uterus  dillicult.  A  careful  study 
of  the  history  of  the  patient  will  aid  in  diagnosis;  but 
our  chief  reliance  must  be  upon  our  bimanual  examina- 
tion. If  the  diagnosis  is  obscure  and  the  patient's  ab- 
dominal walls  are  rigid,  it  is  wise  to  emphiy  an  ana?sthetic. 
For  this  purpose  the  bromide  of  ethyl  is  convenient.  The 
small  amount  of  anasthetic  required,  the  rapidity  of  its 
influence,  and  the  quick  return  to  consciousness  make 
this  ana.sthetic  of  distinct  value  where  a  brief  period  of 
anu'sthesia  is  desired.  By  bimanual  examination  the  tube 
may  be  felt  lying  beside  the  uterus  or  behind  it  in 
Doiiglas'  poucli.  The  shape  of  the  tube  and  its  connec- 
tion with  the  uterus  may  be  traccii.  and  it  will  ajipcar 
tender,  thickened,  and  often  distorted.  Fluctuation  may 
not  be  elicited  even  when  there  is  a  large  amount  of  fluid, 
if  the  sac  is  much  thickened.  If  the  inflammation  has 
been  extensive  and  the  disease  is  bilateral,  the  tubes, 
ovaries,  and  uterus  may  form  one  conglomerate  ma.'vS  till- 
ing the  true  pelvis.     Usually  the  uterus  is  pushed  for- 
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ward  ill  tlie  pelvis  aud  tlie  apppudages  occupy  tlie  recto- 
utoriiu-  space.  Freiiueiilly  the  ap|ienda.!;e  priniarily 
dIsea.M'd  beemiies  prolapsed  first,  and  the  otlier  appiiul- 
age  rests  upon  it  and  may  be  felt  by  lh<'  abdominal 
examining  hand.  Heeto  abdominal  e.xainiiuilion  should 
also  be  pr.utised.  Disease  of  the  tubes  may  be  mistaken 
for  cellulitis.  o(')plioritis.  or  pelvic  haniatocele.  An  ad 
herent.  letriHlisplaced  uterus  must  also  be  differentiated. 
In  women  with  very  thick  abdominal  walls  physical  ex- 
amination is  unsatisfactory,  but  the  history  of  the  case 
and  the  symptomatology  usually  justify  the  diagnosis. 

TnE.\r.ME.ST. — The  tieatment  of  tubal  disease  is  prophy- 
lactic, piilliiitiri.  and  siiri/irn/.  In  order  to  prevent  dis- 
ease of  the  lubes  attention  must  be  paid  to  the  woman's 
health  from  puberty  to  the  menopause.  At  puberty  the 
young  girl  should  be  carefully  advised  by  her  parents 
or  physician  in  regard  to  the  menstrual  function.  The 
false  inodesty  whicli  keeps  her  in  ignorance  ot  her  sexual 
physiology  is  responsible  for  untold  suffering.  During 
menstruation  she  slumld  avoid  cx|iosure  or  violent  exer- 
cise aud  should  evacuate  the  blad(ler  whenever  the  desire 
is  present.  Proper  clolliing  should  be  worn  at  all  times; 
and  corsets,  if  w<irn  at  all,  shoulil  sup])ort  rather  than 
compress  the  vi.scera:  but  they  should  be  positively  in- 
terdicted until  complete  development  has  occurred,  since 
it  is  reprehensible  to  compress  the  waist  of  a  growing 
girl  by  anything  tight  or  constricting.  In  married 
women  tulial  trouble  niav  be  prevented  by  the  rules  of 
health  already  mentioned.  Iiy  careful  attention  after 
abortion  or  labor,  by  repair  of  all  lacerations  of  the  cer- 
vix or  perineum  which  do  not  heal  immediately  after 
labor.  If  gonorrhcea  develo|is.  energetic  treatment  will 
often  prevent  the  disea.se  extending  from  the  vagina  and 
uterus  to  tlieap))endages.  Whenever  there  is  metritis  or 
endometritis,  palliative  measures  should  be  used.  Care- 
ful antisepsis  in  the  treatment  of  abortion  or  during  the 
puerperium  will  diminish  the  frequency  of  salpingitis. 
As  gonorrluea  aud  sepsis  are  two  great  causes  of  inflam- 
mation in  these  organs,  our  attention  should  be  devoted 
to  their  prevention.  In  all  necessary  intra-uterine  ex- 
ploration there  should  be  the  same  rigid  asepsisas  though 
the  peritoneal  cavity  were  to  be  invaded;  for  the  tube 
is  a  direct  channel  of  communication  between  the  uterus 
and  that  im|iortant  serous  membrane,  the  peritoneum. 

PaUiiLtirc  Treat ment. — Wheu  a  patient  is  suffering  from 
acute  siilpii(f/itis  in  its  early  stages,  the  treatment  should 
be  expectant:  1.  Absolute  rest  in  the  recundient  position. 
2.  The  administration  of  saline  purgatives:  from  one  to 
two  drachms  of  Kochelle  salts  every  two  hours  until  the 
bowels  have  moved  freely ;  or  four  to  six  oiuices  of  li- 
quor magnesiic  citratis  may  be  given  in  the  saiue  manner. 
It  is  far  better  to  keep  the  bowels  open  by  such  drugs  as 
these  than  to  keep  the  patient  under  the  influence  of 
opiates.  Hot  vaginal  douches  of  some  antiseptic  solution 
such  as  corrosi  ve  sublimate,  creolin,  or  lysol,  of  a  tempera- 
ture of  from  100°  to  110'  F.,  and  not  less  than  one  gallon 
in  quantity,  should  be  employed  two  or  three  times  a 
day.  Much  r(flief  will  be  afforded  by  the  use  of  ice- 
bags  over  the  lower  abdomen.  In  fact  the  cold  ap- 
plications are  prefend)le  to  hot  fomentations,  as  the  cold 
relieves  the  pain  and  has  a  tendency  to  prevent  the  ex- 
tension of  inllammation.  If  there  is  elevation  of  tem- 
perature, with  a  rajiid.  high-tensioned  pulse,  tincture  of 
aconite  in  small  doses  is  indicated.  If  there  is  a  tendency 
to  abdominal  distention,  high  enemata  of  sulphate  of 
magnesia,  glycerin  an<l  water,  orof  the  milk  of  asafietida, 
will  favor  peristalsis  and  the  expulsion  of  gas.  All  ex- 
aminations should  be  made  with  great  care  and  gentle- 
ness and  no  oflcner  than  is  essential  to  determine  the 
progress  of  the  disease.  The  jtatieiit  should  be  carefully 
watched,  and  if  the  temperature  and  pulse  rate  decrease 
and  the  tenderness  is  subsiding,  the  i>alliative  treatment 
should  be  continued  ;  but  if  the  symptoms  are  increasing 
in  seviTity  and  the  pos.sibility  of  peritonitis  or  abscess 
formation  is  at  hand,  operation  is  demanded  fi>r  the  jiur- 
po.se  of  removing  the  source  of  infection.  In  some  cases 
of  acutesidiiingitis  with  virulent  infection  fatal  peritonitis 
will  result  in  three  or  four  days  after  the  onset  of  the  at- 


tack. On  the  other  hand,  in  a  great  number  of  these 
ciLses  the  closure  of  the  abdominal  ostium  of  the  tube 
prevents  extension  to  the  peritoneum:  but  the  tube  itself 
is  badly  damaged  by  the  disease  and  remains  in  a  condi- 
tion of  chronic  catarrhal  or  purulent  .salpingitis. 

The  treatment  of  chronic  mdiniojitiK  varies  somewhat 
from  that  of  the  acute.  It  must  be  borne  in  mind  that 
tubal  disease  isalmost  invarialily  ius.sociated  with  metritis 
aud  oiiphoritis,  and  that  these  must  be  considered  if  effec- 
tive treatment  is  to  be  given.  The  patient's  condition 
and  the  degree  of  suffering  experienced  are  to  be  our 
guides  in  deciding  whether  we  shall  employ  palliative 
treatment  or  surgical  interference.  Curative  measures 
slimdd  be  directed  to  any  accomi)anying  endoiuetritis. 
If  this  is  chronic,  asejitic  curetting  is  the  proper  remedy; 
but  it  nuist  be  u.sed  with  great  caution,  as  intrauterine 
manipulations  are  apt  to  produce  an  acute  attack  of  the 
tubal  trouble.  For  chronic  salpingitis  hot,  germicidal 
solutions  should  be  daily  employed  :  and  vaginal  tampons 
of  sterilized  land)'s  wool  Siiturated  with  fifty-percent 
solution  of  boroglyccride  in  glycerin,  or  a  fifteen-i)er-cent, 
solution  of  ichlhyol  in  glycerin,  shoidd  be  inserted  two 
or  three  times  a  week.  The  tampon  improves  the  pelvic 
condition  by  raising  the  uterus  to  a  higher  level  and 
maintaining  it  there.  The  tamjion  may  be  left  in  posi- 
tion twenty-four  hours;  and,  after  its  rei?ioval,  a  copious 
vaginal  douche  of  the  antiseptic  solution  should  be  vised 
twice  daily,  with  the  patient  in  a  recumbent  position. 
The  same  attention  should  be  paid  to  the  bowels,  diet, 
etc.,  as  in  acute  sidpiiigitis.  Rest  at  the  menstrual 
period,  the  avoidance  of  exposure  to  cold,  and  absti- 
nence from  coition  will  aid  in  relieving  the  .symptoms. 
Internally,  preparations  of  viburnum,  hydrastis,  or  ergot 
may  be  given.  In  some  cases  of  chronic  SiUpingitis  bene- 
ficial results  have  been  derived  from  the  use  of  pelvic 
massage  as  advocated  by  Tliure  Brandt.  It  jiroduces  a 
rapid  alteration  in  the  inflammatory  accumulations,  set- 
ting free  the  uterus  and  its  ad.jaccnt  organs.  It  may  be 
employed  in  subacute  or  chronic  inflammation  imas.soci- 
ated  with  pus  formation.  American  physicians,  how- 
ever, have  not  secured  the  .same  brilliant  results  by 
massage  as  have  been  reported  by  Euro]iean  gynecolo- 
gists. The  writer  has  found  that  patients  were  unwill- 
ing to  undergo  the  discomfort  of  the  prolonged  seances 
of  pelvic  massage  necessary  to  secure  (leflnite  results. 

i'<iirf/iciil  Treatment. — ^\■hen  palliative  methods  have 
failed  and  the  woman  experiences  suffering  constantly, 
or  at  the  menstrual  jicriods,  and  is  unwilling  longer  to 
lead  the  life  of  an  invalid  ;  then  it  is  necess;iry  to  consider 
surgical  interference.  When  there  are  gross  tubal  lesions 
such  as  hydro-,  ha?mato-,  or  pyosalpinx,  or  retrodisplace- 
ments  of  the  uterus  with  adherent  tubes  and  ovaries, 
nothing  but  operation  will  afford  permaiu'iit  relief.  One 
of  two  routes  may  be  selected  according  to  the  individual 
preference  of  the  surgeon.  These  arc  the  va.ginal  aud 
the  abdominal ;  but  no  fast  rule  can  be  laid  down  as  to 
which  route  should  be  preferred,  as  the  choice  depends 
upon  the  condition  of  the  patient,  the  environment  in 
which  the  operation  must  be  performed,  and  the  skill  of 
the  surgeon.  Often  both  routes  will  be  employed  in 
the  same  operation,  as  in  the  evacuation  aud  irrigation 
of  a  tubal  abscess  per  vaginam  prior  to  its  removal  by 
abdominal  .section.  If  the  patient  is  very  weak,  the 
jiulse  ra])id.  and  the  abscess  bulging  into  the  vagina,  a 
vaginal  co'liotomy  may  be  rapidly  performed,  the  pus 
evacuated,  and  drainage  introduced  without  ana'sthesia 
or  with  a  very  brief  jieriod  of  it.  In  a  great  many  cases 
of  vaginal  section  the  pal  lent  will  so  far  recover  her  health 
as  to  obviate  the  necessity  for  abdominal  cadiotomy. 
The  technique  of  the  vaginal  opersition  is  as  follows: 
After  complete  evacuation  of  the  bowels  and  the  neces- 
sary ana'stliesia.  the  vagina  should  lie  thoroughly  scrubbed 
with  a  solution  of  creolin  or  lysol.  3  i.  :  tincture  of  green 
soap.  3  i. ;  hot  water,  0,i.  ;  after  which  it  should  be 
irrigated  withsterili/.ed  water  and  alcohol.  A  curvilinear 
incision  is  then  made  through  the  posterior  vaginal  wall 
and  the  finger,  or  a  pair  of  scissors,  is  carefully  pushed 
into  the  tubal  mass.     The  pus  or  blood  is  evacuated,  the 
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caviiy  Ix-iiiKcoiiHtiiiilly  irrlpilcd  wilh  liol  iKiriniil  wilt  imi- 
liitliiii.  Ciiri'  kIiiiiiIiI  lie  liiki'ii  tliiil  all  iicciiiiiiilalioiis  I)*' 
I'vaciiiiti'il  ami  tlial  im  iiijiirv  l>r  diini'  in  the  vlscrni. 
Afttr  III!'  lavliy  lias  brcii  pirfci'lly  cli-aiiscd.  il  slimilil 
lie  pai'kcil  Willi  iixlofiii'iii  piu/.f,  wliicli  liy  ils  pri'SHiirc 
ccintrcplH  any  slifflit  no/iiin  llial  iiiav  ociur  ami  srr\  is  as 
a  vaginal  ilniiii.  If  llir  va;;liia  is  lapaciniis  anil  IIk' 
ilitlii-sinns  air  nut  tiHi  llriii.  salpiiiL^o  iM^pliurccloiny.  if  in 
iliniti'il.  may  lir  ilnnr  llimiigli  lliis  inciKimi.  Tlii' piii/tr 
pa('kiii>,'  Isalli'wi'il  torcinain  for  llirt'c  ur  fmir  days,  and 
after  its  mnnval  vaginal  doiirlics  of  normal  salt  snliitinn. 
onifa  I  lii2.(MMI  formalin  solution,  slmiild  be  ^ivin.  Tlir 
advaiilajri'sof  llio  va);iiial  roulcarc  tliralisiiui'of  alHlom. 
inal  incision,  less  shock,  less  danjur  of  ln'inia.  and  more 
rapid  con  valcscmcc.  Tlicrcis.  Iiowcvir.  always  the  pos- 
sibility of  a  si'condaiy  opcnilinii  biiiitr  rc(|iiiri(l 

Tlic  operations  which  may  be  done  by  the  alidoniinal 
nnito  an':  sidpiiiirotoiny,  sjdpiiiiroslomy,  ami  siilpiii;;ec- 
toniy.  In  all  of  these  the  same  ^eiiend  preparation  is  lo 
Ik'  observed  as  in  other  abdominal  operations.  Siljiiiir/ot- 
oiinj.  or  resi'Ctioii  of  the  Fallopian  tube,  is  the  rcsnit  of 
ciinservativeevolution  ;  and  it  has  been  proved  that,  after 
the  resection  of  a  diseased  piirtion  of  the  tulii',  rcireiiera- 
lion  may  takeplaceami  the  tubeconliniie  to  fiinclionale. 
nndley.  of  New  York,  has  reported  some  splendid  opem- 
live  results  and  has  resected  Ilie  tubes  even  when  gonor- 
rliiral  pyosaliiinx  was  present.  The  success  iu  these 
ciniservative  operations  depends  upon  the  careful  .selec- 
tion of  cases  ami  the  skill  of  the  individual  surgeon. 

Siliiiiii/<»t:iiiii/  is  the  establishmenl  of  a  new  opening 
in  the  Fallopian  tube  when  the  normal  one  has  been  closed 
by  some  inilammatorv  process,  and  is  parliiularly  indi- 
cated w  hen  it  is  desinible  to  retain  Ihechild  In  aring  func- 
tion. The  new  opening  in  the  tube  may  be  sutured 
directly  over  the  ovary  so  that  when  the({nialian  follicle 
ruptures  the  ovule  may  pass  directly  into  the  tube.  In 
nil  coiis<>rvalive  surgery  upon  the  tubes  care  must  be 
taken  thoroughly  to  cleanse  that  canal  and  to  protect  the 
peritoneal  cavity  from  its  contents. 

Sil)iiiiiiei-toiiiy. — III  nearly  all  cases  reiiuiring  removal 
of  the  tubes,  t he  ovary  demands  e.Ntirpat ion  also,  [salpin- 
gectomy is  reipiired  w  hen  tln'  symptoms  are  marked  and 
the  tube  is  iricpiirably  diseased.  There  must  be  diiiigcr 
to  life  or  serious  impairment  of  health  befnie  this  opera- 
tion is  resorted  to.  The  exact  nature  and  the  extent  of 
the  openition  depend  upon  the  disease  for  which  it  is 
performed,  the  age  and  social  condition  of  the  patient, 
and  the  ability  of  the  operator.  In  performing  sjilpin- 
gectomy  the  abdomen  is  aseptically  prepared,  and  an 
incision,  from  two  liv  three  inches  in  length,  is  made  in 
the  median  line,  midway  between  the  umbilicus  ami  the 
pubes.  Anexamination  ismade  toascertain  the  jiosition. 
extent,  ami  strength  of  adhesions.  When  theiulvic  vis- 
cera are  found  in  one  conglomerate  mass,  it  is  well  tirst 
to  tind  the  fundus  of  the  uterus  and  then  proceed  to  the 
ttibalenucleation.  The  intestinesand  general  peritoneal 
cavity  should  be  walled  off  by  gauze  pads.  The  use  of 
the  trendelenburg  positiiMi  is  of  great  advantage,  as  it 
permits  the  operator  to  see  as  well  as  feel  the  visceral  nd- 
iiesions.  In  old  eases  in  which  the  adhesions  are  lirm  and 
organized,  great  <are  nuist  betaken  to  prevent  visceral  in- 
jury. If  the  tubal  sac  in  a  jiyosidpinx  ruptures  during  re- 
moval, gauze  iiads  should  beat  hand  tocatch  tlieescaping 
lluid  and  the  cavity  should  be  irrigated  with  a  large 
quantity  of  normal  sjilt  solution.  After  the  appendages 
have  b«en  freed,  chromicized  catgut  ligatures  should  be 
applied  to  the  pedicle  in  small  sections  rather  than  fu 
iii'iiw.  A  supporling  button  should  be  left  beyond  the 
ligature  to  prevent  its  .slip]>ing  and  the  ])ossibilily  of 
secondary  hemorrhage.  If  tlie  interstitial  portion  of  the 
tube  is  involved,  it  is  often  wise  to  remove  the  fundus 
of  the  uterus  also.  Freipiently  there  will  be  denuded 
peritoneal  surfaces  which  re((uire  suturing  to  control 
oozing.  A  careful  examination  should  be  made  to  find 
whether  the  rectum,  sigmoid  tlexure.  or  small  intestine 
has  been  injured.  Drainage  is  not  so  often  employed  as 
formerly,  as  it  has  lieen  shown  by  Clark  that  by  thorough 
irrigation   and    postural   drainage   the  use   of   tubes  or 


gauzf  is  iiiineeeKsiirv.  If  there  in  an  cxt«'iiBlvc  raw  oozini; 
surface  or  fear  of  Infeetioii,  then  the  pelvic  envlly  may 
be  iiaiked  with  iodoform  gauze,  one  end  of  which 'is  cur- 
ried through  a  posterior  vugiiml  incision  into  timt  canal. 
The  gn-at  advaiitagi  h  in  such  viigimil  drainage  are  that 
drainage  takes  place  from  the  most  depeiidint  portion  of 
the  pilvis  and  there  is  no  danger  of  a  vinlnil  hernia  or  «b- 
doiniind  lisHila  along  the  drainage  I  nut.  After  the  append- 
ages have  been  leniovetl  and  a  most  vigilant  examination 
has  been  made  to  see  that  all  lileeding  is  eontrollid  and 
all  injuries  are  repaired,  the  alHJoininal  incision  HJiould  lie 
closed  and  the  patient  treated  according  to  the  usual 
inclhods  employed  in  abdominal  surgery.  These,  how- 
ever, cannot  be  discussed  here  for  lack  of  space. 

'/'nil rriiliiniii  is  more  apt  to  alTect  the  tubes  than  any 
other  part  of  the  genital  apparatus.  They  are  involved 
in  nearly  all  eases  of  genital  tuberculosis,  w  liicli  is  iiiiich 
more  common  than  was  formerly  supposed.  According 
to  I'enrose  and  IJeyea,  it  is  present  in  eighteen  piT  cent, 
of  cases  subjected  lo  the  operalioii  of  salpingoodphorec- 
toiny ;  while  AVilliams  found  that  in  one  out  of  every 
twelve  operations  for  the  removal  of  the  tubes  and 
ovaries  that  were  the  seal  of  iiillammalory  diseas<?,  this 
infection  was  present.  It  may  be  either  primary  or 
secondary,  but  is  usually  the  hitler.  The  infi-ction  may 
take  jilacc  through  the  blood  from  the  peritoneum  or  the 
uterus.  Coition  with  men  affected  with  genilo-urinary 
tuberculosis  may  be  an  occa.sional  cause.  This  disca.se 
may  involve  the  tube  long  before  ptiberty.  Chaffey  has 
described  a  case  in  which  a  child  aged  four  died  with 
tuberculosis  in  the  lungs  and  abdominal  organs,  ami  the 
tvibal  walls  presented  caseous  nodular  masses.  8ilcock 
has  detected  a  similar  condition  in  a  child  aged  five. 

Tuberculosis  of  the  tube  may  be  divided  into  three 
clas.ses:  mUiiir;/.  climtae  (lijl'nuc,  and  chrmdc  fhroid 
(Penrose).  Miliary  tuberculosis  of  the  tulx;  may  be  a 
part  of  a  general  condition,  or  it  may  belong  primarily 
to  the  tube,  when  micro-examination  shows  giant  epithe- 
lioid cell  tubercles  scattered  through  the  mucous  mem- 
brane. This  is  the  tirst  stage  and  the  process  may  pro- 
gress no  furlheror  may  be  convertod  into  one  of  the  other 
varieties.  In  tliechronic  diffuse  tuberculosis  the  mucous 
membrane  is  iiililtratcd  wilh  e]iithelioid  cells,  miliary 
tubercles,  and  areas  of  caseation.  The  tube  may  be  filled 
wilh  cheesy  material  or  w  ith  pus.  and  in  time  the  mucous 
membrane  becomes  entirely  destroyed.  In  the  chronic 
fibroid  variety,  there  is  a  great  increase  of  connective 
tis-sue  between  the  tubercles,  the  lumen  of  the  tube  is 
distorted,  and  a  few  miliary  tubercles  are  found  scattered 
through  the  mucous  meiidirane.  This  form  advances  very 
slowly  and  not  infreiiuently  terminates  in  a  sjiontaneous 
cure.  The  symjitoms  of  tubal  tul)erculosis  resemble  those 
of  Siilpingilisaml  are  not  at  all  characteristic.  The  diag- 
nosis is  often  obscure,  but  occasionally  it  may  be  made  by 
careful  bimanual  examination,  by  an  in(|uiry  into  the 
question  of  hereditary  predisposition,  and  by  finding 
other  signs  of  it.  especially  in  I  lie  lungs,  Most  cases  of 
tubal  tuberculosis  have  been  discovered  unexpectedly  at 
the  time  of  operation  or  autopsy.  The  treatment  is  pro- 
phylactic, hygienic  or  medical,  andstirgical.  If  thecondi- 
tionof  the  patient  iiermils.  siil]iingo-oo]diorectomy  should 
be  performed  ;  and  if  there  is  any  evidence  of  disease  of  the 
titerus  it  should  be  removed  at  the  same  time.  The  pres- 
ence of  tuberculous  peritonitis  indicates  rather  than  con- 
traindicatcs  operation.  The  curative  action  of  codiotomy 
in  these  cases  is  probably  due  to  a  combination  of  the  peri- 
toneal traumatism  during  the  operation,  thermic  influence, 
penetration  of  air  into  the  alidoniinal  caviiy.  and  the 
action  of  light.  Therefore  such  operation  offers  lo  the 
patient  the  best  chance  of  cure. 

yeopltisms  of  the  oviducts  are  exceedingly  rare  except 
as  the  result  of  inflammatory  changes.  Ci/xtn  varying  in 
size  from  a  pea  to  a  walnut  are  found  in  all  the  walls  of 
the  tube  but  most  frequently  beneath  the  peritoneum. 
Siinger  divides  these  cysts  into  three  clas,sos:  1.  Serous 
cysts,  which  arise  from  the  accumulation  of  .serous  fluid 
between  the  lamella' of  the  mucous  membrane.  2.  f-.vm- 
phaugiectatic  cysts.     3.  The  hvdaliil  of  Morgagni,  which 
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is  a  pliysiolofticnl  cyst  at  the  end  of  the  tubal  fiml)ina>. 
Mjif'imi. — Ndtwitlislaiuliiii;  tlic  fact  that  lil)r()i(l  liiinors 
of  tlic  uti'iiis  arc  oi  such  ciiiiinKiM  occmniicc.  myoma  of 
\\w  tube  is  very  rare.  ISIaiid  Sutton  reports  a  case  in 
which  an  inl(  islilial  myoma,  the  size  of  a  Tangerine 
oran-re.  was  fonml  in  Ihe  wallsof  the  luhe  at  Ihe  jnncliirc 
of  the  ulerinc  and  midille  thirds.  MosI  of  IJic  reported 
myomata  of  the  Inlie  are  pedunculated  aial  of  the  sub- 
ppritonciil  class.  In  Sir  J.  Y.  Simpson's  case  tlic  tumor 
was  "of  a  size  eipial  to  that  of  a  <hild's  head  "  ;  but  usu- 
ally tile  irrowths  arc  so  small  as  to  create  no  disturbance. 
Many  observers  have  mistaken  a  collection  of  tulierculous 
tnatterand  intlaiumatory  changes  in  ehroine  salpingitis 
for  minute  libroids.  Viiiiter. — Carcinoma  of  tin-  tube 
may  be  either  primary  or  .secondary,  though  lh<'  latter  is 
more  freiiuent  and  results  from  involvement  of  the  tube 
iu  cancer  of  the  uterus  or  ovaries.  The  <liseasc  is  gene- 
rally confined  10  one  tube.  Until  recently  it  was  asserted 
in  te.xt  books  that  the  secondary  was  the  only  variety, 
but  at  least  .seventeen  authentic  cases  of  primary  car- 
cinoma of  the  tul)e  have  been  described.  The  cancer  in 
nearly  every  caseas.sumed  a  villous  or  paiiillomatous  ap- 
pearance. Surentiiii  has  also  been  noteil.  .Montgomery 
refers  to  a  case  reported  by  Kahlden  in  which  the  tube 
formed  a  sausiige-shaped  mass  tilled  w'ith  soft,  caulitlowcr- 
like  material.  Under  the  mieroseope  it  showed  various 
degenerations  such  asroimd-cell  and  spindle-cell  sarcoma 
anci  a  i)ai>illomatous  structure  wanting  in  connective 
tissue.  Lipiiiiiittii.  or  fatty  tumors,  from  the  size  of  a 
bean  to  that  of  a  walnut,  have  been  found  in  comiection 
with  the  tubes.  Parona  reportsa  case  in  which  the  lipoma 
weighed  a  little  under  tliri'e  ounces  and  measured  three 
and  a  half  inches  iu  the  longest  diameter;  traces  of  the 
wall  of  the  tube  with  characteristic  ciliated  epithelium 
were  seen  through  the  adijiose  tissue  of  the  lipoma.  De- 
ciduoiiia  mnliyn  mil. — Two  cases  of  this  remarkable  disease 
have  bi'en  described,  both  in  Sanger's  opinion  quite  au- 
thentic: and  if  we  can  have  the  malignant  degeneration 
of  a  portion  of  the  placenta  or  chorinn  within  the  uterus,  it 
is  not  sm-pri.sing  that  a  similar  malignant  change  may 
occur  in  the  tid)al  sac  of  ectopic  iiregnancy.  Silnger 
claims  that  this  is  an  additional  argument,  not  only  for 
active  interference  in  cases  of  e.xtra uterine  pregnane}', 
but  also  for  the  extirpation  of  the  appendages  in  which 
tubal  abortion  has  occurred.  Papillumatd . — According 
to  Doran  papilloma  is  the  term  applied  to  an  exuberant 
morbid  growth  which  lies  in  the  interior  of  the  Fallopian 
tube.  Sutton,  however,  classifies  such  tumors  as  adeno- 
mata. Doran  considers  that  these  tubal  papillomata  arc 
allied  to  Ihe  condylomata  and  warts  seen  on  the  external 
genitals  irritjited  by  venereal  discharges.  These  ordi- 
narily arc  innocent  but  may  undergo  malignant  degenera- 
tion. Siingerdivides  them  intotwo  forms:  simple  cystic 
and  hydropic.  y>/'»/«Afe— According  to  Doran  there  is 
no  sound  evidence  that  a  dermoid  tumor  of  the  tube  has 
ever  l)een  seen.  Eurhoiidromatd  are  small,  semitrans- 
parent.  cartilaginous  masses,  occasionally  situated  on  the 
ends  of  the  timbriie  (Montgomery). 

The  f/inend  treatment  for  all"  these  tubal  neoplasms 
is  salpingectomy.  They  are  rarely  differentiated,  as  sub- 
jective sym])toms  throw  no  light  ujion  the  diagnosis  and 
examination  reveals  merely  a  tubal  mass  without  any 
determination  of  its  character,  Wilmer  Krunen. 

FARCY.     See  (ihinrln-K. 

FARMVILLE  LITHIA  SPRINGS.— Prince  Edward 
County,  Virginia. 

Post  (  )kkick. — Farmville.     Boarding-houses. 

Access. — Via  Norfolk  and  Western  Railroad  to  Fann- 
ville,  thence  one  half  mile  to  springs.  Farmville  is  a 
thriving  town  of  ■l.odl)  inhabitants,  located  .">.")  miles  east 
of  Lynchburg  and  72  miles  south  of  Uichmond.  The  rail- 
road depot  is  within  convenient  widking  distance  of  the 
springs,  but  carriages  are  at  hanil  for  all  those  who  pre- 
fer to  ride.  There  are  many  features  of  interest  in  this 
liistoric  region.  The  spriiigs  are  beautifully  situated 
about  500  feet  nbove  the  seulcvel.      The  surrounding 


country  is  very  pleasing  to  the  eye,  and  on  every  hand 
the  visitor  is  met  by  names  and  locations  of  familiar 
memory.  Not  far  from  Ihe  s|)rings  are  found  the  batile- 
lields  of  Chancellorsville,  Appomattox,  Rai)idan,  Five 
Forks,  and  others  of  les.ser  note.  The  climate  here  is 
l)racing,  the  temperature  ranging  from  40  to  .">()  F  iu 
winter  and  from  .'^11  to  !M)  F.  in  summer.  The  spring.s 
are  eight  or  ten  in  number,  and  yield  about  lifty 
gallons  of  water  [)er  hour.  The  folhiwing  analysi's 
is  by  Prof.  E.  T.  Fristoc,  of  the  Cohnnbiau  University, 
Washington : 

O.VK  U.MTKD  States  Gai.lo.x  contains: 
^>li<l.'*-  Grains. 

Sodium  chloride .i.3() 

Sodium  sultdiiile ;i,,59 

I*nla»iuin  Mll|iliate ,18 

Cali-iiiiii  Mil|iliiile l.si 

I,itliiiini  ttirart'ouute 3.76 

Ciilciuiri  liKMi lionate l.S) 

Miititn'siiiiii  ritrlMiiiale 2.71 

Ferrous  c'arlx)riat*' 1,26 

Maniranous  rarlxtnate Trace. 

Aluiuina 2,.'i2 

Silica :i.gi2 

Iodine Trace. 

Sulphuric  acid Trace. 

OrRanlc  matter Small  quantity. 

Total 2«JS! 

Carlioiiir  acid  gas,  74.2(1  cubic  inches. 

It  will  l)e  observed  that  this  water  contains  a  fair  ])ro- 
portiou  of  the  bicarbonate  of  lithitim.  It  is  also  abim- 
danlly  charged  with  earbnnie  a<id  gas,  and  contains  suffi- 
cient sulphate  of  sodium  lo  give  it  a  mild  laxative  action. 
The  water  has  come  into  wide  use  as  a  corrective  of  the 
uric  acid  diathesis,  and  is  sold  iuall  parts  of  the  country. 
Its  best  effects  have  been  observed  in  gout,  renal  aiid 
vesical  calculus,  Bright's  disease,  and  dyspepsia.  The 
iron  in  the  water  gives  it  also  excellent  properties  as  a 
ferruginous  tonic.  Jiinieit  li.  Civuk. 

FAT  NECROSIS.     Sec  P<tncreaj>.  Diseaws  of . 

FATTY  DEGENERATION;  FATTY  INFILTRATION. 

Sec  I.ipiigdiisix 

FAUQUIER  WHITE  SULPHUR  SPRINGS.-Fauquier 

County.  Viigiuia. 

Post-Office. — Faucpiier  White  Sidi)hur  Springs. 
Hotel. 

Access. — From  Washington  via  Virginia  Jlidland  Rail- 
road to  Warrenton,  .56  miles  southward,  thence  a  drive 
of  six  miles  lo  the  springs.  The  visitor  to  this  favored 
locality  is  pleasantly  impressed  during  the  forty  minutes' 
ride  from  the  iiicturesriue  town  of  Warrenton  to  the 
springs.  The  drive  is  over  a  fairly  grailcd  road  through 
a  country  where  the  well-.stocked  farms  and  handsome 
residences  are  indicative  of  an  advanced  degree  of  thrift 
and  refinement.  The  springs  are  charmingly  situated 
among  the  foothills  of  the  Blue  Hidge  at  an  elevatitm  of 
I.dOO  feet  above  the  sea  level.  The  surrounding  grounds 
comprise  an  area  of  4(10  acres  in  a  high  state  of  cultiva- 
tion and  abounding  in  shadeil  walks  and  drives  through 
hills  and  valleys.  Being  sheltered  on  the  west  i)y 
wooded  hills,  the  location  admits  of  invaliils enjoying  the 
open  air  with  safety  almost  daily  throughout  the  year. 
The  clear  waters  of  the  Rappahannock  River  border 
the  western  boundary  nf  the  jiark  and  sweep  along 
the  base  of  the  mountains,  where  the  huntsman  or  the 
di.sciple  of  Izaak  Walton  will  lin<l  an  ample  reward 
for  his  tram])  among  the  hills  or  his  ]iaticuce  by  the 
waterside.  The  waters  of  these  springs  have  been  well 
known  for  upward  of  seventy-five  years.  As  early 
as  1834  a  company  was  formed  of  well-known  men 
from  Maryland  and  Virginia,  and  two  large  hotels  and 
a  number  of  cottages  capable  of  acc(miinodating  l.OOO 
per.sons  weri'  built.  So  attractive  were  the  resort  and  its 
surrouiKlings  that  the  Legislature  i>f  Virginia  helil  a 
summer  session  there  in  1849  .\t  the  beginning  of  the 
war  the  place  was  in  the  full  blast  of  jirosperily  la 
August.  18G2,  it  was  the  scene  of  a  tierce  light  between 
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tlif  FimIitiiI  mill  C'miffiliTUlP  forces,  iieid  the  two  hottOs 
wiTi-  liiiriii«l.  Ill  1^77  H  iiimpimv  wiis  fdrmnl  fur  (lie 
iiiir|ii)sc  iif  ristoriiii;  llir  fiiiiHMis  iilil  n-Mirt  In  piililir  uses. 
Till'  pri'S4'iil  in'ciiiiiiiiixltiliiiiiH  rmisiKl  of  an  cliilionitr  iiiiil 
ooiiiiiiiHliotH  tiri'  pi'iKif  lintel  tltteil  wllli  ill!  iiioilrrii  iiii- 
Jiroveliielils.  Tliire  lire  liesliles  ii  iiiiliilMr  of  eollai.'es. 
Clipillile  of  iieroIlllllixllllillK  •'■'•<•  f;"'Nls;  lllev  lire  liiealed 
111  II  line  firove  iif  eliii'^  eonveiiieiil  to  llie  main  liotcl 

Till'  followiiii:  analysis  of  the  spriiiL'  waiir  was  iiuule 
in  l.'*7S  by  I'rof.  Tlioiiiiis  Aiitisi-ll,  of  Wasliiiigton,  I)   ('. : 

ONI  I'MTin  STATia  Gallon  containh: 
<!iillil!<.  (iroliu. 

Cali'luiii  lilciirloiniU"' "."J 

Mhkiii'sIiiim  lilrtirlMiiiatc °4< 

SimIiumi  .liUirlili- !••,•'■' 

Catcliiiii  HUI|iliRle "^-'W 

ln>ll  |i|ln<4ptltltl'    I  ^_^^      «j^ 

Inm  Milpluiit'      I 

StMltiiiii  and  iMtnL-vsiuin  !«lllplutte 1.II3 

ChIi'Iiimi  iiixl  uiiiKiK'^liaii  iilimiihiiU' IH 

4ittiMs>iii4  mutter,  etc 1" 

Total 2S.0" 

liiixi'S.  Cu.  in. 

C«rl«pnlr  iiclil 1 1.00 

Sulpliun'tiil  liyilmiriMi Small  quantity. 

TemiK'nitim'  uf  water  ill  sprliiits,  .Vi"  F. 

The  smirce  of  llie  mineral  ingredients  of  the  springs 
lies  in  the  eoiinlry  roeU,  which  is  an  ahiininiini  slate,  the 
beds  of  which  lie  neiirly  liori/.ontnl.  or  with  ii  sliirht 
slope,  and  hold  hetwceii  their  layers  sandy,  feirujfiiious 
scams,  ill  which  are  emliedded  crystals  of  iron  pyrites 
■with  some  liydraled  oxide  of  maii'ianese.  The  water  is 
properly  classed  as  a  siilphuretril  alkaline  chalybeate, 
pos-si'ssintr  alterative,  Ionic,  and  diuretic  properties.  It 
has  loiij;  Ih'cii  recominendid  in  the  various  forms  of 
dvspepsia,  in  intestinal  disorders  and  in  livir  complaints. 
Its  diuretic  pro|H'rlii'S  arc  utilized  in  dro|isical  alTections 
due  to  renal  ami  cardiac  disi'a.ses,  as  well  as  in  the  early 
stages  of  IJright's  disease.  In  the  condition  known  as 
neiinustlieniii.  produced  by  overwork,  anxiety,  or  other 
causi'S.  a  course  of  this  water  has  been  found  to  be  niark- 
edlv  advantageous.  In  certain  female  cuinplainls.  no- 
tably in  menstrual  disorders  due  to  ana'inia.  its  action 
is  prompt  and  permanent.  James  K.  Crook. 

FAVUS.     s,,'  Tiiwi. 

FEBRICULA  (diminutive  of  Fehrin.  fever).— (Syno- 
nyms: Simple  fever.  Simple  continued  fever.) 

"  Kebricula  is  a  convenient  term  which  liiids  its  justifica- 
tion in  ignorance  rather  than  in  knowledge. 

A  pyretic  state  lasting  from  one  {ip/itiiiern)  to  ten  days, 
in  which  the  temperature  jirobably  does  not  rise  above 
lO'i  K  except  temporarily,  nor  the  pulse  usually  above 
100  to  1'20.  accompanied  by  a  white,  furred  tongue,  con- 
stipation, loss  of  api)etite,  by  headache  which  may  be 
sharii:  but  without  other  derangement  of  the  bowels 
than  constipation,  without  any  exanthem,  without  any 
distinguishable  inleriuil  orextCrnal  local  lesion,  inllam- 
matory  or  ntherwi.se;  eniling  in  sudden  resolution  and 
rapid,  easy  recovery — this  is  febricula.  and  we  agree  to 
call  this  general  condition,  whatever  may  be  the  cause. 
by  that  name  for  want  of  a  better,  and  because  it  requires 
some  designation. 

Kebricula  has  no  pathology,  because  it  always  ends  in 
recovery.  Febricula  ending  in  death  takes  on  another 
name.  '  Abortive  typhoid,  typhus,  or  relapsing  fever; 
scarlet  fever  or  measles  without  their  rash;  tonsillitis 
with  an  inappreciable  tonsillar  alTection  ;  acute  rlieiinia- 
tism  or  erysipelas  without  locali/atioii.  may  all  conceal 
themselves  under  the  term  febricula. 

(hi  the  other  hand,  the  s;ime  symiitoms — as  shown  in 
a  mild  or  short  continued  fever — may  result  from  expo, 
sure  to  extremes  of  temperature,  from  exhaustion,  from 
digestive  disturbances,  from  derangement  of  the  nervous 
centres. 

The  /(Ann  nnhiis  of  the  tropics,  various  degrees  of 
■which  "are  encountered  in  the  United  States  during  the 
occasonal  hot  "  waves  "  of  our  summer  months,  belongs 
moreaiipropriately  under  insolation,  or  heat  orsuufever. 


The  ni.\<iNosiK  of  febricula  can  Ik-  reucliLHl  only  by  ex- 
elusion,  and  hIiouIiI  only  be  made  Hubject  to  n'tidy  re- 
vision. 

I'lie  Tkk.M'MKNT  is  hiinpleaiid  eoiisisiH  of  a  Haline  laxa- 
tive, diuretics,  diaphoreties.  or  refrigeniiilH.  as  iiidicati'd 
ill  llie  piirliiular  case.  lirorye  Jl.  Sliutliiek. 

FEEDING,  FORCIBLE. -Knrcible  fewling  means  the 
iiilriHluction  of  fond  into  the  orgaiiisiii  against  (or  w  ith- 
out)  the  will  of  the  individual.  It  is  employed  in  two 
groups  of  cases:  (I)  In  patients  exhibiting  a  coiiiatose  or 
s«'mi  eoniatosi' condition  for  a  considenible  period  of  time; 
and  {'i)  in  patients  alllicled  with  brain  troubles  (iii.suiiity. 
melanchnliiil.  when  they  refuse  iiniirisliiiieiil. 

The  insane  form  the  largest  cnnlingeiil  of  cases  in 
which  forcibU'  feeding  must  be  nsorled  to.  Here  it  is 
the  most  inipnrlaiit  ineasure  not  only  to  prolong  life  lint 
also  often  for  the  establishnienl  of  a  cure,  ■whenever  this 
is  possible. 

In  sniiie  instances  small  (|Uanlities  nf  liquid  or  s<'mi- 
lii|Uid  food  are  iplrodiiced  into  the  iiioulh  of  the  patient 
and  the  latter  is  told  l  i  swallow.  In  ca.se  this  procedure 
is  elTeclive.  enough  nourishment  may  be  slowly  ingested 
in  this  way.  Hut  if  this  means  fails,  as  it  often  does,  or 
in  iialii'iits  w  ho  are  not  acccs-sible  to  ourexhorlalions.  the 
principal  measure  of  forcible  feeding  consists  in  the  arti- 
licial  ingestion  of  nourishment.  The  latter  is  performed 
in  three  ways;  (1)  Gastric  alimentation  by  means  of  a  lube 
insi'rted  info  this  organ  ;  (2)  rectal  alimentation;  (3)  sub- 
cutaneous alimenlation. 

By  far  the  most  frequently  emi)loyed  and  the  most 
ellicieut  method  of  forcible  feeding  consists  in  the  first 
measure.  It  seems  that  the  stomach  jiump  was  used  for 
this  purpose  long  before  its  a|iplication  in  gastric  alTec- 
tions as  a  therapeutic  measure  ( Kussniaul.  I.'<fl7);  for  in 
18.J7  AVilliaiii  Ilamillon  '  meiilinns  the  stomach  pump 
as  a  well  known  procedure  in  the  feeding  of  the  insane. 
The  siiinc  writer  had  also  introduced  a  new  means  of 
gastric  alimentation  by  inserting  a  lube  through  the  nos- 
iril  into  the  (esoiiliagus  and  ])inviding  it  with  a  funnel. 
This  nielliod  is  still  used  nowadays,  and  1  may.  tliere- 
fnre.  be  allowed  to  cite  Ilamillon  in  full.      lie  .says: 

"Acting  upon  a  inetliod  advised,  in  cases  of  trismus, 
of  introducing  into  the  nostrils  a  lube  to  the  iiosterior 
fauces,  through  w  liicli  nourishment  may  be  passed  to  a 
point  beyond  voluntary  muscular  control,  an  instrument 
was  constructed  which  was  eflicaciously  employed  on  the 
24th  of  June  last.  It  consists  of  an  elastic  tube,  twenty- 
four  inches  long,  the  size  of  a  catheter,  at  the  open  end 
of  which  a  funnel  is  attached.  Near  its  end  the  tube  is 
slightly  curved.  The  ctirve  is  maintained  by  the  intro- 
duction of  a  silver  wire,  two  inches  in  length,  one  end 
being  bent  upon  it.self  to  preserve  it  in  jiosition.  to  pre- 
vent" its  impinging  al  right  angles  upon  the  posterior 
wall  of  the  pharynx  during  the  tirst  stage  of  the  process, 
and.  during  the  second,  keeps  the  tube  from  interfering 
with  the  glottis.  The  tube  being  adjusted,  the  operator 
pours  through  it  nutritious  or  nudicatid  liquids,  which 
are  immediately,  by  automatic  ai  lion,  conveyed  into  the 
stomach.  This  operation  is  not  disturbed,  owing  to  the 
length  and  flexibility  of  the  tube,  by  any  considerable 
motion  of  the  patient' s  head." 

Forcible  gastric  alimentation  is  performed  in  the  fol- 
lowing manner;  A  soft-rubber  tube  (regular  stomach 
tube),  provided  with  a  connecting  glas.s-piece  at  the  out- 
side end.  is  iutrodueed.  either  by  way  of  the  mouth  (when 
this  is  possible,  or  after  keeping  the  mouth  open  by  a 
gag)  or  by  way  of  the  nostril,  into  the  stomach.  A  riib- 
iicr  tube  with  funnel  attachment  is  next  slipped  over  the 
glass  piece,  and  the  apparatus  is  then  ready  for  the  recep- 
tion of  food.  The  latter,  in  liquid  or  si-mi-liqiiid  form, 
is  poured  from  a  pitcher  into  the  funnel,  which  at  first 
must  be  somewhiit  lowered,  in  order  to  prevent  the  en- 
trance of  too  much  air  into  the  stom.ach.  and  then  after- 
ward raised  to  about  the  level  of  the  patient's  face,  until 
the  whole  quantity  desired  has  been  ingested.  Then  the 
entire  apparatus  is  quickly  removed  after  conipics.sing 
the  tube  w  ith  the  fingers  iii  such  a  manner  that  no  con- 
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tents  may  esonpe  from  it  while  in  the  pharynx.  It  will 
be  rfaiiily  undersliiDil  that  assistance  i.s  oftentimes  re- 
quired (lurini;  this  proeeilure.  espeoinlly  when  we  are 
dealing  with  nianiaeal  patients.  The  arms  and  feel  of 
sueh  a  i)atieut  must  somilimes  he  kept  ([uiet  by  strong 
assistants. 

The  amount  and  kind  of  foods  to  be  introduced  into  the 
stomach  can  be  varied.  The  principle  is,  to  introduce 
lii|Uid  .'inil  semiliquid  food  in  sullicient  i|Uaiitity  for  the 
maintenance  of  life.  As  a  ndea  combination  of  milk  and 
egjfs  beaten  up  together  is  the  most  important  and  most 
freiiuently  used  form  of  nourishment.  F.  Jolly'  recom- 
mends using  one  quart  and  a  half  of  milk  and  three  raw 
eggs  for  each  feeding,  twice  daily.  The  milk  can  also 
be  combined  with  cream,  with  somatose,  or  with  jilasnion, 
or  indeed  with  any  of  the  beef  juices  in  use,  A  table- 
spoonful  or  two  of  sugar  and  some  table  ,salt  may  also  be 
conveniently  added.  In  the  same  manner  meat  powder, 
puree  of  brain,  jieas.  etc,  can  be  mi.xed  with  water  or 
milk  and  introduced  into  the  stomach. 

Inasmuch  us  forcible  gastric  feeding  permits  us  to  uti- 
lize a  .iireat  variety  of  foods,  and  especially  a  considerable 
quantity  of  them,  it  lies  within  our  power  not  only  to 
kee]!  the  patient  in  balance,  but  also  sometimes  to  make 
him  gain  in  llesli.  Forcible  gastric  feeding  is  thcrefnre 
the  means  par  excellence  for  forcible  feeding.  The  other 
two  methods  mentioned  above — rectal  alimentation  and 
subcutaneous  feeding — play  here  but  an  unimportant 
part.  Rectal  alimentation  may  be  for  a  time  combined 
with  gastric  alimentation  when  it  is  very  difficult,  on  ac- 
count of  the  patient's  struggles,  to  introduce  the  tube  into 
the  stomach.  Subcutaneous  alimentation  is  still  less  im- 
portant, as  the  amount  of  nutritive  value  introduced  in 
this  way  hardly  amoiuits  to  anything.  'William  H,  ilur- 
ray''  recommends  subcutaneous  injections  of  olive  oil 
(10-20  c.c.)  twice  daily.  J/im'  Einhorn. 

Refeke.vces. 

'  William  Hamilton :  On  Forced  .\limentation.  Journal  of  Insanit.v, 
Janaar.v.  1837,  p,  278, 

^  F.  jolly :  Frnahruntrstheraple  bei  Nervenkranliheiten.  E.  von 
Leyden's  Handbuch  der  Ernabrungstherapie.  Bd.  ii..  p,  ItJJ^.  1S9S. 

'  William  H.  Murray :  Buck's  Reference  Handbook  of  the  Medical 
Sciences,  1888,  vol.  Hi.,  p.  53. 

FEES,  LEGAL  RULES  GOVERNING  THE  COLLEC- 
TION OF. — .\s  far  li:i(k  as  jiistory  goes  we  limt  mention 
of  physicians ;  physicians'  fees  are  probably  nearly  as 
ancient,  but  the  privilege  of  being  able  to  recover  these 
fees  in  a  court  of  law  is,  in  countries  other  than  our  own, 
of  (|uite  recent  date.  In  tlie  L'nited  States  the  law  has 
never  made  any  distincticju  between  the  professional 
man  who  works  with  his  brain  and  the  laborer  who 
works  with  his  hands,  Ilonormin,  with  their  interesting 
history  and  subtle  legal  evasions,  are  unknown  here; 
and  the  rules  governing  the  collection  or  recovery  of 
physicians'  fees  are,  in  the  main,  the  sjime  as  would  be 
enforced  in  any  other  vocation.  But  still,  there  are  a 
few  peculiarities  arising  from  the  nature  of  the  services 
rendered,  or  from  the  circumstances  lliiit  attend  the  need 
of  these  services;  also  there  e,\ist  in  many  minds  certain 
superstitions  or  fallacies  with  regard  to  a  physician's  .ser- 
vices and  remuneration.  Hence  a  few  general  rules  on 
these  topics  may  be  of  value.  At  the  outset  it  must  be 
premised  that  only  a  very  general  sketch  can  be  given ; 
on  points  of  detail  the  various  States  differ  considerably 
among  themselves,  and  even  in  thesiime  State  diverse  de- 
cisions have  been  rendered  on  a  single  point,  "This  arti- 
cle is  intended  to  be  for  iihysicians  what  an  article  of 
similar  length  in  a  "  Family  Jledicine  Hook  "  might  be 
for  lawyers,  Th.,  a  guide  till  proper  professional  advice 
can  be  obtained.  A  physician  ought  to  know  enough 
law  to  avoid  being  his  own  lawyer. 

A  physician's  right  to  receive  compensation  for  his 
services  is  bnse<l  tipon  a  contract  either  express  or  im 
plied,  and  this  same  contract  will  f(u-m  a  basis  foran  action 
to  recover  that  compensaticai  in  a  court  of  law.  If  there 
is  an  express  agreement  between  the  parties  (1)  as  to  the 
amount  or  rate  of  compensation,  and  (2)  as  to  the  person 


or  persons  to  be  considered  responsible  for  the  same,  then 
no  ditliculty  is  likely  to  ari.se.  But  this  is  si'Idom  the 
case,  and  as  a  rule  an  implied  contract  will  be  inferred  as 
existing  lietween  the  physician  and  either  the  patient  or 
.some  one  reiu'esenting  the  jiatient.  In  this  implied  ccm- 
tract  the  ;/////«■(•(■(/;)  will  be  expected  to  tieat  his  patient 
with  reasonable  skill,  judgment,  and  experience,  accord- 
ing to  the  standard  |irevailing  in  the  locality  in  which  he 
practises,  he  will  ]iay  such  visits  as  he  may  deem  neces- 
sary; and  the  putiint.  by  his  acceptance  of  these  ser- 
vices, undertakes  to  obey  the  physician's  instructions 
and  to  i)ay  a  reasonable  remunenition,  'O'hat  consti- 
tutes a  reasonable  renuineration  will  depend  upon  the 
usual  rate  of  charges  for  similar  .services  in  the  neigh- 
borhood. Here  it  may  be  remarked  that  failure  to  cure 
will  be  no  l)ar  to  tiie  jihysician's  recovering  his  fee. 
The  pliysieian  as  a  rule  does  not  guanintee  a  cure;  but 
should  he  undertake  a  case  on  the  distinct  understanding 
that  "no  cure  no  pay  "  shall  hold,  he  will  be  recmired  to 
abide  by  it.  A  patient  will  not  be  allowed  to  allege  that 
he  got  no  benefit  from  the  physician's  treatment  pro- 
vided the  physician  uses  reasonable  care,  skill,  etc,  ;  but  it 
has  been  held  that  where  the  treatment  was  such  that  it 
could  under  no  circumstances  effect  any  pos,sible  benelit, 
the  patient  might  allege  this  as  a  reason  for  non-pay- 
ment. If  the  services  were  intended  to  be  gratuitous, 
and  the  phy.sician  so  declared,  no  action  will  lie  for  re- 
covery; but  if  the  physician  intended  his  services  to  be 
free,  and  did  not  at  the  time  declare  such  inlenti<m.  an 
action  for  recovery  will  lie;  and  in  anj-  case  the  law  will 
presume  the  existence  of  liability  on  the  patient's  part,  and 
it  will  be  for  him  to  ]u-ove  that  such  services  were  in- 
tended to  be  without  charge.  But  an  implied  contract  can 
exist  not  only  with  the  patient,  liut  in  some  cases  with  a 
person  or  persons  who  stand  in  such  ri'lation  to  the  jiatient 
as  to  be  legally  liable  for  necessaries  fiu'nished.  Thus,  in 
medical  services  rendered  to  a  child  underage,  thejiarcnt 
is  held  by  the  implied  contract  to  jiay :  so,  too,  is  the  hus- 
band for  services  rendered  to  his  wife,  and  the  gtiardian 
for  services  rendered  to  his  ward.  It  is  very  neces,s!iry  that 
the  proper  person  be  held  responsible,  and  the  physician 
will  do  well  to  ascertain  the  individual  to  whom  he  should 
present  his  account.  Thus,  where  a  married  daughter 
was  taken  ill  in  her  father's  house,  and  received  a  physi- 
cian's services,  the  father  acquiescing,  the  father  was  not 
liable,  but  the  husband,  and  it  was  held  that  even  if  the 
father  had  sent  for  the  physician  it  would  have  made  no 
difference,  'With  regard  to  parent  and  child  luider  age, 
it  may  be  said  that  as  a  rule  the  father  is  liable,  even  if 
the  child  is  away  from  home,  provided  he  is  absent  with 
his  father's  consent,  but  not  if  the  child  has  run  away  or 
left  without  the  father's  approval.  If  the  father  is  dead, 
the  mother  is  liable  only  so  far  as  the  child  has  a  sepa- 
rate estate,  and  if  the  child  has  no  separate  estate  she  is 
not  liable.  In  the  case  of  husband  and  wife  the  husband 
is  liable;  luiil  if  the  wife  be  divorced,  the  husband  will 
still  be  liable  unless  the  physician  is  made  acquainted 
with  the  fact.  So.  too,  where  the  husband  declines  to  l)e 
resiionsible  for  debts  incurred  by  his  wife,  it  is  iiu'umbent 
on  liiiu  to  furnish  this  information  to  the  physician,  or 
else  the  courts  will  uidiold  the  physician  in  recovering 
his  fee  from  the  luLsband. 

"There  are  two  cases  in  which,  in  the  absence  of  an 
express  cimtract.  the  jihysician  may  recover  if  either  hus- 
band or  wife  has  projierty.  The  tirst  is  the  case  in  which 
a  physician  renders  services  to  a  woman  not  knowing  her 
to  be  marrii'd.  Here  the  husband  is  liable  as  an  undis- 
closed principal,  but  the  wife  is  also  liable  as  an  agent 
who  has  made  a  contract  without  disclosing  the  fact  of 
agency,  and  either  could  be  sueil  notwithstanding  a  pre- 
vious judgment  a.srainst  the  other  for  the  same  cause,  if 
it  has  not  been  ssitislied."  "The  second  is  the  case  in 
which  a  married  wimian,  who  has  been  abandoned  by 
her  husband,  or  is  living  apart  from  him  for  g<iod  catise, 
renders  biin  liable  for  neci'SSiiries  furinslied  to  herself  and 
her  children.  Here  the  debt  is  that  of  the  husband,  and 
the  wife  may  not  be  sued  directly.  But  a  judgment 
against  the  husband  may  be  euforceii  against  the  wife's 
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scpiimtf  i>r<iji(Ttv,  l>v  nil  notion  lii(ttltuU'<l  for  tlint  pur- 
|,(.s."  iWilliir.l  A.  Jlilch.'ll.  in  .\fe,lie„l  Utfurd,  18U4,  vol. 
xlv  .  y.  lIHi. 

Ill  llir  <n.Hc  of  n  tliird  |mrly  oIIht  tliiiii  llif  piimil.  Iiiih 
luiiiil,  iir  Kiini'ilinii.  wlial  niv  llii'  liuliilitirK  of  hihIi  lliinl 
imilics  for  ilic>  piiyiiK'iil  of  tlic  pliVHiciiiiiH  fci-H?  When 
a  pliysiciiiii  ilcpriids  mi  llic  pmiiiiM'.  i.v  press  or  iiiiplii'il, 
of  a  lliinl  party,  it  is  mctssaiy  to  mnltislaiiil  HJicthiT 
llial  lliir.l  parly  promises  as  for  liiiii-.(lf  or  as  a  u'liaraii 
tor.  In  llie  fiiriiier  ease  he  is  lialile,  ami  llie  pliysiciaii 
can  reeover  from  lijm.  In  llie  laltirease  il  is  iieees-sary 
that  siieh  proniis*'  should  lie  in  wriliiij;.  The  Slaliite  of 
Frauds  deelans  that  "no  action  shall  he  liroiijrlil  .  .  . 
wliereliy  to  ehar.ne  the  defeiiilnnt  upon  any  special  prom- 
ise |o  answer  for  the  ilcht.  default,  or  niiscairiajre  of  an- 
oilier  person  .  .  .  unless  the iiv'ieenient  upon  which  such 
action  shall  he  hrou^hl.  or  soini-  lucnioiandum  or  note 
thereof,  shall  he  in  wrilin;;.  and  siiriud  liy  the  jiarly  to 
III'  char:;ed  therewith,  or  somo  oilier  pirsoii  Ihcreiiiilo  liy 
him  lawfully  niithori/.ed."  To  lake  a  few  illuslnitive 
oases:  (1)  A  asks  a  physician  to  aMeiul  X.  and  says.  "1 
will  pay."  or  "  1  will  see  you  paid  ";  A  is  liahle.  and  the 
physician  can  recover  from  him.  (2)  A  asks  a  physi<ian 
to  attend  X,  and  siiys.  "If  X  does  not  pay  you.  I  will''; 
imliss  iliis  is  in  wrilinjr  the  physician  caiinoi  recover 
from  A.  (3)  A  s;iys  ton  physician,  k/Vo' services  have 
lieen  rendered  to  X.  "I  will  pay";  A  is  not  liahle.  In 
Case  1  ahove.  there  is  an  ordinary  contniot,  and  the 
transnetion  does  not  come  under  the  [slatute  of  Frauds 
liecause  it  is  an  independent  promise.  Case  2  is  covered 
hv  the  Statute  of  Fraiiils.  In  Case  3  there  is  no  consid- 
efiilion  u]«on  which  to  found  a  contracl.  and  therefore, 
whi'llier  onil  or  written,  such  a  juomi.se  has  no  legal 
valui'.  Uiil.  in  the  larire  majorily  of  ca.ses.  althouirh 
lliinl  parties  are  ready  enough  to  call  a  physician  for  a 
fricMid  or  neiirhhor.  they  are  singularly  retioent  on  the 
suhject  of  remuneration.  If  the  third  parly  avers  that 
he  is  merely  an  agiMil.  he  has  no  respousihilily :  but 
where  he  does  not  stale  that  he  is  noting  us  an  agent  the 
courts  dilTer  as  lo  the  (piestion  of  lialiiliiy.  This  subject 
of  agency  has  been  condensed  as  follows;  "It  is  a  gen- 
eral priiK  iple  of  the  law  of  agency  that  one  who  jiro- 
cures  services  lo  be  done  for  another  is  not  himself 
chargeahle  as  the  debtor,  unless  he  omits  to  make  know  u 
his  principal,  or  erroneously  supposes  that  he  has  author- 
ity, or  exceeds  his  authority,  or  expressly  or  imi>licitly 
engages  to  he  answend>lc  either  by  directly  promising  to 
pay  for  them  if  rendered,  or  by  doing  or  sjiying  some- 
thing wiiieh  juslilies  the  iiei.son  who  is  to  |ierform  them 
in  supposing  that  the  one  w  ho  applies  lo  him  engages 
to  pay  for  them"  (Judge  Daly,  in  IJuck  c.v  Amidon).  In 
dealing  with  corporations,  such  as  railway  companies, 
the  physician  w  ill  do  well  to  remember  that  unless  he 
has  an  <j-/»v.'i.i  oontnul  willi  the  corporation,  an  i'm/)/iVrf 
oontraot  is  with  the  piison  who  receives  his  services. 
Thus,  in  a  railway  accident,  a  conductor  asks  a  physi- 
cian to  attend  X;  the  company  is  not  liable.  Doubtless 
there  is  in  every  corporation  some  oflicer  w  hose  acts  will 
bind  the  oor])()r!ilioii ;  if  such  an  ollicer  rei|Uesls  profes- 
sional services  for  an  injund  person,  the  company  will 
be  held  responsible,  but  not  otherwise:  and  it  will  lie  for 
the  physician  to  i)rove  that  the  ollicer  who  employed 
him  had  such  authority,  or  else  that  the  coni|iany  suljsc- 
ipiently  i-.itilied  the  action  of  an  inferior  ollicer.  The 
question  of  the  liability  of  corporations,  with  the  various 
decisions,  is  far  too  large  to  entir  upon  here. 

Having  now  seen  how,  in  most  cases,  a  contract  is 
made,  li  t  us  note  the  points  nece.ssjiry  to  success  in  in- 
voking the  aid  of  the  law.  In  the  lirsi  place — with  re- 
.ijard  to  his  own  legal  status — thi-  physician  must  have 
fulfilled  all  the  legal  nMiuirements  of  the  Slate  in  which 
he  pnniises.  and  of  the  county  or  counties  in  which  he 
has  an  ollicc.  He  must  be  legally  ijualiticd  to  practise. 
If  there  is  any  oinis.sion  or  Haw  in  this  respect  he  cannot 
r<^coverliis  fees  in  any  State,  with  the  possible  exception 
of  Jlissoiiri  And  as  with  professional  services  so.  too. 
with  medicines  supplied.  (lenerally  the  jihysiciau  will 
be  presunieil  lo  have  fullilled  all  legal  reiiuiienieuts,  and 


the  liunlen  of  iiroving  tluit  there  Ik  any  Irn'BUlarJt  v  will 
rest  upon  the  defeiidanl.  Tin-  legally  I'pialilleil  pliyNieiiin 
can  also  recover  for  services  rendered  hy  students  Work- 
ing under  his  din'Ction,  and  uIhh  forn  pliyNJcian  eniployctt 
toassist  him,  even  when  this  aHsiKlaiil  Is  not  legally  iiual- 
illed.  Hut  it  would  sicin  that  a  physician,  biingunuble 
to  attend  a  ca.se,  and  seniling  in  his  place  aiioiher  pliy- 
sioian  not  his  assistant,  cannot  recover  for  lliiii  other 
physician.  The  patient  is  also  liahle  for  the  e\pen'-es  of 
a  consultant,  even  when  there  is  no  express  stipiilaliou. 
Ne.vt,  the  physician  will  have  lo  prove  Hint  he  Ims  ren- 
dered the  .services  for  which  the  charges  are  made.  This 
is  n  dillU'ult  and  delicate  inatt<'r.  and  the  physician  must 
proceed  cautiously,  for  the  (|Uestioii  of  "  |»rofe.ssional  se- 
crecy "  presents  itself.  In  the  Slates  of  Ari/.ona,  Arkan- 
sas, Caliloniia,  Colorado,  Idaho,  Iniliana,  Iowa.  Kansas, 
Michigan.  Minnesota,  Jlissouri.  .Montana.  Nebraska,  Ne- 
vada. New  York,  North  Carolina,  North  Dakota.  Ohio, 
Oklahoma,  Oregon,  I'ennsylvania,  I'tali,  Washinglon, 
Wisconsin,  and  Wyoming  a  duly  (|Ualilied  physician  is 
positively  restrained  from  disclosing  anything  that  the 
patient  liasconlided  to  him  professionally.  In  Slates  not 
luenlioiied  above,  the  ]diysician  may  be  allowed  to  tes- 
tify in  detail  as  lo  the  services  that  he  has  rendered.  In 
case  the  physician  should  lie  unlicensed  the  patient  has 
no  such  protection,  and  u  full  account  of  the  .services 
may  b<'  given.  Gn-at  diversity  exists  as  to  the  interpre- 
tation of  these  rules,  and  chielly  as  to  what  is  included 
in  the  term  "privileged  communication."  In  the  next 
place  the  account  scut  in  will  be  scrutinized.  The  court 
will  hardly  recogni/c  an  account  as  vague  as  the  "To 
professional  services"  so  commonly  rendered.  While 
there  is  some  difTcrcnce  in  the  reiiuiremcnts  of  the  vari- 
ous States,  the  safest  course  is  to  luescnt  an  account  in 
which  each  item  is  specifically  given  under  its  proper 
date,  and  with  its  own  charge  against  it.  "The  general 
rule  that  one  who  receives  a  bill  or  account,  and  retjiins 
it  without  objection,  will  be  deemed  to  have  acquiesced 
in  its  correctness,  does  not  apply  to  a  bill  rendered  for 
personal  services  without  previous  agreement  as  to  rate 
of  coinpensntion.  Hut  where  a  jiart  payment  is  made  on 
such  bill  without  protest,  it  becomes  an  account  slated, 
which  may  lie  sued  upon  without  giving  evidence  as  to 
the  value  of  the  services  rendered:  and  the  bill  need  not 
have  been  an  itemized  one"  (Willard  A.  Mitchell,  in 
Medical  R<cord.  1894,  vol.  xlv.,  p.  9S).  AVitli  regard  to 
the  value  of  the  services  rendered — in  case  this  is  dis- 
puted (and  the  defendant  is  likely  to  dispute  everything) 
— the  custom  of  other  physicians  in  the  locality,  and  the 
plaiulifl's  own  custom  in  other  ca.ses  may  be  cited;  but 
it  will  be  proper  for  the  defendant  to  urge  that  the  l>hj'- 
sician  had  on  previous  occasions  charged  him  less  for  sim- 
ilar services.  Expert  opinion  as  to  the  value  of  the  ser- 
vices may  be  given  by  physicians  only:  but  juries  are 
not  bound  to  accept  their  valuation,  and  in  case  of  ditTer- 
ent  witues.ses  making  different  apjiraisjils  the  lowest  is 
most  likely  to  be  taken.  Another  jiossible  defence  is 
that  the  physician  made  more  visits  than  were  actually 
neccs.sary ;  but  the  physician  is  recognized  as  the  only 
judge  as  to  the  number  and  frcciucncy  of  the  visits  re- 
(luired.aud  as  a  rule  the  physician  nniains  in  attendance 
on  a  case  just  so  long  as  he  deems  it  necessary,  or  until 
the  patient  dismisses  him.  or  until  he  leaves  by  mutual 
assent.  It  may  possibly  be  urged  that  the  physician  was 
intoxicated;  this  would  be  a  good  ]ilea  if  the  patient  on 
this  ground  refused  to  allow  the  ]ihysician  to  treat  him, 
but  if  the  patient  continues  to  receive  that  physician's 
services  this  defence  will  not  be  allowed.  "  Malpractice  " 
-is  a  common  assertion;  if  jiroven  it  is  a  good  <lefence; 
but  to  sustain  this  the  defendant  will  have  clearly  to 
prove  gross  neglect  or  culpable  lack  of  skill.  With  re- 
gard to  "limitation  of  action."  where  there  is  only  one 
item  to  the  account,  the  matter  is  easily  settled  by  refer- 
ring to  the  Statute  of  Limitations  for  the  particular 
State:  but  where,  as  is  genenilly  the  case,  there  are  sev- 
eral items,  covering  a  number  of  years,  with  po.ssibly 
certain  pavments  made  from  time  to  time,  the  (jifTercnl 
States  have  decided  differently  on  Ih?  question  of  this 
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constituting  a  "mutual  account."     In  tliis  ease  proper 
advice  must  be  sought.  It.  ./.  E.  tkutt. 

FELL-ODWYER  METHOD  OF  INSUFFLATING  THE 

LUNGS.— lllMlIllllli r    tllr    llllllIS  is  ,x  idiMlly    lllcln.ist 

din  ft  1111(1  iuslunt  nutliod  of  restoring  tlie  suspemled  re- 
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Fio.  20M.— The  Orl0nBl  Cbaiissler  Tiibe  for  Direct  Mouth 
Insuttlntion  In  Asphyxia  XeonHtoniin.  (From  Depaul's 
iinlclf  ill  ilif  "  Diet.  t:ncyolo|)uUiiuu'."  vol.  xiii.) 


spiratory  function,  and  yet  until  reecnt  years  it  had  been 
pnictically  abandoned  orforirotten  by  the  iiiedieal  world. 
Sueli  was  not,  however,  always  the  jtidirineiit  upon  it. 
It  has  an  aueieiit  and  lioiKn'able  histoiy.  I'assiiif;  by  the 
statement  of  Depaul  that  referenee  to  it  may  be  found  in 
tlic  Scriptures,  and  that  Hippocrates  eonsidered  it,  he 
lets  us  know  that  Paracelsus  (1493-1.541)  applied  a  bel- 
lows to  the  mouth  and  by  its  aid  gently  inflated  the 
lungs,  while  Paiiai'olus  had  recourse  to  the  s;»me  proce- 
dure to  revive  the  victiiiisof  eli;ireoal  fumes.  Vesalius 
(l.")14-l.")(i4)  demonstrated  that  in  ain'mals,  after  the  thorax 
had  been  opened  for  observation,  respiration  could  be 
maintained  by  the  use  of  an  insufflating  bellows  and 
tube. 

In  the  latter  part  of  the  eighteenth  century  this  method 
of  relieving  asphyxia  was  widely  popular.  It  was  in 
particular  used  to  restore  those  w  ho  had  been  asphyxi- 
ated by  drowning,  and  the  numerous  appliances,  which 
were  the  proiluct  of  the  iiigeiniity  of  medical  men  in 
England  and  on  the  continent  of  Europe,  wei'e  placed  in 
,j,__^  the  hands  of  life-Siivers  and  the  police 

^^  to  be  used  at  their  discretion,  or,  too 

V  often,  their  indiscretion. 

The  names  of  many  eminent  physi- 
cians are  connected  with  the  invention 
of  insufflating  apparatus  at  this  time. 
In  all  of  these  macliines  the  air  was 
supplied  from  a  bellows  or  pump  and 
injected  into  the  lungs  by  means  of  a 
tube  inserted  into  the  mouth,  the  nos- 
trils, or  the  glottis,  or  through  a  tra- 
cheotomy wotmd.  In  England  William 
Hunter,  .Monroe,  James  ("urry :  on  the 
continent,  Des  Granges,  Hans  Courtois, 
Fine,  Pia  and  Gai'cy,  devised  instru- 
ments that  were  more  or  less  widely 
adopted.  And  Lecat,  Louis,  Mare, 
Portal,  Troja,  and  nianj'  others  were 
warm  in  their  praises  of  this  method  of 
treating  asphyxia. 

The  indiscriminate  use  of  these  ma- 
cliines by  ignorant  persons  resulted  in 
bringing  the  method  into  disfavor.    In 
18'2!).  Leroy  d'Etiolles announced  to  the 
French    Academy  that   the   mortality 
from  drowning  had  increased  since  this 
Fic;.  ms:.'. -ttairal's   practice  had  become  general.     He  con- 
moniVi'u'e."'^(Kmm   1^'""'''^  that  insufflation  was  dangerous 
Depaufs'artlcle.)     to  the  integrity  of  the  rcspirato'i-y  or- 
gans.     Numerous   experiments   ujion 
animals  and  upon  human  cadavers  had  convinced  him  that 
violent  insufflation  could  produce  emphysema  and  ruj)- 
ture  of  the  air  cells  and  smaller  bronchioles.    Iletherefore 
condemned  the  iinictice,  and  being  supported  in  his  con- 
clusions   by  a  committee,   composed   of    Dumeril    and 
Magendie,  appointed  by  the  Academy  of  Sciences  to  in- 
vestigate the  matter,  the  fate  of  instifflatiou  was,  for  the 
time  at  least,  sealed,  in  spite  of  the  vigorous  protests  of 
Marc,  the  physician  in  chief  of  the  life-saving  service  of 
Pari.s,  and  of  other  members  of  the  Academy, 
The  sentence  seemed  final  when,  iu  1S45,  Depaul  started 


a  propa.ganda  in  its  favor  for  the  resuscitation  of  the  as- 
phy.\ialeil  new  bom.  He  ilemonslratid  that  insulllalion 
was  dangerous  only  when  done  by  the  inexperienced  and 
with  violence,  and  he  proved  that  the  human  lung  was 
more  resistant  than  that  of  most  of  the  animals  used  in 
IxToy's  experiments, 

{'haussier,  who  preceded  liim  at  the  Maternite,  in  Paris, 
had,  in  IMOCi.  reeomnieniled,  for  intialarvngeal  insuffla- 
tion, a  tube  which  met  the  approval  of  Madame  Iji 
Chapelle,  and  which  Depaul  adopted  with  some  slight 
nioditi<'ations. 

The  eminence  of  Depaul,  the  brilliancy  of  his  argu- 
ment, and  the  convincing  character  of  his  clinical  evi- 
dence stimulated  other  inventois  to  attempt  to  improve 
upon  his  instrument.  Gairal.  in  1><79.  proposed  an  in- 
strument which  he  called  the  "aCrophore  pulmonaire." 

Ribemont.  in  1877,  |ireseiited  a  somewhat  similar  tube 
with  rmiiml  tiji.  to  which  he  too  attached  a  rubber  bulb. 

Depaul,  in  his  article,  objects  to  these  .so  culled  im- 
provements niion  his  method  of  insufflation,  claiming 
that  the  operator's  lungs  are  the  .sjifest  form  of  bellows 
to  use  in  tilling  the  lungs  of  the  new  born  babe,  and  that 
the  wedging  of  the  conical  li|iof  Hibemont  misrlil  endan- 
ger the  structures  of  the  larynx. 

Matas  calls  attention  to  tlie  fact  that  Dr.  Truehead.  of 
Galveston,  Texas,  in  1809,  described  a  complex  machine 
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Fig.  2083.— Ritiemont's  InliilmtinK  Cannula,  with  Conical 
Tip  to  which  a  Kulli  may  be  Attached  as  In  Gairal's  In- 
strument.   (From  Depaul's  article.) 


of  his  invention  for  the  purpose  of  inflating  and  aspirat- 
ing the  lungs.  His  article  was  contributeil  to  the  Berlin 
Obstetrical  Society  and  appeared  in  their  Transactions  for 
1869-72,  but  was  never  published  in  Ameiica. 

From  this  review,  it  is  evident  that  the  idea  of  com- 
bating asphyxia  by  means  of  insufflation  was  too  funda- 
mental ever  completely  to  receive  its  quietus.  Individ- 
ual and  original  minds  were  attracted  to  it.  but  to  the 
great  bodv  of  the  )n-ofession  it  was  a  discredited  pro- 
ccedure,  when,  in  1887,  Dr,  John  R.  Fell,  of  BulTalo.  X. 
Y.,  after  vainly  trying  every  recognized  method  to  main- 
tain respirati<iu  in  a  case  of  opium  narcosis,  employed  the 
tnieheal  cannula  and  bellows,  used  on  dogs  in  the  BulTalo 
Aledical  College,  and  succeeded,  after  carrying  on  res- 
piration with  its  help  for  three  hours  through  a  tra- 
cheotomy opening,  in  saving  the  life  of  his  patient.  This 
success  was  followed  by  others,  and  in  1893,  at  the  meet- 
ing of  the  Pan-American  Congress  iu  Washington,  he  was 
able  to  present  a  list  of  thirty  cases  whose  lives  had  been 


Fig.  20(4.— OrlRinal  Fell  Apparatus.  sliowtnR   Face  Mask  and  Air 
Valve  Attached  to  Tube.    (Truax's  "  Meclianics  of  Surgery-'") 

]ireserved  by  the  use  of  Ids  instrument,  which  lie  had 
meantime  modified  by  substituting  a  face  mask  for  the 
tracheotomy  cannula. 

It  is  interesting  iu  passing  to  notice  that  while  the  ar- 
guments of  Leroy  and  his  adherents  had  succeeded  in 
discrediting  insiiftlation  for  the  relief  of  asphyxia  in 
man.  it  had  continued  to  be  the  univcisjil  custom  iu 
physiological  laboratories  to  maintain  respiration  during 
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l'<'ll-o-|>\t  yrr. 
F<'ll-u*Uu)rr. 


vivfsoHlon   expert- 

III!  iilK  liy  inJocliiiK 
^lir  tliMiiKli  It  Ini 
1  lii-iiloiiiy  tillir  liy 
mcuiiH  iif  a  l)cll()\v.M 
LiMiMcIrd  to  il  by 
I  iililiiT  lulling'. 

Tlic  ilJMiilviiiiliiKrH 
'I     Iiiivjiil;     III    (III    II 
|iiilimiimiy  Inidicdt- 
nmy  li'il   Kfll  III  siili- 
sliliilr  II    face  mask, 
lint    tlicic-    wiTc    uli- 
vious    olijrclioiis     111 
ihr    lalliT.   till-   cliii'f 
i.f    wliicli    was    that 
uirl   iif   llie   ail    was 
ialilc    111    pass  iliiwii 
into    till'    sliiinach 
Hill.  Iiy  ilisU'iiiliiig  it, 
iiiiiifiiT     with     the 
^riiit    (if     tilt'   (Ha- 
ll rii;;  111.    ,I(is«'ph 
Dwycv.  wliiisr  ex- 
liiiii'iils  ill  iiitiilia- 
>ii    liiiil    ailniiialily 
Kililicil  liiiM  fur  tlie 
'I'U.  (ivrrcaiiic  llirsi' 
ilijccliiiiis      liy      Ilic 

iiJii'S  wliicli  lir 

Kiii.  ■J**.""  Iir  llli.mis  Ijiii'Ki  Modilliii-  '•■""Stiuctcil, 
Hull  of  ilH'  liiiiiliiil.ir  fiir  .Mlulus.  Willi  fur  use  Willi 
.MiMiiiulii'  liall-Viilviv  (  1,  g     bfllows. 

mill    wliicli    lie   (lcsoril)f(i   in   the    Annunl  "f  the 
I'liiri  r.iiil  yfiiliciil  St-ieiicfn  for  1894. 

'I"hr  liilie  ami  liillows.  very  pidperly  called  the 
Fell  (I'ltwyer  ap|ianinis.  have  lieeii  in  use  in  the 
rieshvteiiaii    Hospital,  ill    New  York,  where  they 
were   iiiliodiieed   hy   Dr.    William    P.   Ndrlhnip, 
since  lyil.'i.  and  in  "the  Charily   Hospital  at  New 
Orleans,   for  which  they  were  purchased  by   Dr. 
J.  D.  Hloiim.  since  lyiNi.      Ample  experience  in  Ihe 
use  of  Ihe  apparatus  in   these  two  hospitals  has 
demiiiislraled  its  irreat    practical   value.       ll  con- 
sists of  a  foot  bellows,  connected  by  a  long  llex- 
ible  rnliber  tube  with  the  intubation  attachment. 
The  latter  is  of  metal,  is  curved  at  the  laryngeal 
end  at  a  right  angle,  and  has  detachable  conical 
tips,  of  various  .sizes  to  suit  flilleient  ages,  and 
designed  to  wedge  in  the  larynx  and  prevent 
the  escape  of  air  alongside.     The  extra  oral 
end  has  two  branches,  one  to  receive  the  tub- 
inir  and  admit  the  air  fioiu  the  liellows.  the 
other  to  perniil   the  escape  of  the  air  in  ex- 
piration.    The  latter  is  stojipeil  by  the  thumb 
of   the   operator   during    forced    inspiialion. 
No  elTort  is  made  to  aspir.ite  the  chest,  it  hav- 
ing  been    ilenioiislraled  during   the  days  of 
Hiinli  r  and    Monro  that   the  elasticity  of  the 
lung  is  amply  siinicient  to  expei  the  air.     To 
give  a  lielter  gnisp  on  Ihe  iiisiriiment,  a  row 
of  metallic    rings  is  attached    near   the    free 
end  of  the  tube.    These  receive   the   lingers 
and  give  excel  lent  colli  rill  over  the  instrument. 

Matas  has  recently  iiiodilied  the  ODwyer  tube  by  the 
nddilion  of  a  pistol  shaped  handle,  and  by  adding  a  third 
branch,  provided  with  a  stopcock,  through  which  an 
ana'slhetic  can  be  ailiiiitted  without  interfering  with  the 
coulinnaiice  of  forced  respiration, 

Since  its  introduction  into  the  Charity  Hospital.  Dr.  J. 
D.  Bloom  has  made  a  nuniber  of  iminoveinents  in  the 
bellows,  consisting  of  (1)  a  long  lever  to  facilitate  com- 
pi-es,sion  of  the  bellows:  (21  a  metal  chamber,  tilled  with 
cotton  to  filter  the  air  on  its  way  from  the  bellows  to  the 
luugs:  (3)  a  similar  chamber,  through  which  oxygen  can 
be  passed  into  the  bellows  from  a  bag  or  cylinder,  when 
deemed  advisable. 

For  use  in  the  asphyxia  of  the  new-boru,  Dr.  Bloom 


liiiH  linil  nmde  n  Nniitlli-r  tube,  In  whU-li  Ih  nllaclied  tlii> 
bulb  of  an  ordinary  ulomi/er,  in  phu  e  of  the  large  liel 
lows,  thus  preveiiliiig  over  diKleiitioii  of  ihi.  infiuilH 
lungs.  Ill  tliiH  small  iiistruininl  the  thumb  of  the  oii 
eralor  is  replaced  by  a  ball  valve,  which  aiitdiiiiitically 
closes  the  exit  lube  when  the  biilli  is  coinpreHHed,  anil 
falls  out  of  Ihe  way  when  the  preHMure  fnun  the  bulb 
is  stopped.      (I'"ig.  'JOS,"i.) 

Since  till'  days  of  I.eroy  the  objections  to  the  use  of 
iiisiitllaling  appliances  have  been:  (li  Thai  the  instrii 
ineiit  ignorant ly  or  roughly  used  was  capable  of  inllict- 
ing  serious  injury  upon  the  larynx  and  upon  Ihe 
structures  of  the  lungs  themselves.  To  this  it  may  he 
answered,  as  was  done  long  ago  bv  Depaiil,  that  it  ix 
not  inlinihd  to  be  either  igniirantiy  or  roughly  us<-d : 
that  the  same  objections  might  be  urged  against  any  of 
the  operations  of  surgery  :  and  that  exleliiled  experience 
ill  at  least  two  great  hospitals  has  demonsl rated  not  only 
that  il  can  be  einployed  willioiii  danger  to  the  integrity 
of  the  larynx  and  lungs,  but  Hint  even  after  many  hours 
of  coiilinnous  insulllation  by  the  Fell  ODwyer  appa- 
ratus Ihe  voice  is  seldom  afTecled. 

(2)  It  is  objected  that  it  is  dinicult  to  introduce  the 
tulic  into  the  larynx.  Il  is  true  that  a  certain  amount  of 
dexterity  is  reijuired.  particularly  in  the  infant,  but  the 
necessary  skill  is  very  quickly  acquired.  Il  is  certainly 
far  easier  to  introduce  than  the  iulubation  tubes  used  in 
laryngeal  diphtheria. 
The  instrument  is  introduced  exactly  ns  in  the  opera- 
tion of  intuba- 
tion. The  head 
of  the  patient  is 
kept  in  the  me- 
dian line  with  the 
face  pointing  di- 
rectly up.  The 
mouth  is  kept 
well  open  b  y 
means  of  a  gag, 
and  the  tongue  is 
best  inilled  for- 
w  a  r  d  w  i  t  h  a 
tongue  forceps  to 
liriiig  the  epiglot- 
tis well  in  reach. 
With  the  tube 
lightly  poised  in 
the  lingers  of  the 
right  hand  the 
left  index  linger 
is  pa.s.sed  along 
the  tongue  till  Ihe 
epiglottis  and  the 
opening  of  the 
are  felt, 
epiglottis  is 
d  up  by  the 


FIG.  a0S6.-Orig1nal   Fell-O'Dwvpr  Apparatus.    (From    Medical  and 
SurRtoal  Reports,  Presbyterian  Hospital,  of  New  York  City,  1S86.) 
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finiicr,  wliirli  is  slipprd  n  little  to  one  side.  The  tube  is 
now  passi'il  iihuigsiilc  of  llic  tiiijicr,  o.Micllv  in  llie  me- 
(liiiii  line,  till  il  reaches  llie  lip  of  Ilie  iiiij;er.  The 
hiuidle  is  now  sharply  raised  and  the  tube  pressed  home 
into  the  laryn.v.  A  gentle  inllation  I'roiu  the 
bellows  will  cause  the  chest  to  rise  and  will 
be  followed  by  expiration,  if  the  tube  is  in  the 
larynx.  Vi\  the  other  hand,  if  it  has  pas.sed 
down  into  the  usoiihagus.  the  chest  will  not 
rise,  and  in  addition  the  air  will  be  heard  hiss- 
ing in  the  throat.  Occasionally  the  end  of  the 
tube  gels  blocked  by  the 
folds  of  the  laryn.x.  In 
these  ea.ses  a  little  niauip- 
idation  will  generally 
clear  it.  or  it  may  have  to 
bi'   withdrawn  and  again 


Fig.  2087.— Mntas"  Modinoation  of  O'Dwyer's  Tube.     (From  his  article 
"  Intralaryngeal  Insufflation.") 

introduced.  It  is  liurdly  necessary  to  say  that  these 
manipulations  should  be  executed  with  gentleness  and 
deliberation.  The  most  conuuon  mistake  is  to  sec  the 
operator  frightened  at  a  little  delay  in  getting  the  tube  in 
proper  position  and  the  iuHow  of  air  started.  Seconds 
seem  minutes  in  such  cases,  but  it  is  very  rare  to  see 
cyanosis  develop  which  is  not  quickly  cleared  up  when 
tiie  bellows  has  been  compressed  once  or  twice. 

The  FelbO'Dwyei- apparatus  is  certainly  the  simplest 
and  most  ellicient  instnuncut  so  far  invented  for  carrying 
on  artificial  or  "  forced "  respiration.  In  1897  Doyen 
("Technique  Chirurgicale")  described  an  apparatus  for 
insufflation,  which  he  had  devised  for  use  in  operations 
upcm  the  thorax,  to  prevent  the  alarming  symptoms  of 
sudden  pneumothorax.  He  was  led  to  this  invention  by 
the  ex])erimental  work  of  Tullier  and  Ilallion.  (Juenu 
and  Longuet,  who.  recognizing  the  great  danger  from 
sudden  pneumothorax,  tried  to  tind  a  way  to  pn'veiit  it. 
This  they  aceomplislied  by  iiisufflutinn.  but  they  did  not 
pi'iiluc  I- ;i  Miii.ibli-  iii-^trtmieiil.      D^iviii's  a]ip;ii';itus  i'.^  a 


credit  to  his  inventive  genius,  but  is  niauifestly  inferior 

to  the  Fell  ( )'l)wyer  apparatus. 

The  latter  is  an  admirably  practical  addition  to  our 
resources,  and  it  is  conlidently  recommended  in  the  treat- 
ment of  as|diyxia  in  the  following  chis.ses  of  cases: 

1.  In  asphyxia  neonatorum,  by  the  use  of  Dr.  .1.  D. 
Blotmi's  moditication.  The  small  size  of  the  instru- 
ment jiennits  its  inclusion  in  any  obstel ileal  bug. 
When  ils  use  is  successful,  the  feeble  and  infiei|Ueut 
heart  beat  becomes  more  rapid  and  distinct.  The 
skin  loses  its  iivid  color  and  assumes  the  rosy  hue  of 
health,  and  even  when  no  effort  at  independent  res- 
piraticm  has  been  maile  by  the  infant  the  circulation 
aiii)ears  to  be  perfectly  nonnal.  Generally  a  very 
short  time  elapses  before  the  child  can  be  left  to  carry 
on  its  respiration  without  assistance.  I  have  myself 
now  resuscitated  too  many  asphyxiated  infants  with 
this  inslrununt  lo  feel  any  doubt  of  ils  suiieriority 
to  any  other  method  of  meeting  this  condition. 

2.  In  opimn  poisoning,  with  respiratory  failure. 
This  is  the  condition  for  which  Fell  originally  recom- 
nunded  the  method.  Any  one  who  has  witnessed  the 
Irnnsformation  which  occursin  theaiqiearanceof  such 
a  |ialienl  after  Ihe  eslablishment  of  "forced  respira- 
lioM  "  with  the  Fell-O'Dwyer  apparatus,  and  has  cora- 
pared  ils  quiet  etliciency  with  the  strenuous  and  unsjit- 
i'^factorv  ell'ccts  of  artilicial  respiration  by  Sylvester's 
and  other  methods,  or  with  electrical  stimulation  of 
the  respiratory  function,  will  need  no  further  argu- 
ment to  recommend  it.  Under  its  use  the  lividity  of 
cyanosis  is  rejilaced  by  an  unusually  rosy  color,  the 
heart's  action  is  improved,  and,  these  two  centres  be- 
ing kept  going,  the  system  has  time  to  eliminale  the 
poison.     The  use  of  the  instrument  is  to  be  continued 

until,  when  the  bellows  is  stopped,  the  patient  breathes 
of  his  own  accord  at  least  twelve  or  fourteen  times  a 
minute  and  shows 
signs  of  being 
aroused  from  the 
narcotic  stupor. 
AVe  have  frequent- 
ly noticed  that  even 
after  having  re- 
gained conscious- 
ness these  patients 
will    lie  quiet    and 


permit  the  operator  fig.  2ns!l.— Dr.  J.  D.  Bloom's  .Adaptation  of 
Fell-O'Dwyer's  Appanitus  for  t'se  in 
Asphy.Kia  Neonatoruin.  ^1  and  F  are 
tips  of  dllTerent  sizes;  I)  is  the  hall  valve 
to  replace  operator's  thnmh ;  (.',  metal 
rings  into  which  the  operator's  flufiei-s 
may  be  introduced  ;  A*,  air  bulb. 


Fio.  •Ji.Ks.-Dr.  J.  D.  lil. 


V  >l"ilinr:itl'.Ti  "f  Icll-O'llwyer's  Appai-.itu^ 
New  Orleans  Charily  hospital. 


to  carry  on  respira- 

t  i  0  n    for    them. 

Sometimes     after 

having  regained  the 

power     to    breathe 

for  himself  the  patient  will  relapse  and  the  tube  will  have 

to  be  again  applied.  At  the  Charity  Hospital  in  New 
Orleans  the  apparatus  has  been  nsid  continu- 
ously for  twelve  or  more  hours,  with  ultimate 
success  in  sjvving  the  patient's  life.  It  has 
undoubtedly  Siivcd  cases  which  would  have 
been  fatal  under  other  methods  of  treatment. 
It  has  markedly  reduced  the  number  of  cases 
of  post-narcotic  pneumonia,  which  was  for- 
merly very  ficciuent. 

(3)  In  other  cases  of  respiratory  failure,  as 
instanced  by  the  following  case:  A  young 
woman  was  brought  into  the  Charity  Hos- 
pital unconscious.  She  had  been  drinking 
long  anil  heavily  and  appeiired  to  be  in  a 
condiliou  of  iileohohc  coma.  No  trace  of 
opium  could  be  found  in  cither  the  stomach 
contents  or  the  urine.  The  pulse  was  fairly 
good;  respiration  rapid  and  shallow.  Sud- 
denly the  pulse  became  very  feeble,  the  pu- 
pils became  dilated  and  unequal,  respiration 
Iiractic.illy  ceased,  and  the  skin  quickly  got 
bliie.  The  pupils  remained  unequal  for  sev- 
eral hours  afterward.  Hypodermic  stimu- 
lation and  artificial  respiration  were  at  once 
resorted  to,   but  she  could  not   be  made  to 


Used  iu 


144: 


UKKKin:N(  1-;  hamujimik  ok  thk  mkdk  ai,  sciences. 


ii-<i'i>\t  )< 

■iiiuri-i-li. 


liri'Ullii'.  Dentil  si-ciiliil  iiniiiiiiinl,  wlii'll  the  Fcll- 
()'|)«  vir  ii|i|iiinitiis  uiis  iiitrmlm  ril.  In  ii  frw  iiiiiincnls 
till'  iiiiUi'  liiiil  >-lii:litly  iiiiprxvi'il.  mid  iiiiilcr  llif  iiitlii- 
fiKi'  (if  llic  n'lriiliir  ri's|iiniliir_v  iiinvi'iiiriils  tlii'  ryiiiiosis 
ili>ji|i|Muri'<l.      After  iliieo   liimrs  slit-  wiis  wnt   u>  licii 


Fio.  awn.- riiivcirs  Iiilnilarvn(.'inl  TiiIh'  ami  Riililur  ( iiiiiicitions,  witli  Funnel  At- 
t«rlii'<l.  fiT  Ijiniitreal  Tain|N.iiaili'  ami  ( lilon>fi>nii  Amrsllii-sla.  Tlic  lUl  sIhivvs  the 
s|>'<ial  fon  i|»  iiMil  I"  IninHliiie  the  tulw.  Tlie  IniiiluitinK  cnnniila  inav  tw  used  fur 
dint  t  Bir  liLiiiIllulten.    ( ¥r\na  Ihiyen's  "  Teclinlque  t'hlniiyleale,"  Fig.  W,  p.  123.) 

lircatliiiii:  fur  Iwrself,  and  on  llic  iip.M  duy  she  was  partly 
rniiMimis.  Tcitiil  suppression  ot  urine,  however,  tcmii- 
nated  her  life  in  eoiiisi. 

(4)  In  chlordforni  narcosis,  when  the  respiration  fails 
before  the  heart.  I'nfortunately.  in  most  cases  the  heart 
fails  along  with  the  resjiinition,  and  then  I  believe  noth- 
iuj:  will  save  the  |mlieiit. 

{'i)  In  the  siirirery  of  the  mouth,  to  prevent  the  en- 
tranee  of  blood  into  the  trachea  and  to  seenre  free  ad- 
mission of  air  to  the  lun.L's.  the  aniesthetic  being  given 
through  the  tube;  a  viiy  limited  Held  of  application,  and 
one  better  met  by  preliminary  tmcheotomy. 

(0)  111  thonieic  surgery,  when  the  pleura  is  widely 
opened  and  there  is  (hmger  to  life  from  the  production 
of  sudden  piieumothoni.x.  with  collapse  of  the  lung.  As 
demonstrated  by  I'arhamat  the  Charity  Ilosiiital,  in  a  case 
of  sarcoma  of  the  ribs,  the  frightful  an.\iety  which  at- 
tends this  accident  may  be  prevented  by  the  use  of  the 
Felld'Dwyer  apparatus,  and  the  expansion  of  the  lung 
quietly  maiiiliiined  while  the  organ  is  being  secured  to 
the  chest  wall  by  sutures. 

There  can  be  no  doubt  that  the  most  brilliant  future 
for  this  method  of  "  forced  respiration"  lies  in  the  field 
of  thonieic  surgery.  J[iUoii.  of  Cairo,  has  succeeded  in 
doing  some  remarkable  work  upon  the  mediastinum 
wiih  the  assistance  of  insufllation.  and  Parham  has,  in 
this  country,  conclusively  denionslrated  its  wonderful 
utility  in  forestalling  the  pneumothora.x  which  has  al- 
ways been  the  bugbear  of  operative  interference  with 
the  tlxiracic  walls.  Kraitmus  D.  Fenncr. 
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FENNEL.— FcF.sicrLrM.  The  fruit  of  Fanieulum. 
Fa  iiiciiium  (L.)  Karst.  ("  F.  capiUaeenm  Gilibert,"  U.  S.  P, 
— fain.  rmWIIifer/t). 

From  a  perennial  or  biennial  herb  with  a  tall,  smooth, 
green,  branching  stem,  and  ])innate.  skeleton-like  leaves, 
the  latter  consisting  of  but  little  more  than  straggling, 
branching  midribs  and  veins,  arising  from  broad,  concave, 
half-sheathing  petioles.  Umbels  compound,  naked, 
mauy-dowered. 

Vol.  IV.— 10 


Nalivi'  of  ,Si,iiihem  Europe.  '\Ve(it<-rii  and  Niutiiern 
.\sia.  lie.  ;  il  exists  in  wveriil  viirii-liis,  and  liiw  hivii 
long  and  extensivily  cullivaled, 

or  I  wo  separate  or  united  carpels,  eneh  0  .'»  to  1  em.  ({ 
tu  I  in.)  long,  about  one  third  as  broad  mid  (die  kIxiIi  a* 
thick,  oldidig  or  a   litllir   narrowed    at    the 
siimniit.  more  or  less  curved,  bearing  live 
M  very  proiiiinent  mid  stout  liglit colored  ribs 

.•  upon  the  liaek,   idherwiw   sniiKilh.  yellow- 

ish or  brownish  green  ;  pericarp  eoniaining 
an  oil  luhe  between  each  two  ribs  and  two 
upon  the  Hat  side:  odor  pleiismitly  aro- 
matic: taste  sweet  and  pleasjintly  aromatic. 
Sweet,  or  Homan  fennel,  with  very  large, 
li>iig.  light  cidored.  piile-greeiiish  fruits, 
and  a  particularly  ]ileasant  odor  and  taste, 
fnini  cullivaled  plants  of  southern  Europe. 
is  muili  the  bisl.  German,  or  Saxon,  willi 
slmrler  anil  pro|ioriionately  thicker  fruits, 
is  cultivated  In  tJermany.  AVild,  or  bitter 
fennel,  is  fndu  wild  plants  growing  in  the 
south  of  France. 

Kennel  contains  about  three  and  a   half 

per  cent,  of  an  cnnentinl  oil  yi-ry  miuh  like 

that  of  anise,  being  compo.sed  of  a   large 

proportion  of  iiii<lfi<if.    a   .smaller  one  of  a 

hydrocarbon  of  the  terpene  .series,  etc. 

Fennel  is  a  mild  aromatic  of  exactly  the  .same  medicinal 

qualities  as  anis<'.     It  is.  however,  less  used  in  medicine 

than  that,  but  is  ccmsidcrably  consumed  as  a  llavor  in 

cordials,  us  a  spice  and  in  veterinary  practice.     It  also 

enters,   as  a  carminative,   to  prevent  griping,   into  the 

compound  infusion  of  senna,  and  its  oil  similarly  into  the 

compound  spirit  of  juniper  and  the  compound  licorice 

powder.     Both  are  often  ad<led  to  prescriptions,   with 

this  object.     The  dose  of  fennel  is  0.5  to  2.0  gin,  (gr. 

viij  -\\\  V  W.  P.  Jiollex. 

FENNEL,  OIL  OF— a  volatile  oil  di.stilled  from  the 
above — is  thus  described  in  the  Phannacoprt'ia: 

A  colorless  or  pale  yellowish  lii|uid.  having  the  char- 
acteristic, aromatic  odor  of  fennel,  and  a  sweetish,  mild, 
and  spicy  taste. 

SpeciliV  gravity:  not  less  than  0.960  at  1.5=  C.  (.")9=  F.). 

Between  5  and  Hi'  C.  (41  and  50  F.)  it  usually 
solidities  to  a  crystalline  mass,  but  occasionally  it  re- 
mains Iu|uid  at  a  considerably  lower  temperature. 

Soluble  in  an  equal  volume  of  alcohol,  the  solution 
being  neutral  to  litmus  paper;  also  soluble  in  an  equal 
volume  of  glacial  acetic  acid. 

The  oil  is  not  colored  by  the  addition  of  a  drop  of  ferric 
chloride  T.  S.  (absence  of  some  foreign  oils  containing 
p/uii'ih,  and  of  curfrnfic  acid). 

If  the  oil  be  dropped  into  water,  without  agitation,  it 
should  not  pnxluce  a  milky  turbidity  (absence  of  nlealinl). 
It  should  contain  about  si.xty  i)cr  cent,  of  anetliol.  The 
relatively  higher  temperature  at  which  crystals  of  this 
substance  begin  to  .separate  indicates  its  percentage  and 
of  course  determines  its  quality.  Another  substance 
present  in  it  is  fenehone,  with  pinenc,  phallaudrene.  etc. 
Its  properties  and  uses  are  precisely  like  those  of  oil  of 
anise,  and  the  dose  is  m  i.  to  v.  The  official  water  (.471/a 
Fivuirtili),  having  a  strength  of  one-fifth  of  (die  per  cent., 
is  usually  employed  as  a  vehicle,  but  is  carminative  in 
doses  of  S  to  30  e.c.  (fl.  §  i  to  1).  Henry  U.  liitOfy. 

FENUGREEK.  — FoENTM  Gh-kcim.  The  seeds  of 
Tn;i"ii(lhi  Firunm-GracHin  L.  (fam.  Ij-guminosa),  a 
v(?ry  ancient  food  and  drug  of  India,  produced  upon  a 
cultivated  and  wild  erect,  branching  herb.  The  seeds 
are  about  one-eighth  inch  long  and  nearly  as  broad,  and 
a  little  more  than  half  as  thick.  They  are  irregularly 
rhomboidal.  with  rounded  edges,  and  grooved  diagonally, 
on  both  sides.  They  are  of  a  peculiar  brownish-yellow, 
sometimes  grayish-yellow,  smooth,  peculiarly  and  not 
very  pleasantly  odorous,  and  of  similar  fatty  and  bitter 
taste.  About  one-fourth  of  their  weight  is  gum,  nearly 
as  much  albumin,  and  there  is  .seven  per  cent,  of  ash,  with 
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FERMENTATION.  —  Fermentation  is  derivefl  from 
the  I«il ill  _/;n»(H/<j^/V;,  which  has  the  force  of  the  root 
foiinil  in  the  I^jitin  verb  finrir.  to  glow  with  l:tjit.  to 
seetlie,  to  boil — a  jrood  idea  of  which  may  be  obtained 
from  the  Knirlish  coiriuile /</•(■(  H^  The  word  was  used 
to  describe  such  processes  as  take  jjlace  in  a  beer-vat  or 
a  jar  of  working  preserves — processes  which  are  marked 
by  an  elevation  of  temperature  and  the  production  of  a 
scum  or  froth.  (For  a  historical  resume  of  the  work  by 
which  such  processes  were  sliowu  to  b(^  due  to  living 
organisms,  see  article  liitrterin,  this  IIavdhook,  vol,  i., 
pp,  077-680,)  Later,  the  word  came  to  be  used  in  a 
wider  sense  to  include  putrefactive  changes  in  general, 
and  its  use  finally  was  extended  to  take  in  the  processes 
which  are  now  best  known  by  the  nameof  zymolysis(see 
article  Enzi/mai,  this  H.\ndbook,  vol.  iii,.  p,  840),  Fer- 
mentation, therefore,  in  its  fullest  significance  may  be  said 
to  include,  on  the  one  hand,  those  processes  brought  about 
by  the  lower  vegetable  organisms  (bacteria.yeasts,  moulds, 
etc.),  which  increase  in  growth  as  they  produce  the  phys- 
ical and  chemical  changes  oltserved  in  the  medium  in 
which  they  grow;  and,  on  the  other  hand,  the  term  is 
sometimes  stretched  to  include  zymolysis  or  the  changes 
produced  by  enzymes,  which  enzymes  neither  increase 
nor  grow  less  as  the  process  is  continued. 

It  is  interesting  to  note  that  while  in  Germany  the 
word  Feniictilirirkinig,  of  Latin  origin,  is  used  to  apply 
almost  exclusively  to  zymolysis,  in  England  and  in 
America  the  word  fermentation  is  used  to  apply  to  ex- 
actly the  other  half  of  the  field,  viz.,  to  those  changes 
which  are  produced  by  the  lower  vegetable  organisms. 

In  this  IIanubook  "  Fermentation "  has  been  practi- 
cally treated  by  the  articles  on  Bacteria  and  on  Ei4zytiiei<. 
As  these  deal  respectively  with  each  half  of  the  subject, 
it  will  not  be  entered  into  in  extenso  here.  There  are, 
however,  three  classic  theories,  inseparablj'  connected 
with  the  subject  of  fermentation,  which  have  not  been 
discussed  in  the  articles  referred  to  and  which  will  there- 
fore be  tjiken  up  now.     These  are; 

(«)  Berzelius'  theory  of  catali/iriii. 

(6)  Liebig's  theory  of  fermentation. 

(c)  Pasteur's  theory  of  fermentation. 

Berzelius"  theory  of  catalysis,  while  not  advanced 
exclusively  as  part  of  a  study  of  fermentation,  was 
promptly  seized  upon  to  explain  the  action  of  enzymes, 
and  is  still  soipioteil — though  rarely — at  the  present  day. 
Prior  to  Berzelius'  classic  paper  on  this  subject,  it  had 
been  observed  that  certain  substances  such  as  finely  di- 
vided platinum  would  cause  the  union  of  such  stable  ele- 
ments as  hydrogen  and  oxygen  with  the  evolution  of 
sufficient  heat  to  cause  the  platinum  to  glow.  Similarly 
such  platinum  would  cause  the  oxidation  of  alcohol  (in 
the  presence  of  water)  to  acetic  acid,  and  yet  the  |)latiinim 
did  notappear  (as  far  as  was  known  at  that  time)  to  enter 
into  the  reaction — at  lea.st  it  was  not  used  u]).  Pl;itinvnn 
was  found,  furthermore,  to  decompose  hydrogen  per- 
oxide, and,  what  to  Berzelius  was  still  more  striking,  a 
flake  or  two  of  fibrin  would  have  the  sjime  effect,  the 
amount  of  hydrogen  peroxide  decomposed  being  con- 
siderable, while  the  platinum  or  the  fibrin  was  little  or 
not  at  all  affected  and  apparently  did  not  enter  into  the 
reaction  (compare  with  illustration  of  nitric  oxide, 
article  Emijiiien.  this  H.xndiiook.  vol.  iii.,  p.  839).  To 
account  for  s\ich  phenomena  Berzelius  advanced  the 
theory  that  certain  substances  could  act  simply  by  their 


presence  and  produce  profound  reactions,  in  which,  as 
fariis/ienniUlsif,  they  look  no  part.  Later  investigations 
have  shown  there  is  prob;il)ly  no  case  in  which  a  body 
acts  in  this  way  without  taking  part  in  the  reaction  and 
many  severe  criticisms  of  the  Berzeliau  theory  have  been 
made,  but  it  should  not  be  forgotten  that  the  theory  was 
l>ut  forth  only  tentatively,  and  that  Berzelius  did  not 
insist  upon  the  discovery  of  a  new  force  which  could  not 
be  brought  into  line  with  other  forces  then  recognized 
as  active.  This  is  clearly  shown  by  the  following  transla- 
tion from  Berzelius'  original  paper  {Ann.  th'  e/iiuiie  tt 
lie  j)/ii/ifii/iie,  1836,  vol.  Ixi.,  p.  l.")0),  in  which  he  says: 
"This  new  force,  which  has  been  unknown  up  to  the 
present,  is  common  to  both  organic  and  inorganic  nature. 
I  do  not  beli<'ve  it  to  be  a  force  quite  independent  of  the 
electrochemical  allinilies  of  matter;  I  believe,  on  the 
contrary,  that  it  is  only  a  new  manifestation  of  these; 
but  inasnuich  as  we  are  not  able  to  see  their  comiection 
and  their  mutual  dependence,  it  will  be  more  convenient 
to  designate  them  by  a  separate  name.  1  will  call,  then, 
this  force,  eatnljitie  fntre.  I  will  call,  in  the  same  way, 
(•(ildlyitiit.  the  deeoini>osition  of  bodies  by  the  force,  just 
as  we  designale,  by  [the  name]  analy.sis,  the  decomposi- 
tion of  bodies  by  chemical  atlinity."  From  a  comparison 
of  this  theory  with  the  action  of  enzymes  it  may  readily 
be  seen  how  it  was  called  in  to  explain  zymolysis,  but 
it  need  scarcely  be  said  that  the  simple  employment  of 
the  new  word  catalysis  did  not,  in  the  slightest  degree, 
explain  the  nature  of  the  process. 

Liebig  went  a  step  farther  than  Berzelius  in  attempt- 
ing to  show  how  ferments  acted.  He  applied  his  theory 
to  both  organized  ferments  and  enzymes.  According  to 
Liebig  enzymes  were  albuminous  in  nature  and  pos,ses.sed 
intramolecular  movements  or  vibrations,  which  they 
tended  to  transmit  to  certain  other  (fermentable)  sub- 
stances around  them.  These  fermentable  substances, 
when  they  took  up  the  vibrations  in  i|uestion,  were 
shaken  to  pieces,  and  the  atoms  of  which  they  were 
formed  entered  into  new  combinations.  In  the  sjjme  way 
he  supposetl  that  the  ])rotoplasin  of  yeast  cells,  being 
highly  complex  and  tending  to  break  down,  would  trans- 
mit vibrations  to  non-living  matter  near  them  and  cause 
it  to  break  down. 

Pasteur  entered  the  field  with  a  new  theory,  viz.,  that 
veast  cells,  bacteria,  etc.,  as  a  result  of  needs  of  their  own 
in  their  life  process,  took  from  substances  in  solution 
aroiuid  them  what  they  needed — usually  oxygen — and 
by  this  means  destroyed  the  fermentable  substance  !is 
such.  The  atoms  which  reniaine<l  after  theextnicticni  of 
what  the  yeast  cell  needed  then  formed  new  combina- 
tions in  accordance  with  their  chemical  affinities.  This 
has  often  been  com])ared  to  the  yeast  cell  jiuUing  out 
what  might  be  called  the  keystone  of  the  arch  (compar- 
ing the  molecule  to  an  arch);  the  other  stones  of  the  arch, 
so  to  speak,  would  fall  together  in  groups  corresponding 
to  the  chemical  allinities  they  possessed. 

For  a  number  of  years  the  scientific  world  was  inter- 
ested in  the  discussion  which  followed  between  Liebig 
and  Pasteiu',  until  finally,  by  brilliant  researches  of  his 
own  and  of  others,  Pasteur  succeeded  in  making  his  theory 
the  favored  one.  Among  the  many  researches  which 
might  be  ([Uoted  here  was  one  by  Dumas,  which  might 
almost  be  sjiid  to  have  given  the  nmp  rf<  f/race  to  Liebig's 
theory.  Dumas  showed  that  a  thin  film  of  collodion,  not 
more  than  0. 1  mm.  (about  jju  in.)  thick,  would  absolutely 
prevent  the  action  of  an  actively  fermenting  solution  be- 
ing transmitted  toa  fermentable  .solution  on  the  otherside. 
It  Liebig's  viliratiou  theory  was  true,  this  was  n<it  what 
woidd  have  been  expected,  while  it  harmonized  thor- 
oughly with  Pasteur's  theory  that  the  yeast  cell  would 
have  to  come  in  absolute  contact  with  the  fermentable 
substance  in  order  to  jnill  out  the  parts  which  it  needed. 

The  theory  of  Pasteur,  more  or  less  modified  as  to  the 
importance  of  oxygen  in  the  process,  might  be  said  to  be 
the  one  most  generally  held  in  favor,  even  at  the  present 
day  ;  but  more  recent  researches  indicate  that  a  new  theory 
riidieally  ililTerent  will,  not  uuliki'ly.  take  its  place.  This 
new  theory  is  that  the  vegetable  organisms  so  long  ideuti- 
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Ilnl  Willi  frrimiiluliiiii.  unit  iM'lii'Vcd  Id  lie  llii-  clllclclit 
riiusiiif  llicMiiiir.  iiiilly  ml  asi-idiiiliii  V  purl — I  hut  is.llicy 
|iri«luci-  iii/vims,  anil  llir  iii/yims  liriii^r  iiln'iil  llif 
1  lmiii;i  sill  whiili  \vr  ^ivc  tliciminc  fiTliiriilnllini  or  pntrf- 

l;nlii'ii       (Si  (•  mile  Ic  Hir.iiiint.)  llo>r<jr  T.   Kniiii. 

FERN.    MAIDEN-HAIR.  -  AiiiANTiM.       (Yfiiut-llnir 

IViii.)     Ailiaiiliim   is  11   larirc  K<""'"*  "f  f*'""*.  wviTill  of 

wlio»cs|)i'<-iislmvr  iMTiiiiwil  ill  mi'dlciiii',  iiiorL' CHpetially 

llir   .1.   I'liiiilliin-Vi iiiiii'    I.,  of 

Kiiiiipniiiil  till'  .1.  iniliiliiiii  L., 

L'ni\viii(f     tliroiis,'lioiit      North 

Aiiiriiia.  cxci-pl  thr   far  North 

mil  llir  Soiilhwi'sl.  and  alniii- 

iliiul    also    ill    parts  of    Asia. 

'I'lir  IiitI)  is  llir  porlioii  iisi-d. 

It  has  all  aruiiialic  liilirr  lasti-, 

dill'  loruiisliluriils  w  liirli  hare 

not    Ihtii    stiiilii'd.      lis  iisi-   is 

hisloriral.   it   liavinir  liriii  cm- 

plovrd  inaiiily  in  thr  trratnielit 

of   ralarrlial'  atTiilions.    I'spe- 

rially  of  the  nspinitorv  tniet. 

.\t  liif  pifsriit  liiiir  it  is  lariTcly 

usi'il    in    the    niamifailiiiv    of 

.sonic     patent    nirilicinrs.    Init 

st'iirci'ly  in  any  olhrr  way. 

It'  II  nj  II.  llimfii/. 

FERN,  MALE.  — AsiMi>irM. 
Kll.lN  M.vs.  "Tin-  dried  rhi- 
zome of  Jtri/ii/iti  n'K  filix-iiiiiH 
.Seholt  and  of  Dnji-iiterh  mar- 
i/iiiiiUH  .\sa  (iniv  (nnt.  ord. 
'Filmm)"  (U.  S.  P.) 

The  lirslnamed  of  these 
species  is  a  large,  robust,  and 
hanilsiinic  fern.  It.  is  one  of 
the  coninionest  in  the  cooler 
(larts  of  Europe,  and  aliiindant 
also  in  the  teiiiperale  parts  of 
.\sia.  in  the  nortlieni  and 
southern  extremes  of  Africa, 
and  in  both  North  and  South 
-Vnierica.  It  is  not  found  in 
the  Ka.stern  United  States,  but 
iMiiirs  in  liritisli  America  and 
in  the  Western  Stales.  Its  em- 
ployment as  a  tiinieidal  aiient 
is  of  irreat  antiquity,  as  it  is 
mentioned  by  some  of  the 
earliest  writers  upon  medicine. 
The  introduction  of  the  "oleo- 
resin  "  (ethereal  extract)  dates 
from  the  recommendation  of  an 
apothecary  of  Geneva  named 
Peschier.  'in  182."i  (Fliickiu'er). 
The  horizontal  or  decumbint 
rhizome  is  collecteil  and  either 
dried  and  marketed  in  its  nat- 
ural state,  or  (as  now  usual) 
after  strip])inj:  it  of  its  dense 
coat  of  leaf  ba.ses  and  ( liatTy 
scales,  then  constituting  the 
■■  I'eelril  Finirers." 

Dkm  itii'TioN. — Before  being 
peeled.   10  to  15  cm.     (4  to  6 

in.)  lone  by  5  to  7  cm.  (2  to  Sin.)  thick,  including  the 
densely  imbricated,  dark  brown,  cylindraceous.  slightly 
curved  stipe-ba.ses  and  the  dense  mass  of  brown,  glossy. 
transparent,  soft.  clialTy  scales;  when  peeled.  1  to  2  or 
3  cm.  (;  to  about  1  in.)  thick,  slightly  curved  or  claw- 
shaped,  somewhat  naridwcd  toward  one  end.  bearing 
several  coarsi-  loniritudinal  ridges  and  grooves,  pale-green 
when  first  peeled,  becoming  |)alc-brown.  or  when  too 
long  kejit.  rusty-brown,  smoothish  (or  somewhat  roughly 
scarred  with  remains  of  the  stipe  bases);  texture  rallier 
spongy,  pale-green,  with  age  becoming  gradually  brown 


from  the  outside  inward,  the  Filix  iium  Khoning  about 
10.  the  iiiiin/iiiiiliii  about  (1,  sleleH  in  a  loose  and  inter- 
rupted   circle.     The   marginal  liairn   of    the    -<< '■.'>-\ 

of   FitU  titiiH  coiisiKl  each  of  two  parallel,  ^ 
neither   of    them    glandular;     tlioM'    of    imi  i.' 

almost  identical  in  appearance,  being  iliretU-d  r<0;ilii|y 
more  toward  the  apex  of  the  scale,  and  their  lower 
cell  often  a  little  narrower.  Upon  the  older  scales 
they   are  nearly  wauling.      Male   fern   has  u  disagrec- 


FiG.  2091.— Male  FfTO.    I^iml  alHiut  one-tliird  natural  size :  alsii  a  lobulelalenlargwl  about  {ourttmes, 
shonlng  Ibe  round-renllomi  i)i<ii(.«ia  oivering  ttic  fnri.     (Luerssen.) 

able  odor  and  a  bittersweet,  acrid,  astringent,  and  nau- 
sc<ius  taste. 

The  chaff,  together  with  the  dead  portions  of  the  rhi- 
zome and  stipes,  should  be  removed,  ami  only  such  por- 
tions used  as  have  retained  their  green  color.  The 
powder  should  be  freshly  prepared  and  bright  green. 

Several,  perhaps  many,  adulterants  and  substitutes 
have  been  and  are  sold."  Some  of  these  can  be  distin- 
guished by  their  different  numbers  of  steles,  while  the 
distinctions  of  others  are  microscoijical  and  obscure. 
It  is  not  indeed   practicable,  without  a  very  elaborate 
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dcscriplion.  to  exclude  alt  the  possil)lc  ndiillcmnts. 
Some,  not  icadily  dctrclcd  in  the  piilcd  dni^'.  air  so 
wlicn  till'  covering  of  stipes  is  present,  a  londition  wliicli 
is,  for  other  important  reasons,  also  to  be  preferred. 

The  second  species  occurs  in  Eastern  and  Norlliwestcm 
North  America.     It  is  scarcely  so  larire  as  the  former. 

Of  late  years,  the  market  lias  afforded  very  much  more 
male  fern"  otdy  a  inch  and  a  half  in  lenirth  liy  a  ((iiarter 
or  a  third  of  aii  inch  thick,  than  of  the  laricer  sort.  The 
size,  liowever,  does  not.  appear  to  alTeel  the  nuality 
greatly,  except  that  the  larger  form  retains  its  freshness 
longer. 

Few  drugs  are  more  certain  to  prove  effective  than 
male  fern  of  good  quality  and  properly  prepared,  yet 
thereare  few  whose  preparations,  as  found  in  jiliarmacies. 
are  ntore  uncertain.  The  (piality  of  the  nenniiie  drug 
appears  to  depend  whollj-  U]i(in  its  freshness  and  correct 
and  careful  i)rcparation.  'I'he  freshness  is  at  once  de- 
terminalile  hy  the  color,  and  no  phaniiacist  is  excusable 
for  accepting  or  using  an  inferior  article.  The  outer 
surface  at  lirst  loses  its  green,  and  assumes  a  very  pale- 
brown,  then  a  deep  rus^y-brown  color.  At  the  same 
time  a  similar  change  of  color  is  occurring  internally, 
beginning  at  the  exterior  and  gradually  working  inward. 
The  (piality  is  in  a  general  way  proportional  to  the  re- 
tention of  the  green  color. 

The  coiniiositiou  of  male  fern  is  very  complex  and 
variaijle  with  the  length  of  tiiue  that  the  drug  is  retained. 
Many  compounds  have  been  from  time  to  time  described 
and, "being  found  to  act  more  or  less  like  the  drug,  have 
been  credited  as  the  active  constituents.  We  are  unable, 
however,  to  state  positively  to  what  the  action  is  due. 
There  appears  to  be  little  doubt  that  several  of  the  constitu- 
ents are  active,  upon  both  the  system  and  the  parasite.  Fi- 
licic  acid,  which  is  certainly  somewhat  active,  was  long  re- 
garded as  the  chief  twnicidal  agent,  but  since  it  increases 
upon  keeping  the  drug,  while  the  latter  becomes  less 
effective,  this  view  has  become  modified.  Aspidin  is 
more  abundant  in  the  fresh  drilg  and  has  been  proven  to 
be  active,  as  has  aspidinin.  With  these  substances  occur 
six  or  seven  per  cent,  of  fixed  (jil,  a  variable  amo\int  of 
volatile  oil  and  tannin,  and  various  less  known  bodies. 
The  SO,"?  to  30?  of  Jilii-ir  iinlit/dride  or  filicin  is  not  active. 

In  medicinal  doses,  1  to4gm.  (  3  J  toi.jof  thcoleoresin, 
the  jireparatiou  almost  entirely  employed,  male  fern 
ordinarily  has  a  purely  extraneous  action,  affecting  only 
the  parasite.  But  when  very  large  doses  are  taken,  or 
when  absorption  occurs,  this  being  favored  by  the  use 
of  fats  while  the  oleorcsin  is  still  in  the  intestine,  for 
which  reason  castor  oil  is  an  ill-chosen  adjuvant,  poisonous 
symptoms  may  occur,  and  the  restdts  may  be  fatal.  The 
symptnmsof  poisoning  are  those  of  great  intestinal  irrita- 
tion and  intlammation,  purgingand  vomiting,  convulsive 
movenientsand  powerful  depression,  ending  in  coma.  A 
favorable  result  from  the  use  of  male  fern  depends  in 
great  measure  upon  the  method  of  administration.  One 
of  the  most  important  points  in  its  admiinst ration  is  the 
dietetic  preparation  of  t!ie  patient.  For  ten  or  twelve 
hours  before  the  first  dose  he  should  eat  no  solid  food 
whatever,  and  the  bowels  if  full  should  be  em|)tied  by  a 
cathartic.  Milk  may  be  taken  freely,  or  thin  soup;  then 
about  4  gm.  of  the  oleoresin  should  be  given  at  one 
dose :  after  several  hours  a  second  dose  may  be  given,  to  be 
followerl  by  a  cathartic,  if  needed.  The  discharges  slioidd 
always  bo  carefully  examined  for  the  head  and  upper 
portions  of  the  worm.  Unless  these  are  passed  the  cure 
cannot  be  considered  certain,  and  it  may  be  found  nec- 
essary to  repeat  the  treatment.  Jitnii/  II.  Ihintij/. 

FERN,  SWEET. — This  name  has  been  applied  to  a 
numl)cr  of  plants;  to  some  true  ferns,  because  of  their 
fragrance;  and  to  some  flowering  jilants  with  leaves 
resembling  those  of  ferns,  especially  to  the  Cnmjitoiiia 
perer/iiiin  (L.)  Coulter  (fam.  }r!/rinic<if).  also  called  Fern- 
Bush,  Fern-Gale,  or  Sweet  Bush.  It  is  exceedingly 
abvindant  in  rocky  meadows,  especially  amidst  blueberry 
bushes,  in  Northeastern  North  America.  The  leaves  are 
peculiarly  pinnatilid,  with  nearly  semicircular  segments 


alternating  upon  the  two  sides.  They  contain  tannin,  a 
small  amount  of  an  irritant  glucoside,  and  a  peculiar  vola- 
tile oil,  smelling  like  liay  oil  and  somewhat  like  cinnamon. 
This  oil  has  a  specific  gravity  of  0.926  and  solidities  at  a 
freezing  temperature. 

The  leaves  arc  useful  as  a  mild  astringent  of  delightfid 
fragrance,  and  are  at  the  s;ime  time  markedly  stimulant, 
owing  to  the  oil.  The  bark  also  contains  tantnn  and  is 
used  as  an  astringent.  The  do.se  of  the  leaves  is  1  to  3 
gm.  (gr.  .xv.-xxx.);  of  the  bark,  twice  as  much. 

Mjirihin  (Hlomtn  Scop.  (fam.  UmbelliferiT)  has  also  been 
called  sweet  fern.  It  is  the  sweet  chervil  of  Europe  and 
its  root  is  useil  as  a  carminative,  Uenry  11.  liuiby. 

FERNS. — (Nat.  ord.  FilifiiWiP  or  FiUefn.)  This  im- 
mense anil  interesting  class  of  cxquisitelj-  beautifid  plants 
has,  imfortunately.  but  limited  practical  applications 
outsideof  decorative  art.  A  few  species  yield  extractiblo 
amounts  of  starch,  while  the  rhizomes  or  young  shoots 
of  others  arc  cooked  and  eaten.  Dye-stuffs  are  yielded 
by  a  number,  while  several  contain  ctimarin,  Tliere  are 
many  species  which,  although  used  to  a  largP  extent,  and 
with  gooil  results,  as  domestic  remedies,  are  not  known  to 
professional  medicine.  The  commonest  property,  per- 
haps, is  that  of  being  anthelmintic,  and  many  species  of 
man)-  genera,  especially  of  Pterin.  Dryoptcris  "(incorrectly 
called  "  Aspidium  "),  and  I'i'Sypodium,  are  so  tised.  Many 
of  these  are  poisonous,  resembling  in  this  respect  the 
male  fern.  Next  in  importance  are  the  astringent  prop- 
erties, due  to  tannin  like  constituents,  for  which  a  verj' 
great  number  are  in  native  use.  In  one  or  two  ca.scs, 
like  that  of  cibothiin,  the  Inemostatic  effects  are  mechani- 
cal, after  the  fashion  of  lint.  Many  species  are  distinctly 
diuretic,  and  a  few  carminative,  while  a  great  number, 
like  harts-tongue  (U'  seolopendrium,  are  in  use  as  pec- 
torals. The  gummy  exudaticm  from  incisions  in  some  of 
the  South  American  tree  ferns  forms  a  most  useful,  per- 
manent, and  elastic  protective  covering  to  slight  wounds. 

ll(i<ry  II.  Rushy. 

FERNVALE  SPRINGS.— Williamson  County,  Ten- 
nessee. 

Post-Office. — Fernvale  Springs.     Hoteland  cottages. 

Access. — \^ia  Louisville  and  Nashville  Railroad^  to 
Franklin:  thence  13  miles  west  to  springs.  Or  via  Nash- 
ville, Chattanooga,  and  St.  Louis  Railroad  to  Bellview; 
thence  12  miles  southwest  to  springs.  The  location  is 
25  miles  southwest  of  Nashville.  This  ]dea.sant  summer 
resort  has  been  long  and  favorably  known  to  the  citizens 
of  Nashville  and  the  surrounding  country.  It  has  re- 
cently been  thoroughly  renovated,  and  it  is  said  that 
guests  as  faraway  as  Texas  are  beginning  to  tiiid  their 
way  to  Fernvale.  Many  attractions  are  afforded  to  the 
visitor  in  the  picturesque  hilly  and  wooded  districts  sur- 
rounding the  springs.  The  situation  of  the  resort  is 
about  1,400  feet  above  the  sea-level.  The  springs  here 
are  six  in  number,  oidy  three  of  which  are  mineralized. 
An  analysis  was  made  in  1H3(>  by  G.  Froost,  analvtical 
chemist. "and  in  1879  by  Prof.  W.  T.  Lupton,  of  tin' Van- 
derbilt  University.  The  former  analysis  is  antiquated 
and  incomplete.     Following  is  Lupton's  analysis: 

O.NE  UNiTEn  States  Oallox  Coxiaixs: 
Solids.  Graius. 

Potns.stiiiii  siilplinte 1.14 

SoiliuMi  siiliiliaie 13.T(! 

Soiliiiin  .sulphite 8.30 

Soilluin  i-lil(i;-|de 8.85 

Littiiuin  earlKniate Trace. 

Ciilriuin  siilpliale 27.()3 

Cnli-hini  cjirlM^nate 7.01 

Ma^MU-sltni)  carttiinate 0.52 

Iron  ti.xltU'  aiifl  nluiniiin ,55 

Slliea 05 


Tiitnl "S.vSt 

Gas.  ru.  In. 

Sulpharetcd  hydrogen  gas H.-'l 

This  water  is  very  clear  and  not   tinpleasiuit   to  the 
taste.     It  has  proved  to  be  etlicacious  in  skin  affections  of 
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I'JTII. 

Fever.- 


till'  si|uiiiiiiiiis  vitriety  iinil  In  dlwinU'rH  of  lli(>  iillirieiitary 
Iniil  iiml   kltlMcys.      It   is  also  used   liiciilly  in  the  Irciil 
iiiciit  cil  siirr  vyv»,  ihiilluf;  <if  tlif  Hkiii.  Kiipcrllciul  iilccni- 
lions,  itc.         '  Jtimeii  K.  Vrook. 

FERRIS  HOT  SPRINGS.— (Formerly  MulllicwH),  Gul 

liilin  (  <'iiiil  \  .   .MmijIiiii;i 

I'oM- okkhi;.  — Ho/.rmiiii.  Hotel.  These  spriiiifs  arc 
liK'iUnl  on  tlic  east  bunk  of  llic  West  (iiillulin  Kivcr,  7 
milrs  west  of  Ho/.i'inmi.  from  wliicli  phirctlii'V  iiri-  nuclicd 
by  couili.  Tlu'V  wen-  diMovi-rcd  ovit  twenty  yi  ill's  ii);o. 
bill  weri'  not  mucli  iiii|>rov(d  uiitil   unite  recently.     The 

{iriwnt  proprietor  hii.s  erecteil  a  hand.soiiie  niodirn  liot<'l. 
mproved  the  naliinil  eharmiii(;.siirroundin^;s.  and  placed 
the  re.sort  on  a  par  with  the  most  altniclive  in  the  West. 
The  location  of  Ihi'  hotel  poi«es.ses  unusual  ailvantages. 
To  the  northeast  and  south  a  broad  expanse  of  level 
country  stretches  out.  dottiil  here  and  there  with  jrroves 
of  cotton  wood  and  poplars.  th<- iiilerveiiin);  ^rroiiiid  liiiiiir 
<H(iipied  by  tields  of  irrowiiii;  fjraiii  and  venlmit  incadow 
lands.  On  the  west  tlie  river swiepsaloiij;  in  iiiaLriiirKciil 
curves,  the  line  of  tall  tn^es  conforiniii)^  to  the  iiiinnder- 
injfs  of  the  stream.  IJack  of  all.  the  /;rund  old  Rockies 
— .snow crowned,  rock  ribbed,  majestic — form  an  appa- 
Ifntly  unbroken  ^uard  to  the  enchanting  .sc'cnes  which  lii' 
in  tniiniiiil  loveliiies,s  iKdow.  The  location  is  4..')IIU  feel 
iibovi'  the  s<.'a  level.  Fish  and  grt'iie  are  found  in  great 
abiindanccand  variety  in  the  neighborhood.  An  analysis 
of  tin-  waters  by  Messrs.  Kiggs  anil  I'lark  of  the  I'liited 
Sillies  Ueologkul  Survey  in  18S5  resulted  us  follows: 

O.Ni  U.MTKO  States  Gallon  Contains: 
Solids.  Grains. 

Silica 4.81 

Soilliim  silicate 8.W 

rnli'liiin  larlmimte 2.28 

M»(nii*!«luni  rarUdiftte —1 

S«t<lhiiii  i-iirlMiimte 4.37 

Pntiivsiuln  chlnride "H 

S<«IUiiii  clilcrlili- 4.12 

SiKliiiiii  sulpliiile 11..'>I 

Loss (18 

Total 34.34 

The  analysis  shows  stifficient  sulphate  of  soda  to  give 
the  waters  a  laxative  effect  when  taken  in  considerable 
quantities.  They  are  rccoinmeiided.  both  for  inteiiml  use 
and  for  bathing,  in  the  diseased  conditions  to  which  hot 
saline  waters  are  api)licublc.  James  K.  Crook. 

FEVER.    Si-e  CaloHmetry. 

FEVER.   CLINICAL   SIGNIFICANCE   OF.-By   fever 

we  unclirsland  an  :ibiii>riii;il  (•iivatiini  of  the  tcnipeniture 
of  the  body  continued  for  a  luiiiilirr  of  hours,  or  if  not 
conliuuous.  at  least  iiilermitteiilly  repeated,  due  to  some 
infection  or  to  some  local  inllammatory  process,  or  to 
some  unexiilained  ilisturlied  state  of  the  nervous  system. 

No  symptom  of  disease  was  more  carefully  studied  by 
the  ancients  than  the  temperature,  and  from  the  time  of 
Ilipiiocrates  to  the  eighteenth  century  it  was  estimated 
by  the  rate  of  the  pulse.  Early  in  tiie  cigliteeiitli  cen- 
tury Boerluuive  began  to  use  the  thermometer  in  fever 
cases,  but  the  theniiometer  did  not  come  into  geiiinil 
clinical  use  until  (Javarret.  in  1SH!».  and  twenty  years 
later  Zimmermanu,  Traube,  and  Wunderlicli  urged  its 
nilvantages. 

During  the  ne.xttwenty-five  years  the  prognostic  value 
of  the  height  of  the  teinpeniture  became  more  and  more 
overestimated,  but  iluriiig  the  la.sl  tifteen  years  its  prog- 
nostic importance  has  become  much  better  understood, 
and  today  its  greatest  .significance  lies  in  its  diagnostic 
advantages  as  a  day-to-day  indicator  of  the  progress  of 
the  disea.so. 

To  understand  well  the  pathology  of  fever,  it  is  neces- 
sar.v  to  remember  the  normal  mechanism  of  animal  heat. 
The  sole  cause  of  this  heat  is  a  process  of  combu.stion  of 
food  substances  by  the  oxygen  absorbed.  About  four- 
fifths  of  the  total  bi«ly  heat  is  produced  in  the  skeletal 
muscles  through  an  oxidation  whereby  oxygen  is  absorbed 


and  cnrboiilr  ncid  given  ofT,  though  llie  proeewwH  piiHHod' 
Ihrougli  are  probably  iiiiicli  more  complex  than  mere 
oxidation.  The  other  one  tilth  of  tin-  iininiul  beat  is  fiir- 
iiisbed  by  the  Kecretirig  glands  and  the  iiliineiitiiry  canal 
during  ifigcRlioii,  and  the  liver,  the  largest  gland  of  the 
body,  conlains  the  warmest  blood.  The  internal  teniperu- 
tiire  will  be  higher  during  I  he  digeslioii  of  a  meal  thuu 
before. 

During  active  fevers  glandular  activity  and  digeHliim 
are  at  a  low  ebb.  and  almost  the  entire  heat  production  iu 
these  conditions  is  due  to  oxidation  or  changes  iu  ibu 
muscular  system;  heiiii;  tlii'  loss  of  weight.  .\iiv  inus- 
cular  or  mental  activity  or  the  taking  of  food  will  slightly 
raise  the  ti'iiiperature,  but  external  surroundings  do  not 
much  affect  the  tem]ienitnre  of  adults.  Hut  the  adult 
during  convalescence  from  a  severe  sickness  is  easily 
made  colder  or  warmer  by  sudden  changes  in  the  ex- 
ternal air  or  by  any  internal  disturbance,  the  heal  regu- 
lating apparatus  having  liecome  temporarily  imjiaired. 
The  lialie,  also,  has  its  temperaluir  easily  laiscd  or  low- 
ered by  ixtirnal  or  internal  lomlii ions  because  its  hcut- 
regulatiii.g  apjianitus  is  unilevelopcd. 

Stryclininc.  calTcine,  cocaine,  and  atropine  all  raise  the 
teinpeniture  by  increasing  muscular  and  cerebral  activity, 
the  latter  by  reducing  heat  loss  by  preventing  jierspira- 
tion.  Alcohol,  nicotine,  and  morphine  ilimiiiisli  tem|iera- 
ture.  the  first  two  by  relaxing  tin-  blood  ves.sels  and  in- 
creasing perspiration,  and  the  latter  by  preventing  all 
glandular  and  muscular  activity. 

Clinically,  then,  with  high  fever  we  should  stimulate 
with  alcohol,  but  with  depression  we  should  stimulate 
with  strychnine. 

A  word  as  to  the  physiology  of  heat  regulation.  The 
eiiuilibrium  of  the  body  temperature  must  be  governed 
by  the  relation  of  the  heat  loss  to  the  heat  production, 
and  as  the  one  increases,  so  must  the  other,  and  all  of 
this  mechanism  must  be  under  the  control  of  some  finely 
adjusled  nerve  governor.  The  Ihcorii'S  which  have  been 
offend  in  explanation  of  this  are  very  various;  they  ranee 
from  Jlacalistcr's  three  centres,  namely,  a  thermogenic 
orheat-producingceiitre,  a  thermolytic  or  heat  dispersing 
centre,  and  a  tliermotaxic  or  lieat-coutrolling  centre,  to 
Scliaefer  and  Moore's  belief  that  the  vaso-motor  mechan- 
ism in  the  medulla  oblongata  is  probably  the  regulator 
of  the  relations  of  heat  loss  to  heat  production.  Oil's 
cortical  heat  centre  and  Heichert's  corpus  striatum  centre 
have  not  been  proved,  no  structural  difference  having 
been  discovered  before  and  after  the  heal  regulating 
power  has  developed.  But  this  power  apjiears  to  be  as- 
sociated with  the  control  over  the  skeletal  muscles  and 
blood-vessels. 

As  to  the  pathology  of  fever,  its  cause  must  be  an 
overproduction  of  heat,  or  a  diminished  loss  of  heat,  or 
both.  This  may  be  due  to  anything  that  interferes  with 
the  vasomotor  regulating  apparatus,  or  to  anything 
that  increases  chemical  activitj',  be  it  glandular,  muscu- 
lar, or  metabolic. 

Probably  most  fevers  arc  due  to  poisoning  from  some- 
source,  the  character  of  the  fever,  of  cour.se.  depending 
upon  the  kind  of  poison.  Anything  that  irritates  or  ex- 
cites the  brain  may  interfere  with  heat  regulation  and 
cause  fever.  This  is  especially  noticeable  in  convalescents 
and  in  infants  in  whom  too  much  excitement,  over-eat- 
ing, etc..  cause  a  return  of  fever  iu  the  convalescent,  or 
a  febricula  in  the  infant. 

The  purest  kind  of  nervous  pyrexia  is  seen  in  hysterical 
fever.  This  may  be  caused  by  hypcrfuuclional  activity 
of  some  of  the  control  centres,  or  we  may  have  such  a 
nervous  shutting  up  of  the  peripheral  blood -ves.sels  as 
greatly  to  diminish  the  heat  loss.  Also  the  unceasing 
muscular  activity  present  in  some  hysterical  exidosions, 
either  .IS  muscular  or  as  simple  fibrillar  contractions,  in- 
creases the  heat  production  without  adequate  increase  of 
heat  loss. 

A  malarial  paroxysm  is  perhaps  the  best  type  of  im- 
mediate stoppage  of  heat  loss  and  the  consequent  enor- 
luous  sudden  rise  of  the  temperature.  As  the  infected  red 
blood  corpuscles  burst  from  the  pressure  of  the  matured 
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plnsinoiliM  the  tirst  imiiression  on  tlic  nervous  system  is 
to  cause  a  siulilcii  initalioii  of  the  viiso  niotor  centres 
and  tlie  resiillant  coiilraclion  of  the  peripheral  vessels, 
and  the  symptom  is  a  chill  more  or  less  severe.  The  in- 
ternal lemperatiire.  perhaps  partly  from  the  to.xin.  per- 
iiaps  larjfely  from  the  dlislnicled  heat  los.s,  rises  rapidly 
and  often  to  a  .i;real  lieijrht,  which  is  su.stained  until  the 
now  superheated  skin  and  over  slimidated  sweat  glands 
begin  to  pour  out  a  profuse  iierspiralion  and  heal  loss 
first  exceeds  and  then  eipials  heat  production,  and  the 
normal  ecpiilihrium  is  once  more  established.  A  period 
without  fever,  the  internuttent  stage,  then  follows,  its 
length  depi-nding  upon  tlie  type  of  Plasmodium  with 
■which  we  are  dealing. 

In  the  same  individual  may  lie  found  mixed  varieties 
of  malarial  jiarasites.  maturing  at  ditlerent  and  at  irregu- 
lar limes,  and  one  set  so  overlapping  the  oilier  that  we 
have  the  so-called  icniittent  fever— a  malarial  fever  with 
remissions  liut  withoui  any  marked  inlcrmissioiis.  A  fre- 
quent use  of  the  thermometer,  however,  will  generally 
show  some  short  period  of  intermittency. 

Our  best  type  of  a  continued  fever,  of  course,  is  ty- 
phoid. This  fever  undoubtedly  beeoiucsin  tiiue  a  mixed 
aflfair.  Very  soon  in  the  course  of  this  fever,  tiidess  laxa- 
tives and  bowel  antisepticsare  freely  given,  fennentation 
and  dei'om])osition  occur  in  the  intestines,  and  we  have  an 
increased  temperat  ure  due  to  the  absorption  of  toxins  from 
these  processes,  and  the  infection  is  then  double. 

This  .siinie  double  infection  occurs  in  diphtheria,  when 
added  to  the  mild  fevercaused  by  the  diphtheria  bacillus 
we  have  fever  from  the  absorption  of  the  putrefactive 
products  from  decomposition  of  the  diphtheritic  mem- 
brane. The  same  is  true  of  scarlet  fever  with  decom- 
posing membranous  exudation  on  the  tonsils. 

In  acute  colds,  follicular  tonsillitis,  measles,  and 
chickenpox  the  fever  is  short-lived  unless  some  com- 
plication occurs.  The  specific  germs  may  so  shock  the 
nervous  system  as  to  produce  the  premonitory  chill,  and 
this  in  turn  will  be  followed  by  a  fever  which,  however, 
soon  terminates  unless  some  focus  of  pus  formation  de- 
velops, or  the  secretions  undergo  putrefaction,  or  the 
ficces  become  impacted. 

The  hectic  fever  of  chronic  tuberculosis  is  a  pus  fever, 
that  is,  a  streptococcus  fever,  and  is  not  caused  by  the 
tubercle  bacillus. 

Of  all  irregidar  and  intangible  fevers  la  grippe  heads 
the  list.  The  germs  of  this  disease  can  cause  a  typical 
chill  which  is  followed  by  a  high  fever  that  lasts  two  or 
three  days  and  is  followed  by  more  or  less  nervous  de- 
pression and  by  catarrhal  symptoms;  but  the  vasomotor 
system  is  profoundly  alVected,  often  for  a  long  time,  and 
irregidar  chills,  shiverings,  hot  flashes,  and  even  hemor- 
rhages from  the  mucous  membranes  may  occur.  In  no 
fever  is  the  insomnia  so  noticeable  as  in  influenza,  un- 
doubtedly due  to  the  inability  of  the  blood-vessels  of  the 
abdomen  i)id|ierly  to  dilate  and  thus  relieve  the  cerebral 
congestion  and  jiroduce  sleep — in  other  w-ords,  a  general 
vasomotor  ataxia  is  present. 

Fevers  are  classilied  as:  (1)  Continued,  (2)  remittent, 
and  (3)  intermittent,  according  to  the  character  of  the 
temperature  range. 

A  continued  fever  is  one  in  which  there  is  but  slight  de- 
viation in  the  temperature  line.  A  remittent  fever  is 
distinguished  by  intense  paroxysm.s.  In  the  intermittent 
tj'pe  we  have  paroxysms  of  fever  with  absolute  intermis- 
sions, or  periods  of  apyrexia. 

Fevers  are  also  somet  imes  classed  as  dynamic  or  sthenic, 
and  asailynamic  or  asthenic,  in  accordance  with  the  tone 
of  the  heart  and  nervous  system. 

Sthenic  fever  is  characterized  by  a  hard,  full  pulse,  a 
flusheil  face,  and  often  active  delirium.  The  crisis  in 
these  cases  is  generally  positive  and  short. 

In  an  asthenic  fever  the  pulse  is  from  the  beginning 
feeble  and  comiiressible.  the  skin  is  pale  and  often  moist, 
the  rcspinition  troubled,  and  if  there  is  delirium  it  is  of 
the  low  muttering  type,  and  the  patient  seems  to  die 
rather  from  exhaustion  than  from  the  lethal  power  of 
the  disease. 


To  study  the  range  of  temperature  carefully  in  a  given 
case  of  fever  the  thermometer  should  be  used  at  perfectly 
regular  intervals. 

Fevers  are  often  divided  into  four  stages:  First,  a 
period  of  incubation  extending  from  a  few  hours  to  a 
week;  second,  the  stage  of  invasion  ;  third,  the  fastigium, 
or  stage  of  greatest  power  of  the  disease;  fourth,  the  stage 
of  declination  or  defervescence. 

The  stage  of  invasion  may  be  ushered  in  by  a  chill  or 
by  shiverings,  and  in  the  case  of  children  often  by  con- 
vulsions, or  by  vomiting,  or  by  both.  Thcsurfaceof  the 
body,  especially  the  extremiti<>s,  tip  of  nose,  etc..  is  cold 
for  a  short  period,  this  stage  being  soon  followed  by  my- 
algias, constipation,  loss  of  appetite,  thirst,  and  a  more  or 
less  heavily  coated  tongue.  The  stage  following  is  one 
in  wliieli  the  leniiieialure  and  pidse  become  higher  and 
higher.  This  stage  tenninales  cither  by  crisis  or  lysis. 
In  crisis  the  temperature  falls  in  the  course  of  from 
twenty-four  to  thirty-six  hours  to  tin,'  normal,  and  the 
other  symptoms  undergo  a  sinular  declini'.  Such  a  sud- 
den decline  of  the  fever  may  beattended  by  shock:  hence 
this  jieriod  is  one  of  considerable  danger.  At  this  time 
we  may  expect  hemorrhages,  diarrhoa,  profuse  perspira- 
tion, weak  heart,  and  collajise.  The  course  of  a  lobar 
imeumonia  furnishes  the  best  example  of  a  fever  ending 
by  crisis. 

AVhen  the  declination  is  by  lysis,  several  days  are  gen- 
erally occupied  in  the  process,  the  morning  remissions 
becoming  more  pronounced  from  day  to  day  and  the 
evening  rise  being  less  than  that  of  the  day  before.  This 
is  typical  of  the  declination  of  typhoiil  fever. 

A  sudden  fall  of  temperature  at  an  unexpected  time  in 
the  disease  shows  that  something  serious  is  taking  place, 
and  is  almost  always  a  bad  omen.  A  sudden  risi>,  on  the 
otlier  hand,  generally  shows  that  some  complication  has 
occurred,  and  the  case  must  then  be  carefully  studied. 

Before  we  consider  the  necessity  of  treating  a  fever, 
— that  is,  of  simply  lowering  the  temperature  of  the  pa- 
tient's body, — we  should  analyze  its  cause  and  should 
can'fully  weigh  the  danger,  if  any,  which  thieatens  the 
individual.  In  the  tirst  place,  it  is  a  (|uestion  whether 
the  fever  does  not  represent  nature's  method  of  combat- 
ing the  harmful  influence  of  the  toxic  products  of  the 
disease  germs.  On  the  other  hand,  however,  there  must 
be  taken  into  consideration  the  question  of  how  much 
fever  the  human  body  can  safely  bear.  It  is  permis-sible 
to  state  that  the  sj-stem  can  sustain  for  a  short  time  a  tem- 
perature of  105',  or  even  U)6'  F. ,  without  danger  or 
damage,  while  a  long-continued  temperature  of  101  F. 
or  over  seriously  threatens  the  int<'grity  of  the  heart, 
muscles,  and  nervous  sj'Stem.  With  a  sliortdived  fever, 
as  of  a  malarial  paroxysm,  or  the  grippe,  or  a  cold,  if  the 
fever  is  high  it  may  cause  some  symptoms  that  are  very 
uncomfortable  and  may  call  for  some  treatment,  but  the 
temperature  as  such  requires  no  treatment. 

The  syniptoins  of  high  fever  are  myalgia,  especially 
backache,  generally  localized  in  the  lundiar  region,  head- 
ache, rajiid  heart  action,  and  ([uiekened  respiration.  De- 
lirium may  or  may  not  oi'cur,  according  as  the  patient  is 
or  is  not  susceptibile  to  irritation  from  cerebral  c<inges- 
tion.  The  tongue  is  dry,  and  the  luoulh  and  lips  are 
parched,  not  only  from  the  fever,  but  from  the  mouth- 
breathing  that  is  present  if  the  lungs  are  much  congested 
by  a  disturbed  circulation.  The  surface  vessels  are  more 
or  less  contracted  as  shown  by  the  ilry  skin  and  the 
tendency  to  heniorrhages  manifest<'d  by  the  miuousmem- 
brane.  The  internal  organs,  especially  the  liver  and 
spleen,  generally  become  congested.  The  liver  thus  l)e- 
comes  impaired  in  its  jiower  to  produce  materials  pro- 
tective against  the  toxins,  and  hence  is  unable  cither  to 
render  the  poisons  of  the  s])e<itic  germs  innocuous  or  to 
neutralize  the  I'lTects  of  the  toxins  which  are  absorbed 
from  the  intestines. 

Furthermore,  owing  to  its  congested  state,  the  liver  will 
secrete  a  diminished  amount  of  bile,  and  thus  there  will 
be  esl.ablished  a  tench'ncy  to  constipation  and  to  fermenta- 
tion in  the  intestinal  canal.  These  changes,  collided  with 
those  which  follow  the  diminished  production  of  hydro- 
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I'l-tir.  •Ililla. 

Vibrluoua  Uruu- 


ohloric  Ill-ill  in  I  In-  sliimucli,  may  kwl  tn  vomiting  ami  to 

iiitrniiitli'iit  iliiiriiiii'ii. 

Aiiili'  fi'iMii  till'  rail  that  it  eiLsily  bi'CiiTiirM  i-iiiiKtrslcil 
wr  riiiiiiiit  Hlulo  wlml  fllri-ts  art'  priHiucril  in  the  H|ik-i'n 
by  frviT. 

Frmii  what  has  aln-aily  )>ri'ii  Ktatnl  ii  is  ii|i|iai'i'Mt  lliat 
uo  MTioiiH  harm  can  cnnir  tn  tlii' nrKaiiisni  |iriiviih'il  Ihr 
fi'vcr  lir  slinrt  liviil.  Ily |>i'ni'iiiias  ^ivc  plan'  In  nnriiial 
vascular  rniiililioiis.  toxins  arr  rliminatril.  ami  all  that 
wc  mill  ill)  is  tn  liasti'ii  iialiiir's  run-  liy  iiK  riasiii;;  tin- 
I11S.S  of  Ileal  thrnii);li  the  i'iii|ilnyinrnl  of  any  nii'iisiircs 
whirli  triiil  tn  rrlax  tin-  |irri|ilii'riil  lilnnil  vi'ssris  anil  tn 
cause  |ii'i>i|iiratinii.  It  is  also  possililr  that,  in  the  cITnrt 
to  st'i'iire  this  ii'siilt,  we  may  ilerive  sniiie  aiil  rinin  the 
ailiiiinislration  of  a  cathartic  or  from  cold  applicatioiis  tu 
the  heail. 

ir.  nil  the  iithiT  hanil.  the  fever  is  a  cnntiniieil  one.  or 
even  cnntiniiniis  for  a  few  iliiys.  then  we  must  analyze 
the  eniiilitinii.  If  we  ileeiile  that  this  amniinl  nf  lever  is 
line  to  the  specific  germ  anil  its  us.snciateil  hical  intlam- 
matnry  cmulitions,  our  iliity  is  to  keep  the  |iatieiit  as 
ipiiet  as  possible.  The  importuncc  of  this  becomes  ap- 
parent when  we  cnnsiiler  that  every  excitement  causes 
restlessness,  anil  this  in  turn  means  muscle  mnvemenls 
thrnu!;li  which  heat  produiiinii  is  increased.  Hence  il 
will  flei|Uenlly  be  iieces,sjiry  to  ^'Ve  hypnotics.  The 
bowels  sh'iiild  be  daily  moved,  not  only  lor  the  relief  nf 
the  liver,  Inil  tn  prevent  fernientalinn.  deconijiositinn. 
and  the  absorplinii  of  all  of  the  jirodiicts  of  bowel  in- 
fection. A  carefully  reitiilated  injteslioii  of  iced  or  cold 
water  also  tends  to  diminish  the  temperature,  but  if  the 
latter  still  keeps  too  hiirh  we  can,  in  .short  fevers,  reduce 
it  by  means  nf  the  coal-tar  products,  cautiously  adminis- 
tered in  appropriate  doses,  or,  iu  long  continued  fevers. 
by  cold  appliialiniis. 

If  the  bndyteiiipenitiire  is  so  high  as  to  be  dangerous 
to  life,  even  though  brief  in  dunition,  as  occurs  in  inso- 
lation, no  trealnient  is  as  successful  a.s  immersion  in  cold 
water  made  gradually  colder  by  ice.  If  the  heart  can 
withstand  the  ])revious  high  temperature,  under  this 
tri'iitmcnt  the  vasomotor  system  recovers  and  heat  con- 
trol is  re-established. 

If  after  careful  survey  of  the  case  we  decide  that  the 
fever  is  in  excess  of  that  due  to  the  disease  ;x'/'  u,  we 
must  search  for  the  additional  ctiuse,  ami  with  each  dis- 
ease we  know  where  to  seek  its  local  manifestations. 
In  the  varied  local  intlainnialious  such  an  abnormally 
high  body-temperature  generally  indicates  the  formation 
of  pus,  as  in  appendicitis,  pleuritis.  synovitis,  or  otitis 
media.  In  typhoid  fever  and  dysentery  it  means  ulcera- 
tions with  decomposing  membrane  and  sloughing,  and  the 
absnrption  nf  toxins  and  pus  products.  In  luliirculosis 
it  means  some  closed  up  or  incompletely  evacuated  pus 
cavity. — i.i..  streptococcus  fever.  In  diphtheria,  in  follic- 
ular tonsillitis,  and  in  scarlet  fever  it  means  a  putrid  exu- 
dation, n  decomposing  membrane,  and  a  poorly  cleansed 
throat. 

While  it  is  good  treatment  to  keep  the  bowels  free  from 
fermentation  and  iiutrefaction  iu  all  .short-lived  fevers,  it 
is  absolutely  essential  in  typhoid  fever,  and  any  treatment 
that  gives  free  daily  movements  of  the  bowels  in  this 
<lisease  will  favorably  modify  the  course  of  the  fever. 
In  typhoid  fever  constipation  keeps  the  partially  digested 
milk  or  other  nutriment  long  in  the  intestines,  and  the 
mucous  deposits  and  iilcenitivc  sloughs  long  remaining  iit 
mill  become  most  productive  culture  grounds  for  all  sorts 
of  bacilli  and  cocci,  and  the  colon  bacillus  is  often  stimu- 
lated to  migrate.  Also  fermentation  increases,  gas  is 
formed,  anil  tympanites,  with  the  danger  of  perforation 
and  hemorrhage  from  disleiition.  readily  occurs.  We  then 
have  secondary  infection  with  high  fever  and  cerebnil 
toxicmia. 

If  every  local  inflammation  that  develops  in  the  cotirse 
of  any  fever  is  kept  as  clean  as  possible,  if  the  skin  is 
kept  in  good  condition  by  hot  or  cold  sponging  as  the 
case  may  reiiuire.  if  jdenty  of  water  is  given  to  drink, 
and  if  the  bowels  are  kept  nicely  opened,  there  will  be 
verj-  little  call  for  the  use  ^     w-called  antipyretics,  and 


the  non-HW of  hiicIi dniK«  will  alkiw  n  more  c-nn-fiil  Miidy 
of  the  tiinpemtiire  curve,  and  therefore  a  Ixtter  imder- 
Htaiiiling  of  the  iiiM'.  Ulirrr  T.  OtlMrnc. 

FIBRINOUS    BRONCHITIS.    (Synonyms:   CroupouH, 

exudative,  plastic.  p.M'Uilo  iiieiiibriinouH,  liroiichitiH:  Gor, 
Ifniiirhiiilrruuii.  rroiipmie  Jirniir/iiliii ;  Kr. ,  UrtmehiU 
jm  uiht-infiiiliituirfnn\ ) 

Dkkimtiiin.— An  acute  or  chronic  intlamnuttory  allcc- 
lion  of  the  bronchial  mucous  membrane  cliaracter'i/id  by 
the  deposit  of  plastic  matter  which  becomeH  detached 
and  is  expeclonited  in  the  form  of  moulds  or  casts  of  a 
more  or  less  e.vtcnsive  portion  of  the  bronchial  tree. 

('l..\RsiKii  ATiiiN. — Adistinctinn  must  be  made  lietween 
true  librinniis  bronchitis,  a  conipaiatively  mre  disease, 
and  those  conditions  ill  which  the  expectoration  of  simi- 
lar iiioiilds  results  from  (1)  an  accumulation  of  clotted 
blood  in  the  bronchi,  as  in  hanioplysis,  (2)  the  e.xlensiiin 
of  a  pla-stic  formation  from  the  upper  respiratorv  i)a.s- 
sages,  as  in  diphtheria,  or  (3)  the  upward  extension  of 
the  tibrinous  exudate  in  acute  pneumonia.  The  term 
bronchial  polypus  was  applied  to  all  thesi'  conditions, 
as  well  as  to  the  disea.se  under  consideration,  by  many 
of  the  earlier  writers  from  Oalen  '  down  to  Lal'nnec '  and 
Cheviie';  many  indeed  regarded  the  casts  as  pieces  of 
llesh.  Cheyne  was  one  of  the  lirst  to  make  a  distinction 
between  casts  of  henioirhagic  origin,  mere  coagula  of 
blood  "  moulded  into  shape  by  the  bronchial  vcs.sels," 
and  those  due  to  an  inllammalory  process. 

Strllmpell*  classilies  the  disease  into  a  true,  es.sential 
form,  or  that  which  attacks  persons  who  were  previously 
healthy,  and  a  .secondary,  symptomatic  form,  which  oc- 
curs in  tho.sc  who  li;ive  already  sutTered  from  some  other 
disease,  especially  chronic  i)ulniniiiiry  alTeclions.  An 
acute  and  a  chronic  form  are  recognized,  but.  although 
they  dilTer  very  obviously,  it  is  not  always  possible  to 
assign  a  i)resent  case  to  one  or  the  other  class  until  its 
full  clinical  history  has  l)ccn  revealed. 

Ethii.ogv. — Xo  specific  etiolo,i:ical  factor  has  been  de- 
termined. It  is  quite  probable  that  the  exciting  cause  is 
not  the  sjinie  in  all  instances,  so  various  are  the  condi- 
tions under  which  the  disease  occurs.  It  is  encountered 
at  all  limes  of  life  from  infancy  to  old  age,  but  seldom 
before  the  tenth  or  after  the  fortieth  year.  Hay n '  re- 
cords a  case  with  autopsy  in  anew-born  child,  and  W.  R. 
Brown*  sfiw  il  in  a  man  of  seventy-four  years,  with  re- 
covery. The  essential  form  is  not  frequent  in  childhood, 
many  reported  cases  having  been  merel}'  complications 
of  diphtheria.  Morrill  •  slates  that  of  seventy-six  cases 
only  eleven  occurreil  in  children  of  twelve  years  or 
under.  It  isaliout  twice  as  frequent  in  men  as  in  women, 
but  attacks  male  and  feinale  alike  in  childhood.  More 
cases  have  been  observed  in  England.  Germany,  and 
Switzerland  than  in  Fnuice.  Italy,  or  the  United  States, 
and  in  the  late  springtime  than  at  any  other  season 
(April  and  May — IJeschorner:  Jlay  and  .June  —  Eich- 
horst).  More  than  one  member  of  the  same  family  has 
been  attjicked — Watson's  two  ca.ses  were  in  brothers,* — 
and  Pichini'  observed  three  simultaneous  ca.ses:  but 
neither  hereditary  nor  endemic  influences  have  been  de- 
nioiistnited.  Personal  idiosyncrasy  is  probably  a  more 
important  factor(Ma.son  '").  Kobiist  individuals  are  some- 
times attacked,  but  more  frequently  tho.se  who  have  been 
debilitated  by  some  previous  illness  such  as  typhoid  fever, 
pneumonia,  measles,  scarlatina,  or  other  acute  infection. 
The  disease  has  occurred  during  pregnancy  and  in  the 
course  of  typhoid  fever,  and  the  menslrmU.  periods  have 
apparently  borne  .some  etiological  relation  to  it  in  some 
■ca.ses.  Tiie  recurrences  in  Schnilzler's  ca.se  of  twenty 
four  years'  duration  occurred  regularly  for  several  years 
at  the  menstrual  periods,  but  continued  long  after  the 
menopause.  Its  association  with  such  cutaneous  affec- 
tions as  impetigo,  herpes,  and  pcmidiigiis  has  been  re- 
peatedly observed.  Jlost  of  the  subjects  have  been 
aiia-mic.  and  many  have  been  the  victims  of  syphilis, 
tuberculosis,  rickets,  or  alcoholism.  Six  of  .Model  s  .seven 
cases  were  tuberculous."  Its  association  with  other  dis- 
eases has  no  doubt  been  merely  accidental  in  many  in- 
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stanc'fs.  The  disease  is  not  contagious,  and  we  liave  no 
direct  evidcnc<>  that  it  is  infectious.  The  bacteriolojrical 
investiiralions  liave  l)een  too  few  to  aid  us  in  the  solution 
of  tliisi|iii'slion.  In  some  Instances  it  has  lieenatlriliuted 
to  the  Kleljs-LiStller  bacillus,  hut  Escherich  ''  failed  in  his 


Fig.  3002.  — Fibrlnniis  Casts  rhotographed  by  the  Author  fmni  Speci- 
mens obtaineit  trom  a  CanG  Coming  under  liJs  own  Ot>servatiun. 
(Thn-e-llftlis  natural  size.) 

atteniiits  to  demonstrate  this  bacillus  in  llie  bronchial 
mucus  or  to  inoculate  animals  successfully  with  the  mem- 
bnme.  Pichini  cultivated  three  varieties  of  bacteria,  and 
reiiorts  that  by  the  injection  of  pure  cultures  of  tlieui 
into  the  tracheas  of  animals  he  succeeded  in  producing  a 
condition  very  similar  to  broucliial  croup.  Various  micro- 
cocci found  in  the  .secretions  by  other  invcsti,i,'ators  ])rob- 
ably  bore  no  relation  to  the  disease,  although  Sokolow- 
ski'^  reported  four  acute  eases  which  lie  cnnsidered  due 
to  the  presence  of  the  Sta]ihylococcus  albus  and  aureus. 

P.\THOLO(iV. — IIyi)er;emia  and  swelling  of  the  bron- 
chial mucous  membrane  have  been  found  in  most  of  the 
cases  examined  after  death,  but  the  autopsies  have  Ijeen 
few.  In  some  instances  the  epithelium  was  intact,  in 
others  it  had  lieen  lost.  Casts  when  present  were  more 
or  less  (irmly  adherent  to  the  bronchial  walls  or  lay  de- 
tached within  their  lumen.  lu  acute  cases  there"  was 
often  evidence  of  extensive  iuHammation  reacliing  from 
the  trachea  to  the  terminal  bronchioles,  wliile  in  most 
chronic  cases  the  disease  had  been  coulined  to  one  or 
more  isolated  regions. 

The  casts  (Fig.  2092),  p\ire  white  or  of  a  cream  color, 
somelimes  streaked  witli  blood,  are  firm  and  very  elastic 
in  consistence.  They  coricspond  in  size  and  contour  to 
the  lumen  of  the  bronchial  tree,  branching  dichotoni- 
ously,  and  extending,  as  a  rule,  to  the  fin<'sl  branches. 
They  vary  in  length  from  .5  to  1.5  cm.  The  main  stem  is 
cylindrical,  from  0..5  to  1.5  cm.  in  diameter,  and  corre- 
sponds to  the  second  or  third  subdivision  of  the  luonclius. 
It  is  either  patulous  or  is  tilled  with  mucus.  The  small- 
est branches  are  genendly  compact,  those  of  intermediate 
size  <(>ntaln  air.  From  the  )ue.sence  of  small  masses  or 
nodules  at  the  extremities  (if  the  terminal  brandies  or 
along  their  sides  (Fig.  2003)  it  has  been  inferred  that  the 
plastic  fornuition  had  extended  into  the  infundibula. 
Transverse  sections  of  the  largest  branches  have  to  the 
naked  eye  a  lamellated  appearance,  and  the  microscope 
reveals  superimposed  layers  of  a  delicately  Hbrillated 
substance.  In  the  meshes  of  this  tissue  various  cellular 
elements  are  found— epilliellum,  leucocytes,  oil  globules, 
and  somelimes  red  blood  coritusdes. "  In  the"  smaller 
liranches  Ciiarcot-Leyd<'n  crystals  and  Cursehiuann's 
spirals  are  sometimes  seen.  Klebs'^  attributes  the  for- 
mation of  easts  to  increased  transudation  into  the  alveoli 
arising  from  dilatation  of  blood  and  lymph  vessels,  and 
Eppinger"  thinks  that  they  are  due"  to  the  escape  of 
blood  serum  rich  in  libriu  into  the  bronchial  tubes. 


The  chemical  structure  of  the  cnsts  lias  not  been  defi- 
nitely detennin<Ml,  although  they  have  generally  been 
regarded  as  composed  of  tibrin.  Strilmpell  found  that 
the  Welgert  librin  stain  had  no  efTect  upon  them.  Ke- 
schorner '*  r(;ports  two  cases  examined  by  Xeelsi'u.  in 
which  they  were  composed  chletly  of  mucin;  (iraiidy  " 
found  mucus  alone  and  Ilerzog'^  jiroved  them  to"lie 
<lelinit<'ly  tibrlnous  by  the  characteristic  tilirln  stains  and 
parlleularly  by  the  peptic  test.  From  these  dilTerent 
results  and  limited  personal  investigation  it  seems  prob- 
able that  the  casts  are  not  always  the  same  in  cheriilcal 
coni|)<isltion,  or  that  they  are  composed  of  a  substance 
closely  related  to  l)olli  librin  and  mucin,  but  not  identical 
with  either  of  them. 

Symptoms. — The  acute  form  may  have  a  sudden,  severe 
onset,  with  high  fi-ver,  chill,  dry  cnugli.  dyspncea.  and 
constriction  of  the  chest,  but  In  most  c:ises  it  l)eginsasa 
simple  acute  bronchitis,  with  cough,  .scant  expectoration 
of  clear  mucus,  and  jiossibly  a  slight  elevation  of  tem- 
perature. In  children  it  is  often  preceded  by  malaise. 
Much  dllTerence  is  noted  in  the  .severity  and  abruptness 
of  the  Initial  .symploius  in  dlllerent  cases.  A  chill  may 
mark  the  transition  fmmthe  sliiiiile  to  the  tibiinous  form. 
The  jiulse  rale  Is  accelerated,  jiartly  perhapsasa  result  of 
interference  with  the  bronchial  circulation.  With  thede- 
velopment  of  casts  the  cougli  becomes  more  harassing  and 
paro.xj-smal,  and  the  dyspnoea  and  sub.sternal  constriction 
Ix'come  more  pronounced.  A  more  or  less  profuse  hem- 
orrhage sometimes  aceompanies  or  follows  their  expul- 
sion. A  most  gratifying  relief  follows  the  removal  of 
the  obstruction,  but  it  is  transitory  and  the  parnxysin 
may  recur  within  a  few  hours.  Tlie  casts  are  sometimes 
extensive.  Xiemeyer  "  records  the  case  of  a  girl  tif teen 
years  old  who  for  several  years  e.X|)ectorated  almost  daily 
ail  entire  cast  of  the  left  bronchial  tree.  In  severe  cases 
digestion  becomes  impaired,  nutrition  is  interfered  with, 
and  great  nervous  irritability  may  be  exhibited.  Recov- 
ery lakes  place  bya  gradual  subsidence  of  the  syni])loms; 
the  casts  no  longer  ajijiear,  the  temperature  although 
high,  rapidly  declines,  appetite  and  strength  return. 
Fatal  cases  generally  terminate  in  from  three  days  to  two 
weeks,  sometimes  suddenly  by  sutTocatiou. 

The  chronic  form  generally  follows  a  more  or  less  pro- 
tracted bronchial  catarrh.  Its  course  is  one  of  exacerba- 
tions and  remissions.  Paroxysms  of  cough.  dyspno?a, 
and  constriction  occur,  to  be  followed  by  temporary  re- 
lief when  the  casts  are  expellee!.  Tlie  paroxysms  may 
be  of  short  duration,  but  thev  recur  at  lonsrer  or  shorter 


Fig.  ^UiCt,  -  Fibrinous  Cast  from  Cas*>  Represented  in  Fiir.  3uti2,  and 
Showing  .Nodular  .Masses  Supposed  to  have  Come  from  Infunillbula. 
iThree-Ufths  natunil  size.) 

intervals  for  weeks,  months,  or  years.  Walslie-"  records 
a  case  of  seven  years'  duration.  Sehnitzler-'  one  of 
twenty-four  years,  and  Ki.sch  ■•■' one  that  lasteil  twenty- 
live  years.  E\'ery  grade  of  severity  is  seen  in  the  recur- 
rences, and  mouliis  or  years  of  jicrfect  health  may  iuter- 
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fllirlixiii*  llroii- 
VlbruiuB,        |t  kill*. 


vi'iic.     Only  II  limlU'd  nn-n  of  the  bronrlilal  system  is 

iiivcilvi'il  ill  liiosi  ruKi'H,  mill  llir  iiisIh  iIuiI  iirc  i'ciiii;la'tl 
ii|i  fniiii  liny  In  diiy  iiiiiy  Ih'  iilniost  iilinliriil  in  kI/.c  uikI 
foiui  Till"  Ifiiiprnitiirf  risi-H.  if  iil  all.  diiriiii;  tlic  cxiic- 
irluiiiiiiis  ami  ilm'S  not  );'"t"f""y  rciicli  wi  liiuli  a  (Irgrfe 
us  it  ilors  ill  till'  aciilc  form. 

Till'  jilivsinil  siitii.H  arc  rxi-citlingly  vurialilc  in  both 
tvpisof  till'  ilisi-jiw  anil  (lr|H'nil  for  the  iniwl  |iarl  upon 
till-  pri'Si'iur  or  alistiici'  of  cast.s  in  tlir  liniiulii  ill  tin- 
tiinrof  cxaiiiinalion.  Uciniiiioii  of  llic  inlcnoslal  spiui's 
anil  iliininisliiil  rrspiralory  r.xcursioiis  on  llic  alTrctoil 
Biilr  liavc  liciii  noted.  In  luiitr  ca.si'.s  wo  may  lind  all 
the  I'viilriii-c.'*  of  an  afiilr  liromliilis;  in  llie  intiTvals  of 
(|iiifsrcn<'c  tliiTe  may  lir  no  advcntilioii.s  .sij;ns.  IVrfUS- 
sion  is  usually  iiri;alivi';  if.  however,  a  (onsidcnililc  por 
tion  of  till'  liim:  lias  iinil('ri;onc  collapse  as  a  result  of  the 
phiL'jring  of  its  lironehi.  correspondiii);  dulness  will  he 
elicilcd.  A  lyinpaiiitic  lone  has  been  more  frei|iiently 
noted,  and  is  to  lie  expeeteil  over  the  other  parts  of  the 
luiiir  in  the  presence  of  atelectasis.  The  results  of  aus- 
cultation lire  ei|ually  iiiu'crlain.  Every  variety  of  rales, 
from  the  sonorous  and  sibilant  to  the  tine  siibercpitant. 
may  be  heard,  and  blowiiiir.  nispin.ir,  ratlliiifr.  and  tlap- 
pinj;  sounds  have  been  descrilied.  (_)vera  collapsed  area 
the  iioniial  vesicular  murmur  is  rcplaceil  by  bronchial 
hrealhiiiir.  and  the  vocal  resonance  is  intcnsilicd.  Flint" 
ret'iiriliii  the  subcrepitant  tale,  contined  to  a  limited  area 
and  not  dilTiiscd  as  in  capillary  bronchitis,  of  value  in  the 
diagnosis.  E.schericli  was  able  to  .sec  the  tibrinoiis  coal- 
ini;  of  the  tnichea  surrounded  by  a  hypenemic  and 
swiillen  area  of  mucous  membrane  in  the  laryiifioscopic 
mirror,  but  lus  a  rule  the  dia.irnosis  rests  solely  upon  the 
cxpectonition  of  the  iliaraderistic  libinuoiis  movdds.  To 
rwoiiui/.c  Ihes*'  the  sputum  must  be  dropped  into  water 
where  they  unfold  from  the  mass  of  mucus  in  which  they 
are  usually  embedded.  It  is  possible  that  the  disease  is 
sonu'times  overlooked  from  failure  to  make  this  test  or 
when,  as  often  ha|)pcus  with  children,  the  sputum  is 
swallowed. 

I'lioiiNosis. — A  guarded  prognosis  should  always  be 
made  in  acute  cases.  Slrllmpeil  places  the  mortality  at 
twenty-live  per  cent.  If,  however,  those  cases  are  ex- 
cUuleii  in  which  the  disease  is  merely  a  complication  of 
another,  iierhajis  more  serious,  disorder,  neither  the  acute 
nor  the  chronic  form  can  be  re.srarded  as  in  itself  ex- 
tremely dangerous.  Hecovery  is  the  rule  in  chronic 
ea.st'S.  but  the  duration  of  the  immunity  is  uncertain. 
Muih  depends  in  either  type  upon  the  physical  condition 
of  the  patient.  The  prognosis  is.  tlierefore.  much  more 
favorable  in  the  primary  form  than  in  the  secondary. 
High  temperature  isalways  to  be  regarded  with  suspicion 
if  it  persists  through  the  intervals  between  the  parox- 
ysms, as  it  way  indioite  the  development  of  juilmonary 
complications.  There  is  at  all  times  a  possibility  of  ac- 
cidents even  in  the  most  hopeful  cases.  The  plastic 
membrane  may  nuickly  extend  upward  into  the  trachea, 
or  a  cajiilliiry  bronchitis  may  develop.  Oppolzer  and 
Faggc  each  report  the  fatal  termination  of  a  case  through 
plugging  up  of  the  glottis  or  trachea  by  a  large  cast  after 
it  had  become  detached.  Death  has  occurred  before  casts 
bad  been  expectorated.  The  danger  is  always  greatest 
in  the  extremes  of  life.  And  there  is  no  means  of  jirog 
nosticating  thecoursi-of  the  chronic  form,  its  recurrences 
and  remissions,  for  each  case  has  its  own  peculiarities. 

TiiE.VTMKNT. — No  uniform  method  of  treatment  has 
been  adopted.  Many  remedies  have  been  tried  with  more 
or  less  bcnclit.  but  it  is  dillicult  to  estimate  the  results, 
since  so  few  cases  have  come  under  the  care  of  any  one 
observer.  Pota.ssium  iodide  has  been  employed  more 
extensively  than  any  other  medicine  with  a  view  to  hast- 
ening the  detachment  of  the  tibrinous  deposits.  It  has 
been  given  in  large  or  small  dost'S.  alone  or  with  the  alka- 
line carbonates,  liut  its  elTect  has  not  been  uniformly 
satisfactory.  Ammonium  chloride,  ipecacuanha,  senega, 
lien  zoic  acid,  apomorphine,  and  other  expectorants  have 
been  recommended  for  the  sjinie  purpose.  Emetics  may 
be  employed  in  robust  iiiilividunis  to  assist  in  the  expul- 
sion of  the  casts  after  they  have  become  detached.     Apo- 


moriihlne  adminlstcrp<l  hypodemiliiilly  In  the  dose  of  gr, 
■f„  has  given  the  best  results  .Merciiriiil  iiiiiiiitioii'.  are 
recoinmcndcd  by  Eichhorsi''  and  Slrt^iiipell.  but  are  i  on- 
demned  by  others,  except  in  syphilitic  eases.  N.  S. 
Davis,  Sr.,"  obtained  prompt  benellt  ri'om  lUHliuni  sali- 
cylate  in  a  rheuniatic  Hiibject.  In  the  writer's  eiiws 
prompt  recovery  followed  the  udministralion  of  creowito 
carbonate  in  lif teen  drop  doses.'"  Steam  and  \ariou» 
niedicanients  have  been  reconiiueiided  for  use  by  inhala- 
tion, but  it  does  not  seem  probable  that  any  leniedy  can 
Ih'  applied  to  the  sinalhr  tubules  by  this  method  in  siif 
llcicnl  (lUantity  to  be  of  real  beiietil.  Sl<'Wart  and  (iib- 
s<in ''^  lind  steam  of  undoubted  utility.  I.ime  water  and 
solutions  of  the  alkaline  salts,  lactic  acid,  carbolic  acid, 
or  trypsin  have  been  employed  by  alomi/ation.  Schnilz- 
Icr  suggests  the  emjiloyment  of  papayotin  in  this  man- 
ner, and  Ewart  recommends  the  inliiit radical  injection 
of  oil. 

Every  effort  should  be  made  to  improve  the  general 
condition  of  tlie  patient  by  such  measures  as  are  advis- 
able in  casi's  of  chronic  bronchitis.  In  this  way  only  is 
there  a  hope  of  preventing  future  attacks.  Hesidciice  in 
a  dry.  bracing,  atmosphere  (Oliver'"),  jiroper  clothing, 
good  food,  exercise  especially  directed  to  the  develop- 
ment of  the  respiratory  muscles,  proper  bathing,  with 
the  administration  of  tlie  bitter  tonics,  arsenic,  iron,  and 
mall  preparations,  or  cod  liver  oil,  are  worthy  of  trial. 
In  many  cases  the  treatment  of  the  underlying  condition 
must  to  a  great  extent  take  precedence  over  that  of  the 
disease  itself.  Jame»  M.  French. 
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FIBROMA.— Definition;  Synonyms:  Geneual  Ch.u{- 

ACTEUi.sTKS. — A  fibroma  is  a  tumor  composed  of  fibrous 
connective  tissue,  i.e.,  of  cells,  tibrilhe,  and  vessels.  It  is 
known  also  under  the  name  of  libroid,  desmoid,  and.  in 
certain  positions,  polypus.  The  term  "tibioma"  is  ap- 
plicable only  to  circumscribed  new  growths  of  connective 
tissue,  and  does  not  include  the  difliise  connective-tissue 
hyperplasia  seen  in  clephantijisis,  nor  the  connective-tis- 
sue stroma  entering  into  the  composition  of  other  sorts  of 
tumor.  In  this  connection  it  is  to  be  observed  that  the 
application  of  the  term  "fibroid"  to  the  common  tumor 
of  the  uterus  is  incorrect,  since  this  tumor  consists  pri- 
mr.rily  of  smooth  muscle,  and  is  therefore  a  myoma. 
The  tibroma  is  a  meinber  of  the  connective  tissue  or  his- 
toid group  of  tumors,  and  is  co-ordinate  with  the  lipoma, 
the  chondroma,  the  myoma,  etc.  It  is  non-malignant, 
although  not  always  sharply  to  be  distinguished  from 
certain"  forms  of  sarcoma.  It  is  widely  distributed,  and 
may  occur  in  any  part  of  the  body  containing  fibrous 
connective  tissue. 

Gkxehal  Morphology.  V.utiETiES. — Fibromata  oc- 
cur  as    rounded,   sometimes    lobulated,    masses,    often 
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Fio.  20(M.^Spot1on  of  a  Fibroma  of  the 
ovary.  iFn>in  Councilnian.i  The  tumor 
is  iltMisf  anil  <-<)inpa4-t ;  the  cells  are  few 
In  mimlier ;  in  several  phues  on  the  sec- 
lion  banils  an*  seen  in  whieh  llie  cells  are 
more  abundant.    X  75. 


sharply  circumscribcil,  and  varying  in  size  from  a  few 
niillinicliTS  to  many  ocntimetri's  in  diami'ter.  One  variety 
of  this  form  of  liunor,  tlie  Ivcloiil.  jiresents  a  more  dilTiise 
and  less  circuuiscribed  chanictei'  than  is  typical  of  the 
fibromiila  as  a  class.  Filiroinata  oritjinatiu!;  in  the  sub- 
cutaneous and  in  the  subnuieous  tissues  may  |)resent  a 
papillary  form  and  conatitute  certain  sorts  of  so-called 

papillomata     and 
,    -  -  jiolypi.      Accord- 

ins  '"   their  con- 
^      -'  sistenee  and  in  a 

measure    to   their 
liistological  strue- 
k'  rure.     fibromata 

^;        -      '         -■  present   two   j^en- 

fei  rral    inorphologi- 

X,    .  cal    types:    (1) 

'      "■  llanl:  "c-')  soft. 

I.  II.\Ki)  Frnuo- 
\i.\  (F.  ilurum.).— 
(,()  .1  n  II I II  III  iral 
Chiiriicliristicx. — 
This  tyiie  occurs 
usually  as  a  mass 
varying  in  size 
from  that  of  a 
pin's  head  to  that 
of  a  cannon  ball. 
the  smaller  tumors  rounded,  the  larger  often  lobiilatcd ; 
sometimes  enca|isulatecl;  of  white  or  pink  color,  and  of 
very  lirm.  tough  consistence.  Upon  section  the  tumor 
creaks  under  the  knife,  and  presents  a  dry,  white  or 
grayish- white,  rather  refractive  surface,  marked  by 
Striie  lrav<'rsing  it  in  various  directions,  sometimes  forai- 
ing  eoncentriclamellii?  or  whorls.  The  surface  of  section 
in  some  cases  jiresents  a  small  amount  of  fluid  resembling 
that  found  in  synovial  cavities,  oi-  is  marked  by  red 
points  corresponding  tii  divided  blood  -  vessels.  The 
physical  pi-opcrtics  of  the  tumor  maj'  be  uniform 
throughout  its  entire  e.vteut,  or  may  vary  in  different 
loealiUes. 

(li)  JJistolof/ical  CharMteristics. — The  constituents  of 
this  type  of  tibroma  are  analogous  to  those  composing 
the  dense  fibrous  connective  tissue  of  the  tendons,  the 
fasciiC,  and  the  periosteum.  They  consist  essentially  of 
connective-tissue  cells,  variable  in  number,  but  usually 
few,  and  librilUe  closely  compacted  and  running  in  vari- 
ous directions.  The  "cells  ("connective-tissue  corpus- 
cles") possess  but  little  protoplasm  and  are  recognizable 
chielly  by  means  of  their  nuclei,  which  are  rather  small, 
deeply  stained,  and  spindle-  or  rod-shaped,  sometimes 
curved  ;  when  cut  transversely,  the  nuclei  appear  round. 
In  a  libromu  whieh  is  growing  rapidly  the  cells  are  rela- 
tively iiunierous.  large,  and  rich  in  protoplasm.  The 
nuinber  of  the  cells  is  of  no  special  signilicanee,  provided 
that  they  present  the  characteristics  of  the  normal  con- 
nective-tissue cell.  The  tibrilUe  (intercellular  substance) 
occur  in  compact,  more  or  less  wavy,  refractive  bundles 
between  which  may  be  seen  the  nuclei  of  the  cells.  In 
some  instnnces  the  fibrilUe  are  indistinct  and  appear  to 
lie  mei'gcd  inio  homogeneous  lamella'.  Besides  the  ordi- 
nary liiirilhe,  the  intercellular  substance  may  include  a 
variable  aiiiounl  of  clastic  libre.  In  addition  to  these 
histological  elciuenls,  the  hai'il  tibi'oma  presents  blood- 
vessels and  a  variable  number  of  leucocytes  and  of  lym- 
phoid cells,  the  last  named  occurring  usually  in  the  form 
of  perivascular  groups  which  maybe  regaided  as  small 
lymph  nodules  (I^ibbert).  The  blood-vessels  vary  both 
in  numbirand  in  size;  ordinarily  I  hey  are  few  and  poorly 
developed.  In  occasionid  instances  the  veins  are  of  ab- 
normally lai-ge  size  (F,  telangieetaticum,  F.  caveruosum; 
angio  tibronni). 

According  to  their  situation,  hard  libromata  may  em- 
brace yet  other  constiluenls.  and  thereby  jiresent  a  more 
complex  structure  than  that  which  is  characteristic  of 
simjilo  tibi-oma.  and  one  which  in  some  instances  war- 
rants the  classing  of  the  tumor  with  other  soits  of  new 
gro\vth.     Thus  fibromata  arising  from  epithelial  struct- 


ures and  from  nerves,  or  occurring  in  their  vicinity, 
by  including  such  .strnctuies  within  them,  may  ac(|uire 
special  tiiiil  distinctive  cliaracliristics  (adciio  libronia; 
ni'iiro  tibroma ;  papilloinai.  .\gain.  the  development  of 
libromala  from  periosteum  and  from  perichoinhiiiiii  may 
result  in  the  ]iiescnce,  in  such  tumors,  of  bone  or  of  car- 
tilage (riili-  iiifni). 

II.  Soft  Fiuuoma  (F.  moUc:  F.  areolare). — («)  ^1(i<j- 
toniifiil  ClKiriictiriKtir*. — The  soft  libromata  occur  as  cir- 
cumscribed, round,  or  lobulated  ma.sses,  often  of  very 
large  size,  of  a  \n\.\v  yellow  color,  and  of  soft,  inehistic 
consistence.  Upon  s<'Ction.  they  jireseiit  a  slightly  ti-.ins- 
jiarent.  grayish-white  stirfiice.  showing  a  line  meshwork 
of  fibi'es.  sometimes  large  cystic  spaces,  tilled  with  a  va- 
riable amount  of  clear,  watery  fluid  which  flows  freely 
from  the  cut  surface,  and  allows  the  minor  to  colhipse. 
Occasionally  the  siirfaceof  section  is  traversed  by  broad, 
fibrous  bands  running  in  various  directions. 

(/;)  JJiKliiliif/iriil  (' /ill riiclfrintirx.— The  Structural  ele- 
ments of  this  form  of  tibroma  correspond  to  those  seen 
in  the  areolar  tyjieof  tilii-cuis  connective  tissiu-.  They 
consist  essentially  of  cells  and  fibrillar  inteicellular  sub- 
stance. The  cells  in  general  are  of  the  type  common  to 
mature  connective  tissue.  Together  with  tlie.se  are  larger, 
round,  oval,  or  stellate  cells.  As  in  the  hard  tibroma, 
nodules  of  lymphoid  cells  are  fre(iuently  present.  The 
intercellular  substance  is  relatively  scanty,  and  the  tibiil- 
lie  are  delicate  and  arranged  in  small  bundles.  Elastic 
fibres  occur  freiiuently,  and  in  some  cases  are  so  abun- 
dant as  to  form  a  large  part  of  the  tumor.  The  fluid 
content  of  the  tumor  upon  microseoiiic  e.xamiiiiilion  pre- 
sents but  few  cellular  elements,  and  therein  differs  dis- 
tinctly from  the  opaque,  milky  fluid,  rich  in  cells,  which 
may  be  expressed  from  malignant,  highly  cellular  tu- 
mors. 

The  distinction  between  these  two  types  of  fibroma  is 
not  absolute;  every  gradation  between  the  hard  and  the 
soft  varieties  occurs,  and  not  infrei|Ueutly  both  sorts  are 
represented  in  the  same  tumor. 

III.  KEi.OfD. — Included  amongst  the  fibromata  is  a  con- 
nective-tissue new  growth  of  somewhat  variable  character 
and  known  by  the  name  of  keloid  (cheloid).  It  dilfers 
from  other  tilironiata  in  manifesting  a  less  circumscribed 
mode  of  growlh.  in  presenting  a  close  resemblance  to  scar 
tissue,  and  in  being  devoid  of  elastic  tissue  ( .Vsc-holf ). 
The  keloid  develops  in  the  corium  of  the  skin  as  a  dense 
mass  of  connective  tissue  often  of  considerable  size,  situ- 
ated usually  just  beneath  the  epidermis  and  smoothly 
covered  by  it.  It  may  remain  as  a  scar-like  band,  or  by 
its  weight  become  flattened  and  polyiioid.  The  growth 
is  not  always  sharply  defined,  and  may  not  seem  to  jjos- 
sess  the   physical 


properties  of  a 
tumor.  Histolog- 
ically the  keloid 
consists  of  dense 
fi  brou  s  connect- 
ive ti.ssue  closely 
resembling  scar 
tissue  and  contain- 
ing thick,  refrac- 
tive bu  11  dies  of 
rt  b  ri  II  a>.  In  its 
earlier  stages  of 
ilevelopmeiit.  or 
when  growing  ra- 
pidly, the  tuiiKU- 
is  very  cellular. 
It  often  is  con- 
nected with  un- 
derlying |)arts  by 

fibrous  pidlonsrations.  which  render  its  complete  extir- 
pation dillicult .  Two  types  of  kehiid  may  be  recognized, 
according  to  the  origin  of  the  tumor;  (</)  Cicatricial;  (A) 
spontaneous. 

(a)  The  cicalncial  keloid  occurs  after  in,iuries  to  the 
skin  as  an  hypertrophy  of  the  resulting  scar,  w  ith  more 
or  less  tendency  to  recurrence  after  removal.     This  form 


Fi(i.  aifVi.— Swilon  of  H  si>ouuineous  Keloid 
from  the  Ymv  of  a  Younp  .Seitro.  (From 
i'oiiiieihnan. )     x  7.">. 
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of  kcloiil  in  more  apt  to  clevclo|>  in  the  luiir  followiii); 
Imriis  iliikii  ill  lliut  ('ciiis<'i|iii'iil  ii|ii>ii  otlicr  sorts  iif  injiirv. 
It  isstiid  to  liu  iimri' roiiiiiiiiii  in  liilirrriiloiisiinil  in  s\  plii' 
litir    Sllhjrrts    lllllll    ill   iilllrrN        Kcloiils   ilr\  |'Io|m'iI     flolll 

ciraliii'liil  tisKiii-  ri'stiltini.'  from  iiii  iiifictcd  woiiinl  of  tin- 
skill  iimv  lir  iniiisitory  (As<liolI|. 

(/>)  'rill-  nil-Ill,!  II,  niiK  krtiiiil  ("  trill'  keloid")  occurs  in- 
(le|ieiideiitly  of  traiiiiiii  It  consists  of  deiise  connective 
tissue.  Like  tlie  ciralriiial  keloid,  and  owiii;;  l<>  tlie 
dilllciilly  of  coiii|dete  i  xtirpulioii.  it  |iosses.ses  a  marked 
tendency  to  recurrence,  ll  a|ipeurs  most  often  in  piT- 
sons  will)  live  in  tropical  cliiiiiil<'s.  and  i;ives  rise  to  in- 
tense itcliiiiK  ill  stormy  weather. 

Mom-;  OK  (iitowrii. — Kiliromata.  from  the  fact  of  their 
ileiise  consisteiii'e  and  relative  paucity  in  cells,  in  llie 
cour>4e  of  tlieir  di'vilnpiiieiil  pi(-.i.iit  no  lendeiiiy  to  in- 
vade siirroiiiiiliii;:  stiiuturcs  nor  to  piddiue  metastases, 
anil  are  thus  e.s.s<'iilially  lieiii;iii  tumors.  Increase  in  size 
is  liy  ceiitnil  j;ro\vlli;  surrounding' struct  iires  eitliir  are 
pushed  aside  or  undergo  atrophy.  In  many  instances 
the  tiliroiiia  is  eiiclosi'd  liy  a  capsule  composed  of  dense 
tissue,  wliiili  separales  it  sharply  from  suiroun<iini;slni<' 
tiires.  Olheis  are  lr,s,s  sharply  ilerined.  and  liaiids  of 
tlliroiis  connective  tissue  pass  from  the  liimorintci  ad  join - 
iiij;  parts;  this  may  be  true  evin  of  the  pedunculated 
forms.  The  total  e\lirpalii>n  of  such  a  tumor  is  dillicult 
and  at  times  almost  impossible.  This  fact  probalily 
ilc<-ouiit.s  for  the  recurrence  of  tibroinata  in  certain  in- 
stances after  operation.  Leucke  states  it  as  a  jreiieral 
rule  that  when  openitioii  for  removal  is  complete  there 
will  be  no  recurrence.  In  other  instances.  su|)posed 
tibroina  may  have  been  a  libro-sjircoina.  Viichow  men 
tions  a  case,  however,  in  which  a  larire  primary  libroma 
of  the  ulirus  was  associated  with  iiielaslali<-  secondary 
tumors  in  the  mesentery  and  the  omentum.  There  seems 
to  1h'  no  tumor  which  under  certain  circumstances  may 
not  become  niali,L;nant. 

The  course  of  development  of  the  fil)roma  is  slow  but 
coiitiiinous.  and  the  size  to  which  it  may  attain  inileti- 
iiilely  ureal.  The  direction  of  ijjrowlh  is  always  in  llial 
of  least  resistance,  but  in  certain  positions  libi'omata  may 
exert  coiisidendile  pressure  and  thereby  injure  sunoumi- 
in,ir  parts.  Fibromata  developed  iti  the  skin  and  in  the 
mucous  meinbnines.  if  of  sullicieiit  size,  may  push  up- 
ward, carryinj;  the  coverinsr  epithelium  before  them,  and 
so  give  rise  to  warty  or  jiapillary  tumors  sometimes  pe- 
dunculated and  polypoid. 

OiciHiiKMK. — Si'Kci.M,  MoKPiioi.oGY. — The  occur- 
rence of  tibroinata  is  not  associated  with  any  special 
locality,  liut  tuiimis  of  this  cla.ss  may  oiii;iiiale  in  any 
|)art  of  the  body  which  cont;uns  libroiis  connective  tis- 
sue. They  develop  most  frequently  fiom  the  skin,  tin- 
subcutaneous  tissue,  the  periosteum,  the  intermuscular 
si'ptji,  the  siibmucosa  of  certain  mucous  membranes,  and 
the  nerve  sheaths:  alsfi  from  the  serous  membranes,  the 
retroperitoneal  tissue,  the  perichondrium,  and  from  the 
connective-tissue  stroma  of  such  organs  as  the  breast, 
the  kidney,  the  s)deeii.  the  ovary,  and  tin?  uterus.  The 
tumor  presents  distinctive  niorpholoLrical  characteristics 
deiiendent  upon  its  locus  of  occurrence. 

1.  t^Liii. — The  skin  is  very  commonly  the  seal  of  fibro- 
mata. They  here  may  be  of  either  variety,  but  are  usu- 
ally of  the  soft  type;  may  oiiginate  either  in  the  coriiini 
or  in  the  subcutaneous  tissue;  and  are  often  multiple. 
The  multiple  fibromata  do  not  possess  frenetic  iniity,  l)ut 
may  arise  in  various  ways.  The  more  common  form  of 
fibroma  of  the  skin,  and  one  frequently  multiple,  is  that 
designated  by  Virchow  as 

(<;)  J-'ilirniiiii  lllllll  linen  m.  This  develops  from  tlie  sub- 
cutaneous areolar  tissue  of  the  face  or  of  the  back,  some- 
times of  the  entire  body,  as  a  rounded,  dependent,  often 
pedunculated  oiitirrowtli.  at  times  no  largi'r  than  a  l)ea. 
often  attaining  an  enormous  size,  and  presenting  a  soft, 
almost  tliicluant  consistence.  The  tumor  is  sometimes 
brojid.  and  wlu'U  pendulous  from  its  weight  is  attached 
to  the  body  by  a  wide  fold  of  skin.  Siuli  a  tumor  is 
known  as  i-nlis  jHnihihi.  Histologically,  this  sort  of 
fibroma  is  rich  in  cellular  elements,  inanv  of  which  are 


npindle-itlia|M'd.  Another  mfKle  of  occtiirencc.  Intlienkln. 
of  multiple  liliroinata  is  sei-n  in 

ill)  Sriirii-fihriiiiiii.  This  forinof  tumor  preNciitN  Itself  in 
the  form  of  multiple,  hard,  spindl.-  shapi-il  iinthM-H  vary- 
iiig  in  size  from  that  of  a  small  pea  to  that  of  a  walnut, 
and  distributed  along  the  course  of  a  single  nerve,  or  of 
all  the  nerves  of  an  cMreniity  or  even  the  whole  body. 
They  originate  from  the  coiineitive  tissue  of  the  nerve 
shiaths.  and  usually  contain  »ithiii  their  sulmtaiice  a  cer- 

lai iinlier  ol  ihtvc  tibres  included  by  the  tumor  in  the 

course  of  its  development. 

((•)  Mnlli/ili-  Ji/,ii,iiiiilii  of  the  skin  of  the  hard  type  have 
been  shown  (von  Kecklinghaiisi-ni  to  originate  iiNo  from 
the  connective  tissue  sheaths  surrounding  the  sebaceous 
glands,  the  sweat  glands,  the  hair  follicles,  and  the  ves- 
sels of  the  coriiim. 

",'.  Mni-iiiiH  Miiiihriuiin — Fibromata  of  the  mucous 
ineiiibranes  develop  from  the  submucous  lissiiis.  appear 
in  the  form  of  polypi,  and  are  often  multiple  (Hibbert). 
In  the  nares  they  occur  as  soft,  pedunculated,  often  <ede- 
matoiis  nia.s.ses,  constiliiting  one  of  the  varieties  of  na.sal 
polyp.  In  the  laryn.x  tibroinata  are  common,  and  appear 
as  polypi  siluateii  usually  upon  the  vocal  ihords  or  in 
the  fossa  of  .Morgagni ;  the  tumor  may  be  of  the  hard 
type,  originating  from  the  perichondrium.  Fibromata 
sometimes  occur  in  the  alimentary  tract,  especially  in  the 
large  intestine. 

3.  I\rioKtr<im. — Periosteal  fibromata  are  freijucnt ;  they 
contain  not  infrequently  bone,  which  in  amount  may  ex- 
ceed that  of  till'  fibrous  connective-tissue  elements;  and 
they  jJieseut  the  appearance  of  firm,  hard  masses  easily 
mistaken  for  either  chrondroma  or  osteoma.  An  iniporl- 
aiit  example  of  periosteal  fibroma  is  seen  in  one  of  the 
varieties  of  nasjil  polyp,  viz..  that  occurring  in  thi'  naso- 
pharynx. The  tumor  here  originates  from  the  (leri- 
osteum  of  the  base  of  the  skull,  extends  downward  and 
laterally  into  the  pharynx,  and  forward  into  the  nares.  and 
is  remarkable  for  the  destruclive  energy  of  its  growth, 
which  may  sullice  to  forceapart  the  bones  of  the  face,  giv- 
in;:  rise  to  the  characteristic  "  frog-face."  It  is  usually 
liibulaled.  Histologically,  it  is  characleiized  by  a  dense 
libriius  structure,  although  at  times  large  vessels  are  pres- 
ent, and  in  other  instances  the  cells  are  relatively  numer- 
ous anil  indicate  by  their  [jrotoplasmic  character  rapidity 
of  growtli.  The  vascular  chanicter  of  certain  of  these 
tumors  renders  considerable  the  hemorrhage  incidental  to 
their  removal.  The  naso  ])harvngeal  polypi  contain  as  a 
rare  constituent  occasional  islands  of  ("artilage.  Peri- 
osteal fibromata  not  infreiiuently  occur  as  small  ma.sse9 
njion  the  maxilhe  of  old  jieople." 

4.  /'iiri  iir/ii/iiiiiliiiis  Oriiniin.- — In  the  mammary  gland 
tlie  fibroma  ap]iears  as  a  firm,  circumscribed,  encapsu- 
lated tumor,  which  may  be  multiple;  and  also  as  a  more 
dilTuse  growtli;  the  latter  can  with  ditiiculty  be  dilTeren- 
tiated  from  the  fibrous  induration  consequent  upon 
chionic  infianimation.  The  fibroma  of  the  breast  fre- 
quently originates  in  the  periglandular  connective  tis- 
sue; in  this  case  there  is  usually  a.ssociated  hy]ier|ilasia 
of  glands.  Pressure  exerted  by  the  tumor  iijion  the 
glands  and  tlieir  duels  may  lead  to  cystic  dilatation,  and 
into  the  resulting  spaces  ])iiiiillary  ju'djections  of  the 
tumor  may  extend,  carrying  upon  their  surface  the  glan- 
dular epithelium.  Ceiiain  of  these  projections  may 
grow  for  a  con.sidenible  distjiiice  into  the  lumina  of  the 
glands  and  of  their  ducts,  giving  rise  to  variable  and 
complicated  histological  appeaninces.  Anatoinically, 
such  a  tumor  upon  .section  presents  clefts  or  irregular 
fissures,  with  occasional  small  cysts  containing  clear, 
viscid  Huid.  When  the  cyst  formation  is  extensive,  the 
major  jiart  of  the  tumor  may  project  into  the  cavity,  and 
upon  section  appear  as  a  large,  irregular  polypus.  This 
form  of  tumor  belongs  to  the  cla.ss  of  adcno-fibroma. 

In  the  kidney  a  curious  form  of  fibroma  is  met  with. 
It  ap])ears  as  a  jiearly  while,  firm  nodule,  situated  usu- 
ally near  the  base  of  a  iiynimid.  and  histologically 
presents  the  characteristics  of  a  circumscribed  inter- 
stitial nephritis. 

liETRoGUADE  METAMORPHOSES. — Retrograde  changes 
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of  every  I'liriety  occur  in  the  fibroma,  usually  after  pro- 
longed (lunilion  of  the  tumor. 

l7  Muri/iil  il(;/iiiiniti'iii  is  the  more  frequent,  and  is 
cliaraclcrizcd  by  Hu'  fonnalion  of  large  cysts  contiiining 
thick,  viscid  llui<l.  The  process  hcgins  with  an  imicasc 
in  the  ccllidar  constituents  of  the  tumor,  a-ssociated  with 
a  mucoid  degeneration  of  the  intercellular  substance 
which  thereby  luidcrgocs  sitftening  and  is  reduced  to  a 
fluid  state.  The  cells  in  tlie  degenenited  area  then  disap- 
pear, the  resulting  space  being  occupied  by  the  fluid. 
This  degeneration  may  readily  lie  confused  with 

2.  (hiliiiia talis  infittriiti'iii.  a  condition  due  to  disturb- 
ances of  circulatioii  within  the  tumor:  lure  tlie  ground 
substance  of  the  growth  becomes  soaked  with  tluid.  the 
fibrilla'  arc  pre.-ised  apart,  ami  the  tumor  becomes  .soft 
aixl  spongv.  upon  section  presenting  the  appearances 
seen  in  gelatinous  iutillration  of  the  skin  or  in  the  um- 
bilical cord. 

3.  Faltji  degeneration  occurs  infrequently  in  the  cen- 
tral part  of  the  larger  fibromata;  the  region  involved 
beconu-s  yellow,  soft,  and  ultimately  may  be  converted 
into  a  cavity  filled  with  fatty  detritus.  Such  an  area  of 
softening,  if  it  extend  to  the  surface  of  a  fibroma  situ- 
ated near  a  free  surface,  may  lead  to  ulceration. 

4.  Ciilrifieation  is  sometimes  seen,  at  first  in  small  and 
circumscribed  areas,  latterly  in  perhaps  a  large  part  of 
the  tumor.  The  capsule  of  the  tumor  may  be  in  great 
part  calcified. 

.').  Ossijioitioii  is  common  in  fibromata  developed  from 
the  periosteum,  and  occasional  in  those  originating  else- 
where. 

Co.mhin.vtiox  with  other  TfMoits. — The  fibroma  is 
frequently  in  combination  with  other  members  of  the 
connective-tissue  group  of  tumors.  It  is  most  often  seen 
in  association  witli  sarcoma  in  the  form  of  a  tumor  parts 
of  which  are  made  up  exclusively  of  spindle  cells  and 
parts  of  fibrous  connective  tissue,  with  elsewhere  inter- 
mediate gradations;  such  a  tumor  is  known  as  a  Jibro- 
sarcoma.  Another  combination  often  met  with  is  the 
vu/j<i-fihr<ima,  which  is  a  more  common  tumor  than  sim- 
ple libroma;  here,  in  addition  to  fibrous  connective  tis- 
sue, the  tumor  contains  my.xomatous  tissue  consisting  of 
branched  and  stellate  cells  embedded  in  a  mucoid  matrix. 
Association  of  fibroma  with  hantangioma  is  seen  in  fibrous 
connective-tissue  tumors  containing  large,  intercommu- 
nicating venous  sinuses;  and  with  lymphangioma  in  such 
tumors  of  that  class  as  show  marked  development  of 
their  connective-tissue  elements.  Combination  ■with  my- 
oma is  seen  in  the  common  tumor  of  the  uterus;  connec- 
tive tissue  formation  is  here  usually  subsequent  to  the 
hyaline  degeneration  of  portions  of  the  primary  constitu- 
ents of  the  tumor.  (For  Ncuro-fibroma,  see  Seuroma.) 
■  Etioi.ooy. — Fit)romata  may  develop  at  any  time  of 
life,  and  are  sometimes  congenital;  they  occur  more  fre- 
quently after  the  twentieth  year  than  during  childhood, 
but  are  not  coumion  in  old  age.  The  fibromata  of  the 
breast,  like  myomata  of  the  uterus,  occur  ntost  fre- 
quently between  the  thirtieth  and  the  fortieth  years; 
they  are  as  common  in  nulliparous  women  as  in  those 
■who  have  borne  children. 

As  to  the  cause  of  this  class  of  tumors  there  is  little  to 
be  said.  Irritation  is  often  suppo.sed  to  stand  in  causal 
relation  with  the  origin  of  fibromata,  but  tliere  are  no 
better  grounds  for  regarding  mechanical  injury  as  a  fac- 
tor in  the  development  of  this  than  of  any  other  tumor. 
One  of  the  forms  of  keloid,  the  cicatricial,  is  consequent 
upcm  injury  to  the  skin,  but  that  fact  does  not  explain 
■why  the  .scar  tissue  in  which  it  develops  should  become 
hyperplastic.  It  is  possible  that  a  predisposition  to  tu- 
mor formation  may  in  this  case  exist  in  the  skin,  which 
becomes  manifest  as  a  weakening  of  the  physiological 
resistance  of  the  surrounding  tissues  toward  the  growing 
rcpamtive  tissue,  or  in  a  tendency  on  the  part  of  the  con- 
nective tissue  to  assume  this  special  mode  of  growth. 
There  is  some  evidence  of  a  family  predisposition  to  ke- 
loid formation  (Aschotf ). 

Di.\GN0sis. — Climc.m.  Sicmfic.wce. — The  clinical 
diagnosis  of  fibroma  in  a  majority  of  instances  precents 


little  difficulty.  The  hard  fibroma  ofl'ers  distinguishing 
characteristics  in  its  circumscril)ed  form  and  in  its  dense 
and  homogeneous  consistence.  From  the  itarriimatii  usix 
class  it  may  be  diJIerentiated  by  its  relatively  slow  i;ite 
of  growth.  From  urirr/ciiis  furcinoiiai  it  is  usually  dis 
tinguishable.  sjivc  in  those  instances  in  which  the  fibroma 
is  so  situated  as  tocau.si'  pressure,  by  the  absence  of  pain, 
by  the  mobility  of  the  tumor,  and  by  freedom  from  in- 
volvement of  overlying  skin.  The  dilferentiation  of  hard 
fibroma  from  Jthniim  iiiihirntiini  of  glands  olTers  more 
dilliculty.  and  is  often  attended  with  error.  In  such 
cases  an  important  aid  to  diagnosis  lii-s  in  the  clinical 
history  of  a  previous  inllannnalory  ])rocess.  The  .soft 
fibromata,  or  stich  of  the  hard  type  as  have  undergone 
degeneration  with  subsequent  softening,  may  easily  be 
mistaken  for  liiujmnta  or  for  i-y!<tK. 

Histological  diagno.sis  oilers  little  difficulty  save  when 
the  tumor  presents  an  appearance  intermediate  between 
fibroma  and  .sarcoma,  or  when  there  is  a  question  of 
fibroid  induration,  or  of  scirrhous  carcinoma  containing 
but  few  epillielial  elements. 

The  clinical  significance  of  the  fibroma  is  comparatively 
slight.  An  essentially  benign  tumor,  it  is  harmful  only 
when  its  position  is  such  as  to  result  in  pressure  upon 
surrounding  and  pos.sibly  vital  parts,  or  in  the  obstruc- 
tion of  im|)ortanl  natural  canals.  Fibromata  of  the  skin, 
from  their  exposed  situation,  are  liable  to  trauma,  and 
if  injured  may  become  the  seat  of  ulceration. 

Georyc  Bnrgtsi  Magrath. 

FIG. — Ficus.  "The  fleshy  receptacle  of  Ficns  Curica 
L.  (fam.  Mornceo')  bearing  fruit  upon  its  inner  surface  " 
(U.  S.  P.).  This  fruit  can  scarcely  be  regarded  as  a 
medicinal  substance,  though  nutrient,  and,  like  most 
sugary  fruits.  sHghtly  laxative.  It  is  retained  in  the 
Pharmacopa?ia  merely  because  of  its  entering  into  the 
Confeciio  Senna,  but  it  seems  likelj-  that  both  it  and  the 
latter  little-used  remedy  will  shortly  be  dropiied.  Figs 
are  commonly  combined  with  purgatives.  One  method 
is  to  turn  them  inside  out  and  stulf  them  with  senna 
leaves,  the  mass  being  then  chcn'cd  and  swallowed.  Figs 
gro^w  upon  a  large  shrub  or  small  tree,  natives  of  tlie 
Orient,  but  cidtivated  in  all  warm  countries,  being 
hardy,  with  slight  protection,  as  far  north  as  Philadel- 
phia" The  dried  fruit  consists  of  nearh-  two  thirds  its 
weight  of  sugar,  some  fat  and  gum.  and  small  amounts 
of  laxative  salts.  It  is  decidedly  nutritious  and  has  been 
known,  in  the  fresh  state,  to  constitute  the  chief  food  of 
armies  for  short  periods.  Besides  the  varieties  distin- 
guished by  the  names  of  the  places  from  which  they  are 
exported,  as  Smyrna,  Turkey,  Greek.  Marseilles,  etc., 
figs  are  imported  in  two  forms,  known  as  "pulled" 
and  natural.  The  former  are  rolled  and  kneaded  \mtil 
their  structure  is  broken  up  and  they  have  become  soft 
and  iiliable;  the  .solidly  packed,  layered,  fiattened  figs 
are  of  this  sort;  the  others  are  simply  dried  in  the  natu- 
ral condition.  These  are  oblong,  rounded,  and  longitu- 
dinally wrinkled.  11< nry  II.  Uu»hy. 


F I G  W  0  R  T .     See  Scrophxtlariacem. 


FILARIA      MEDINENSIS; 
HOMINIS.      See  .\uiiatMhs. 


FILARIA     SANGUINIS 


FILMOGEN  (Liquor  adhsDsivus)  is  a  solution  of  soluble 
cellulose  nitrate  in  acetone,  with  the  addition  of  a  little 
castor  oil.  It  is  transparent,  adhesive,  and  impervious  to 
water,  and  resembles  flexible  collodion  in  its  appearance 
and  uses.  It'.  -1.  Basttdo. 

FISSION.— (L,  fissio.  a  cleaving,  from /«</</•(■.  to  split.) 
Fission  is  a  process  of  multiidication  in  which  the  parent 
organism  divides  into  two  daughter  organisms  approxi- 
mately e(inal  in  si/c  and  development  ;"as  distinguished 
from  budding,  in  which  the  par<nt  remains  intact  and  the 
daughter  organism  is  a  new  individual  formed  by  a 
small  outgrowth  upon  the  parent.  (See  article  Bud- 
ding.) 
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Onliiiiiry  fell  ilivif>ii>ii  i»  n  iiroci'iui  of  llssioii,  iiiul,  coll- 
H<'i|iiriillv,  lliis  JH  the  usimi  iiii'IIiihI  of  ri'iiriKliictioii 
uiiinri;;  llic  iiiiici'lliiliir  orKiiliisiiis.  Tlir  ycitHt.s  uml  hhiih' 
(if  llir  I'rotd/.ciii.  ln>\v<vi'r.  rrpriMliirr  liv  ii  itnwi'ss  iiinri' 
iKciinilily  ilcs<ril>cil  IIS  liiiililiiii!  Hut  ilir  liiirtiTiii.  I'm 
lc>|ili\  III.  anil  nriirlv  nil  of  tlu'  I'lotn/oii  iiiull|>ly  l>y  tlKsiim 
uinl  oririi  willi  iiliiinst  iiirn-illlili'  niplillly.  In  llir  siiii 
|)lt'r  roriiis  llirri'  arc  im  |in'|>aniti>ry  cliaii^'rH  iilliir  than 
tliiisc  imliiiiirily  a.>isii<'iati'il  witli  nil  ilivlsinn  in  tlirsr 
grimps.  Kill  in  tlir  more  lii^'lily  ililTiTcntiiitcil  Infiisoriu 
|)ri)vlili'il  Willi  prriniiiiriit  i>ral  riinni'ls.  I'jliatcil  Iniiiils. 
t'tc.  tlirsi- siriirliins  iimy  lie  iluplicatiil  in  the  two  in-\v 
iiiiliviiliuils  prrviiiiis  In  tliiir  scpamtimi.  a  prni'css  nnalo 
pills  Id  what  taki'S  plari'  in  iiiany  iniilliri'lliilar  organ- 
fsnis. 

Till'  iiiiiltiplirationdf  indiviiluals  liy  lissioii  is  unknowu 
iiinnni;  plants  alxivc  tlu'  viTV  sinipli-  Siliiziipliyta. 

Aiiiciiii;  till-  Mita/iia.  on  tlir  ollii-r  liand,  this  nii'tlioil  of 
niiilliplicalion  is  I'oiiinion  in  soiiu'of  thr  lowrrorilrisanil 
iniiy  occur  ubuorninlly  in  so  high  ii  group  iis  the  vcrtc- 
Imiti'H. 

In  a  fi'W  cases  fission  ooriirs  without  any  prrvioiis 
jiiviianitioM.  The  lulult  animal  tears  its  lioily  apart  liy 
its  own  I'tTorts.  A  wdiind  is  forinrd  by  ihi-  rupture  of 
the  tissues  with  a  loss  of  the  lluids  of  the  body.  This 
Wdiiiid  heals,  and  from  its  surface  the  missing  purls  of 
each  of  the  new  individuals  are  regeneratetl.  The  method 
has  been  observed  in  the  genus  Hydrn,  in  two  annelids, 
Liimbrieiiliis  and  C'lenodriliis.  and  in  certain  starlislies 
iiiid  opiiiunins.  In  the  latter  the  plane  of  lission  pas,ses 
through  the  disc  dividing  the  mouth  and  the  stoniaeli. 
while  to  one  part  of  the  disc  three  arms  remain  allaehed. 
to  the  other,  two;  and  each  half  regenerales  the  missing 
parts.  But  in  one  family  of  stjirlislies,  the  Linekiidie, 
the  process  is  somewhat  dilferent.  Here  the  live  arms 
si']iarate  from  the  disc  and  then  the  di.sc  regenerates  Hve 
new  arms,  and  each  detached  arm  regenerates  a  disc  and 
four  new  arms.  Delage  relates  that  he  observed  once  the 
division  of  a  sea  anemoni'.  Aiitlim  rereus.  The  two  parts 
of  the  body  were  extended  as  if  trying  to  crawl  in  oppo- 
site direclions.  The  intermediate  portion  became  niiicli 
coiislriilid  and  tinally  ruptured.  The  whole  operation 
occMiiicd  iiboiit  two  hours. 

0\\  the  olherhaiid,  in  most  animals  in  which  fission  is  a 
normal  jirocess  of  multiplication,  it  is  preceded  by  pre- 
panitory  changes  which  result  in  each  of  the  new  indi- 
vidiialsbeing  provided  with  a  full  coinpleincut  of  organs 
K'fore  separation  takes  i)lacc. 

According  to  Parker,  fission  in  the  common  sea  anem- 
one of  the  coast  of  New  England.  Mitriiliiini  margiita- 
iiiii).  is  a  slow  ])rocess  occupying  many  months.  It  be- 
gins with  the  division  of  the  mouth  and  onil  disc 
accompanied  by  the  formation  of  new  septa,  and  pro- 
ceeds gradually  toward  the  base.  The  final  separation 
has  not  been  observed,  however. 

In  many  worms  fission  takes  place  in  what  may  be 
regarded  as  a  larval  sta.se,  liefore  the  development  of 
eggs  and  spirmatozoa.  This,  accordin.s  to  Mensch.  is 
tile  case  with  Autolytiis,  and  it  seems  to  be  so  with  most 
of  the  worms  in  which  fission  occurs.  In  Autolotus  and 
its  allies  an  area  of  embryonic  tissue  appears  at  about  the 
tliirlieth  segment,  dividing  the  young  wonn  into  two 
parts.  On  the  posterior  part  there  is  developed  a  new 
head.  The  tissues  just  in  front  of  the  head  undergo 
degeneration,  and  by  their  own  movements  the  two  in- 
dividuals are  broken  apart. 

Among  the  jelly  fish  of  the  group  Scyphnmcdusjc 
fission  is  associated  with  the  metamorphosis  from  the 
larval  to  the  adult  form.  In  Ca.ssiopca,  for  example,  the 
scyphistoma  larva  isa  graceful  little  creature  shaped  like 
a  wine  glass  and  lives  attached  by  its  base  to  some  solid 
body.  When  fully  developed  this  larva  becomes  divided 
into  two  ]iortions  by  a  horizontal  constriction.  It  is  then 
called  a  strobila.  The  upper  part  of  the  strobila  becomes 
transformed  into  a  medusa,  while  new  larval  tentacles 
and  the  rudiment  of  a  proboscis  are  developed  on  the 
lower  part.  Finally  the  narrow  isthmus  connecting  these 
two  parts  undergoes  degeneration  and  is  at  length  rup- 


tiireil  by  the  violent  swimming  inovenicntii  of  llic  young 

medusa. 

Fission  may  lake  pliiee  in  un  eiitly  ombryoiilc  Ktngo 
of  development.  Acconling  to  Kleiiienbi-rg  IIiIk  iM-ciim 
normally  in  oneof  the  earth  worms,  l.tiiiihni-un  lriiiir:<iitlr», 
ill  which  I  he  embryo  divides  into  two  shortly  after  the  giw- 
Inila  stage  and  both  ilevelop  into  normal  indiviiliialx. 
This  has  been  observed  to  occur  under  abnormal  eondi- 
lions  in  the  trout  and  the  chick.  If  hen's  eggs  be  incu- 
bated at  II  tempemture  slightly  above  normal  a  large 
proportion  of  the  embryos  will  be  found  lo  show  a  teu- 
deiicy  to  the  formation  of  double  monsters  and  iK'casion- 
ally  the  area  embryoniilis  will  be  found  to  contain  two 
distinct  embryos.  A  similar  division  of  the  embryo  may 
occur  in  man.  If  inconiplete.  it  will  give  rise  to  a  double 
monster  or  to  such  cases  as  the  Siamesi'  twins  and  Millie- 
Christine.  If  the  .separation  be  complete  the  result  will 
be  a  pair  of  twins  of  the  same  sex.  In  every  case  of 
fis.sion  all  the  individuals  j)rodu(%d  from  a  .single  ovum 
are  of  like  sex. 

In  some  of  the  lower  forms  of  animal  life  fission  may 
be  normally  incomplete,  as  in  some  corals,  in  which  the 
individuals  remain  in  organic  union  forming  a  colony,  or 
cormiis. 

There  are  some  animals  in  w  hich  a  fonii  of  fission  oc- 
curs in  the  fully  mature  adult,  which  does  not  serve  to 
iniilti])ly  the  individual  but  for  a  more  favorable  dispersal 
of  thesexual  products.  The  formation  of  proglottides  by 
the  common  tapeworm  is  an  example.  Another  ex- 
ample is  the  palolo  worm  of  Samoa,  an  annelid  that 
liiirrows  in  the  coral  rock.  When  mature  the  posterior 
portion  of  the  body,  distended  with  eggs  or  spermatozoa, 
is  .si'parated  off  and  swims  on  the  surface  of  the  water, 
where  the  sexual  products  are  discharged.  They  occur 
at  certain  times  in  great  abundance  and  are  .uatliered  by 
the  natives,  who  relish  them  greatly  asan  article  of  footl. 

The  relation  between  fission  and  budding  isa  very  close 
one.  so  much  so  that  Bock  has  argued  that  they  are 
simply  two  forms  of  one  fundamental  process.  In  many 
sea  anemones,  for  example,  small  fiagnuiits  of  the  foot 
become  detached  and  subseiiueiilly  develop  a  iiiouth  and 
tentacles  and  become  complete  individuals.  Such  cases 
make  it  dilficult  to  draw  a  sharp  line  between  fission  and 
budding.  In  forms  like  Autolytus.  mentioned  almve, 
the  two  processes  are  closely  as.sociated.  For,  after  the 
original  posterior  part  of  the  body  is  separated  off.  the 
embryonic  area  on  the  end  of  the  anterior  jiortion,  or 
parent  stock,  may  give  rise  to  any  number  of  new  indi- 
viduals by  a  continuous  process  of  budding.  Xeverthe- 
less  in  most  cases  the  distinction  between  fission  and 
budding  is  a  clear  one  and  is  useful  in  practice. 

Robert  Payiie  Bigelow. 
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FIXED  OILS.    ?,ee  Active  Comiituenis  of  PUtnli. 

FLAG.  BLUE.— Iris.  "The  rhizome  and  roots  of  7m 
rn-ximlnr  L.  (fam.  Irulacffi-)"  (U.  S.  Hi.  This  is  a  very 
common  swamp  plant  of  eastern  North  America,  erect. 
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about  two  or  tlircc  fiu-t  high,  with  sword-shaped,  eqiiitnnt 
U'livis  and  hiirulsdiiu'  lilue  tlowcrs,  marked  in  the  centre 
with  white  and  yellow  stripes. 

Hhi/.iinie  of  horizontal  jrrowtli.  hninehed.  the  branches 
5  lo  10  em.  (2  lo  4  in.)  ionir  and  1  to  2  em.  (5  to  J  in.) 
tliiek,  (vlindri<al  in  the  lower  half,  thence  heeomin}.' 
verlicaliy  llaltiiicd  lowanl  the  crown,  where  it  is  termi- 
nated by  a  circular  .scar;  dark  brown,  wrinkled,  annulate 
with  the  leaf-bases:  fnicture  short,  imrplish;  roots  long, 
slender,  simple.  <rowded  near  the  flattened  end;  odcn- 
peculiar:  taste  pungent,  acriil.  and  nauseous. 

This  drug  was  in  use  l)y  llie  aborigines,  and  has  been 
cnii)ioyed  to  a  modenite  extent  by  physicians  for  many 
years. "  The  uncertainty  and  harshness  of  its  action  have, 
however,  prevented  its  beeomiug  a  favorite.  An  acrid 
resin,  li.xed  oil.  tannin,  gnm,  starch,  etc.,  are  given  as 
its  constituents. 

It  belongs  to  the  resinous  class  of  cathartics.  When 
qtiite  fresh,  it  is  an  irritant-emetico-cathartic.  easily 
acting  as  a  poison  in  over-doses.  Upon  drying  and 
keeping,  these  harsh  actions  are  continuously  ameli- 
orated, and  after  a  year  or  more  it  becomes  a  reliable 
purirative.  not  e.\ccs,sively  harsli  if  given  projierly  di- 
hited  and  with  the  drug  "well  distributed  througli  llic 
e.xcipient.  It  then  ranks  with  jalap,  leptandra,  and 
similar  drugs. 

Do.se  of  the  powder,  from  0.5  to  1.5  gm.  An  extract 
(Krtractinn  Iridis),  dose  gr.  i.  to  iij..  and  a  fluid  extract 
(Extvtictum  Iridis  Fluidin/i).  dose  iM.  x.  to  xxx..  are  of- 
ficial. A  precipitated  extract,  "'Irisin  "  or  "  Iridin."  is  in 
rather  common  use.  Henry  H.  liusby. 

FLAG,  SWEET.    See  Calamus. 

FLE  ABANE. — Eiucieison.  Several  species  of  the  large 
genus  Kriinrim  L.  (fam.  Composite;)  have  been  official  and 
largely  use<l  in  medicine.  Because  of  their  inferiority, 
they  gradually  disappeared  from  use.  with  the  exception 
of  one,  knowii  as  E.  Caiuidenu  L.  Botanists  now  accord 
this  generic  distinction  frotn  the  others.  It  is  known 
as  Canada  Fleabane,  Colts-tail,  Pride-weed,  Bitter-irced, 
Blood-staunch,  etc,  the  leaves  and  flowering  tops  of 
Leptihii  Canadense  (L.)  Britton.  The  plant  is  a  very 
tall  and  robust  aiuiual  weed,  exceedingly  coimiion  and 
abundant  in  the  eastern  United  States  and  Canada,  and 
widely  distributed  over  the  entire  world,  in  troiiical  as 
■well  as  temperate  regions.  The  hairy  stem  is  from  two 
to  eight  feet  high,  erect,  slender,  simple  up  to  the  inflor- 
escence and  densely  clothed  with  ascending  or  nearly 
erect  lanceolate  leaves,  from  three  to  six  inches  in  length. 
Above  this  the  tawny,  fluffy  paniculate  inflorescence 
strongly  suggests  the  appearance  of  a  colt's  tail  and  gives 
the  naine.  The  drug  contains  much  tannin,  about  one 
per  cent,  of  the  volatile  oil  next  considered,  and  an 
amaroid.  It  is  not  remarkable  that  this  should  be  one  of 
the  most  valuable  of  all  household  remedies  for  control- 
ling severe  attacks  of  serous  diarrho>a,  as  its  oil  power- 
fully stimulates  the  sympathetic  abdominal  nerves,  while 
its  tamiinastringes  locally.  It  is  atthe  same  time  agood 
aromatic  bitter.  The  country  practice  of  giving  it  in  in- 
fusion, in  doses  of  ;  ss.-i..  is  improved  upon  by  giving 
2  to  4  c.c.  (fl.  3  ss.-i.)  of  the  fluid  extract. 

Henry  H.  Iiunhy. 

FLEABANE.  OIL  OF.— On.  op  Ekigeiiox.  Oleum 
Ehiokhontis  {V .  S.  P.).  A  volatile  oil  distilled  from 
the  last,  of  a  pale  yellow  or  brownish  color,  a  peculiar, 
pleasant  odor,  and  a  warm,  pungent  taste.  It  has  a  spec, 
grav.  of  about  O.MO,  increasing  with  age  to  about  0.890, 
and  consists  chiefly  of  dextrogyrate  limonene.  It  is 
quite  a  different  substance  as  distilled,  even  when  fresh, 
from  what  it  is  in  the  plant,  as  there  is  a  portion  which 
is  destroyeil  by  even  a  moderate  heat.  This  fact,  to- 
gether with  the  absence  of  the  other  constituents  of  the 
herb,  inilicates  the  error  of  substituting  the  latter  by  the 
oil.  The  oil  is.  however,  active.  It  belongs  to  the 
astringent  class  of  volatile  oils,  acting  like  oil  of  turpen- 


tine in  this  respect,  but  without  its  irritating  properties. 
It  is  adnunistered  for  the  same  purposes  as  lleabane,  and 
for  the  control  of  hemorrhages  of  the  bowels  and  uterus, 
and  for  gonorrlnea.     The  dose  is  0.3  to  1  (iriv.  to  xv.). 

Ill  n  ry  II.  liusby. 

FLORIDA. — Twenty  years  or  more  ago  Florida  was 
perli:i|i-  I  lie  most  popular  winter  resort  in  this  country 
for  tlie  consumptive.  He  was  sent  there  in  all  stages  of 
the  disease,  especiall_v  in  the  more  advanced  ones.  It 
was  the  final  resource  when  all  else  failed,  and.  in  the 
majority  of  cases,  jiroved  to  be  an  illusive  one. 

At  llic  present  day  it  is  rare  that  the  jilithisio-thera- 
peutisl  directs  his  consumptive  patient  to  this  region, 
although  possessing  a  winter  climate  unexcelled  in  many 
of  its  characteristics  by  any  region  east  of  the  Rocky 
Mountains.  Why  is  this?  In  a  word,  it  is  because  we 
now  have  a  titter  conception  of  the  limitationsof  climate, 
in  its  applicati<m  to  pulmonary  tuberculosis.  The  hygi- 
enic-dietetic treatment  is  the  authoritative  one.  cstab- 
ILshed  on  the  firm  foundation  of  expirieiice;  and  in  the 
execution  of  this  treatment  climate  is  but  one  factor, 
and  iirrliapsnot  the  most  essential  one.  Formerly  climate 
was  suiiposed  to  be  the  great  determining  element  in  the 
treatm<ntand  all  else  was  merely  accessory  ;  and  further, 
a  warm  climate  was  considered  to  possess  peculiar  ad- 
vantages for  the  consumptive. 

It  is  natural  that  such  should  have  been  the  idea  en- 
tertained with  the  knowledge  of  the  pathology  of  the 
disease  then  obtaining,  and  before  the  results  of  Brehmer 
and  other  German  pioneers  in  the  sjinatorium  treatment 
had  become  known  or  had  indeed  Ijcen  determined. 
What  more  natural  than  that  a  consumptive  depressed 
in  mind  and  body  should  look  to  a  warm,  sunny,  equable 
climate,  with  its  serai-tropical  attractions,  iis  tlie  El 
Dorado  from  whence  he  should  receive  renewed  h<ipe  and 
health?  Although  Florida  will  continue  to  be  a  great 
and  a  popular  iiealth  resort  for  many  functional  and 
organic  diseases,  and  for  the  valetudinarian  in  general, 
as'will  be  more  fully  discussed  later,  it  will  still  also,  in 
the  writer's  opinion,  offer  certain  locations  which  possess 
the  essential  climatic  conditions  for  the  successful  ac- 
complishment of  the  hygienic-dietetic  treatment  of  tuber- 
culo.sis.  If  situated  on  the  more  elevated  portions  in 
the  central  part  of  th<'  peninsula,  it  would  .seem  that 
sanatoria  would  justify  their  existence.  Or  even  if 
they  are  situated  upon  the  coast  at  one  side  or  the 
otluT,  they  should  serve  a  good  purpose,  for  at  these 
points  there  surely  woidd  be  pure  air,  an  abundance  of 
sunshine,  and  an  "equable  temperature,  with  a  freedom 
from  high  winds.  The  objections  are  the  enervating 
character  of  a  warm  climate  of  this  nature. — a  climate 
that  increases  the  anaemia  usually  found  in  phthisical 
]iatients,  as  Solly  has  observed,  — and  also  th<'  poiwibility 
of  malaria,  which  is  present  in  some  of  the  resorts  at 
certain  seasons  of  the  year,  and  to  the  influences  of 
which  the  consumptive  with  his  depressed  vitality  is 
peculiarly  susceptible. 

Such  places  as  Winter  Park,  Orlando.  Altamonte  in 
the  interior,  and  Tampa.  Los  Pinellas,  and  the  Lake 
Worth  district  on  the  coast,  would  seem  to  be  favorable 
for  the  experiment  of  the  genuine  open-air  treatment  of 
consunipliiin. 

As  with  all  tropical  or  semi-tropical  countries,  however, 
the  sumnur  climate  of  Florida  would  hardly  admit  of  a 
continuous  n'sidence,  which  is,  in  many  cases  at  least, 
important  if  the  best  results  are  to  be  obtained,  although 
in  Southern  Florida  the  difference  between  the  summer 
and  winter  temperatures  is  eom|)aratively  slight.  The 
rainfall,  however,  in  the  sununer  months  is  considerably 
higher. 

The  State  of  Florida  may  be  described  as  consisting  of 
a  continental  portion,  inuuediately  contiguous  to  the 
States  of  Georgia  and  Alabama. — its  southwestern  por- 
tion washed  by  the  Gulf  of  Mexico, — and  a  peninsula 
portion  washeil  by  the  Atlantic  Ocean  and  Gulf  of 
Mexico.  Keating  (Transiictions  of  the  American  Clima- 
tological  Association,  1885)  divides  Florida  geographi- 
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I'lniC. 
Florida. 


nilly  liifn  n  imrlli  nn<l  n  wnilli  portion,  tin-  liouniliiry  line 

lii'lii^  tlic  '.MMIi  (li'Kria- of  liililiiclc.  iiliil  lc>|iiii:ni|ilil('iilly 
ilito  tlic  IiiuIiiiiiIh  III!  tlif  rivers  unci  cciiinIh.  ami  llic  iti- 
tiHor  lii;.'liliiiiils.  Willi  an  nltiliiilr  of  rroiii  IINIlo  IIIKI  frit. 
Ilrliiw  till'  '.Mllli  |ianill<'l,  till'  rliiiialr.  Iiolli  in  Kiiniiiirr 
anil  in  u  iritrr.  ililTrrs  fnnii  lliatnf  llirri'^ion  imrtli.  Tlic 
mill  niirtliursi  winils  an-  liniiirri'il  liy  tlir  warm  wali'rs 
of  till- (Jiilf  of  Mivirii.  wliirli  prrvinl  llir  siiililrn  (■|iaMi.'''s 
of  Irniprniliiir  that  soliirtiinr'<  ornir  in  llii' norllirrn  jior 
tion  In  siiininir  tlir  sra  lin  r/rs  from  Imtii  siilrs  of  llic 
|H'iiiii«iila  tcmprr  the  liiiit  anil  llic  iii.i;litM  arc  j^ciicmlly 
ciHil  (Solly). 

Tlic  lanil  (except  the  interior  lii^lilatiils  lieforc  men- 
tioneil)  is  for  the  most  part  low,  anil  llicrcare  many  lakes, 
Ktreams,  iiiiil  salt-water  iliarinels.  The  primipal  river  is 
the  Jst.  .lohn's.  rnnniiif;  north,  iiml  navij.'iilile  for  larirc 
steamers  a  ilistainc  of  lilH  miles  to  Kniii  prise,  ami  for 
smaller  ones  aliont  Td  miles  further  up  the  river,  to  Salt 
Ijike.  The  soil  is  "as  a  rule  samly,  very  porous  in  hilly 
or  uiiilulatiii.i;  sections,  but  liner  ami  more  compact  on 
level  reaches.  The  character  of  the  subsoil  liaril  pan 
varies  jrreally  in  ililTcient  localities,  beinj;  sometimes  clay 
anil  .sometimes  lime  rock,  at  variable  depths  of  from  onlv 
a  few  111  ten  or  more  feet  from  the  surface"  (J,  1',  Wall, 
in  the  (limiit-l<^ii>l.  October  l.'illi.  ISiH). 

The  varieties  of  lami  arethe  pine  land  in  theliigrhlands, 
liiL'li  hummock,  low  hummock,  savanna,  and  swamp. 
"The  pine  latid  reirions  are  those  in  which  the  sjindy  soil 
]<retlominates,  and,  for  the  residence  of  invalids,  places 
pos,si'ssiiiir  such  sjindy  soil  appear  to  be  the  most  licallli- 
ful  ■■  ( Kichards). 

The  climate  is  a  mild,  moist,  warm  one.  with  a  goodly 
number  of  sunny  ilays.  The  principal  season  bc,i:ins  in 
.lanuary  and  lasts  until  April,  and  tliousjimis  of  visitors 
who  desire  for  any  reason  to  avoid  the  imleiuency  of  a 
Northern  winter  and  lead  an  outdoor  life,  fretpicnt  the 
miimrous  resorts.  Enormous  palatial  hotels  and  many 
boardini:  houses  and  villas  exi.st  in  various  jiortions  of 
the  peninsula,  at  St.  Augustine.  Palm  IVach.  Tampa, 
Palatka.  Altnmoute,  Magnolia,  Enterpiisc,  Titusville, 
and  at  many  other  places.  The  attractive  spots  where 
one  may  plcasjintly  spend  the  winter  are  almost  innumer- 
abli'.  The  outdoor  all  rart  ions  in  this  fascinaling  con  ill  ry 
are  varied  and  numerous, — lisliinir.  hunting,  bathing, 
golf,  sailing,  riding,  and  all  the  luany  excursions  by 
w  ater.  chief  of  which  is  the  famous  journey  up  the  ()<kla- 
waha  Hiver.  where  one  passes  through  cyjiress  forests 
with  the  graceful  hanging  moss,  or  through  clusters  of 
palm  and  palmetto  trees,  and  all  the  varied  vegetation  of 
a  tro|>ieal  region.  Alligators  are  frcipiently  seen,  and 
"birds  of  the  most  curious  forms  and  brilliant  plumage 
are  evcrv  where  conspicuous"  ( Appleton's  "  General  Guide 
to  the  s"outhern  States,"  ISiti)), 

The  oninge  groves  are  always  a  delight :  and  the  cul- 
tivation of  the  numy  fruits,  flowers,  ami  ve.iretables 
v.hich  grow  so  luxuriantly  in  this  climate  render  out- 
door life  on  the  land  a  constant  source  of  pleasure  and 
interest.  "The  sun  shines  so  brightly,  theair  is  so  balmy. 
the  songs  of  the  birds  are  .so  enlivening,  and  the  orange 
trees  in  their  bloom,  or  laden  w  ith  their  golden  fruit,  lend 
siuli  a  charm  to  the  outlook  from  the  windows  Ihal  the 
most  indolent  or  most  cold  blooded  invalid  feels  little  in- 
clined to  stay  indoors"  (Lente). 

The  climatic  chanirteristics  will  now  be  considered 
somewhat  in  detail,  and  for  this  purpose  the  following 
meteorological  tables  have  been  arninged  from  the  ob- 
servations of  the  I'nited  States  AVeather  Bureau, 

AVERAC.E  TEMPERATrRE. 


Year. 


Jnclisfinvllle. 

Jiipller 

Tampa 

Piiiita  Hns$n. 
Kev  West  , , , 


cemlier. 

Janu- 
ary. 

Febru- 
ary. 

March. 

July. 

,W.S 

.tS.8 

.t8.1 

62.7 

82.5 

fiT.2 

IB.4 

60.7 

6S.8 

80..') 

KiJ,' 

.W.6 

63.1 

B6.4 

81.5 

r>4..'> 

64.7 

66j: 

68.6 

81.3 

70.1 

70.3 

71.8 

7:}.6 

84.0 

69J2 
7;}.4 
71.6 
73.4 


AVKIlx^K   II 


D<>- 
cemlKT. 


JuikMinvllle. 

Jll|iller 

'I'HIII|»II 

I'linta  Itona 
Ki'y  West . . . 


17.0 
12J 
18.U 
13.5 
8.1 


■llMIU- 

ary. 


111.7 
l.'i.o 
ll).8 
12.7 
8.9 


IVL.iu. 
■ry. 


Mairli. 


16,4 
13,4 
17.1 
12.9 
8.U 


July. 


17.4 
14.0 
IH.tl 
13.4 
0.4 


in.  I 

12  J 
16.1 

13.n 

12.5 


Tor. 


i2.a 

17.7 


Mean  or  Waruest  Teiiperatcke. 


Jwlcwinvllle 

Jupiter 

Tiiiii|>}i 

Tuuta  Itaisa. 

Key  West 


66.4 

64.9 

08.5 

73.6 

„.., 

73.3 

70.9 

73.4 

7,1.9 

71.2 

67.8 

71.7 

75.8 

71.9 

71JJ 

73i' 

76.1 

76.3 

75.4 

77.1 

78.9 

ui.a   1 

MKAN  ok  roi.DEST  TEMPERATCnE. 


Jnrks<in\iIlP. 

JupltiT 

TiimpH 

Pun  (a  Rassa 
Key  West . . . 


40.4 

48.2 

52.1 

56.2 

75.5 

61.1 

Ky.9 

00.0 

61.9 

74.4 

53.2 

48.0 

54.0 

.W.O 

73.5 

.58,4 

.W.li 

00.3 

62.7 

75.9 

67.2 

«6.5 

08.2 

00.5 

78.8 

HIGHEST  OR  MAXtsiru  Temperatcre. 


Jacksonville. . . 

Jupiter 

Tampa 

Puma  Rassa... 
Key  West 


Lowest  or  Mi.mmum  Temperature. 


JaiksonvlUe, 

Jupiter 

Tampa 

Punta  Rassa 
Key  West , . , 


Average  Relative  Humidity. 


Jacksonville  .. 
Jupiter, 8  A.M., 

Tampa 

Punta  Ra£sa... 
Key  West 


73.7 

83.7 
83.4 
75.3 
78.7 


74.6 

84.7 
81.6 
77.6 
79.7 


70.6 
84.0 
8:!.R 
75.3 
70.6 


65.4 
80.0 
80.0 

r2.i 

70.5 


71.8 
81.5 
82.4 
75.7 
70.3 


AVERAGE  PRECIPITATIOX   IN   INCHES. 


Jacksonville. 

Jupiter 

Tampa 

Punla  Itassu. 
Key  West . . . 


Jacksonville. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West . . . 


N.  E. 
N.  W. 

N. 
N.  E. 
N.  E. 


N.  E. 
N.  W. 

N. 
N.  E. 
N.  E. 


N.  E. 

N.  E. 

E. 


I   N.  W. 

'       S. 
1    S.  E. 
N.  E. 
E. 


s.  w. 

S.  E. 
E. 
E. 
E. 


AVERAGE  HOURLT  VELOCrTT  OF  WIND,   IX   MILES. 


Jacksonville. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West . . . 


67.1 

62.8 


81.0 

80.0 

83.0 

88.0 

104.0 

82.0 

80.0 

84.7 

a5.5 

91.0 

81.3 

78,1 

80.5 

84  j; 

93.2 

82.5 

81,5 

81.0 

85.0 

i«,0 

88.0 

90.0 

87.0 

89.0 

97,0 

98.0 
91.4 


19.0 

24.0 

32.0 

31.0 

68.0 

41.0 

38..i 

3S1.8 

44.8 

60.1 

■M.-< 

32.7 

■x>.- 

30.7 

70.0 

34.0 

33.0 

43.0 

38.0 

07.5 

44.0 

48.0 

M.0 

53.0 

72.7 

32.7 
28.1 


72.0 
82.0 
81.2 
74.9 
73.9 


2.89 

3.28 

3.45 

3.13 

5.18 

2.88 

3.43 

3  72 

2..Ta 

5.35 

1..57 

2.45 

2,81 

2.68 

7.99 

1.28 

2,36 

1     •■•» 

1.20 

■   •» 

1.84 

2.32 

1,84 

0.06 

4J.'7 

54.68 
62.14 
.53.09 
4.3.54 
40.88 


Prevailing  Direction  of  Wind— From— 


X.  E. 
S.  E. 
N.  E. 
X.  E. 
E. 


6.0 

5.8 

6.9 

7.9 

6.3 

10.2 

9.0 

10.7 

10.6 

7.6 

6.0 

6.0 

6.9 

6.7 

b2 

10.3 

10.2 

10.7 

12.0 

8.2 

11.2 

10.8 

10.4 

11.2 

7.5 

6.7 
0,7 
6.1 
10.1 
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Average  NTmber  of  Clear  Da  vs. 


I    De-    I  Janu- 
cember.,    ary. 


JarkMJnvllle. . 

Jupllfr 

Tumpn 

Piinui  liassa . 
Key  West .... 


1U.2 
9.8 
12.1 
13.1 
11.0 


9.0 
13.0 
9.3 
9.8 
11.3 


Febru- 
ary. 


9.7 
11.0 

8A 
11..5 
U.7 


March. 


12.7 
17.4 
11.7 
14.7 
13.8 


July. 


10.2 
12..5 
7.0 
3.4 
5.7 


Year. 


I2;i.2 
i:il.4 

ll.VII 

iie.si 

113.4 


Average  Number  of  Fair  Days. 


Jarksonvllle 

Jupiter 

Tampa 

I>unia  Iliisi»M. 
Kfv  West  . . . 


12.0 

12.8 

10.4 

13.0 

16.U 

14.1 

11.0 

11.1 

9.7 

13.4 

12.3 

18.4 

14.3 

14.4 

20.0 

13.8 

15.0 

11.4 

11.8 

10.4 

l.^.'i 

14.7 

12.B 

12..5 

19.8 

1.-|«.7 
1.T3.8 
188.2 
18B.1 
lie..i 


AVERAGE  Number  Clear  a.nd  Fair  Days. 


Jacksonville 

Jupiter 

Tampa 

Puma  Rjissa 
Kev  Wi-st . . . 


ooj2 

31.8 

20.1 

15.7 

28.2 

33.9 

24.0 

23.1 

27.1 

2.5.9 

24.4 

25.9 

22.7 

3«.l 

27.0 

34.9 

34.8 

22.9 

2ii.5 

23.8 

2tf.5 

36.0 

24.3 

28.3 

35.5 

279.9 
285.2 
303.2 
389.0 
305.9 


Five  points  arc  taken  in  varimis  jiortions  of  the  State 
to  illiist late  tile  ilill'erent  climatic  factors:  .Jacksonville, 
on  the  St.  .Johns  IJivcr,  about  thirty  miles  from  the  At- 
lantic: Jupiter,  on  the  Atlantic  Coast,  seventeen  miles 
north  of  Palm  Beach:  Tampa,  about  twentrlive  miles 
from  the  Gulf  Coast,  and  about  half-way  down  the  pen- 
insula: Punta  Rassa  on  the  Gulf  Coast,  almost  opposite 
Palm  Beach:  and  Key  West  at  the  extreme  south,  an 
island  about  sixty  miles  from  the  mainland. 

In  observing  these  climatic  features  the  distinguishing 
characteristics  are  mildiM'.ss  an<l  uniformity.  It  will  lie 
seen  that  the  diurnal  range  for  the  coast  stations  is  small, 
while  that  of  Jacksonville  and  Tampa,  further  inland,  is 
considerably  greater,  and  least  of  all,  as  we  should  expect 
from  its  insular  position,  is  that  of  Key  West. 

From  the  table  of  maximum  and  minimum  tempera- 
tures it  will  he  observed  that  for  the  four  months  from 
Decemlier  to  March  inclusive  the  maximum  ranires  from 
78.  rto8S'F.,  and  the  minimum  from  19"  to  44.s'f.:  Key 
West  exee]ited.  "'  There  is  a  iiossibility  then  of  frost,  snow 
and  ice,  although  these  phenomena  are  rare:  they  are  the 
infrequent  'chances,'  and  occasionally  a  cold  wave 
sweeps  over  the  whole  State,  damaging  or  killing  the 
orange  trees,  demanding  fires  indoorsaud  winter  clothing 
out."  The  relative  humidity  is  high,  characteristic  of  a 
marine  climate,  as  this  is:  it  is  (|uite  uniform  throughout 
the  year.  "Of  course,  as  might  naturally  be  expected 
of  a  climate  with  the  temperature  and  lunnidity  of  that 
of  Florida,  heavy  dews  in  clear  still  nights  are  always 
presi'iil :  and  during  the  winter  and  spring  fogs  in  the 
night  and  early  morning  are  not  uncommon.  Fogs  are, 
however,  somewhat  worse  on  the  Atlantic  Coast  and  along 
the  St.  John's  River  than  on  the  Gulf  side  of  the  penin- 
sula" ("The  Climate  of  Florida,"  Dr.  J.  P.  Wall,  the 
ClimniohM/ist.  November  l.^tli,  ISOl).  The  mean  annual 
rainfall  may  perhaps  be  considered  high  for  a  health  re- 
sort, although  about  half  occurs  in  the  summer.  For 
comparison  the  mean  annual  rainfall  of  various  resorts  is 
here  given: 


Inches. 
. ..  .54.8 
...  62.1 


Jarksonvllle,  Fla 

Jupiter,  Fla 

Tatnim.  Kla 

Punta  Ilassa,  Fla 43 

Kev  West,  Fla 40.8 

Kecllands.  Tal 15.0 

Denver.  Col 14.4 

Nice,  France 32.0 

New  York,  N.  Y 43.5 


Inches. 

Aiken,  S.C 48.0 

TlKinmsville,  fia 51.5 

.W.O  I  Autnista.  Ga 44.0 

■"  '    Sun  Dli'Ko,  Cal lo.u 

I.OS  Anffeles,  fal 18.0 

Santa  Itinhara,  Cal 18.0 

( 'aniif:.,  Friiuce ; 35,0 

Cairo,  Eforpt 1.5.0 


The  prevailing  winds  arc  from  the  easl,  bringing  the 
pure  air  from  the  Atlantic  Ocean.     The  hourlv  "velocity 


is  between  six  ami  ten  miles,  considerably  less  than  tliat 
at  Cape  JIay.  "AVith  the  Atlantic  on  the  east  and  the 
Gulf  of  Mexico  on  the  south  and  west  the  temperiitiiie  of 
Florida,  ami  especially  that  cif  the  peninsula,  is  very 
much  anieliiirateil  by  the  constant  .sea  breezes,  and  the 
climate  rendered  remarkably  e()Uable  and  genial.  The 
regular  alternation  of  land  and  sea  breezes  prevents, 
especially  during  the  hot  season,  the  discomforts  and 
sulTcring  of  excessive  heat  which  is  usuallv  associated 
with  the  wind  in  the  lower  latitudes  of  the  Xorth  Tem- 
peiale  Zone"  (Wall,  lor.  fit.). 

The  number  of  clear  and  fair  days  is  about  the  same 
for  each  of  the  resorts  under  consideration,  and  the  yearly 
average  is  large,  equal  to  that  of  San  Diego  or  of  Santa 
Barbara.  Three  out  of  four  days  during  the  winter 
months  are  fair  or  clear.  The  average  number  of  rainy 
days  for  the  year  is  considerably  higher  than  at  Cannes, 
Nice,  or  San  Remo;  but,  as  before  mentioned,  the  greater 
part  of  the  rain  comes  in  the  stnnmer.  It  is  to  be  re- 
gretted that  there  are  no  meteorological  data,  so  far  as 
known  to  the  writer,  for  jioinls situated  iii)on  the  elevated 
ridge  in  the  interior.  Such  data  woidd  probably  approxi- 
mate more  nearly  to  those  (jf  Jacksonville  and  Tamjia, 
which  are  situated  some  miles  from  the  coast,  and  the 
mean  average  daily  range  of  these  two  places,  as  we  have 
already  observed,  is  considerably  greater  than  is  the  case 
with  the  coast  towns. 

Of  Winter  Park,  situated  133  miles  south  of  Jackson- 
ville, 40  miles  west  of  the  Atlantic  Ocean  and  80  miles 
cast  of  the  Gulf  of  Mexico,  with  an  altitude  of  over  one 
hundred  feet,  we  are  told  that  "the  air  is  fine  and  dry, 
the  country  around  being  made  up  of  high  pine  lands, 
that  there  are  no  marshes  or  stagnant  ]ion(is,  but  instead 
a  chain  of  beautiful,  clear-water  lakes.  The  temperature 
of  the  winter  days  averages  from  60"  Xo&Tr  F.  during  the 
twenty-four  houis.  Occasionidly  there  is  a  frost,  and 
once  in  a  while  freezing  temperature  occurs  at  night,  but 
none  during  the  days.  It  rains  very  seldom  during  the 
wiutiT  months,  but  there  are  heavy  dews  night" and 
morning."  (Report  on  Health  Resorts,  Transactions  of 
the  .\iuerican  Climatological  Association,  1895.) 

The  climate  of  Key  \Vest  is  "essentially  tropical,  and 
typically  insular."  As  will  be  seen  in  the  tables.  Jul}' 
shows  a  nuich  greater  amount  of  precipitation  than  the 
winter  months,  and  such  is  the  case  witli  the  other  sum- 
mer months:  there  is  jiractically  a  dry  (winter)  and  a 
rainy  (summer)  season.  From  this  fact,  however,  it 
must  not  be  supposed  that  it  rains  most  of  the  time  in 
summer,  for  July,  for  instance,  shows  'i't.H  clear  and  fair 
days,  and  the  other  summer  months  about  the  same 
proportion. 

It  will  be  also  noticed  that  the  temperature  is  remark- 
ably equable,  the  mean  of  the  wannest  licing  91.3%  and  of 
the  coldest  66..")'  F.  ;  the  diurnal  range  is  also  very  small. 
The  city  of  Key  West,  tlie  larirest  m  the  State  "next  to 
Jacksonville  (about  2.1,000  iidiabitauts),  is  situated  upon 
a  coral  island  of  the  same  name,  seven  miles  long  and 
from  one  to  two  miles  broad.  There  are  no  springs  on 
the  island,  and  the  water  supply  is  derived  from  rain 
water  or  from  <listillation. 

The  foliage  and  fruits  are  luxuriant  and  more  or  less 
tropical.  The  streets  of  the  town  are  broad,  the  resi- 
dences are  shaded  with  tropical  trees,  palms  and  brilliant 
flowers  grow  in  profusion,  all  giving  the  town  a  very 
picturesque  appearance. 

Key  West  is  not  known  as  a  health  resort,  as  are  the 
other  well-known  resorts  in  Florida;  it  is  said,  however, 
to  be  healthy,  and  it  at  least  possesses  an  ideal  .semi-tropical 
insular  climate.  Itssanitary  condition  is  unknown  to  the 
writer.  It  is  the  most  southern  city  of  the  Viiited  States. 
"The  fishing  and  boating  are  imsurpassed.  and  t)||ie  are 
a  number  of  charming  drives  on  the  island." 

The  wariutli.  abundant  sunshine,  equable  temperature, 
marine  atmospljete,  and  all  the  varied  charms  of  land  and 
water  will  always  render  Florida  one  of  the  great  winter 
resorts  of  the  United  States.  It  is  easily  accessible  from 
the  Norlhern  States  by  rail  or  by  boat,  and  it  possesses  au 
unrivalled  system  of"  hotels.     As  Dr,  AVall  truly  says: 
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"Tci  the  vii-tt  miijorlly  of  tlic  valcliiiliimriiin  cIhmh  frmii 
ollu  T  ciiiiscs  lliiiii  cciMsuiiiiiliDii.  tlic'  winlci-H  wijiiiirii  in 
the  iiiilil  miinin'  rliiimir  nf  Klmidii  will  iihviiyH  lu'  fipiiml 
ii|iiiwcTfuliiiljuint  iiiri'  islnldisliiiitflliriiiUHiiicdlii'iillli." 
Kiimllv.  I"  ll"'  I'lT-'i"  «lic>  wiinlH  h  r/nini/f  finm  llii' 
<'\liiiiisti'iii;  niuliiuMif  rilv  suciiil  iir  lnisiiirs>i  lifriiiiil  wlm. 
fiiiiii  surli  nr  ollnr  ii-u^oiis.  Iiiis  Ihicpimc  "slalr."  to  spcuk 
ill  atlilrlic  iiiiiliinrr,  Fli>rlilii  ulTrrs  ii  viriliilili-  |mniilisc. 
proviiliil  II  siiiiplr  iiulildor  lifr  is  ihhmhiI  iimi  liiisiiu  ss 
mill  siM-ii'lv  nil'  iihiiiKliPiird.     Tlir  wriliT  iiiii  ^priik  fnmi 

IHTsiiiiiil  I'Xiicrii-iufiif  liic  keen  (lilif;lili r  xpcririicis  in 

llif  lri|iiip  llir  St.  .Idlin's  or  (»cklnvviiliii  Kivir;  lisliinu'  in 
the  (iiilf  of  .Mc\iiooi-  liiiiitiii);  for  si'ii  lifiinson  tin-  sliorr 
Willi  smli  novel  siirroiiiulinj;s.  iiu'ie  existence  is  ii  pleiis 
lire,  mill  the  siilitili'  inllueiiees  of  the  Imliiiy  iitiiiosplicri 
liriiii;  reiieweil  heiillli  ami  strength  of  niinil  iiiiil  lioil.v. 

Kdictirtt  O.  Uti». 


FLUKES. 


7'*'  niiltinUt. 


FLUOROFORM  WATER  (Fluoroformol)  is  n  sntuniled 
(2.S  ner  eeiit.)  aiiueous  solution  of  Raseous  tiuorofonii 
(C'lIKj).  It  isoilorlessanilalmost  tastele.ss.  liiit  )iro(lii<i"^ 
H  loriil  leaetioii  on  the  tissues  which  is  eyiilenciil  in  tli<' 
mouth  t>v  a  stinjjini;  sensation.  licsiiles  its  ininiin!  use 
in  tiiliiTculosis  anil  acute  pneumonia,  Slepp  of  Nunin- 
iMiri;  uses  it  lopicallv  as  spniy  or  inlmlalion  for  respira- 
tory ilisea-ses.  as  local" application  for  lupus,  and  as  injec- 
tioi'i  for  lulierciilous  joints  and  sinusi'S.  Intern.illy  iIh 
dose  for  a  one-vear  child  is  -1.0  irm.  (  !  i."),  and  for  aduli 
15.(t  um.  (  I  iv.)sevenil  timesaday.  One  hundred  jirains 
have  lieeii  taken  iu  twenty-four  hours  without  inconven- 
icnte  (Stepp),  "  H'-  -1-  li<"ti:(h'. 

FCETUS.      See  Kni'in/o.t. 

FOLLICULITIS  DECALVANS.— This  disease  has  been 
des<rilied  under  many  names,  such  as  alopecies  cica- 
tricielles  innominecs  (Hesnier),  folliciilile  epilante  (Quin- 
qunud),  acne  decalvante  (Lailler).  ulerythema  sycosi- 
fornie  (Unna),  and  Hroci|  would  include  under  it  Kaposi's 
dermatitis  papillaris  capillitii. 

SvMi'TOMS. — It  may  alTect  the  scalp  alone,  or  the 
Ivardid  port  ion  of  tlii-  f:ie'-  from  which  it  may  extend  to 


WL>  fliid  one  or  mora  Irre)riilar,  llldeflnMl  linKI  palcheH 
alioiit  which  are  tufts  of  hair.  SoinetiineN  It  will  lio 
noted  that  jiiHt  bi'Voiid  the  eircuiiiKcriliiii|j;  liiftx  of  hair 
are  other  small  liafd  patches  showiiiK  llie  exteiiKioii  of  tliu 
ilisease  into  luighliorliiR  parts.     The  siiilp  in  the  palchefi 


Fic.  2l»i.-Fi>lllculUi»  IHsiih aii.s.    liirly  slape.     (Autliur's  case.) 

the  scalp,  while  the  hair  of  the  piibes  and  axilla.do  not 
escape  at  times.  Upon  the  scalp  it  takes  one  of  two 
forms : 

1.  Tbe  niopeeie  innominee  of  Besnier.     In  this  form 
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Fl«.  2097.— Folliculitis    Dwalvnns.    A  nmre  advanced  stage  of  the 
Disease.     (.Milhor's  case.) 

is  cicatricial,  tliinmil,  sliirhtly  depressed,  smooth  or  stip- 
pled over  with  follicular  openings.  Signs  of  active  in- 
flammation may  lie  entirely  wanting  or  confined  to  the 
mouths  of  the  follicles.  At  other  times  there  is  a  slight, 
difTused  redness  with  furfumccous  des(|uamatioii;  or 
there  mnv  lie  sonic  very  small  and  suiierlicial  imstules 
occiipyin's:  the  infiiiidiliiiln  i>f  the  hair,  which  in  a  short 
time  lire  tnuisformeil  into  diprcssions  out  of  wliicli  the 
hair  falls.  As  soon  as  the  hair  falls  all  signs  of  inflam- 
mation subside.  The  hair  is  |)ermanently  destroyed,  and 
the  scalp  is  gradually  transformed  into  a  mass  of  cica- 
tricial tis.sue"  Xew  spots  develop  here  and  there  in  an 
eiratic  manner. 

2.  This  is  thvfiilUeulile  epikinte  of  Quinf|uaud,  While 
the  first  form  is  confined  to  the  scalji,  the  second  may 
also  alfect  the  beard,  pubes.  and  axilla.  It  dilTers  from 
the  first  form  in  being  accomiianied  by  more  marked 
intiammntion.  Like  it  it  jiroduces  bald,  smooth,  irregu- 
larly sliajied,  cicatricial  iiatches.  These  are  scattered 
ilirough  the  hair,  and  are  of  various  sizes  uji  to  that  of  a 
^iilver  quarter  of  a  dollar.  In  them  are  some  small  red 
jioinls,  while  about  their  edges  and  in  their  neighborhnod 
are  jiurulent  jioints,  miliary  abscesses,  and  red  jiapiiles, 
each  witli  a  hair  in  its  centre.  The  folliculitis  causes  de- 
-truclion  of  the  hair  which  is  permanent,  giving  rise  to 
tlie  cicatricial  appearance.  If  there  are  a  number  of 
Iiatches  near  each  other  they  will  be  .seiianited  by  tufts 
of  sound  hair.  If  the  disease  occurs  on  other  jiarts  than 
the  scalp  it  will  give  rise  to  similar  appeiuiuices. 

Folliculitis  decalvans  is  a  chronic  and  jirogressire 
process,  and  it  is  impossible  to  say  how  great  its  ravages 
w  ill  be.      It  is  usually  slow  in  its  iirogress. 

Ktioi.ogy. — Xothiiig  positive  is  known  of  the  cause  of 
ilie  ilisease.  Some  oli.scrvers  have  found  microorgan- 
isms in  relation  with  it.  but  we  cannot  as  yet  speak  posi- 
tively about  these.  Inasmuch  as  some  of  the  cases  yield 
to  antisyphilitic  treatment,  it  has  been  assumed  that 
some  of  the  cases  are  due  to  syjihilis, 

Di.UJSOSis.— Occurring  on  "the  scalp  it  must  be  diag- 
nosed from  alopecia  areata  and  the  baldness  due  to  favus. 
From  alopecia  areata  it  is  distinguished  readily  by  the 
fact  that  it  is  cicatricial  iu  character,  while  in  alojiecia 

ItJl 
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areatn  the  skin  is  tiDultercd.  Moreover,  in  the  latter 
disease  tliere  are  never  signs  of  follicular  iiillainiiiation. 
If  tliere  are  favus  crusts  or  evidences  of  folliculitis  the 
diagnosis  from  favus  is  easy,  as  in  folliculitis  dec  ulvans 
we  do  not  liave  sulpliurvellow  crusts,  and  in  favus  we 
do  iiol  have  fiilliculilis.  In  inactive  cases  it  isinipos'iible 
to  tell  u  Inch  disease  we  havi'.  as  both  diseases  i)rodnee 
Imldntss  of  the  same  general  character.  The  history  of 
the  case  will,  however,  enalile  us  to  decide. 

TuK.vr.MKNT. — Thus  far.  treatment  has  not  been  of 
much  avail.  Quinipiaud  recommends  washing  the 
patches  with  soap  and  water,  and  painting  the  scalp  in 
their  vicinity  with  tincture  of  iodine.  Every  morning 
the  patches  are  to  be  bathed  with  hydrarg.  biniodide, 
gr.  i.  (O.Ot),")):  hydrarg.  liichloride.  gr.  iv.  (O.'Jti);  alcohol, 
3  ss.  (U!.):  a(|ua'  deslillal.  ad  3  iv.  (12.5).  Of  course  the 
baldness  is  permanent,  the  scalp  being  converted  into  a 
cicatrix.  George  T.  Jaekson. 

FOOD  AND  DRUG  INSPECTION.— Modern  Legis- 
lation Relative  to  Food  and  Drug  Inspection. — 
Th<'  pi'csenl  arli<lc  is  chiclly  ilcvdtrd  to  the  subject  of 
legislation  to  provide  pidlcction  against  adulleration  and 
to  the  amount  of  work  accomi)lislicd  under  such  laws. 

Popular  knowledge  upon  the  subject  of  focxl  adultera- 
tion is  undoubtedly  derived  to  a  great  extent  from  the 
occasional  publications  of  the  daily  press,  which  are  too 
often  of  a  very  sensational  character,  exaggerating  not 
only  the  extent  of  adult<Mation,  l)ut  also  the  comparative 
ratio  of  harmfid  adulteration  to  that  which  is  merely 
fraudulent  in  its  character.  Forlunatelj'  tliese  publica- 
tions are  not  so  connnon  as  they  were  a  few  jcars  ago. 
It  is  but  a  few  years  since  a  public  document,  in  com- 
menting upon  this  subject,  stated  that  "fraudulent 
adulteration  is  but  little  more  common  than  injurious 
adulteration."  An  examination  of  the  food  supply  of 
almost  any  community  at  the  present  day  would  un- 
doubtedly show  the  incorrectness  of  this  statement. 

Enol.wl). — The  history  of  food  adulteration  in  Eng- 
land dates  from  a  very  early  pei'iod.  In  the  reign  of 
King  .lohn,  the  price  and  size  of  the  loaf  of  bread  were 
regulated  by  law,  and  this  law  was  afterward  amended 
so  as  to  provide  penalties  for  jidulteratiou,  these  consisting 
of  tine,  capital  punishment,  and  the  pillory.  During  the 
reign  of  Edward  the  Confessor  ])unishnicut  for  brewing 
bad  beer  was  publicly  enforced,  and  in  1.5^9  "this  bever- 
age could  not  be  sold  without  the  approval  of  official 
'ale-tasters.'" 

Athlison  says  in  the  Tiifler  (\7 10):  "These  subtle  phi- 
losophers are  daily  employed  in  the  transmutation  of 
liquors,  and.  by  the  power  of  magical  drugs  and  incanta- 
tions, raise  under  the  streets  of  London  the  choicest  prod- 
ucts of  the  hills  and  valleys  of  France;  they  squeeze 
Bordeaux  out  of  the  sloe  and  draw  champagne  from  au 
apple." 

Modern  agitation  in  England  upon  the  subject  of  re- 
stricting food  adulteration  may  be  said  to  date  from  about 
the  niidiUe  of  the  last  century.  From  l.S,")!  to  1S.J4  the 
subject  was  often  discussed  in  the  columns  of  the  Ldiini, 
and  a  Parliamentary  inijuiry  was  finally  ordered.  After 
the  report  of  the  Committee  of  Investigation  the  first 
general  English  law  was  enacted,  and  was  known  as  the 
Adulteration  of  Food  Act  of  ISfiO.  This  act  authorized 
the  appoinlment  of  analysts  by  hical  boards,  and  made 
£.Tthe  penalty  for  selling  an  adulterated  article,  the  ven- 
dor knowing  it  to  he  such.  For  a  second  oll'ence  the 
offender's  name  and  place  of  business  c(ndd  be  jiub- 
lished  in  addition  to  the  fine.  The  Act  was  pennissivc 
as  to  the  appointment  of  analysts,  and  was  never  satis- 
factorily enforced.  1m  ISfii),  iiiid  again  in  1871.  bills  were 
introduced  in  Parliament  to  improve  the  law.  but  failed 
to  pass.  In  18T'2.  however,  an  act  was  passed  which 
obliged  the  local  boards  to  ajqioint  analysts  and  pro- 
vide for  inspectors.  The  penalty  for  adulterating  arti- 
cles of  food  was  fixed  at  t'20  for  a  first  olfence.  and 
for  a  second  the  name  and  residence  of  the  delin<iuent 
could  lie  published  in  a  newspaper.  The  punishment 
for  adultenitiug  drugs  was  made   £50   for  a  first  of- 


fence, and  for  a  second  imprisonment  not  exceeding  six 
months.  Previous  to  1874  there  were  various  attempts 
to  enforce  this  law,  hut  without  noticeable  success, 
owing  to  the  lack  of  recoginz<d  standards  of  purity, 
the  disagreement  of  analvsts,  and  the  varying  decisions 
of  magistrates  in  regard  to  the  meaning  of  Ihe  term 
adullenition.  In  1H71  a  new  Parliamenl;uy  investigation 
was  ordered  and  more  scientilic  examination  made  of  the 
whole  subject  of  adulteration  than  had  been  secured  be- 
fore. The  report  of  the  comndttee  was. reassuring,  and 
was  to  Ihe  general  elfect  that  Ihe  public  was  morecheated 
than  poisoned  by  the  adulterations  generally  Jiractised. 
In  187.")  a  carefully  digested  meastire  was  jiassed  by  Par- 
liament (lis  iind  ;i!l  Vic.  c.  i'lH).  and  this,  with  the  amend- 
ments of  1878,  1879,  aiul  1899,  is  now  the  law  for  Great 
Britain, 

The  principal  provisions  of  the  law  are  as  follows: 

First.  No  person  shall  nnx,  color,  stain,  (u-  powder 
any  article  of  food  with  any  ingredient  or  material  in- 
jurious to  health,  with  intent  that  the  same  shall  be  sold 
in  that  state,  and  no  i)ersoii  shall  .sell  any  such  article 
under  a  penalty  not  to  exceeil  £.50  for  the  first  offence, 
and  every  offence  after  a  conviction  shall  be  a  misfle- 
meanor,  to  be  punished  by  imprisonment  not  to  exceed 
six  mouths. 

Second.  No  person  shall  mix,  color,  stain,  or  powder 
any  drug  so  as  to  affect  injuriously  the  (ju.ility  or  ]K)tency 
of  such  drug,  with  the  same  penalties  as  ]ni)vided  in  the 
caseof  food.  Proprietary  medicinesand  patented  articles 
are  excepted,  as  are  also  substances  wbic  h  are  added 
merely  to  make  the  compound  fit  for  carriage  or  con- 
sumption, and  are  not  injurious  to  health. 

Third.  A  person  is  not  guilty,  under  the  act.  who 
proves  that  he  did  not  know  of  the  adidteralion.  and 
could  not  have  obtained  such  knowledge  with  reasonable 
diligence. 

Fourth.  Mixtures  containing  articles  not  injurious  to 
health,  and  not  intended  fraudidciitly  to  increase  the  bulk 
or  weight,  can  be  sold,  if  labels  are  affixed  |)laiidy  stating 
that  the  substance  is  a  mixture. 

Fifth.  Analysts  are  to  be  appointed,  and  any  medical 
officer  or  private  person  can  bring  articles  to  be  analyzed. 
The  seller  is  to  be  informed  that  the  article  is  purchased 
for  analysis,  and  it  is  to  be  divided  into  three  jiarts.  one 
of  which  is  to  be  kept  by  the  seller  if  he  desires,  one 
given  to  the  analyst,  and  one  kept  by  the  ptiTchaser.  A 
penalty  of  £10  is  imposed  for  a  refusal  to  sell. 

Sixth.  The  seller  cannot  be  convicted  if  the  article 
sold  is  in  the  .same  stale  as  when  purchased  by  him,  and 
he  has  a  warrauty  from  the  manufacturer. 

Seventh.  A  jierson  forging  a  warranty  is  liable  to  two 
years'  imprisonment.  A  fal.se  warranty  makes  the  giver 
liable  to  a  penalty  of  .£20.  and  the  same  penalty  is  im- 
po.sed  for  apjdying  a  warranty  to  a  wrong  article. 

Eighth.  A  person  upon  whom  a  fine  is  imposed  can 
recover  the  amount  with  costs  from  Ihe  person  from 
whom  he  bought  the  adulterated  article,  if  it  was  sold  to 
him  as  of  the  quality  for  which  be  sold  it  to  the  last  pur- 
chaser, and  that  he  did  not  know  it  to  be  otherwise. 

In  addition  to  the  general  acts  referred  to.  frequent 
statutes  have  been  passed  iu  regard  to  sophistications 
of  s|)ecial  articles. 

Adulteialions  of  colfee  were  prohibited  bv  acts  passed 
in  172.").  1803.  and  1822.  Since  the  latter  date  there  have 
been  various  Treasin-y  regulations,  the  result  of  which 
was  largely  to  permit  the  nuxture  of  chicory  aial  other 
ingredients  with  pure  colfee.  and  iu  .some  cases  an  entire 
subslinuionof  the  inntalions.  Adulterations  of  tea  were 
prohibited  by  an  act  pas.sed  in  172,5,  and  other  acts  were 
liasseil  in  17:il,  1773.  and  1,824.  Wines,  liquors,  ale.  and 
beer  have  been  the  subject  of  frequent  statutes  from  the 
earliest  times.  In  the  reign  of  Edward  III,  the  Vintners 
Company  was  incorpoiali-d  under  the  tilh'  of  the  "Wine 
Tonners. "  and  pmvcr  was  given  to  examine  wines  and 
Ii(luor  offen'd  for  sale,  and  to  confiscate  any  adulterated 
.samples.     They  could  also  place  the  sellers  in  llic  pillory. 

In  the  lime  of  (Jueeii  Anne,  the  use  of  coceidus  iiuiicus 
was  forbidden  in  brewing  beer,  and  further  legislation 
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wiis  piuw^l  in  l"*!".  IN.10,  iiiul  isna.  Tin-  IJc.iiHiii^.'  A.  t 
of  IhT'J  Is  iIic  pnsiiit  law  mi  llir  sulijccl,  itiiil  llir  piiiul 
tics  iiniiiisitl  HIT  t'.'o  fur  ihr  ilisl  nlliiicc.  iiiiil  film  fur 
till'  M'ciinil  'riiliiiri'ii  mill  siiiilT  iiiliilliiiiliniis  iiri'  iiirii 
lioiii'd  Diilv  in  ilii-  iiinrr  ifi-i-iit  riirliiiiiiriilurv  mis.  Tlir 
laws  (III  llir  siilijtct  wtTi-  iiiuisiil  in  |s.|;l,  IMtVj.  iinii  Istls 

Till'  iKliillrnitiiiii  of  sciils  iiscil  in  iiKririiltiiri-  liii-s  lutn 
fiiiiiiil  til  lit'  II  S4'rioiis  injury  ti>  llir  fiirnit'i's  uf  (iri'iit 
IJriliiin.  iiml  liy  tin-  iii't  i>f  \xni).  llii'  killing*  '>r  dyiiiiK  uf 
wills  is  |iiiiiisliril  liy  11  line  of  l'."i  fur  llir  lilst  nlTclii'i'. 
anil  L'''>li  for  tlir  srroiiil.  to^'itlirr  uilli   llir  |Mililiralioii  ol 

l4 lli'iiilirs  niiini'  iit  tlirilisi  rriioii  of  ilir  jiistici'.     Tlii' 

ailiillcnitioii  of  iliuirs  is  proliiliitnl  tinil  piinisliiil  by  llii' 
(H'liinil  nils  of  ISIMI.  \s'-2,  and  |mT.").  hut  tlurc  liavr  liccii 
a  nunilicr  of  sprcial  acts  rclatinji,'  to  ilir  sulijcct.  In  the 
Hly  of  London,  liv  laws  passed  in  the  rcijrns  of  Henry 
VIII.  and  liiiccn  Nlary.  power  was  jjiven  to  the  ('ollci;e 
of  I'liysieiiins  to  search  for  defective  or  corrupted  driiirs 
and  niedieiiies,  and  to  punish  the  olTenders  liy  imprison 
nieiil  and  lines  not  to  exceed  t'-H.  This  power  still  he- 
longs  to  llie  ('olle{;e  of  I'liysieiiins.  Iiiil  has  not  heeii 
n'cciitly  exercised.  The  Pharniaceiltical  Soiietyof  Great 
Britain,  founded  in  l.^m.  has  been  very  active  and  iiiliii- 
cntial  in  si'curini:  the  passage  uf  the  recent  laws  relating 
to  diiiL's  and  their  eiiforceiiienl. 

The  organi/.atioii  of  the  British  Society  of  Public  An- 
alysts has  proved  to  be  a  decided  sliniiilus  to  the  work 
(if  food  inspeclion.  This  society  was  establisheil  in  1874 
and  its  work  as  a  .six  iely.  loijither  with  its  publications. 
has  aided  very  greatly  in  carrying  out  the  provisions 
of  the  Kood  Acts  in  establishing" standards  of  purity  and 
in  formulating  detinilions  of  adiillenition. 

In  isilti.  after  several  years'  experience  under  the  Food 
and  Drug  Acts  of  IST.i  and  later  years,  it  was  ilecined 
necessary  to  make  certain  changes  in  the  statutes,  and  a 
new  I'arliamenlary  inquiry  was  ordered.  The  committee 
having  cliargi'  of  the  ini|iiiiy  reported  certain  recom- 
nieiiilalions  to  the  Parliament,  and  after  di.seussion  an 
amended  iict  was  passed  ((>"2  and  (i:i  Victoria,  chap.  .j1). 
One  of  the  chief  objects  of  this  act  was  to  secure  the 
agriciiltunil  inteiesls  of  the  country  against  the  fraudu- 
lent sale  of  oleomargarine. 

Section  1  of  this  ad  provides  penalties  of  £20  to  £100 
if.  (<0  margarine  or  inargiirine  cheese  are  imported  into 
the  I'nited  Kingdom,  except  in  packages  conspicuously 
marked  as  "margarine"  or  "margarine  cheese"  as  the 
case  may  rei|Uire. 

{Ii)  If  adulterated  or  impoverished  butter,  or  adulterated 
or  impoverislied  milk  or  cream,  is  so  imported,  except 
in  packages  or  cans  conspicuously  markeil  with  a  name 
or  description  indicating  that  the  butter  or  milk  or  cream 
has  be«'n  so  treated. 

(<•)  If  condensed,  separated,  or  skimmed  milk,  except 
in  tins  or  other  receptacles  bearing  the  labels.  "JIaehine 
skimmed  milk"  or  "skimmed  milk"  as  the  case  may  re- 
quire, in  large  and  legible  type,  or 

('/)  Any  adulterated  or  impoveiished  article  of  food 
to  which  the  law  may  be  applied,  unless  the  same  is  im- 
ported in  jiackages  or  receptacles  conspicuously  marked 
with  a  name,  or  description  indicating  that  the  article 
has  been  so  treated. 

I'nder  this  act  an  article  is  deemed  to  be  adulterated  or 
impoverished  if  any  pari  of  it  has  been  abstracted,  so  as 
to  alTccl  injuriously  its  quality,  substance,  or  nature. 
It  is  not  to  be  deemed  adulterated,  by  the  addition  of 
pres«'rvatives  or  coloring  matter  if  these  do  not  render  it 
injurious  to  health.  Prosi'cutions  are  to  be  undertaken 
by  the  Commissioners  of  Customs. 

By  Section  2.  the  otlicers  of  the  Loral  Government 
Board  and  of  the  Board  of  AgriciilHire  are  empowered 
to  procure  sjimples  for  analysis.  Section  8  makes  it  the 
ihity  of  local  authorities  to  appoint  i>ublic  analysts.  If 
the  local  authorities  neglect  their  duties  in  relation  to 
the  fiMid  acts,  the  Local  Government  Board  is  authorized 


•Tliis  term  "killing of  srods"  |9  inlerpr*I«t  In  the  BriUsh  Statutes 
(Cliap.  112,  :<2  and  :{}  Vtrtnria)  as  meaning  "to  destroy  by  artidcial 
means  ttie  TttaUty  or  Kerminating  power  of  sucb  seeds." 


to  enforce  the  law  and  to  charge  the  expeuiieii  to  the  do- 
faiilting  local  aiilhoritieH. 

Public  analysts  must  satiHfy  the  lioard  of  their  com- 
petency. 

By  s<'Ctioii  '1.  the  Board  of  Agrlciill lire  can  make  re^u- 
lalions  concerning  the  standard  (|Uality  of  milk  priMliicta. 

S'ctions  r>-H  relate  to  the  sale  of  margarine  and  imitu- 
tion  cheese. 

Section  It.  Name  and  address  of  vendor  to  be  inscribed 
on  his  Vehicle. 

Sei'iiun  III.    Division  of  samples  taken  for  aiialvsig. 

Section  11.    Keceptacles  to  be  properly  labelled. 

Section  12.    Labels  to  be  legibly  printed. 

Section  Hi.  Provides  penalties  for  obstruction  and 
bribery. 

Section  Ul.  Proceedings  to  be  instituted  within  twenty- 
eight  days  after  sale. 

Section  T-i  and  '.i-ta|)ply  the  act  to  Scotland  and  Irektud. 
This  lut  became  eirective  January  1st.  UKMI. 

The  fiillowiiig  slateineiil  from  the  Twenty-eighth  An- 
nual lieport  of  the  Local  Governinent  Board  of  England 
for  lM!)M-i)!),  shows  the  advantages  of  food  and  drug  in- 
spection in  Englanil  and  Wales  since  the  begiuning  of 
Operations  under  the  Food  and  Drug  Acts  in  IS7(J. 

The  total  number  of  analyses  of  food  and  drug  samples 
made  in  1H!)8  was  4i>.^}'>'>*  oraboiit  l.tioil  more  than  those 
of  the  previous  year.  The  increase  in  the  annual  amount 
of  work  iierforined  has  been  quite  constant  for  the  pa.st 
twenty-two  years.  In  the  live  years  I.^TT-Hl  tln'  average 
number  of  .samples  examined  per  year  was  Ui.Oisy  or  one 
to  every  1,. 520  of  the  jiopiilation ;  in  lS!S'2-.>i(5  it  rose  to 
•21,772.  or  one  in  1.237:  in  l.S87-in.  it  was  26.K10.  or  one 
in  1.060,  and  in  18HH  it  was  4it. .>>"),  or  one  in  085.  In 
London  one  sample  was  examined  for  every  S.W  persons, 
and  in  the  provinces  one  for  every  (i.jO.  But  in  some 
quite'  populous  districts,  the  jirovisions  of  the  acts  were 
imperfectly  carried  out.  and  in  commenting  upon  the 
neglect  of  the  authorities  in  the.se  districts  the  Board 
says:  "The  degree  however,  in  which  the  acts  were 
utilized  was  by  no  means  uniform  in  different  districts. 
Within  the  jurisdiction  of  ten  County  Councils,  extend- 
ing over  an  aggregate  population  of  910.032.  only  180 
samples  were  analyzed,  or  one  sample  a  year  for  every 
5, 05(i  persons:  and  in  sixteen  boroughs,  with  an  aggre- 
gate population  of  40'').2ii!),  only  08  samples  were  analyzed, 
or  one  for  every  5.959  jiersons."  f 


RtSCLTS  OF  E.\A.MIXATIOXS  MAPE  IX  EXGLA.Vn  AXB  WaI.ES  BT 
THE  PlBLIC  ANALYSTS,  U.MIER  THE  FOOIl  AXn  DRri;  ACTS, 
1ST7-1898. 


Cliarat'ter  of 
samples. 


"sB       B         i 


Milk 

Bread 

Flour 

Butter 

rolTee 

.Suirar 

Mustard 

Confeetlonery 

etc 

Pepper 

Tea 

Ijird 

Vine 

Beer 

Spirits 

Drufis 

Other  articles  .. 

Total 


x? 

¥S_ 

zii 

Jz 

= 

-  C3 

< 

20,.31.i 

3,011 

717 

6! 

l,Oi:i 

aij 

9,37.5 

998 

1,879 

187' 

.584 

171 

775 

ai. 

488 

14 

1,.t66 

131 

48« 

131 

1,421 

84 

256 

1: 

4.8?.' 

6031 

l.Ml 

1961 

4.0S3 

am 

49.i»5 

4,319 

PERCE.VTAGE  OF  ADl'LTEEATION. 


-  I'"riixls. 


9.9 
.8 

2.0 
10.6 
10.0 

2.9 

3.9 

2.9 

.8 

3.1 

.1 

2.4 

.4 

12.4 

11.9 

5.0 


8." 


£     I  1896. 


-I- 


,12.3 


10.4 

1.4  I     .7 

.0       .2 

10.3  ,  10.8 

9.6    11.1 


2.4 
2.8 
1.5.1 
10.3 
7.1 


9.4 


3.9 
6.0 

3.3 
1.0 
.Ob 
3.6 
4.7 
6.9 
17.6 
12.3 
8.3 


10.6 


1891. 


13.2 
1.4 
3.0 
13.4 
14.8 
4.6 
9.2 

3Si 
7.5 
.1 
7.9 
4.7 
2.6 
18.5 
13.1 


10.7 
3.4 


17.9 
17.8 


U.5 
8.7 


4.4 

3.0 
22.3 
13.C 


1877- 
188L 


21.1 
6.6 
2.5 

13.9 

18.6 
1.2 

17.4 

3.8 


14^ 

.5.4 

.■M.9 

22.0 


13.9      16.2 


•  The  Her<irt  of  1.S99  ifliiii  (p.  cxiv.)  shows  th.ii  .>t.ait!  sampli-s  were 
exainineii  in  Istlt.  of  wliich  9.4  percent,  were  adulterate^i.  and  in  li^TO 
62.KVS  siimpli>s  were  examined,  of  which  s.s  jut  c .  ni.  -Air.-  mlulterated. 

*  Report  of  Local  Government  Board.  En^lin 
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In  llic  foregoing  tabic  the  fivo-j'car  periods  sliow  a 
nmikid  iniprovenient  if  we  eoinpure  Hie  earlier  with  the 
later. 

The  eoinnienls  of  the  Lonil  (Joveriiineiit  Hoard  show 
that  the  pnieliee  of  milk  aihiltcralioii  in  the  eilies  of 
England  (lilfershul  little  from  that  whieh  prevails  in  the 
large  eiticN  of  th<'  I'niled  .States.  The  iiecoiinis  of  prose- 
cutions n  hit  h  till  the  pages  of  tlie  British  Food  , /on null 
conlhin  the  same  staleniciit. 

The  whole  nwmhcr  of  .samples  of  milk  examined  in 
England  in  \x\ix  was  '.Jo.:!!."!,  or  al)ont  two  fifths  of  all 
saiiii)les  of  food  e.vamineil.  Of  these  2.011.  or  9.9  per 
cent.,  iiroved  to  lie  aihdtenited.  As  might  he  expected, 
the  samples  olitained  in  cities  were  nuich  more  adnlte- 
rated  tlian  those  proenred  in  the  country  ilistricts. 

In  London  the  percentage  of  adultiTiled  sam|des  was 
12.9.  In  Oldhiim.  lludilcr.sth'lil.  Hradford.  C'ardilf.  Sal- 
ford,  and  .Manclustei-.  the  rate  of  milk  adulteration  was 
only  2.1  pir  cent.,  while  in  six  other  cities,  Liverpool. 
Biiiniiigliam,  West  Ham.  Sunderland,  Portsmouth,  and 
Notlingliam,  it  was  as  high  as  20.3  per  cent. 

The  Board  says  in  regard  to  milk:  "It  is  dillicult  to 
account  for  the  great  disparity  between  the  rates  of  milk 
ailultcraticpn  in  Uiese  groups  of  towns,  but  jnirt  of  it  is 
proliably  ilue  to  dilTerenccs  in  the  mctliods  of  procedure 
adopted  liy  the  analysts.  In  certain  towns  every  sample 
of  milk  suliniilled  to  the  analyst  is  examined  for  the 
jircsence  of  boric  acid,  formalin,  or  other  ])re.servative, 
and  the  s;imple  is  coiaieinned  if  only  a  small  percentage 
of  the  preservative  is  discovered.  In  siich  cases  the  rate 
of  milk  adulteration  appears  to  be  relatively  liigli.  when 
compared  with  that  of  other  districts  in  which  the  pres- 
ence of  lu'i'scrvatives  is  nol  regarded  as  of  itsi'lf  render- 
ing the  sample  of  milk  liable  to  coudeuuiation.  Some 
analysts  pass  as  genuine  all  samples,  eciual  in  quality  to 
the  poorest  milk  yielded  by  an  individual  cow,  and  some 
condenm  oidy  those  respecting  which  there  isareasonable 
probability  that  legal  proceedings,  if  instituteil,  will  be 
successful.  Others,  again,  hold  it  to  be  their  duty  to  re- 
port unfavorably  on  every  sample  which  fails  to  reach 
a  simiewhal  higii  standard.  We  uuderstaud,  also,  that 
in  certain  districts  it  is  the  |iractice  to  test  samples  of 
milk  with  a  lactometer  or  oilier  similar  instrument,  and 
that  only  those  that  are  susjiected  of  adulteration  are 
transmitted  to  the  analyst  for  chemical  analysis." 

"Occasionally  some  instances  of  gross  adulteration  of 
milk  are  brought  to  light.  One  sample  taken  in  Shetlield 
was  reported  by  the  analyst  to  contain  as  much  as  S."i  per 
cent,  of  added  water.  In  anotlier  case  a  man  trading  in 
several  towns  in  the  south  of  England  under  the  name  of 
the  '  Farmers'  Direct  .Milk  Supply  Com[iany  '  admitted 
at  his  trial  at  Southampton,  that  for  many  mouths  he  had 
daily  and  .systematically  aiUdterated,  by  the  addition  of 
one-tifth  of  separated  milk,  tlut  whole  of  the  milk  sent 
by  him  for  retail  sale  to  Southampton  and  Bournemouth." 

"  W'e  have  received  a  large  number  of  representations 
as  to  the  injurious  elTeets  upon  infants  likely  to  follow 
upon  the  consumiition  of  condensed  separaleil  milk, 
which  is  almost  I'liliiely  devoid  of  fat,  and  therefore  con- 
tains but  little  (if  any)  nutriment.*  It  is  stated  that  it 
is  necessary  to  consume  the  contents  of  at  least  ten  half- 
pound  tinsof  condensed  separated  milk  in  order  to  obtain 
thejiutriment  yielded  by  a  pint  of  good  new  milk.  It  is 
.satisfactory  to  note  that  some  local  authorities  have  taken 
steps  to  make  known  throughout  their  districts  that  it  is 
dangerous  to  use  condense(l  separated  milk  for  the  feed- 
ing of  infants." 

Two-thirds  of  the  samples  of  butter  submitted  by 
private  purchasers  and  'm  per  cent,  of  those  subnnttecl 
by  agricullnrid  societies  were  condemned.  If  we  ex- 
clude the  sam]iles  taken  on  behalf  of  these  associations 
and  by  private  purchasers,  thi>  rate  of  butter  adulteration 
in  London  is  found  to  be  14.2  per  cent. ;  iji  the  32  great 
towns  12.9.  and  in  the  remainder  of  the  country  only  4.4 
per  cent. 

*Tlie  Insi'i-lliin  of  these  words  ("If  uny")  Is  r  manifesl  error. 
Skliiiiiied  iiiDk  tiiLs  a  decided  food  value,  but  not  so  urvui  ii;^  tliat  of 
whole  milk.    [Ed.] 


Of  the  1,H79  samples  of  coffee  examined  10  percent, 
were(  ondemned.  As  usual,  many  samples  were  reported 
to  contain  large  cpianlities  of  chicory.  In  one  case  in 
Cheshire  a  .sjimple  was  found  to  contain  sugar.  The  an- 
alyst states  that  "this  was  ])riiliably  due  to  the  imiclicc 
of  roasting  colTee  with  a  certain  proportion  of  sugar, 
which  will  increase  the  weight  of  the  coll'ee  from  5  to  10 
percent.  This  admixture  is  so  skilfully  done  that  each 
berry  is  coated  with  sugar,  and  any  one  buying  hiseoiree 
in  the  berry  would  think  he  was  obtjuning  it  pure. 
Some  may  Siiy  this  is  an  innocent  adulteration,  but  it  is 
at  the  same  time  a  most  prortlable  one,  for  the  sugar, 
which  is  not  much  m<ire  than  one  penny  a  |iiiund,  is  sold 
at  the  rate  of  a  shilling  or  more." 

Seventeen  of  the  .584  samples  of  sugar  were  reported 
again,st,  and  12  lines,  amounting  to. £11  l.js.,  were  imposed. 

Of  ."iT."i  samples  of  mustard  exaniine<l.  30  were  con- 
demned, and  six  small  lines  were  intiict<'d. 

Four  hundred  and  eighty-eight  samples  of  confection- 
ery and  jam  were  analyzed,  and  14  were  found  to  be 
adulterated,  there  being  one  conviction. 

Thirteen  samples  of  pepper  out  of  l..")66  taken  were 
reported  against,  and  the  vendors  of  three  of  them  were 
lined. 

Of  the  1,421  samples  of  lard  analyzed,  all  but  2  were 
found  to  be  genuine.  This  is  in  striking  contrast  to  the 
ligures  of  lf<!^H,  when  cotton-seed  oil  was  extensively  used 
to  adulterate  liird,  and  299  samples  out  of  1,7S2  were 
condciuued. 

Eighty-four  samjiles  of  wine  were  examined,  and  3 
were  found  to  be  adulterated. 

Of  2.56  samples  of  beer,  1  was  reported  against  on 
account  of  the  presence  of  over  100  grains  of  salt  per 
gallon.  Apart  from  the  presence  in  beer  of  sjdt  in  ex- 
cess, it  is  dillicult  for  analysts  to  pronounce  beer  to  be 
adulterated,  as  under  the  present  law  beer  may  be  manu- 
factured by  brewing  any  substitute  for  malt  with  anj- 
substitute  for  hops. 

The  percentage  of  adulteration  of  spirits  is  again 
higher  than  that  of  any  other  article  specifically  men- 
tioned in  the  table. 

There  were  1.641  samples  of  drugs  examined,  of  which 
196,  or  nearly  12  per  cent.,  were  found  to  be  adulterated. 
In  only  93  of  these  cases  were  legal  proceedings  taken. 
There  were  79  penalties,  amounting  in  all  to  £.j3  Os.  6d. 
There  were  39  samples  of  sweet  spirits  of  nitre  adulte- 
rated, out  of  173  examined;  of  Gregory's  powders  2.'i  out 
of  7.5;  of  sulphur  15  out  of  .S2;  of  rhubarb  15  out  of  1.S6: 
of  lime  water  13  out  of  40 ;  of  luagnesia  1 1  out  of  44 ;  and 
8  out  of  25  prescriptions  were  improperly  or  carelessly 
compounded.  There  were  also  8  samples  of  wax  con- 
demned out  of  30  analyzed  ;  9  out  of  84  of  cream  of  tar- 
tar; and  9  out  of  43  s;unples  of  seidlitz  powders. 

Out  of  the  2.011  samples  of  milk  reported  as  adulte- 
rated in  1898,  1,205  were  the  subjects  of  legal  |)roceedings. 
In  986,  fines  were  imposed  amounting  to  £1,652  (about 
S8.2.50). 

The  use  of  poisonous  pigments  in  England,  as  else- 
where, aiipears  to  have  nearly  or  (|uile  disapjieared 
under  the  protection  of  the  Food  and  Drug  laws. 

Fu.\xcic. — In  France,  as  early  as  the  year  1396.  there 
was  an  ordinance  of  the  city  of  Paris  forbidding  the 
coloring  of  butter  with  herbs,  flowers,  or  drugs,  and 
there  were  laws,  dating  from  about  the  same  time. 
regulating  the  )iurity  of  bread,  wine,  and  other  food 
products.  In  1802  the  Conseil  de  Salubrite  was  estab- 
lished at  Paris  and  this  was  followed  by  the  organization 
of  various  health  boards  to  whom  (he  French  are  now 
mainly  indebted  for  their  lueseiit  immunity  from  food 
adulteration. 

In  France,  at  the  jiresent  time,  there  is  a  law  establish- 
ing laboratories  in  the  princijial  cities  for  the  analysis  of 
articles  liought  by  private  persons,  or  secured  by  duly 
appointed  inspectors,  who  have  iiower  to  punish  olTemi- 
ers.  The  ollicials  provided  for  the  laboratory  work  and 
the  inspection  of  the  markets  and  stores  are  a  director, 
inspeclors.  and  chemists.  In  cotmection  with  the  labor- 
atories there  are  elabo,-ate  photographic  iipparatus  pro- 
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vlilfd.  HO  timt  Jurif*  iiiii  JiuIki-  !>>'  (K-uliir  (li-moniitnttion 
i>r  iiiiinv  r<<riiis  of  ii<liilti'mtii>ii. 

/'((CM. — The  wiirk  iif  cxiiiiiiiilin:  ilic  fiuxl  mipiily  of 
I'liriM  liiis  lii'i'ii  ('iiiuliicti'il  III  I  lie  .Miiiili'Ipiil  Liiliiiriitnry, 
on  III!'  iiorlli  liiiiik  of  llir  Si'iiii'.  iliiriii^'  iIh-  piist  twriiiy 
vnirs  I'i'iif.  ('.  (ilniril  i<  llii'  iliicf  rluiiiUi  in  cliiiru"'. 
'r«o  priiilril  n-porls  of  Iliis  Inlinnilory  liiivr  licrii  piili 
lisllnl.  ililli'il  lKS-.>  1111(1  iHsri.  A  lliollllilv  liulli'till  is  lllso 
piilillslinl  ik'tiiiiiiig  till-  work  of  tliv  luborutory  iliiring 
I'lirli  iiioiilli. 

My  ili'i'isioii  of  till'  Miuiicipiil  ('oiiiirll  ^'nitiiitoiiK  i|uali- 
liilivriliiiilysi'siiri' iiiiuli'  al  tliiHiiilionitory  of  siuli  iiitirlrs 
of  fooil  mill  drink  us  itrr  ilcposilcil  iit  llir  lulionitory  for 
Iliis  piirpoM'.  The  jiiciilrr  part  of  llic  artiilis  i-\ainincil 
is  rolli'i'Iril  by  iiispcrtois  aulliori/.cil  to  visit  shops  iinil 
inarkt'ts  where  food  is  sold,  for  the  purpose  of  iimkinji; 
eolleclioM  of  such  siunples.  These  ins|ieetors  also  have 
aiithorily  to  destroy  unsound  food.  Their  collections 
Hie  ireiienilly  made  from  such  kinds  of  food  preparations 
as  are  suspected  of  adiilterution  or  are  especially  liable 
to  this  species  of  frauil.  Hence  the  monthly  liiilleiins 
issued  from  the  laboratory  do  not  represent  the  actual 
condition  of  the  markets,  since  many  articles  of  food  are 
not  liable  to  adulteration.  Thi'  number  of  articles  e.\- 
aiiiiiied  in  each  year  amounts  at  pres«'nt  to  more  than 
2.">.lKHi  annually.  The  scope  of  the  analyses  embnices 
sevend  articles  in  common  use  besides  food,  such  as 
children's  toys,  wallpaper,  cookini;  utensils,  preparations 
used  In  embalming,  coloring  matter,  cosmetics,  and  illu- 
minating; oils. 

The  followiii!; condensed  statement.  conii>ilcd  from  the 
inontlily  bulletins  for  the  year  endinj;  March  31st.  liMIO, 
will  irive  a  fair  illusinition  of  the  work  accomplished  in 
Paris  diirini;  that  period  ;  Number  of  visits  made  to  mar- 
kets and  shops,  .')8.437. 

ruder  the  prcs«'nt  classilication  artidesare  divided  into 
three  groups,  good,  passable,  and  bad. 

The  total  number  of  articles  collected  for  examination 
by  the  inspectors  or  collectors  of  .sjimples  was  26..">S3:  of 
this  number  4S.2  per  cent,  were  classed  as  good,  S.I.S  per 
ceiU.  as  pas.sable.  and  '(>  |)i'r  cent,  as  bad. 

There  were  also  StOD  sjimples  for  which  a  fee  was  paid 
for  analysis,  and  2-44  sjunples  were  deposited  at  the 
laboratory  by  citizens  for  gnituitous  examination. 

Classification  ok  Work  ok  MrNiciPAi,  Laboratory  of  Paris 
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Articles  examined. 

Good. 

Passable. 

Bad. 

Wines   

1,408 

62 

4<U 

43 

4lt2 

339 

749 

l,3B0 

2.036 

113 

lirr 

.Wl 

918 

rai 

re 

240 
972 

ns 

873 
186 
68 
301 

"47 

400 

3,428 

66 

198 

43 

970 

8 

KO 

1.388 

246 

25 

12 

58 

68 

S» 

7 

33 

eo 

37 

4 
10 

3 
10 

■■■5 
115 

2,520 

45 

BlHT 

137 

CldtT      

l.'i6 

Splrllji 

249 

Synips ...        

218 

319 

Milk   

1,«98 

231 

Lanl 

50 

75 

Br^-ail  mill  cake 

158 

96 

8ufnir  anil  oinfeotlonery 

273 

171 

v.a 

2B 

Meal 

237 

Pi'PIH'r  ftuil  sploes 

96 

118 

Tovs  and  colors' 

21 

SO 

FIrvworks 

37 

14 

Mt^*ellaileous 

109 

The  i)rincipal  adulterations  found  in  the  articles  named 
in  this  list  were  the  following: 

Wines  were  either  watered,  fortilied.  sugared,  plastered, 
or  treated  with  sjilicylic  and  bi>ric  acids  as  preservatives. 
Beer  was  watered,  or  treated  with  glucose,  sugar,  and 
other  materials.  Cider  was  colored  and  treated  with 
sugar  or  tartaric  acid.     Spirits  were  either  watered  or 


fortilied  by  the  addition  of  ulcoliol.  Syrups  ronlalned 
gliK'oHc  and  arliricial  coloring  mattiT.  \Vater  cmilainnl 
an  excess  of  niineml  ami  orgimii-  miiiter  and  in  one 
sample  lead   was  found.      .Milk    \  .  nil,  hkimined, 

culoieil,  orlriated  with  preservali  :]ii;;  foriiialiii. 

Kiilter  contained  margarine,  lion 1    mihI  an  ixci-sx  of 

water.  I.iird  was  adulterated  willi  cheaper  fuls  and  col- 
toli'.seed  oil  Olive  oil  was  adulteiuled  Willi  chiapcr 
oils.  Hread  and  Hour  were  found  to  contain  cheiiper  Hour 
or  meal  than  was  called  for.  ISiigar  and  coiifeclionery 
conlained  glucose.  Honey  and  jirem-rves  were  iidulle- 
nileil  with  glucose  anil  coloring  matter.  Meal  woa 
treated  with  salicylic  iiiiil  boric  acids.  Tin  and  eartlieu- 
waiecoiitaiiicd  lead.  I'epperand  spices  conlainid  starch, 
ground  olive  stones,  nutshells  and  other  foreign  matter. 
Toys  were  colored  with  forbidden  colore.  Illiiminaling 
oil  ignited  at  a  lower  temperature  than  3.5  C.  (it.l  V.). 
Drugs  were  found  to  be  below  the  reijiiired  standard. 

In  the  relent  years  of  work,  bacteriological  examina 
tioiis  were  made  in  addilion  to  chemical  analysis  of  cer- 
tain arlicles  as  follows.  In  the  past  year:  Of  wine.  HHO 
sjimples,  of  milk  44  samples,  of  wali'r  and  ii'c  1.H49 
sjiinples.  and  of  cider  H  siunples.  Of  the  water  >*'i>i 
saiuples  were  ]ironouiiced  good.  <j."il  pas.sidile.  and  320 
contained  pathogenic  germs  and  were  condemned. 

Okum.vnv. — In  Germany  there  were  enacted  at  u  very 
early  dale  laws  inllicling  severe  'penalties  for  selling 
adulteniled  bread,  drug.s,  or  wine.  "  In  the  fifteenlli  cen- 
tury, al  Bieliiriih  on  the  Kliine.  a  wine  adiilteralor  was 
forced  lodiink  six  c|u;irls  of  his  own  stock  anil  il  is  re- 
corded with  due  gravity  that  the  lest  resulted  fatally" 
llJallersliall.  "Food  Adulteration,"  p.  3).  Thi-  statutes 
now  in  force  were  passed  quite  recently — f>ne  in  1H72, 
regulating  the  sale  of  drugs,  and  another  in  IsTlt.  relat- 
ing to  food..  By  the  law  of  1872.  the  German  Pharina- 
copieia  was  made  the  standard  of  purity.  In  1878, 
231.478  samples  of  food,  drink,  drugs,  etc..  were  ex- 
amiiu'd.  and  there  were  3.3.52  convictions  for  violations 
of  the  law.  The  penalties  are  tines  or  imprisonment, 
and  it  is  not  necessary  to  jirove  that  the  .seller  was  aware 
of  I  lie  adulteration.  The  following  general  laws  relating 
to  food  inspection  are  in  force. 

IJy  a  law  enacted  in  1879  police  officers  are  authorized 
to  enter  shops  where  food  is  offered  for  sale  and  to  take 
samples. 

Imitation  or  adulteration  of  food  and  stimulants  with 
a  view  to  deception,  the  sjile  of  putrid,  falsified,  or 
adulterated  food  and  stimulants,  and  offering  lliini  for 
sale  under  a  description  calculated  to  deceive  the  pur- 
clia.ser.  are  forbidden.  The  manufacture,  sale,  or  traffic 
in  food  stimulant.s  and  other  necessaries,  whose  con- 
sumption or  use  is  injurious  or  may  destroy  health,  is 
forbidden  by  heavy  penalties  (in  some  cases  by  im- 
prisonment). 

The  application  of  these  general  principles  is  further 
facilitated  by  the  following  special  enactments  with  ref- 
erence to  particular  necessaries  of  life. 

1.  Petroleum,  which  parts  with  inflammable  vapor  at 
a  lower  temperattire  lluin  00  F.  must  be  kept  in  vessels 
bearing  the  in.scription  "intlammable '"  in  large  indelible 
letters  in  a  prominent  position. 

2.  Eating,  drinking,  and  cooking  utensils  must  not  be 
ma(k'  of  leail.  or  of  any  alloy  containing  more  than  ten 
per  cent,  of  lead,  they  must  not  be  coated  internally  with 
any  metallic  alloy  containing  inore  than  one  per  cent,  of 
lead.  The  latter  regulation  ai)plies  to  all  objects  which 
come  in  direct  contact  with  the  mouth,  or  are  used  for 
preserving  meat,  fruit,  spirits,  etc.  These  precautions 
jirc  for  the  prevention  of  lead  poisoning. 

3.  No  coloring  agents  can  be  used  in  the  manufacture 
of  food  or  stimulants,  which  contain  any  of  the  following 
substances:  arsenic,  antimony,  barium,  lead,  cadmium, 
chromium,  copper,  mercury,  uranium,  zinc,  tin.  gam- 
boge, coralline,  or  ]>icric  acid.  Such  colors  cannot  be 
used  in  the  wrappings  of  provisions,  in  making  soap,  or 
other  preparations  for  the  skin  or  hair,  in  manufacturing 
toys.  etc.  In  particular,  the  use  of  arsenical  coloring  is 
strictly  forbidd  ;n  in  the  manufacture  of  carpets,  curtains, 
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wall- papers,  paints,  funiitiirc,  artilicial  flowers,  clothes, 
type.  etc..  etc. 

4.  Till'  sale  of  imitations  of  butter  is  forbidden,  unless 
they  are  di^stinctly  labelled  and  sold  as  niar>rariiie.  (•!<■. 

.').  |{y  a  law  ol'  Fi  hniary  Isl.  islll.  Die  use'  of  niaeliiiies 
fertile  manufacture  otai'lilK'ial  (■cill'ecbiTri<'s  is  foibidden. 

(i.  Hy  a  law  of  April  2!Mli.  lSi»2.  the  addilioii  of  a  nun\- 
ber  of  specilied  bannful  subslances  to  w  iiie  is  forbidden. 
Detinile  limits  are  also  laid  down  relalive  lo  the  use  of 
other  adulUrations  of  wine. 

Iliimliiirij.  —  Di-s.  Durdiar  and  Farnsteiner  report  tijion 
the  inspection  of  food  and  driidis  in  Hamburg  {lUr. 
de»  Fiihijicittioiis,  vol.  .\ii..  l>.  111).  Of  medicinal  wines, 
22  out  of  102  .Siiniides  were  condemned  eillier  for  the 
addition  of  sugar,  or  salicylic  acid,  or  other  impurities; 
11  out  of  81  sweet  wines  were  condemned  for  similar 
causes.  Also  27  out  of  212  German  win<'S.  12  of  which 
coutaiiu>d  too  little  extractive  matter.  3  out  of  23  samples 
of  beer  werecondenuied;  2  out  of  20  samples  of  vinegar: 
21  out  of  .")()  specimens  of  sausage  and  hashed  meat  were 
coudenuied  on  account  of  artiticial  color  and  excess  of 
sulphurous  a<id. 

Dnmhii . — Dr.  Ilein/e,  of  Dresden,  reports  \ipon  the  ex- 
amination of  1.T81  siimples  of  food  ma<ie  during  1H98 
(lierue  liitcrnatidunte  i/t-t  Fiilsifi'ntioiis,  vol.  xiii.,  April, 
1900,  p.  37).  Of  this  number  5tt0,  or  33  per  cent. ,  were 
condemned.  Of  170  specimens  of  butter,  sold  as  such, 
only  4  proved  to  be  margarine.  Out  of  6!)  samples  of 
vinegar,  35  were  of  inferior  strength.  One  hundred 
saniplesof  sausiige  were  examined  and  -IS  were  artificially 
colored.  Three  contained  boric  acid  in  small  quantitj'. 
Of  26!)  samples  of  spices,  27  were  condemned. 

Three  hundred  and  forty-one  samples  of  milk  were  ex- 
amined, and  267,  or  77.7  "per  cent.,  were  condemned  as 
adulterated. 

The  high  percentage  of  adulteration  in  some  of  the 
foregoing  articles  is  accouiiled  for  by  the  fact  that  the 
police  authorities  charged  with  their  collection  w'ere  also 
inst  ructed  in  the  methods  of  making  rough  tests  of  purity, 
so  that  they  were  enabled  to  select  for  tinal  examination 
an  unusually  large  number  of  adidtcrated  articles. 

The  chemist  also  reports  upon  72  samples  of  children's 
toys,  whistles,  nuisical  instruments,  tin  preserving  cans, 
covers  of  beer  mugs,  etc..  which  were  examined  for  lead, 
and  of  this  number  49  were  condemned. 

^l?/»«('.^Dr.  Keinsch,  director  of  the  Municipal  Labora- 
tory of  Altoua.  re|)orts  upon  the  work  of  the  year  ended 
March  31st.  1899  ( /t'ec'/c  Intcrndliomile.  iles  Fd'Uificalitmn, 
vol.  xii..  December.  1899.  p.  179);  2.612  specimens  were 
examined,  of  which  9.50  where  articles  of  food  and  cook- 
ing utensils.  3()0  were  samples  of  the  public  water  sup- 
ply. 96.")  were  of  IIk^  city  gas  supply. 

One  hnndrcd  and  forty  three  of  the  food  samples,  or 
l.'j  per  cent.,  were  condemned  as  adulterated  or  injurious 
to  health. 

Twenty-four  out  of  187  specimens  of  butter,  or  12.8 
per  cent.,  contained  more  than  16  per  cent,  of  water. 
Fines  were  imposed  from  20  to  1.50  marks. 

Of  34H  samples  of  milk,  77  were  adulterated  either  by 
skimming  or  watering. 

Brtxtmt. — The  report  of  the  official  chemi.st  of  Breslau 
for  1898-99  embraced  a  wiile  field  of  objects.  The  prin- 
cipal articles  examined  were:  butter.  32(>  samples.  28 
adulterated:  milk  341  saniiilcs.  13  adulterated :  sausiig<', 
93  samples.  2  adulterated.  The  general  r.atio  of  adultera- 
tion reported  was  very  small. 

One  hundred  samples  of  vinegar  were  examined,  and 
the  acetic  acid  varie(l  from  1.4  to  .5.8  per  cent. 

The  samjiles  of  milk  varied  in  their  fat  contents  from 
a  mininnim  of  2.4(»  to  a  maximum  of  11.2  per  cent. 
Thirteen  samples  contained  over  6  per  cent,  of  fat  in 
each.  The  total  solids  in  the  lowest  saiujilc  were  6..58 
percent.,  indicating  an  addition  of  4.5  ])er  cent,  of  water. 

Three  hundred  examinations  of  ilhnninating  gas  were 
made  on  as  many  working  days  during  the  year. 

Other  examinations  were  also  made  of  beer  measures 
containing  lead,  lamp  shades  containing  arsenic,  children's 
toys,  etc. 


Holland. — Dr.  Lam,  commercial  chemist  at  Rotter- 
dam, reports  \ipon  the  work  of  inspection  for  the  year 
1S98  (/i'(C"(  (/<ji  FiilnitictitiiiiiK.  vol,  xii..  p.  128). 

The  whole  niuuberof  examinations  was  5.438.  of  which 
54.H.  (ir  10.1  per  cent.,  were  condemned,  the  principal 
adidteralions  being  as  follows:  Milk.  3.942  siunples.  169 
adulterated.  Spices.  147  Siimples.  .54  adulterated.  Cof- 
fee and  tea.  51  samples,  all  genuine.  Cocoa.  43  .sjimples, 
32  adulterated.     Vinegjir,  .500  samjdes.  143  adnltenited. 

AfsTui.v-IIixo.Mtv.— Dr.  ."M.  Mansfeld.  director  of  the 
Laboratoiy at  Viemia,  r(|iorts  upnntlie  fond  pn'panitions 
collected  during  the  year  ending  August  31st.  1899. 

The  whole  iiiuiilier  of  samjdes  examined  was  1,02S,  of 
which  349.  or  34  per  cent.,  were  condenmed  as  adulte- 
rated, or  injurious  to  health.  Of  8  samiiles  of  beer,  2 
were  adulterated ;  of  42  sam])les  of  strong  spirits,  13  were 
adnltenited.  Of  butter,  23  out  of  76  specimens  were 
adulterated.  Of  cocoa,  15  out  of  50  specimens  were  adul- 
terated. 

Several  substances  sold  as  preservatives  were  examined 
and  found  to  contain  .salicylic  and  boric  acids  and  formalin. 
An  American  saus:igc  was  found  lo  contain  boric  acid ; 
one  specimen  was  colored  with  carmine.  Of  39  sam|des 
of  spices  21  were  falsilied.  Pepper  contained  starch, 
ground  olive  stones,  sago,  and  nutshells.  Two  Siimples 
of  honey  were  adulterated  with  glue.  Several  colTee 
substitutes  were  examined  and  found  to  contain  starch, 
chicory,  barley.  turni]i,  and  tigs.  Five  samples  of  lard 
out  of  18  contained  other  fats  and  cotton-seed  oil.  Of 
wine.  62  specimens  out  of  175  were  adulterated  with 
glycerin,  alcohol,  sugar,  plaster,  and  artilicial  coloiing 
matter.* 

Switzerland. — In  Switzerland  the  work  <if  examin- 
ing articles  of  food  and  drink  is  well  organized  by  the 
appointment  of  a  comi)etciit  chemist  in  each  canton, 
who.se  duties  embrace  the  analysis  of  all  articles  in  do- 
mestic use.  where  a  chemical  analysis  may  be  required. 

St.  Gull. — Dr.  Ambiihl.  canton  chemist  of  St.  Gall, 
reports  u])on  3.9.54  samples  of  food  examined  in  1898,  of 
which  754  or  19.1  percent,  were  coudenuied  (nriif  Inter- 
iiationiile  lies  Fidsijioitions,  vol.  xii..  1899,  p.  152). 

Of  1.940  specimens  of  milk.  93  were  condemned.  Of 
124  samplesof  butter.  40  were  condemned.  The  addition 
of  flour  to  sausiiges  has  nearly  ceased.  Out  of  27  samples 
of  American  dried  fruits.  15  contained  zinc.  Out  of  775 
samples  of  wine  2.54  were  condemned.  Ijcing  either  diluted, 
fraudulently  marked,  or  otherwise  adulterated.  The  use 
of  lead  in  the  manufacture  of  cooking  utensils  was  jiro- 
hibited  in  this  canton  as  early  as  1808. 

Biinel. — The  chemist  of  canton  Basel  reported  as  fol- 
lows for  the  year  1899f : 

■Whole  number  of  examinations  made.  5.469.  Number 
adulterated,  or  of  bad  tiuality.  411.     The  list  isas  follows: 


Articles  examined. 

Total. 

Adulterated. 

Beer 

19 

5 

38S 

13 

350 

1 

4 

25.1 

4 

Gt 

3 

4 

162 

02 

20 

41 

2.712 

3 

2W 

_B 

75 

2 

Breail         

1 

45 

fj 

Preservatives 

4 

Viiiei^ar 

Si 

Cnloi-S 

I 

.■i 

Fruits 

;) 

1 

Spiees 

4 

Hnnev 

4 

Meal 

Milk 

i(5 

Petitileiiin 

11 

Oils 

r 

•  "  Fnlsltloallons  cilisonees  en  .\iitricl»'-Hon?rii'."  F.xirall  ilu  Uap- 
ixirt.  par  M.  le  Dr.  M.  Mnn.sfeUI.  Direetcur  de  la  Luliomtoiri'  it  Vlcnne. 
Revue  Inlciiiatiouale  des  Falsilloatlons,  Febniarv,  IflOO.  p.  3. 

+  ••  Verwaltunirslierlelit  des  Sanltilts-Departments  flber  das  Jabr 
1898,"  Baselstadt.  liH»l. 
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■  III  I 


ArtlelM  examlDed. 

Total. 

Adullentnl. 

1 

'      a« 

410 

su 

Spirltii 

•> 

WilIiT 

\Vln«* 

iii 
a) 

Kiiu's  wiTt-  imposfd  in  148  instance!),  cliii-fly  for  ndul- 
tcnilioM  i)f  iiiilli.  wiiif,  siiusiijtcs.  vint'Kiir.  unci  luittrr. 

/;.r/ir.  — Dr.  Si'lmlTcr.  niiiloMcliuniisl  of  Itrrni'.  Swilzcr- 
liiiiil.  ii'iiorlcil  ii|>(iii  till-  followini:  iirliclfs  in  UtlMI.  from 
wlilrli  il  iiiipcars  lliiil  llic  sciipc  iif  llic  ciiiilon  ilicinisl's 
Hill  III  irity  rxtcnils  lo  oilier  iirliclfs  in  ilonuslii-  ii.>ir  ns  wrll 
».■<  to  foml  iiiiii  ilriij;s. 


Bwr 

HiniKly  mill  s|i)rtt.H 

Itnii'l  iiiiil  cHki' 

ilMlliT 

viiifknir 

Miula 

(in-iiLH 

H y 

ColTii*  mill  iiw 

('«M-i1l  lliul  OlllK'ulBte .*. 

chii'M* 

Milk 

I'l'lipiT 

SH(Tn>ii 

riuvi-i 

WlltiT 

Fnts  iiiul  ulls 

Will.. 

rn-«T\  I'*!  fnilts 

Siiinir 

MiM-i'lliinc<>ii!i 

Pn'prlelary  iiii'dlrlnes 

F*xiiMiinutl(>n.s  for  (xiisons 

8yTiips 

Artirl(.}i  tif  liou.si-lioI(l  uw 


isno. 


Number 

Number  found 

examined. 

adulterated. 

8 

1 

138 

4.5 

U 

3 

21 

."■. 

4 

0 

9 

\ 

15 

4 

3 

I 

19 

111 

21 

4 

1 

2W 

Tit 

3 

II 

3 

0 

3 

•> 

520 

68 

31 

8 

407 

».■. 

o 

■> 

6 

1 

27 

1) 

U 

5 

27 

12 

12 

3 

160 

3« 

In  luiiiiiion  to  tin-  foicgninir  the  cliemist  reports  upon 
sevrnil  proprietary  artieles.  pniiits.  metals,  clieniicals. 
clothiui:.  wall-papl-r.  coal  and  coal-oii  soap,  and  washing- 
powders.  conii>res.sed  yeast,  insect-powders,  fire-extin- 
guishers, ice  machines,  etc.* 

United  States. 

In  this  country  most  of  the  States  have  laws  prohibit- 
ing adulteration  in  general,  or  special  forms  of  it.  and 
many  of  the  larger  cities  have,  in  addition,  municipal 
regulations  to  prevent  the  sale  of  harmful  products.  In 
the  summary  of  food  acts  presented  in  the  third  volume 
of  the  Hkkkuknck  II.vxnniHiK  liy  >Ir.  Riley,  in  lf<.'<().  it 
was  stalid  that  there  were  four  States  in  which  no  legisla- 
tion had  lieen  enacted  in  regard  to  food.  In  a  later  sum- 
mary presented  by  Dr.  ('.  V.  Chapin,  in  his  work  on 
"Municipal  Hygiene"  (1901).  it  appears  that  every  State 
has  enacted  legislation  upon  the  subject,  although  in 
sevend  instances  this  legislation  had  reference  to  special 
articles  of  fixxl  and  in  some  cast's  to  such  as  were  of  com- 
paratively little  importance.  In  some  of  the  States, 
public  sentiment  has  not  been  aroused  so  as  to  .secure  a 
thorough  enforceiuenl  of  the  laws,  or  else  adeiiuate  aji- 
proprialions  have  not  been  made  for  the  proper  perform- 
ance of  the  preliminary  work  of  analysis.  As  a  result. 
the  effects  accomplished  by  legal  methods  have  not  been 
so  satisfactory  as  could  be  desired.  The  condition  of 
affairs  is.  however,  steadily  improving,  the  people  arc 
coming  to  see  the  great  need  for  rigorous  enforcement  of 
the  laws,  and  experience  has  shown  in  what  directions 
the  legislation  already  had.  has  proved  defective. 

•  "  Berlrht  fiber  ilit*  Tlifitlffkflt  des  kantonalen  chemlschen  Latxira- 
torlums  in  Bern  Im  Jahr  H»«i,"  Bern.  lajl. 


CongresM  liim  paiwcd  no  geiicml  law  ctmeernliig  iidullc- 
mtion  of  food  and  drugs,  and  hucIi  would  not  lie  greatly 
needed,  c.vceiil  us  reganlK  the  iiu|iortatiiin  of  adiiltemteii 
articles,  if  all  the  sepuniie  SlJiles  had  iiilei|uaie  laws  on 
the  subjeel.  .\  bill  prepared  under  the  iiilspiceK  of  the 
Niitional  lioard  of  'rradc  was  preMiited  lo  (  ungri-KS  in 
IKSd.  hut  fail<-d  to  be  enacted.  As  early  as  IKIM  Con- 
gress passt^'d  all  act  to  prevent  the  iiuportalion  of  adulle 
rated  and  inferior  drugs  anil  cheiiiiculs.  and  examiiiem 
were  appointed.  This  law  Hcems  to  have  been  much 
needed,  for  at  New  York  alone,  in  nine  years  from  1848 
to  1H.")7.  over  iloii.iMX)  pounds  of  adulterated  drugs  were 
sei/.ed.  For  some  time  past  the  law  does  not  seem  to 
have  been  enforced,  and  the  exaiiiiniTs  have  not  made 
reports  to  iheTreasiiry  Deparliiient.  No  rules  have  been 
ailo]iled  lo.seciire  the  systematic  pro.secution  of  the  work. 

Soon  afterthe  pas.sagcof  Ihe  Knglish  Adultemtion  Act 
of  lH7."i.  a  general  interest  in  the  subject  was  awakened 
in  the  rniled  States,  and  legislation  soon  resulted.  The 
way  for  Ibis  had  largely  been  paved  by  the  iirevious  ex- 
amination of  adulterations  of  food  by  the  State  boards 
of  health  of  some  of  Ihe  States,  such  as  Massachusetts 
and  .Mielii.san.  The  lead  in  this  agitation  was  taken  by 
the  Siiiiliirji  Kiif/iiDer,  a  paper  pulilislied  in  New  York 
City,  and  tlirougli  its  efforts  three  prizes  were  offered  for 
the  best  es,s)iys  on  the  general  subject  of  adulteration  of 
food,  accompanied  by  drafts  of  a  law.  This  competition 
was  established  in  isTil,  and  in  October.  IHHO,  a  report 
was  made  by  a  committee  consisting  of  Dr.  ,Iohn  S.  Bill- 
ings. I".  .S.  A. :  ex-chancellor  Williamson,  of  New  Jersey; 
Prof.  Charles  F.  Chandler,  of  New  York,  and  A.  H. 
Hardy.  Esq.,  of  Hoston,  awarding  the  lirst  ]irize  to 
George  W.  \Vigiier.  of  London,  one  of  the  pjiglish  public 
analysis.  The  law  frameil  by  the  committee  was  sub- 
mitted to  the  legislatures  in  several  of  the  States,  and  in 
its  material  parts  became  a  law  in  New  Y'ork  and  New 
.Jersey  in  1S81.  in  Mas.sachusetts  in  1.><S2.  and  still  later 
in  Oliio.  Connecticut.  Califoniia.  District  of  Columbia, 
Illinois,  Indiana,  Kaiisjis.  Kentucky.  Michigan.  Missis- 
sippi, North  Carolina,  Oregon,  Pcuusylvania,  Tennessee, 
ami  Wisconsin. 

The  committee,  in  making  their  report,  stated  that  the 
investigation  showed  that  the  adulterations  jiractLsed 
were  not  so  injurious  to  health  as  had  been  claimed,  and 
that  legislation  was  needed  more  for  commercial  than 
sanitary  reasons.  At  nearly  every  session  since  the  .50th 
Congress,  a  bill  for  Ihe  prevention  of  food  and  drug 
adulteration  has  been  favorably  considered,  but  lias  not 
yet  reached  the  stage  of  enactment.  In  1S92  Senator  A. 
S.  Paddock,  of  Nebraska,  introduced  a  bill  intended  to 
prevent  adulteration  of  food,  but  the  bill  was  defeated, 
as  would  appear  from  the  jMililished  debate  upon  it.  by 
the  vigorous  efforts  of  certain  Senators,  who  represented 
States  in  which  the  production  of  cotton-seed  oil  was 
largely  conducted.  A  more  recent  bill  known  as  the 
Brosius  bill  appears  to  have  a  fair  prospect  of  liccoming 
a  law  (.Tune.  1900).  This  bill  (H.  B.  967",  .56tli  Congress, 
1st  ses.sion)  provides: 

Section  1.  That  the  Secretary  of  .\griculture  shall 
organize  the  Chemical  Division  of  siuh  Department  into 
a  bureau  of  chemistry,  which  is  charged  with  the  inspec- 
tion of  food  and  drug  products  and  the  analysis  thereof. 
He  is  to  publi.sli  the  results  of  examinations  and  analyses. 
This  l)e]iartment  is  fully  cquiiiped.  both  in  experienced 
men  and  in  laboratory  arrangements  to  carry  out  the  work 
designed  in  this  bill,  mori'  economically  and  thoroughly 
than  any  other  branch  of  the  Governnient. 

Section  2.  By  this  section  adulteration  or  fal.se  hand- 
ling of  food  and  drugs  is  prohibiteil.  and  penalties  are 
|irovided  for  violation  of  the  law. 

Section  3  provides  for  Ihe  examination  of  samples  of 
food  and  drugs  offered  for  sale  in  original  packages  in 
the  District  of  Columbia,  or  in  the  Territories,  or  in  any 
State  other  than  that  in  which  the  same  shall  have  been 
manufactured  or  produced. 

Section  4  defines  the  duty  of  the  district  attorney. 

Sections  •'5  and  6  contain  the  definitions  which  are  prac- 
ticallv  the  same  as  those  which  have  existed  for  several 
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years  iu  New  York,  Mussticliugetts,  New  Jersey,  and 

other  States. 

Scetiiin  7  provides  for  the  establisbment  of  a  board  of 
e.xperls  to  ti.v  stiiiidards  of  food  produets.  The  s<'cretary 
of  the  liminl  tA'  .VirriciiUurc  beiiis;  aiitliorized  to  fix  such 
staiuliirds.  willi  the  adviee  of  e.xperts. 

Sections  8  and  i)  refer  to  tlie  metliod  of  taking  saniijles. 

By  section  10.  the  bill  is  not  to  be  construed  to  interfere 
with  the  police  reffulatioiis  of  any  Slate  or  'I'erritory. 

Section  11  provides  for  the  disposjd  of  contiscatcd 
articles. 

This  bill  docs  not  interfere  with  any  legitimate  trade 
or  industry,  or  prohibit  the  nse  of  anv  ])rodiiet  so  long 
as  thai  product  has  iiol  been  deemed  injurious  to  health 
by  an  impartial  coniinission.  It  does  forbid  interstate 
trallic  in  articles  injuri(Uis  to  health.  It  also  forbids  im- 
proper bnmding.  Any  imitation  or  compound  or  mixture 
may  be  sold  so  long  as  it  is  distinctly  and  properly 
marked  so  that  the  imrchaser  or  consumer  shall  be  pro- 
tected in  his  rights. 

M.vssAciiisKTTS. — As  this  was  one  of  the  lirst  States  to 
adopt  a  general  food  act,  with  annual  appropriations  for 
its  execution,  the  law  is  herewilh  quoted  in  full,  with 
the  principal  amendments.  Similar  statutes  have  since 
been  enacted  in  several  other  States. 

Act  Rei,.\tixg  to  Ixspkction  of  Food  and  Drugs. 

Acts  of  1882,  263,  ^  1. 

No  person  shall,  within  this  Commonwealth,  manufact- 
ure for  sale,  offer  for  sale,  or  sell  any  drug  or  article  of 
food  which  is  adulterated  within  the  meaning  of  this  act. 

Acts  of  1882,  263,  §  2. 
Acts  of  1886,  171. 

The  term  "drug"  as  used  in  this  act  shall  include  all 
medicines  for  internal  or  external  use,  antiseptics,  disin- 
fectants, and  cosmetics.  The  term  "  food  "  as  used  herein 
shall  include  confectionerj',  condiments,  and  all  articles 
used  for  food  or  drink  by  man. 

Acts  of  1883,  263,  §  3. 
Acts  of  1884,  289,  S  .5. 
Acts  of  1884,  289,  §  7. 

An  article  .shall  be  deemed  to  be  adulterated  within  the 
meaning  of  this  act — 

((/)  In  the  case  of  drugs — (1)  If,  when  .sold  vmdcr  or 
by  a  name  recognized  by  the  United  States  Pharmacopo'ia, 
it  ditlers  from  the  standard  of  strength,  quality,  or  purity 
laid  <lown  therein,  unless  the  order  calls  for  an  article  in- 
ferior to  such  standard,  or  unless  such  dilTerenee  is  made 
known  or  so  appears  to  the  ])nrchascr  at  the  time  of  such 
sale ;  (2)  If,  when  sold  mider  or  by  a  name  not  recognized 
in  the  United  States  Pharniacopceia  but  which  is  found 
in  some  other  pharmacopa'ia,  or  other  standard  work  on 
mnterUi  iiudwi,  it  differs  materially  from  the  standard  of 
strength,  quality,  or  purity  laid  <h)wn  iu  such  work;  (3) 
If  its  strength  or  purity  falls  below  the  professed  stand- 
ard under  which  it  is  sold. 

(b)  In  the  case  of  food:  (1)  If  any  substance  or  sub- 
stances have  been  mixed  with  it  so  as  to  reduce,  or  lower, 
or  injuriously  alTect  its  (jualily  or  strength;  (2)  If  any 
inferior  or  cheaper  substance  or  substances  liave  been 
substituted  wholly  or  in  part  for  it;  (3)  If  any  valuable 
constituent  has  been  wholly  or  in  part  abstracted  from 
it;  (4)  If  it  is  an  imitation  of,  or  is  sold  under  the  name 
of.  another  article;  (5)  If  it  consists  wholly  or  in  part  of 
a  diseased,  decomposed,  putrid  or  rotten  aniunil  or  veget- 
able substance,  whether  manufactured  or  not,  or,  in  the 
case  of  milk,  if  it  is  the  produce  of  a  diseased  animal; 
(6)  If  it  is  colored,  coate<l,  polished,  or  powdered,  whereby 
damage  is  concealed,  or  if  it  is  made  to  appear  better  or 
of  greater  value  than  it  really  is;  (7)  If  it  contains  any 
added  poisonous  ingredient  or  any  ingredient  which  may 
render  it  injurious  to  the  health  of  a  person  consuming  it. 

The  provisions  of  this  act  shall  not  ajiply  to  mixtures 
or  compounds  recognized  as  ordinar3-  articles  of  food  or 


drinks,  provided  that  the  same  are  not  injurious  to  health, 
and  are  distinctly  labelled  as  mixtures  or  compounds. 
And  no  i)rosecutions  shall  at  an\'  time  be  maintaini-d 
under  Siud  act  cnncerning  any  drug  the  standard  of 
strength  or  purity  whereof  lias  lieen  raised  since  the  issue 
of  the  last  edition  of  the  Unilid  Slates  Pharmacop<eia, 
unless  and  until  such  change  of  standard  has  been  pub- 
lished throughout  I  he  Commonwealth. 

Acts  of  1882,  203,  {•  '>. 
Acts  of  1886,  101,  S  4. 

The  State  board  of  health  shall  take  cognizance  of  the 
interests  of  the  ptd)lic  health  relating  to'the  sjile  of  drugs 
and  food  and  the  adulteration  of  the  same,  and  shall 
make  all  uecessjiry  investigations  and  inquiries  in  refer- 
ence therct«,  and  for  these  purposes  may  appoint  in- 
spectors, analysts,  and  cheini.sts,  who  shall  be  subject  to 
its  supervision  and  removal. 

Within  thirty  days  after  the  pas.sage  of  this  act  the 
said  board  shall  adopt  svicli  measures  as  it  may  deem 
necessary  to  facilitate  the  enforcement  hereof,  and  shall 
prepare  rules  and  regulations  with  legard  to  the  proper 
methods  of  collecting  and  examining  drugs  and  articles 
of  food. 

Acts  of  1891,  319,  S  1. 

For  the  purpose  of  carrying  out  the  provisions  of 
chapter  two  hundred  and  sixty-three  of  the  acts  of  the 
year  eighteen  hundred  and  eighty-two.  relating  to  the 
adulteration  of  food  and  drugs,  the  State  board  of  health 
may  expend  annually  a  sum  not  exceeding  eleven  thou- 
sand five  hundred  dollars;  prorideil.  Iioinrer,  that  not 
less  than  three-fifths  of  said  amount  shall  be  annually 
expended  for  the  enforcement  of  the  laws  against  the 
adulteration  of  milk  and  milk  products. 

Acts  of  1882,  263,  §  6  (see  also  1886,  318,  §  1). 

Every  person  offeinng  or  exposing  for  sale,  or  deliver- 
ing to  a  purchaser,  any  drug  or  article  of  food  inclu<led 
in  the  provisions  of  this  act,  shall  furnish  to  any  analyst 
or  other  officer  or  agent  appoiuteii  hereunder,  who  shall 
apjily  to  him  for  the  purpose  and  shall  tender  to  him  the 
value  of  the  same,  a  samjile  sufficient  for  the  purpose  of 
the  analysis  of  any  such  drug  or  article  of  food  which  is 
in  his  jiossessiou. 

Acts  of  1882,  263,  §  7. 

Whoever  hinders,  obstructs,  or  in  any  way  interferes 
with  any  inspector,  analyst,  or  other  officer  appointed 
hereunder,  in  the  performance  of  his  dvity,  and  whoever 
violates  any  of  the  provisions  of  this  act,  shall  be  punished 
by  a  fine  not  exceeding  fifty  dollars  for  the  first  olTence, 
and  not  exceeding  one  hundred  dollars  for  each  sub- 
sequent offence. 

Acts  of  1884,  289.  i^  2. 

Acts  of  1886,  101,  §  4. 

The  State  board  of  health  shall  report  annually  to  the 
legislatvu'c  the  niuuber  of  jirosecutions  made  under  chap- 
ter two  hundred  and  sixty-three  of  the  acts  of  eighteen 
hundred  and  eighty  two.  and  an  itemized  account  of  all 
monej'  expended  in  carrying  out  the  provisions  thereof. 

Acts  of  1884,  289,  g  8. 

Before  commencing  the  analysis  of  any  sjimple  the 
person  making  the  same  shall  reserve  a  jiortion  which 
shall  be  sealed;  and  in  case  of  a  complaint  against  any 
jierson  the  reserved  portion  of  the  sjimple  alleged  to  be 
adulterated  shall  upon  application  be  delivered  to  the 
defendant  or  his  attorney. 

The  principal  amendment  to  the  foregoing  act  was  that 
of  1^97.  wherein  the  section  relating  to  labels  was 
amended  as  follows; 

"  The  provisions  of  this  act  shall  not  apply  to  mixtures 
or  compounds  recognized  as  ordinary  articles,  or  ingredi- 
ents of  articles  of  food,  if  every  package  sold,  or  offered 
for  sjile,  is  distinctly  labelled  as  a  mixture  or  compounil, 
irith  the  name  and  per  cent,  of  each  ingredient  therein,  and 
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I'immI   iiikI   Unit; 

iiik|H'i  Hull, 


If  MK'li   mixtures  or  coinpouutlg  nru  not  injiirloua  tu 

lU'llllll." 

oilii-rniid  H|«'oml  Rtntiiti-H  Imve  siiici- Ih-cm  ctmrliil  in 
.Mas.-*iiilms<'tls  rcliitiiif;  li>  sprriiil  arlicli'H  iif  foiMl,  hhcIi  iis 
tliat  iif  |Ht)7  ri'liitlvr  til  i'liiiiK'il  );<hhIs.  1111(1  tii  iiiiiIii.h.s)'SiiiiiI 
svi'ii|>s.  jinci  till' iiinrr  recent  sliitiites  iif  ItHM  reliitill);  to 
liiliils  mill  111  llic  use  "f  preservative.  . 

'I'lie  fiilliiwiiij;  siiiiiiiiary  presi'iits  in  ii  (■(iiuleiiseil  form 
some  iif  tlie  results  of  the  work  of  fooil  anil  ilrnj;  inspec- 
tion in  .Mas!<iieliiis<'tls  liy  the  State  board  of  liealth  iliir- 
in;;  the  past  i-ight4.-(.-u  yi-iirs  of  its  worit  iu  this  directiou: 


nu'iit  of  the  statutes  relative  to  fcMHl  and  dru);  inH|M-}-tion 
caiinol  lie  slated  exactly.  The  law  Ik  eniiiprehenKive  and 
its  provisions  cover  a  ntvM  variety  of  articles  Its  re- 
stniiiiin^'  inllnence  e.vtendN  outside  of  the  Stale  to  iiiaiiu 
factiirers  si-ndiiij;  j;ooils  to  this  market.  Il  is  specially 
|iioviiliil  hy  the  statute  that  al  least  three  llflhs  of  the 
aniouni  iippioprialed  shall  lie  expenileil  in  llie  enforce?- 
ini'tit  of  the  laws  rehiliuK  txi  tlie  udulli'iiilion  of  milk 
and  its  products.  Tliis  provision  lias  heeii  carefully  oh- 
.served." 
It  was  found  convenient,  after  a  year's  work,  to  adopt 


Sununarr. 


Numlirrot  aanipli*  of  milk  ■■xainlnisl 

NuiiiIkt  ii(  Miiiipli's  nl«>vf  ntuniliint 

NuiiiImt  of  !ullil|>ll'^  )m>)ii\v  t«iuiiilunl 

IVnelltllire  of  uillllliniUell 

Niiiiilsriif  Miiiipli-s  i>r  iiUiir  kinilsiif  fixsl  (mil  nillk) 

NtiiiilsT  of  siiiiiitlii*  iif  i^mmI  iiimllty 

Niiinls'r  nl  •miMiili's  iiiliilleruttil,  as  dtllned  hy  tlip  stalutPS.. 
I'en-enUitre  nf  uilullenitlon 

NmnlsTi'f  ^4mlpll•s  of  ilniifs  examined 

NiimlsTi'f  luiiiiiiles  cit  ).'.«»l  iiinilU.V 

NiiinlxTof  !iiiMi|>li's  nilullinilisl,  n.s  ile  lined  by  the  statute. . . 
ren-l'lllatfi'  et  uiluItemUuii 

Total  exiinilnnllons  of  fissl  anil  dniffs 

Tiilul  i-Munhnitlons  of  i!<n»\  i|uiillly 

Toiiil  i'.\»iiiinailoii9  ant  iinitoniilnK  to  the  statutes 

PrnvnIaKe  of  ailiilli'rulloii 

F.xpiMise  of  collif  Hon.  examination,  mid  pnwwutlon 

ExiieiLsi'of  eollwtliiu.exniiilnallon,  and  proswullon.  per  sample 
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aft 

1H3 
83.0 

aas 

H9 
31.2 

em 

M6 

40.8 

1,298 
TM 
878 
44.5 

$3.981. oO 
2.20 


1884, 


1.123 
347 
778 
OD.l 

R3» 
432 
4<I7 

48.!) 

082 
431 

a-ii 

36.8 

2,644 
1,210 
1.431 
54.2 

S5,529.6i1 
2.00 


1885. 


2.210 
l,2t»7 
022 
41.7 

1,552 


43.1 

1,007 
571 
430 
48.3 

4,778 
2.751 
2.027 
43.7 

$8,557.43 
1.79 


1888. 


0.247 
4.307 
1,040 
31.1 

&738 
8,238 

soo 

13.4 

812 
631 
281 
34.0 

10.7»7 
8.070 
2,721 
25.2 

SI  1.082.88 
l.ICi 


1800. 


8,180 
4,5(10 
1,0811 


aiioo 

3.015 
4.54 

14.8 

547 
303 
244 
44.0 

0.802 
7.424 
2.378 
24.3 

Sll.251.83 
1.15 


1000. 


l.-^Nl  lllOU. 


0.232 
4.4:11 
1.801 
28.9 

3.132 
2.070 
402 
14.2 

7.58 
377 
381 
50.2 

10.122 
7.478 
2.644 
26.1 

$11,108.73 
1.10 


in.oio 
30.au 

24.2.'.2 

38.1 

42.725 
34.744 
7.081 
18.7 

11.173 
7.010 
4,1.'>7 
37.2 

117..'.14 
SI.  124 
30,300 
31.0 


$17 


!,947.01 
1.47 


In  the  foregoing  table  the  first  three  columns  of  figures 
present  the  genenil  statistics  of  the  first  three  years' 
work;  the  next  three  columns  give  the  figures  of  the  last 
three  years,  and  the  final  column  presents  the  summary 
tif  eighteen  years. 

As  is  customary  under  the  operation  of  all  new  laws 
of  similar  chanu-ier,  the  tirst  few  inonllis  of  work  are 
usually  di'voteil  to  an  exaininalion  of  thi'  (lilTereiit  .sorts 
of  food,  in  onler  to  determine  the  extent  anil  theclianicter 
of  ailiilteraliim.  This  preliminary  examination  estab- 
lished the  fact  that  many  staple  products  are  not  subject 
to  adulteration,  except  in  rare  and  isolateii  instances. 
This  applies,  so  far  as  JIassachusetts  is  concerned,  to 
sugar,  fiour.  and  the  various  other  cereal  products,  so 
that  it  has  not  been  deemed  necessary  to  give  much  nl- 
tentioii  to  these  articles  of  food.  Hence  the  figures  in 
the  foregoing  table  should  not  be  understood  as  re|)ic- 
senting  the  actinil  amount  of  adulteration  existing  in  the 
general  food  supply,  nor  even  in  articles  liable  to  adul- 
teration, since  special  jiains  are  taken  at  times  to  obtain 
only  such  articles  as  are  known  to  be  adulterated.  Ex- 
perience often  shows  an  iu.s|)cctor  where  to  find  adulte- 
niteil  articles  of  food.  The  difference  iu  tlie  percentages 
of  the  first  three  years  (1SS3.  1884.  and  1S,'<.-.)  and  the  last 
three  (1898.  18!in',  and  r.HHl)  in  the  foregoing  table  may 
he  taken  as  repres<nting  (|uite  fairly  tlie  improvement, 
not  in  the  general  fomi  sup1>ly  under  the  present  inspcc 
tion.  but  in  lliosi-  articles  wliich  are  found  to  be  liable  to 
adultenition.  Upon  this  point  the  board  published  the 
following  general  statement  in  its  Annual  Report  of  1884  : 

"There  can  be  no  question  as  to  the  beneficial  results 
of  the  law.  as  executed  by  the  officers  of  the  board,  in 
improving  the  cuialily  of  the  food  and  drug  supjily  of 
the  State,  especially  in  regard  to  milk  and  butter — in  the 
former  case  as  rchiles  to  the  quality  of  the  su)>ply.  and 
in  the  latter  as  relating  to  the  proper  branding  and 
marking  of  simrious  goods.  The  extensive  correspond- 
ence of  the  Ileallh  Oepartment  with  wholesale  houses 
outside  of  Mas.s;uliuselts  also  confirms  their  appreciation 
of  the  value  of  the  work  done  iu  this  State,  and  also  the 
neces-sity  of  furnisliing  articles  of  undoubted  purity  for 
this  market.  This  is  es|iecially  true  of  all  classes  of  drugs 
sold  at  wholesiile  by  jiarties  outside  the  State. 

"The  actual  economic  results  obtained  by  the  enforce 


a  code  of  re.sulations  for  the  government  of  its  analysts 
and  inspectors  iu  the  performance  of  their  duties  under 
the  Food  and  Drug  Acts.  The  following  is  a  copy  of 
these  regulations. 

liuliK  (I lid  Regulations  of  the  State  Board  of  Ilealth  of 
^ft^Sl<llchlll<ctts  Rdntire  to  the  ln»pectinii  and  Aimli/xiii  of 
Fcixl  (iikI  Dnigs. — 1.  The  State  board  of  health  shall  ap- 
point analysts  and  inspectors,  as  provided  in  section  5 
of  chapter"263,  Acts  of  1882. 

2.  It  shall  be  the  duty  of  the  inspectors  to  procure 
samples  of  dnigs  and  articles  of  foixl  at  such  times  and 
places  as  the  secretary  shall  direct,  in  the  manner  pro- 
vided in  section  6  of  cliai>ter  263  of  the  Acts  of  1882.  and 
in  section  3  of  chapter  28(1  of  the  Acts  of  1884,  and  in  all 
acts  amendatory  of  sjiid  iirovisions. 

3.  I'liiler  the  direction  of  the  secretary,  the  inspectors 
shall,  for  the  identification  of  samples,  ailix  a  number  to 
each  sample  of  food  or  drugs  obtained  by  them,  in  such 
manner  as  may  be  prescribed.  Under  no  circumstances 
shall  an  inspector  convey  any  information  to  an  analyst 
as  to  the  source  from  which  any  sjimplc  was  obtained. 

4.  The  inspectors  shall  keep  records  of  each  sample, 
each  record  to  include  the  following  items:  (</)  The  in- 
spector's number;  (h)  the  date  of  purchase  or  receipt  of 
sample;  (c)  the  chaiacter  of  the  ssunple;  (</)  the  name  of 
the  vendor;  {e)  the  name  of  the  city  or  town,  and  street 
and  number  where  the  sample  is  obtained,  and.  in  the 
case  of  a  licensed  milk  pedler,  the  number  of  his  license; 
(/)  as  far  as  possible  tlie  names  of  manufactureis.  pro- 
ducers, or  wholesalers,  with  marks,  brands,  or  labels 
stamped  or  printed  upon  goods. 

5.  It  .shall  be  the  duty  of  the  analysts  so  appointed  to 
determine,  under  the  direction  of  the  secretary,  by  proper 
examination  and  analysis,  whether  articles  of  food  and 
<lrugs.  manufactured  for  s;ile.  olTered  for  sale,  or  .sold 
witiiin  tliis  Commonwealth,  are  adulterated  within  the 
meaning  of  chapter  2H3  of  the  Acts  and  Resolves  passed 
by  the  General  Court  of  Massachusetts  in  1882.  and  all 
acts  amendator3-  thereof,  adulteration  being  defined  a.s 
follows,  viz. :  (Here  follows  a  statement  of  the  statute 
as  already  eiven  in  a  previous  page.) 

fi.  It  shall  also  be  the  duty  of  the  analysts  to  receive 
such  specimens  of  food  and  drugs  for  analysis  as  may  be 
delivered  to  them  by  the  secretary,  or  by  the  inspectors. 
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and  to  examine  the  same.  To  avoid,  as  far  as  ]iossil)le, 
all  suggestion  or  diinger  of  speeimeiis  liavjiig  been 
tampered  witii.  each  analyst  shall  keep  each  specimen 
in  his  possession  in  a  suitable  ami  secure  place,  labelled 
in  such  a  manner  as  to  picvent  any  person  from  having 
acdss  lo  the  same  without  the  knowledge  and  presence 
of  the  analyst. 

.\nulyses  of  perishable  articles  should  be  made 
proniplly  after  they  are  received. 

',.  .\n  analyst  siiall  give  no  information,  under  any 
circumstances,  regarding  the  result  of  any  analysis,  to 
any  person  except  to  the  secretary  of  the  board,  prior  to 
any  trial  in  eo\irt  in  reference  to  such  analysis. 

The  analysis  shall  carefully  avi>id  any  error  regiirdiug 
the  inspector's  number  attached  to  each  sample,  and 
shall  report  the  residts  of  their  work  in  detail  to  the  sec- 
retary. 

In  "the  case  of  all  articles  having  a  numerical  standard 
provided  by  statute,  the  result  of  the  analysis  should 
show  their  relatiim  to  such  standard. 

.s.  Before  begiuuing  the  analysis  of  any  sample,  the 
analyst  shall  reserve  a  portion,  which  shall  be  sealed,  and 
in  tile  event  (if  tiuding  the  iiorlicin  analyzed  to  be  adul- 
tcniteil,  he  shall  preserve  thi>  sealed  portion,  so  that  in 
case  of  a  complaint  against  any  person  the  last-named 
portion  may.  on  application,  be  delivered  by  the  secre- 
tary to  the  defendant  or  to  his  attorney. 

9.  Encli  analyst  shall  present  to  the  secretary,  on  the 
Monday  before  "the  first  Thursday  of  each  month,  a  sum- 
mary of  the  analyses  made  by  him  during  the  previous 
month. 

Each  analyst  shall  also  present,  on  or  before  the  first 
of  January  of  each  year,  an  aimual  report  of  the  work 
done  foi-  the  year  ending  ou  the  30th  of  September  pre- 
ceding. 

10.  The  secretary  shall  have  charge  of  the  repoi'ts  of 
analyses,  and  shall  cause  cases  foimded  on  such  reports 
to  be  sul)uiitted  to  the  courts  for  pro.secutiou. 

In  each  case  of  a  retailer,  and  of  every  dealer  not  a 
manufacturer  or  producer,  he  may.  if  the  party  has  not 
been  jireviously  complained  of  in  court,  issue  a  notice  or 
warning  of  any  violation  of  the  law  relative  to  the  adul- 
teration of  food  and  drugs,  and  of  the  offender's  liability 
to  prosecution  on  a  re|)etition  of  the  sale. 

11.  Shoidd  the  result  obtained  by  any  analyst  be  ques- 
tioned in  any  given  case,  another  analyst  shall  repeat  the 
analysis,  unless  otherwise  instructed  by  the  lioard.  pro- 
vided a  sullicient  sum  to  meet  the  expense  of  the  analysis 
be  deposited  with  the  secretary  l)_y  any  interested  party 
feeling  aggrieved,  which  s\mi  will  not  be  returned  un- 
less the  second  analysis  fails  to  confirm  the  first  in  essen- 
tial particulars. 

Vi.  Any  api»eal  fmiu  the  decision  of  an  analyst  shall 
be  filed  with  the  secretary,  who  shall  report  it,  and  any 
matter  in  controversy  to  the  board,  giving  his  judgment 
thereon,  and  the  board  shall  su]iervise  and  control  tlieac 
tion  <if  its  otliccrs  in  executing  the  law, 

Vi.  Where  standards  of  strenglh.  quality,  or  purify 
are  not  fi.xed  by  the  act,  the  analysts  shall  iircsent  to  the 
secretary  such  standard  as  in  their  judgment  should  be 
fi.xed.  and  the  secretary  shall  leport  the  same  to  the 
boar<l  for  its  action.  The  standards  set  by  the  British 
Socii'ty  of  I'ublic  Analysts  will  be  followed,  as  nearly  as 
praclicalile.  until  otherwise  ordered. 

14.  Whenever  a  drug  or  preparation,  not  prescribed  in 
a  national  pharMiaco]i(eia  or  oilier  standard  work  on  ma- 
teria medica,  shall  be  manufactured,  offered  for  sale,  or 
used  in  this  State,  the  standard  of  such  drug,  and  the 
standard  and  proportion  of  the  ingredients  of  such  prepa- 
ration, and  the  range  of  variability  from  such  standard 
or  standards,  shall  be  ascerlained  by  the  analysts,  who 
shall  report  the  Sitme  through  the  secretary  to  the 
Vioaril. 

l.'>.  The  analysts  shall  occupy  such  time  in  the  per 
formance  of  their  resjieclive  duties  as  a  reasonable  com- 
pliance with  the  terms  of  the  statute  shall  require,  and 
shall  be  i)resent  one  hourof  each  day.  at  such  time  of  the 
day  and  at  sue'i  jdace  as  shall  be  designated  by  the  board, 


to  meet   the  convenience  of  interested  parties  and  the 
public. 

The  following  classified  list  embraces  most  of  the  ex- 
aminati<ms  of  articles  of  food  examined  in  Massachusetts 
under  the  Food  and  Drug  Acts  up  to  October  Isl.  1898: 


Articles  examined. 


Milk 

Condensed  mill;. 

Halter 

Cheese . 


Vinegar 

Lard 

Olive  oil 

Spices  and  condiments 

Coffee 

Tea 

Cocoa  and  cliocolate 

Whi'ul  Hour 

Bread  anil  cake 

CorniTieal  and  other  cereals.. . . 
Siit:n.  liipiorii.  and  com  starch. 

Cri'juii  "f  lartar 

Soda  and  salcratus 

Molasses 

Syrups 

Maple  synip 

Maple  sugar 

Suuar 

Honey 

Confectionery 

Pickles  , 


Lime  juice  and  lemon  juice. . 

Horeeradish 

Arrowniot 

Gelatin 

Salt 

Canned  food  * 

Flavoring  extracts 

Sardines  

.tellies  and  jams 

spirits,  wine.ale,  beer  and  elder* 

Miscellaneous  t 

Drugs 


Total 
exumtned. 


51,19S 

247 

3,.t6:5 

473 

1.7.W 

524 

14,ilU3 

l.(IS8 

B7(( 

208 

187 

86 

18 

21 

4,45li 

I(X1 

2.3B4 

122 

4t«J 

36.5 

1.56 

716 

784 

29 

28 

20 

21 

34 

21 

.39 
.5 

112 

ite 

1,493 

S.SflS 


NumlKT 
adultenned 

or  IM'IOW 

standard. 


20,-71 

•>1 

413 
1 
927 
12ii 
3.57 
2.674 

■ia 

31 

S3 

5 

1 

0 

(I 

46.5 

.> 

306 

58 

135 

87 

9 

209 

65 

2 

21 

8 

4 

3 

1 

244 

5 

4 

47 

121 

.523 

3,532 


Per  cent. 

of  adulter* 

atlon. 


40.6 

8.5 

11.6 

0.2 

.5.3.0 

28.0 

49.0 

17.9 

22.6 

3JJ 

25.5 

3.0 

1.3 

.0 

.0 

1(1.4 

2.0 

12.7 

4.5.9 

28.0 

23.8 

.5.7 

29.2 

8.3 

7.0 

75.0 

40.0 

19.0 

9.0 

4.8 

46.6 

12.8 

80.0 

42.0 

63.0 

35.0 

35.7 


*A  considerable  portion  of  these  \vere  French  vegetables,  which 
were  examined  for  the  presence  of  copper  as  a  coloring  agent. 
+  .\  larL'i'  uuiiilier  of  examinations  of  spirits  and  wines  is  included 

in  the  item  i-f  .hiiL's. 

t  Unili'i  this  lii-ad  are  included  sanii>les  of  sage,  marjomm.  maca- 
roni, veriiiici'lli.  poultry  drcssim;.  desiccated  coi'oanut.  citron,  coiu- 
jircsscd  vf;ist.  meat  exinicts.  cixikiiiu'  mcnsiis.  fuuil  wnippers.  wall 
paper,  ilotliiug  and  textile  faluii-s.  Iiottic  .si<  ipiiers.  food  iiri'servaiivcs, 
coloiing  lualler.  etc. 

A  broad  view  of  the  subject  of  food  inspection  would 
include  the  examination  of  water  as  one  of  the  necessjiries 
of  life,  since  it  is  essential  to  the  preparation  of  most 
articles  of  food,  and  also  a  convenient  vehicle  for  the  ad- 
ministration of  veiy  many  of  them.  It  is  also  absolutely 
necessary  to  the  hi'althy  growth  of  the  human  organism. 

The  iinpoi'faut  work  nf  water  analysis  has  been  con- 
ducted by  the  Kngineering  Departnient  of  the  State 
boai'd  of  health  since  ISST,  and  this  work  has  been  ex- 
tended to  the  examination  of  the  wafers  of  the  ponds, 
sfi'eams,  springs,  reservoirs,  and  wells  used  as  jiublic 
supplies  by  aljout  IGO  cities  and  towns  in  the  State.  The 
total  number  of  such  examinations  has  beenabmif  30.000. 
Full  reiKirfs  upon  Ihissubjc'cf  may  be  found  in  the  reports 
of  the  bourd  for  the  years  1887  to  19UU.  and  in  the  special 
dcicumeut  ujion  the  examination  of  water  supplies  pub- 
li.shcd  in  1890. 

In  addition  to  the  regular  routine  mode  of  fooil  and 
drug  inspection  in  JIassachusetfs.  much  has  been  accom- 
plished by  work  in  special  directions  during  the  eighteen 
years  since  the  work  was  begun.  These  may  be  euvime- 
rafed  as  follows: 

Investigations  relating  to  the  quality  of  milk  as  pro- 
duced by  the  cow. 

.1  ii(i/>/sis  of  Iiijiiriiiits  inul  other  Empiiirnl  PrcjHirntiottK. 
— Hair  dyes,  cosmetics,  bitters,  and  tonics:  alleged  cures 
for  the  opium  and  alcohol  habits,  catarrh  and  asthma 
cures  containing  cocaine,  etc. 

Coliiri  11(1  Mattd-K  ill  Foml. — Milk,  liutter.  oleomargarine, 
preserved  vegetables,  salts  of  tin  in  molasses,  etc. 
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lll»li<-(  Hon, 


Flint  prfnerriitirti ;  the  <|Uiility  of  iri'iift  ami  lii/tiorii  ; 
ri'|"'rl  ii|M>ii  i»/<"iHiii;7/in;ic  ;  tlii'  uses  of  yliirmu  in  fiioil; 
till'  |irrHt'i.<'i- iif  tiif/iiiiit  in  pork  iiroilticts:  llic  Kliiiiilunl 
(if  riiiii/iir  :  III!'  iisi-  of  lilt'  woril  "rttiuin'iniil,"  etc. 

Till  Sill iiilii III  iifMilk.  —  VurxUv  |iiir|M)Hi' of  (Iclrnniii- 
iiii;  III)'  I'liiisisli'iicv  of  till'  t'xislliiK  stiiiiilanl  of  milk  in 
Mii'is<iilnis<lts.  iiniilysi-s  wrrc  iniiilr  in  \^^i  of  tlir  milk  of 
ni\  Imndicilcows,  Ilic  siimplc"<  lMiii^;iii|li(li  il  imlilTiTi'iit 
lutrit  of  till'  Stiiti'.  mill  from  ililTiri-iit  linds  of  animiils. 
of  ililfciriil  iip'S.  mill  in  ililTirriit  si-asoiis  ol  llir  yi'ur. 
Till'  iivcniKf  lotiil  solids  of  till-  I'liliri'  niimlicr  was  foiiiul 
to  III'  very  ni'iirly  tliirtci'ii  iiiiil  mir  tliinl  prr  i-riit  (llio 
Irjral  stiiiiilaril  of  Massarliiisi'tis  is  lliiili'cn  |ii'rrrnl.  in 
wiiitiT.  anil  twilvi'  iiiTicnt.  in  snmmrr).  In  latrr  yrars 
tlirsi'  tiiiiiri'sliavi'  hi'i'iiioiilirnu'il  liy  fiirtlu'ri-xaminationH 
ii|>oii  till'  same  point. 

Witli  ri'fi'ii'nri'  lo  lirt'i'ds  of  cows  then-suits  of  iiniilyscs 
wi'iX'  lis  follows: 

Till-  nvi'nik'i-  milk  of  II  Ji-rw-rs         liiid  U.iC!  loinl  willils  anil  iM  fiit. 

tt.'iiiitlvi \VH    "    i:).i« :t.31   ■• 

:ti  .lynililn-s       "    l:.'.!iT S-ai  " 

••     "  'il  HiirliKiiis         "    lu'.ri ;t.3S  " 

"     "  \;  lli.UIi-iiin        ■•    l:!.''! 3.20  " 

Avtijiri.il  CiJnriii;/  Muttrr  in  /■>»«/. — Tin-  pnirtire  of 
{■inployin^  c'oloiini,' inattri^i  in  lonnrction  willi  ditTcri'nt 
nrtiilis  of  food  is  very  common.  The  following  imiy  Ix- 
namcd  as  very  common  examples: 

(Vrlaiii  coiidiments.  siicli  as  miistnrd,  ginger  and  other 
spices,  siipir.  confectionery,  preserved  and  canned  goods 
(especially  peas,  lieans.  and  tomatoes),  milk,  butter,  oleo- 
niargarine,  pickles,  cuke,  syrups,  jellies,  jams,  preserves, 
fruit  syrups,  llavoring  extracts,  anil  various  sorts  of 
beverages. 

The  coloring  matters  em|iloyed  in  connection  with 
these  articles  of  food  may  be  classilied  as  follows: 

1.  lliiniiliKx  Ciiliiin. — These  are  usually  madi-  frimisome 
companitively  harndessorganic  products,  suchasannatto. 
caramel.  lurmeiic.  andctwhineal.  Aniline  dyes,  the  prod- 
ucts of  coal  lar.  are  alsoiiuitc  largely  used  for  the  color- 
ing of  milk,  jellies,  jams,  preserves,  and  other  articles 
of  food. 

2.  Iiijtiniiiis  Cnlorn. — These  are  usually  some  of  the 
metallic  compounds,  s\ich  as  lead,  cojiper.  and  tin. 

Il  cannot  be  urged  in  regard  to  any  of  these  colors, 
whether  harmless  or  otherw'ise.  that  tliey  have  any  true 
value  as  articles  of  food,  aiul  the  demand  for  their  use 
comes  mainly  from  the  trader,  and  not  from  the  actual 
consumer,  excepting,  so  far  as  the  latter  has  been  errone- 
ously educated  by  the  former  as  to  color  standards  in  the 
mailer  of  food.  No  good  and  useful  end  is  attained  by 
their  use.  so  far  us  the  question  of  nutriment  is  con- 
cerned, and  not  only  may  hann  ensue,  but  also  even  fatal 
consinuences. 

The  use  of  artificial  food  colors  is  usually  a  fraudulent 
one.  and  they  are  consei|Uently  employed  mainly  for  the 
purposi'  of  giving  to  an  inferiorarticleof  food  a  ticlitious 
value,  and  thusto  imilateother  articles  of  a  similarchar 
ncter.  but  of  better  nuality.  at  least  so  far  as  their  actual 
cost  is  concerned.  The  dilTereiice  in  actual  nutrilive 
value  as  articles  of  food  may,  however,  be  but  little  or 
nothing. 

When  examinations  of  milk  were  made  in  >b»s.sachu- 
setts  soon  after  the  enactment  of  the  law  of  ISS'J.  it  was 
found  that  the  addition  of  coloring  matter  to  milk  was  a 
very  common  practice  in  the  cities.  From  the  fact  that 
colotX'd  samples  of  milk  were  almost  invariably  found  to 
he  adulterated  in  other  ways,  it  was  inferred  that  artiticial 
coloring  was  practised  for  the  purpose  of  concealing 
fraud,  and  of  giving  to  milk  which  had  been  skimmed 
and  watered  tiie  aiipeanuice  of  milk  of  good  standard 
quality.  Hence  a  vigorous  warfare  was  made  against 
the  practice  until  it  disji]ipeared. 

The  question  of  the  sjileof  preserved  vegetables  colored 
bright  green  by  sulphate  of  copper  came  to  the  attention 
of  the  iMiard.  and  the  sjite  ground  was  taken  that  the  in- 
troduction of  poisonous  metallic  colors  in  any  amount 
whatever  sliould  have  no  legitimate  place  in  the  food- 
supply  of  the  people.      A  general  law   forbidding  the 


iiHe  of  any  fwirt  of  coloring  matter  in  fiKMl  woiild  dimlniiili 
the  amount  of  food  adulteration  very  di-cidedly. 

Tiii'/iiinf  ill  I'lirk — .\iiionc  the  many  iineKtioiiK  relat- 
ing to  the  fomi  supply  in  Mas-siichuHelts  the  qiuilily  of 
Hie  pork  olTered  for  sale  has  not  been  overlooked.  Nearly 
thirteen  thousand  hogs  have  bei-ii  examined  under  the 
direction  of  the  board  for  the  presi'me  of  trichina-.  Of 
this  number  7'JI.  or  fl.:t  jier  cent.,  wen-  found  lo  l«c 
triehinoiis.  Western  hogs  were  found  to  contjiiii  less 
than  Kaslerii,  and  of  thosi-  mis(-d  in  JIassaehnsetts.  Ihoxe 
reared  in  public  institutions  and  upon  the  refus4.'  of  citiefl 
were  found  to  sulTer  the  most.  An  examination  was  also 
made  of  sausages,  and  only  one  out  of  30.")  was  found  to 
contain  trichina-. 

lliiKiini  I'liiriUm. — No  class  of  substances  employed  in 
th(-  prepamlioii  of  food  has  been  the  subject  of  so  much 
discussion  as  these:  and  this  is  true  iiotwilhslanding  the 
fact  that,  as  elements  in  the  matter  of  food  economy,  or 
as  nutritive  constituents  of  the  neiessary  food  of  man- 
kind, they  have  absolutely  no  value.  Tlieir  use  in  the 
preparation  of  food  was  unknown  until  the  early  part 
of  the  present  cenliiry.  and  for  ages  the  human  race 
thrived  without  them.  Whenever  bread  was  desired 
which  should  possess  the  properties  of  porosityand  light- 
ness of  texture,  in  early  limes,  some  sort  of  leaven  or 
yeast  was  employed  for  the  purpose. 

The  use  of  baking  powders  at  the  present  day  is  due, 
undoubtedly,  to  several  causes,  prominent  among  which 
is  a  demand  for  rapid  and  convenient  methods  of  prepar- 
ing bread  and  juistry  forcooking :  and.  also,  to  the  stimu- 
lus of  trade  produced  by  excessive  advertising. 

If  the  statements  of  rival  manufacturers  as  to  the  poi- 
sonous qualities  of  all  other  baking  imwdcrs  except  tlieir 
own  were  to  be  creililed.  the  use  of  these  iireparations 
would  soon  cease.  Such  false  teaching  does  harm  in 
misleading  the  community  and  creating  a  distrust.  The 
fallacy  lies  partly  in  the  want  of  discrimination  lietween 
large  and  small  dosesof  the  ingredients  of  such  powders. 
For  example,  common  sjilt  and  mustard  act  as  jioisons  in 
large  doses  and  produce  vomiting.  In  small  doses,  on 
the  contrary,  neither  of  them  is  harmful.  Again  the 
process  of  cooking  changes  the  character  of  all  baking 
powders. 

It  should  be  remembered  that  the  introduction  of  these 
articles  is  of  comparatively  recent  date;  that  they  are 
compounded  of  several  ingredients;  that  ditTerent  mami- 
facturcrs  employ  different  ingredients  to  attain  the  sjime 
object  or  end.  and.  except  in  a  few  instances,  standards 
of  purity  have  not  been  adopted  for  this  class  of  articles: 
hence  the  use  of  the  terms  ;»'/n7//  and  inqniritii.  as  ap- 
plietl  to  them,  must  be  considered  as  arbitrary,  or  at  least 
merely  conventional.  Experiments  have  lieen  undertaken 
with  the  view  of  settling  the  question  as  to  whether  the 
ingredients  of  certain  baking  powders  were  injurious 
to  health;  and.  while  positively  harmful  results  have  in 
some  instances  been  reached  by  the  ingestion  of  consider- 
able doses  of  such  ingredients,  when  taken  singly,  still, 
the  (luestion  of  actual  injury  to  the  health  of  human  be- 
ings on  the  one  hand,  or  of  freedom  from  harm  on  the 
other,  from  the  use  of  baking  powders  in  food,  cannot 
be  regarded  as  settled. 

luUitiratinfj  Liquors  and  Beverages. — The  examinations 
of  intoxicating  liquors  (including  those  of  wines,  ale.  and 
beer),  which  have  been  made  by  the  chemists  of  the 
board,  have  embraced  samiiles  which  have  been  obtained 
both  as  drugs  and  as  beverages,  the  former  having  been 
obtained  exclusively  from  drug-stores,  and  the  latter  from 
places  where  such  articles  are  retailed  as  beverages. 
.  These  examinations  have  shown  that  while  adulteration 
of  intoxicating  liquors  is  a  matter  of  very  common  oc- 
currence, the  presence  of  harmful  adulterations,  contrary 
to  popular  opinion,  is  rare.  The  following  statement  of 
the  analyst  in  the  report  of  1886  is  also"  confirmed  by 
more  recent  examinations. 

"For  the  .sjike  of  the  public  health,  it  is  a  cause  for 
congratulation  that  the  chief  deviations  from  the  require- 
ments of  the  Phamiacopo'ia  consist  almost  exclusively  in 
the  addition  of  alcohol,  of  water,  and  of  hannless  swcet- 
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cnin^  and  Havoriusr  siilislanct'S.  Not  a  single  sample  of 
ailullcrated  spirits  in  the  popular  iiiiilcrslaniliiii:  of  lliat 
fi-rtn,  tUat  is.  one  contaiiiini;  a  more  injurious  injircdicnt 
than  alcohol  itself,  was  nu't  «iih.  allhou^'li  very  few 
were  exactly  what  they  pnrporleil  to  lie"  ("Snpijleinen- 
tnry  Keport'of  HealtliDeparlnient.  Mas.s.."  l,s!<(!.  p.  184). 

.)fi.il II n it  or  Cdiiijki'iiiiIk. — The  work  of  inspection  in- 
cludes a  careful  c.xaniinalion  of  the  methods  iii  wliich 
food  is  offered  for  sjile.  esiiecially  with  reference  to  the 
question  of  labellinir  and  theairreenienl  of  the  label  with 
the  actual  contents  of  the  packau'e  lo  which  it  is  nlfi.xed. 
since  the  statute  of  Massjichusetls  provides  that  "mi.x- 
lures  or  comjiounds"  are  not  to  lie  treated  as  adulterated 
in  the  eye  of  the  law.  "provided  that  the  same  are  not 
injurious  to  health  and  are  distinctly  labelled  as  mi.xt- 
iires  or  compounds  with  the  name  and  percent,  of  each 
insrredienl  therein." 

This  provision  of  the  law  is  frequently  disrcsarded, 
especially  in  the  case  of  spices;  and  while  the  term 
"compound  "  is  lo  be  found  after  ]irolon.u'cd  .search  upon 
the  label,  it  often  occupies  an  obscure  position,  or  is 
printed  in  extremely  small  type,  so  that  the  term  "dis- 
tiiii-tlji  labelled  "  does  not  ajiply. 

It  is  not  always  safe  to  infer  that  all  parts  or  packages 
in  a  lot  of  spices  or  similar  articles  of  food  are  pure,  be- 
cause a  single  sample  or  |iackajre  jiroves  to  be  pure.  The 
following  case  is  an  illustration:  Tw'o  packages  of 
powdered  cloves  were  obtained  at  a  grocery.  The  jiack- 
ages  were  in  unbroken  tin  boxes  of  one-ipiarter  pound 
each,  and  were  iiurchased  at  an  interval  of  three  weeks; 
each  jiackage  was  of  the  same  size,  ami  each  had  exactly 
the  sjime  brand  or  label.  On  ini|uiry  of  the  retailer  it 
was  found  that  both  of  the  packages  came  from  the  .same 
Jot.  It  appeared  on  e.xaminati<iii  that  the  first  package 
■was  considerably  adultenited  and  the  second  was  pure. 
A  notice  of  this  fact  was  therefore  sent  as  usual  to  the 
retailer,  who  transmitted  the  notice  to  the  manufacturer. 
who  lives  outside  the  limits  of  the  State;  he  denied  the 
charge,  and  hence,  as  is  customary  in  cases  of  disputed 
analysis,  sjimples  were  sent  to  a  second  analyst,  who 
confirmed  the  statements  of  thelirst;  and  tinally,  four 
analyses  wen-  made  with  the  same  result,  neither  chemist 
knowing  anything  of  tlu'  source  of  the  samples,  nor  did 
either  know  that  a  iirevi<ius  analysis  had  been  made. 

This  circinnstance  shows  that  it  is  not  always  safe  to 
judge  of  the  character  of  any  group  or  lot  of  articles  from 
the  examination  of  a  single  samjile. 

Gmss  A/iji,in-inir,.'<.  —  It  is  evident  that  very  little  reli- 
ance can  be  placed  \ipon  the  mere  external  inspection  of 
articles  of  food,  such  as  may  be  made  by  the  employment 
of  the  senses  of  taste,  touch,  smell,  and  sight,  since  the 
principal  object  of  the  falsifier  of  food  preparations  is  to 
deceive  the  senses  of  the  consumer  by  every  possible  re- 
source of  his  art.  It  is  a  common  experience  in  this  de- 
partment of  work  to  receive  articles  of  food  from  various 
sources,  which  arc  believed  by  the  persons  presenting 
them  for  examination  to  be  adulterated,  but  which  the 
analyst  finds  to  be  i)urc.  This  experience  is  true  in  the 
ease  of  many  of  the  articles  of  food  which  are  liable  to 
adidteration,  and  also  of  some  articles  which  are  scarcely 
ever  found  to  be  adulterated.  The  same  experience  has 
been  met  by  other  authorities  who  have  had  charge  of 
similar  work  '"Report  of  Commissioner  of  InternalRev- 
enue,"  Washington,  18S7,  p.  cxliii.).  Among  the  various 
articles  which  have  been  thus  submitted  to  the  board  f<ir 
examination  (under  the  impression  of  the  jurson  submit- 
ting them  that  they  were  adulterated)  were  the  following: 
Flour,  sugar,  molasses,  vinegar,  cream  of  tartar,  honey, 
milk,  butter,  cheese,  lard,  salt,  and  several  kinds  iif 
spices  or  condiments. 

The  reasons  for  these  false  notions  with  reference  to 
the  qtialitv  of  articles  of  food  arc  mainly  the  following: 
1.  A  liability  to  luistjdie  the  deti-rioiatiou  of  an  article, 
or  an  inferiority  in  grade  or  (piality,  for  an  actual  falsifi- 
cation or  substitution.  0.  A  lack  of  familiarity  with  the 
true  physical  eharacleristics  of  the  article  in  question. 

yotirrn  t'l  IlitiiilriH. — It  has  been  the  custom  of  the 
board  to  issue  a  warning  notice  to  retailers  selling  articles 


found  to  be  adulterated,  in  cases  in  which  there  was  a 
reasonable  i>robability  that  the  retailer  was  not  aware 
that  such  articles  were  adulterated. 

In  cerlain  articles  of  food  which  have  been  specially 
liable  to  fraud,  such  as  the  various  sorts  of  spices,  condi- 
menis,  cream  of  tartar,  etc..  adidteration  has  been  greatly 
diminished,  and  is  in  many  instances  liudted  t<i  parties 
whose  business  is  conducted  outside  of  the  State,  and 
cannot  therefore  be  easily  reaihed  cxceiit  through  the 
customary  notice  sent  to  the  retailer  who  buys  of  such 
outside  parties. 

These  notices  have  proved  to  be  a  very  efficient  mode 
of  dimini.shing  adulteration.  It  is  not  the  retailer  who.is 
seriously  affected  by  the  reeeil>t  of  such  a  notice,  but  llie 
wholesale  dealer  or  inanufaclurer  to  whom  it  is  speedily 
forward<-d  by  the  retailer,  and  who  finds  that  he  cannot 
allord  In  continue  a  wholeside  imposition. 

In  the  following  table  the  ratio  of  iidulteration  found 
in  articles  of  food  and  drugs  examined  in  Kngland  and  in 
Massachusetts  dm-ing  the  period  of  inspection  and  eu- 
forccment  of  the  laws  is  presented: 

Perckxtage  ok  AnrLTERATiox   AS  Gives  is  the  Reports  or 
Eacu  Year. 


/-England  and  Wales.^ 

Massachusetts. 

nationr      1    Average 

Tear. 

Ratio  of 

adulteration.     live  years. 

adiilterailon. 

Per  cent. 

Per  cent. 

Per  cent. 

1877 

19.21 

1.S78 

17.2 

1879 

14.8^.... 

16.2 

IS,** 

1.5.7 

1S81 

U.7I 

1882 

13.11 

188:) 

l.i.O 

1883 

44,5 

18,S4 

U.Ik... 

13.9 

1884 

,M.2 

188.i 

13.2 

1885 

42.4 

l.S8fi 

11.9 

1886 

38.7 

1887 

12.8 

1887 

34.3 

1S88 

in.8 

1888 

30.3 

l.SSi) 

11..T  f  .... 

12.7 

1889 

31.9 

IS'HI 

11.2 

189(1 

31.5 

ISfll 

12  2 

1891 

32.8 

18ie 

12.i 

1892 

33,7 

l.S!ICi 

12.9 

1893 

31.2 

18il4 

10.3 

1894 

31.9 

1895 

9.31 

lO.S 

1893 

38.5 

18iM 

9.21 

1896 

28.6 

1897 

9.4 

1897 

24.8 

18(18 

8.7 

1898 

1899 

1901) 

25.2 
24.3 
26.1 

As  a  comment  npoii  the  foregoing  table  and  the  dia- 
gram below  the  following  observations  may  be  made: 

First.  The  gradual  lessening  of  adtilteration  under  the 
action  of  judicious  legislation. 

Second.  The  much  greater  ratio  presented  in  the  column 
headed  Massachusetts  than  in  that  of  England  and  Wales. 
The  reason  for  this  great  difference  may  be  Unuul.  tiist, 
in  the  fact  that  in  conformity  to  the  re(|uirements  of  the 
statutes  in  Massiuliiiselts  more  than  half  the  samples  ex- 
amined were  milk.  The  stan<lard  of  milk  in  the  State  is 
unusually  high  as  compared  with  that  of  other  countries 
(thirteen  per  cent,  of  solids,  in  winter,  and  twelve  per 
cent,  in  summer).  Hence  it  is  the  custom  to  report  all 
samples  as  adulterated  which  are  found  to  be  below  the 
foiegoing  limits.  Now.  there  are  many  animals,  espe- 
cially those  of  the  llolstein  breed,  which  habitually  in'o- 
duee  milk  having  li'ss  than  thirteen  |ier  cent,  of  solids. 
Hence  it  has  not  been  dccme<l  prudent  to  enter  comidaiuts 
at  court  lo  the  full  extent  of  the  legal  re(|uirenienls.  In 
the  case  of  milk,  therefore,  the  ratio  of  adulteration  as 
rciiorted  is  for  the  most  ])art  an  apjiarcnt  and  not  an 
actual  adulteration,  t^eroiidli/.  the  samples  selected  under 
the  Massachusetts  law  are  maiidy  such  as  are  known  or 
suspected  to  be  adulterated,  while  in  Kngland  msuiy  s;im- 
lili's  of  such  staple  articles  as  bread.  Hour,  sugar,  and  tea 
are  annually  examined,  which  are  practically  free  from 
adulteration, 

A  prominent  feature  in  the  execution  of  the  Massiichu- 
setts  law  is  that  of  expenditures.     The  sum  appropri- 
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I'oimI  mill    llrii{£ 
luapt't  Hull. 


ntcil  fcir  till'  Work  of  llic  llrHt  year  wus  Sa.OOO;  (if  Ihu 
wtoimI  yriir.  ^.'i.lKX):  of  llic  lliinl  yt'tir.  !<t0.l)(H),  iinil  fur 
till'  iPiiil  iiiiii'  viiirs,  rmlfil  1IK)1,  il  liiis  lii'fii  !JI1..">(M)  piT 
yi'tir.  Alioiit^io.lJOU  liiis  liriii  ('iillccloil  Hiuce  uail  iiii'liitl' 
Yoor 


Flo.  -1W.-  -IilHimim  sbnwliiK  the  Ratto  of  Artullfratlcm  In  EiiKlaml, 
ISTT-IMW,  nnil  In  Mnssiu-hiisctls,  IHfCHiKHi. 

ins  IWH  in  fiiica  for  violntiim  of  the  law.  tliis  iiinoiint 
lifinir  ri'turncd  to  llio  troasurics  of  cities,  towns,  niiil 
couiilics. 

Snmll  mnounts  were  expended  nnniially  at  firet  for  lejral 
services,  llic  entire  amount  for  tlie  first  twelve  years  be - 
iiii;  Sl.llUK.Ii;!,  or  less  than  SilTill  ])cr  year.  Bii"l  for  the 
past  si\  years,  nii  expenses  whativcr  have  been  incurred 
in  the  cMipliiynic'iit  of  counsel,  the  inspcelors  liavin.ir  be 
come  familiar  with  the  methods  of  presentation  of  cases 
at  court. 

The  annual  ratio  of  siimples  of  food  collected  for  ex- 
amination to  the  whole  ]io|)ulation  in  recent  years  has 
been  as  follows; 

In  K.nclimil  nml  Wales  (ISftViBI alwut  1  to  each    Tfll  luliabluints. 


In  I'nrls  i  isii")  IKii. 

In  M»s.><arhiisills  ilSifiOH) 

Ill  uhlii  ilsiwi  iiilisainplesl 

In  riinnei'ilrni  il.siiSi  il.^il'isamplesl. 
In  New  Jersey  assin  (l.Tie      "       ). 

In  Minnesota*  (1897-lW)  i^     =  (Tfll 

-   samples) 

In  New  Y"rk  (1885)  (2,391        "       ) 


Km 

•iiO 
l.i)2« 


l.mt.' 
2,774 


CoNXKCTlciT. — Actiiiir  under  the  provisions  of  a  Law 
of  1S95.  theConneciicul  A?;ri(iillural  Exiieririicut  Station 
maUes  analyses  of  "fncid  piddiicls  on  sale  in  C'onnectii'iit 
suspected  of  bcinsr  adiillcrated."  and  is  provided  with 
an  annual  approiuialion  nf  .'sO. .")()()  for  this  purjiose.  The 
station  also  examines  food  products  submitted  by  the 
Dairy  rommissiimers. 

Diirin.!:  the  yi'ar  1898,  the  number  of  samples  thus  ex- 
amined, exclusive  of  cattle  feeds,  was  l.Slio.  The  prin- 
cipal articles  examined  were  as  follows: 

././/(■(.«.— Seventy  samples.  4:!  adiilienitcd,  the  chief 
adullenmls  consisted  of  Lrelalinous  materials  (starch, 
paste,  irelatin,  airar-a.gar,  and  ajiplc  jelly),  sweetneaslglu- 
cost',  and  sjiccharin).  Saccharin  costs  Sl5  per  pound, 
but  is  500  times  as  sweet  as  sugar.     It  has  no  nutritive 

♦  Biennial  Report. 


niiulitleR,  Coloring  nmller  (numtly  iiiilllu<>  ilves);  fruit 
llavors.  acids,  and  chemical  prewrvallveH.  'flie  ii'porl 
publislns  (he  iiaiiieof  the  bnitul  and  wIioIchiiIc  dealer  and 
of  the  reUiiler  in  each  ciiue.  uIho  the  place  of  unle.  (|uuiility, 
and  price. 

Of  .'il  sjimple.M  of  iiinis,  preserves,  and  nianniiladi's  4.'5 
Were  fiiund  to  be  ailiilteratid.  the  iiriiieipal  iiclullemntH 
w<'re  glucose,  salicylic  acid,  and  aniline  or  ulher  arlitlcial 
colors. 

Till. — Eighty-nine  siiinples  were  examined  and  "  none 
of  the  samples  were  found  adulterated  other  thitn  by 
facing." 

<'"jl<<. — Of  73  samples  II  were  lound  adulterated,  or 
11  out  of -1.')  to  which  till-  statutes  would  apply. 

The  pencntage  of  adulteration  of  ciilTic  in  Ihe  pa.st 
three  years  was  as  Inllinvs.  IMjlli,  (i;!.;i  per  cciil.;  ISitT, 
57.7,  and  in  1.81)8.  21.4.  This  impiovemiiit  the  board 
atlributes  to  the  opcr.ilidii  of  the  pure  fond  law. 

(liiitiir. — Ninety-one  s)ini|ilcs  were  examined.  24  udul- 
terated. 

Alf  (iiiil  Beer. — In  47  samph'S  12  were  found  to  contain 
salicylic  acid, 

Stiimtif/r. — Of  19  samples  14  conlaiin-d  borax  ami  10 
eoiiiained  starch. 

Il'iiiiii. — Of  37  samples  of  honey  the  report  says  •'live 
are  probably  juirc,  22  may  be  genuine,  though  they  seem 
to  be  made  by  bees  fed  somewhat  with  cane-sugar,  or  to 
have  had  invert  sugar  added  lo  them;  2  uiuplcslionably 
contain  cane-sugar  added  as  an  adulterant,  and  8  are 
adiilteiated  with  glucose  syrup," 

Kxaminatiims  of  milk,  cream,  maple  syrup,  mince 
meat,  an<l  canned  vegetables  failed  to  iind  any  adultera- 
tions worthy  of  note. 

Of  332  sitmples  of  spices  in  bulk  and  242  samples  in 
packages  examined  in  the  three  years  (18!I(MI8)  41.5  pr'r 
cent,  of  the  former  and  23.5  percent,  of  the  latter  were 
adulterated. 

The  report  recommends  as  the  only  sjife  course  in  buy- 
ing spices,  that  they  should  be  liouglit  in  "sealed  pack- 
ages, liearing  the  name  of  a  reliable  house  who,se  goods 
have  not  lieen  found  aiiiilleniled." 

Of  2o:i  .siimplcs  of  molasses,  34  were  foimd  to  be  adul- 
terated with  glucose, 

()iiio. — The  Dairy  and  Food  Oommi.ssion  of  Ohio  re- 
jiorls  upon  the  examination  of  fil2  sjimples  of  food  ex- 
amined in  1898,  of  which  2U2  or  47.7  per  cent,  were 
adulterated. 

The  princijial  articles  examined  were  31  samples  of 
flour  of  which  4  were  adulterated:  15  of  maple  syrup,  7 
adulterated:  110  of  milk.  31  adultcr.ited  ;  whiskey  .54.  of 
which  27  (or  one-half)  were  adulteiated  ;  spices.  18.  of 
which  only  one,  a  s;imple  of  cinnamon,  was  adulterated; 
wine  6.  all  pure:  tlavoiiiig  extracts.  17,  of  which  8  were 
adulteiated:  cream  of  tartar  G,  of  which  1  was  adulter- 
ated ;  cheese  4.  all  genuine. 

The  nuniberof  prosecutions  instituted  was  68.  of  which 
14  were  for  adulteration  of  milk,  33  for  butter,  and  5  for 
whiskey. 

82,0114.40  was  collected  in  tines  and  fees.  About 
§8.01)0  was  expended  for  legal  services, 

Nkw  .Iehsey, — The  Dairy  ('ommis,sion  of  New  Jersey 
rei)orts  for  the  year  1899"  that  1,792  samples  of  food 
were  examined,  "  Oi  tlie.se  712  were  samples  of  milk, 
9.59  butler  and  oleomargarine.  46  linseed  oil.  46  con- 
densed milk. 

Six  hundred  and  three  of  the  milk  Siimples  were  above 
the  staiidnnl  of  12  per  cent,  solids.  Fifty  of  the  samples 
l>iii(liased  as  buiiir  prove<i  to  be  oleoiuargarine :  the  re- 
mainder were  pure  butter. 

Only  live  samples  of  milk  contained  formalin. 

Five  Siimples  of  linseed  oil  out  of  46  were  adulterated, 

83.050  were  collected  in  tines. 

:MtxxKsoTA,— The  Dairy  and  Food  Commis-sioncr  of 
Minnesota,  in  his  biennial  "report  for  the  two  years  ended 
.Julv  31st.  1898.  presented  the  operations  of  his  depart- 
ment under  the  dairy  and  food  laws  of  the  State,  Iii 
addition  to  the  general  statutes  relating  to  inspection  of 
dairy  products,  other  special  laws  have  been  enacted  in 


173 


Fi»(mI  aii«l    l>rii^ 

lllf»|IC«-|l4>U, 


REFERENCE  HANDBOOK   OF   TIIK   .AIKDK'AL  SCIENCES. 


MiiiiK'sota  for  ilie  preveution  of  adulteration  of  lioney, 
coiifcctious,  jellies,  spices,  iiud  eoudimeiils. 

Tin-  whole  number  of  sjimples  of  food  e.xainincd  in  the 
two  years  was  1.5S'.i,  of  wliieh  HOT.  or  51  jut  cent.,  were 
adulterated.  The  principal  articles  examined  were  as 
follows: 

viiuKar,  W  samples,  of  which  tm  were  adulterated. 

HiihliiS  powder,  175  ■'        ••      "  131  ••            ••          (alum). 

Butler.                   SB  4  " 

('hi'«-se,                 HX  18  •' 

Creaui  of  tartar,     S  2  "            " 

Hoinlnv,                32  8  " 

Spices,                 US2  2B  " 

Jellj  and  Jam,      38  l.l  " 

Lard,                    M  at  " 

Nkw  YoiiK.— The  Stale  board  of  health  of  New  York, 
in  its  tiflceiitli  annua!  report  (ISO.')),  presents  tlio  statistics 
of  i,;!91  samples  e.vamiued  during  the  year.  Nearly  all 
of  these  were  drugs,  which  the  chemist  classified  as  fol- 
lows; 

Of  good  quuliiv 1,307,  or  57.1  per  cent. 

■' fainiuiilHy 284,  "  12.4    " 

'•  iiifiTl.>ii|U"lllv 598,  "  2«.l    " 

Not  as  calli-.i  for.' 41."     1.8" 

E.xcessive  strength .59,"    2.6   " 


Total  (Irupr  samples.. 


The  principal  articles  examined  were  230  samples  of 
ether,  of  which  114  were  not  of  standard  (juality. 

Compound  spirits  of  ether,  109  samples  examined,  of 
■which  only  ;i5  were  of  good  quality. 

Hydriodic  acid.  127  samples,  of  which  111  were  of 
good  i|Uality. 

Dilute  hydrochloric  acid,  105  samples,  of  which  71 
were  of  good  (piality. 

Tincture  of  iodine,  205  samples,  of  which  only  39  were 
of  good  cjualitv. 

Magnesia.  149  sain])les.  of  which  G5  were  of  good 
quality. 

Diluted  jihosphoric  acid,  162  samples,  126  of  good 
quality. 

Aromatic  sidiihuric  acid,  120  samples,  only  9  of  which 
were  coiisidereil  to  be  of  good  (lualily. 

Precipitated  sulplnu",  f04  samples,  38  of  good  quality. 

Fifty-nine  samples  "ccmtaiued  large  quantities  of  sul- 
phate of  lime." 

The  chemist  also  examined  102  samples  of  canned  to- 
matoes, to  determine  whether  they  contained  artiticial 
coloring  matter.  Only  2  samides  w-ere  found  to  be  col- 
ored with  eosin. 

In  the  seventeenth  rejiort  of  the  board,  the  director  of 
the  laboratory  states:  "Through  lack  of  funds  available 
for  the  purpo.se,  the  systematic  collection  and  examina- 
tion of  food  and  drugs 'was  suspended  .June  1st.  1895." 

In  IxuiANA  the  State  board  of  health  bus  been  authcir- 
izfd  "to  prepare  rules  and  ordinances,  where  and  when 
necessjiry,  regidating  minimum  standards  for  food  and 
drugs,  detiiiiiig  specitic  iididteialion,  and  deteriuining 
the  proper  methods  of  collecting  and  examining  drugs 
and  articles  of  food."  Under  this^jirovision  the  board  has 
published  standards  for  the  following  articles  of  food: 

Milk,  butter,  inargarin,  cheese,  coffee,  tea,  candy, 
cider,  flour,  jellies  and  preserves,  honey,  lard,  molasses 
and  syrups,  olive  oil,  spices,  vinegar,  liaking  powders, 
and  siiirituous  liquors  and  wines.  "The  use  of  preserva- 
tives is  also  regulated.  .Milk  must  contain  no  added  col- 
oring matter  nor  preservative.  It  must  not  be  sold  if 
taken  within  ten  days  after  calving,  or  within  twenty- 
one  days  before  expected  calving;  nor  must  it  be  sold  "if 
taken  from  a  cow  fed  with  damaged  food,  or  such  as  will 
imi)art  a  disagreeable  flavor.  It  must  not  be  taken  from 
a  sick  or  diseased  cow,  nor  from  one  to  which  polluted 
water  has  been  given,  nor  from  one  which  has  lieen  "  kept 
under  con<litions  contrary  to  the  rules  of  the  State  board 
of  health  governing  dairies." 

Classification  of  Work.— The  work  of  a  food  ana- 
lyst endjraces  a  variety  of  branches.  In  a  recent  mono- 
graph by  two  French  armj-  surgeons,  Polin  and  Labit, 
the  following  classification  of  such  work  is  presented. 


Three  princiiwl  groups,  as  follows:  1.  Examination  of 
articles  in  which  the  alterations  in  character  are  cither  of 
a  chemical  or  of  a  ine<hanical  kind.  2.  Those  which 
are  biological.     3.  Those  which  are  jiarasitic. 

Till-  first  gidui)  is  subject  to  the  following  subdivision: 
(a)  Additions  have  been  maile  to  the  fixjil  jiroducts  either 
of  a  commercial  or  a  framluleiit  nature,  and  of  substances 
more  or  less  Imrinfiil  (/-)  The  ves.sel  in  which  Ihe  food 
has  been  prepared  or  preserved  renders  the  food  jioison- 
ous.  (r)  The  manipulation  of  food,  or  its  surroundings, 
may  expose  it  to  harmful  coiitaniination.  (rf)  It  may  be 
mixed  accidentally  with  foreign  substances. 

The  second  group  is  subject  to  the  following  divisions ; 
(ii)  An  animal  designed  for  food  has  lieen  fed  with  food 
of  it  harnifid  or  poisonous  character;  the  poisons  absorbed 
appear  in  the  milk,  or,  not  havinu-  had  linie  to  become 
eliminated,  either  the  whole  animal  or  some  of  its  organs 
have  become  poisonous,  ifi)  Recognizes  the  possibility 
of  the  formation  of  poisonous  ptomains  in  meat,  imder 
certain  conditions,  (r)  In  consequence  of  certain  un- 
known conditions  wholesome  vegetable  food  occasionally 
becomes  harmful. 

Third  group;  {</)  Animal,  vegetable,  and  mineral  food 
|)roducts  may  be  invaded  by  parasites  of  the  larger 
kinds.  ('))  Food  may  liecome  the  prey  of  micro-organ- 
isms of  a  parasitic  nature,  involving  the  processes  of  (1) 
fermentation,  (2)  putrefaction,  and  (3)  the  development 
of  infecticnis  diseases,  either  of  which  may  render  the 
food  harmfid,  either  by  infection,  by  ptomai'n  i)oison- 
ing,  or  liy  the  combined  action  of  both,  (r)  Food  con- 
taminated by  its  surroundings,  or  by  infectious  contact, 
becomes  the  carrier  of  pathogenic  germs. 

This  list  is  sufficiently  ainple  to  show  that  the  food 
analyst  has  a  wide  tield  of  investigation. 

Ri-;cifLATi(>.Ns. — The  following  special  regulations  re- 
garding food  inspection  were  published  by  Dr.  Schuma- 
cher Kopp,  canton  chenu'st  of  Lucerne,  and  also  a  mem- 
ber of  the  International  .Turv  of  Award  at  the  Paris 
E.xpo.sition  of  1889. 

The  following  extract  is  taken  from  his  rei)ort: 

Ciylh-ctioii.  i)f  Fund. — In  collecting  food  the  greatest 
cleanliness  shoidd  be  observed.  Clean  bottles,  and,  if 
possible,  new  ones,  should  be  used  in  collecting  fluids. 
Bottles  shoidd  be  closed  only  with  new  corks. 

In  collecting  drinks,  the  local  experts  must  be  present, 
and  the  beverages  should  be  drawn  from  the  regular 
source  of  sup|ily. 

In  collecting  milk,  till  the  bottle  to  the  cork;  seal 
every  bottle  at  once  after  corking  it.  If  milk  is  collected 
in  a  stable,  the  cows  must  be  milked  (piite  dry,  liy  a  dis- 
interested jierson,  and  in  the  presence  of  the  local  mag- 
istrate or  a  policeman. 

Strong  glass,  or  jwrcelain,  or  crockery  vessels  should 
be  used  for  the  collection  of  butter. 

For  cfjflfee,  tea,  and  meal,  boxes  of  clean  wood  or 
pasteboard  shoidd  be  used. 

The  use  of  jiaper  bags  for  collecting  samples  is  for- 
bidden. 

Bread  and  sausages  should  be  wrapped  in  clean  white 
pajier;  if  possible,  parchment  paper. 

The  use  of  printed  or  colored  jiaper  for  this  purpose  is 
forbidden. 

QiKriilili/  of  Fiiixl  ycirxsiiri/  for  Exnmiiuition. — 1,  For 
the  local  health  authority:  Beer.  1  litre;  bread,  one 
whole  loaf;  brandy,  0.3  litre;  butter,  50  gm. ;  vineaar, 
0.2  litre;  coffee.  30"gm.  ;  meal.  200  gm. ;  milk,  0.5  litre; 
cider,  0.5  litre;  tea,  10  gm. ;  drinking-water.  1  litre; 
wine.  0.5  litre;  small  sausages,  one  whole  sjuisage;  large 
sausages,  100  gm.  ;  honey.  50  gm. 

For  the  canton  chemist  the  (|uantilies  are  nearly  the 
same  as  the  foregoing,  but  in  most  instances  two  samples 
are  taken.  When  two  samples  are  taken,  for  example, 
of  water,  2  litres  in  one  bottle  are  not  meant,  but  two 
bottles  each  containing  1  litre. 

Sfdlin;/. — Tlie  samples  collected  must  be  sealed  at  once 
upon  the  spot,  with  an  official  seal.  This  seal  must  cover 
the  whole  lieiid  of  the  bottle,  in  order  to  keep  the  air  out 
ami  to  avoiil  leakage. 
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}fiirl,-inff.—TUr  huiii|>Ici<  k1ii>u1(I  Ih'  plainly  niurkc<l  in 
Iwii  (illTrrcnt  |>lii«Ts  ininirdiiitrly  iifliT  i-dllcciicin.  imk'  on 
till'  nil  k  iif  llir  liiilllr.  mill  llii-  iitliiT  on  tin-  opiioHiic  siiiu 
of  till-  IiikIv  of  till'  Imillr.  hjirli  nmrkiiitf  must  mntiiin: 
(!)  Tlii'iiiinihiTiinil  niiinrnf  Ilifiiitic'iTi.llniiil ;  (■'iniinir 
of  till'  jiiri.silii'lion  aiilliorlzing  (Ik' <'iillrclii>M,  iinii  of  tlie 
collnlor. 

I'ruvisiiin  is  iniiilf  for  tin-  colliTtion  of  two  HimipU'S 
wliiii  mrissiiry.  so  Iliiil.  in  riisr  of  ii  illsputi',  llif  scriind 
nmv  lir  rxaniiiiril  umlrr  tin-  auspices  of  a  siipi-riorau 
IlioVllv  Till'  siun|)li'S  srnt  to  tlic  canton  rlirniist  must 
coniiiiri  no  information  as  to  their  source  A  report  must 
also  lie  sent  to  llie  healtli  ollicer.  slatinj;  the  articles  col- 
ItH-tcil.  the  ilate  of  their  collection,  name  of  llie  dealer. 
bis  source  of  supply,  and  in  every  ca.se  his  remarks  upon 
the  clianiiler  of  his  i,'ihmIs.  This  report  must  lie  siu'iied 
by  the  local  expert  and  liy  the  police  assislini;  in  the  col 
lection.  All  samples  sent  to  the  canton  chemist  must  lie 
B<i  packed  with  sawdust,  paper,  or  waddiiiji,'.  that  they 
may  lie  tninsnntted  wilhout  injury.  The  name  of  the 
SJ'iiiler  must  accompany  all  packages,  letters,  etc.,  and 
they  must  be  prepuitl;  othtTwise  they  will  not  be  re- 
ceived. 

In  seiulini;  milk  to  the  canton  chemist,  observe  espe- 
ciallv:  1.  That  the  milk  is  Ihoroutrhly  cooled  in  cold 
water  before  it  is  forwarded,  "i.  (<0  In  the  accompany- 
injr  report  mention  must  be  made  lii-st  of  the  number  of 
cows  from  which  a  sjimple  of  nuxed  milk  is  taken:  (/<) 
bow  many  cows,  if  any,  are  in  the  stable  wbicb  have 
calved  within  fourteen  days  of  collection  of  the  milk;  (r) 
how  many  cows,  if  any,  are  near  the  time  of  nilvinsr. 

Foot)  Si  ASD.VHDS.  — /))•.</(/. — The  water  in  a  freshly 
baked  loaf  of  bread  should  not  be  more  than  thirty  per 
cent,  of  its  weiirlit.  and  the  ash,  after  dcductinir  the  com- 
nion  sjilt,  should  not  be  more  than  one  \h-v  cent. 

Iliitlii: — This  name  sluudd  be  associated  only  with  the 
fat  which  is  made  from  milk  only.  Artitieial  butter 
must  be  properly  marked  as  such,  beins?  desiitnated  as 
marirarine,  and  packed  in  sejiaratc  parcels.  Such  names 
as  ■■  cheap  butler,"  "  tub  butter,"  and  ".Vlpiue  butter," 
are  forbidden,  except  as  iipplied  to  pure  butter. 

Villi:/!!!-  must  contain  four  iier  cent,  of  acetic  acid. 
The  addition  of  other  acids,  flavoring  matter,  and  aniline 
colors,  is  forbidden. 

llmii!/  must  be  called  honey  only  when  it  is  free  from 
adulteriition.  Such  terms  "as  "table  honey,"  "Swiss 
honey,"  and  "Appenzell  honey,"  etc,  are  forbidden, 
except  when  applied  to  pure  'honey.  Substitutes  for 
honey,  such  as  syrups,  etc.,  and  also  mixtures  of  these 
with  pure  honey,  must  be  plainly  marked  as  such. 

<'"jf'ii'  must  not  yield  more  than  four  percent,  of  ash 
(Moclia,  eifjlit  percent.).  Artitieial  coloring  is  to  be  re- 
garded as  adultenition.  Mixtures  of  coffee  with  other 
substances  are  not  to  be  called  collce. 

Hi/e  moil  should  not  yield  more  than  two  per  cent,  of 
ash. 

]\7ii'iit  meal  should  not  yield  more  than  one  and  a  half 
per  cent,  of  ash.  The  water  of  rye  and  wheat  meal 
should  not  be  more  than  lifteen  percent,  of  its  weight, 
and  that  of  other  meals  eighteen  per  cent. 

Milk-, — Milk  must  be  sold  as  dmwn  from  the  cow.  Its 
spi'cilic  gmviiyata  temi>erature  of  15  C.  (GO  F.)  before 
skimming  slumld  not  be  less  than  1.029  nor  more  than 
1.0:W.  and  when  skimmed  after  twenty-four  hours  it 
should  not  be  less  than  l.icil?  nor  more  than  1.037.  The 
chemical  examination  should  show  at  least  11.5  per  cent, 
of  solid  residue,  and  at  least  three  |)er  cent,  of  fat.* 
When  taking  milk  at  dairies  for  comparison,  it  is  desir- 
able to  have  examinations  made  within  the  shortest  pos- 
sible time,  three  days  at  the  longest,  and  the  cows  should 
be  milked  dry  by  disinterested  persons.  "Centrifugal" 
milk  slio\dd  be  marked  as  such,  and  when  inspected  at  a 


•Tlie  simulant  nf  vvhnlc  milk  In  Paris  i.s  a  nilnlmum  of  11. .t  per 
cent,  of  solids  and  -.7  fat.  Tliat  of  the  British  Society  of  riililli-  .\na- 
Ivsls  Is  ll..'!  total  sfilids  and  2..'>  fat.  That  of  the  State  of  New  York  Is 
12  |HT  i-eiit.  of  solids  and  3  p«>r  i-etit.  fat.  (if  New  Jersey  12  per  i-ent. 
of  solids.  I  If  Massachusetts  i:i  p«r  cent,  of  solids  In  winter  and  12  per 
cent,  in  sumtuer. 


tempenitiiro  of  15"  C.  Hliould  liave  u  gpccKlc  nfiuvlly  of 
from  1.03}  to  l.O.'JT,  and  should  have  at  letuit  8.4  percent, 
of  solids.  The  sale  of  the  milk  of  sick  ciiwh  Ih  forbidden, 
as  well  as  thai  of  cows  within  eight  diiyH  lieforu  and  after 
the  time  of  calving. 

I'iili!-,  after  fermentalion.  tniiHt  not  have  leas  thiiii  three 
percent,  by  weight,  and  ;t.7ti  percent,  by  volume  of  al- 
cohol, and  not  less  than  1.5  percent,  of  solids,  nor  li-ss 
than  0.15  of  one  per  cent,  of  ash. 

Till  must  not  have  more  than  Hevcn  percent,  of  ash. 

H<if<r  for  domestic  use  must  have  neither  color  nor 
.s<'diment.  Nor  sliotdd  it  have  smell  or  bad  taste.  Water 
containing  infusoria  ami  liacteria  should  be  avoided 

SmiKniliH  should  be  made  only  of  healthy,  fresh  miat, 
fat.  and  spices  in  general  u.s*'.  Any  additions  of  starches 
are  considered  as  adullenints. 

PuorUIKTV    OK     ISTKllNATIONAI.    LaWS    ON    Till-;    SlII- 

.IIXT  OK  Fooi>  Inspkction. — Dr.  Von  Ilamel  Himis  ex- 
pre.s,sed  his  opinion  at  the  International  Congress  of 
llygienc  at  London,  in  luill.  that  a  axlcx  iilhimilnriiiit 
should  be  adopted  for  civili/.cd  nations,  as  agreed  upon 
by  a  competent  commission  for  general  use.  IIi-  coin- 
mentcd  upon  the  dilTeicnt  slaiidaids  of  different  coun- 
tries, and  as  an  example  (|Uoted  the  milk  standard  of 
Massachusetts  (which  is  thirteen  per  cent,  of  solids  in 
winter  and  twelve  iiercent.  in  summer),  while  milk  hav- 
ing 11.5  percent,  solids  is  deemed  to  be  ])ure  in  Holland. 

At  the  International  Congress  of  A.irriculture  at  The 
Hague,  in  the  following  month  (September,  IHOl),  con- 
clusions were  formulated  as  to  the  need  of  uniform  laws 
relative  to  food  adulteration  and  the  protection  of  food 
products.  It  was  then  voted  "that  each  State  should  es- 
tablish a  commis.sion  of  competent  men,  who  should  be 
charged  with  the  duty  of  investigating  the  methods  of 
analysis  in  use.  and  of  determining  the  proper  methods 
of  such  analysis,  and  that  each  stale  should  jiublish  an 
annual  report  of  its  proceedings  and  exchange  rejiorts 
with  other  states." 

New  Forms  of  Adulteuation  wnicii  Have  Ap- 
PE.vuEi)  Recently. — Arsenic  in  Fimrl,  in  Drink,  iinil  in 
Drugs. — In  the  preparation  of  many  articles  of  food 
and  drink,  glucose  enters  as  an  ingredient,  being  a 
cheaper  foriu  of  sugar  than  that  which  is  iirepared  from 
the  sugar-cane.  In  the  manufacture  of  glucose  it  is  nec- 
essiiry  to  use  sulphinic  acid,  this  acid  being  removed 
before  the  process  is  completeil.  The  crude  sulphuric 
acid  often  contains  arsenic  in  consequence  of  the  iireseiice 
of  arsenic  in  the  iion  pyrites  from  which  a  large  jiart  of 
the  acid  in  the  market  is  made. 

Glucose  is  now  used  largely  in  the  miinufacture  of 
beer,  and  as  a  consequence  beer-drinkers  in  p^ngland  have 
suffered  seriously  from  arsenical  poisoning.  From  the 
report  of  Dr.  Buchanan  to  the  local  government  board, 
dated  February  7th,  1901,  it  appears  That  ;j,652  cases  of 
arsenical  poisoning  had  occurred  in  Manchester.  Liver- 
pool, Chester.  Salford.  and  neighboring  places,  and  that 
many  deaths  had  taken  ]ilace  itmong  this  number.  Most 
of  these  persons  were  habitual  becr-ilriid<crs.* 

A  parliamentary  committee  was  appointed  in  Febru- 
ary, 1901.  charged  with  the  duly  of  invesligatin.g  this 
subject  and  reporting  upon  it.  This  committee  reported 
in  .luly.  substantially  contirming  the  statement  of  the 
local  government  board.  It  was  found,  according  to  this 
report,  that  the  glucose  used  came  from  one  firm  of  man- 
ufacturers of  brewing  sugar,  and  upon  analysis  of  sev- 
ral  Siimples  by  different  chemists  (luantitics  of  arsenic 
were  found,  amounting  in  one  instance  to  9.17  grains  per 
])Ound  of  glucose. 

The  conclusions  of  this  commission,  as  summed  up  in 
this  preliminary  report  of  ,July  10th,  1901,  arc  as  follows: 

"On  consideration  of  all  the  circumstances  connectc-d 
with  the  recent  epidemic,  we  think  that  some  improve- 
ment in  administrative  measures  is  called  for.  It  is  evi- 
dent that  amendments  have  to  be  considered,  not  only 
with  reference  to  the  question  of  arsenic  in  beer,  but  also 

•  Rep<irt  to  the  Ixx-al  riovemment  Board  on  "  Recent  Arsenical  Poi- 
soning Attributed  to  Beer,"  by  Dr.  G.  S.  Buchanan,  London.  IWH. 
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in  relation  to  the  broader  question  of   the  machinery 

availalilc  to  ]>ulilic  licallh  antliorilics  to  uliviale  the  risk 
of  arsenic  or  other  poisonous  suljslances  reacliing  articles 
of  foot!  and  ihink  in  jjeneral. 

"Uiiiui  this  inipiirtanl  general  question  we  consider  it 
essential  to  await  further  evidence  before  making  final 
n  coinniendalions.  Hut  meanwhile,  seeinf:  that  the  epi 
deniie  of  1900  has  been  eau.sed  solely  by  beer,  and  that 
there  exists  in  the  case  of  breweries  (although  for  another 
purpose)  a  system  of  close  insjieetion  by  a  government 
department — the  hoard  of  inland  revenue — we  think  that 
as  a  pnivisional  measure  the  machinery  under  this  sys- 
ti'Mi  might  elleclively  be  turned  to  account  to  check  the 
introduction  of  arsenic  into  beer  by  way  of  its  ingredi- 
en  ts. 

"To  this  end  we  recommend  that  the  board  of  inland 
revenue  should  possess  and  should  exercise  powers  to 
specify  in  detail  individual  ingredients  of  beer  which 
are  liable  from  their  origin  or  mode  of  preparation  to 
be  ciaitaminated  by  ar.senic.  to  jirescribe  for  every  such 
ingredient,  and  for  the  dilferent  materials  used  in  their 
preparation,  an  a(le(|uate  test  which  should  insure  their 
freedom  from  ar.senic;  and  to  jirohibit,  under  penalty, 
the  use  in  a  brewery  of  any  material  which  infringes  the 
prescribeil  lest. 

■'  We  are  of  opinion  that  by  requiring  the  brewer  to 
produce  satisfactory  evidence  (whether  in  the  form  of  a 
guarantee  from  the  vendor,  or  as  the  result  of  analysis 
by  the  brewer's  chemist,  stated  in  such  terms  as  the 
board  of  iidand  revenue  may  determine)  that  the  pre- 
scribed tests  have  been  applictd  to  all  the  ingredients  of 
beer  at  the  brewery  which  have  been  specified  as  liable 
to  contain  arsenic,  and  that,  by  the  examination  of  sam- 
ples in  the  government  laboratory,  an  immediate  and 
effective  sjifeguard  to  the  public  with  regard  to  arsenic 
in  beer  can  be  secured."* 

Among  the  adulterations  which  have  increased  very 
much  in  recent  years  are  the  vaiious  preparations  of  pre- 
served fruits,  jams,  jellies,  and  marmalades,  which,  in  the 
majority  of  instances  of  those  which  are  sold  at  a  low- 
price,  are  adulterated  with  a  multitude  of  substances  other 
than  those  which  they  profess  to  be.  They  are  also  often 
liighly  colored  with  aniline  dyes.  Flavoring  extracts  arc 
also  adulterated  seriously  in  many  ways,  and  often  con- 
tain none  of  the  essential  oil  which  is  named  upon  the 
label.  This  form  of  adulteration  has  greatly  increased 
in  the  past  two  years. 

Artijicinl  Coffee  Berries. — An  artificial  coffee  berry  was 
made  in  New  Jersey  and  advertised  for  sale.  The  berry 
was  a  very  good  imitation  of  the  genuine  in  shape  and 
color,  but  was  entirely  devoid  of  the  taste  of  coffee.  Its 
texture  was  easily  distinguished  by  the  microscope,  and 
hence  it  proved  to  be  a  failure  as  a  practicable  adultera- 
tion.    It  was  composed  of  burnt  Hour  or  starch. 

Fnlse  .Xiiliiii'ffs. — Dr.  Vandcrplankenf  desciibes  an  arti- 
ficial nutuu-g  having  the  following  characteristics: 

1.  Absence  of  vegetable  structure  on  section. 

2.  When  treated  for  three  minutes  with  boiling  water, 
the  nut  is  softened  and  breaks  into  a  powder  under  the 
pressure  of  the  fingers. 

3.  The  ash  amounts  to  more  than  eleven  percent.,  that 
of  the  genuine  nut  being  from  two  to  three  per  cent. 

4.  They  are  heavier  than  the  geninne  nuts. 

A  very  gcmd  photograiih  of  the  true  and  false  nuts  is 
presented  in  the  |)aper  of  Dr.  Vanderplanken. 

Coloring  Matter. — The  use  of  caramel  and  annatto  is 
less  frequently  used  for  the  false  coloration  of  milk,  and 
an  aniline  dye  is  now  used,  the  quantity  required  being 
comparalivcly  small. 

PreKerriilires. — The  u.se  of  boric  and  salicylic  acids  has 
increased  recently  for  the  preservation  of  meat,  fish, 
milk,  and  other  perishable  articles  of  food,  and  still  more 
recently  formalin  has  come  into  use  for  the  same  pur- 

♦  First  Repiirt  iif  itiv  nnvnl  ('l>InIlll^«<ion  nppnlnteil  to  Inquire  Into 
nrsenlral  ixilwintnir  (nmi  the  oon.snni|>(ion  ot  iieer,  and  other  articles 
of  fofKl  ami  drink.    Pari  I.,  Ixindon.  .Inly  10th.  liKll. 

+  Revue  Iniematlonale  des  Palsltlca'tlons,  vol.  xUl.,  April,  1900, 
p.  44. 


pose.  The  metho<l  employed  for  the  detection  of  forma- 
lin is  detailed  in  the  report  of  the  State  hoard  of  health 
of  Massachusetts  for  1897. 

Siicfhdrin. — The  question  of  the  ])ropriety  of  using 
sticcharin  as  a  sweetening  agent  in  place  of  sugar  is 
under  discussion  in  France.* 

The  following  list  embraces  most  of  the  common  arti- 
cles of  food  which  are  liable  to  adulteration,  together  with 
the  character  of  the  adulteration. 

ARTICLES  Liable  to  AnrLTERATioN.  with  the  Character  of 

ADlLTKRATIO.\. 


Name  of 
article. 


Arrownxit 
A  1  coh  ol  I  c 
liquors. 


Tanned  goods 


Catsup . 
Cheese . 
Cider . . 
Cloves . 


Cocoa . . 
Coffee . 


Confectionery 


Cooking  uten 
sils. 


Dried  fruits. 


Flavorinc  ex- 
tracts. 


Flour 

Fruit  syrups. 

Ginger 

Gluten  meal 


Honey . 


Harmful  adulterants. 


Excess  of  fusel  oil, 
harmful  coloring  mat-i 
ter.  I 

Alum,  used  as  such; 
rare  in  Cnlted  States. 


Fraudulent  adulterations. 


Salicylic  acid  and  other 
preservatives:  arsenic 

'  as  an  impurity  in  glu- 
cose; wiiter  piHIuted 
with  sewage. 

Lead,  tin, and  zinc  from 
interior  of  cans  and 
from  solder ;  copper 
as  a  coloring  agent; 
harmful  preserva- 
tives. 

Salicylic  acid  and  other 
preservatives. 

Poisonous  colors  in  the 
rind. 

Salicylic  acid  and  other 
preservatives. 


Other  and  chea|)er  stan.'hes. 
Added  water,  sugar,  alcohol, 
and  coloring  malter. 

Other  and  cheaixT  kinds  of 
flour  than  IImw  wliiih  are 
called  for.  Tlie  cotiiained 
water  should  not  be  over 
forty-Bve  percent. 

Other  animal  and  vegetalile 
fats,  such  as  l)eef  suet  and 
cotlon-seed  oil,  lard,  coloring 
matter,  and  excess  of  water. 

Burnt  sugar,  licorice,  nio- 
la.s.ses,  glucose,  quassia,  salt, 
etc. 


Contents  of  cans  damaged  by 
improper  sealing  and  from 
other  causes ;  use  of  color- 
ing matter;  uw  <tf  old  and 
damaged  articles  such  as 
"soaked  "  peas. 


Harmful  colors. 


Harmful  colors  and 
flavors,  terra  alba, 
talc,  baryta,  fusel  oil 
and  brandy. 


Arsenic ;  antimony 
and  lead  in  the  glaz- 
ing. 

Occasional  slight  traces 
of  zinc  from  the  evap- 
orating trays. 


Aniline     colors 
flavors. 


and 


Starch  (injurious  when 
the  meal  Is  employed 
as  a  dIalH'tic  fixid). 
Very  few  of  the  so- 
calletl  gluten  meal 
preparations  founti  in 
the  market  consist  of 
true  gluten  without 
slarc'h. 


Lard,  cotton-seed  oil,  and  de- 

flciency  in  fats. 
Water. 

Com,  wheat,  allspice,  nut- 
shells, peas,  ginger,  pepper, 
charcoal,  diri,  and  clove 
stems. 

Animal     fats,    starch,    flour,* 
sugar,  and  (^ramel. 

Chicory,  dandelion,  beans, 
peas,  rye,  wheat,  almond 
shells,  and  brown  bread,  im- 
itation lierries  made  of  burnt 
starch,  etc. 

Theterm  " confectlonerv  "has 
no  standard  and  many  sul>- 
stances  enter  into  its  comiio- 
sition.  ttlucose  Is  largely 
ust-d  as  well  as  cane-sugar, 
neither  of  which  is  harmful. 


Deflclency  in  essential  oils 
and  alcohol ;  excess  of  wa- 
ter: suhslitutu'?!  of  cheai>er 
flavoring  iuL^n-dicnts.  addi- 
tiim  of  iiriitlclal  cOiii-s. 

Rarely  adulterated  In  United 
States  except  with  corn- 
meal. 

Coloring  agents  generally ; 
cheaiHT  fruits  and  often  no 
fruit  whatever. 

Turmeric.  Cayenne  tiepper, 
miistanl.  inferior  and  ex- 
hausted powder. 


Glucose,  sugar,  molasses, 
s>Tup.s.  and  dead  l>ees  intro- 
duced for  eCfeet. 


^  Re\-ue  Internationale  des  Falsifications,  vol.  xil.,  1899,  p.  134. 
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OimI  hikI   Iftriitc 
|lli«|i«-rl|t»ll. 


LUnUC    TO     Allll.TKIt.lTKlS.    IHTII 

AI'1  I  t)  t:  \l  !'■' 


1IIK  ciiARACTU  or 


N»liii'"f 
nrtli-lc. 


ll.T-'T.lilUll. 

ill*  ( Tfiiiii.. . 


jutiK  and  Jol- 

Ill's. 


Ijinl 

Miiiv  Juliv . . 


Mupli'«uir>r.. 
.Mil  lili- syrup. 


Milk. 


Mllk-Mimir. 
M..)li.ss»^  ... 
I'lrkli-S 


Saeii 

8tlU!<llK«l. 


>Ii|<t'S  . 


Sugar. 


Tea 

vincKar. 

Wines.. 


Iliiriiifiil  ii>liiU<Taiitii.  i     Fnimtult'nl  wlulU'ratloiw. 


■■(■iMinoiiii     (lyt«    anil 
nnvitnt  1111(1  iiK  nn  ac<*l- 

•  li'llllll     lllLTI'illl'DI. 
|l•>t^••|llt|l!t  |ltM|||ii||||4. 

Iliinnriil      tl>i'!i      uiiil 
lliiviini. 


MIncnil  ni'lds  and  pn^ 
jwn'alivi'd. 


TliopnMliict  of  dlwn.'dMl' 

animals ;  pn-s^-ii t 

IMimsll*"!*.  and  <if  pii>- 
niiiliis.  I 

Siilisiliiitlon  of  wnXvT 
anil  nMiiiivnIuf  (>n*aiii. 
Tin*?**  an*  imirli  inon' 
than  nii<nMi>iniiit>n*ial 
fniiids.  Ilii-y  mti  tlii' 
milk  nf  II.s  ralualilo 
nuliitious  conslliu- 
i-nia ;  use  ot  pn'sena- 
tlviii. 


Suits  nf  tin 

C'«pp<-r.  aliiiii,  mineral 

ai'Ms. 
Aniline  dyes  and  prp- 

senatlves. 


Lead   i-olnrinsr    nialter 
In  Cayenne  pepper. 


Salts  of  tin . 


Lead.    Pnissian     t>lui' 
and  other  earttis. 


Mineral  acids  and  ani- 
line coloi^s. 


Piaster  of    Parl.s,    siii- 
pijur.  hanuful  colors. 


Turnip*. 


liliiisiw'.  Bi'lailn.  sulMlltutlon 

nf  chmiMT  fnills.  i-tiff*.  iiar- 

Inirs,  and  Ms*ibt. 
(Mliir  aiiliiial  anil  viveliilili' 

(ills  ami  water. 
Tiirlarli'   and    olber    orironlr 

adds. 
Stan'hes,  and  sutisliliitton  of 

wild  mare  for  true  mace, 
rsiially  i-ani'-suKar. 
tiiiiiiisi'    and    cliea|a'r    nine 

svnijis. 
Sulistitulion  of  cheaiMT  kinds. 


Addition  of  coliirina  matters, 
i-aniinel,  aiinatto,  aniline 
dyes. 


Cane-sutcar  and  Rlucose. 
(ilucose. 


Apples,  pumiikins.  tnmliw. 
ffliiciwe,  ami  (renemlly 
liit-aper  sorts  nf  friilt.  and 
fruit  and  \c(felalilc  .seeds 
and  nilicr  n-fuse  pitsiucts. 

('lii'a|M'r  stan-hi-s. 

tdlnnMi  Willi  lllsmarck  brown 
and  otlier  colors.  Made  from 
meat  of  disea.siMl  animals. 

Stan'iies  (teneniliy.  sawdust 
and  otiuT  forms  i>f  wood, 
pnaind  nut  shells,  olive  and 
date  slimes,  turmeric,  cluir- 
roal.  dirt,  iH'pper  and  mus- 
tard hulls.  I'heaiier  kinds  of 
spice,  n-moval  of  essential 
oils;  suhslltutlon  ot  wild 
mace  for  mace. 

rane-suirar  is  nireiy  adulte- 
rated in  I'nited  States  except 
by  use  of  ultnimanne,  wliidi 
is  employed  to  Rive  a  Iwtter 
color  Uiluisii-white  in.stead 
of  yellowish-white)  for  same 
puiTsise  as  indigo  is  added 
to  stan-h.  S<i  far  as  can  be 
learned  the  ultramarine  is 
lianiile.ss. 

Leaves  of  ntber  plants,  spent 
tea.  aiKl  substitution  of 
clieaiK'r  kinds. 

(tlui'ose.  apple  piiniace  and 
Jelly, water ;  chwiiier  vinepir 
for  cider  vineirar;  caramel 
and  other  coUirimr  matter. 

Alcohol  ifortitlcationi,  water 
iilllulinni.  siitrar:  entire 
siilistiimion  of  other  articles 
as  cider  for  cliam|>agne: 
fictitious  imitations. 


ADULTERATION  OF  DRUGS. 

In  nearly  all  countries  in  which  efflcient  laws  have 
been  enacted  for  the  purpose  of  pre  venting  the  arlultcra- 
tion  of  fooil,  additional  powers  liave  iils"  licen  provided 
for  similar  action  in  regard  to  drugs.  Since,  while  it  is 
important  that  the  nutriment  intended  for  tlie  daily  sup- 
port of  man  should  lie  of  the  liest  i|uality.  it  is  also  im- 
portant that  those  articles  which  iire  used  in  the  treat- 
ment of  disease  should  he  free  from  impurity. 

In  Oreat  Britain  and  the  continental  cotintries  of  Eu- 
rope pi'iicrally,  modern  legislation  for  this  purpose  is 
very  ellicient.  and  llic  means  i>iovided  for  drug  inspee- 
fion  are  similar  to  those  which  are  provided  for  food,  the 
collections  being  niade  by  the  same  set  of  officials,  the 
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(■xiinihiationR  by  the  mime  iinulyRtH,  and  the  work  per- 
formed in  the  same  laboi-utiirl<'8. 

KN(il.AM).  —  In  Englanil  the  InRpectlou  of  dniRR  Ik  car- 
ried out  iiiidiT  the  provisiiiiiH  of  the  Sale  of  PikhI  and 
Drug  .\ct  of  IS*."!.  The  substance  of  this  act  is  jiri'R<iiti-d 
els<-\vhire  in  llie  section  mi  KoimI  Ilispeitinn,  I)r.  Ilimu 
says  of  this  statute:  "Tlii-re  an-  prolnilily  no  statutes  of 
the  length  of  tlii'  Sale  of  Fond  and  Drugs  Act  which 
have  been  tin-  source  of  as  tniich  litigation  and  of  aa 
many  appeals."  •  Hy  the  provisions  of  lIuKact  "tlie  term 
'  drug  '  includes  tncdiiine  for  e.vternal  or  internal  use," 

It  is  also  provided  that  "no  person  siiall  treat  any  driif? 
so  as  to  alTect  injuriously  the  i|Uality  or  i>oicncy  of  the 
drug,  with  intent  that  the  same  may  be  sold  in  that  state, 
under  a  jienally  of  not  e.\ceeding  1".50  for  the  tirsl  of- 
fence." 

Under  the  operation  of  this  law  2yn  public  analysts 
have  been  appointed  to  carry  out  the  work  of  inspection 
of  such  articles  of  food  anil  drugs  as  are  collected  in  the 
ililTerent  districts  of  pjUgland. 

The  following  li.gures  present  a  condensed  summary  of 
the  inspection  of  drugs  since  1877;' 

Pcicentiige  of  adulteration  foiinil  on  examination:  For 
the  live  vear  period  1S77-SI,  ti  per  cent.;  18H2-.'<0.  13.6 
percent.":  lH87-!n.  13.1  iierceiit,  :   1892-im,  12.3  percent. 

During  (he  year  18il()-!)7  the  percentage  of  adulteration 
was  11.3  per  cent.     During  1897-98  it  was  lO,."!  per  cent. 

The  total  number  of  sjitnplcs  of  drugs  e.\atnined  in 
189S-97  was  1.380.  of  which  l.'ifi  were  found  to  be  adul- 
terated. In  1897-98  the  adulterated  samples  were  206 
out  of  1,964.  The  principal  articles  found  to  be  adulte- 
rated in  1S97-08  were  sweet  spirits  of  nitre.  8i)  sjimples 
out  of  l.">6;  rhubarb,  'i'l  out  of  198;  (piinine,  10  out  of 
99;  sulphur,  2  out  of  90;  glycerin,  23  out  of  34.");  lime 
water,  13  out  of  20.  To  these  should  be  added  in  the 
former  year:  wine  of  ipecac,  10  samples  out  of  29;  and 
beeswax,  10  samples  out  of  46. 

The  nuniber  of  prosecutions  conducted  in  1897-98 
against  offenders  of  this  class  was  87,  and  .53  lines  were 
imposed. 

Gku.many. — The  German  code  of  laws  relating  to  the 
sale  of  drugs  is  contained  in  a  series  of  statutes  which 
have  been  enacted  and  amended  at  dilTercnt  times  during 
the  past  cenltiry.  Special  care  is  given  in  tliese  statutes 
in  relation  to  the  sale  of  poisons,  and  lists  of  such  poi- 
sons are  publislied.  allowing  certain  classes  of  poisons  to 
be  sold  under  restiictions  (Law  of  1890.  .Tanuary  27th),' 

The  law  in  regard  to  the  .sale  of  jiropinetary  medicines 
is  also  quite  explicit.     By  these  statutes  it  is  provided: 

1.  That  unapproved  jianaceas  csiiuiot  be  sold. 

2.  In  consequence  of  the  unrestricted  Side  of  patent 
medicines  of  a  worthless  character,  a  decree  was  pub- 
lished in  1867  that  "all  requests  for  the  right  to  prepare 
and  sell  a  secret  remedy,  although  shown  to  be  harmles.s 
will  be  denied  to  private  individuals,  but  concessions 
granted  exceptionally  in  former  years  are  to  expire  with 
the  decease  of  the  persons  to  whom  they  are  granted,  and 
cannot  be  transmitted  to  others," 

3.  Advertisements  or  inivate  annnunceinents  of  secret 
remedies  are  strictly  forbidden. 

In  Berlin  the  police  authorities  cause  patent  medicines 
to  be  analyzed  with  reference  to  their  composition.  At- 
tention is  also  paid  to  the  price  of  such  articles,  and  if 
necessary  they  can  acquire  inforination  relative  to  the 
methods  of  manufacture.  It  is  also  allowable  to  publish 
the  composition,  the  actual  value  as  a  remedy,  and  also 
any  fact«  that  may  be  revealed  as  to  the  character  of  the 
m.-inufacture,  and'if  necessary  to  warn  the  public  ajrainst 
its  use. 

These  regulations  have  had  a  sjilutary  influence  in  Ber- 
lin, and  have  had  the  effect  of  driving"the  traffic  in  such 
articles  into  outlying  provinces,  where  the  luanufacturers 
continue  to  pluiidef  the  public  without  hindrance  (tind 
daselbst  das  Publikum  auszubeuten  versuchen)  (Jlinis- 
terial  Hescript  of  Apiil  10th.  1880), 
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United  States. — A  statute  existed  in  sevcml  States  at 
an  curly  date,  providing  that  "whoever  ndullenites,  for 
tlie  purpose  of  sjile.  any  druir  or  niedicine,  or  sells  any 
fniiiduU  iitly  adultenit<(l  nieiliciiic.  kiiowhii;  the  siinie  to 
l)e  adiillerated."  shall  he  sul)jerl  to  a  piiialty*  E.vperi- 
enee  has  shown,  however,  tliat  laws  of  this  eharaeter, 
rei|iiiriiii;  proof  of  jruilly  knowledge  of  the  fact  of  adul- 
teration in  order  to  secure  conviction,  are  of  hut  little 
value  in  alTordiuij  protection  to  the  conuuunity.  Ilence 
it  was  that  in  subsequent  legislation  the  w/c  of  adulte- 
rati'd  articles  was  deemed  to  be  an  offence  subject  to  a 
penalty.  Under  the  rigid  enforcement,  however,  of  such 
a  law,  much  hardship  might  be  iiitlicted  upon  ritailers 
who  jiurchase  most  of  their  stock  at  \vholes;de,  and  sys- 
tems have  therefore  been  devised  by  which  retailers  have 
been  given  the  benefit  of  a  warning  notice  to  the  effect 
that  certain  articles  sold  by  them  were  adulterated,  and 
that  their  ,sjde  should  not  be  continued,  or  that  they 
should  be  sold  under  some  legal  limitation,  with  the  un- 
derstanding t>n  the  i>art  of  the  purchaser  that  they  were 
goods  of  inferior  quality.  Such  notices  are  usually  for- 
war<1ed  dirict  to  the  wholesjiler,  and  have  a  wholesome 
elTect  in  correcting  abuses." 

In  a  report  made  by  C.  L.  Diehl  to  the  national  board 
of  health  in  1880*  appears  the  following  statement:  "Pre- 
vious to  1848  and  for  some  years  afterward,  the  condi- 
tion of  the  drug  market  appears  to  have  been  in  a  very 
unsatisfactory  state.  This  condition  was  largely  attrib- 
uted to  the  importation  of  inferior  and  adidterated  drugs, 
which,  in  the  absence  of  a  law  specifying  a  standard  of 
(|Uality,  were  freely  admitted  at  our  ports  of  entry.  In 
1848  Congress  i)assed  a  law  regulating  the  importation  of 
drugs,  which  went  into  effect  July  1.5th  of  that  year,  and 
during  the  first  ten  months  Dr.  M.  I.  Bailey,  the  si)ecial 
e.\aminer  at  New  York,  had  occasion  to  reject  about  90,- 
000  lbs.  of  drugs,  such  as  rhubarb,  senna,  opium,  jalap. 
gamboge,  iodine,  croton  oil,  sarsaparilla,  etc. ;  anil  dur- 
ing the  administration  of  his  office,  from  1848  to  18.57,  he 
found  it  necessary  to  reject  over  9011,000  lbs.  of  "  im- 
Siife, '  adulterated,  and  improper  drugs  and  medicines. 
As  a  res\dt  of  this  action,  the  character  of  the  drugs  im- 
ported soon  showed  decided  improvement." 

The  operation  of  this  law  does  not  appear  to  have  been 
entirely  sjitisfactory,  if  we  may  judge  from  the  report  of 
a  committee  of  the  American  Pharmaceutical  Association, 
which  in  18.>5  "referred  to  the  disregard  that  is  paid 
to  proper  qualifications  in  the  appointment  of  oflicers  to 
carry  out  the  requirements  of  the  drug  law."  At  a  later 
date  Mr.  Diehl  says:  "Some  attention  is  paid  to  the  fit- 
ness and  qualification  of  applicants,  and  the  execution  of 
the  law  is  in  the  main  sjjtisfactory,  though  by  no  means 
incapable  of  being  improved  and  rendered  more  efficient 
by  wise  revision." 

After  the  establishment  of  State  boards  of  health,  in- 
vestigations were  begiui  in  scvenil  Stjites  relative  to  the 
quality  of  the  drugs  found  and  offered  for  sale  in  these 
States,  the  result  showing  that  legi.slation  was  necessary 
to  prevent  adulteration  in  the  sale  of  drugs  as  well  as  in 
their  importation.  Laws  have  therefore  been  enacted, 
usually  in  conjunction  with  the  food  laws,  for  protection 
against  this  class  of  adulterations. 

The  term  "drugs"  in  the  Massachusetts  Act  of  1883 
embraces  "all  medicines  for  internal  and  external  use. 
antiseptics,  disinfectants,  and  cosmetics."  Hence  the 
work  of  the  State  board  of  health,  in  this  direction,  has 
not  been  confined  to  the  remedies  defined  in  the  United 
StJites  Pharmacopaua,  but  has  embraced  many  other  ar- 
ticles, and  especially  empirical  preparations  of  a  more  or 
less  harmful  character." 

The  following  section  of  the  !Mass!ichusetts  Act  pre- 
sents the  rei|uireinenls  of  the  law  relating  to  the  standard 
of  pure  drugs,  and  has  been  enacted  in  practically  the 
same  form  in  the  following  States,  according  to  Dr. 
Chapin:''  California.  Connecticut,  District  of  Columbia. 
Illinois.  Indiana,  Kansjis.  Kentucky.  Michigan.  Missis- 
sippi. Nebraska.   New  Jersey,  New  York,  North  Caro- 

•  Law  of  1853,  Mass.,  P.  S.  208,  8  5. 


ina.  Ohio,  Oregon,  Penusylvauia,  South  Dakota,  Ten- 
nessee, antl  Wisconsin. 

Acts  of  18«2,  263,  g  3,  Mass.,  as  amended  by  later  stat- 
utes. 

An  article  shall  bo  deemed  to  be  adulterated  within  the 
meaning  of  this  act —     ' 

((/)  In  the  cas(>  of  drugs:  (1)  If,  when  sold  under  or  by 
a  name  recognized  by  the  United  States  Pharmacopceia, 
it  differs  from  Ihe  standard  of  strength,  quality,  or  pu- 
rity laid  ilown  therein,  unless  the  order  calls  for  an  arti- 
cle inferior  to  such  standard,  or  unless  such  difference  is 
made  known  or  so  appears  to  the  purcha.scr  at  the  time 
of  such  .Side;  (2)  if,  when  sold  under  or  by  a  name  not 
recognized  in  the  United  States  Pharmacopieia  but  which 
is  found  in  some  other  pharmacopieia  or  other  standard 
work  on  moterin  mcdicn.  it  differs  materially  from  the 
standard  of  strength,  quality,  or  purity  laid  down  in  such 
work;  (3)  if  its  strength  or  purity  falls  below  the  pro- 
fessed stanilard  under  which  it  is  sold. 

Of  the  drugs  found  to  be  of  a  specially  inferior  quality 
during  the  earlier  investigations  of  the  analysts  in  iss'3 
and  18.84  were  the  following: 

Tincture  of  opium  (U.  S.  P.,  1.20  to  1,60  parts  per  100 
of  morphine),  144  samples  out  of  107  fell  below  the  re- 
qinred  limit  of  1.2,  and  some  had  as  little  as  0.01,  0.14. 
0. 17,  or  a  mere  fraction  only  of  the  minimum  reiiuirement. 
Citrate  of  iron  and  quinine  (legal  requirement  twelve  per 
Cent,  of  quinine),  eighty-five  per  cent,  of  the  siimples  had 
less  than  the  required  amount,  and  several  had  as  little  as 
3  and  3..5  per  cent.,  or  but  little  more  than  a  quarter 
of  the  req\iirement.  Of  [lowdercd  jalap  only  one  .sjimple 
out  of  twelve  conformed  to  the  pharmacopceial  standard. 
Of  192  samples  of  powdered  drugs.  39  were  found  to  Ix! 
adulterated  in  various  forms.  Of  19  sjunples  of  com- 
pound spirits  of  ether,  2  only  contained  the  required 
amount  of  the  ethereal  oil  required  by  the  statutes.  Of 
23  samples  of  spirit  of  nitrous  ether,  scarcely  any  had  the 
required  amount  of  eth3i  nitrite. 

Twenty -two  samples  or  lots  of  the  quinine  pills  made 
by  different  manufacturers  were  examined.  These  were 
examined  in  two  grovips,  at  an  interval  of  several  months, 
during  which  time  the  manufacturers  had  become  aware 
of  the  work  of  the  board  in  this  direction.  The  analysis 
of  the  second  group  showed  in  nearly  every  instance  an 
improvement.  The  following  figures  indicate  the  per- 
centages of  the  required  weight  of  the  pills  made  by  nine 
manufacturers,  in  the  two  series  of  analyses: 


First  series. 

Second  series. 

First  series. 

Second  series. 

1... 

93..5 

67.9 

6... 

8i.- 

89.5 

2... 

86.6 

97.3 

7... 

93.8 

101.1 

3... 

93.3 

99.6 

8... 

1M.4 

100..i 

4... 

i».8 

100.7 

9... 

97.0 

97.1 

.->, ,  , 

107.6 

76.5 

The  foregoing  list  shows  an  improvement  in  each  case 
except  two.  Of  106  samples  of  pharmacopa'ial  spirits 
and  wines,  only  10,  or  9.4  per  cent.,  conformed  to  the 
legal  requirements. 

In  proof  of  the  improvement  under  the  action  of  the 
stiitutes,  very  markeil  changes  for  the  better  have  been 
found  to  have  taken  place  in  many  of  the  foregoing  arti- 
cles. 

Among  the  non-pharmacopaual  preparations  cxam- 
ined  in  188.")  were  11  h;iir  dyes,  all  of  which  contained 
lead  in  large  amounts;  also  20  different  fraudulent  nos- 
trums advertised  for  the  cure  of  the  opivim  habit,  most 
of  which  were  solutions  of  morphine.  One  of  them 
was  the  so-called  "Keeley  gold  cure,"  which  was  found 
to  contain  no  .gold  whatever.  In  1887  about  fifty  pro- 
prietary articles,  sold  as  tonics  and  bitters  (some  of  which 
were  advocated  as  temperance  drinks),  were  examined 
chiefiy  for  their  alcoholic  contents.  All  were  foiuid  to 
contain  alcohol  in  tin-  proportion  of  six  to  forty-eight  per 
cent,  by  volume.  One  of  these,  which  was  advertised  as 
a  remedy  for  inebriety  and  the  opium  habit,  was  the 
celebrated  "Scotch  oats  essence,"  containing  alcohol  and 
mori)hine,  the  latter  in  varying  proportions.  This  nos- 
trum very  soon  disiippeared  after  its  analysis  had  been 
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pulilislicd.  ('iioaliu'  iis  a  cnmmnn  liiurcdlcnt  In  tin-  < nm 
|ii>siiii.n  of  rciiK'ilirs  fur  iisilunii.  hay  fivt'r,  iiiiil  ciilarrli 
iliisuls<i  licrii  llir  siiliJf'Cl  of  ixaiiiiimlimi. 

Ciisiiirlics  fur  till'  ('iiiii|ili'\ii>ii.  I<'riinil  fmi'  IiIiiicIh's. 
frcrklr  liiiimis.  skin  ti'iiirs.  Iiiivi'  linii  I'Muiiiiii'il  iiml  fuuiid 
to  consisl  of  slionj;  S4>lulioiis  of  corrosive  siihliiiiiili'.  Of 
(Ills  cljiss  wcrr  |{u|i|>rrl's  I'liiiiplcxioii  lilcai'li.  iiiiii  Ynlf's 
(iiiii|>li'\i(in  lili'iicli,  I'crrj  's  fivikli'  lolioii  dill  j;niiiis  cor- 
rosivc  suliliniiilc  in  an  fiiilil-ounc'c  liottli),  and  Mrs.  Mc- 
Corrison's  diiiniond  lullon. 

Siiii  Siii-oMi  Diiiliiii  III  ionl«ini-d  red  (i.viilc  of  imri-ury. 
Cociiinr  as  an  active  injjicdient  \va.s  found  in  Dr.  Bir- 
ncy's  catarrh  rcnie<ly.  Instant  cold  relief.  Dr.  Tucker's 
a.stliina  cure,  .V/niasyde.  and  Coca-kola. 

It  was  reijuired  tliat  such  articles,  if  solil  at  all,  should 
be  lalielled  as  |i<>isoiis.  and  .sold  only  under  careful  re- 
strictions, Sevenleeii  complaints  were  made  ajirainst  par 
ties  sclliii!;  llie  most  poisonous  of  these  articles  in  viola- 
tion of  the  slalutes. 

The  powerful  inlluence  of  the  jiroprietary  medicine 
iiilcicst,  however,  prevailed,  and  that  section  of  the  stat- 
utes w  liii'li  re<|uireil  that  poisonous  patent  medicines 
should  be  lalielled  as  poisons  was  repealed,  so  that  the 
]>ciiple  are  now  deprived  of  that  prott'ctiou  which  was 
once  alTonlcd  hy  law. 

As  an  ivideiice  of  the  clinractor  of  the  most  poisonous 
of  these  prepiinilions  (cusmeticsi,  it  may  he  siud  that  the 
cost  of  a  liotlle  of  face  bleach  which  sells  at  ?>'J  is  about 
live  cents,  bottle  included,  and  the  package  is  often 
marked  "  harmless." 

In  latiT  years  the  following  witc  some  of  the  more  im- 
portant adultci-iilions  found  upon  analysis: 

In  IS'.IT,  of  ly  samples  of  chlorinated  lime,  all  proved 
tn  be  below  the  reciuired  standard.  Eijrht  of  these  were 
ViTV  deticient  in  available  chlorine.  All  the  samples  ob- 
tained in  IS'.IS  and  IS'M  were  also  delicient. 

t  If  disiilled  water,  onlv  lil  samjiles  out  of  09  obtained 
in  islir,  isiis,  and  1S99  w"cre  free  fr(misoli<l  residue.  The 
highest  amount  of  solid  residue  in  any  sjimple  was  23.7 
per  1(10,(111(1.  A  comparison  of  the  water  collected  from 
drui;  stores  in  certain  localities  with  that  collected  from 
the  public  watir  supplies  of  the  same  cities  and  towns, 
made  il  ap]iarenl  that  it  was  quite  a  common  custom  for 
druirirists  to  lill  orders  for  distilled  water  from  the  faucet 
8up|>lyini;  tln>  city  water. 

Of  01  sjimjilesof  powdered  opium  collected  in  the  same 
years  and  in  I'.tdd.  20  were  deticient  in  morphine  strength. 
(This  result  shows  a  decided  improvement  over  the  sjim- 
plis  collecteil  in  1883-84.)  Of  172  sjimples  of  tincture  of 
opium,  i;i;!  were  deticient.  but  many  of  them  were  quite 
near  the  minimum  limit  of  1.3  per  cent,  of  morphiue. 

Of  30  sjimples  of  compound  spirits  of  ether,  18  were 
delicient  in  ethereal  oil. 

Of  \\:l  siimples  of  tincture  of  iodine,  95  were  deficient 
in  ioiline. 

Of  l.")!!  Siimples  of  olive  oil,  47  were  either  wholly  or  in 
part  c-il  ton  seed  oil. 

Of  37  samples  of  liine  juice,  all  except  1  contained 
salicylic  acid;  and  one  sample  marked  "Santiago,  W.  I., 
triple  retined."  consisted  of  a  dilute  solution  of  hydro- 
chloric acid  tiavored  with  oil  of  lemon  ami  jireserved  with 
salicylic  acid.     It  contained  no  lin)e  juice  whatever. 

Thirteen  samples  of  so-called  diabetic  Hour  were  exam- 
ined for  starch,  and  oidy  3  were  free  from  it;  7  of  these 
contained  as  much  as  60  per  cent,  of  starch  in  each 
sample. 

In  1900  and  in  1901  special  attention  has  been  given  to 
the  analysis  of  drugs  for  arsenic,  with  the  result  of  find- 
ing il  in  apiireciable  amounts  in  glycerin  and  in  phos- 
phate of  soda. 

Of  11  Siimples  of  grape  juice  collected  in  1900  5  were 
found  to  contain  either  boracic  or  Siilicylic  acid. 

The  pharmacopoial  win<s  and  liquors  were  found  to 
lie  quite  generally  falsified  by  the  addition  either  of  alco- 
hol. Witter,  orsugiir.  ami  only  very  rarely  with  substances 
of  a  more  injurious  diameter  than  the  alcohol. 

Nkw  Yokk-  The  Slate  board  of  health  of  New  York 
for  sevenil  years  maintained  a  system  of  drug  inspection 


under  the  <lirertIon  of  a  competent  I'lieinisi.  u  Im  h  wan 
praeliciilly  diseonlinued  in  IMI.I  by  willidiiiual  of  the 
iiecessiiry  appioprialion.' 

In  its  report  for  the  year  1803.  It  appnirn  that  2.087 
Kiunples  of  drugs  were  collected  and  2, •13-1  were  exam 
iiieil,  making  a  total  of  7,03.'i  samples  collectid  and  6,M3',i 
examined  since  IHUI.  These  were  all  olllcinal  articles 
having  a  delinite  standard,  ami  (jf  Ihese  l,01N.  or  41.9  per 
cent.,  wi'rc  of  "goiMl"  <|uality;  4411.  or  18.4  per  cent., 
were  cla.s.sed  as  "  fair  "  ;  099,  or  28, 7  per  cent  ,  as  "  injuri- 
ous"; 131,  or  ."i.3  ])er  cent.,  were  "not  as  calleil  for"; 
and  14(1,  or  .'5. 7  per  cent.,  were  of  "excessive  strength." 

The  principal  articles  were  as  follows: 

Dilute  acetic  acid.  231  samiiles  examined,  01  goo<l,  52 
fair,  78  inferior,  34  excessive  strength,  0  not  as  called 
for. 

Willi  r  iif  Aiiiiniiiiiii,  297  sani])les,  77  good,  00  fair,  94 
inferior,  54  excessive  streiiglh.  0  not  as  ciilled  for. 

I'll imini III,  17  samples,  13  gooil,  1  fair,  3  inferior. 

CiciiiKiti .  222  samples,  119  good,  the  remainder  con- 
sisted chietly  lA  carbolic  acid. 

('iiiiijuiiiud  Sjnntii  of  Ether,  200  sainplcs,  54  good,  22 
fair.  129  inferior. 

Stronycr  Ether,  144  samples.  91  good,  7  fair.  40  infe- 
rior. 

Giiif/ir,  15  samples,  all  irood. 

JJihili  Jli/ili'ir/ii'irir  Ariil,  232  samples,  151  good,  45 
fair.  32  inferior,  4  exccs-sive  strength. 

Ciiiiii"iiiiid  Siilntioii  of/ixliiii,  100  samples.  08  good.  23 
fair,  7  inferior,  1  excessive  strength,  10  not  as  called  for. 

Tiiirtiirc  of  Iodine,  237  sainj)res,  57  good,  90  fair,  81 
inferior,  3  excessive  strength. 

Ilieeiie,  15  sami)les.  all  good  except  one. 

Tincture  of  Iron,  21  .samples,  19  good,  2  fair. 

Miif/ntniii.  Ill  .Siimples,  52  good,  3  fair.  50  inferior,  0 
not  as  called  for, 

Aromiitic  Sulphnrir  Acid,  289  samples  examined,  29 
good.  93  fair.  107  inferior. 

Dilute  Siilpliiiric  Acid,  259  samples,  171  good,  33  fair, 
11  inferior,  44  excessive  strength.      Samuel  W.  Abbott. 

BlBLIOGR.Vl'nV. 

Tlie  folloninK  list  oonUiin.s  only  the  titli's  o(  such  works  upon  Food 
and  Drug  Adulteration  and  Inspection  as  have  been  recently  pub- 
lished : 

Repi^rts  of  the  I..ocal  ftoyemment  Boanl  of  Knpland.  1H77-9S. 

Iteiwn.s  iif  llie  I'arls  Muniripal  IjilKiniliiry.  Is-^-'  and  1.SS.'). 

Reports  of  the  Canton  Clienii.sts  of  Switzerland.  lsi((>-iJ8. 

The  Aiial.vst.  Ixind'Hi.  isrri'.iol. 

Piilin  and  Ijiliit :  Kxainen  di-s  Aliments  su-sixh-Is.  Paris.  1S92. 

J.  1'.  Ilaltershall :   Food  Adulteration  and  its  lh.'lwlion.  New  York, 

I8S7. 
Uevue  Internationale  des  Falsifications,  Amsterdam.  IRSS-lflOn. 
Bulletins  of  the  Department  of  Airriculture,  Wa.shinpton,  D.  C.  (De- 

iwrtiiieut  of  Cheinlstrv).  l.t<<>-l!«lil. 
F.  Vacher:  The  Food  Iiispeit.ir's  Handljook.  U>ndon,  ISWf. 
Dr.  F.  Meyer  and  Dr.  c.  FiiiklenhurK :  Cieseiz  iM-iref.  den  Verkebr  mit 

Nahrunpsm.,  Genussm.  und  Gebrauchsgeftenstiinden  vi»in  14  Mai, 

ISTIi.  Berlin,  KSSII. 
Verfalschung  der  Nahninps-  u.  (ienussuiitlel,  in  I*etteukofer's  Hand- 

hueh  d.  Hyirteiie,  ISS.'. 
Dr.  A.  J.  Wedderliuni :  Special  Report  on  the  Kxlent  and  rharacter 

of  FcHid  .\diiltei-:itions,  Inrludlni;  State  and  other  Laws  Relatinit  to 

FckkIs  and  Bevenipes,  W»shinirt<»n.  Isti2. 
The  British  Food  .louraal.  I.oiidc.ii.  1SSIIH901. 

Food  anil  Sanitation.  London.  IsiL'-inon.    i  Discontinued  August,  1900). 
Joui-nal  of  the  Sanitarv  Institute.  lsii-.'-l!«XI. 
Kuniir:  Chemische  Zti<jiinnieiiseizuiiu  der  nienscblichen  NahruDgs- 

mlttel.  Berlin,  third  editinn.  i  vols..  Iss9. 
Reports  of  Mii.s,saihusi'tts  State  Board  of  Health  upon  Fo<m1  and  Drug 

In>i>e<-Iion.  Issjj-iiKio. 
Ihanuter  in]il  K.xteiit  of  Food  and  Dniir  .tdulleralion  in  Massachu- 
setts, and  the  Svstem  of  Inspection  of  the  State  Board  of  Health,  by 

.K.  v..  Leach,  S.B.,  Analvst  of  the  Board.    Tech.  Quarterly.  March. 

1V««1. 
f  .ventv-flrst  and  Twent.y-second  Annual  Reports  of  the  Connecticut 

Aiiricultural  ExiK-riment  Stution,  Hanfortl.  Conn.,  1)<0S.  IStW.  and 

H««i. 
Seventh  Biennial  Re|wrt  of  the  .Minnesota  Dairy  and  F<hh1  Commis- 
sion, l.slis. 
Proiwdlnps  of  I'nited  States  National  Confectionery  Association,  1900. 
Reiiorts  of  the  Dairv  Comtnissioii  of  New  .Iers4*y.  IIMI. 
Annual  Re|iort  of  tiie  state  Boanl  ft  Health  of  New  York.  1S6. 
Annual  Rei...rts.if  llie  Fi«kI  Coriiniis.sii.n  .if  Ohio.  lsa;-l»OU. 
Traite  des  falsillcations  et   nltiniliims  iles  substances  allmenlalre*. 

et  des  imlssons,  par  E.  Rurcker.  Paris.  l.siC. 
Analyse  des  ruatieres  aliitientaires  et  recherche  des  leurs  falsillcations, 

par  MM.  Ch.  tilrard  et  A.  Dupre,  Paris.  l^'M. 
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'  ni'imrts  of  I.<ioal  CoviTnment  Board  of  Englnncl.  IKIK),  IWC,  IMW. 

'  Dli' AlHitlieki'i-iii'Mlzc  nucli  Uciil.si'lii'n  llelcli!*- iiiiil  ITi'iisslmlion 
L«n<ii>-ll.-(hts.  ItiMlln.  IMM. 

'  N.  HtH'  BnuiiitT:  lU'iMtrl  of  roniiniltii'  on  Nostrmiis,  Proprietary 
McKllciiifs.  unil  Sow  Dnnrs.  Ilartronl.  (oriii..  IMKi. 

•  r.  Lowls  niohl :  lloport  on  Di-icrinnilliin.  Ailullonitlon  ami  Siibsll- 
tiillmi  of  liriitPi.  Siipploincnt  No.  il.  Itullotin  of  National  Hoard  of 
Ufallli.  1SS4. 

•  Ill-ports  of  Miissjirlinsi'Ils  State  Hoard  of  Health.  ISvS^  1!«M1. 

•c.  V.  chapin:  Municipal  Sanitation  In  the  Unlled  Slates,  pp.  33.'i- 
327,  I'rovldeiiii',  H.  1. 
'  Reports  of  state  lioanl  of  Health  of  New  York,  1881-1885. 

FOOD:  METHODS  OF  INSPECTION  AND  AN- 
ALYSIS.—'riicic  is  111)  titld  el  clieiaical  aiKily^is  iiKirc 
uiiiiliie  ill  ilseir  tliaii  that  <i>voie(l  by  tlic  food  aualysl, 
who  iicc'cssniily  cniploysiiielhods  of  n  nmch  iiioio  variod 
character  thaii  almost  any  other  chomiral  specialist. 
Processes  of  food  analysis  are  not  exclusively  chemical. 
Physical  iiiethods  arc'  lfc(Hiciilly  employed,  especially 
those  along  ojjtieal  Hues  iiivolviiiir  the  use  <if  the  micro- 
scope, the  polariscope.  the  spectroscope,  and  tlierefrac- 
tomeler.  He.^ides  these  instruments,  the  food  analyst 
should  be  provided  with  a  water  bath,  a  delicate  balance. 
a  Babcock  centrifuge,  the  usual  laboratory  glassware  and 
reagents,  and,  if  iwssible,  with  a  number  of  platinum 
dishes. 

It  is  desirable  in  the  examination  of  foods  to  employ 
quick  i)rocesses  for  sei>aratingtlic  pure  from  the  impure, 
fifterward  applying  s]iecial  methods  to  the  impure  sam- 
ples to  ascertain  the  nature  and  extent  of  the  adulte- 
ration. 

No  attempt  is  made  in  what  follows  to  deal  with  the 
processes  of  analyzing  foods  for  their  nutritive  values. 
tut  simply  bricliy  to  outline  methods  of  detecting,  and 
in  some  instances  estimating  adulterants  in  such  classes 
of  footl  products  as  experience  has  shown  to  be  most 
liable  to  fraudtdent  adulteration.  'Wherever  possible, 
methods  are  selected  involving  the  simplest  possible  ap- 
paratus. The  usual  laboratory  reagents  are  used,  mainly 
solutions  of  simple  salts,  and  for  their  preparation  the 
reader  is  referred  to  any  text  book  in  qualitative  analysis. 

B.VKiXG  PowDKit. — The  adulterants  of  cream  of  tartar 
are,  of  course,  to  be  looked  for  in  baking  powder,  and 
are  tested  for  as  indicated  under  "Cream  of  Tartar." 

All/lit  is  tested  for  by  burning  a  small  (|uantity  of  the 
samjile  to  an  ash,  which  is  then  treated  with  boiling 
water  and  tillered.  If,  on  the  addition  of  ammonium 
chloride  to  the  tillrate,  a  lloeculent  jjrecipitate  is  formed, 
litis  will  indicate  the  presence  of  alum  in  the  sample. 
The  test  is  apjilicable  in  presence  of  phosphates. 

BtTTiiK. — If  accustomed  to  the  odor  and  taste  of  oleo- 
margarine, one  can  usually  distinguish  by  these  senses 
alone  between  it  and  punt  butter.  The  odor  of  the 
melted  fat  is  very  distinct ive,  the  melted  oleomargarine 
lacking  the  butyric  odor  so  characteristic  of  the  butter 
and  possessing  a  distinct  "meaty  "  smell  that  generally 
betrays  its  nature.  Certain  ([uiek  physical  tests  are 
sometimes  employed  to  distinguish  ]Mire  from  adulter- 
ated Imtter. 

7'lic  Spoon  Tint. — If  about  a  .gram  of  the  sample  be 
placed  on  a  sjioon.  held  over  the  free  gas  llame  and 
brought  to  the  boiling  point,  the  mass  will  assume  a 
"foamy  "appearance  if  the  butter  is  pure.  If  thesample 
is  oleomargarine  or  "process  butter"  (old  butler  re- 
worked), the  mass  will  bumj)  and  spatter  like  hot  grease 
containing  water,  but  does  not  foam. 

The.  Milk  Tent. — Five  to  10  c.c.  of  the  sjimpleare  added 
to  .50  c.c.  of  sweet  milk  heated  nearly  to  boiling.  The 
contenis  are  stirred  with  a  rod  till  thefat  is  melted,  afti-r 
which  the  container  is  placed  in  cold  water  and  the  stir- 
ring is  continueil  till  the  fat  congeals.  If  oleomargarine, 
the  fat  can  readily  be  collecled  into  one  lump  with  the 
stirring  rod,  and  ii'  butter,  it  cannot  begathi'icd  together, 
but  .irranulates. 

Under  the  microscope  pure  butter  should  theoretically 
show  no  crystalline  structure  whiMi  viewed  by  polarized 
light,  being  uniformly  bright  throughout  and,  if  the 
selenite  plate  be  usi'd,  showing  an  evenly  colored  field 
entirely  devoid  of  fat  crystals.  With  iirocess  butler  or 
oleomargarine,  both  of  which  have  been  melted  and  sub- 


sequently cooled,  the  crystalline  structure  should  be 
marked,  showing  with  polarized  light  a  mottled  ap|iear- 
aiice.  and  a  play  of  colors  with  the  selenite.  These  con- 
ditions arc,  however,  not  sufficiently  sharp  to  be  reliable 
in  unskilled  hands. 

The  y.i  IKK  lliil//roIiefriieti>u/tler  furnishes  a  ready  mciins 
o'  distinguishing  between  butter  and  oleomargarine. 
This  instrument  is  so  constructed  that  the  degree  of  re- 
fraction of  a  beam  of  light  rellectcd  from  a  mirror  ob- 
li(|uely  through  a  thin  lilm  of  the  melted  fat  is  read  on 
an  arbitrary  scale  of  sullicieiit  e.vtent  to  cover  the  widest 
limits  ot  deviation  possilile  for  butter  fat  and  oleomar- 
garine under  ordinary  temperatures.  The  butler  fat  is 
kept  at  a  constant  temperature  above  the  melting  point 
by  a  circulation  of  heated  water  maintained  through  a 
jacket  that  encloses  it,  the  temperature  lieing  read  on  a 
thermometer.  Each  fat  Inis  fixed  limits  of  reading  at  a 
.triven  teni|)erature.  the  scali'  reailiiig  of  oleomargarine 
being  from  six  to  twelve  ilegrees  higher  than  that  of 
butter. 

The  Volatile  Fat  AcicU. — The  presence  of  a  considerable 
percentage  of  volatile  fatty  acids  in  genuine  butter  and 
the  lack  of  them  in  oleomargarine  furnishes  the  most 
ready  chemical  means  of  distinguishing  between  the  two. 
The  result  is  usually  expressed  by  the  number  of  cubic 
centimetres  of  deeinorinal  alkali  necessary  to  neutralize 
the  volatile  fatty  acids  in  ~i  gm.  of  the  fat,  being  known 
as;  the  "  Keichert  number."  The  method  of  obtaining 
this  is  fully  described  in  I5ulletin  -Ki.  United  States  De- 
partment of  Agriculture.  Division  of  Chemistry. 

Cheese. —  The  Fat  Content  of  cheese  is  the  most  im- 
portant factor  in  determining  whether  whole  or  skinuned 
milk  has  been  used  in  its  manufacture,  and  the  Babcock 
milk  tester  is  used  with  advantage  in  estimating  the  fat. 

Weigh  .5  gm.  of  the  finely  divided  .sample  into  a  tared 
Babcock  milk  testing  bottle.  About  lo  c.c.  of  lint  water 
are  then  added,  and  the  mixture  is  shaken  until  an  emul- 
sion is  formed.  A  few  drops  of  ammonia  aids  in  soften- 
ing the  cheese.  The  mixture  is  kept  warm  by  immers- 
ing the  test  bottle  in  hot  water.  When  a  complete 
emulsion  is  formed,  the  bottle  is  cooled.  17.,5  c.c.  of  con- 
centrated sulphuric  aiiil  are  added  and  the  test  is  com- 
pleted in  the  usual  manner  lor  carrying  out  the  Babcock 
test  (see  Milk  Fat).  The-  reading  o"f  the  fat  in  the  bottle 
is  multiplied  by  18  and  this  result  dividc-d  by  the  number 
of  grams  of  tlie  sample  taken  gives  the  percentage  of 
fat  in  the  cheese,  which  in  case  of  a  whole-milk  cheese 
should  be  at  least  thirty  per  cent. 

Detection  of  Foreign  Fit. — The  presence  of  foreign  fat 
in  cheese  is  best  detected  by  submitting  the  sepaitited 
cheese  fat  to  the  same  examination  as  is  given  to  butter 
fat  {<j.  v.),  the  fat  for  chemical  examination  being  best 
removed  by  extraction  of  the  cheese  with  ether. 

Co('().\. — The  purity  of  cocoa  is  best  determined  by 
means  of  the  microscope.  Sec  "Spices"  for  brief  direc- 
tions as  to  mounting,  etc.  Samples  of  known  purity 
should  be  studied  for  comparison  with  doubtful  sjieci- 
mens.  Under  the  microscope  pure  cocoa  shows  a  loose 
mass  of  yellowish-brown  matter,  with  small  starch  gran- 
ules and  oil  globules. 

CoFi'KK. — This,  like  cocoa,  is  best  examined  micro- 
scopically, beingfirst  ground  to  a  fine  powderin  a  mortar. 
Figs,  (i,  7,  8,  Piate  XXVI.,  show  the  characteristic  ap- 
pearance tinder  the  microscope  of  both  pure  and  adulte- 
rated samjiles.  Pure  colTce  apiiears  as  a  mesh-work  of 
irregular  hexagonal  thick-walled  cells  enclosing  oil  drop- 
lets and  amorphous  mate-rial. 

CoNDKNSKi)  Mii.K. — Forty  grams  of  the  thoroughly 
mi.\ed  sample  arc  weighed  out  and  made  up  to  100  c.c. 
with  water. 

Total  Si/iil.i. — \n  aliquot  part  of  the  above  solution 
is  further  diluted  wiili  an  e(|ual  amotint  of  water,  and  5 
c.c.  of  the  diluted  mixture  is  cvajiorated  over  the  live 
.steam  of  a  boiling  wati-r  bath  for  three  hours  in  a  platinum 
dish  iind  the  residue  weighed. 

A.ili. — The  residue  from  the  total  solids  is  burnt  to  a 
white  ash  .-ind  weiglu-d. 

/"k^— This  is  the  most  important  factor  in  determining 
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EXPLANATION   i)V   PLATE   XXVL 

Fi(i.  1. — Pure  Cayenne.     Pal  dies  of  the  inner  and  outer  skin  appeiir  mcst   proininent,  wiili  seal 
tereii  bits  of  cellular  tissue. 

Fig.  2. — Cayenne  Adulterated  with  \Vheat.  The  mass  to  the  left  of  t lie  centre  is  cayenne.  Tin- 
circular  granules  are  of  wheat  starch. 

Fig.  3. — Allspice  Adulterated  with  Cayenne.  The  large  mass  is  cayenne  skin.  The  small  stone 
cell  and  mass  of  gum  below  are  of  allspice. 

Fiii.  4. — Pepper  Adulterated  with  Buckwheat.  Large  masses  of  buckwheat  starch  granules  are 
above  the  centre,  and  a  small  mass  of  finer  pepper-starch  grains  below  and  to  the  left. 

Fig.  5. — Olive  Stones  in  Alleged  Pepper.  Elongated,  thick-walled  stone  cells  of  the  ground  fruit 
stones  are  grouped  together  in  the  centic. 

Fig.  (5. — Pure  Coffee.  A  meshwork  of  cells  tending  to  he.\agonal  in  shape,  enclosing  amorphous 
material  and  droplets  of  oil. 

Fig.  7.— Colfee  Adulterated  with  Peas  and  Pea  Hulls.  Masses  of  i)ea-starch  granules  are  most 
prominent.  The  rectangular  billets,  like  bunches  of  matches  around  the  lower  edge,  con- 
stitute the  pea  hulls. 

P^G.  8. — Chicory  in  an  Adulterated  Coffee.  Chicory  shows  as  a  mass  of  cellular  tissue,  traversed 
by  broad  bands  (juice  ducts)  having  striking  transverse  markings. 
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Fig. 3.— Allspice  Adiilleratcd  with  Cayenne. 
X  110. 


Fici.  8.— Chicory  In  an  Adulterated  Coffee. 
X  130. 
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the  imrlly  I'f  ilir  mimiili'.     Twfiity-flvo  cubic  contiiiiLarut 

of  llir  fui'lv  pii  rciil.  siiliiliiiri  iiii'  mc'iisiiriMl  iiilii  iin  ordi 
imi'V  Itiiliri'ick  l!--!  Iiulllr,  wliicli  isiliiii  llllcd  nearly  Inllir 
Iicclk  with  Wiilrr.  'I'lir  rdhliiils  an-  sliakcii  anil  I  c.i-.  <>f 
II  scviii  |)ir  (Till.  Knhilii.u  iif  rii|i|Mr  siiliilialc  air  aililfil. 
The  lM)lllr  is  llicii  will  KJiakni  ami  wliirlril  in  tijc  rciilri 
fiiiio  iiiiiil  llic  pri'cipilalc  has  wtlloil  mil.  'I'lii'  dear 
Hiilirniatanl  llciuid  is  ilniwii  "IT  li.v  Tiiriins  of  ii  pipcllc.  a 
Hinall  wispiif  iibsdiliint  nitlmi  ImIiik  litrl'l'.v  l«istc(i  aluail 
till'  liiwir  ciiil  111  wrvi'  as  a  llllir.  Aflrrtlii'  lii|iiiil  is 
drawn  up  'i''"  ''"'  pi|'<"<'.  'I"'  I'l'lton  is  rrninvcil  liy  nili 
bin.U' ajiainsi  llir  insiilr  nf  tlir  Imtlli-,  and  I  he  pipclU'  is 
williilniw  n.  Tin-  pnripilalr  is  wasliril  Iwiir  asaliovr  by 
drcaiilaliiin,  and  aflir  the  linal  wasliintr.  snlliciinl  waliT 
is  addid  III  anioiiiit  lo  aliniil  lln-  iiuanlity  i>f  niilU  iiiras- 
iirid  fur  llir  liiibciickti'sl  (17.U  cc).  Finmlliis  pniiil  nn 
Ilir  Usual  ISaliriirkccnlrifunc  niclliixi  is  follnwcd,  addinj; 
Ilii'  n-fiular  17")  c.c.  nfslriMi);  sulpliuiic  acid  (set-  Milk 
Fat).  MultiplviiiK  till'  li""!  rcadiii);  by  l.S,  we  get  tlie 
pcrccnlat;!'  iif  fat. 

Tlicabovr  priic-f.ss  is  to  bi'  used  for  tlie  ordinary  con- 
densed milk  containiiii:  added  cancsvigar.  Tlic  fat  in 
"evapomled  cream."  wliieli  is  really  condcn.sed  milk 
witliiiul  llie  cane-sugar,  is  best  determined  by  the  ordi- 
nary Babcock  melliod  as  in  the  case  of  milk,  using  17.0 
c.e."  of  a  uniform  mi.Murc  of  ciiual  volumes  of  the  sam- 
ple, and  water. 

CUK.VM  is  trcrtt<'d  similarly  to  milk  (</.  t.)  for  total  solids, 
color,  and  preservatives. 

Fiil.—\  weighed  portion  of  the  .sample  is  introduced 
into  tlie  spceiallv  coiislrueleil  cream  bottle  furnished  for 
the  IJabcoek  lesi.  The  test  is  then  conducted  as  in  the 
i-ase  of  milk  fat  ('/.  r.).  the  linal  reading  being  mulliplied 
by  l.S  and  the  result  (livided  by  the  number  of  grams  of 
the  sjimple  taken  to  give  the  exact  percentage  of  fat. 

(iiliilin,  sitmetimes  used  lo  thicken  cream,  is  best  de- 
tected by  mixing  10  c.c.  of  the  cream  with  an  ei|Ual  vol- 
umeof  a"  dilulcsolulion  of  acid  nil  rate  of  mercury.  After 
diluting  and  shaking,  the  mixture  is  allowed  to  stand  a 
few  n\inules  and  lillered.  To  a  portion  of  the  liltrate  an 
cipial  (luanlity  of  a  .situraled  solution  of  jiicric  acid  is 
added.     A  veilow  precipilate  indicates  gelatin. 

CitK.wt  oV  T.MHAH.— The  purity  of  this  substance  is 
usually  established  if  the  sjimple  is  found  to  be  readily 
soluble  in  hoi  water:  since  most  adtilterants  other  than 
alum  are  insoluble.  It  is  best  to  weigh  out  0. lysl  gin. 
of  Ihe  cream  of  tartiiranci  dissolve  in  hot  water,  titrating 
the  solution  with  one  leiith  normal  sodium  hydroxide, 
and  using  phemilphthaliin  asaii  iiulieator.  If  the  sample 
is  pure,  it  should  reiiuire  just  10  c.c.  of  the  alkali  to  neu- 
tnilize. 

If  Ilium  is  the  adulteranl,  the  alum  would  be  precipi- 
tated by  the  sodium  hydroxide,  the  precipitate  being 
soluble  in  an  excess  of  the  alkali. 

SUnrh  is  detected  by  adding  a  drop  of  iodine  reagent 
to  the  soliilion  of  the  sample,  a  blue  color  being  produced 
if  starch  is  present.  The  starches  are  most  readily  iden- 
tified under  the  microscope. 

Cukiinii  (prest-nt  as  sulphate  or  phosphate)  is  best 
shown  by  burning  the  sample  to  an  ash,  dissolving  in 
water  acidilied  with  hydrochloric  acid,  filtering,  and 
treating  a  part  of  the  filtrate  with  ammonia  and  ammo- 
nium oxalate.      A  precipitate  shows  calcium. 

.1  Siilpfiiili-  is  inilicatid.  if.  on  tieatinenl  of  a  ])art  of 
the  acid  fillrale  above  obtained  with  barium  chloride  re- 
acent.  a  precipitate  is  formed. 
".I  Ptingphtite  is  detected  by  boiling  a  little  of  the  sample 
with  nitric  acid  and  adding  ammonium  molybdate  re- 
agent.    A  yellow  precipitate  indicates  phosphate. 

\\os¥.\.—<'omiiifrcinl  (rVwrtwc  and  Cttiu -Siifjiir  ixrc  best 
estimated  by  means  of  a  .Schmidt  and  Haensch  ]iolari- 
scope.  ifi.lM.S  gin.  of  the  sample  arc  weighed  out  in  a 
tlask  graduateil  lo  hold  10(1  c.c,  ."ice.  of  alumina  cream* 
are  added  to  clarify,  and  thi'  solution  is  made  up  to  100 

*  Prepanxl  bv  udillne  ammonia  watrr  In  excess  lo  a  saturated  solii- 
lion uf  alain  ami  washlne  free  from  ammonia.  The  aluniliuim  liy- 
draii'  held  In  waler  Is  shaken  so  as  to  tonn  a  thin.  emulsion-Uke  paste 
lo  clarify. 


C.C.  with  waler.  It  in  well  Hliukeii  and  llltertHi,  the  fll- 
tmle  being  polari/.cd  in  a  L'INI  mm.  iiiIh-  and  tin-  reiuliiifj^ 
taken.  It  the  scale  reading:  is  In  llic  left  of  llie  /eru 
poiiil,  Ihe  hiiney  may  usually  be  conHidered  pure:  if  it  in 
lo  Ihe  right,  the  honey  is  probably  iiilultenileil  with  cane- 
sugar  or  commercial  gliicoHe  or  bolli.  Fifty  cubic  ceiili- 
melres  of  the  liltrate  are  liikeii,  T)  c.c.  of  slroiig  hydro- 
chloric acid  are  added,  after  which  the  Kolulion  is  made 
up  to  100  c.c.  with  waler  and  healed  in  Ihe  Mask  to  llfi' 
('..  cooled  and  llllend.  This  process  is  lerinid  iiiversion. 
The  lillrate  is  then  polari/.ed  in  the  300  mm.  tube,  and 
the  result  mulliplied  by  Iwo  gives  Ihe  invert  reading. 
The  amount  of  cane-sugar  is  oblaioed  by  the  folluwiug 
formula  (Clcrgct's): 

100  S 
144  -  i  t 

wherein  I{  is  Ihe  per  cent,  of  cane-sugar,  S  the  difTerence 
of  the  two  polari/.ations  liefore  and  after  inversion,  and 
t  the  lenipinilure  at  wliieh  the  readings  are  taken.  If 
coininciiial  glucose  is  suspected,  the  portion  of  the  sjim- 
ple  subjected  to  inversion  is  healed  and  polarized  at  H7' 
V.  ill  a  300  mm.  jacketed  tube,  the  reading  being  niulti- 
plietl  by  two.  This  result,  divided  by  17."i.  gives  llie  ap- 
proximate per  cent,  of  commercial  glucose  iu  thi'  samjile. 
The  presence  of  conunercial  glucose  may  usually  be 
qualilativi'ly  detecled  by  siibmilting  the  .sample  lo  a  test 
for  dextrin,  one  of  Ihe  chief  iiigredieiils  of  glucose.  A 
solution  of  Ihe  honey  is  treated  with  an  excess  of  strong 
alcohol.  A  iirecipirate  indicates  dextrin.  Pure  honey 
should  give  no  preci])ilate. 

L.vun. — The  color,  smell,  and  consistency  of  the  sjimple 
of  adulterated  lard  often  serve  to  betray  its  character  to 
a  careful  observer,  and,  as  in  the  ca.se  of  butter,  the  odor 
of  the  fat  wlieumelled  is  much  more  distinctive  than  when 
in  its  natural  condition.  The  adulterants  commonly  lo 
be  looked  for  are  collon-.seed  oil  and  beef  tallow. 

Hiiirtioii  irilh  SIri'iii/  Anil  (sulphuric  or  nitric). — A 
small  amount  of  melted  fat  is  poured  into  a  test  tube,  an 
eiiual  quantity  of  acid  is  added  and  the  contents  are  well 
shaken.  Genuine  lard  and  beef  slearin  usually  give  but 
slight  coloration,  while  mixtures  containing  cottonseed 
oil  invariably  givcared-brown  color,  mont  or  less  intense- 
in  pio]ioition  To  the  amount  of  cottonseed  oil  present. 

Till  Zdxx  llifriii-ii'tiii'tir.  describcil  under  "Butter. ''is 
useful  ill  the  exaiiiinalioii  of  lard  as  well  as  other  fats  and 
oils.  The  refracting  degree  of  cottonseed  oil  on  this 
instrument  is  about  8.0  in  excess  of  that  of  lard,  while 
that  of  beef  tallow  is  about  3.8  less.  If  the  scale  read- 
ing of  the  sample  is  unusually  low,  the  presence  of  beef 
slearin  is  to  be  suspected:  if  unusually  high,  cotton-seed 
oil  should  be  looked  for.  A  mixlure  of  the  two  adulte- 
rants either  with  or  w  itliout  jnire  lard  may  be  such  as  to 
give  refractomelric  readings  within  the  limits  of  pure  lard. 
In  such  a  case  the  positive  detection  of  the  cotton-seed 
oil  by  the  Ilalphen  test  (given  below)  will  indirectly  show 
the  presence  of  the  tallow,  which  shotild  be  confirmed  by 
crystallization  and  microscopic  examination, 

'II<i/j)/icii'k  TiMfor  Cottnu-Sfcd  Oil. — A  mixture  is  made 
of  eiiual  volumes  of  aniyl  alcohol  and  carbon  bisulphide 
containing  one  per  ceiil.  of  sulpliur.  From  3  to  T>  c.c.  of 
melted  fat  is  mixed  with  an  eipial  vohime  of  the  above 
reagent  iu  a  test  tube  and  heated  in  a  bath  of  boiling 
water  for  fifteen  minutes.  If  cotlon-secd  oil  is  present, 
a  deep  red  or  orange  color  is  produced.  If  the  lard  i» 
pure,  little  or  no  color  is  developed. 

ilicroscopicnl  Exaiiiiufition  of  the  Crystallued  Fat. — 
From  'i  to  5  gin.  of  the  fat  are  "dissolved  in  10  to  20  c.c. 
of  a  mixture  of  e(|ual  parts  of  ether  and  alcohol  in  a  test 
lube,  and  the  solution  is  allowed  to  stand  a  few  hours,  the 
lube  being  loosely  stopiiered  with  cotton.  The  crystals 
obtained  varv  soniewhat  with  Ihe  condition  of  heal,  rate 
of  crystallizaUon,  etc.  A  careful  study  of  these  eryslala 
and  comparison  with  samples  of  known  purity,  crystal- 
lized under  similar  conditions,  should  be  made. 

Thcoieticallv.  pure  lard  crystallizes  under  the  best 
conditions  in  "thin,  flat,  rhomboidal  plates,  while  beef- 
stearin  crystals  are  more  in  the  fonu  of  cylindrical  rods- 
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or  needles,  often  l>cnt  or  curved.  TBotli  forms  are  often 
found  ill  fiin-slm|icd  iliistcis.  wliicli.  Iiiiwcver,  dilTcr  from 
earli  oiliiT  ill  ccilHin  important  |(artifulars,  bcsl  dislin 
puislicd  liy  a  lanful  sIikIv  of  their  aiiiuaiaiuT, 

.MaI'I.k  SroAit  AND  Sykii". — Coiiiim  !■(  ial  glucose  is 
di'tiTiiiined  in  maple  syrup  i)reeisely  as  in  llie  case  of 
inolas.ses  (7.  r.)  excepting  that  as  a  rule  no  elaritier  need 
be  used  fiU'  maple  .syrup.  A  normal  solution  <if  pure 
maple  syrup  should  polarize  at  from  60  to  (14  on  the 
cane-sugar  scale.  Cane-sugar  other  than  maple  is  best 
detected  lioth  in  syrup  and  sugar  liy  the  .sense  of  laste. 

Mli.K. — There  a  re  various  simple  ajipliaiices  for  roughly 
testing  the  i|uali1y  of  milk,  but  most  of  them  arc  of  little 
value.  The  lactometer  test  is  perhaps  the  best  of  these, 
if  used  with  judgment. 

1^/ie  L<iflomrler  is  simply  a  hydrometer  covering  the 
widest  variations  in  si)ecitic  gnivity  of  milk.  A  ther- 
mometer is  also  necessary  and  for  this  reason  a  Queveniie 
lactometer,  combining  in  one  instrument  both  the  hy- 
dronu'ter  and  therminneter  is  cnnvenient.  Milk  of  good 
quality  should  have  a  specitic  gravity  between  the-  limits 
of  1.027  and  1.0ii;i.  A  watereil  milk  would  rnn  below 
the  formi'r.  iiiid  a  skimmed  milk  above  the  latter  figure, 
though  a  milk  unusually  rich  in  fat  would  also  run  low. 
It  should  easily  be  apjiarent  from  the  taste  and  appear- 
ance of  the  milk  whether  a  low  specific  gravity  is  due 
to  watering  or  to  unusual  richness  in  cream. 

Fi'Ktr'n  A(f(V(«r///)(' gives  an  approximation  of  the  amount 
of  fat  in  the  milk,  and  its  use,  especially  in  connection 
with  the  lactometer,  is  of  some  value.  This  instrument 
consists  of  a  glass  cylinder  with  graduations  indicating 
the  per  cent,  of  fat.  A  measured  amount  of  milk  being 
introduced  by  means  of  a  jiipette,  sufficient  water  is 
added  with  thorough  mi.xing  to  allow  certain  black  lines 
on  a  spindle  within  the  cylinder  to  become  apparent 
through  the  translucent  tluid.  The  height  of  the  level 
of  milk  and  water  in  the  cylinder  is  then  read  off,  indi- 
cating roughly  the  jier  cent,  of  fat  in  the  milk. 

Total  Stilids. — Five  grams  of  the  thoroughly  mi.xcd 
milk  are  weighed  from  a  pipette  into  a  tared  shallow 
platinum  dish  on  the  pan  of  a  delicate  balance,  and  the 
dish  is  transferred  to  a  boiling  water  bath,  where  it  is 
kept  for  at  least  two  hours  in  direct  contact  with  the  live 
steam.  It  is  afterward  cooled  and  weighed,  the  residue 
being  the  total  solids  and  the  loss  in  weight  being  reckoned 
as  water. 

Ash. — The  residue  from  the  total  solids  is  burnt  to  a 
white  ash  and  weighed. 

Fat. — The  fat  is  most  readily  determined  by  the  Bab- 
cock  process.  There  arc  various  forms  of  Babeock  cen- 
trifuge from  the  simple  hand  machine  to  the  steam  or 
electrically  driven  variety,  all  can-yiug  the  same  form  of 
graduated  bottle.  Into  "this  bottle  17.6  c.c.  of  the  thor- 
oughlj-  mixed  milk  to  be  examined  is  introduced  by  a 
pipette,  the  same  amount  of  concentrated  sulphuric  acid 
is  added  and  well  mixed  with  the  milk  to  dissolve  the 
albuminoids  and  .set  free  the  fat,  after  which,  by  whirling 
and  by  the  addition  of  hot  water,  the  fat  is  driveninto 
the  graduated  neck  of  the  bottle,  where  the  exact  per- 
centage is  directly  read  off, 

Calriihitiiiii  (if  (he  Tutiil  Solids. — The  total  solids  may 
readily  be  calculated  with  considerable  approach  to  ac 
curacy,  if  the  specitic  gravity  and  the  fat  are  known. 
from  the  formula  of  Habcock: 

Total  solids  =  0.25  G  +  1.2  F. 

G  being  the  lactometer  reading  and  F  the  fat.  This 
method  of  obtaining  the  total  solids  by  calculation  is 
convenient,  wlien,  as  is  often  the  case'  dairymen  and 
others  are  provided  with  the  inexjicnsivc  and  easily  oper- 
ated Habcock  apparatus  and  lactometer,  but  do  not  have 
thomore  involved  and  costly  appliances  necessary  for  the 
direct  determination  of  the  solids. 

Distiniiiiishiiifi  Wnteied  from  Skimmed  Milk. — The  pro- 
portion of  solids  not  fat  to  fat  determines  whether  a  sample 
below  th<'  standard  is  skimmed  or  watered.  If  both  these 
factors  are  abnormally  low.  and  the  proportion  of  fat  to 
solids  not  fat  is  about  the  same  as,  or  higher  than   in  a 


normal  milk,  the  sample  may  as  a  rule  be  assumed  to  be 
watered;  if  both  total  soliils  and  fat  are  consiilerably  be- 
low the  staiKlard.  and  the  solids  not  fat  nearly  normal, 
the  milk  has  undoubtedly  been  skimmed;  if  total  solids 
and  siilids  not  fat  are  iirnpurtiDiialiy  low.  while  the  ratio 
of  fat  In  solids  not  fat  is  abnornially  small,  the  milk  has 
probably  been  both  skimmed  and  watered.  From  legal 
standards  tixcd  in  various  titates  the  total  solids  in  pure 
milk  should  run  from  11,.")  to  13.0  per  cent.,  the  fat  from 
3  to  4  per  cent.,  and  the  solids  not  fat  from  8..5  to  9.3  per 
cent. 

Foreign  Coloring  Matter. — This  may  be  determined  as 
follows:  about  a  gill  of  the  milk  is  curdled  by  heat  and 
acetic  acid,  the  curd  being  separated  and  gathered  by  a 
stirring  rod  into  one  ma.ss.  It  is  then  S(iueezed  free  from 
whey  anil  shaken  with  ether  in  a  corked  tlask.  where  it 
is  allowed  to  macerate  for  an  hour  or  more.  The  ether 
extract  containing  the  fat  and  annatto.  if  present,  is 
evaporated  and  the  residue  made  alkaline  with  sodium 
hydroxide  and  liltcred  through  a  wet  tilter.  If  annatto 
is  present,  it  will  permeate  tlic  tilter  pajier.  ciloiiug  it  a 
more  or  less  deep  orange  more  apparent  when  the  fat  is 
washed  off  and  the  tilter  is  dried.  Stannous  chloride 
.solution  will  turn  the  orange  stain  pink,  if  the  color  is 
annatto.  After  pouring  off  the  ether,  if  the  curd  is  left 
white,  neither  caramel  nor  aniline  orange  is  present.  If 
the  aniline  dye  has  been  used,  the  curd  will  show  a  more 
or  less  brilliant  orange  color ;  if  caramel,  the  curd  will 
be  brown. 

Shake  a  small  portion  oi  the  fat-freecurd  in  a  test  tube 
with  strong  hydrochloric  acid.  The  caramel-colored  curd 
will,  like  an  uncolored  curd,  gradtudly  produce  a  deep 
blue  color  in  the  strong  acid  solution.  The  aniline  orange 
if  present  in  the  curd  will  immediately  produce  with  the 
hydrochloric  acid  a  deeji  ])ink  color. 

Presen-atires. — (a)  Formaldthi/de  is  best  tested  for  by 
heating  about  10  c.c.  of  the  milk  with  an  equal  quantity 
of  concentrated  hydrochloric  acid  and  a  drop  of  ferric 
chloride  solution.  A  violet  coloration  is  produced  if  for- 
malilehvde  be  present,  delicjite  to  1  part  formaldehvde 
in  300,000. 

(h)  Boracic  Acid  is  tested  for  by  soaking  turmeric  paper 
in  a  solution  of  the  milk  ash,  acidified  slightly  with  hv- 
drochloric  acid.  On  drying  the  turmeric  paper,  a  cherry 
red  color  indicates  the  presence  of  boiacic  acid,  which  is 
confirmed  by  applying  to  the  reddened  paper  a  drop  of  a 
dilute  solution  of  sodium  hydroxide.  This  reagent  turns 
the  paper  a  dark  olive  if  boracic  acid  was  present. 

(f)  Carbonate  of  S/jda  is  indicated  by  an  effervescence 
on  treating  the  milk  ash  with  acid,  and  may  further  be 
tested  for  by  mixing  10  c.c.  of  milk  with  aii  equal  vol- 
ume of  alcohol  and  a  few  dro]is  of  a  one-per-cent.  solution 
of  rosolicacid.     Arose  redc'oloration  indicates  carbonate. 

JIoIj.vsses. — Determiiuitii'h  of  Commercial  Ghicose.  Di- 
rect and  invert  polariscopie  readings  are  obtained  as 
directed  under  "Honey,"  except  that  instead  of  clarify- 
ing with  alumina  cream  as  in  the  case  of  honey,  from  5 
to  2,5  c.c.  of  United  States  PharmacopaMa  subacetate  of 
lead  solution  arc  used,  depending  on  the  color  of  the 
sample,  the  darker  the  molasses  the  more  clarifier  being 
necessary.  The  polarizations  should  be  made  in  a  100 
nun.  tube,  if  the  sample  is  high  in  glucose,  and  the 
proper  correction  made.  If  molasses  is  of  average  color, 
its  normal  .solution  should  polarize  less  than  60  in  the 
200  mm.  tube  on  the  cane  sugar  scale.  A  dark  Siimple 
should,  if  ])ure,  polarize  under  50\  Determine  the  cane- 
sugar  by  Clergct's  formula  (see  J!"iiey).  The  cane-sugar 
deducted  from  the  direct  polariscopie  reading  gives  the 
reading  due  to  ghicose.  This  result,  divided  by  175, 
gives  tlw  jier  cent,  of  commercial  glucose. 

Oi.ivi'-.  On.. — As  in  the  case  of  lard,  the  presence  of 
cottonseed  oil,  which  is  the  most  conunon  adulterant. 
may  often  be  roughly  shown  by  the  reaction  with  strong 
nitric  acid.  When  shaken  in  a  test  tube  with  an  eciual 
volume  of  the  acid,  juire  olive  oil  should  show  a  green 
coloration,  while  if  cottonseed  oil  is  present,  a  red  color 
is  quickly  developed. 

ilic  Zeiss  llefraclometer,  though  primarily  intended  for 


182 


EXl^LANATION    OF 
PLATE    XXVII 


EXPLANATION   OF   PLATE   XXVIL 

Fui.  9. — Pure  Clovi's.     A  laig*^  iimss  of  the  loose  spougy  cellular  tissue  is  shown,  tilled  willi  hrown 
irniiiular  lualeiial. 

Fig.  10.— Cloves  Ailulterated   with   Coeoanut  Shells.      Little  show  in  the  tielil   but   the   loni:  dark 
colored  slouc  cells  of  tlie  adulterant. 

Fid.  n. — Corn  Starch.     He.xagoual  granules  witli  rifted  central  hila. 

Fig.  12. — Ginger  Adulteraled  with  Corn.  Wheat,  and  Sawdust.     Ginger  starch  granules  are  egg- 
shaped  with  protuberances  at  one  end.     A  mass  of  soft  wood  fibre  appears  at  the  top. 

Fig.  13. — Wheat  Starch.     Circular  granules  of  various  siiies,  many  having  concentric  rings. 

Fig.  14. — Pure  Mustard.     The  fine  granular  masses  are  the  mustard  substance.     Tlie  globular 
bodies  are  oil  drops. 

Fig.  15. — Mustard  Adidterated  with  Wheat.     Nothing  Init  masses  of  wheat  starch  and  bran  ap 
pear  in  this  lield. 

Fig.  16. — Rice  Starch.     Small  sharply  iiointud  polygonal  granules. 
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Fig.  11.— Corn  Starch. 


Fig.  IC— Rfoe Stanli. 
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iiw  Willi  Imttir  iiiul  liinl.  Is  of  (nmt  Rorvirr  In  pxnnilnlnp 
(illvc  (lil.  Tlic  ii'lnu  liiii:  clr);r(i'  <>(  rdiliiii  sinl  nil  mi 
tlic  Miilr  cif  lliis  itistriiiiii'iil  isiiliiiiil  4.H  liinliiT  llmii  llml 
of  purr  "livi-  oil  111  a  jrlvi-ii  Iciiiiii'mturr  I'l'iiiiul  nil, 
wliicli  lias  licfii  used  as  iiii  ailiiltcnint  <if  olive,  lias  iinirlv 
tlif  saiiif  ili'fjriT  of  r<-fnn-iioii  us  cotton  sccil  oil.  wliilr 
corn  oil.  foiMul  liy  tliu  aiillior  in  all<'):*'<l  "live  oil.  is  at 
least  i:t    lii);licr  nil  the  Zeiss  s<alc  than  l>ure  olive  oil. 

The  |ireseiice  of  cotton  seed  oil  is  best  contlrineil  liyllic 
llalphen  test  ilesirilieil  iliiiliT  Ijllil. 

Si-u  Ks — Ailulteliints  of  spices  are  liesi  detecteil  liv 
Kiibmittin^r  tlieiii  to  niiiToscopical  e.\aininution.  The 
finely  ground  sample  is  mounted  liy  )ilaciiiir  a  small  por 
tioiion  a  >;liiss  slide  liv  means  of  a  knife  lilade.  trealinjr 
with  a  dropof  distillcil  water,  and  ruliliins:  oiituiider  tin- 
cover  .irlass  tietweeii  the  Ihiimli  and  lini.'<r.  The  speci- 
men is  best  examined  w  itii  a  one  si.\tli  inch  objective  and 
a  medium  ocular,  jriviiii;  a  mat'nilication  of  from  24ll  to 
'SVI  iliameters. 

It  is  extremily  dillicult  to  describe  the  actual  micro- 
scopical appeanince  of  smli  composite  substances  as  the 
spices.  Each  has  its  own  particular  characleristics.  and 
the  analyst  slioidd  provide  himself  with  a  ci>mplcte  set 
of  powilered  pure  spices,  and  of  starches,  u'louiid  olive 
and  date  stones,  nut  shells,  bark,  pea  hulls,  sjiwdust  aiid 
other  adulterants  of  known  i)urity,  anil  familiarize  him- 
self with  their  microscopical  appearance,  making  his 
own  standards  for  com|)arison.  Plates  XXVI.  and 
XXVII.  illustrate  lioili  pure  and  typically  adulterated 
.samples  of  some  of  the  spices  as  tlicy  apjiear  under  the 
micn>scope.  A  few  of  the  most  strikini;  features  to  be 
looked  for  in  the  common  spices  are  as  follows: 

All'inW. — Small  circular  starch  irraindes,  often  arranjied 
in  clusters;  very  slrikinir  amlier-colorcd  lumps  of  jrum; 
a  considerable  ipiantity  of  stone  cells,  mitstly  colorless. 

fV;/«i'.i. — Small  starch  i;mn\des.  inlerniinu'led  with 
patches  of  yellow  skin  and  bundles  of  brown  and  yellow- 
wood  trbres;  stone  cells,  often  of  a  brown  color. 

Ciii/eiiiif. — No  starch;  yellow  droplets  of  oil;  patches 
of  skin  with  striking  markings  not  unlike  the  convolu- 
tions of  the  inteslines. 

Clortn. — No  starch;  occasional,  though  very  few  color- 
less stone  cells;  colorless  oil  drops;  masses  of  spongy, 
brown  cellular  tissue  of  indefinite  structure,  but  unmis- 
takable; spiral  ducts. 

Gi')i.V(/-.  —  Ijirge  starch  granules,  egg-shaped  with  small 
protvibeninccsatoneend;  colorless  cellular  tissue ;  masses 
of  wood  fibre. 

Mncc. — No  starch;  colorless  oil  drops;  characteristic 
cellular  tissue. 

iluntiird. — No  starch;  colorless  oil  drops;  spongy, 
colorless  cellular  tissue  with  both  yellow  and  colorless 
patches  of  hidl.  filled  with  brown  spots. 

yvtiiieg. — Small,  circular  starch  granules  with  central 
bila;  colorless,  indefinite  cellular  tissue. 

Pepjxr. — Very  minute  starch  granules;  arranged  in 
large  masses ;  rectangular  stone  cells. 

Te.\. — The  percentage  of  ash  is  a  ready  means  of  as- 
certaining whether  or  not  any  considerable  amount  of 
dirt  or  inineral  matter  has  been  added.  Five  grams  of 
the  Siimple  are  carefully  burnt  in  a  tared  platinum  dish 
to  a  white  ash  over  a  freefiame  at  a  low-  red  heat,  and  the 
residue  is  cooled  and  weighed.  The  ash  of  a  pure  tea 
should  not  exceed  seven  and  one-half  per  cent.  If  the 
ash  is  abnormally  low.  the  presence  of  s]ii'iit  or  e.\liausti-il 
leaves  is  indicated.  Tea  stems  and  fragments  as  well  as 
foreign  leaves  are  best  recognired  by  soaking  the  leaves 
in  boiling  water,  which  opens  them  out  so  that  their  na- 
ture is  readily  apparent. 

ViNKoAit.  —  .\liliough  the  percentage  of  solids  and 
acidity  in  cider  vinegar  are  important  factors  in  determin- 
ing its  purity  and  strength,  standards  being  fixed  forthese 
in  many  localities,  it  by  n<i  means  follows  that  a  sample 
of  cider  vinegar  high  in  both  solids  and  acidity  is  pure. 

Total  Solidii. — Five  grams  are  weighed  from  a  pipette 
into  a  tared  platinum  dish,  which  is  then  transferred  to 
a  boiling  water  bath  and  kept  in  contact  with  live  steam 
for  at  least  an  hour  and  a  half.     It  is  then  cooled  and 


weighed,  the  residue  repntw-ntlng  the  vinegar  (Milids.  If 
the  solids  have  been  ri-iiiforced  by  apple  poiiiace.  this  ill 
reiidend  apparent  by  burning  the  renidue  to  an  usli  in 
the  platinum  dish  ami  determining  the  weight  of  (he  iiHh. 
If  liie  ash  is  less  than  six  percent,  of  the  entire  willdN, 
there  is  no  doubt  that,  iinferniented  sugar  <'iuitjiining  ma- 
terial has  been  added.  The  normal  percentage  of  ash  in 
total  solids  of  pure  (ider  vinegar  Hhould  be  ul  least  eight 
anil  oni'  half. 

,lr/(//7.v  -This  is  comnionlv  determined  bv  titrating 
0  i\v.  of  the  vinegar  with  decinormal  sodium  liydriixide, 
using  phenolphthaleiii  as  an  indicator.  The  per  cent,  of 
acetic  acid  is  exai'lly  one  tenth  of  the  nunilur  of  cubic 
I'eiitimetres  of  the  alkali  recpiired  for  neutrali/.atiou. 

It  is  possibh-  to  use  lime  water  as  a  reagent  in  deter- 
mining approximately  the  acidity  of  vinegar.  A  satu- 
i-ated  solution  of  air  slaked  lime  has  a  nearly  (onstant 
alkalinity.  If  'i.'i't  c.c.  of  vim-gar  are  titratid  against 
saturated  lime  water,  the  number  of  cubic  centimetres 
of  the  latter  reipiired  to  neutralize,  divided  by  ten,  gives 
directly  the  per  cent,  of  acetic  acid  very  closely. 

U)iirtii)ii  irith  [aiiiI  Arititle. — The  ahmiirf  of  a  precipitate 
with  this  reagent  shows  positively  that  the  vinegar  is  not 
genuine,  but  a  precipitate  does  not  necessarily  prove  the 
vinegar  to  be  ptire. 

'J'/k'  l'ol:iviHi-',ji(  Tiiit. — A  genuine  cider  vinegar  should 
always  polarize  to  the  left  of  the  zero  point,  a  right- 
handed  polarization  being  absolute  evidence  of  adultera- 
tion, the  adulterant  often  being  in  this  case  apple  jelly 
containing  glucose. 

Tin  vinegar  sample  may  usually  be  sufficiently  clarified 
for  iiolarization  in  a  IllO  mm.  tube  by  simply  pas.sing 
through  a  double  filter. 

Sii/ji/iiiri'r  Add  or  Siiljihnten  are  indicated.  If  on  the 
addition  of  barium  chloride  reagent  to  the  sample,  a  pre- 
cipitate is  formed.  Albert  E.  Leaeh. 
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FOOD  POISONS,— From  the  earliest  times  poisoning 
from  diverse  foods  has  attracted  the  attention  of  the  laity 
and  of  medical  men.  Numerous  explanations,  many  of 
these  decidedly  absurd  as  viewed  from  the  standpoint  of 
our  present  knowledge,  have  been  put  forth,  and  it  is 
only  within  comparatively  recent  years  that  vague  hy- 
potheses have  given  way  to  exact  chemical  and  bacterio- 
logical studies.  As  a  result,  a  fiood  of  light  has  been 
thrown  upon  the  causjition  of  food  poisonings,  and  the 
observations  thus  made  have  in  turn  served  their  purpose 
of  indicating  the  relatively  simple  means  by  which  many 
of  these  intoxications  may  be  avoideil. 

Individual  susceptibility  plays  a  most  important  part 
in  all  poisonings.  It  is  very  will  known  that  a  given 
poison  may  alTcct  two  individuals  in  a  wholly  different 
manner.  Moreover,  observations  are  not  wanting  which 
show  that  a  substance  which  we  may  have  good  reason 
to  consider  as  wholly  innocuous  is  nevertheless  very  del- 
eterious to  some.  The  fortunately  very  rare  instances  of 
fatal  results  following  the  injection  of  antitoxic  sera  may 
be  taken  as  an  example  of  such  idiosyncrasy.  In  like 
manner  one  may  meet  with  individuals  to  whom  a  given 
article  of  food  invariably  plays  the  part  of  a  poison,  and 
justifies  the  oft-quoted  adage  that  '•  what  is  meat  to  one 
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is  poison  to  niiotlu'r."  The  <iso  of  veal  by  some,  niul  of 
eggs  by  otbers,  is  often  followed  liy  distressiiii;  syinp 
tonis.  Tlie  cleavage  products  of  giicli  foods,  whether  due 
to  defective  metabolism  or  to  a  peculiar  bacterial  tlora  iu 
the  intestines,  are  in  the  main  responsible  for  the  ill  ef- 
fects experienced. 

While  idiosyncms.v  has  to  do  with  a  single  individual, 
there  are  on  the  other  hand  hundreds  of  instances  of 
"food  epidemics"  where  an  extraneous  cause  must  be 
sought  for.  In  the  latter  ea,ses  tlie  food  or  article  con- 
sumed hasaciiuired  in  some  way  marked  poisonous  prop- 
erties, ami  in  so  far  as  the  origin  of  this  poi-son  is  con- 
cerned it  may  be  spoken  of  as  ciulw/inous  or  euvgeiioiin. 

Those  articles  in  which  the  poison  is  of  endogenous 
origin  can  hardly  be  designated  as  foods,  although  it  may 
be  very  cunveiiient  to  speak  of  them  as  auto-]ioisonous. 
Till'  poisonous  mushroom,  for  example,  is  often  mistaken 
for  an  edible  I'nrm.  The  two  kinds  are  wholly  distinct, 
and  the  former  is  injurious  because  it  normally  produces 
a  highly  poisonous  alkaloid,  muscarine.  In  like  manner 
the  blood  of  eels  is  toxic,  because  of  the  presence  of 
preformeil  physiological  products.  Some  animals,  espe- 
cially molluscs  and  tish.  are  popularly  believed  to  acquire 
poisonous  properties  at  certain  phases  of  sexual  life. 
Ilowever.  it  is  very  certain  that  there  are  lish  which 
when  perfectly  fresh  are  highly  poisonous.  Just  as  the 
poisonous  mushroom  is  capable  of  elaborating  its  specific 
poison,  so  certain  fish  are  similarly  endowed  and  give 
rise  to  normal  physiological  but  toxic  products.  The 
nature  of  the  products  elaborated  in  the  tissues  of  such 
poisonous  fish  is  not  known.  They  are  believed  by  some 
to  be  leueoinains  or  basic  alkaloidal  substances  formed 
b}'  the  peculiar  cell  metabolism.  Intoxications  which 
are  due  to  fish  which  are  poisonous  in  and  of  themselves 
are  of  common  occurrence,  especially  in  the  West  hulies 
and  in  .Japan.  It  is  to  this  class  of  poisonings  that 
Blanchard  has  applied  the  term  sigmiUi-ii,  to  distinguish 
it  from  the  more  ordinary  food  poisonings  of  exogenous 
origin. 

The  exogenous  origin  of  food  poisons  is  by  far  the 
most  common  occurrence.  Under  this  head  are  to  be 
placed  all  those  articles  of  food  or  consumption  which 
are  ordinarily  jierfectly  wholesome  and  which  only  occa- 
sionally, ami  then  through  what  may  be  designated  as 
an  accident,  acijuire  injurious  or  poisonous  properties. 
The  poison  or  injurious  element  in  such  cases  is  of  for- 
eign origin,  and  it  is  becau.se  of  the  introduction  and 
presence  of  such  poison  in  a  food  that  the  unexpected 
manifestations  of  intoxication  are  observed. 

The  food  poisons  of  exogenous  origin  may  be  discussed 
\mder  three  heads:  (1)  Poisonous  metals;  (2)  animal  para- 
sites; (3)  vegetable  organisms,  including  bacteria  and 
fungi. 

With  reference  to  the  first  head,  that  of  poisonous 
metals,  it  may  be  said  that  they  play  as  a  rule  only  a 
very  secondary  role  in  outbreaks  or  epidemics  of  food 
poisoning.  The  metals  which  are  supposed  or  have  been 
shown  to  be  the  active  cause  of  poisonings  are  arsenic, 
antimony,  tin.  lead,  zinc,  and  copper. 

An  interesting  instance  in  which  arsenic  and  antimony 
were  the  cause  of  fatal  poisoning  in  animals  was  noted 
several  years  ago  by  Vaughan.  In  a  "Western  mining  re- 
gion where  hydraulic  mining  was  practised,  the  disinte- 
grated ore  deposit  was  washed  down  into  a  river,  the 
water  of  which  as  a  result  became  highly  charged  with 
soluble  and  suspended  arsenic  and  antimony  compounds. 
A  much  more  notable  instance,  however,  of  poisoning  of 
this  kind  is  that  recently  (November,  1900)  observed  in 
Manchester,  where  a  widespread  ejiidemic  of  peripheral 
neuritis  folhiwed  the  use  of  beer  which  on  analysis  was 
shown  to  contain  appreciable  amounts  of  arsenic.  The 
ars<-nic  in  this  case  was  derived  from  the  sulphur  ores 
which  were  used  in  the  manufacture  of  sulphuric  acid. 
Tlie  latter,  in  turn,  with  its  unknown  arsenic  contents. 
wasemploye<l  in  the  pr<'panition  of  the  glucose,  and  it 
was  through  the  glucose  that  the  metal  found  its  way 
into  the  beer. 

Lead  poisoning  which  follows  the  use  of  water  which 


is  conveyed  through  lead  pipes  is  a  well-known  fact. 
.\n  unusual  instance  of  intoxication  was  reporteil  in  1S.S7 
by  Stowarl.  A  Pliiladel|ihia  baker  ignorantly  used  lead 
chromate  as  a  substitute  for  eggs  to  color  his  dough. 
The  buns  prepared  with  this  material  are  known  to  have 
caused  Ct-l  i)ois(>nings,  M  of  which  proved  fatal.  A  some- 
what similar  mistake  is  that  reported  many  years  ago  by 
Uiigefug,  who  found  that  a  large  (pnintiiy  of  zinc  sul- 
phate had  been  used  in  place  of  the  preservative  salt- 
petre. 

In  articles  of  food  which  have  been  kept  for  some  time 
in  tin  cans,  or  in  zinc  or  copper  vessels,  traces  of  these 
metals  can  be  invariably  expected,  and  while  unqucs- 
tionalily  these  metals  in  large  doses  are  poisonous,  ir  is 
nevertheless  true  that  they  have  little  or  nothing  to  do 
with  tlie  acute  poisonings  so  often  observed.  The  bare 
])ossibility  of  caimed  foods  being  poisonous  as  a  result  of 
the  presence  of  these  metals  may  be  conceded,  but  the 
occtirreuce  of  such  is  very  doubtful  indeed.  In  such 
cases  it  can  be  shown  that  bacterial  decomposition  has 
taken  jilace,  and  while  it  is  i)ossible  for  the  organic  acids 
produced  by  such  decomposition  to  dissolve  the  metals, 
still  tnu'  bacterial  poisons  may  be  present  and  should  be 
looked  for.  This  can  be  done  only  by  studying  the  ef- 
fects i)roduced  by  pure  cultures  of  the  organisms  present 
in  such  food. 

Food  jioisoning  as  the  result  of  the  presence  of  animal 
parasites  has  been  a  recognized  fact  ever  since  the  dis- 
covery of  trichinti?  iu  the  flesh  of  hogs.  It  is  very  impor- 
tant in  suspected  poi.sonings  when  pork  or  pork  sausjige 
has  been  eaten,  to  make  a  careful  search  for  tiichintc. 
This  should  be  done  before  a  chemical  and  bacteriologi- 
cal examination  is  undertaken.  Like  trichinic,  other  ani- 
mal parasites,  notably  those  of  the  intestines,  may  be 
introduced  with  the  food,  but  these  occurrences  are  rarely 
considered  imder  the  head  of  food  [xiisons.  and  for  that 
reason  need  no  extended  consideration  in  this  connection. 

Vegetable  organisms  constitute  by  far  the  most  com- 
mon cause  of  food  poisoning.  It  will  be  iireseutly  shown 
that  certain  moulds  or  fungi  thriving  especially  on  plant 
food  may  reniler  these  injurious.  Apart  from  these  iso- 
lated and  in  this  country  largely  unknown  intoxications, 
it  may  l)e  Siiid  that  bacteria  are  the  only  type  of  vege- 
table life  which  are  concerned  in  the  va.st  majority  of 
food  infections.  Dead  animal  or  vegetable  matter  is 
prone  to  invasion  by  bactciia.  and  jnitrefaction  or  fer- 
mentation, as  the  case  may  be,  is  soon  established.  To 
use  an  axiom  of  Claude  Bernard's,  "death  is  life,"  and 
the  life  thus  established  in  dead  matter  under  favorable 
conditions  is  seen  in  the  myriads  of  the  tiny  workers, 
whose  duly  it  is  to  break  up  and  transform  the  complex 
organic  substances  present  in  plants  and  animals  and  re- 
turn their  elements  to  the  inorganic  world.  The  bacte- 
rial invasion  of  wounds  finds  its  analogue  in  the  bacterial 
invasion  of  foods,  and  just  as  cleanliness  and  asepsis  ob- 
viate the  former,  so  proper  storage  and  thorough  cook- 
ing will  iirevent  the  latter.  Of  the  large  number  of  dif- 
ferent kinds  of  bacteria  which  may  find  lodgment  in  a 
wound  only  a  few  perhaps  are  capable  of  ]ir(>ducing  poi- 
sonous products.  This  fact  is  liki-wise  true  of  those  bac- 
teria which  invade  dead  plant  and  animal  matter.  The 
mere  fact  that  a  food,  .solid  or  liijuid.  contains  enormous 
numbers  of  bacteria  does  not  indicate  that  it  is  poisonous. 
The  vast  majority  of  bacteria  are  harmless  organisms 
which  elaborate  simply  non-poisonous  products.  On  the 
other  hand,  a  relatively  small  nundier  (jf  bacteria  are 
capable  of  making  poisonous  jiroduets,  and  to  these  or- 
ganisms the  term  t'i.riri)f/tnir  may  be  applied. 

Inasmuch  as  bacteria,  when  injurious,  produce  their 
ill  elTects  by  means  of  the  poisons  which  they  elaborate, 
it  is  desirable  brietly  to  touch  upon  these  products.  The 
term  /itininrin  was  intro<luced  a  (|uarter  of  a  century  aga 
by  the  Italian  chemist  Selmi  to  designate  basic  alkaloi- 
dal products  formed  in  iiiitrefaction.  Bearing  in  mind 
the  fact  that  strychidnc  and  muscarine  ate  intensely  poi- 
.sonoiis  vegetable  alkaloids,  it  was  ipiite  natural  to  explain 
the  profound  intoxication  met  with  in  infectious  diseases, 
and  iu  the  pois(ming  from  foods  by  assuming  that  bac- 
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itriii  cliitxinitol  siiiiiliir  toxir  nlkiiloiiliil  pnHliiclR.     It  Ib 
liir^rlv  tliii>iii.'li  llir  liilMiisiil  llriipr  lliiit,  (.iir  kiHiwlcdKc 
ciiiuirMiiig  |ilciiiiutMs  wii.s  miiiud.     A  coiisMi'mliU-  iiiiin 
Iht   iif    llicsc    liiisir    iilkiiliiiilal    |irii(liuts    wrre    isoliitiil. 
TIk'  iuvlili>li>.\iii  fiiiiiKl  ill  |iiiisciiiiitiM  iiiiiwM'ls  JH  of  this 
rliisM   iiiul    is  lij-    fur  tlir  liiosl    |iiiisiiiicnis  of   the  known 
ptoiiiiillis.      Ah'u   mil'   llicsc  subslaiufs  iiri'    liut    fcrblv 
poisonous  or  iiol   iii   nil.  anil  il   fo||<i\vs  lliiit  in  siirli  in 
utiiniTS  sonir  oilier  poison  iioii  liiisic  in  clmnntcr  iiiiisl  lir 
pris<iii.     Tlictrrin  "  plonmVn  poisoninj;"  liiis  Ihiii  pcrpii 
liiri/i<l  lo  such  nil  (Xtciii  lliiit   it   is  iis<m1  synonynioiisly 
Willi  foo<l  poisonin),'.     Tlir  fuel   is  Iliiit  in  only  very  vx- 
ccptioiiiil  insljiiK'cs  lire  ptoiimins  to  be  t-rcditi'il  with  bi'- 
in>;  the  ('iiiiS4'  of  such  poisonini;. 

Till-  study  of  simkc  vnioin  showed  lliiit  tin-  activt- 
|H>isoii  in  thai  siirction  was  an  albuminous  siihstanco. 
I, ike  invcstiu'iitions  inndr  with  the  seeds  of  jii|uirity  and 
with  the  laslor  In  an  showed  the  lucseiu  c-  of  other  poi 
soiii>ns  |)ioteid  IxKlies.  Briefer  mid  Fnieiikel  in  lS^l<Jex 
niiiineil  hiL:lilv  poisonous  diphtheria  cultures,  and  from 
these  they  olitained  very  poisonous  pie<ipitales  which 
iH'ilijr  proteid  in  composition  were  desiirniiteil  as  laxiil- 
liiiiiiiiin.  The  same  method  of  e.Miniiimlion  soon  rcvualcd 
till'  pr»-s*-iice  of  lo.Milbumiiis  in  ciilluns  of  other  disease- 
proilucing  biuteria.  In  a  very  short  time,  however,  it 
was  shown  that  tlie  .so calleir  toxalbiinijii  was  not  a 
detinili'  chemical  substance  but  nither  a  mixture  of  nn 
inert  proteid  and  an  active  poison  noii  proteid  and  non- 
lmsi<' in  character.  To  distiiiiruish  the  real  poison  from 
ptomiiyns  and  from  the  so-called  toxalbumins  it  has  iM'cn 
desijriiated  as  the  l»j-iii.  Aftir  all.  tliis  is  merely  a  term 
for  an  as  yet  unknown  or  rather  but  as  yet  imperfect- 
ly known  substance.  The  toxins  of  diphtheria  and  of 
tetanus  have  been  studied  the  most,  but  beyond  a  jreneral 
knowledire  of  their  reactions  and  beliavi<ir  nothing  is 
known  as  to  their  structure  or  compo.silion.  One  thing 
is  certain,  that  in  the  toxin  many  bacteria  possess  a  most 
ileailly  weapon.  Urieger  and  Colin,  after  purifying  the 
tetanus  toxin,  for  example,  as  much  as  possible,  found 
that  the  extremely  minute  amount  of  O.OOdOOOO.")  gm. 
killed  mice.  A  similar  and  almost  eiiually  destructive 
toxin  has  been  separated  from  cultures  of  the  I'acillus 
hot  uliiins  obtained  from  some  poisonous  ham.  This  prod- 
uct will  be  |iresently  discussed  at  some  length. 

Herognizing  the  fiu  t  that  ba<teria  are  the  cause  of  the 
majority  of  food  poisonings  and  that  they  induce  their 
poisonous  effects  by  means  of  the  toxins  which  they 
elaborate,  it  is  of  interest  to  inquire  into  tlie  formation 
of  these  products.  While  many  toxicogenic  bacteria, 
especially  ineluding  the  disease  germs,  are  capable  of 
prowingal  the  temperature  of  the  body,  there  are  those 
which  cannot  do  so.  The  latter  are  therefore  incapable 
of  growing  in  the  body.  The  jioisons  which  such  organ- 
ism* elaborate  must  of  neces.sity  arise  in  the  food,  while 
this  is  kejit  at  the  ordinary  room  teni|ierature.  The 
elTicts  which  follow  the  eating  of  such  food  will  neces- 
sarily vary  directly  with  the  (|iiantity  of  the  food  taken, 
since  the  active  poison  is  made  wholly  outside  of  the 
ImhIv.  Ballard's  Iron  Bridge  cases  are  instances  of  this 
kind  of  poison  proiluction,  for  in  these  the  sjiecitic  germ 
would  not  grow  above  Wi"  and  its  (ultunsat  I'M"  were 
markedly  jioi.sonous.  The  .same  is  true,  as  will  be  prcs 
ently  shown,  in  poisoning  with  food  which  contains  the 
B.  botulinus.  The  organisms  at  work  in  such  cases,  al- 
though toxicogenic.  are  nevertheless  [iractically  obliga- 
live  sjiproplivtes.  Poison  pnxluclion  then  may  take  place 
(1)  wholly  outside  of  the  boily.  On  the  other  hand.  (2) 
given  an  organism  which  is  capable  of  growing  at  the 
body  tempenitureas  well  as  at  the  room  tem|>erature — in 
other  words  a  facultative  parasite. — it  follows  that  such 
an  organism,  having  iM'gnn  the  production  of  poison  out- 
side of  the  IxKly,  in  the  food,  imiy  continue  to  elaborate 
like  poisons  in  the  Intestines  after  such  food  is  taken. 
While  in  the  first  instance  the  effects  arc  tliosi'  of  a  plain 
intoxication  following  the  introduction  of  a  ready-made 
poison,  in  this  ease  intoxication  and  infection  are  com- 
bineil.  A  third  type  of  poison  production  is  show  n  when 
the  organism  present  in  the  body  is  truly  pathogenic.     It 


miiv  Im*  pre»eiit  in  but  very  Hiiinll  niiinlMTH  in  the  food 
ani[  the  poisonous  products  made  therein  may  Iw  pnictl- 
cally  nil  yet  diwase  may  follow  In  ipther  wonJN,  ii  Inio 
ilifeclioli  results  from  the  presence  In  the  food  of  ili»eaw:- 
prtHlucing  organisiiiH.  Contamination  of  drinking  water 
or  milk  with  cholemor  typhoid  bacteria  would  fall  under 
this  head.  More  iliri<t[y.  however,  this  group  will  in- 
clude bacterial  diseases  of  animals  which  may  lii'  trans 
ferred  to  man  through  the  llisli  of  animals  so  ilit.eaM'd. 
This  type  of  food  poisoning,  it  will  be  .s<en,  is  analogouH 
to  thai  with  animal  parasites.  A  tiiimberof  weil-denued 
iustances  of  this  kinii  will  be  presently  given. 

From  what  has  been  .said  il  is  evident  that  tlie  greater 
part  of  food  poisonings  are  instances  of  food  infection, 
tjiicli  food  either  was  at  lirsl  perfectly  wholesome  and 
through  impropir  handling  became  <'oiitaminaled  willi 
poison  proiluciiig  bacteria;  or.  tlerivcd  from  disiased 
animals,  il  already  contains  the  s|)ecilic  harmful  germ. 
In  view  of  the  undoubteil  fact  that  the  germs  producing 
these  ])oisons  are  very  rarely  the  .same  in  two  distinct 
outbreaks,  it  follows  tliat  the  poisons  are  different  and  as 
a  cousi'i|uence  the  symptoms  observed  will  vary  within 
very  wide  limits.  It  is  not  n-asoiiable  or  in  accordance 
with  known  facts  to  belieye  that  in  poisonous  cheese,  (or 
example,  only  one  and  tin'  same  organism  is  always  pres- 
ent and  that  the  chemical  poison  is  the  sjime  in  all  in- 
toxications from  such  food.  A  considerable  number  of 
organisms  undoubtedly,  if  the  opportunity  is  given  for 
their  development  in  cheese,  are  capable  of  rendering  it 
poisonous.  In  like  manner,  poisonous  meats,  sjiiisage, 
and  fish  do  not  owe  their  toxicity  to  any  one  siiecitic 
organism.  Already  a  number  of  toxicogenic  bacti-ria 
have  been  isolated  during  the  past  ten  or  twelve  years, 
from  diflerent  outbreaks  of  meat  ])oisoning.  Tliis  num- 
ber will  of  necessity  be  increased  as  more  careful  methods 
come  to  be  employed  in  the  study  of  these  accidental 
poisonings. 

Poisonous  5Ie.\t. — Every  kinii  of  meat  which  man  is 
accustomed  to  use  as  food  is  liable  to  become  jxiisonous. 
Haw  or  improperly  cooked  meat  is  usually  responsible 
for  tlie  occurrence  of  sucli  results.  The  freciuent  occur- 
rence of  sausage  poisoning  in  Germany  led  to  its  ilesigna- 
tion  as  botulismus  or  alantiasis.  These  terms,  however. 
may  be  used  so  as  to  embrace  any  meat  poisoning,  but  it 
is  preferable  to  retain  the  original  meaning  of  boluli.smus 
and  following  the  nomenclature  of  Vaughaii  to  designate 
meat  poisonings,  regardless  of  form  or  origin,  as  Kreo- 
toxism  ii». 

Bdeilhix  Bottilinm.—By  far  the  best  studied  instance 
of  meat  poisoning  is  that  recorded  by  Van  Erniengem. 
The  outbreak  occurred  in  the  Belgian  village  of  Kllczelles 
and  at  first  aflected  thirty-four  ])ersoiis  who  were  all 
members  of  a  musical  society.  A  few  days  later  a  num- 
ber of  other  persons  became  sick  wit  lit  he  .sjiniesymiUoms. 
Three  of  the  persons  afflicted  died  within  a  week.  The 
investigation  which  took  place  showed  lliat  the  sick  peo- 
ple had  all  partaken  of  a  certain  ham.  The  hog  from 
which  the  meat  was  prepared  was  perfectly  healtliy  and 
at  the  time  of  slaughtering  a  portion  of  the  meat  was 
eaten  raw  without  any  effect  following.  After  .salting. 
both  hams  and  other  portions  of  the  animal  were  packed 
away.  The  brine  used  was  clearly  delicicnt  in  s;ill  and 
insufficient  in  quantity,  .since  only  the  bottom  ham  was 
immersed  in  the  liquid.  The  upper  portions  of  meat 
were  consumed  without  any  ill  cfTect  and  it  was  only  the 
immersed  ham  which  caused  the  iioisoniiig.  This  exclu- 
sion of  air  as  well  as  the  deficiency  of  salt  allowed  thede- 
veloiimeut  of  an  anaProbic  bacillus  to  which  Van  Ermen- 
gem  applied  the  name  B.  botulinus.  It  may  be  remarked 
in  passing  that  Kempner  obtained  the  same  organism 
from  the  fa'ces  of  a  hog. 

The  symptoms  observed  in  this  outbreak  were  shown 
to  be  diie  toa  toxin  elaborated  by  the  bacillus  in  the  ham. 
The  lateness  in  tlie  onset  of  the  symptoms  and  the  absence 
of  fever  were  rather  remarkable  for  a  true  intoxication. 
As  a  rule  no  efTects  were  observed  during  the  first  twenty- 
four  hours  after  the  meal  and  in  .some  cases  theon.set  was 
delayed  for  thirty -six  hours.     Gastric  pains  >yilh  repeated 
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voniitinjr  were  first  observed.     With  the  exrcptjon  of 

two  cases  all  liad  an  (ibslinatcooiistipatinn.  The  gastro- 
intestinal syinptoins  were  not  sii  niarl<e(l  as  in  iudhI  in- 
stances of  fooil  poisouinjr.  but  tlie  nervous  symptoms  were 
especially  pronounced.  All  showed  characteristic  dis- 
turbances of  vision.  The  eyes  became  foirired  and  in  a 
short  time  recognition  of  people  failed.  Diplopia  .set  in. 
Marked  dilatation  of  the  pupils  with  total  loss  of  reac- 
tion as  well  as  ptosis  of  lioth  eyelids  followed.  Added 
to  iJiis  was  the  sensation  of  a  burnini:  thirst  and  a  con- 
striction of  thethroat.  The  lattcrat  times  wasso  marked 
as  to  render  the  swallowing  of  even  licpiids  ditlicult. 
The  mucous  membranes  were  strongly  reddened,  and  in 
some  the  abundant  secretion  of  viscid  mucus  led  to  violent 
attacks  of  coughing  and  even  of  sutTocation.  At  times 
complete  aphonia  and  anuria  were  observed.  E.xtreme 
muscular  weakness  was  general.  In  s)iite  of  these  severe 
symptoms  the  pulse  remained  below  !l().  the  respiration 
and  temperature  were  normal.  In  fatal  cases  coma  or 
mild  delirium  occurred.  The  recovery  was  very  slow 
and  extended  through  several  weeks  and  even  months. 

Feeding  of  the  ham  or  of  macerations  maile  with  it 
proved  fatal  to  mice,  while  rats,  young  cats,  guinea  pigs. 
and  monkeys.  Subcutaneous  injections  of  0.001  c.c.  of 
the  maceration  (1  too*  killed  mice.  In  larger  doses  it 
was  fatal  to  rats,  doves,  and  cats.  Halibits  were  ex- 
tremely susceptible,  while  frogs,  dogs,  and  chickens  were 
refractory.  The  fact  that  the  maceration  after  being 
filtered  thnnigh  porcelain  wasasactive  as  when  unfiltered 
showed  that  a  soluble  toxin  existed  in  the  ham.  The 
furlber  fact  that  the  bacillus  was  not  present  in  the 
organs  of  the  animals  that  <lied  after  inoculation  showed 
that  it  was  a  true  saprophyte,  althougli  markedly  toxi- 
cogenic. 

The  toxin  of  B.  botulinus  in  its  activity  resembles  that 
of  tetanus  or  diphtheria.  It  is  promptly  destroyed  by 
boiling  but  not  by  putrefaction.  Marinesco  found  that 
the  lesions  produced  by  this  toxin  are  largely  confined  to 
the  cells  of  the  graj'  matter  of  the  cord.  With  very 
small  d<ises  the  lesions  consist  of  a  rarefaction  of  the 
chromatophil  elements.  L'n<ler  the  intiuence  of  larger 
amounts  of  poison  the  granules  of  Nissl  undergo  more 
or  less  marked  disintegration  or  chromatotysis.  When 
fatal  doses  are  administered  some  of  these  cells  will  be 
founil  to  be  completely  destroyed.  Kempner  has  suc- 
cessfully inununi/.ed  a  goat  against  the  action  of  the 
toxin  and  obtained  an  antitoxic  serum  of  marked  po- 
tency. 

Non-febrile  intoxications  with  pronounced  nervous 
symptoms  accompanied  by  obstinate  constipation  have 
been  repeatedly  observed  in  the  past  in  connection  with 
sjiusjige  poisoning,  and  it  is  quite  possible  that  a  similar, 
if  not  identical,  toxin  to  that  just  described  was  the  cause. 
A  noteworthy  instance  of  this  kind  was  furnished  by  the 
observation  of  von  p'aber,  who  reported  in  1821  an  out- 
break which  caused  the  death  of  tive  out  of  sixteen  peo- 
ple who  had  eaten  fresh  unsmoked  pork  sausage.  There 
were  constriction  of  the  throat,  difficulty  in  swallowing, 
retching,  vomiting,  colic-like  jiaius.  vertigo,  hoarseness, 
dinmess  of  vision,  and  headache.  Later  on,  in  the  severe 
cases,  there  was  complete  exhaustion,  and  finally  paraly- 
sis. The  eyeballs  were  retracted,  tin'  pupils  were  some- 
times dilated,  then  contracted,  and  did  not  respond  to 
light.  The  upper  lids  were  ])araly7.ed.  The  tonsils  were 
swollen,  but  not  as  in  tonsillitis.  Li(|Uids  which  were 
not  irritating  could  be  carrie<l  as  far  as  the  (esophagus, 
when  they  were  ejected  from  the  mouth  and  no.se  with 
coughing.  Solid  foods coidd  not  be  swallowed.  On  the 
back  of  the  tongue  and  inthe  pharynx  there  was  observed 
a  puriform  exudate.  Obstinate  conslijjalion  existed  in 
all.  while  the  sphincter  ani  was  paralyzed.  Breathing 
was  easy,  but  all  had  a  croupous  cougii.  The  skin  was 
dry  and  there  was  no  incontinence  of  urine.  There  was 
no  delirium  and  the  mind  remained  clear  to  the  last. 

As  a  rule,  however,  intoxications  resulting  from  sau- 
sage and  other  foods  are  characterized  by  afebrile  gastro- 
enteritis. Thus,  in  the  Wellbeck  casesrcported  by  Bal- 
lard tile  temperature  at  times  rose  to  103°  and  104'  F.  and 


the  diarrhcra  was  quite  unrestrainablc.  Muscular  weak- 
ness was  an  early  and  marked  symptom  and  the  debility 
of  convalescence  was  in  nearly  all  cases  protracted  to 
several  weeks.  Intenseand  distres.sing  thirst  with  nausea 
and  voudting  was  quite  general.  Ballard  has  described 
sevend  additional  outbreaks  of  food  poisoning  which  it 
is  scarcely  necessjiry  to  dilate  upon. 

Jitin'Iftis  Erili'i-itdlh. — This  name  was  apjilied  by  Gilrt- 
ner  to  the  organism  which  be  i-^olaled  in  l.'^s.s  from  meat 
which  had  poisoned  a  large  nundier  of  persons.  The 
same  orgaiusm  was  also  isolateil  from  the  spleen  of  a 
man  who  died  from  the  effects  of  the  meat  poisoning. 
The  meat  was  unquestionably  infected  from  the  begin- 
idng,  inasmuch  as  the  cow  which  furnishe<l  it  had  a.scvere 
diarrlKea  for  .some  days  before  she  was  killed.  Of  the 
fifty-eight  peo|)lc  who  were  ren<lered  sick  one  died. 
The  cfTecIs  observed  were  those  of  a  ]>ronounced  gastro- 
enteritis with  subsecpnnt  dcscpiamation.  These  symp- 
toms occurred  in  persons  who  had  eaten  the  cooked  meat 
as  well  as  in  those  who  had  taken  it  raw.  On  feeding 
animals  with  sterilized  cultures  of  this  bacillus  Gilrtner 
was  able  to  show  that  s\u-h  <'ultures  were  highly  poison- 
ous. Guinea-pigs  thus  fed  died  in  anywhere  frou\  a  few 
hours  to  five  days.  Mice  sinularly  fed  died  in  a  few  days. 
It  is  noteworthy  that  uidike  Van  Ernn-ngem's  toxin, 
which  is  readil}'  destroyed  by  heat,  the  cultures  of  Giirt- 
ner's  bacillus  maintain  their  toxicity  even  after  Ijoiling 
for  several  hours.  The  poison  then  is  very  resistant  to 
heat  and  resembles  in  this  respect  the  intracellular  toxins 
of  the  colon  bacillus  which  have  recently  been  studied 
by  Vaughan.  Morphologically  the  Bacillus  enteritidis 
is  closely  allied  to  the  colon  bacillus,  from  which,  how- 
ever, it  differs  in  not  proiiucing  indol  and  in  its  pro- 
nounced infectiousness  even  when  fed  to  animals. 

The  same  organism,  or  at  all  events  one  closely  allied 
to  it,  was  isolated  in  1891  by  Lubarsch  from  the  lungs  and 
spleen  of  a  child  who  died  of  what  was  diagnoseti  as 
Winckel's  disease.  Karlinski  has  also  succeeded  in  iso- 
lating this  bacillus  from  a  case  of  food  jioisoning  which 
came  under  his  observation.  Fischer  likewise  met  with 
what  he  believed  to  be  Bacillus  enteritidis  in  an  outbreak 
of  food  poisoning  which  affected  nineteen  persons.  The 
vomiting  and  violent  purging  observed  were  tniced  to 
the  meat  of  a  sick  cow  which  had  recently  calved. 

In  a  case  of  food  poisoning  studied  by  Johne  the  B. 
enteritidis  was  also  found.  The  same  organism  lia<  also 
been  met  with  in  all  probaljility  by  Poels  aiid  Dhont. 
Ilolst.  and  Giinther  and  it  woidd  therefore  appear  that 
this  bacillus  is  widely  distributed  in  nature.  The  food 
poisoning  reported  by  Giinther  in  IS'JT  affected  some 
twenty-six  or  twenty -seven  families  and  was  due  to  the 
eatingof  pork,  as  well  as  to  I  he  sausage  and  blood  derived 
from  the  same.  Abdominal  jiains,  vomiting.  diarrlKca, 
and  extreme  weakness  were  the  synijitoms  observed. 
Only  one  person  died,  and  from  the  internal  organs  of  this 
individual  Giinther  isolated  the  B.  enteriti<lis.  It  was 
assumed  that  this  organism  was  present  in  the  jioisonous 
food,  but  all  efforts  to  isolate  it  from  the  latter  failed. 

Another  instance  in  which  iiresumably  the  B.  enteritidis 
was  involved  is  that  observed  by  Silbersehmidl  in  1S06. 
A  small  outbreak  resulted  from  the  use  of  the  smoked 
meat  of  a  suckling  pig  which  was  diseased  when  killed. 
The  .symptoms  were  essentially  the  same  as  those  just 
given,  and  one  death  resulted.  Those  who  had  eaten 
cooked  meat  were  also  affected,  although  boiled  extracts 
of  the  meat  had  no  effect  on  animals. 

Jliirilliin  Miifhifii-iiiix  Bin-in. — The  organism  thus  desig- 
nated by  Basenau  was  obtained  from  the  meat  of  a  cow 
which  was  slaughtered  while  suffering  from  puerperal 
fever.  Subsequently  he  isolated  the  sjime  organism  from 
the  meat  of  animals  sick  with  perforative  jieritonitis. 
puerperal  pandysis.  and  chronic  pyremia.  The  germ 
]iroved  to  be  very  infectious  to  the  ordinary  experimental 
animals.  On  the  other  band  it  is  by  no  means  certain 
that  the  organism  is  loxieogenic  with  respect  to  man. 
It  is  more  than  probable  that  it  is  nothing  more  than  a 
variety  of  the  colon  bacillus. 

liac'iUiis   Bredaneims    was    found    under   conditions 
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Kiiiiibir  to  IIk-  pn'C'cilln^  in  wrrml  iliHtinct  (iiillin-iikH. 
ArcciriliiiK  li>  Vim  Krmi'iij,'<'iii  fiMid  |>i>isiiiiiiii.'s  in  .Miprwilf 
mill  ill  (ilii'iit  ill  isii'j  mill  ill  i^ill.'i  yii'lilril  iliiH  liiii'illiiH. 
Ill  llir  Miirsi'i'lr  Kiillii'i'iik  llirriiiisi'  was  fiiiiiiil  in  tlir  IIi'kIi 
<ir  (wi>  riilvi'S  tliiit  ilii'il  of  nil  iiniliiii)>li'il  Infrrlinii.  Of 
till'  riirllly  pcn|ilf  rcllililril  sirk  four  ilinl.  'I'llr  syill|i 
IniiiH  wrrr  IIk'-i'  iif  |ii'(ini>Ulirnl  pislni  ttilri  ilis  arrnlll 
paiiiitl  liy  a  lii;;li  fivrr.  In  scviit  casis  rnlivinosi's 
■  if  (lir  skin  anil  ilisiiirliancrH  nf  visimi.  wliilr  in  rliililrni 
liinviilsiuiis  wrrr  iilisrrvril.  Tlirinillinak  in  llrrMlaii  was 
stiiiliril  liy  Karnsclir  in  Flll^^'r's  lalioniliirv.  In  this 
nisi-  also  llit'inrat  was  ilrrivcil  fn>iii  a  ilisrasrd  niw  wliirli 
was  killrd  wliilr  siilTirins  from  a  liiijli  fivrr  and  a  srvrrr 
diarrlid'a.  No  dratlis  oiciirrrd,  alllioii^di  soiiir  ri^lily 
|iro|ili'  wrrr  alTrrlrd.  Taken  as  a  w  liolr.  Ilir  ilrscrip- 
(ions  of  tlir  iiri;aiiisiiis  nut  witli  in  llirsr  casrs  airrrr  vriy 
closrly.  and  il  is  i|iiiti'  piolialilr  llial  llir  Ktiiiir  Lrrrm  was 
prrsriit  ill  rai'li.  Il  is  to  lie  notrd  that  tlir  cultural  and 
liiorplioloirical  proprrtirs  of  this  j;rrm  air  rssrntially 
tliosi' of  llir  colon  liarilliis.  I'niikr  tlir  lattrr,  however. 
it  does  not  make  indol  orcoau'ulatr  milk.  An  important 
fralurr  is  tlir  fact  that  the  poison  is  not  drstroyrd  b^' 
heal,  and  in  this  respect  il  aurces  with  (iilrtner's  15.  en- 
teritiilis.  Hoiled  or  iinlioilrd  cultiins  or  infected  meat, 
wlirii  frd  to  or  injerled  into  inirr  and  raliliits.  caused 
death,  while  dous  and  cats  were  wholly  unalTecled. 

liirilhiii  J-'iii ill /h  11/1  iiKi'n. — Kni.si'  has  thus  desijinated 
the  liacilliis  which  (JalTky  and  I'aak  descrihrd  in  18il(l. 
The  source  was  some  sausage  made  from  the  tlrsli  and 
livers  of  sevrnil  horses.  The  siuisaire  was  prepared  in  a 
most  carrlrss  iiiannrr  and  as  a  result  showed  [lutrid  de- 
composition. Jlore  than  tliirty  persons  were  poisoned 
liy  eatini;  this  sausjijie  and  one  of  these  died.  The  onset 
of  the  syni))toins  occurred  in  a  few  within  half  an  hour. 
nsa  rule  w  itliin  si.\  hours,  allhouijli  some  were  not  afTecled 
for  twelve  to  twriityfour  hours.  A  marked  chill,  liead- 
aclie.  ahdoniinal  pains,  loss  of  appetite,  nausea,  vomiting 
and  diarrlma  were  j>resent.  As  in  other  instances  of 
food  poisoning  nnisciilar  weakne.s,s  was  prommnced  and 
many  were  thrrrfore  unalilr  to  rrsunir  work  for  many 
days.  Di/./.inrss.  thirst,  and  fever  wrrr  al.so  olisrrved.  liiit 
appareiilly  no  distiirliances  of  vision.  The  injection 
sulicutaneously  of  macenitioiis  of  the  sausiige  |)i-oved 
fatal  to  ndihits,  guinea-pigs,  and  mice,  and  from  these 
animals  a  short  bacillus  was  recovered.  A  single  feeding 
of  sjiuNige  to  mice  caused  the  death  of  one  in  eight  days 
and  in  it  the  same  bacillus  was  found.  Gallky  and  Faak 
considered  this  organism  to  be  responsible  for  the  elfects 
obsrrvrd  ill  man.  The  ]nirr  cidturrs,  when  given  by 
the  mouth  or  inje<'ted  subcutanrously  or  intravenously, 
proved  fatal  to  animals.  Unlike  those  of  B.  enteritidis 
the  ciiltuns  when  boiled  lost  their  to.\icity.  Like  the 
preceding  organism  tliis  one  does  not  give  rise  to  indol 
nor  does  it  coagulate  milk.  Otherwise  it  resembles  very 
closely  the  colon  bacillus  and  may  be  considered  to  be  a 
variety  of  the  same. 

From  cooked  meat  which  caused  an  outbreak  of  diar- 
rhna  in  rtrrc  ht  in  ISOti.  Hamburger  isolated  a  non-motile 
bacillus  to  w  hirh  he  gave  tlir  Maine  II.  alliiliifitriiiinis. 
The  organism  did  not  liipirfy  gelatin  and  when  grown 
in  Ixviiillon  it  iirodiicrd  a  heavy  scum  but  little  or  no 
cloudiness  of  the  licjuid.  The  infected  meat  when  fed  to 
mice  proved  fatal. 

In  IHitT  Pouclirt  rrjiorted  a  case  in  which  forty-nine 
people  were  poisoned  by  eating  spoiled  pork.  Headache, 
dizziness,  vomiting,  diarrluea.  and  fever  with  a  general 
erythema  were  obsrrvrd  in  Ihosr  affrctcd.  Pouchrt  iso- 
lated an  organism  which  he  considrrrd  to  be  the  s;ime  as 
the  liogcholrni  bacillus  of  .MetschnikolT.  Inasmuch  as  the 
germ  studied  by  the  latter  was  really  that  of  swine  plague 
and  not  of  hog  cholera,  it  is  probable  that  the  swine- 
plague  germ  was  responsible  for  this  poisoning.  It  is 
interesting  to  note  in  this  connection  that  Lubowski 
(1!)01)  has  succeeded  in  isolating  the  bacillus  of  hog  ery- 
sipelas from  the  intestines  of  an  icteric  child,  and  it  is 
not  unlikely  that  in  this  instance  infection  took  place 
through  the  food.  There  are  undoubleil  instances  in 
which  anthra.x  has  been  conveyed  to  man  in  this  way. 


KallanI  hux  reiHirted  a  iiunilH'r  of  outliretikH  of  nieol 
poisoning.  Beef,  canned  pigs  tongue,  jelli.d  pigs  hrad. 
pork.  Imiii,  veal  pir,  pork  pir,  and  iiinned  Kaidines  were 
the  respective  caiisi'S  in  tlirsi'  seveml  oiitbreakH  II  is 
interestini;  to  note  that  the  "  .Midillesboroiigh  pneumonia 
epidemic  '  w  liiili  caiisrd  four  liiindrrd  and  iiinel  v  death.s, 
is  atlriliiilrd  by  Ballard  to  poisoning  with  imported  ba- 
con. Mr  briirvril  that  the  disease  devrlopiil  in  a  prison 
w  ho  had  ratrii  of  llir  infrctrd  fooil  and  was  I  ralismissiblr 
from  Ihr  sirk  to  those  who  had  not  partaken  of  the  in 
fei'ted  food.  In  the  lungs  Klein  found  a  sliort,  thick 
bacillus  which  he  callid  Bacillus  piiriiiiionla'.  This  germ 
was  dilTrrriit  from  tlir  bacillus  of  Frirdlaender  and  from 
the  diplororciis  of  Frarnkrl.  Fourtrrn  oiii  of  the  twriity 
samples  of  bacon  when  frd  to  rmlrnls  proiliicril  death 
Willi  li'sions  similar  to  tliosr  observed  in  man.  During 
the  progress  of  the  investigation  an  epidemic  of  pinii- 
inonia  broke  out  among  the  animals  ami  in  these  the 
same  organism  was  found.  The  poisonous  bacon  when 
kr]it  for  thrre  months  lost  its  toxicity  and  no  grow  th  of 
the  bacillus  could  be  obtained. 

In  1M1I4  Vaughan  and  I'erkins  examined  some  dried 
href  which  had  (|uite  sirioiisly  jioisoned  a  family  of  four. 
There  was  nothing  in  the  apjiriiranre  or  odor  of  the  brrf 
to  cause  any  snspirii  111.  In  tail  it  seemed  to  beof  cx<(p- 
tionally  good  ((Uality.  AnaCrobir  ciiltuirs  from  Ihr  in- 
trrior  of  the  meal  gave  a  colon  like  bacillus  which  was 
pathogenic  to  white  rats,  rabbits,  and  guinea  pigs.  The 
sterilized  cultures  were  also  poisonous.  In  an  outbreak 
which  occurred  in  Stiirgis.  Michigan,  in  the  same  year,  a 
large  nuniVierof  men  were  rendered  ill  after  partaking  of 
|ire.ssed  chicken.  All  were  taken,  within  two  to  four 
hours  after  eating  the  chicken,  with  nausra.  violent  grip- 
ing and  purging,  many  fainted  whilr  atirmpling  to  rise 
from  bed.  From  the  food  Vaughan  and  I'eikins  isolated 
a  slender  bacillus  ami  a  streiilococcus.  The  former 
l)roved  to  be  very  fatal  to  experimental  animals.  Anae- 
robic cultures  were  much  more  powerful  than  aProbic 
ones. 

During  the  past  few  years  a  numberof  food  poisonings 
have  been  investigated  in  which  the  causative  organism 
has  been  .shown  to  be  in  all  iirobability  the  I'mtinx  nil- 
l/iin's  or  its  rrlatril  s]iecies.  Thus  Levy,  in  \X'.<4.  investi- 
gated a  case  of  this  kind.  The  keeper  of  a  restaurant 
and  .some  of  his  guests  suiTrred  from  a  most  violent 
purging,  which  in  the  case  of  the  liost  terminated  fatally. 
Proteus  vulgaris  was  isolated  from  the  vomited  malt<"r, 
from  the  stools,  ami  from  thcicebox  where  the  food  was 
kejit.  Levy  sought  to  demonstrate  that  the  poison  in 
this  case  was  identical  with  the  scpsin  of  .Schmirdibrrg. 
Wesenbcrg  in  1S9T  studied  a  food  epidemic  w  liich  alTected 
si.xty-lhree  persons.  The  suspected  meat  came  from  a 
cow  that  was  slaughtered  xvhen  sick.  Violent  headache, 
intense  abdominal  pains,  dizziness,  extreme  muscular 
weakness,  and  diarrhcea  were  the  symptoms  noted.  The 
greenish  or  l)rownish  ilischarges  were  very  jHitrid.  The 
more  or  less  decayed  meat  yielded  a  bacillus  which  Wcseu- 
brrg  believed  to  be  identical  with  Proteus  vulgaris.  It 
remains  a  question,  however,  w  hrther  this  germ  was  the 
actual  cause  of  the  intoxications. 

Silberschmidt  reported  similar  results  from  an  eiddemic 
which  occurred  in  a  Swiss  canton  in  ISSHI.  In  this  in- 
stance forty-five  persons  were  atfrcted  and  one  death  re- 
sulted. The  symptoms  came  on  within  twenty -four  hours 
after  eating  "Landjiiger"  Siiusjige.  made  out  of  beef  and 
pork  fat.  Theanimalswereapparently  iierfpctly  healthy. 
The  taste  and  appearance  of  tlie  sausjige  were  faultless. 
Cultures  made  from  the  sausjige  gave  B.  coli  and  Proteus 
vulgaris.  The  etiological  relation  of  the  latter  organism 
to  the  poisonings  was  by  no  means  clearly  demonstrated. 

A  somewhat  similar  outbreak  was  investigated  in  IJMlO 
by  A.  Pfuhl.  A  "beef  sausage"  made  by  chopping  up 
tinely  and  potting  the  entrails,  hearts,  lungs,  and  spleens 
of  three  cattle  was  the  cause  of  an  acute  gastroenteritis 
in  eighty-one  soldiers.  The  material  fed  to  rats  and  mice 
induced  diarrluea.  and  gradual  paralysis  of  the  limbs,  but 
the  animals  recovered.  One  of  the  mice  was  killed  and 
from  it  Pfuhl  isolated  a  bacillus  which  he  identified  with 
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Proti'US  iniraliilis.  Pure  cultures  of  the  gvnn  fed  to  mice 
caustMl  (Icatli  will  Teas  rats  recoveicil.  The  (iriiaiiisni  when 
iliiHUlated  iiilo  lish  furnieil  capsules  but  iiol  otherwise. 
The  toxin  was  destroyeil  on  lieatini;  to  liO  C.  The  (lead 
bacilli  were  shown  to  be  as  toxic  as  the  living,  indicating 
that  the  poison  was  largely  intracellular. 

In  the  above  instances  the  denionslnition  that  the  poi- 
soning was  due  lo  the  I'roteus  group  is  far  from  ])erfect. 
There  is  no  <|Ucstion  but  that  these  organisms  are  toxin 
producers,  but  that  fact  and  the  detection  of  such  organ- 
isms in  a  food  docs  not  prove  that  they  are  the  cause  of 
the  jioisonings  observed.  Nevertheless,  it  may  be  well 
to  indicate  that  at  times  proteus  infections  liav<'  been  met 
with  in  man  and  that  .several  ob.servers  have  ascribed 
epidemics  among  tish  to  this  same  group.  These  will  be 
pre.scntly  tnuclicd  upon. 

I'oisoxors  Fisii. — In  those  countries  where  fish  is  the 
chief  form  of  animal  food  it  not  infreiiucntly  gives  rise 
to  severe  outbreaks  of  acute  poisoning.  Just  as  sausage 
poisoning  is  of  relatively  frequent  occurrence  in  Germany 
so  tish  poisoning  in  Russia  is  eciually  common.  lu  this 
ccnintry  poisoning  from  canned  tish  has  been  repeatedly 
ob.served.  As  in  the  case  of  meat,  tish  may  become  poi- 
sonous as  a  result  of  being  diseased:  or.  improperlj-  pre- 
served, the  otherwise  wholesome  tish  may  become  infected 
with  saprophytic  toxicogenic  bacteria.  In  the  one  ca.se 
the  organisms  are  present  during  life  and  in  the  other 
they  are  introduced  after  death.  On  the  other  hand  it  is 
well  to  remember  that  some  fish  are  always  iioisonous 
cither  as  the  result  of  the  presence  of  poisonous  glands 
or  as  a  result  of  eafingcertain  kindsof  food,  while  others 
may  become  poisonous  during  the  spawning  season.  In 
such  instances  the  to.xic  condition  is  normal  and  physio- 
logical. It  is  this  form  of  poisoning  which  is  designated 
by  the  Spanish  jihysicians  of  the  West  Indies  as  Kiguntera, 
to  distinguish  it  from  the  bacterial  poisoning  or  botu- 
lisnuis.  It  is  preferable,  following  the  classification  of 
Vaughan.  to  designate  fish  poisoning  as  ic/tt/iydoxismus. 

Epidemic  diseases  among  fish  have  been  observed  by 
a  number  of  investigators.  Thus  Charrin,  in  1893,  iso- 
lated several  organisms  which  were  pathogenic  to  fish. 
Ennnerich  and  Weibel  in  the  following  year  described 
the  liacillus  ssilmonicida  as  the  cause  of  an  epidemic 
among  trout.  Sieber.  in  1895,  found  that  the  (ish  in  an 
aquarium,  from  which  some  had  been  taken  to  supply  a 
table  and  bad  proven  jioisonous,  were  sick  and  that  as 
many  as  tliirty  died  within  the  next  two  days.  From 
the  dead  and  sick  fish  she  isolated  a  highly  to.xicogenic 
germ  lo  which  she  has  given  the  nameBiicillus  piscicidus 
agilis.  From  cultures  of  this  bacillus  she  isolated  cadav- 
erin  and  other  known  ptomains,  besides  which  at  least 
two  undeternuned  bases  were  present.  Sieber  found  the 
same  germ  in  the  dejections  of  two  cholera  patients.  In 
1898  Wyss  reported  the  results  of  his  study  of  an  epi- 
demic which  ju'cvailed  among  the  fish  in  Lake  Zurich. 
From  the  diseased  fish  he  isolated  an  organism  which 
he  believed  to  be  identical  with  Proteus  vulgaris,  al- 
though there  were  slight  ditfereuces,  such  as  the  non- 
coagulation  of  milk,  and  non-decomposition  of  >irea. 
Moreover,  Wyss  believes  that  the  above-mentioned  Sie- 
ber's  bacillus  is  identical  with  that  isolated  by  him  and 
hence  is  also  a  Proteus  vulgaris.  That  fish  infected 
with  this  germ,  if  eaten  in  a  jiarlially  cooked  state,  may 
cause  poisoning  in  man  is  seen  in  Sieber's  observation, 
and  in  the  fact  that  proteus  infections  of  me.-it  have  been 
described  by  I,cvy.  Wescnberg,  Pfulil.  and  Sillicrschmidt. 

Ar\is1amolT.  in  IS91.  observed  eleven  cases  of  fish  poi- 
soning, tiveof  which  proved  fatal.  The  imiicrfectly  salted 
fish  containe<l  enormous  lunnbers  of  bacteria  which  formed 
typhoid-like  colonies.  The  symptoms  were  general  weak- 
ness, dull  ])aiu  in  the  abdomen,  dyspmea.  mydriasis,  ver- 
tigo, and  dryness  of  the  mouth.  It  is  probable  that 
diseased  fish  were  packed  away  with  wholesome  ones  and. 
as  a  result,  the  entire  mass  became  eventually  infected. 
Cooking  destroyed  the  toxicity  of  the  fish. 

According  to  Schmidt  the  fish  poison  isan  animal  alka- 
loid, a  ptomaTn,  produced  most  jirobably  by  bacteria  that 
cause  an  infectious  disease  in  the  fish.     Anrep  partially 


isolated  two  active  ptomaVns  from  poisonous  fish.  One 
of  these  was  extracted  from  alkaline  sfilution  with  ether, 
chloroform,  and  benzin.  It  was  fatal  to  rabbits  in  doses 
of  0.,")  mgm.  A  somewhat  similar  iitomain  was  isolated 
by  Kakmew.  From  our  preseni  knowledge  of  bacterial 
]ioisons  it  is  ijuile  certain  thai  the  real  toxic  luHiiciple  in 
jioisoiioiis  fish,  like  that  of  Hacillus  botulinus.  of  tetanus 
or  of  di|)htheria,  is  not  a  ba.sic  product  but  is  rather  a  uou- 
proteid  toxin. 

Ballard  reported  fatal  poisoning  following  the  use  of 
canned  salmon.  The  can  was  "  blown  "  and  the  contents 
were  partially  ilcconiposcd.  The  one  who  ale  the  most 
wasattacked  about  ten  hoursafter  eating  and  died  in  three 
days.  One  who  ate  less  became  ill  in  about  twelve  hours 
and  died  in  Rvl'  days,  while  three  others  recovered.  Klein 
found  in  both  fatal  cases  necrosis  of  the  mucous  mem- 
brane of  the  stomach,  fatty  degeneration  of  the  liver, 
and  inrtammation  of  the  kidneys.  Mice  fed  upon  the 
salmon  died,  but  no  germs  could  be  found  in  their  blood. 
Evidently,  as  in  Van  Ermengem's  Ciise,  a  jMjwcrful  toxin 
was  produced  by  a  mere  Siiprophytic  organism. 

Another  instance  of  poisoning  from  canne<l  salmon  is 
that  repi>rteil  by  Vaughan.  In  this  case  the  Jialieiit  suf- 
fered from  nausea,  vomiting,  an<l  a  griping  pain  in  the 
abdomen;  six  hours  later  he  vomited  at  freiiuent  inter- 
vals small  (luantities  of  bile-colored  mucus.  Constipa- 
tion was  present  anil  a  scarlatinous  rash  appeared,  cover- 
ing the  body  from  head  to  foot.  The  pulse  was  140 
and  the  temperature  102  F.  Although  the  rash  disap- 
peared next  day,  a  slight  fever  persisted  for  some  time 
and  the  patient  was  confined  to  his  house  for  a  week. 
From  the  salmon  Vaughan  isolated  a  micrococcus  which 
proved  highly  toxic  when  grown  under  anaerobic  condi- 
tions. 

Poisoxous  MrLK. — Milk  is  unquestionably  a  most  pro- 
lific source  of  intoxication  and  especially  of  real  infection. 
This  is  readily  understood  when  it  is  remembered  that 
raw  milk,  the  form  in  which  it  is  most  often  consumed, 
contains  enormous  numbers  of  bacteria.  L'nder  most 
exceptional  conditions  a  disease  of  the  animal  may  be 
transferred  through  the  milk  which  it  secretes.  As  a. 
rule,  however,  large  numbers  of  bacteria  from  all  imagi- 
nable sources  enter  the  milk  after  it  leaves  the  animal. 
More  or  less  fermentation,  even  if  no  change  is  recogniz- 
able by  the  eye  or  taste,  exists  necessarily  in  such  a  prod- 
uct. The  (liarrhu'as  of  infancy  only  too  often  stand  in 
the  same  relation  to  milk  as  do  the  forms  of  gastro-eute- 
ritis  resulting  from  the  use  of  infected  meats.  Again,  the 
transmission  of  typhoid  fever  through  milk  is  known  to 
have  occurred.  Thus  Davies.  in  1897.  reported  an  out- 
break of  197  cases  of  typhoid  fever,  all  of  which  were 
directly  traceable  to  one  milk  sujiply .  Wilckens.  in  1898, 
reported  np(m  a  similar  epidemic  which  developed  in 
Hamburg.  Of  the  82  cases  unquestionably  resvdting 
from  milk  infection  Go  were  in  women  and  children  and 
only  17  were  in  men.  However,  by  milk  ])oisoning,  or 
galactotoxismus.  usually  is  meant  acute  intoxicalions 
analogous  to  those  noted  in  connection  with  meat  and 
fish. 

The  iyrotoricoii,  discovered  by  Vaughan  in  1885,  first 
in  cheese  and  later  in  milk,  has  been  repeatedly  found  in 
milk  and  other  milk  imxiucts  since  then.  Newton  and 
Wallace  in  18S(i  reiiorted  an  outbreak  of  milk  poisoning 
of  this  kind  which  affectcil  a  large  number  of  jicoplc  at 
Long  Rraucli.  Inlliesame  year Schearer found  tjrotoxi- 
con  in  milk  used  by.  and  in  the  voniiteil  mailer  of.  (xT- 
sons  made  sick  at  a  hotel  in  Corning.  Iowa.  In  1887 
Firth,  an  English  army  surgeon  stationed  in  India,  re- 
ported an  outbreak  of  milk  poisoning  among  the  soldiers 
of  his  garrison,  and  from  the  milk  be  isolated  tyrotoxi- 
con.  In  the  same  year  Vaughan  reported  an  instance  of 
milk  poi.soning.  due  to  tyrotoxicon,  in  which  Ihni'of  the 
))ali<'nts  died.  In  1898,  We.sener  and  Hossmann  reporled 
the  isolation  of  tyrotoxicon  in  crystalline  form  from  poi- 
sonous cheese. 

In  view  of  the  large  number  of  different  species  of 
bacteria  which  may  be  present  in  milk  it  is  eviilent  that 
diverse  organisms  may  take  the  causative  role  and  heuce 
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ilifTirc'iil  IdXiiis  miiy  lir  rluhonilrd  in  milk.  OnfTky.  for 
<'\iim|ili-.  nivnrls  an  iiisiami-  in  wliirli  ilinc  liilmnilory 
null  Ihciuih'  iiifrctnl  iIiihiil'Ii  milk,  niiil  siiKHi'-l'' 'I"'' ''"' 
i|iiiliinir  wliiili  ini'vailiil  in  Cliristiaiiia  in  l.S'^H.  in  wiiicli 
nix  iliinisanil  iMopIr  sickriinl  witliiii  llirrc  wnks.  wim 
|iriili<ilily  tliu'  In  milk  iiifi'dioii.  From  tin'  fcirnirr  in 
MlaniT  t'JalTky  is4)latrtl  it  small,  highly  virulmt  furm  of 
the  colnii  bacillus. 

Pciisoninn'*  from  various  proiliirts  of  milk  such  ii.h  ioo- 
ori'iim.  iTfani  piilTs.  and  frozen  cuslartls  hiivi-  liccii  frc 
qucntly  met  wilh.  In  siiili  ca-M'S  uniloiibliilly  llir  in 
jiirious  oruaiiism  i.s  derived  from  the  milk  and  with 
favonilile  emidilions  is  <'nal)led  In  multiply  and  pvr  rise 
to  its  peculiar  ti>.\in.  Here  anaiii  no  one  orpiiiism  is  at 
work  in  all  poisonings  of  this  kind  and  conse(piently 
diverse  poisonsare  to  be  expected,  ("olorin]^  matter  and 
especially  tlavoiim;  extracts,  such  as  vanillin,  are  often 
credited  with  causing;  these  poisoninjjs.  but  it  can  be 
readilv  shown  that  larire  ([uaiitilies  of  such  cxlnuls  can 
be  taken  without  the  least  injuiy.  While  it  is  possible 
for  deleterious  substances  or  ixiisonoiis  metals  to  lind 
llieir  way  into  milk,  ice  cream,  and  otliiT  products,  yet 
such  instimies  have  not  been  ili'inonstraled.  On  the  con- 
trary a  <areful  examination  of  such  poisonou.s  matter 
will'invatiablv  demonstrate  the  presence  of  toxic  bacteria 
and  their  pnMiiicts. 

Ill  poisonous  ice  cream.  Vauijhan  and  Xovy  repeatedly 
found  tyrotoxicon.  anil  this  toxic  bacterial  iiroduct  has 
been  likew  ise  detected  in  similar  material  by  Schearer, 
Allabcn.  and  Welford.  In  ISlHi.  Vauirhan  and  Perkins 
reported  upon  an  outbreak  of  ice  cream  pnisoniii);  which 
nITeclid  many  people.  Nausea,  vomiting,  and  (iiarrhrra 
were  as  a  rule  present  and  the  most  alarming  feature  was 
the  feebliness  in  the  heart's  action.  In  some  persons  the 
entire  body  became  tool  and  clammy  and  the  radial  pulse 
was  not  detectable.  In  some  delirium  and  stu|)or  were 
also  present.  The  frerm  isolated  from  the  ice  cream 
showed  a  marked  resemblance  to  the  colon  bacillus. 

{'lieese  poisonini:.  or  tyrotoxismus.  like  sausage  poison- 
ing is  of  relatively  frequent  occurrence  and  for  that 
reason  both  attracted  the  attention  of  scientists  at  an 
early  date.  It  is  unneces.sary  to  recapitulate  the  various 
theories  that  have  been  propoundeil  from  time  to  time  to 
arrount  for  this  toxicity  of  cheese.  The  phenomenon  is 
readily  explained  along  the  liiiis  heretofore  laid  down. 
Yarioiis  toxicogeiiie  bacteria  may  accidentally  develop 
during  the  ripening  or  storage  of  the  cheese  ami  conse- 
quently impart  to  it  poisonous  properties.  To  Vauglian 
is  due  'the  credit  of  being  the  lirst  to  discover  and  isolate 
the  chemical  poi.son  tyrotoxicon.  in  several  outbreaks  of 
rlieese  poisoning.  Wallace.  Wolff,  and  othei-s  have  also 
isolated  the  .sjime  poison  from  cheese,  Dokknm,  emploj-- 
ing  a  modilication  i>f  the  method  u.sed  by  Vaiighan.  iso- 
lated a  somewhat  dilTerent  substance  to  whieli  he  gave 
the  name  tyrotoxin.  From  poisonous  cheese  Le  Pierre 
obtained  abasic  body,  C',,,HjjXjO,.  Insutlicicnt  atten- 
tion has  been  given  ill  the  past  to  the  study  of  the  bac- 
teria present  in  toxic  cheese,  and  it  is  to  be  lioped  that  in 
the  future  special  attention  will  be  directed  to  this  work. 
The  studies  of  Vaugliiin  and  McClymoiids  have  shown 
that  toxicogeiiie  germs  are  present  in  nearly  all  cheese. 
Cultures  oiitained  from  forty  nine  sjimpli'S  of  American 
pncn  ehees*'  killed  while  nils,  guinea  pigs,  and  ralibits. 
The  colon  group  is  usually  thus  represented,  and  it  is 
therefore  a  matter  of  little  surprise  if  under  favoring 
conditions  some  of  these  organisms  develop  sulliciently 
to  render  a  given  .s;imple  poisonous. 

Poisoxois  JIoi.i.uscs.— Miis.sel  poisoning,  or  mytilo- 
toxismus.  is  characteri/.ed  by  a  greater  variety  of  symp- 
toms and  a  relatively  greater  fatality  than  is  observed  in 
other  fo<Ml  infections.  There  can  be  no  question  as  to 
the  main  fact  that  poisonous  nius.sel  owe  their  toxicity  to 
the  presiMice  of  bacteria  and  more  especially  to  the  prod 
Ucts  elaborated  by  these  organi.snis. 

In  general  three  types  of  symptoms  have  been  noted. 
A  gastro  enteritis,  characterized  by  nausea,  vomiting,  and 
diarrho'a.  shows  no  difference  from  many  of  the  ctmiiiion 
instances  of  nui't  poisoning.     The  exantliemic  type  has 


been  most  freipiently  nlwrvcd.  Thl«  beglnn  with  n  sen- 
sation of  heal  which  spreails  from  thi'  faee  to  all  piirtsof 
the  body  and  is  followiil  by  a  papular  or  vesicular  I'riip- 
tion.  Itching  is  a  marked  feature  anil  dyspniea  may  ttc 
pronounced.  The  third  type  is  very  siniilar  to  that  oli- 
.s<'rved  by  Van  Krniengem  ineoiinection  with  the  liacillnii 
liotuliniis  which  hi'  isolatnl  from  ham.  The  KyiiiptoiiiR 
on  the  part  of  the  nervous  system  pridoniinati'.  Head- 
ache, dizziness,  constriction  of  tin'  throat,  dilliciiliy  in 
speech.  iMrenie  inuseiilar  weakness,  and  numbness  and 
coldness  of  the  limbs  are  marked  symptoms.  The  pupils 
are  dilated  and  leactionless,  but  the  pulse  is  relatively 
low  and  there  is  no  elevation  of  lempeialnre. 

In  recent  years  the  best  studied  oiitbn'iik  of  mussel 
poisoning  was  tliat  of  Wilhelmshaveii.  In  this  case  the 
cooked  muss<ls  produced  symptoms  wilbin  an  hour  or 
moreand  death  resulted  in  two.  Ihiee.  and  live  lioursafter 
eating.  From  these  uius.sels  Hrieger  obtained  the  highly 
poisonous  iitomaTu  mi/Hlnloj-iii.  The  fact  that  the  poi- 
sonous mussel  were  obtained  from  brackish  water  and 
thai  they  became  non-poisonous  when  removed  to  fresh 
sea-water  would  indicate  that  the  mussel  were  either 
diseased  or  their  vitality  was  lowered  to  such  an  extent 
that  they  allowed  the  free  development  of  toxicogeiiie 
bacteria. 

Instances  of  poisoning  with  oysters  arc  frequent 
enough.  This  is  especially  true  when  the  oysters  come 
from  a  lied  polluted  with  sewage.  Just  as  |)olliited  milk 
or  water  may  be  the  carrier  of  typhoid  fever,  so  likewise 
oysters  when  gathered  from  jiolliited  banks  can.  and 
have  been  known  to,  cause  epidemics  of  this  disease  as 
well  as  less  dangerous  diarrlm'ns.  At  times  the  symp- 
toms of  acute  intoxication  following  the  us(>  of  oysters 
are  as  pronounced  and  as  fatal  as  those  noted  in  connec- 
tion with  mussel  poisoning.  IJrosch  for  example,  re- 
liorted  a  casein  ISOO  in  which  an  olliccr  died  in  twelve 
hours  after  eating  some  oysters  which  at  the  lime  were 
noted  to  have  a  bad  taste.  The  symptoms  were  of  the 
paralytic  type:  dimness  of  vision,  salivation  with  inabil- 
ity to  swallow  or  expectorate,  anuria,  dillicull  and  indis- 
tinct speech,  with  paralysis  of  the  right  side  of  the  face, 
including  dilatation  of  the  pupil  and  ptosis  of  the  right 
eyelid,  great  muscular  weakness,  cyanosis  and  death. 

Poisoxois  VEOF.T.\ni.K  Foons. — Although  animal 
foods  are  most  often  the  cause  of  food  poisoning,  yet  they 
arc  by  no  means  alone  in  this  respect,  f'anneil  vegetable 
foods,  tomatoes  for  exanijilc,  have  been  known  to  give 
rise  to  serious  illness.  The  presence  of  toxicogenic  bac- 
teria or  of  their  products  is  responsible  for  these  effects 
rather  than  are  the  traces  of  tin  or  lead  which  may  be  pres- 
ent. Instances  of  slimy  bread  which,  as  is  well  known, 
are  due  to  the  prescnceof  slime-producing  bacteria  of  the 
potato  bacillus  group,  have  been  shown  by  Vogel  to  cause 
at  times  marked  symptoms  of  gastroenteritis. 

Under  the  designation  ftitntoj-inmus  Vaughan  includes 
all  forms  of  poisonings  with  vegetable  foods,  infected  with 
moulds  and  bacteria.  Mould  infections  especially  i>lay 
a  most  important  part  in  vegetable  foods,  whereas  they 
are  practically  unknown  in  connection  with  food  of  ani- 
mal origin.  The  best-known  examide  of  this  kind  is 
ergotismus.  veritable  epidemics  of  which  have  prevailed 
in  different  parts  of  Europe  during  past  centuries.  At 
present,  examples  of  this  form  of  intoxication  are  rela- 
tively rare  and  are  practicjilly  unknown  in  this  country. 
The  cause  is  the  fungus,  C'laviceps  purpurea,  which  de- 
velojis  on  rye  and  other  grain.  At  least  three  poisons, 
ergotinic  acid,  sphacelinic  acid,  and  cornutin.  are  known 
to  be  present  in  ergot. 

"  The  disease  known  as  pellagra,  which  prevails  to  an 
unfortunate  extent  in  Xortlieriritaly  and  in  Spain,  is  due 
to  a  similar  cause.  The  food  in  this  case  is  corn  which 
has  been  altered  presumably  by  the  action  of  moulds. 
Some  investigators  have  credited  bacteria  with  being  the 
cause  of  this'alteration.  but  this  is  liy  no  means  certain. 
Beriberi,  the  well  known  disease  of  Japan  and  of  other 
islands  in  the  Pacific,  is  commonly  ascribed  to  the  use  of 
damaged  rice. 

Ej'nmiiiation  of  Poisonous  Foods.— A.  description  of  the 
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various  kinds  of  food  poisonings  would  be  incomi^lfti- 
willioul  sonu"  stiitcnii'ut  of  llic  nictlinils  to  lie  luiisiicil  in 
niiikinir  I'xaniiniilionsof  suspictiil  MiiiliMial.  Il  ndl  infrc- 
qiaiitly  lia|>|H'ns  that  the  animinl  of  food  iliat  is  lift  ovor 
from  a  meal  is  viiv  small  and  for  that  reason  it  slmvild 
be  put.  to  the  best  possible  use.  Inasniueh  as  a  elienncal 
analysis  is  of  very  little  value  il  is  not  advisiilile  louse 
up  the  greater  jiart  of  the  material  in  such  work.  At 
all  events  it  should  be  deferred  until  a  complete  baeterio- 
logical  examination  has  bcin  made.  The  chemieal  sub- 
stances will  in  no  wise  sutfer  by  such  delay. 

A  considerable  amoinit  of  time  can  be  saved,  and  ]>er- 
baps  wroni;  conclusions  avoided,  by  dctcnniniiisr  at  the 
outstart  ivhetlier  or  not  the  suspected  fooil  is  really  poi- 
sonous. This  is  apparently  a  simple  proposition  but  not 
always  one  that  can  be  easily  carried  out.  Some  animals 
are  not  susceptible  to  a  given  poisonous  food,  while 
others  are.  Consetiuciitly.  as  many  dilTerent  animals  as 
possible  should  be  fed  or  given,  through  a  stomach  tube, 
the  material  under  investigation  until  some  iire  found  to 
be  susceptible.  In  comi)aralively  luild  poisonings  the 
experimeuter  has  been  known  to  iiuike  the  crucial  test  on 
himself. 

In  the  case  of  pork  and  its  products  the  presence  or 
absence  of  trichina' should  be  determined  at  the  outstart. 
In  case  the  i)oisonous  nature  of  the  food  is  established  by 
feeding  experiments  the  affected  or  dead  animals  may 
be  examined  l>y  the  usual  methods  for  bacteria.  It 
should  be  remembered,  however,  that  there  are  cases  in 
which  no  bacteria  can  be  detected  in  the  dead  body,  for 
the  reason  that  they  may  be  unable  to  multi])ly  iu  tlie 
living  body,  although  they  may  elaliorate  iiowerful  poi- 
sons in  the  food  itself.  Death  in  such  instances  would 
be  the  result  of  a  true  intoxication.  On  the  other  hand, 
the  poisonous  organism  may  grow  in  the  body  and  an 
infection  jiroper  may  result,  in  which  case  the  germ  will 
be  found  distributed  through  the  body. 

The  fe<'diiig  experiments  should  be  supplemented  by 
injections,  s\il)cutaneous  and  intraperitoneal,  of  macera 
tions  of  the  food  in  sterile  water.  Eventual!}',  atrobic 
and  anaerobic  cultures  should  be  luade  with  the  poisonous 
food  and  the  toxic  organism  should  be  isolated  and  its 
effects,  in  pure  culture,  studied  upon  susceptible  animals. 
The  presence  of  soluble  poisonous  products  in  s\ieh  cult- 
ures may  be  demonstrated  by  liltration  through  porcelain. 

Frederick  (f.  yovy. 

FOOT. — It  is  natural  to  compare  the  foot,  as  the  distal 
member  of  the  lower  extremity,  with  the  hand,  the  cor- 
responding member  of  the  upper;  and  by  such  a  com- 
parison we  get  most  valuable  aid  to  a  eompreheusiou  of 


Fig.  2099.— Hand  and  Foot  of  a  Cblaipanzee.    (Vogt.) 

its  structure.  It  has  been  said  that  the  foot  is  merely  a 
hand  altereil  by  the  functions  of  support  and  locomotion 
which  it  has  had  to  perform.  AVhile  it  is  in  general  true 
that  foot  and  hand  are  constructed  upon  a  similar  plan, 


it  must  be  remembered  that  the  differentiation  commences 
far  down  in  tlie  animal  series.  The  similaiity  l)etwecn 
the  anterior  and  posterior  e.vtremities  of  a  (|uadrupeU, 


riG.  2100.— Hand  and  Foot  of  .Man.    (Vogt.) 

such  as  the  horse  for  instance,  disappears  to  a  consider- 
able extent  when  tlie  anatomical  structure  is  closely  ex- 
amined. Even  in  (piadrupedal  locomotion  the  posterior 
extremities  are  the  ones  most  active  iu  propelling  the 
body,  the  anterior  limbs  being  mainly  for  support  and 
eiiuipoise.  The  inijires-sion 
^i^\  \  ^^  forefeet  of  an  unshod 

'^  horse   is  different  from  that 

of  the  hin(ifeet  on  this  ac- 
count. As  the  forelimbs  come 
to  be  luore  used  for  the  pur- 


interosseous  ligament 


plantar  fascia 
inferior  caleaneo-scaphoid  ligament 


Fig.  2101.— The  .\ntern-posterior  .^rrti  of  tlie  Foot.  Tlie  bones  sliown 
are  those  cut  by  a  lonpitudinnl  section  Uirongb  the  a.\is  of  the  great 
toe.  The  calcaneuin  forms  tlie  iJosterii>r  branch  of  the  arch;  the 
scaphoid,  internal  cnneiform,  the  drst  metatarsal,  the  anterior 
branch ;  and  the  astragalus  is  at  the  summit.  A  sesamoid  bone  is 
seen  under  the  head  of  the  Hnst  metatarsal.  In  front  are  the 
phalanges  of  the  great  toe. 


poses  of  prehension  and    dexterity,   the   difference  in 

structure  becomes  more  marked.  The  higher  apes  were 
iiniu'operly  called  <|U;\drumana.  for  no  ;uiim;il.  speaking 
strictly,  hits  four  feet  aiKitomieally  similar;  still  less  has 
any  animal  four  organs  that  can  properly  be  called  hands. 
The  ilillerences  arc  various,  according  to  the  adaptation 
of  the  anterior  and  jiosterior  luembers  for  the  sjiecial 
activities  of  the  animal.  The  bones  of  the  carpus  are 
never  found  to  be  the  same  as  those  of  the  tarsus,  vary- 
ing either  in  nuiuber  or  in  the  union  of  the  various  osseous 
elements,  Thei'e  is  not.  properly  sp<-aking.  any  opposa- 
bilily  of  the  great  toe  iu  apes,  as  il  e;innot  be  carried 
around  and  placed  at  will  ag;iinst  the  various  other  toes; 
but  it  is  set  at  a  wider  angle  than  the  others,  so  that  it 
can  be  used  like  the  curve  of  a  pincers  or  of  a  cramp-iron 
for  gras|iing  and  climbing.  The  posterior  extreiuities  of 
apes  are  merely  feit  adapted  for  walking  ujion  trees,  the 
resemblances  of  the  foot  or  "hind-hand  "  to  a  true  liand 
being  only  skin  deep  (Huxley' I. 

Theri'  seems  from  the  structure  of  the  human  foot  no 
reason  to  doubt  that  it  has  been  developed  from  an  organ 
adapted  (or  the  .same  use.  Strong  evidence  of  this  is 
found  in  the  fietal  condition  of  the  f<iot.  which  ap- 
proaches in  many  respects  that  of  the  anthropoid  apes, 


190 


HEFEUKXCK   IIANDHuuK    t»K    llli:    MKDK  Al,  SCIKXCES. 


l''o<>l. 

■'••••I. 


tlicri'  iH'iiiK  li-HH  ilcvcloiniH'iit  of  thf  liccl.  an  iirraii(fi'n>pnl 

of  ilir  jiiinis  wliicli  (H'riiiits  more  liivi'isimi  (if  tin- wilf. 
1111(1  11  ililTtTriici'  ill  llic  ((iircspdinliiif;  l)'iii;tli  of  llic  llrsi 
and  second  iiicImIiiimiI  Iioikm.  iiiiliculiiii;  timt  llic  adiill 
roiiditioii.  in  «lii(li  llic  ^trcal  loc  in  iis  loiiRim,  or  loiiiicr 
tliiin.  llic  oliicrs.  Iiiis  liccn  »;nidimlly  iic(|iiii((l,  I,clioii((| ' 
ilclcmiincd  the  iivcninc  |iro|iorlioii  of  tlic  tlrsl  iiicliilarsiil 
to  llic  second  lo  lie  in  llic  child  lieforc  liillli  lis  1  is  lo 
1  :IT:  at  fourteen  years,  iis  1  is  lo  1  ■,'!;  and  in  llie  adult 
us  1  is  to  1.  IT. 

Kii;.  •-'(lUU  shows  the  liiiiid  and  the  foot  of  the  chinipaii- 
Zee  contrasted,  while  Fij:.  iUKI  shows  the  siiiiic  incinliers 
in  adult  man.  In  the  jrorilla  the  lescinlilance  lo  the  liii 
liian  hand  and  foot  is  still  u'n'ater.  The  feet  of  ii  child 
that  has  never  walked  show  decided  dilTereiiccs  in  power 
of  iisiiii;  the  Iocs,  there  lieiiij;  eonsidenilde  fjrasp  and  the 
stinic  imperfect  oppo.saliility  of  the  great  loc  as  is  seen  in 
npes.  The  iimrkings  ujion  the  sole  show  this  to  soiiii! 
extent. 

Theniarkin^rson  the  fool  of  i\  child  that  lias  never  worn 
a  sli(w'.  nor  stood  alone  upon  its  feet,  re.semlile  .somcw  lial 
those  of  the  palm  of  the  hand,  indicalini,'  considcralilc 
fn-t'doin  of  lle.vion  and  a  certain  ainounl  of  iinh  penilciil 
usi'of  theu'ieat  loc.  They  almost  entirely  disjippcar  after 
the  foot  is  us<'(i  as  u  support.  The  power  of  the  srcat 
toe  may.  however.  Ik- kept  up  if  the  feet  nro  not  conlined, 
and  many  savauf  Iriliesusetlie  foot  forirraspinjr.  Among 
Austnilian  savaircs  this  irnispinir  power  is  of  prcnt  as- 
sistance in  elimliiii!;  trees,  and  they  haliitiially  jiiek  up  a 
spear  or  similar  object  with  the  fool.  Nubian  hoisemen 
are  said  to  use  the  reins,  and  Chinese  boatmen  to  pull  an 
oar.  by  means  of  the  i;reat  loe.  (Iccasionally  persons 
niiiv  be  found  who.  cither  born  without  hands  or.  losing 
them  early  in  life,  have  aciiuircd  the  liabil  of  using  the 
foot  for  various  acts  ordinarily  performed  by  the  hands, 
and  can  thread  a  needle  (as  ilo  the  Hinthxi  tailors),  use 
scis,sors.  or  even  write,  with  the  toes.  The  fact  that 
walking  in  the  erect  position  is  learned  only  with  diffi- 
culty shows  that  it  is  a  late  ac(|uircmeiH. 

Tile  main  clmraeleristics  of  the  human  foot  are.  there- 
fore,  those  which  adapt  it  for  support  and  locomolion. 
For  this  purpose  a  inosi  beautiful  struclural  arr.mgemcnt 
has  been  elVcctcd.  combining  great  strength  with  peculiar 
elasticity  and  lightness.  The  bones  arc  set  in  the  form 
of  a  vault  supported  at  the  points  connected  by  arches, 
two  of  these  starting  from  the  same  point  of  the  heel 
(the  tuberosity  of  thecalcaneiiin).  and  extending  forward, 
one  to  the  ball  of  the  great  toe  (head  of  liist  inetatarsiil), 
the  other  to  a  correspoiuliug  point  on  the  little  toe.  The 
third  arch  is  transverse,  connecting  the  anterior  ends  of 
the  longitudinal  ones. 

The  inner  arch  is  foniied  by  the  calcaneum  behind  and 
the  tirst,  second,  and  third  metatarsals,  the  cuneiform, 

dorsalls  pedis  art«ry    middle  cuneUomi  Iwne 
external  cunelfonii  lx>De 
extensor  lirevisdlBilonim  ^ 


cutioid  Unit 


I  internal  cunel 
(    form  bone 


*  intemnl  miisou- 
'*     lar  group 


external  musrular  (rniiip 

plantar  fascia 


tendons  of  flexors 
middle  muscuiar  group 


Flo.  21(12.— TtiP  Transv<>rse  Arrh  of  the  Foot.  Section  llirouRh  the 
anterior  row  of  tartial  Ixmes.  The  line  .1  R  represent.s  the  surface 
upon  which  the  ftHit  rests  when  the  individual  stands  erect. 

and  scaphoid  tiones  in  front,  with  the  a.stragalus  set  at 
the  vertex  as  a  keystone  (see  Fig.  2101).  The  outer  arch, 
which  is  much  flatter,  is  formed  by  the  calcaneum,  cuboid. 


^^    Q 


and  two  outer inetatarwiU  which  arliculiite  with  It.  The 
tninsvcrse  arch  Is  formed  behind  by  the  lliree  cuneiform 
bones  and  the  culioidlFig  ilO',').  In  front  by  the  melii- 
tarsal  bones.  It  should  be  iinted  that  Iliis  arch  iH-come* 
Hhallower  and  shallow  (T  as  the  I(h-s  are  approaclu.'d,  until 
at  last  upon  reaching  the  iieiidx 
of  the  nietjilarsals  the  weight 
is  borne  fully  upon  them  all. 
The  imprint  of  a  normal  hu 
man  foot,  shows  this  clearly. 
The  height  of  the  arches 
forms  the  instep,  a  feature 
peculiar  to  man.  and  which 
varies  considenibly  in  dilTcr- 
cut  races,  being  generally 
higher  in  the  Indo  Kuropean 
than  in  others.  Arabs  are  said 
to  boast  that  their  insteps  are 
so  high  that  water  will  run 
tinder  them  without  wetting 
the  sole,  and  the  Andaliisian 
in.slep  is  fainotis.  A  popular 
saying  has  it  that  the  fool  of 
the  negro  is  so  tlat  that  it 
makes  a  hole  in  the  gnjund. 
A  very  amusing  proof  of  this 
primitive  condition  of  the 
negro  foot  may  be  noticed  in 
Southern  cities,  where,  during 
the  heat  of  summer,  it  is  cus- 
tomary to  wet  the  jiavcments 
in  the  evening.  It  is  not  tin- 
tistial  to  see  barefooted  negro  p,^,  2inn.--l)lssc><tiou  of  the 
bovs,  whose  feet  are  so  flat  Foot  showlnn  the  Plantar 
that  atmospheric  pressure  Fascia.  I.Marshall.) 
makes    them    adhere    slightly 

when  applied  to  the  wet  and  smooth  pavement,  in  the 
same  way  that  a  boy's  leather  sucker  adheres  to  a  smooth 
stone,  and  it  is  a  "favorite  pastime  with  such  gifted 
individuals  to  walk  the  streets,  prodtlcing  a  somewhat 
startling  report  every  time  the  foot  is  wifhdrawn  from 
the  pavement.  It  is  periiaps  not  without  some  reason 
that  the  height  of  the  instep  is  considered  a  mark  of 
pure  blood,  as  it  appears  to  be  one  of  the  signs  of  com- 
]>lete  adaptation  to  the  erect  posture  and  to  locomotion 
in  that  position. 

Man  is  the  only  animal  that  has  the  foot  placed  at  right 
angles  to  theaxis  of  the  body,  most  mammalia  not  touch- 
ing the  ground  with  the  calcaneum  at  all.  The  horse, 
for  instance,  literally  walks  upon  the  points  of  the  toes, 
the  hoof  being  comparable  with  the  nails  of  the  human 
foot,  and  the  hock  or  "knee"  being  the  tubero.sity  of  the 
calcaneum.  There  appears  to  be  some  relation  between 
this  a.scension  of  the  calcaneum  and  the  fleet ness  of  tlie 
animal,  as  those  which  are  the  swiftest  have  the  bones 
so  arranged  that  they  walk  merely  upon  the  tips.  If 
supiwrt  alone  were  needed  there  would  be  no  necessity 
for  the  metatarsal  boues  and  toes,  as  may  be  seen  in  those 
who  have  had  them  amputated.  The  anterior  part  of 
the  arch  is  therefore  for  jnirposcs  of  locomotion,  and  it 
may  be  noted  that  in  running  the  heel  is  raised  ofl  the 
ground,  and  the  anterior  ]iait  only  is  used,  the  anatomical 
relation  of  the  bones  to  the  soil  being  similar  to  that  which 
occurs  ordinarily  in  the  foot  of  the  carnivora.  The  great 
swiftness  and  lightness  of  motion  of  a  pnmure  ditiincuse 
is  owing  to  her  ability  to  dispense  entirely  with  the  pos- 
terior portion  of  the  arch. 

Owing  to  this  difference  of  formation  the  anterior  and 
posterior  pillars  of  the  longitudinal  arches  differ— the 
posterior,  being  for  support.is  short,  thick,  and  strong, 
being  of  but  one  bone:  the  anterior,  composed  of  several 
bone^,  is  longer,  so  that  the  motion  of  raising  the  heel 
can  be  quickly  performed.  The  length  of  the  heel  in 
the  .\frican  race  is  merely  apparent,  and  caused  by  the 
flatteninsrof  the  arch  rather  than  by  a  real  projection. 
The  number  of  bones  in  the  anterior  arch  greatly  aids  in 
the  distriliution  of  the  force,  as  any  one  may  see  who  will 
take  the  trouble  to  note  the  ditterence  in  shock  which 
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orcurs  whoii  nlijrlitinjr  upon  the  heels  rather  than  upon 
Ihi'  lirills  iif  tlic  t(K'S. 

This  systiin  is  siistaiiicd  l)y  liiiiiments.  tendons,  nnd 
fiisiiiil  hands  in  such  a  way  as  to  form  a  most  chistic  and 
adjustat)l('  support.  The  longitudinal  arches  are  held 
up  by  a  strong  sheet  of  con- 
nective ti.ssuc.  f)ne  of  the  thick- 
est aponeurotic  structures  in 
the  liodv.  Ilie  jdanlar  fascia 
(Figs.  --MOl  and  210;!),  which  is 
attached  behind  lo  the  calca- 
neum,  and  in  front  divides  into 
five  slips,  one  for  each  toe, 
which  pass  forwar<I  and  are 
mainly  united  to  a  hand  of  trans- 
verse fibres  which  runs  across 
the  fool  just  behind  the  clefts 
of  the  toes. 

This  braces 
up  the  arches  of     „    _  .  ._^  „^^ 


long  plantar  llBameiit  Inferior  ealcaneo-scaphold  ligament 

Fig.  2U4.— The  LiRanifnts  on  tlie  Inner  .Side  of  the  Riplit  Foot. 

the  foot  in  the  same  way  that  a  tension  rod  prevents  the 
raftei-s  of  a  roof  from  spreading.  This  arrangement  is 
found  oidy  in  the  human  foot,  other  animals  having  a 
plantar  fascia  movable  like  that  of  the  hand,  and  usu 
ally  with  a  special  tensor  like  the  palniaris  longus  of 
the  arm.  The  little  jilantaris  muscle  of  the  human  leg. 
which  does  not  reach  the  foot,  but  unites  with  the  tentlo 
Achillis  at  the  ankle,  is  the  relic  of  such  a  structure. 

When  this  fascia  is  very  tense,  it  may  draw  the  arch 
so  closely  together  as  to  prevent  the  outside  of  the  foot 
from  touching  the  ground.  This  condition  is  not  usually 
found  in  the  normal  foot,  being  the  result  of  contracture 
of  the  fascia. 

Besides  this  arrangement,  the  longitudinal  arches  are 
braced  at  the  to|)  by  strong  ligaments.  A  glance  at  Figs. 
2101  and  2104  will  show  how  neces.sary  tliese  are.  The 
astragalus  at  its  inner  side  overlaps  the  calcaneum,  and 
wcnild,  in  case  of  a  lateral  thrust,  be  shoved  downward 
and  inward  into  the  space  between  that  bone  and  the 
scaphoid  were  it  not  for  the  inferior  calcaneo  scaphoid 
ligament,  which  passes  from  the  projecting  shelf  of  the 
calcaneum  known  as  the  susteiUaeuliMU  tali,  forward, 
under  the  astragalus,  lo  the  scaphoid.  Its  ujiper  surface 
is  lined  with  synovial  membrane,  and  the  cavity  of  the 
joint  between  the  anterior  pnvt  of  the  astragalus  and  the 
calcaneinu  is  continued  forward  over  it  to  the  astragalo- 
scaphoid  articidution.  The  tendon  of  the  tibialis  posticus 
passes  forward  tuider  tl'.is  ligament,  and  its  fibres  are 
united  with  it,  strengthening  it  materially,  and  by  its 
pull  upon  the  scaphoid  a.ssistiug  the  firnuicss  of  the  joint 
exactly  at  that  period  of  the  step  when  the  arch  is  most 
in  danger;  that  is  lo  sjiy.  when  the  heel  is  being  raised 
and  the  weight  thrown  forward  upon  the  .scaiihoid  If 
this  ligament  bi'comes  weak  or  the  muscle  atrojihied,  the 
arch  is  depressed,  the  head  of  the  astragalus  descends  be- 
low its  proper  level,  and  flat  foot,  or  valgus,  results. 
This  is  usually  associated  with  arthritis,  and  is  a  very 
painful  alVcclion.  dilTering  much  from  the  congenital 
form  of  the  ilefect.  It  is  foiiinl  especially  among  those 
who  stand  for  long  jKiiods  of  time. 

On  the  outer  side  of  the  foot  the  arch  is  trussed  up  by 
means  of  a  strong  band  called  the  long  plantar  ligament 
(Fig.  2104),  passing  from  the  tuberosity  of  the  calcaneum 
forward  lo  the  base  of  the  second,  third,  and  f<n:rth 
metatarsals. 

Til  produce  thi'  transverse  vaulting,  certain  short  and 
Oblii|Uc  liganienlous  liaiids  are  used,  radiating  from  the 
scapiioid.  till' e\ibui(l.  and  llie  cxicrnal  cuneiform  bones. 


and  these  are  assisted  in  a  marked  degree  by  the  action  of 
the  nuiscles. 

Fig.  2105  showsthat  the  tendons  of  the  peroneus longus 
and  of  the  tlexor  longus  digilorum  are  .so  arranged  that 
they  pull  oblicniely  upon  the  bones  of  the  foot,  crowd- 
ing them  together  and  consolidating  lliem  transversely. 
Duchenne^  was  of  the  opinion  that  Hat  foot  is  fre(|uentiy 
associatcii  with  an  insutliciency  in  the  peroneus  longus. 
The  meinbers  of  the  innei-  arcli  are  <leeid<'dly  more  mov- 
able than  those  of  the  <niler.  which  recalls  the  fact  that  it  is 
only  the  outer  part  that  is  used  for  support  among  an- 
thropoids. 

The  various  interosseous  ligaments  assist  consi<lerably 
to  keep  the  bones  in  place.  The  strongest  of  them  is  the 
one  between  I  he  astragalus  and  the  calcaneum  (Fig.  2101), 
separating  thearticularsnrface  into  two  distinct  portions. 
Il  lies  within  a  canal  formed  by  grooves  upon  either 
bone,  and  known  as  the  canalis  tarsi,  surrounded  in  that 
situation  with  fat. 

The  joints  of  the  foot  are  adapted  to  the  arch  like  form 
above  described.  An  inspection  of  Fig.  2101  will  show 
lliat  there  is  an  approximation  in  thesi-  joints  to  arcs  of 
circles,  the  larger  arcs  Ix'ing  in  the  posterior  part  of  the 
arch,  the  smaller  and  mori'  inunerons  forward.  A  study 
of  the  cancellated  tissue  of  the  bones  shows  that  tliese 
arcs  are  continued  to  some  extent  by  strengthening  bars 
within  the  boii<',  showing  that  con<litions  of  stress  have 
occasioned  this  arrangement.  The  movenient.s  are  gen- 
erally tlioseof  rotation  and  not  purely  gliding  (Bradley'). 
A  unilVnmity  of  distribution  of  pressure  is  thus  obtained. 
The  ligamcnls  which  unite  the  diiferent  bones  are  of  two 
classes;  those  which  are  S[)ecial,  surrounding  and  sup- 
porting particular  joints;  and  those  which  are  general, 
mainly  employed  in  bracing  and  sustaining  the  arches  of 
the  foot.  To  the  tirst  class  belong  the  capsular  ligaments 
which  are  found  at  every  joint,  and  are  strengthened 
more  or  less  by  special  bands,  which  receive  names  from 
the  bones  which  they  unite.  The  principal  ligaments  of 
the  second  class  have  already  been  mentionetl.  The 
movements  are  of  two  classes,  one  of  which  is  a  simple 
flexion  and  extension,  mainly  expressed  in  the  joint  be- 
tween the  astragalus  and  the"  leg  bones  (see  Ankle  Joint), 
and  in  the  various 
metatarsjil  a  n  d 
phalangeal  joints; 
the  second  a 
movement  of  in- 
version and  ever- 
sion  of  the  sole, 
sometimes  called, 
rather  inaccurate- 
ly, adiluclioii  and 
abduclion.  or  su- 
pination anil  pro- 
nation, and  which 
takes  place  in  the 
ast  ragalo  c  a  1  c  a  ■ 
nean  joints.  As 
a  1  read  y  m  e  n- 
tioncd,  the  joint 
between  the  as- 
tragalus and  the 
calcaneum  is 
double,  with  two 
synovial  sjics,  the 
a  n  t  e  r  i  o  r  being 
continuous  with 
the  astragalo-sca- 
plioid  articiila- 
ti<m.  The  joint 
has  been  carefully 
studied  by  Miss 
Clark,'  who  made 

manv  measurements  of  it,  both  in  fatal  and  adult  sub- 
jects. The  facets  on  the  astragalus  are  concave,  and  the 
axis  of  motion  is  a  line  extending  from  the  insertion  of 
the  dorsal  ligament  binding  the  astragalus  to  the  scaphoid 
through   the   he.nl    of   the   astragalus   and    lln-   bodv  of 


flexor 
acces- 
sorlus 


Fig.  2105.— Dlinmun  of  ilie  Aotton  of  Some 
of  the  Principal  Tendons  which  Consolidate 
the  Transverse  Arch  of  the  Foot. 
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Fool. 


till'  I'lilrttiiriiiii  i>lilii|iU'ly  ilowiiwiinl  iiiiil  Inirkwunl  In 
uliiiiit  till'  |iiiiiit  wlii'rr  tlir  liiidiilr  liiiinl  nf  tlir  rxtrniiil 
latrnil  litfiimi'nt  Is  in^4l•rt^ll.  Tlir  iimvi-ini'iits  wliirli  lukr 
plarc  iirr  rriilly  ii  ni'iirlv  siiii|ilr  llrxluii  ami  rMriisimi 
abiiiil  tills  ij|ilii|iir  avis,  till' fiiriiirr  tiiriilii^'  llir  siilr  in 
waul  isii|iiiiuli>>ii).  Ilir  laltir  sli^'litly  (nilwaiil  i|iii>iiatiiiiii 
Tlir  arraii;;rim'iit  nf  tlir  axis  of  iiicilinii  with  rrfcrciu'e 
to  till'  axis  of  till'  astnifialus  is  ililTirnit  in  tlii'  fii'tus. 
risi'iiililiiiK  that  of  aiilhio|Hiiils.  Tln'  w  liolr  lioiii'  is 
i|iiiti'  ilitTrrrntly  sliapcil  as  rr]L;arils  I  lie  iurliiiation  of 
its  artiruliir  siirfacrs.  tliry  liciiii;  ailaptiil  to  Ilir  fii'tal 
position,  which  is  that  of  iloisal  tirxion  anil  invrrsion  of 
till'  foot.  Till'  lirail  of  llir  aslniL'alus  Is  so  dinclril  as  In 
iiiaki'  till'  axis  of  tlir  lioni'  niorr  marly  coiiiriili'  u  itii  that 
of  till' niolion  of  till' joint.  Irivi'ision  is  thrrrforr  rasirr 
uuil  inoR'  riiin|>lrlr.  Tin'  sliapi'  of  Ihr  arliriilar  fairt  on 
thi' lirail  of  till'  astrattalus  is  also  ililTirriil.  its  greati'St 
dianii'tcr  hciiii;  K'ss  olilii|Ui'  than  in  luliills.  In  tlii' 
upr's  foot  invrrsion  of  tlu'  solf  is  ni'i'i'ssjiry  for  clinili- 
inii.  ami  anioni;  Aiistnilian  savages  it  is  similarly  iisi'il. 
This  inovi'inriil  is  iiniloulitiilly  viry  nsiful  in  rorrt'itinj; 
sliijht  ilistnrbami'S  of  ri|UililiriMin  whin  slamlin;;  trrct. 
Till'  ilinilion  of  the  faci'ls  in  thi'uihilt  is  suili  that  wlirn 
thr  postirior  pari  of  the  rakaiU'Uin  slips  forwanl  ami 
liowiiwaril  llie  aiitrrior  fairt  inovis  Imi'kward  nnil  up- 
wanl.  larryinj;  Ihr  ilislal  I'liil of  the  bone  slij;litly  inward. 
For  this  reason  inversion  is  always  accompanieil  by  a 
turnini:  in  of  the  toes,  ami  eversion  by  turnini;  them  out. 
A  further  deirree  of  this  inoveinent  of  the  toes  is  foiimi 
in  the  astninalo  scaphoid,  a  shallow  ballaml  socket  joint, 
the  lonnd  head  of  the  astnigalus  beiui;  received  into  the 
posterior  hollow  facet  on  the  scaphoid.  It  is  this  joint 
that  gives  to  the  foot  the  great  freedom  of  movement 
that  is  enjoyed  by  dancers.  A  comparison  of  these  joints 
w  ith  those  of  the  wrist  will  show  at  once  that  there  is 
no  real  homology  jiossible  between  them.  Dislocation 
may  occur  here,  the  interosseous  ligament  being  torn 
and  the  malleoli  usually  fmctured  at  the  same  time. 

The  peculiar  condition  of  the  fietal  foot,  with  reference 
to  this  joint,  is  probably  the  priiiuiry  cause  of  the  differ- 
ent varieties  of  club  foot.  The  most  common  form,  or 
varus,  is  the  persistence  of  the  fietal  condition  of  inver 
sion  of  the  .sole  The  articular  surfaces  between  the  cal- 
caneuin  and  the  cuboid  are  saddle-shaped,  and  have  a 
triangular  outline.  The  movements  allowed  here  arc  like 
those  of  the  astragalo  scaphoid  joint,  but  less  in  extent. 
The  whole  articular  line  between  the  astragalus  and  cal- 
caneum  bcliind.  and  the  scaphoid  and  cuboid  in  front,  is 
known  as  the  medio-tarsal  joint,  sometimes  called  Clio- 
part's  joint  liy  surgeons  because  of  the  operation  fre- 
quently performed  there.  The  movements  of  the  other 
joints  of  the  foot  are  similar  to  the  corresponding  ones  of 
the  hand.  The  great  toe  is  the  only  one  that  lies  jierfectly 
extended,  the  others  being  more  or  lesstlexed.  Together 
they  give  ela.sticity  to  the  last  act  of  walking,  when  the 
weight  is  thrown  forward  uiion  the  other  foot. 

In  considering  the  surgical  anatomy  of  the  articulations 
of  the  foot,  it  is  nece.s,sary  to  note  that  the  bones  fall  nat- 
urally into  three  grand  divisions  of  tarsus,  metatarsus, 
and  phalanges,  and  that  the  tarsal  bones  arc  divisible  into 
an  anterior  group,  composed  of  the  three  cuneiform  bones. 
the  cuboid,  and  the  scaphoid,  and  a  posterior  group,  the 
calcaneum  and  the  a,stragalus.  The  astragalus  may  itself 
be  considered  si'i>arati'ly.  as  it  lies  more  superiorly  and 
with  a  horizontally  directed  joint  surface.  There  are, 
therefore,  the  following  lines  in  which  disjirticulation 
can  be  effected:  First,  jietween  the  different  phalangeal 
and  metatarso- phalangeal  joints:  second,  the  tarso  meta- 
tarsal line;  third,  the  medio-tars!\l  line;  fourth,  the  sub- 
astragaloid  line;  and.  lastly,  the  cruro-tarsid  line,  by 
which  the  entire  foot  may  be  removed.  The  phalangeal 
joints  are  ea.sily  found  by  remembering  that  it  is  always 
the  proximal  phalanx  that  forms  the  prominence  in 
flexion,  and  that  the  o]M'ning  must  therefore  be  some- 
what forward  from  that.  The  .sjime  may  be  said  for  the 
nietacirpo  phalangeal  joints,  the  general  line  of  which 
lies  about  three-fourths  of  an  inch  behind  the  skin  fold 
coanecting  the  toes.  The  exposed  condition  of  this  part 
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of  the  foot.  iiH  Well  as  itH  ilistance  from  the  heart,  rendem 
it  liable  to  some  injuries,  such  an  cliilblaiiiK,  and  wnilo 
gangrene  The  tarHo-mi'tatarmil  line  is  uwil  for  the 
operations  of  I  ley  and  Lisfnuie,  neither  of  which  U  fre- 
i|Uenlly  prrforniid,  as  disease  is  very  nirelv  eonliiiiil  to 
the  initalarMil  bones,  ilyrll's'  rule  for  timliiiL'  the  joint 
on  the  inner  side  is  that  it  lies  exactly  at  the  half  length 
of  the  sole.  It  is  also  about  an  inch  and  a  half  in  front 
of  the  tubercle  of  the  scaphoid,  which  may  lie  easily  felt 
on  the  inner  side  of  the  foot  in  front  of  the  point  of  the 
internal  nialleoliis.  A  slight  eniineiiee  may  usually  lie 
felt  on  the  posterior  extremity  of  the  lirst  metatarsal  by 
holding  the  fool  steady,  pressing  lirmly  on  the  skin,  and 
thus  following  back  tlie  smooth  internal  surface  of  the 
shaft  of  the  bone.  ( )n  the  outer  side  tin-  line  cannot  be 
mis.sed.  as  it  lies  directly  brhiinl  the  piominent  tubercle 
at  the  ba.se  of  the  tiflli  metatarsal.  The  ba.se  of  the 
second  metatarsal  bone  is  received  between  the  inner  and 
outer  cuneiform  bones,  the  middle  cuneiform  being  cor- 
respondingly les.seni'(l  in  length.  This  adds  coiisidenible 
tiriiiness  to  the  arches,  but  makes  the  line  quite  irregular 
and  is  an  obstacle  to  the  speedy  performance  of  the 
operation.  Disarticulation  is  now  usually  practisi'd; 
but  Iley  sawed  through  the  metalarsjil.  leaving  the  base 
in  ])lace.  Tillaux  "  remarks  that  although  the  irregular- 
ity of  the  line  varies,  the  joint  of  the  second  cuneiform 
is  always  at  a  delinile  interval  behind  that  of  the  tirst — 
about  a  centimetre.  The  interos.seous  ligaments  are 
strong,  and  are  the  principal  obstacle  to  the  knife. 

In  the  medio  tarsal  line  the  operation  known  as  Cho- 
part  s  is  perfoniiid.  The  line  is  not  very  difficult  to  find 
as  it  lies  on  the  inner  side  just 
behind  the  tubercle  of  the 
scaphoid,  and  externally  just 
in  front  of  the  prominent  edge 
of  the  head  of  the  calcaneum. 
This  latter  is  midway  between 
the  external  malleolus  and  the 
tubercle  on  the  metatarsal  bone 
of  the  little  toe.  There  is  no 
irregularity  in  the  line, 
it   being  composed  of 


Fig.  2106.-  View  of  ttie  Miisoli's  and  Tendons  on  ttie  Inner  Side  of  the 
Rilftit  F<x)t.  fl.  (I,  .\nniilar  ll^inii'nts ;  \h,  alMliictor  polllcis:  7', 
tendon  of  llexor  lonsiis  illpiti.rinii ;  S'.  lendon  of  flexor  longus  hal- 
luols;  9'.  tendon  of  tibialis  i>"vti.ii.';:  11  .  tendons  of  extensor  lon^us 
diffltoruin;  12',  tendon  of  t'.\t.'ii.s..r  lon^us  hallucis;  14'.  tendon  of 
tibialis  auticas :  22,  t«udu  AcUiUis.    (Marshall.) 

two  curves,  one  between  the  scaphoid  and  astragalus, 
convex  forward,  the  other  between  the  calcaneum  and 
cuboid,  convex  backward.  The  principal  obstacle  to  the 
knife  is  the  calcaneocuboid  or  Y-Iigaiueiit.  which  is 
strong  and  thick,  radiating,  as  mentioned  before,  from 
the  calcaneum  to  be  inserted  by  two  slips  into  the  cu- 
boid and  the  scaphoid.  The  calcaneo-scaphoid  ligament 
which,  it  will  be  remembered,  ties  the  vertex  of  the 
arch,  is  also  divided  in  this  operation.  In  old  subjects 
it  is  occa.sionally  found  to  be  ossilied. 

Disarticulation  under  the  astragalus  is  not  often  re- 
sorted to.  As  there  are  no  muscles  attached  to  that  bone, 
it  can  be  of  little  service  even  if  left  in  place. 

The  muscles  of  the  foot  are  divided  by  their  position 
into  intrinsic  and  extrinsic;  those  which  have  their  origin 
above  belonging  to  the  latter  clas,s.  The  division  is 
topographical  rather  than  .scientific,  for  there  is  no  doiibt 
that  many  of  theniu.sclesnow  found  in  the  foot  primarily 
had  an  origin  higher  up.  and  have  become  disjilaced  in 
the  course  of  phylogenetic  development.'  The  extrinsic 
muscles  are  the  "ino.st  active  agents,  the  intrinsic  mostly 
aiding  and  supplementing  them.     They  fall  quite  natur- 
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ally  into  four  groups — au  nntcrior.  supplied  by  the  an- 
terior tibial  nerve  and  composed  of  the  tibialis"  auticus, 
extensor  proprius  liallueis,  extensor  lonsius  digitorum, 
and  peroneus  tertius;  a  lateral,  supplied  by  the  peroneal 


B.  T.  tibialis  antid 

B.  V.  ext.  longi  hallucts. . . 
B.  V.  cxt.  lonsi  digitorum 

Annular  ligament.-. 


B.  Bubtendinea  tibialis  antici... 
B.  fmbtendinea  pcronci  tertii.  . 


B.  V.  anterior  ext.  long.  I 
hailacia.  j 


FIG.  2107.— Synovial  Sheaths  on  Back  of  Ankle  and  Foot. 

nerve  and  composed  of  the  peroneus  longus  and  brevis ; 
and  two  posterior,  the  superficial  supplied  by  the  internal 
popliteal  nerve  and  composed  of  the  muscles  inserted 
into  the  tendo  Achillis  (gastrocnemius,  soleus,  plautaris), 
and  the  deep,  supplied  by  the  posterior  tibial  nerve  and 
composed  of  the  tibialis  posticus,  flexor  longus  digitorum, 
and  flexor  longus  pollicis.  All  of  these  pass  over  two 
joints,  the  ankle  joint  or  astragalo-crural  and  the  as- 
tragalo -calcaneal,  and  therefore  occasion  motion  at  both, 
but  in  very  varying  degrees. 

The  tendons  of  the  anterior  group  may  be  seen  in  Figs. 
2106,  2107,  and  2113,  and  passing  down  over  the  ankle, 
where  they  are  held  in  position  by  thickened  bands  of 
fascia  known  as  the  annular  ligaments.  There  are  two 
of  these,  an  upper  one  (ligamentum  transversum  cruris), 
not  shown  in  the  figures,  extending  across  the  lower  part 
of  the  leg  from  libula  to  tibia,  and  a  lower  one  (liga- 
mentum cruciatum),  in  the  form  of  a  -<,  placed  thus  on 
its  side(the  shape  best  shown  in  Fig.  2107),  the  main  stem 
being  a  strong  loop-like  band  which  lies  on  the  outer 
portion  of  the  ankle,  springing  from  the  fore  part  of  the 
caleaneum  in  the  deej)  fosssi  between  that  bone  and  the 
astragalus  known  as  the  sinus  tarsi.  It  completely  sur- 
rounds the  tendons  of  the  peroneus  tertius  and  extensor 
longus  digitorum  (see  Fig.  2108.  «).  This  band  was  first 
described  by  Retzius,  who  gave  it  the  name  of  ligamentum 
fundiforme  tarsi.  It  is  of  considerable  strength,  and  gives 
a  new  direction  to  the  tendons,  so  that  they  pull  more 
exactly  in  the  line  of  the  toes  (see  Fig.  2113),  tlius  form- 
ing a  sort  of  trochlea  like  that  which  the  sup<riorobli()UC 
muscle  of  the  eye  has.  According  to  Ilyrtl  it  usually 
becomes  cartilaginous  in  old  people.  I5y  a  sprain  the 
tendons  may  be  torn  from  this  connection,  and  will  then 
be  seen  to  take  a  much  more  direct  line  to  the  toes.  From 
this  baud  the  two  branches  of  the  ligamentum  cruciatum 
diverge,  passing  over  the  tendons  of  the  extensor  proprius 
hallucisand  the  tibialis anticus.  The  tendons  which  pass 
down  over  the  dorsum  are  provided  with  certain  synovial 
sheaths  which  are  shown  in  Fig.  2107.  The  teiulon  of 
the  tibialis  anticus  (14  in  Fig.  2106)  is  the  largest  and 
strongest,  and  may  be  easily  made  out  whenever  the  foot 
is  flexed  and  the  sole  at  the  same  time  bent  inward.  As 
it  is  inserted  into  the  internal  cuneiform  and  base  of  the 
first  metatarsiil,  it  necessarily  flexes  the  foot  and  inverts 
the  sole.  It  will  be  seen  that  the  attitude  is  much  like 
that  of  varus,  and  in  fact  this  muscle  is  one  of  the  most 
active  agents  in  that  deformity.  In  dividing  the  tendon 
care  must  be  taken  not  to  open  the  astragalo  calcaneal 
joint. 

The  tendon  of  the  extensor  proprius  haUucis  comes 


next  (see  Fig.  2113).  It  is  also  very  large  and  strongand 
is  the  most  prominent  cord  iu  front  during  flexion  of  the 
foot.  On  this  account  it  is  I  he  first  to  sutler  from  any 
lightness  of  the  covering  about  the  ankle.  It  is  inserted 
into  the  last  phalanx  of  the  great  toe,  which  it  strongly 
extends  in  the  last  act  of  walking  just  as  the  foot  is  about 
to  leave  the  ground.  Continuing  its  action,  it  flexes  the 
foot  on  the  leg  and  assists  the  tibialis  anticus  to  invert 
the  sfile.  It  is  more  firmly  cnclnsccl  by  the  cruciate  liga- 
ment than  the  tibialis  anticus,  and  its  pull  upon  that  baud 
raises  the  arch  slightly  so  thai  its  impression  is  fainter. 

The  extensor  longus  digitorum  sends  tendons  to  the 
four  outer  toes  which  unite  with  those  of  the  extensor 
brevis  and  are  insi-rted  into  the  second  and  third  pha- 
langes. Closely  associaletl  with  this  muscle  is  the  pero- 
neus tertius,  a  thin  muscular  sli|i  which  sends  a  tendon 
to  the  metatarsal  bone  of  the  little  toe.  It  hardly  de- 
serves a  separate  name. 

The  action  of  the  extensors  upon  the  toes  is  reinforced 
by  the  lumbricales  from  the  sole  of  the  foot.  These 
muscles  arise  from  the/<j-<))tenilons  and  pass  around  the 
phalanges  to  be  inserted  into  a  triangular  aponeurosis, 
which  is  common  to  the  e.\tcnsor  muscles.  In  walking, 
therefore,  as  the  flexors  assist  in  raising  the  foot  they 
give  a  firm  basis  for  the  pull  of  the  lumbricales.  so  that 
in  the  final  act  of  rolling  the  weight  forward  upon  the 
toes  they  can  assist  the  extensors.  It  should  be  remem- 
bered that  the  division  of  the  muscles  into  flexors  and 
extensors  is  not,  in  so  far  as  it  implies  an  antagonistic 
condition,  entirely  correct.'"  Those  muscles  which  ex- 
tend the  toes  also  flex  the  foot,  ami  rici'  eermi.  There  is 
no  loss  of  muscular  force,  as  there  would  be  did  one  set 
pull  directly  against  the  other. 

The  extensor  brevis  (see  10,  Fig.  2108),  though  an  in- 
trinsic muscle,  should  be  mentioned  here,  as  it  belongs 
morphologically  to  the  same  group.  It  was  originally^ 
leg  muscle,  and  has  gradually  slipped  down,  all  stages 
of  its  descent  being  seen  in  different  animals.'  It  arises 
from  the  forepart  of  the  upper  and  outer  surfaces  of  the 
caleaneum.  and  presents,  on  the  outer  side  of  the  foot,  a 
considerable  nuiscular  belly,  which  contributes  to  the 
modelling  of  that  part  of  the  foot,  and  is  soft  and  pulpy 
to  the  touch.  This  should  be  remembered  in  examining 
the  ankle  for  suspected  joint  disease,  or  after  a  sprain. 
When  struck  lightly  it  will  quiver,  and  this  movement 
has  been  mistaken  for  fiuctuatiou,  and  the  muscle  has 
been  incised  in  mistake  for  an 
abscess.  The  tendon  which 
goes  to  the  great  toe  is  usually 
somewhat  separated  from  the 
others,  and  that  part  of  the  mus- 
cle has  been  described  separately 
as  an  extensor  brevis  hallucis. 
The  extensor  brevis  varies 
considerably,  e  s  p  e  - 
"y  with  regard  to 
amount  of  divis- 
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Fio.  2108.— View  of  the  Muscles  and  Tendons  on  the  Outer  Side  of  the 
Right  Foot.  a.  Lliranipntum  fundiforme;  Id,  abductor  minimi 
dllfltt :  "',  insertion  of  the  tendons  of  the  flexor  lonpus  di^torum  : 
10,  extensor  brevis  di^itoriuu  ;  U'.  tendons  of  the  exten.sor  lonima 
dlKltoniin  :  12'.  tendon  of  the  extensor  longus  hallucis;  1.5,  tendon 
of  the  peroneus  tertius;  111',  tendon  of  the  peroneus  brevis;  17', 
tendon  of  the  peroneus  longus  ;  22,  tendo  Achillis.     (Marshall.) 


ion  of  the  various  muscular  bellies  of  which  it  is  com 
posed,  and  there  is  occasionally  seen  a  tendency  for  it 
to  become  merged  with  the  dorsjil  interossei,  elements 
of  an  entirely  different  origin. 

The  peroneus  longus  and  brevis  (10  and  17  .  Fig.  2108) 
were  primitively  upon  the  front  of  the  fibula,  but  their 
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Irnilcms  liitVf  Iwrii  sliiflcd  iH'liiiiil  tlii'  mitcr  iiiiilli'iilim  for 
a<la|ilali<iii  to  cliiiiliiii>,'.  Tlicv  iiri'  lien-  lidil  liy  n  slrnnj; 
sliiit  iif  fawiii  (I'ltiimcultim  sii|iiriiisi.  ainl  an' siiiiilailv 
slnallicil  ni'tiiiariiliiiii  iiiliiiiis)  u  Ihit  llicv  lii'  in  a  irrodve 
(111  llif  iiulcr  siili'  of  tlir  caliaMrum.  Nutwillislaiidiiig 
lliis  Si'ciirc  altacliiiii'iit  the  li'iidoiis  arc  iiiorr  fri'iiuciilly 
ilis|>lac-t'il  llaiii  any  utlicrs  in  ihr  hmly.  Lraviiii;  tlie 
Kroovi-  llii-y  ilivcrp'  from  uaili  otlicr,  llii'  hnvis  tuiiif; 
fiiscrtiMl  iiitii  llu'  iiiIhtc-U'  of  llu-  liflli  mclalai>gil,  and 
contiiiui'd  liy  a  lliin  tendon  as  far  as  ihc  loo.  the  loni;ns 
pa.ssini;  across  under  the  arcli  of  the  foot  in  the  irroiive 
on  the  infiTior  surface  of  the  cutioid.  ami  licin^  insiTled 
into  tlie  tuherde  of  llie  first  metatarsal  lione  (sci'  Fli;. 
■Jill."))  They  strongly  evert  tlic  sole,  prcducing  a  condi- 
tion like  that  of  vai,i;us. 

The  peroiicus  tertius.  the  extensor  longua  diuitonim, 
and  the  c.Ntcn.sor  lirevis  digitorum,  were  origiinilly  parts 
of  the  same  muscle  sheet  which  lieloni;ed  to  the  hack  of 
the  foot  and  front  of  the  leg.  The  twisting  over  of  the 
foot  into  its  |)osi(ioii  with  the  plantar  surface  downward 
has  caused  them  to  appear  in  their  present  situation. 
Extra  peroneal  muscles  are  not  iiifrei|ueiil.  and  in  one 
dis,section  iHTformed  by  the  author  a  set  of  live  were 
fotind. 

The  main  body  of  the  Uexor  tendons  pnsscs  down  on 
the  inner  side  of  the  ankle.     Fig.  210!)  shows,  in  a  dia- 

granunatic    form, 


illila  •-- 

B.  V.  tlei.  lontt.  dltrlt ; 

n.  V.  tlhlalla  iHistli-l  — 
Inter,  annuliir  llgnnicnt  - 


H.  V.  Ili'.v.  lone.  Iiall.  : 

U.  iKWli'aU'uiicu  prnfunila 

Flo.  2I1IO.— Synovial  ShwUlis  uf  Inner  Side  of 
Foot. 


how  they  are  ar 
rjinged.  anil  their 
tendons  are  seen 
in  Fig  OKjO.  Be 
sides  these  there 
should  be  men- 
tioned those  mus- 
cles (the  soleus 
and  gastrocnemi 
\is)  which  are  in- 
srrti-d  tlinjughthe 
lendo  AchiUis 
upon  the  calcane- 
um.  Duchenue's 
experiments'  in 
the  fanidizatiou 
of  muscles  led  him  to  the  conclusion  that  these  latter  act 
as  extcnsorsandadductorsof  the  foot,  while  the  peroneus 
longus  is  an  extensor  and  abductor.  In  order  to  get  a 
powerful  and  eipial  extension  of  the  foot  both  of  these 
act  together,  and  this  may  be  increased  by  a  simultaneous 
contraction  of  the  tiexor  longus  digitorum  and  flexor 
longus  pollicis.  He  supposes'  that  the  rea.son  for  the 
peculiar  action  of  the  lendo  AchiUis  in  causing  adiluc- 
tion  is  ooca.sioned  by  the  armngemcnt  of  the  plantar 
ligaments.  The  strongest  bands  lie  on  the  outer  side  of 
the  foot,  and  this  determines  a  deviation  of  the  line  of 
action  in  that  direction. 

It  was  formerly  supposed  that  the  severing  of  the 
tendo  A<'hillis  was  a  necessjirily  fatal  injury.  Hippoc 
rales  was  tinnly  of  this  opinion,  and  one  of  the  names 
given  to  the  tendmi  is  chorda  magna  Hippocralis.  It 
was  undoubtedly  a  serious  matter  when  the  wound  was 
an  open  one  ami  proper  drainage  not  secured;  but  with 
the  modern  resources  of  surgery  it  is  often  sjifely  divided 
for  the  relief  of  dull  foot.  'For  about  an  inch  and  a  half 
above  its  lower  end  it  is  free  from  muscle  fibres,  and 
narrows  slightly,  and  it  may  be  cut  there,  care  beiiiL' 
taken  to  avoid  the  ves,sels  and  nerves  at.  its  inner  side, 
and  the  bursji  which  exists  just  above  its  insertion  (see 
Fig.  21(l!)i.  Rupture  of  the  tendon  has  occurred  from 
violent  muscular  action  in  jumping. 

The  tendons  of  the  tibialis  posticus,  the  flexor  longus 
digitorum. and  the  lli'xor  longus  Iiallucis  pass  down  behtnd 
the  internal  malleolus  in  a  special  compartment,  confined 
by  a  strong  baiulof  fascia  known  as  the  internal  annular 
ligjinienl,  which  passes  from  the  malleolus  to  the  cal- 
caneum,  enclosing  not  only  the  tendons  but  the  vessels 
and  nerves  which  accompany  them.  Thev  have  special 
synovial  sheaths(Fig.  2109),  and  are  so  arranged  that  the 
tendon  of  the  liexor  longus  hallucis  is  nearest  the  tendo 


Achlllis,  that  of  the  liexor  longus  dlgiioniin  next,  and 
that  of  the  tibialis  amicus  nearest  the  malleolus,  the 
tendon  of  tliedigital  liexor  twlstlngaroiind  It  from  wlth- 


irxor  lontrtii  (lltrttAnim. 


Extcojor  loogui  dljfliuruiu, 


Flexor  lungtu  poiudi. 


Fl«.  2lin.-t)lii)fniin  Slunvlnif  tin-  Manner  In  which  the  Flcxnr  and 
Exten!»>r  lenduns  are  Ili'lle<ted  an>iind  lh(?  Ankle.    (Lanifer.") 

out  inward,  and  then  pa.s.sing  downward,  forward,  and 
outward  under  the  sole.  Were  it  not  for  this  the  tendon 
of  the  tibialis  posticus  would  be  likely  to  slip  from  under 
the  malleolus  or  the  sustentaculum  tiili  as  it  passes  for- 
ward to  be  inserted  into  the  tubercle  of  the  scaphoid,  and 
by  a  tendinous  expansion  into  all  the  bones  at  the  uiiper 
part  of  the  vault  except  the  astragalus.  It  strongly  in- 
verts the  sole  and  raises  the  head  of  the  first  metatarsal. 
Spigelius  called  it  musculiis  nauticus,  because  it  was 
neees,Siiiily  used  by  sjtilors  in  climbing  masts. 

The  rtexor  longus  digitorum  and  the  flexor  longus  hal- 
lucis are  arranged  somewhat  like  the  flexor  profundus 
digitorum  and  the  flexor  longus  iiollicis  of  the  hand,  as 
they  have  an  arrangenient  of  tendons  which  pa.ss  in  a 
similar  way  through  those  of  the  flexores  breves  to  be 
inserted  into  the  terminal  phalanges  of  the  toes.     But 


First  Laver. 


Second  Layer. 


Fio.  -Mil. -The  Miisilfs  of  ihe  Sole  of  the  Foot.  In.  AMiutor  minimi 
dlirtil ;  U).  alHluctor  hallui-is  :  6.  Uexor  l)n>vls  dlidlorum  :  7'.  tendon 
of  tlexor  longus  dipliorum :  7a,  Its  plantar  head,  or  liexor  acces- 
.soriiis;  77),  7(i.  luinbricales  ;  S'.  tendon  of  Hexor  lon^s  Iiallucis;  17, 
tendon  of  peroneus  loncus :  !)',  Insertion  of  tibialis  posticus. 

they  arc  very  differently  related  in  the  sole,  for  they  not 
only  decussate  and  unite  there,  but  the  flexor  longus  digi- 
torum receives  a  reinforcement  from  an  acces-sory  bead, 
the  flexor  accessorius.  or  caro  (juadrati  .Sylvii,  arising 
from  the  tuberosity  of  the  calcaneura,  and  inserted  at 
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the  decussjition.  The  crossing  in  the  sole  is  such  that 
in  the  greater  uumber  of  cases  the  tendon  of  the  tlexor 
Imlliicis  semis  to  the  decussation  a  hiteral  twig,  which 
again  divides  in  slips  for  the  second  and  third  toes,  unit- 


Tblnl  Ijiyir. 


Fourth  Layer. 


Fir..  2112.— The  Deep  Muscles  of  the  Sole.  4.  i.  Flexor  brevis  minimi 
iliiriti;  .i,  5,  He-xor  brevis  halluris:  2li,  aJduotcir  pollicis.  with  its 
delaclieil  heads;  3,  -i.  3,  al.so  i-alled  tlie  transversus  pedis;  1,  1,  1, 
dorsal  iiiterossei;  2,  2,  2,  plantar  inteR^ssei. 

ing  witli  tlie  tendons  of  the  flexor  digitorum.  The  slip 
to  the  third  toe  may  he  wanting,  but  sometimes  one  is 
sent  to  tlie  fourth.  "  This  arrangement  recalls  the  mus- 
culature of  the  ape's  foot,  where  the  hallucis  tendon 
supplies  the  tliird  and  fourth  toes,  and  sometimes  the 
second,  while  the  digital  tendon  is  mainly  conliucd  to 
the  second  and  fifth,  or  to  the  secon<l  only,  the  great  toe 
receiving  only  a  slender  tendon  which  quite  fails  in  the 
orang.  The  unusual  development  of  the  hallucis  in  man 
appears  to  be  connected  with  the  use  of  tlie  great  toe  for 
preserving  the  equilibrium  in  the  erect  position. 

The  plantar  head  mainly  reinforces  the  tendons  for  the 
third  and  fourth  toes."  The  whole  apparatus  appears 
to  indicate  that  the  original  plan  was  for  a  llexor  fibuiaris 
(flexor  longus  hallucis)  and  a  flexor  tibialis  (flexor  digi- 
torum), and  that  the  flexor  accessorius  originally  belonged 
to  the  latter  muscle,  but  afterward  lost  its  insertion  upon 
the  fibula.  Variations  are  found  which  tend  to  confirm 
this. 

It  will  be  noticed  that  the  most  direct  pull  appears  to 
be  toward  the  second  and  third  toes;  the  tendons  there 
are  supplied,  not  only  from  the  common  flexor,  but  also 
from  the  tendon  of  the  hallucis.  This  would  appear  to 
show  that  the  original  axis  of  the  loot,  or  Hue  on  which 
it  rolls,  is  not  through  the  great  toe,  as  usually  stated, 
but  through  the  second  and  third  toes,  and  would  bear 
out  the  experiments  of  Beely,"  who  found  that  in  a  cast 
talicn  from  the  impression  liiade  by  his  foot  wliile  stand- 
ing upon  a  layer  of  soft  ))lastcr,  the  heads  of  the  second 
and  third  metataisals  made  ii  deeper  imi>ression  than  any 
other  i>orti(iii  of  the  anterior  part  of  the  foot. 

The  aetiiin  of  the  flexor  is  to  bend  the  toes  jind  con- 
tribute to  the  stability  of  the  foot  in  standing.  After 
bending  the  toes  they  also  flex  the  medio-tarsal  joint. 

So  it  follows  that  these  muscles  all  cooperate  in  lifting 
the  heel  from  the  ground  and  flexing  the  foot,  and  that, 
as  this  is  done,  the  toes  are  strongly  flexed  and  pressed 
against  the  ground  like  an  elastic  spring  (see  Fig.  2110). 

They  are  often  divided  in  orlliopadic  operations,  usu- 
ally at  the  malleolus,  as  it  should  be  remembered  that  the 
posterior  tibial  artery  lies  near  the  flexor  longus  digitorum, 
being  exactly  in  the  middle  of  the  space  between  the 


posterior  margin  of  the  internal  malleolus  and  the  internal 
border  of  the  teudo  Achillis.  The  nerve  is  in  the  same 
sheath  with  the  artery  and  behind  it. 

The  intrinsic  muscles  of  the  sole,  which  are  quite 
numerou.s,  are  shown  on  Figs.  2111  and  2112.  They  are 
arranged  in  three  groups,  separated  from  each  other  by 
ap|)ropriate  layers  of  fascia,  as  shown  in  Fig.  2102.  The 
external  group  is  composed  of  muscles  relating  to  the 
little  toe,  the  flexor  brevis  and  abductor  minimi  digiti; 
the  inner  is  a  similar  group  relating  to  the  great  toe,  the 
flexor  brevis  and  abductor  hallucis;  while  the  middle  set 
is  related  to  the  muscles  which  come  down  from  the  calf, 
the  flexor  accessorius  and  the  lumbricales,  together  with 
the  tlexor  brevis  digitorum  and  adductor  pollicis.  Deep 
under  all  these  lie  the  interossei.  The  muscle  sometimes 
described  as  transversus  pedis  is  not  entitled  to  a  si'i)a- 
rate  description,  as  it  is  clearly  shown  by  the  evidence  of 
eml)ryology  to  be  a  portion  of  the  adductor  pollicis. 

These  muscles  are  of  special  use  in  supplementing  the 
action  of  the  ligaments  in  supporting  the  arches,  giving 
an  elastic  support  variable  according  to  the  nature  and 
direction  of  the  strain.  The  interossei  are  in  two  groups, 
the  plautarand  the  dorsal,  the  lalteruot  being  prominent 
on  the  sole.     All  originally  developed  upon  the  sole,  the 


ligamentuiu  fundi- 
forme 


\  anter.  tibial 
I      artery 


ligamontum 
eun  latum 


tih.  antifus 
dors,     pedis 
art.  with  e.tt. 
com.  diirii.  to 
outer  side 

ant.  tib.  nene 

J  ext.  prx>p.  bal- 
I   lucls 


outer  ten- 
don of  ext. 
l)revis  pol- 
licis. 


tendons  of 
e.\t.  lirevis 
and  o  X  t . 
prop.  hail. 


Fig.  2113. -a    Dissection    Showine  the    Dee|»>r  Stnictures  on  the 
Dorsum  of  tlie  Foot. 

dorsijl  gradually  passing  up  between  the  metatarsal  bones 
during  fietal  life.  Cunningli;ini  '*  thinks  that  the  primi- 
tive typical  arrangement  of  the  intrinsic  jilantar  muscles 
is  the  same  as  that  of  the  hand,  viz.:  that  there  is  a 
plantar  layer  of  adductors  of  the  toes  represented  bj'  the 
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I'ool. 
I'oul. 


ncliliictor  Imlliiclii  nnd  IIh  iIcUicIiinI  ImiuI. 

till'  InitisviTHiiN  |ii'<lis.  itiid  llii-  lliri'i'  |il>iu 

tar    iiili'iiissri :    an    iiiliTiiiiiliiilr    liivi-r  i>f 

llixnrcs   tinvfS,    ri>iii|ii>sril   (if    iIh'     llrMir 

lii'r\  isiiiiiiiiiii  ili^' 

iti  mill  till'  llr\iir 

lirt'vis    liiillucis; 

mill  II  ilorsiil  l.iyiT   "^Jj^};',,,;""''"'"  ''""*'•  ''""■  [ 

ofiitidiictorsipf  tlif 

tiics      rc|>ri'S<iitc<l     nbilui-tor  minimi  illirltl.  I'lii 

tiy    the    iildliutiir 

Imlliiris.    till'    lib 

(liii'tor     III  i  II  i  III  i 

(li^ill.     mill      tlio 

(lorsiil     iiilcroHM'i. 

Tlic    layrrs    liiivr 

lost  tlii'ir  ri'Imivi' 

plmii's  in  till'  foot 

|Mirtl_v  lii'cmisc  of 

till'  anliril  ciindi' 

tioii.    anil    partly 

by  snppn'ssiiin  of 

lliflli-xori'sbicvcs 

for     I  lie     srcnntl, 

tliiril.  anil   fourth 

tlll'S. 

Tlio  luTves  of 
till-  foot  (livi-  us 
important  cvi 
(li'iiro  willi  rrj;anl 
to  the  valiir  anil 
previous     history 

of  till'  inusclcs.  Those  dcrivpil  from 
the  hiinbar  plexus  do  not.  have  any 
motor  functions,  but  supjily  siiisi 
tion  to  till'  iiitrjruiui'Ut  of  llir  inner 
sidi'  (lonj;  siiplieniuis  nerve).  The 
sacral  jdi'xus  (lives  sensations  to  I  lie 
remaiiiinir  portions,  vi/.,  by  the  ex- 
ternal sjiplienoiis  on  the  inner  side, 
the  musculo  cutani'ims  over  the  dor- 
sum, and  the  plantar  nerves  on  the 
sole,  the  internal  plantar  supjilying 
the  tirst  three  toes  anil  half  of  the 
fourth,  the  external  supiilyin;:  the 
other  half  of  the  fourth  and  'the  liflli. 
The  nerves  of  the  dorsum  are  shown 
in  Fi^s.  21i:!  and  ill"):  those  of  the  sole  in  Fi;;.  2114. 

The  vessels  of  the  fonl  isi-c  t lie  same  ligures)  are  not 


oxtenml  pliinliir  iirtcr^ 

oxleniiil  jiliintjir  ni'r\<- 
n<'Xnr«r»'<'hf«>rllw. nil  h'li-  / 
linn    tli'Xiir  loDKIIli   lll|!l- 

ttiriiiu  ' 

tl'lldoll    tieroniNilH  liilltftl.H  ' 

In  oiN'iiiil  Klit'Uili  < 

intim'iilnr     tininrlii's  i 

lit  I'Xiemiil  iilniilnr     

niT\e  *  , 

pliiiitiir  lii'i'ti  — J^j 


ditrllul  iiri' 


tonilim    n  till  art  ( 
nilnliiil  iliKlll 


V.  • 1  liintarnrch 


IKiKlerlor  ttlilut  iirt<'ry 


..   — .  InliTiial  [•liintHriirtery 


liiiemBl  planliir  ocne 


(  ntuliirlnr 


hnlUii'lfi:    I'lil 
ntnin 

T  silll' 


r-    Iinili.n  i.f  rii'Xipr  li.i 
i    liiiIliii-lKl.H  on  Iniici 
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Fig.  2113. 


-  Tbc  Saperflclal  Veins  and  Nerves  of  the  Dorsum  of  tlie 
Foot. 


very  niimcmuK  or  liirKc  rimti  the  dor- 
8UIII  we  have  the  eontiiiuutioii  of  the  all 
ierior  tibial  artery,  wliieli.  iik  it  piuiKCB 
under  the  annular  ligaineiit,  chaHKeH  itH 
name  to  ilorsaliN 
pedis.  It  Ik  ac- 
companied by  two 
veins,  and  pasHOB 
forward  to  aniui- 
tomoKe,  at  the 
space  between  the 
first  mill  second 
toes,  with  the  ex- 
ternal plantar.  It 
is  believed  to  cor- 
ri'spiiiid  to  tlie  ra- 
dial arterv  of  the 
hand,  anil  it  will 
be  seen  that  the 
twislinp  over  of 
the  doi-sal  surface 
has  given  it  a  less 
devious  course. 
It  is  easily  .secured 
in  the  upper  part 
of  its  course, 
w  here  it  lies  quite 
supertieially  and 
just  external  to 
the  tendon  of  the 
extensor  longus 
hallucis.  Aneu- 
rism has  occurred 
in  it  as  a  sequel 
to  a  sprain.  The 
posterior  tibial  artery,  coming  down 
liehind  the  ankle,  divides,  just  before 
entering  the  sole,  into  e.xleriial  and 
internal  jilantar.  the  latter  being  the 
smaller.  The  external  runs  out- 
wardly across  the  foot,  deep  under 
the  muscles,  and  then  turns  again  to 
the  inner  border  and  anastomoses 
with  the  dorsalis  pedis.  It  is  not 
luacticable  to  reach  these  for  liga- 
ture in  the  sole,  except  by  resection 
of  the  melalarsiil  bones. 
The  superticial  veins  are  found  mainly  upon  the  dor- 
sum. A  reference  to  Fig.  'i\l'>  will  .show  that  the  internal 
and  external  saphenous  veins  coming  down  from  above 
anastomose  with  each  other  across  the  luelatarsal  bones, 
forming  an  arch  with  the  convexity  toward  the  toes. 
Tight  boot-lacings  may  so  compress  these  veins  as  to 
produce  a  stasis,  with  pain  and  swelling.  Veins  of  any 
considerable  size  are  wanting  upon  the  sole. 

The  integument  of  the  sole  of  the  foot  is  intimately 
united  with  the 
layer  of  subcu- 
taneous fat,  which 
is  here  not  loose 
and  movable,  but 
shut  into  distinct 
comiiartmeiils  by 
septa  of  connect- 
ive tis.sue.  This 
forms  a  very  com- 
pact and  elastic 
cushion  for  sup 
port i  n  g  the 
weight  of  t  h  e 
bo<ly. 

Sma  1 1  ness  of 
these  members  has 
been  during  all 
modern  times  con- 
sidered a  mark  of 
beauty.  There  f,g.  anij.— l>efoniied  Foot  of  a  CbineseLady 
seems    to    be    no  of  Ilank.    danger.) 


lowinir  tile  Deeper 
Sole  of  ilie  Foot. 
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food  reason  for  tliis.  except  that  it  indicates  n  {teueral 
clitncy  of  constnution  of  the  body  niid  can  hardly  1)C 
associated  with  haliils  of  lalmr.  Slriuliirally  a  small 
foot  would Bi'cm  to  bean  inelVective organ,  'i'he  Chinese 
women  of  raid<  are.  as  is  well  Unown.  so  treateil  in  in 
fancy  that  the  foot  has  no  oji- 
porliiMity  to  irrow.  and  .soon  be 
cciiius  mi.s.iliapen.  as  shown  in 
Kig.  '.21 11),  reduced  from  a  pho- 
loiirapli  by  WelcUer.  The  op- 
eration commences  usu- 
ally in  the  second  year  of 
the  child's  life,  and  eon- 


FiG.  2117.— Section  of  Xntunil  Foot  with  tiie  Bones,  nnrt  ,•>  Corre- 
siiondlng  Section  of  a  Cliinese  Delornied  Foot.  Tlie  out  line  of  Uie 
latter  is  dotted,  and  tlie  bones  are  shaded.    (.Flower.) 

sists  in  turnin>c  the  toes  under  the  sole  and  conliuinjr 
them  there  by  "bandaging.  The  ))iocedure  is  said  to  be 
quite  painful,  and  sonieti^nes  fatal  to  delicate  children. 
If  the  jiarcuts  belong  to  a  class  in  which  labor  will  be 
reciuircd  of  the  child,  nothing  further  is  done,  and  the 
foot,  though  deformed,  can  still  be  used  for  -walking. 
If  they  are  wealthy,  the  deformity  is  carined  further  by 
so  bandaging  the  foot  that  the  gi'-eat  toe  apiiroaclies  the 
heel  as  licarly  as  possible.  As  to  the  motive  for  this 
strange  custoin,  it  seems  probable  that  it  originated  in 
an  attempt  to  increase  the  value  of  the  female  as  an  ob- 
ject of  se.Mial  aiip<'tite.  As  the  woman  can  move  about 
init  little,  a  greater  dejiosit  of  fat  is  found  on  the  mous 
veneris,  and  the  nymph:e  are  thickened.  Besides  tliis, 
it  is  Siud  these  deformed  feet  are  Ivcpt  carefully  covered, 
because  they  resemble  in  appearance  the  vulva.  Only 
l)rostitutes  display  their  feet,  and  for  the  purpose  of  en- 
ticing customers  (Strieker").  Fig.  2117  shows  the 
skeleton  of  such  a  malformation.  Frank  Dukcv. 
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FOOT-AND-MOUTH  DISEASE.    Secnoof-aitd-Moiit/,- 

7>/.v../.v 

FOOT,  DISABILITIES  OF.— I.  Tiie  "We.mc  Foot. 
(Synonyms.  Splay  fool;  Hat  foot.)  The  most  common 
and  by  far  the  most  important  of  the  disabilities  of  the 


foot  is  tlie  .so-called  flat  foot.  This  nfTcction.  althoiigh  so 
common,  is  still  very  in>))erfectly  understood  and  in  order 
to  make  its  etiology,  an<l  the  piinciples  that  should  gcjv 
ern  its  treatment,  clear,  on<'  must  contrast  theajiiiearance 
and  the  functional  ability  of  such  a  disabled  foot  with 
those  of  the  normal  member. 

The  foot  is  supiHirted  by  ligaments,  by  the  nuiscles. 
anil  by  the  strong  |>lanlar  fa.scia  that  covers  in  the  sole. 
When  it  is  in  active  use  it  is  in  great  jiart  sujiportcd  by 
the  muscles,  but  when  it  serves  as  a  ]iassive  support,  as 
in  standing,  the  ligaments  bear  the  greater  part  of  the 
strain,  and  its  normal  elasticity  allows  the  beating  sur- 
face to  e.\])and  slightly  as  the  arches  are  slightly  de- 
])ressed.  It  must  not  be  understood,  however,  that  the 
longitudinal  aicli  is  simply  flattened  by  direct  pres.«nre 
and  by  elongation  of  elastic  ligaments  and  fascia.  Liga- 
ments and  fascia  are  not  elastic  and  they  are  not,  in  the 
normal  foot,  overstix'tched.  The  change  in  cfmtour  is 
the  effect  of  normal  motion  in  the  joints  of  the  foot,  by 
which  it  is  placed  in  the  most  favoral)le  attitude  for 
weight  bearing  without  muscular  exertion. 

Of  the  changesof  contour  that  distinguish  the  foot  used 
asa  passive  sujiport  from  the  one  that  bears  no  weight,  the 
most  significant  is  the  oliliteiation  of  the  outward  curve 
of  itsiiifernal  border.  Thischaiige  is  diieto  the  fuel  that 
the  astragalus,  bearing  the  leg.  rotates  inwai'd  and  down- 
wai'd  on  the  os  calcis  until  it  is  checked  by  the  resistance 
of  the  ligaments  and  by  the  interlocking  of  the  bones. 
The  head  of  the  asliagalus  thus  becomes  slightly  promi- 
nent; the  inner  border  of  the  foot  is  depressed,  and  an 
attitude  is  attained  in  which  the  weight  of  the  body  may 
be  suiiported  with  Init  slight  muscular  exertion.  This 
]iosition  of  the  foot  is  one  of  a  series  of  similar  changes 
in  the  relation  of  the  bones  of  the  lower  extremity,  which 
are  instinctively  assumed  when  the  limb  is  placed  in  the 
so-called  attitude  of  rest. 

The  second  function  of  the  foot  is  ns  a  lever  to  raise 
and  to  propel  the  l)ody.  The  calf  muscles  supply  the 
power  and  the  heads  of  the  metatarsal  bones  serve  as  the 
fulcrum  on  which  the  weight  is  lifted.  AVhen  the  foot 
is  used  as  a  lever  it  should  beheld  in  such  relation  to  the 
leg  that  the  line  of  weight,  jiassing  downwai'd  thnmgh 
the  centre  of  the  knee  and  ankle  joints,  is  continued  over 
the  second  toe  or  jiractically  the  centre  of  the  foot.  As 
the  bodv  is  lifted  ovcrthe  fulcrum,  the  fore  foot  is  turned 


FIG.  21I8.-A.  The  Proper  Attitude  In  Activity,  IllustintlnR  llie  Ad- 
duction of  the  Fore  Foot.  B.  The  Improper  Atllti.de  of  Outward 
Hoiallou  of  the  Feet. 

inward  in  its  relation  to  the  leg  or.  more  jiropcrly  speak- 
ing, the  leg  is  turned  oiitward,  because  the  inner  side  of 
the  fulcrum,  formed  by  the  first  melatars;il  bone,  is  longer 
than  its  outer  side.  Thus  the  strain  is  directed  toward 
the  outer  and  stronger  side  of  the  foot  (Fig.  2118,  .^4) 
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fuul-uuU-.^lttulU 
Foot.       (■»■'■•<'• 


III  tilt-  iirojiiT  wiilk,  wiiicli  Is  III)'  Ih'si  illiisinitinii  <if 
llir  Icvcmtff  iiilicliiin,  tlic  ffcl  nIiimiIiI  lie  liclil  pnirliiiillv 
|>anilli'l  to  line  iiiiotlicr.  ki>  tliiit  llii'  line  of  stniiii  iiiiiv  fall 

tlirollt'll  tin-  ITIIIIC  of  till'  foot.       As  ollr  fool   is  liilvilllccd 

il  first  lii'iirs  wrjclil  iiioinciitiirily  on  tli<-  lii'i'l.  linn  ii|iuii 
its  otitir  lioriiiT;  till' III  rl  is  ilii'ii  misi'd  mill  Ihc  limiy  Is 
liflcil  over  till' tors.  I  lie  ^jmil  tor;;iviiii;  llicliiml  iiii|>iilsf, 
so  timt  if  till'  walker  is  looki'il  at  Irom  licliiiiil.  lie  ap- 
prars  to  lit'  in  loi'iiij;  at  tliu  Icrininatioii  of  i-aili  step. 
Tims,  (liiriii;;  iIh'  walk.  Ilirrr  is  an  iilli'iiialioiiof  postiirrs, 
ami  till'  foot,  iiiiiirr  iiiiisciilar  roiiiriil.  assiinit's  the  utti- 
tiiili's  most  opposi'il  to  that  of  passive  support. 

Tile  alternation  of  postures  iiikI  the  li'M'ra);e  action  of 
the  foot  aieliyiio  means  m  eessarv  to  simple  progression; 
for  example,  jioth  feet  iiiii;lit  lie  iImiI  in  piaster liaiiilai.'es 
yet  walking;  w mild  he  possihle  just  as  it  is  possilile  on  two 
WiHMlfu  legs.     IiiiU't'd  an  appro.viiiuitiun  to  siieli  a  niaii 


Flo.  211».-Tvpinil  Wi'iik  Font  i.f  Medenile  IH'iri-.-e.  Illuslinllntr  the 
Cuuiiuiu'iil  Elfineiits  nf  AlHliii'tloii  uud  Dt'iiressluii  of  tin;  Aroli. 

ner  of  walking  is  often  seen,  in  which  the  passive  atti- 
tude pei^sisls,  leverage  and  its  attendant  motions  being 
absent.  Such  a  walk  is  neecssjirily  jarring  and  ungrace- 
ful, and  if  it  is  not  the  result  of  weakness  and  deformity 
it  jiredisposes  to  them  becauseof  the  disuscof  tliu  proper 
function  of  the  foot. 

One  of  the  most  common  causes  of  interference  with 
the  leverage  fiinelion  is  the  custom  of  turning  the  feet 
outward.  Outward  rotation  of  the  feet  is  normal  in  the 
])assive  attitude  of  weight  bearing,  because  it  locks  the 
joints  and  throws  the  strain  upon  the  ligaments  to  relieve 
the  muscles  (Fig.  2118).  On  this  very  account  it  is  the 
improper  attitude  for  activity  because  the  strain  falls 
upon  the  inner  border  of  the  foot  or  to  the  inner  side  of 
the  fiilcriiin,  making  the  proper  e.\ercise  of  muscular 
power,  and  alternation  of  postures,  impossible.  Thus  it 
will  apjiear  that  a  persi.steuce  of  the  passive  attitude,  or 
nn  api>roximation  to  it,  is  abnormal  when  the  foot  is  in 
active  use. 

The  persistence  of  an  imjiroper  posture  may  be  sim- 
ply a  habit,  but  it  is  evident  that  if  an  individual  were 
overweighted  by  a  heavy  burden  he  could  not  walk 
with  an  elastic  step,  nor  could  he.  if  his  muscular  power 
were  insiillicient  for  nonnnl  activity,  nor  if  the  structure 
of  the  foot  were  weak,  nor  if  active  movements  caused 
pain.  In  any  one  of  tliise  instances  the  passive  attitude 
would  be  assumed  habitually  and  the  foot  would  ap- 
proximate in  appearance,  to  a  greater  or  less  degree,  the 
so-called  flat  foot  which  is  merely  an  abnormal  persist- 
ence, and  an  exaggeration  of,  the  attitude  of  rest. 

If  one  contrasts  the  appearance  of  the  foot  in  activity, 
under  the  control  of.  and  supported  by.  the  muscles,  with 
one  that  is  inactively  supjiorting  weight,  he  will  ajipre- 
ciate  the  distinction  between  activity  (strength)  and  jias- 
sivity  (weaknessi.  If  then  the  foot  habilimlly  assumes 
the  passive  attitude  it  maybe  properly  called  a  weak 
foot,  because  it  is  weak  in  the  sense  that  it  is  in  danger 
of  progressive  deformity  and  because  the  sensation  of 


Flii.  2iai.— The  Normal  Ite- 
iBtlun  of  the  Asiminilu:!  to 
the  08  Calels. 


weakness  Is  the  earlicHt  and  iiiodt  coimlnnt  KViiiptotn. 
Miiiiy  weak  feel,  in  the  earlv  stage  ut  leant,  would  not 
be  recognized  as  deformed  (tlal)  feet.  Flat  foot  Id  there- 
fore u  miHiioiner,  and  it  is  an  especially  iinfortiinntc  tenn, 
in  that  il  calls  atleiilion  lo  ileformily  rather  than  to  (l|«. 
ability.  The  term  weak  foot  will  lie  iisi'd  therefore  to 
include  all  varieties  of  disability  nf  ihi' fnot  which  are 
characterized  by  the  habiliial  attitude  of  inaitiviiy.  of 
which  the  more  advanced  types 
mitlit  be  properly  describcil  as 
Hat  feet. 

T/ie  Aiitilomy  of  the  Weak 
Fiiit. — As  has  Iicen  stated,  a 
jiersistence  of  the  attitiirle  of 
rest  or  iimelivity  is  characteristic 
of  the  weak  foot.  This  altitude 
in  which  the  weight  falls  upon 
its  inner  liorder  is  sometimes 
called  jironatiou  or  cversion  of 
the  foot,  ond,  when  at  all 
marked,  it  might  be  described 
properly  as  valgus.  This  latter 
term  is,  liowever,  usually  asso- 
ciated Willi  more  advanced  or 
lixed  deformity  (talipes)  and  it 
is  therefore  mrely  u|)plied  to  the 
disaliility  under  consideration. 
One  may  analyze  the  attitude  and  the  deformity  of  the 
weak  foot  somewhat  as  follows.  1.  The  leg  is  displaced 
inward  so  that  tin'  weight  falls  upon  the  inner  side  of  the 
loot.  2.  The  leg  is  rotated  inward  so  that  a  line  drawn 
through  its  centre  prolonged  from  the  crest  of  the  tibia, 
instead  of  falling  over  the  second  toe,  now  points  inside 
the  great  toe,  or  even  over  the  centre  of  the  internal 
border  of  the  foot  (Fig.  2119). 

It  has  been  stated  that  under  normal  conditions,  in  the 
act  of  passive  weight  bearing,  the  astragalus  rotates 
downward  and  inward  ujion  the  os  ealcis,  depres.sing 
its  anterior  and  internal  border  until  the  movement  is 
checked  by  the  strong  ligaments  connecting  the  bones 
(the  calcaucoscaphoid,  the  deltoid,  and  the  intero.sseus); 
in  other  words,  the  leg  has  a  tendency  to  slip  downward 
and  inward  from  off  the  foot.  In  the  weak  foot  this  in- 
clination has  become  an  accomplished  fact,  for  the  normal 
movenienl  has  become  so  exaggerated  by  the  distention 
of  the  ligaments  and  by  the  weakness  of  the  siipiiorting 
muscles  that  a  partial  dislocation  has  taken  jdace  (Figs. 
2120,  2121).  The  astragalus  has  rotated  and  slipped  far 
to  the  inner  side  of  its  uornial  position  and  is  in  an  altitude 
of  exaggerated  rotation  and  moderate  jilantar  tlexion,  so 
that  its  head  can  be  plainly  felt  on  the  internal  border  of 
the  foot.  The  anterior  e.x'tremity  of  the  os  ealcis  is  de- 
pressed and  turned  slightly  inward  and  its  internal  liorder 
is  lowered.  The  scaphoiil  bone  is  lowered  together  with 
the  head  of  the  astragalus,  al- 
though to  a  less  degree,  and  has 
been  forced  farther  away  from 
the  OS  ealcis,  and  with  it  the 
entire  border  of  the  foot  is  de- 
pressed also.  Thus  the  depres- 
sion of  the  arch,  the  third  element 
in  the  deformity,  is  always  ac- 
companied by  a  bulging  inward 
of  the  inner  side  of  tlie  foot.  The 
foot  is,  as  it  were,  broken  in  the 
centre,  the  posterior  division 
having  turned  inward  and  down- 
ward; that  is,  the  astragalus  has 
rotated  inward  and  downward 
to  an  extreme  degree  and  has 
slipped  from  off  the  os  ealcis. 
The  latter  bone,  although  forced 
outward  in  its  relation  to  the  astragalus,  still  turns  inward 
slightly,  while  the  fore  foot  in  its  relation  to  the  leg  and 
to  the  jiosteriordivisioiisof  the  tarsus  is  greatly  abducted. 
The  dislocation  may  be  so  extreme  that  the  entire  sole  of 
the  foot  rests  upon  the  ground,  and  a  callus  even  may- 
be found  at  the  point  that  usually  represents  the  high- 


FiG.  2121.— The  Relation  of 
the  Astrafralus  lo  the  Os 
ealcis  in  the  Conllrmeil 
Weak  Foot. 


199 


Fool. 
Fool. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


est  poinl  of  till'  arrli,  wliicli  now  suppiirls  the  greatest 
burden 

III  this  clmiiire  cif  Tvlalinii  lici  wi'cii  llic  bimi'S.  tlic  iirclied 
part  (if  llie  foot,  <ir  waist,  appears  iinieli  liiuadir  llian 
iioriiial.  even  broader  llian  tlie  front  of  tlic  fool  ;  the  lied 
projeets,  the  external  nialleohis  is  depressed  and  e.irriid 
forward  by  the  rotation  of  the  lei;  and  is  nuieli  less 
prominent  tlian  normal;  th<'  inlernal  malleolus  is  more 
proniiiient  and  with  lheastrai;alus  it  overhangs  the  hear- 
ing surface  of  the  sole.  The  foot,  eonsidered  as  a  ineeli- 
anism,  is  twisted  and  out  of  gear,  its  motion  is  therefore 
very  mueli  restrieted.  It  is  manifeslly  impo.ssible  for  the 
patient  to  addiiet  the  fore  font,  that  is,  to  turn  it  inward 
about  the  head  of  the  misplaced  astragalus.  Plantar 
flexion  is  also  niuch  limited  because  of  the  iiermanenl 
position  of  a<lduction  and  plantar  liexion  that  the  as- 
tragalus hasa.ssumed.  Dorsal  flexion,  on  the  other  hand, 
may  appear  to  be  abnormally  free,  because  the  fore  foot 
is  abducted  and  slightly  dorsiflexed  ujion  the  head  of  the 
astragalus.  When,  however,  the  displacement  is  reduced 
adaptive  shortening  of  the  calf  muscle  becomes  evident 
ill  many  instances. 

Supposing  the  foot  to  liave  been  normal  before  it  be- 
gan to  break  down,  it  is  apparent  that  such  deformity 
could  not  have  been  aciiuired  without  marked  changes 
in  its  internal  structure.  In  a  general  way  these  changes 
have  been  indicated  by  the  descriiition  ;  the  ligaments  on 
the  internal  aspect  of  the  foot  and  of  the  ankle  joint  are 
weak  and  dislended ;  the  unused  jiortion  of  the  articular 
surfaces  of  the  joints  may  be  denuded  of  cartilage,  while 
new  facets  may  have  formed  to  accommodate  the  changed 
relation  of  the  bones — as.  for  example,  at  the  junction  of 
tlie  external  malleolus  with  the  os  caleis.  Evidence  of 
injury  and  of  abnormal  jiressure  may  be  found  in  thick- 
ened periosteum  and  in  formation  of  osteophytes,  while 
the  internal  structure  of  the  bones  has  been  changed  as 
■well,  to  adapt  itself  to  the  new  conditions.  The  muscles 
which  are  no  longer  used  in  the  leverage  fiuiction.  the 
plantar  tiexors  and  adductors,  have  become  atrophied — a 
change  that  is  made  evident  by  the  shrunken  calf.  The 
muscles  on  the  inner  border  of  the  foot  have  been  over- 
stretched, while  those  on  the  upper  and  outer  part  have 
become  shortened  and  contracted.  Such  a  foot  I'epresents 
au  C-\treine,  it  may  be  an  irremediable,  degree  of  deform- 
ity. The  machine  is  completely  broken  down  ;  it  can  no 
longc^r  perform  its  proper  function ;  it  is  even  less  efficient 
than  the  wooden  foot,  because  use  is  attended  by  dis- 
comfort. 

The  disiibility  and  itsaccompany  ing  deformity  are  found 
in  cv('ry  grade  of  severity.  Pain  begins  when,  the  sup- 
port of  the  muscles  being  insufficient,  the  ligaments 
begin  to  give  way  under  strain,  allowing  the  hones  to 
occupy  an  abnormal  relation  to  one  another.  It  is  evi- 
dent therefore  that  the  individual  in  whose  foot  the  arch 
is  accentuated  and  whose  ligaments  are  lirm,  may  sulTcr 
from  the  symptoms  <if  strain  long  before  the  arch  has 
been  depressed  or  deformity  has  become  apparent;  also 
that  the  lateral  inward  bvdging,  characteristic  of  advanc- 
ing deformity,  must  in  such  a  ease  be  very  great  before 
the  astragalus  can  reach  the  ground  and  the  arch  be  com- 
pletely flattened.  On  the  other  hand,  if  the  individual 
has  inherited  a  low  arch,  or  if,  as  the  result  of  weakness 
in  early  life,  the  arch  has  been  depressed  or  has  never 
developed,  accommodalive  changes  in  I  lie  bones  will  have 
taken  place  during  growth,  so  that  the  flat  foot  of  this 
type  will  not  be  attended  with  as  much  change  in  its 
relation  to  the  leg.  and  therefore  disturbance  of  function. 
as  in  the  typical  case  that  has  been  described.  This  latter 
class  of  cases  exemplilics  the  popular  type  of  flat  foot 
that  may  exist  without  pain  or  disability. 

It  is  very  evident  that  the  lowering  of  the  arch  is  a 
secondary  element  of  the  deformity  and  that  the  ])iipular 
signiticance  of  flat  fool,  as  an  inherited  and  irremeitiable 
weakness,  is  most  misleading.  It  is  misleading  also  in 
that  in  the  most  painful  type  of  weak  foot  there  may  be 
practically  no  lowering  of  Ihe  arch,  as  shown  by  au  im- 
print of  the  sole,  while  the  actual  flat  foot  may  exist 
willnmt  .symptoms. 


As  has  lieen  stated,  there  is  one  feature  common  to 
ever}'  grade  of  the  so-called  flat  foot :  the  foot  regarded 
as  a  machine  is  weak,  as  compared  with  the  normal 
standard — weak  becauseof  the  persistence  of  theatliliKle 
of  rest  and  relaxation,  ascontnisliil  with  that  of  activity 
and  strength,  and  weak  because  the  proper  relation  be- 
tween the  power  and  the  fulcrum  is  changed.  Even  the 
inherited  flat  foot,  or  the  flat  foot  which  has  never  caused 
syni])toiiis,  is  weak,  in  the  sense  that  in  use  it  lacks 
the  sjiring  and  elasticit}'  characteristic  aof  the  perfect 
machine. 

The  term  weak  foot  may  be  used  then  to  indicate  all 
types  of  Ihe  disaliilily.  In  one  weak  foot  the  arch  has 
disappeareil ;  in  another  weak  foot  the  arch  is  of  normal 
depth.  Imt  the  fool  isabdncled  or  jironated  in  its  relation 
to  the  leg.  In  one  case  the  deformily  appears  only  under 
weight;  in  another  the  foot  is  held  rigidly  in  the  deformed 
position  by  muscular  spasm.  In  one  instance  there  niaj' 
be  great  deformity  without  pain;  and  in  another  disa- 
bling weakness  and  pain  without  deformity.  In  one  case 
the  foot  is  unable  to  i>erform  its  functions  because  of  its 
inherent  weakness,  in  another  the  disjibility  may  be  due 
simply  to  the  improper  use  of  a  normal  structure.  In  all 
cases,  however,  disability  as  exemplitied  by  the  symptoms 
of  pain  and  weakness  is  due  to  a  disproportion  between 
the  burden  or  strain  that  is  put  upon  the  foot  and  the 
ability  of  the  mechanism  to  perform  this  task. 

This  theory  accounts  for  the  fact  that  Ihe  weak  foot, 
although  very  common  in  childhood,  docs  not.  as  a  rule, 
cause  discomfort  until  adolescence,  when  the  weight  and 
strain  put  upon  it  are  increased.  It  explains  also  why 
the  foot  which  may  be  fairly  normal  in  structure  lireaks 
down  more  often  in  later  adolescence  or  early  ailult  life 
when  the  continuous  strain  of  regular  occupation  is  un- 
dertaken. It  is  evident  that  an  occupation  re(iuiring  the 
long  continuance  of  the  passive  attitude. — that  of  waiters, 
cooks,  and  bartenders  for  exam]ile.. — exposes  the  feet  to 
greater  strain  than  one  whieli  jierniits  alternation  of  post- 
ures, and  that  the  .syniiitonis  are  likely  to  be  more  severe 
and  the  deformity  to  be  greater  among  those  who  are 
obliged  to  labor  than  among  those  who  are  not.  Over- 
work or  strain,  of  occupation  or  otherwise,  may  be  tem- 
porarily disproportiimate  because  of  lociil  or  general 
weakness,  as  for  example  during  pregnancy  or  after  re- 
covery from  exhausting  disease  or  becauseof  local  injury 
or  disease  of  the  foot  itself  orsimply  because  of  the  strain 
of  more  constant  use.  On  this  theory  one  may  very  easily 
explain  what  has  proved  such  a  stumbling  block  for 
students,  viz.,  that  there  is  no  constant  relation  between 
the  degree  of  deformity  and  the  severity  of  the  symptoms ; 
for  although  all  flat  feet  are  weak  feet,  yet  all  weak  feet 
are  not  necessarily  painful  feet.  Pain  is  not  caused  be- 
cause the  foot  is  flat  ;  it  is  a  symptom  of  progres.sive  de- 
formity, of  strain  and  injury  to  tlie  joints;  it  shows  that 
the  fool  is  becoiniiig  flat ;  it  is  a  symptom  of  the  injury 
that  the  weak  or  flat  foot  has  received.  The  progress  of 
the  <lefonnity  may  be  temporarily  or  permanently  checked 
at  any  stage,  either  by  a  removal  of  the  exciting  cause 
or  because  of  the  resistanci'  of  the  tissues;  then  the  jiain 
ceases.  On  the  oilier  hand,  this  stability  may  not  be  at- 
tained until  tlie  entire  .sole  of  the  foot  rests  upon  Ihe 
ground,  and  even  then  the  patient  may  sulTer  from  dis- 
comfort and  jiain. 

This  conception  of  the  foot  as  a  machine,  of  which 
grades  of  efficiency  may  be  recognized,  has  a  great  ad- 
vantage, since  it  enables  one  to  perceive  wherein  a  foot 
is  weak  even  though  the  weakness  causes  no  symptoms 
whatever.  Thus  one  may  prevent  deformily  by  avoid- 
ing the  extra  strain  that  improjier  attitudes  entail,  ami  by 
strenglhening  llie  niiiseles  on  who.si'  ability  its  inlegrity 
deiiends.  Finally,  from  Ibis  sland|ioinI  one  may  better 
a]ipi'<'eiate  Ihe  etiological  iin]iortaiiee  of  improper  shoes, 
in  Ibis  as  in  practically  all  of  ihe  disabililics  to  wliicli  the 
foot  is  liable. 

As  has  been  stated,  the  symptoms  of  the  weak  fool, 
although  similarin  ty|>e,  vary  in  severity  according  to  the 
local  conilition  and  the  disturbance  of  function,  the  work 
to  be  performed,  and  the  susceiitibility  of  the  individual. 
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Sj/mplom*. — Till'  inoHt  clmmclcrislic  Hyiiiptnin  is  llic 
wnsjilinn  of  wciiktii'HX.  Tlir  imliciit  liixi"''  t"  rcroj; 
iii/r  111  raiiiiliiii ,  H  fri'liii^  of  iliM(iiiir<>ri.  nf  lir<'  iiml 
stniin  iilioiii  till'  iiiiiiT  siclr  iif  tlir  fixii  iinii  iiiikli',  smiir 
liiiicH  ufliT  Ion;;  stitiiiliiiK,  II  (lull  iirlic  in  llir  calf  of  llic 
Wf;,  or  piilii  III  till'  kiiiT.  Iiip.  or  in  tlii'  liiiiiliiir  region, 
Kyinploins  iiicirr  ('cinininn  in  woiiirn  ilmn  in  nun;  or,  iiftcr 
ovcri'Mrtion.  a  inonirnliiry  sinirp  piiin  iiiclialiii;;  from  liic 
point  of  wraViiiiss;  thus  llic  piiliinl  ofliMi  ilairs  llir  liis- 
tory  of  Ills  Iroulilr  from  a  loni;  wiilli.  Aflirii  liiiii-  tin- 
patii'iit  may  liicoiiu'  iiwarc  that  lir  is  accommoilatin^' 
iiis  lialiils  to  liis  feel  ;  lie  riilrs  «  lien  lie  oner  walkcil;  lie 
sits  wlicn  lie  once  stood  ;  lie  no  Ion irrr  runs  up  or  down 
stairs  or  juinps  otT  the  si  red  cur.  His  feet  liavc  lost  tlicir 
spriti);  as  liic.\pnssi'S  il,  wiii<>li  mcjiiis  lliiil  tUv  foot  is  no 
lonjfcr  sup  port  cil  and  control  led  liy  mnsculiiriiclivity  and 
is  no  lon^icr  us<-d  as  a  lever.  Not  infic(|ncnlly.  early 
symplotns  arc  pain  and  sensitiveness  at  the  centre  of  the 
heel,  explained  ill  part  liy  tin'  jarring  hiel  wall;  wliieli 
is  always  assumed  when  the  foot  is  weak,  and  in  part 
by  the  strain  upon  the  attachmenls  of  tlii'  di'cp  plantar 
liifiiinenls.  The  piilieiit  iiiiiy  complain  that  he  cannot  liuy 
comforliililc  shoes;  the  reason  is  tlial  the  weak  foot  under 
use  is  chaiii;ed  in  shape,  so  llial  the  shoe  tliiit  was  com- 
fortalile  in  the  morning  compresses  the  foot  painfully  at 
iiijiht.  Thus  iiicreasinj;  discomfort,  due  in  part  to  corns, 
bunions,  painful  j;reat  t(K>  joints,  and  deforniilics  of  the 
tiKS.  isexpi'rienceil.  Coldness  and  numbness,  consi'stion 
and  increiLsed  persiiimtion.  caused  by  the  impaired  circu- 
lalion  and  weakness,  are  common  symjitoms  in  this  cla.ss 
of  cases.  Actual  pain  is.  as  a  rule,  felt  only  when  the 
foot  is  in  use.  It  cens»>s  under  temporary  rest  or  relief 
from  disproportionate  work,  and  it  is  this  remittenco  of 
symptoms.  toi,'el her  with  the  fact  that  the  discomfort  is 
usually  more  marked  in  damp  weather,  thai  leads  so 
often  toihe  inistJikeii diajrnosisof  rheunialisni.  The  foot 
is  weak  and  vulnerable;  the  patient  recoirni/.es  the  fact 
that  he  has  w  hat  he  spcaksof  as  a  weak  ankle,  or  sprain, 
or  jfout,  or  rheumatism;  but  if  ho  has  accommodated 
liiiuself  to  the  weakiies.s,  but  little  discomfort  is  experi- 
enced. In  many  instances  such  relief  or  acconunodation 
is  impossible,  and  it  is  therefore  among  the  workini;  cla.ss 
that  one  ofteiier  sees  the  rapid  development  of  the  dis- 
abilily  and  deformity.  The  ranire  of  inntion  becomes 
more  and  more  reslrieled:  the  liabiiu;il  atlilude,  at  first 
I'xafi.ireiated  to  deformity  only  under  the  intbience  of  the 
weij;lit  of  the  body,  becomes  a  iiermancnt  displacement. 
The  weak  and  distorted  foot  is  subjected  to  constant  in- 
jury, to  what  may  be  likened  to  a  succession  of  slijfht 
sprains;  thus  local  confrestion.  swellinir,  and  sensitiveness 
may  appear  together  with  mu.scidar  spasm,  rigidity,  and 
pain  on  passive  motion.  Because  of  the  rigidity  of  the 
foot,  which  has  lost  the  power  to  accommodate  itself  to 
ineciualitics  of  the  surface,  the  patient  dreads  to  cross  a 
rough  pavement,  for  every  misstep  is  a  source  of  pain. 
Another  clmraelcristic  symjitom  is  the  discomfort  felt 
on  changing  from  a  position  of  rest  to  activilj-.  This, 
although  it  is  usually  present  in  slight  degree  at  every 
stage,  now  becomes  more  prominent.  The  i)atient  after 
sitting,  or  on  rising  in  the  morning,  is  unable  to  walk, 
hut  staggers  anil  limps  for  .several  minutes,  a  symptom 
explained  by  the  fact  that  when  the  foot  is  at  rest  there 
is  a  partial  reposition  of  the  displaced  bones,  which  nuist 
he  again  forced  into  the  deformed  posture  that  has  be- 
come habitual.  The  local  tenderness  and  muscular 
spasm  are  increased  by  use,  so  that  the  patient  may  have 
dilViciilty  in  removing  the  shoe  at  night,  and  the  symp- 
toms relieved  by  the  rest  of  Sunday  become  progressively 
worse  during  I  lie  week. 

The  pain  and  discomfort  are  more  general  in  character, 
and  are  often  referred  to  the  dorsum  of  the  foot,  repre- 
senting muscular  rigidity  and  tension  to  the  irritated 
plantar  fascia,  and  to  the  outer  side  of  the  ankle,  where 
the  external  lualleolus  is  grinding  out  a  facet  in  the  pro- 
jecting OS  calcis.  The  patient  may  now  complain  of  dis- 
comfort in  the  feet  and  of  craiujis  in  the  legs,  even  when 
in  bed.  and  the  apjiearance  of  weakness,  awkwardness, 
and  depression  of  spiiils  may  be  so  noticeable  that  the 


case  is  wiinetiineH  miNtuken  for  loriniiH  dlMiuicuf  tlic  ner- 
vous system. 

The  appearance  of  such  ii  fiKit  has  alrciidy  lieen  de- 
serilied.  and  the  elleet  of  the  deformily  on  its  function 
should  be  evident.  The  gait  is  Klouchy  and  cIihMv  :  llio 
fwl  nrr  nimply  pushed  bv  one  another  in  the  iitlitiide  of 
(Version,  the  knees  are  slightly  (lexed  and  (he  weight  Is 
borne  entirily  upon  the  posterior  segment  of  the  fmit. 
The  iniiseles  havi- atrophied,  the  foot  is  cold  iind  con- 
gested from  its  continual  inactivity,  and  it  usually  in 
bathed  in  perspiration.  A 
certain  range  of  motion 
remains  at  the  ankle  joint, 
but  uddiictioii  is  aliso- 
liitely  restricted  by  tiie 
shortened  and  sj^asmodi- 
cally  contracted  muscles 
on  the  outer  and  upper 
surface.  This  type  rep- 
resents of  cour.se  only  the 
severe  variety  that  is 
more  likely  to  be  seen  in 
hospital  than  in  luivati' 
practice;  and  it  would 
seem,  were  it  not  for  the 
evidence  to  the  contrary, 
which  the  Iiistories  fif  llie 
patients  present,  that  the 
nature  of  the  trouble  must 
be  recognized  at  a  glance, 
althoug.'i  in  the  milder 
and  earlier  eases  the  diag- 
nosis is  not  alway.s  so 
easily  made. 

JUiirjixmn. — In  all  eases 
ill  which  weakness  of  the 
foot  is  suspected,  a  thor- 
ough and  orderly  exami- 
nation should  be  made, 
not  only  of  its  appearance, 
but  also  of  its  functional 
ability  and  of  the  manner 
in  which  it  is  used.  Such 
an  examination  is  not 
merely  for  the  purpose  of 
eon  firming  a  diagnosis 
which  is  usually  evident 
on  iuspcetion,  but  rather 
that  the  amount  and  char- 
acter of  the  temporary  or 
permanent  changes  in 
structure  may  be  esti- 
mated. 

Attitudfu. — One  begins 
the  examination  by  not- 
ing the  manner  of  stand- 
ing and  walking.  The 
heel  walk,  the  exaggerated  turning  out  of  the  feet,  the 
slouchy  gait  in  which  the  leg  is  never  completely  ex- 
tended, in  which  the  power  of  the  ealf  muscle  is  not 
applied  and  in  which  the  essential  postures  of  the  foot 
are  disused,  are  all  elements  of  weakness  that  should 
be  corrected  whether  they  cause  symptoms  or  not.  The 
distribution  of  the  weight  of  the  body  and  the  habitual 
use  of  the  foot  are  often  made  evident  by  examining 
the  worn  shoe.  If  it  is  bulged  inward  at  the  arch  or 
worn  away  on  the  inner  side  of  the  sole,  it  shows  weak- 
ness. The  same  observations  are  then  made  on  the  bare 
feet,  particular  attention  being  paid  to  the  line  of  strain 
or  leverage.  Thus,  a  line  ilrawu  down  the  crest  of 
the  tibia  from  the  centre  of  the  patella  continued  over 
the  fool,  should  meet  the  interval  between  the  second  and 
third  toes :  if  it  falls  over  or  inside  the  great  toe.  it  shows 
that  the  foot  is  working  at  a  disadvantage. 

The  contour  of  the  foot  should  then  be  examined.  Its 
internal  border  should  curve  slightly  outward,  so  that  if 
the  feet  are  placed  side  by  side  with  the  toes  and  heels  in 
apposition,  a  slight  interval  remains  between  the  arches; 


Flo.  2122.— Extreme  Deformity   in 
Adolescence. 
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Fig.  I'la.— Voiuiiiary  Dorsal  FlexioB. 


if  this  slight  <(iiu'iivity  is  replaced  l)y  a  notieealile  con- 
vexity when   welirlil    is  iKinie.   the  foot   is   Heuk.     This 

clianire  in  contour 
is  llu'  earliest  ami 
suiiii-tinies  the  only 
eviilence  of  <le- 
forniily.  Tlie  arch 
of  the  foot  prop- 
erly ]irotecte(l  hy 
the  muscles  and  by 
a  projier  attitude, 
■-inks  l)ut  slijililly 
II  ud  er  w  ei  j;  li  t  : 
iliere  is  a  slight 
'  histicity  only,  as 
1  he  strain  is  thrown 
more  to  the  inner 
^ide  of  the  median 
line,  and  if  the  de- 
I  session  is  marked 
ii  shows  weakness. 
)kiiriii<i  Surf  lice. — 
The  exact  amouut 
I  if  bearing  surface 
may  be  shown  by 
;m  imprint  upon 
carbon  paper  or  by 
smearing  the  sole 
with  vaseline;  then 
as  t  h  e  p a  t  i  e u  t 
stands  upon  a  sheet  of  white  jiapcr  the  outline  of  the  foot 
should  be  traced,  so  that  the  relative  size  of  the  imprint 
to  that  of  the  foot  may  be  shown  and  compared  with  the 
normal  standard. 

The  liiiiif/e  of  Motion. — The  range  of  motion  is  next  to 
be  tested,  for  its  limitation  is  one  of  the  earliest  signs  of 
disuse  of  function  and  weakness.  This  range  of  motion 
varies  somewhat  within  normal  limits;  it  is  usually 
greater  in  <;hildhood  than  in  adult  life,  greater  in  the 
slender  than  in  the  massive  foot,  and  greater  in  the  foot 
used  i^roperlv  than  in  one  that  is  not.  The  first  test  is 
ai)plicd  to  simple  dorsal  and  plantar  flexion;  the  leg  must 
be  fidly  extended  at  the  knee,  the  line  of  strain  must  be 
in  its  normal  relation  so  that  the  foot  is  neither  adductcd 
nor  abducted,  and  the  observation  must  be  made  upon 
its  outer  border.  The  i>atienl  should  be  alilc  to  flex 
the  foot  from  ten  to  twenty  degrees  less  than  the  right 
angle,  and  to  extend  it  from  forty  to  lifty  degrees  be- 
yond the  right  angle,  the  range  of  motion  being  from 

fifty  to  sixty  de- 
grees. 

By  far  the  most 
im  port  ant  test, 
however,  is  that 
of  adduction  or 
inversion  of  the 
foot,  the  test  of 
the  medio  -  tarsal 
and  subastnigal- 
oid  joints,  a  mo- 
tion in  which  the 
OS  calcis  is  drawn 
forward  and  in- 
ward under  the 
astragalus,  as  the 
fore  foot  is  flexed 
about  its  liead. 
With  the  leg  ex- 
tended as  before, 
the  foot  is  turned 
inward  as  far  as 
)iossible.  The  el- 
evation of  its  in- 
ner border  (supi- 
nation) and  the 
turning  in  of  the 
heel  are  shown  in 
the    accompany- 


Flo.  -l;;t.— Voluntary  Flauiar  Flexion. 


Voluntary  Adduction. 


ing  figure.  The  actual  range  of  adduction  is  somewhat 
dillicult  to  measure,  l)ut  it  is  about  thirty  degrees  (Fig. 
212."j).  Even  tlie  mild 
luid  early  cases  of  weak 
foot  usmdly  show  some 
limitation  of  this  most 
important  motion,  and 
in  many  instances  it  is 
completely  lost,  the  pa- 
tient turning  the  entire 
leg  in  the  effort  to  ad- 
duet  the  foot.  The  less 
important  range  of  ab- 
duction may  thitn  be 
tested;  normally  it  is 
about  half  that  of  ad- 
duction. It  may  be 
noted  that  the  range  of 
supination  or  inversion 
of  the  sole  is  nearly 
twice  as  great  as  that  of 
pronation  or  cversion  of 
the  sole ;  in  other  words, 
the  internal  border  of 
the  foot  can  be  raised 
twice  as  far  from  the 
floor  as  can  the  external 
border. 

The  range  of  passive 
motion  is  then  tested. 
That  of  dorsal  flexion  is 
from  five  to  ten  degrees 

beyond  that  of  voluntary  motion,  while  ])a.ssive  exten- 
sion, so  far  as  it  applies  to  the  ankle  joint,  is  about  the 
same  as  the  voluntary,  although  the  fore  foot  may  be 
still  farther  bent  downward  at  the  medio-tarsal  joint. 
The  limits  of  passive  adduction  and  abduction  are  con- 
siderably beyond  those  of  the  voluntary  range. 

Tlie  test  of  passive  motion  serves  several  purposes; 
contrasted  with  the  range  of  volimtary  motion  it  shows 
the  habitual  use  of  the  foot,  since  the  motion  least  used 
is  most  limited.  It  also  makes  evident  the  slight  restric- 
tion of  motion  and  the  presence  of  hx'al  tenderness,  which, 
even  in  early  cases, 
are  usually  ]iresent. 
Thus,  if  pressure  be 
made  just  in  front  of 
and  below  the  inter- 
nal malleolus,  at  the 
astragalo  -  scajihoid 
junction,  and  if  at 
the  same  time  the 
foot  be  suddenly  sid- 
ducted,  the  jialient 
will  complain  of  pain 
at  the  iioint  of  jircss- 
ure  anil  of  a  feeling 
of  constriction  and 
tension  about  the 
dorsum  of  the  foot, 
before  the  normal 
limit  of  motion  is 
reached.  When  tin- 
foot  is  dorsiflexed 
the  plantar  fascia  is 
put  upon  the  stretch, 
and  its  condition 
may  be  noted,  for  a 
contmcted  and  scu- 
.sitive  jdantar  fascia 
may  cause  sympt(jms 
of  di.sability  that  in- 
duce, or  are  combined 
with,  abduction  and 
valgus.  In  other 
words,  this  mode  of 
examination  demon- 
strates the  disability 
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Fig.  212B.— Voluntary  Abductiuu. 
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and  piTiunncnl  clmngf  in  the  mucliini-  which  must  l>e 
iivirniinc  lirfon-  ii  cure  ciiii  !«•  iicconiiilislied.  By  It  oia- 
will  rccoKiiiz"'  wvfnil  pnulcs  uf  wi'iik  font. 

ViiniliiA  of  lIV.i/l-  Fi-l.—l.  Thf  imriiiiil  foot  iniprop- 
crly  uscil,  a»  shown  by  the  nutnni'i'  of  Htimdiiig  and 
walkiii);. 

•J.  Till'  foot  whicli.  Iii'nniso  of  laxity  of  lijianifnls  or 
insutllficnt  Miusf'ular  support,  is  forced  by  llii'  weight  of 
Iho  body  Into  nil  attitudo  of  deformity.     The  foot  when 

in  use  falls  into 
an  abnormal  ut- 
titiiiif  of  abdiK'- 
tion  in  its  rela- 
tion to  the  K-K. 
as  eviileneed  by 
the  inward  pro- 
jiclion  of  its  in- 
ner bonier  anil 
by  tlu'overlianjr 
ini;  internal  mal- 
lei ilus,  showini; 
lliat  the  liL'  has 
been  displaced 
inward  on  the 
foot.  As  a  rule, 
in  this  class,  the 
laxity  of  liga- 
nu-nts  allows  a 
depression  of  the 
arch,  as  shown 
by  the  imprint, 
but  in  oilier  in- 
s  I  a  n  CCS.  a  1- 
liougli  the  arch 
-ems  lower  be- 
(  a  u  se  of  t  he 
I  liaraeteristicat- 
litiiile  (valgus) 
ill  which  the  leg 
;is  it  were  over- 
hangs the  foot, 
yet  the  imprint 
shows  thai  there 
is  no  increase  in 
the  area  of  bear- 
ing surface.  Indeed  this  may  be  even  smaller  than 
normal :  thus  an  individual  may  suffer  from  so-called  flat 
fiKit  whose  arch  is  in  reality  exairgcrated. 

3.  The  weak  foot,  which  shows  typical  deformity  un- 
der use  and  in  which  the  range  of  voluntary  motion  is 
sfimewhat  limited,  particularly'in  the  direction  of  plantar 
flexion  and  adduelion.  In  this  class  forced  motion  causes 
discomfort  and  pain,  showing  a  certain  permanent  ac- 
commodative change  in  structure  which  is  not  apjiarent 
when  the  foot  is  not  in  use.  In  these  slighter  grades  of 
disability,  the  improper  \ise  of  the  foot,  tlie  loss  of  active 
leverage"  ("spring")  is  very  evident  when  the  patient 
walks. 

4.  The  foot  which  presents  tyi)ical  and  permanent  de- 
formity, whether  it  is  in  use  "or  not,  and  in  which  the 
range  of  both  voluntary  and  passive  motion  is  much  re- 
stricted. 

This  limitation  of  motion  is  an  adaptation  of  structure 
to  the  habitual  functional  use  and  to  the  deformity.  Such 
chamrcs  are  lirst  apparent  in  the  muscles  and  ligaments; 
in  more  advanced  cases,  the  articular  surfaces  of  the  bones 
are  altered  to  accnmmodate  the  habitual  subluxation. 
Added  to  this  underlying  limitation  of  motion  there  is 
usually  a  certain  amount  of  muscular  spasm,  which  varies 
in  digrei-  with  the  local  congestion,  irritation,  and  inflam- 
mation of  the  joints  and  ti^ues.  In  the  quiescent  weak 
foot  it  may  be  absent,  but  on  renewed  injury  or  over- 
work of  the  weak  structure  it  again  appears.  It  de- 
pends also  upon  the  irritable  condition  of  the  overworked 
ard  comracled  abductor  muscles,  practically  the  only 
group  that  retains  functional  power.  Thus  the  spasm, 
as  has  been  slated  in  describing  the  severe  and  painful 
tyiie  of  weak  foot,  is  greater  after  the  day's  use  and  rc- 


tes  Flat 


lascs  Homowlmt  during  the  night.     The  degree  of  inu«- 
cular  spusm  and  rigidity  varlin  with  the  intensity  of  the 
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Fir.,  -'lis. —  Weak   F,>,it  In  rhllillnioil  shnwlnn  IlabUuul  Alwlucllon, 
witlioul  Depression  of  the  ArcJii. 

symptoms.  It  is  often  greater  in  the  early  stage  of  the 
disability  than  in  the  cases  in  which  the  deformity  is  of 
long  duration. 

Tiro  Extreme  Types  of  Weak  Foot. — 1.  Persistent  Ab- 
duction.— In  one  tyjie  of  rigid  foot,  the  foot  is  twisted 


Fig,    2129.— Extreme  DelomiUy  In   Adolesoence; 
Complete  Sinking  of  llie  Arph. 


Atxiuctlon   and 


outward  and  upward.  It  may  be  pronated  to  such  an 
extent  Uiat  practicallv  the  weight  is  l)orDe  upon  the  heel 
and  ball  of  the  great"toe.     In  such  instances  the  astrag- 
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alus.  although  rolati'd  iiiwanl  upon  tin'  proimird  os 
cnlcis,  is,  of  course,  not  pliinlarlli'Xid  nor  is  tlic  anterior 
extremity  of  tlie  os  ealeis  depre.^scd.  Tlie  entire  foot  is 
simply  lield  in  an  attituile  of  extreme  iibduetion  and  slifrhl 
dorsa[  Mexion,  by  the  spasm  and  eonlraet ion  of  the  flexors 
an<l  abductors,  so  1hat  die  lej;  must  lie  bent  at  the  knee 
and  inclined  forward  to  briiii;  llu'  sole  to  the  pround. 
Such  extreme  cases  are  uiKommon.  They  are  often  the 
direi't  result  of  injury  ("chronic  sprain"),  and  when  the 
deformity  is  reduced  the  arch  will  be  found  to  be  exag- 
genjted  in  depth.  Less  extreme  types  of  this  class  are 
often  seenand  theyserveto  emphasize  the  statement  that 
the  most  important  disability  of  the  weak  foot  is  (hie  to 
the  chanf;e  from  the  normal  relation  between  the  Icf,'  and 
the  foot  (valsrus)  and  not  to  the  depression  of  the  arch, 
(planus)  which  is,  in  most  instances,  a  secondary  de- 
formity. 

2.  Pes  Planus. — As  has  been  stated  already  and  as  is 
well  known,  there  is  a  type  of  painless  deformity  sonic- 
times  called  i>es  ])lanus.  To  this  type  the  term  tlat  foot 
may  be  properly  applied  because  the  flatness  of  the  foot  is 
more  noticeable  than  the  other  components  of  thedeform- 
ity  that  have  been  de.scrilied.  This  class  is  probably  the 
elTect  of  inherited  laxity  of  liijamcnls  or  of  rachitis  or 
other  form  of  acquired  weakness  in  early  life,  so  that  a 
normal  arch  was  never  present.  Such  a  foot  controlled 
by  etlicient  muscles  may  be  strong  and  serviceable,  but 
it  is  nevertheless  deformed,  and  it  is  doubtful  if  its  pos- 
sessor ever  could  attain  the  grace  and  elasticity  of  gait 
possible  under  normal  conditions.  It  is  said  also  that  a 
low  arch  isnormal  inccrtain  races,  forexample  the  negro, 
but  it  is  certain  that  the  American  negro  is  not  exempt 
from  tlie  pain  and  disability  incidental  to  the  broken- 
down  foot,  whether  his  arch  was  originally  low  or  not. 

It  is  evident  that  the  breaking  down  of  a  properly 
shaped  foot,  provided  with  normal  ligaments,  must  be 
attended  by  greater  pain  and  di-sability  than  of  one  in 
which  the  arch  was  originally  low  and  of  which  the  liga- 
ments were  weak,  because  it  is  during  the  progression  of 
the  deformity,  and  particularly  in  its  early  stages,  that 
such  symjitoms  are  most  jirominent.  When  the  bones  of 
the  arch  rest  upon  the  ground  or  when  final  stabilit_v  has 
become  assured,  pain  may  cease,  and  permanent  accom- 
modation to  the  new  condition  may  increase  the  ability 
of  the  deformed  membi'r.     Such  an  adaptation  might  be 

quickl}'  accomplished  in 
the  foot  originally  flat, 
while  in  the  other  in- 
stance the  symptoms,  al- 
though remitting  from 
time  to  time,  might  con- 
tinue (luring  the  life  of 
the  sufferer. 

We.Mv  Foot  in  C'ihi.d- 
IIOOD. — There  can  be  no 
doubt  that  in  many  in- 
stances the  origin  of  the 
weak  foot  may  ho  traced 
to  early  childhood.  Cer- 
tainly, deformities  and  ini- 
Iirojier  attitudes  are  very 
common  at  this  period  and 
it  is  much  more  likely 
that  they  are  ingrown 
than  outgrown.  Actual 
pain  from  the  weak  foot 
is  unusual  at  this  age. 
The  child  may  complain 
of  fatigue  and  may  be 
weak  and  awkward,  but 
it  is  usually  because  of  the 
very  evident  deformity, 
rather  than  becan.se  of 
symptoms,  that  advice  is 
asked.  In  these  cases,  as  in  every  case,  the  habitual  at- 
titudes and  use  of  the  feet  are  of  the  first  importance. 

One  of  the  most  fre(|uent  of  the  imjiroper  postures  is 
that  of  e.xaggeruttd  outward  rotation  of  the  feet,  which 


FIO.  21.1(1.— Aililuctlon  ot  the  Kore 
Fo<it  ('onihllifd  wlttl  Viiljrus; 
an  iiiu-oinuion  typt*. 


is  not  only  an  ungraceful  iittilude,  but  a  direct  cause  of 
weakness  as  well.  Tlieo|ip(isite  attitude  of  inward  rota- 
tion of  the  feet,  the  so-called  "  pigeon-toed  "  walk,  is  most 
offensive  to  relatives  and  friends,  and  it  is  for  correction 


Fiii.  2i;iI.-Flat.  Fcuit  ill  Early  Ihildliood. 

of  the  attitude  tliat  the  child  may  be  lirought  for  treat- 
ment. The  attilude  is,  in  many  instances,  a  sign  of  the 
weak  foot,  for  on  examination  the  liulging  on  the  inner 
side,  the  inward  rotation  of  the  leg  in  its  relation  to  the 
foot,  and  the  tiatleiicd  arch,  show  very  |ilaiiily  that  it  is 
the  foot  and  not  the  attitude  that  requires  treatment;  in 
fact  the  attitude  is,  in  this  class  of  cases,  really  a  sjife- 
guard  against  increasing  deformity  and  it  will  correct 
itself  when  its  cause  is  removed.  Partictilar  emphasis  is 
laid  u]ion  this  point,  which  is  very  generally  overlooked, 
because  the  routine  treatment  of  the  "  pigeon  toes  "  in 
these  cases  might  be  the  cause  of  direct  harm. 

"Weak  ankle"  is  a  term  popularly  apidied  to  the  weak 
foot  of  cliildhood.  in  which  the  foot  is  in  a  position  of 
valgus  when  in  use.  so  that  the  shoe  is  worn  away  on  its 
inner  side.  Weak  ankles  are  very  common  in  very  young 
children  and  are  often  one  of  the  results  of  general  weak- 
ness due  to  defective  assimilation.  At  this  age  the  foot 
is,  in  addition,  usually  fiat,  although  in  the  valgus  or 
weak  ankle  of  later  years  the  arch  is  often  normal  in 
outline. 

Ill  older  children  prominent  or  "out.irrown"  joints 
often  altraci  the  molhei'sattenlion  ;  the  internal  malleoli 
appear  promiucnl  because  of  the  position  of  val.irus.  or, 
because  of  the  eversion  of  the  feet,  the  malleoli  may 
strike  against  one  another,  "interfere,"  and  thus  there 
may  be  an  actual  hypertrophy  of  the  projecting  bones 
from  local  irrilation. 

Another  ty)ie  is  the  long  slender  foot  in  which  the 
.sca|ilioid  bone  is  )n'(imineiit  because  of  the  strain  and 
jiressure  jiut  upon  it  by  the  improper  attitudes;  its  posi- 
tion is  often  shown  by  the  point  of  wear  in  the  leather 
of  the  shoe.  In  the  weak  foot  of  childhood,  although 
restriction  of  vohinlaiy  and  jiassivc  motion  may  be  prcs- 
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ent,  llirrc  are,  us  a  ruk-,  but  lilllu  Imal  icmlcriicHH  itml 
liiiiM'iiliir  spamn,  iiiid  iis  1ms  licrii  sliilcil.  tmt  lillli'  |miii. 
Tims  il  iliiriTs  f;n-«tly  frnm  the  iidiill  t>  |>c'.  llic  rnisoii 
iH-iiiK  ll'iil  ll'i'  "tiik  Yiint  ill  iliililliiiiMl  is  not  siilijrilcil 
to  111!'  siniiii  of  coiisliint  («-<ii|iiiliou  or  to  llir  liuriliii  of 
till'  iii<  ri'usid  wciu'lit  of  tin'  IkxIv.  TIuti'  isiiiiotlur  iiii 
portllfll  ilillinili  riilso;  tllr  foot  ill  lllf  llillllt  is  oliliu'ril  to 
btiir  II  ;;niiliT  l(iinli-ii  tliiiii  iiiiy  otlirr  |mrl,  iiiul  iiIiIioukIi 
fiilrly  iioriiiiil  in  slriictiirc  it  nmy  be  oviTstraiiud.  Tims 
ill  tiiiiiiv  iiislaiUTS  tin-  wciikiuss  of  tin-  foot  nmy  bi-  llii' 
oiilv  ilisiiliiliiv.  Ill  cliililliiHMl.  on  tlio otlirr  liaiiil.  ii  weak 
fool  is  vrrv  ilflcii  u  liH-al  imlicutioii  of  gciionil  wi-ukiii'ss 
anil  loss  of  lone. 

Till'  ilirc'ct  clTt'i'ls  of  till'  weak  and  i«aiiifiil  foot  Imvo 
Im'»'I1  de»<TilH'd  in  detail.  It  must  be  borne  in  mind  that 
the  feet  are  tlie  foundation  of  tlu'  body,  ami  tliat  an  in 
fU'eiire  foundation  alTeels  tlie  entire  ineelianisni.  Oeneral 
fiiiielioiml  \veaknes.s  and  awkwardness,  the  tlat  ehest. 
round  shoulders  or  <itlier  eurvaluns  of  llii-  spine,  are 
often  ciliservedas  aeeonipaninients  orelTiels  of  weak  feel. 
As  II  rule,  the  systemalie  tnalnieiil  of  any  form  of  post- 
ural weakness  in  childhood  must  ineludc  the  Ireatinent 
of  the  feet  as  well. 

Uef<ijiitiil)ili"ii.—Tlw  disabilily  ami  deformity  of  the 
weak  or  so  ealled  Hat  foot  are  iaused  by  disproiiortion 
bt'lween  the  slreiiirlh  of  Uie  fool  and  the  weight  and 
siniiii  to  which  it  is  subjected. 

The  fool  may  be  weakened  by  injury  or  diseai5e;  it 
may  be  overbunhiieil  by  the  body  weight,  or  over- 
stniined  by  laborious  occupation,  or  the  broken-down 
fiMit  may  be  simply  one  indication  of  general  bodily 
weakness.  It  is  uii"neccs.sary  to  enumerate  all  the  vari- 
ous factors  that  singly  or  combined  lead  to  this  disability. 
It  may  be  slateil.  liowcver,  that  the  painful  weak  foot 
as  st-enin  adult  life  is  in  many,  ormost,  instances  the 
only  evidence  of  weakness.  The  most  constant  of  the 
)>redisposing  causes  are  improper  shoes,  and  the  mechan- 
ical disadvantage  to  which  the  foot  is  subjecte<l  by  the 
a.ssumptioii  of  improper  attitudes. 

All  weak  or  Hat  feet  are  mechanically  weak,  but  all 
weak  feet  are  by  no  means  painful  feet.  Pain,  the 
symptom  of  oveii^train  or  injury,  bears  no  delinite  rela- 
tion to  the  degree  of  deformity. 

In  certain  instances,  exaggeration  of  the  arch  may  be 
combined  with  persistent  abiliictionof  the  foot;  in  others, 
the  llatti'iiinir  of  the  arch  may  be  the  most  noticeable  de- 
formity, but  in  most  cases,  the  two  are  combined  in  vary- 
ing degree.  And  as  each  deformity  is  an  evidence  of 
weakness,  it  seems  hardly  uceessary  to  make  a  radical 
distinction  between  the  two. 

Tii'iiliiiiiit. —TUf  principles  of  the  treatment  which 
leads  to  Ihc  piTinunent  cure  of  the  weak  foot  arc  very 
simple,  but  their  application  varies  .somewhat  aicordiiig 
to  the  grade  and  duration  of  the  disability.  The  object 
of  treatment  is  so  to  change  the  weak  foot  that  it  may 
conform,  not  only  in  contour  but  in  habitual  attitudes 
and  in  power  of  voluntary  motion,  to  tlio.se  of  the  normal 
foot,  because  cure  is  impossible  until  function  is  regained. 
The  first  step  luust  be,  therefore,  to  make  passive  motion 
free  and  jiainless  to  the  normal  limit.  In  other  words, 
the  obstruclioiis  to  the  motion  of  the  machine  must  be 
removed  before  the  power  ciin  be  properly  applii-il ;  for 
normal  function  is  manifestly  im|Ki.ssible.  w  hile  motion  is 
restrained  by  deformity  or  pain  or  by  adhesions  or  con- 
tractions. 

The  weak  foot,  tieiause  of  inefficient  ligaments  and 
muscles  unable  to  hold  itself  in  proper  position,  must  be 
supporteil.  in  many  instances,  until  ri'generalive  changes 
have  taken  place  in  its  structure.  Such  support  is  neces- 
.s;iry  to  retain  the  joints  in  proper  positiim.  and  to  hold 
the  Weight  and  strain  in  normal  relation  to  the  foot. 
When  these  es.sentials  are  provided  the  patient  may 
cure  himself  by  the  proper  functional  use  of  the  foot, 
and  by  the  avoidance  of  attitudes  that  place  it  at  a  dis- 
advantage. 

Il  may  be  well  to  describe  first  the  troatmcnt  that  must 
be  applied  to  all  classes  of  weak  foot  in  which  a  cure  is 
to  be  attempted,  and  which  by  itself  is  siitlicienl  in  the 


milder  types,  before  calling  attention  to  theiiiiKlitlcationH 
that  nmy  be  necessary  In  special  cases. 

7'/«'  SfiiM-. — In  pmctically  all  cases  il  will  Im'  iKHeKsarv 
to  provide  the  patient  w  ilh  a  proper  nIhh',  for  the  kIiim-  {h 
usually  the  direil caii.se  of  the  minor  ileforniitieH,  and  Ihu 
indirect  cause,  in  many  instances,  of  more  Herioiis  disabil- 
ity. Iiiihed  most  of  till' deforinities  and  diNiibililii-H  of 
tlie  foot  are  incidental  to  civili/.ation  and  are  conlliied  to 
the  shoe  wearing  people. 

The  diriit  elTect  of  the  ordinary  shoe  is  to  lessen  tli« 
size  and  balancing  power  of  the  fiilcniin  by  cmmpiug 
the  toes  together  while  the  high  heel  throwit  more  Htrain 
upon  the  arch  and  the 
ankle.  Indirectly  il 
causes  d  e  f  o  r  m  i  t  i  es, 
corns,  bunions,  ami  the 
like,  which  serving  to 
make  active  niovement 
or  leverage  painful,  in- 
duce the  habitual  as- 
sumption of  the  i)assive 
atlilude  which  predis- 
poses to  deformity. 

The  proper  shoe 
should  contain  sullicieiit 
space  for  the  imlepeii- 
dent  movements  of  the 
toes.  This  motion  is  il- 
lustrated in  the  walk  of 
the  barefoot  child.  As 
the  weight  falls  on  the 
foot  the  toes  expand, 
and  as  the  body  is  raised 
on  the  foot  they  con- 
tract. The  important 
leverage  action  of  the 
great  toe  and  the  sup- 
port afforded  by  il  to 
the  arch  of  the  foot  have 
already  been  mentioned. 
The  shape  of  the  sole 
should  correspond  to  the 
shape  of  the  vindistorted 
foot  and  the  heel  should 
be  broad  ami  low. 

The  prevention  of  dis- 
torted toes  and  the  dis- 
comforts that  result 
from  the  abuse  of  the 
foot  is  of  great  impor- 
tance in  chihihood.  but. 
unfortunately,  little  chil- 
dren are  often  seen  wear- 
ing  shoes  of   the  shape 

usually  assumed  at  years  of  discretion.  In  this  regard, 
girls  suffer  more  than  boys,  as  women  do  more  than 
men.  The  girl  who  may  have  worn  comparatively 
harmless  .shoes  until  the  age  of  ten  years  or  thereabouts, 
changes  suddenly  to  the  high  heel  and  narrow  sole 
the  process  of  distortion  begins,  the  amount  of 
tion  and  the  degree  of  discomfort  dciiending  on  the 
amount  of  work  required  of  the  foot.  Wide  .soles  with- 
out lieels  should  be  worn  as  long  as  possible  by  children 
because  of  the  greater  stability  and  because  the  high 
heel  limits  the  necessity  for.  and  therefore  the  use  of,  the 
entire  range  of  motion  of  the  foot  and  ankle. 

A  simple  expedient  in  the  treatment  of  the  weak  foot 
and  an  aid  in  balancing  it  properly,  is  to  make  the  inner 
border  of  the  sole  and  heel  of  the  shoe  slightly  thicker  in 
order  to  throw  the  weight  toward  the  outer  side  of  the 
fool.  This  is  of  especial  importance  in  the  treatment  of 
the  slighter  degrees  of  what  is  known  as  weak  ankle,  but 
it  is  always  of  service  in  the  treatment  of  any  grade  of 
weak  foot. 

Atlitudf^. —Wlwn  the  patient  is  provided  with  a  proper 
shoe,  his  attention  is  called  to  the  attitudes  that  protect 
the  fool  from  strain.  He  should  endeavor  to  hoUI  the 
feet  nearly  parallel  to  one  another  in  walking  and  to 


Fio.  2132.— Thi'  Pro|K>r  Ilelatlon  of 
tlie  Sole  to  tlie  Shaiie  of  the  Foot. 
A.  Outline  of  sole;  B.  outline  of 
foot;  C,  Imprint  of  foot. 


and 

distor- 
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throw  the  wcijilit  iis  far  as  possihlc  on  the  outi-r  lionlrr 
of  the  sole  of  the  shoe.  The  siirnilieaiire  of  tlie  Ijiiliriii!; 
on  the  iuiier  side  of  the  foot  is  jjoiiited  out  to  him  ami 
how  this  may  bo  prevented  by  voluntarily  in<linin^  the 

weight  to  the 
outer  side  of 
the  foot  and 
by  aiding  the 
arch  by  the 
power  of  the 
great  toe. 

The  impor- 
tance of  lever- 
age is  shown 
him,  lie  is  tohl 
that  he  must 
try  to  press 
down  the  sole 
of  the  shoe 
with  his  toes 
and  employ  the 
aetive  lift  of 
the  calf  mus- 
cles by  fully 
extending  tlie 
leg  jnd  raising 
thebody  on  the 
foot  from  time 
to  time.  Fi- 
nally, he  must 
avoid  lougcou- 
tinuancein  one 
position,  espe- 
cially the  pas- 
si  v  e  posture 
which  simu- 
lates the  atti- 
tude and  de- 
formity of  flat 
foot,  iu  short, 
he  must  be  iu- 


b- 


J   .• 


Fig.  2133. -Illustrating  Voluntary  Protection  of 
the  Foot  from  over-Strain.  (Compare  with 
FlK.21iT.) 

Stnicted  in  the  mechanics  of  the  foot  and  taught  how 
the  weak  foot  may  be  protected  and  strengthened. 

£j-<;ri'«f'«. — It  is  important  also  to  demonsti'ate  to  the 
patient  \\w  norma!  range  of  motion  of  the  foot,  a  range 
which  if  restncted  must  lie  regained  by  voluntary  and 
pas.sive  e.xercise.  Voluntary  exercise  should  be  devoted 
to  strengthening  the  adductors  and  plantar  flexors;  thus 
the  foot  should  be  extended,  adducted,  and  supinated  over 
and  over  again  at  eveiy  opiiortunity.  Tip-toe  exei-cises 
are  particuhirly  useful.  The  patient  holding  the  feet 
parallel  to  one  another,  or  better  in  inward  rotation,  raises 
the  l)ody  on  the  toes  from  twenty  to  one  hundred  times, 
the  limbs  being  fully  extended  at  the  knees,  resting  in  the 
intervals  on  the  outer  border  of  the  feet.  The  best  of  all 
exercises  is.  however,  the  jii'opcr  walk,  in  which  at  each 
step  tlie  leverage  jiower  of  the  foot  is  employed  and  in 
which  it  passes  through  the  i)roper  alternation  of  postures. 

Treatment  l)y  massage  and  special  gymnastic  exercises 
is.  of  course,  of  benefit,  if  the  patient  can  command  it, 
although  by  no  means  e.ssential  to  the  cure. 

Sui^jxirt. — In  iiiaiiy  instances  the  simple  treatment  that 
has  been  outlined  is  all  that  isreiiuired  and  the  symptoms 
of  tire  and  strain  are  (|uickly  relieved.  In  the  more  ad- 
vanced type  of  disability  the  patient  is  not  able  to  jire- 
vent  deformity  voluntarily;  conse<iuently  a  support  is 
necessary  to  hold  the  foot  in  proper  position  and  to  re- 
lieve discomfort.  It  is  usually  necessary  iu  the  treat- 
ment of  the  weak  and  flat  foot  of  childhood,  because  one 
cannot  command  the  aid  of  the  patient. 

In  selecting  a  support  for  the  weak  foot  the  nature  of 
the  deformity  that  is  to  be  ])revented  must  be  borne  in 
mind.  The  acii\iired  flat  foot,  for  example,  is  not  a 
direct  breaking  down  of  the  arch,  as  is  usually  taught, 
but  a  latenil  deviation  and  sinking — a  compound  deform- 
ity, as  has  already  been  described.  Thus  a  brace  to  be 
etlicient  must  hold  the  foot  laterally  as  well  as  support 
the  arch.     In  fact,  as  has  been  stated,  the  prevention  of 


valgus  is  far  more  important  than  the  direct  suppoi-t  of 
the  arch.  The  brace  must  not  prevent  the  normal  mo- 
tions of  the  foot,  and  thus  interfere  with  the  increa.se  of 
muscular  strength  and  aliiliiy,  on  which  ultimate  cure 
depends. 

The  supports  that  are  ordinarily  employed  do  not  fulfil 
the  conditions;  the  pa<ls  and  springs  placed  beneath  the 
arch  are  intended  to  support  it  by  direct  pressure  with- 
out regard  to  the  lateral  distortion;  they  are  usually  ill- 
fitting  and  are  often  of  such  length  and  shape  as  to  splint 
the  foot  and  thus  prevent  its  motion.  Leg  braces  which 
more  directly  control  the  valgus  do  not  often  hold  the 
foot  accurately,  and  their  weight  and  unsighlliness  are 
fatal  objections  to  their  use  in  the  early  cases,  iu  which 
prevention  of  subse<iuent  deformity  is  of  such  importance. 

A  brace  should  never  be  ap|died  to  a  deformed  ami 
rigid  foot  because  it  is  not  able  to  shape  itself  to  the 
support ;  the  spasm  and  rigidity  must  be  first  relieved  by 
preliminary  treatment,  as  will  presently  be  described. 

The  ConMruction  of  the  Bruce. — If  a  brace  suitable  for 
meeting  these  conditions  is  to  be  constructed,  it  is  neces- 
sary to  provide  the  mechanic  with  a  jdaster  cast  of  the 
foot,  taken  in  the  attitude  iu  which  one  wishes  to  sup- 
port it.  Such  a  model  may  be  easily  and  quickly  made 
in  the  following  manner: — 

The  PliiKttr  Coat. — Seat  the  patient  in  a  chair;  in  front 
of  hira  place  another  chair  of  ei|Ual  height ;  on  it  lay  a 
thick  pad  of  cotton  hatting  and  cover  it  with  a  S(|uare 
of  cotton  cloth.  Put  about  a  quart  of  cold  water  into  a 
basin  and  sprinkle  iila.ster  of  Paris  on  the  surface  until  it 
does  not  readily  sink  to  the  bottom;  then  stir.  When 
the  mixture  is  of  tlie  consistence  of  very  thick  cream 
pour  it  upon  the  cloth.  The  patient's  knee  is  then  Hexed 
and  the  outer  side  of  the  foot,  iireviously  smeared  lightly 
with  vaseline,  is  allowed  to  sink  into  the  plaster,  and  the 
borders  of  the  cloth  being  raised  the  plaster  is  pressed 
agiiinst  the  foot  nntil  rather  more  than  half  is  covered. 
The  foot  should  be  at  a  right  angle  with  the  leg  and  tlie 
sole  should  be  iu  the  plane  perpendicular  to  tlie  seat  of 
the  chair.  As  soou  as  the  plaster  is  hard,  its  upper  sur- 
face is  coated  with  vaseline  and  the  remainder  of  the  foot 
is  covered  with  plaster;  the  two  halves  are  then  removed, 
smeared  lightly  with  vaseline  and  bandaged  together. 
The  interior  is  dampened  with  soapsuds  and  is  then  filled 
with  the  plaster  cream.  In  a  few  moments  the  plaster 
shell  may  be  removed  and  one  has  a  reproduction  of  the 
foot,  which,  when  properly  made,  should  stand  ujiright 
without  inclination  to  one  side  (U-  the  other.  In  many 
instances  it  will  be  of  advantage  to  deepen  in  the  jilaster 
model  the  inner  and  outer  .segments  of  the  arch,  in  order 
that  the  arch  of  the  brace  maj-  be  .slightly  exaggerated, 
especially  at  the  heel,  so  that  the  depression  of  the  an- 
terior extremity  of  the  os  calcis  may  be  prevented. 

The  Bidci. — Upon  the  model,  the  outline  of  the  brace 
is  drawn  as  illustrated  in  the  diagrams.     The  bi>st  sheet 


Fig.  2134.— .t,  The  Astra^lo-Soapbold  Junction. 

steel,  18  to  20  gauge,  cut  after  the  pattern  is  moulded 
upon  it  and  tempered,  .so  that,  as  it  is  applied  for  the 
purpose  of  preventing  deformity,  it  may  be  practically 
unyielding  to  the  weight  of  the  body. 

It  will  be  noteil  that  the  brace  clasps  the  weak  part 
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of  the  footnml  holds  It  well  U>);rtlicT;  the  hrond  Intcrniil 
U|<rli;lil  piirliiiii  I'liviTiund  protcils  llicimlriiiriil'i  wiiphold 

juiulioii.  li-iiiii;  will  iiliiivr  it      Tl Mrrniil  nriii  cnvcrs 

the  <iilcau(.'<)  cutiiiicl  jiiiiciicni  aixl  llir  oiilrr  ii.s|n(t  "f  llir 


FUi.  ii;ti.-/J. 


J-:  Jiinollun. 


foiit  to  a  hfiuhl  sulliciciit  to  holii  the  foot  securely.  The 
sole  part  provides  a  tirni,  conifurtabli'  siippnrt,  yet. 
nwhiiia  (Uily  frotii  the  centre  of  the  heel  to  a  point  just 
behind  the  liielatarsophalaiiireal  joint  of  the  jrreut  toe, 
it  does  not  n'Strain  the  normal  motions  of  the  foot. 

The  bnice  nniy  he  nickel  plated  and  japanned,  which 
makes  a  smuolh  linish,  or  tin  platecl.  which  is  a  ratlur 
more  dunilile  coverinir.  It  may  lie  covered  with  leather 
or  an  inner  sole  may  i)e  placed  on  its  upper  surface;  but 
this  is  nut  usually  neees.s)iry.  As  it  is  titled  to  the  foot 
it  linds  and  holds  its  own  'place  in  the  shoe,  so  that  no 
attachment  is  reiiuireil ;  thus  it  may  be  changed  from  one 
sIkx'  to  aniither.  Not  only  does  it'hold  the  foot  laterally 
and  from  beneath,  but  there  is  an  element  of  sugsreslive- 
ness  in  the  slii^lit  leverage  action  which  is  very  impor 
fanl.  The  paiienl.  instructed  to  throw  his  weiirht  upon 
tlie  outer  siile  of  the  foot  and  wearins  a  shoe  which  has 
been  tilteil  in  the  sjime  direction  by  tliickeninu:  the  inner 
border  of  the  sole  and  heel,  presses  down  the  external 
arm  and  thus  lifts  the  internal  llange  against  the  inner 
side  of  the  foot,  which  is  instinctively  drawn  away  from 
Uic  pressure  and  thus  toward  the  normal  contour.  Thus 
he  no  longer  everts  the  foot  in  walking  because  of  the 
discomfort,  and  he  is  not  likely  to  a.ssume  the  passive 
attitude  because  of  the  suggestive  latend  pressure  of  the 
support.  This  brace  is  "therefore,  when  properly  ad 
justed,  a  positive  aid  in  the  physiological  cure  as  con 
trnsted  with  the  negative  action  of  the  ordinary  .sole 
plate. 

The  shape  of  the  brace,  in  general  like  that  of  the  dia- 
gram, may  be  modified  in  certain  cases;  for  instance, 
the  entire  internal  aspect  of  the  foot  may  he  weak  and 
must  be  covered  by  the  internal  flange.  In  very  heavy 
subjects  the  side  portion  must  be  made  larger,  or  other 
slight  modifications  may  be  necessary.  If  any  iMirtion 
ofthe  rim  of  the  plate  causes  discomfort,  the  edge  may 
be  turned  away  slightly  at  the  point  of  pressure  by  a 
wrench.  Aftera  few  diiys  the  patient  no  longer  notices 
the  presence  of  the  brace,  and  as  its  presence  in  the  shoe 
is  not  evident,  it  may  be  worn  indctinitely.  It  is  tisu 
ally  neeessiiry  to  wear  it  for  from  three  months  to  a  year 
or  longer,  according  to  the  condition  of  the  part  and  the 
use  to  which  the  feet  arcjnit.  The  brace.  pro]ierly  made 
and  adjusted  imder  the  projier conditions,  causes  no  more 
pressure  or  discomfort  than  a  well  made  shoe,  for  its 
principle  is  quite  different  from  that  of  ordinary  supports 
that  are  in  common  use.  to  which  this  objection  has  been 
made.  This  brace  .supports  the  arch  primarily  by  pre 
venting  abduction,  consequently  its  pressure  is  first  felt 
upon  the  lateral  aspect  of  the  foot,  a  pressure  that  the 
patient  can  relieve  by  improving  theattitude.  The  brace 
should  provide  support  when  necesssiry.  and  at  all  times 
suggest  and  enforce  a  proper  attittide;  it  is,  however, 
btit  one  of  the  essential  factors  iu  the  general  scheme  of 
treatment. 

In  the  treatinent  of  children,  passive  movements  of  the 
foot  should  be  carried  out  in  all  directions,  but  particu- 


larly in  dontal  tiexinn  and  adiluctioii  to  thu  full  litiiit.  lit 
mondng  and  at  night,  until  the  child  haa  regained  thu 
niirmal  muscular  pnwirand  ability.  >pi'ciid  gyinnaHtlcii 
and  massagr  aie  always  dexindili'  and  they  t<<n\  b.  m  i  rn. 
sary  in  certidn  cases.     IJicycling  may  he  cit  -t 

the  hesl.  and  roller  skating  as  one  of  the  wm  .  < 

for  the  weak  fool.  A  year  is  abmit  the  lime  ii  qiiiml  for 
the  cure  of  the  weak  foot  in  childhood,  although  allenlioii 
to  the  shoes  and  the  altiliides  must  he  kept  up  indetl- 
nilidy. 

TiiK  Hmii)  Wkak  Koot. — One  may  now  conlrust  with 
these  nnlil  types  of  weakness  that  have  been  discrilied. 
those  cases  iif  extreme  defonnity  in  which  the  syinp- 
tiimsare  disabling  and  in  which  the  foot  is  rigidly  held 
in  the  deformed  position  by  muscular  spasm.  Siicli 
cases,  often  considered  Impeless  as  regards  a  cure  or  even 
relief,  are  in  reality  the  most  satisfartory  from  the 
remedial  stjindpnint.  and  in  no  other  tyjie  nf  painful  de- 
formity can  sii  murli  be  aiioinplishid  by  ratiimal  treat- 
inenl  as  in  this  class.  Tin-  deformity  must  be  considered 
as  adislixatiiin.  in  w  liich  I  he  astragalus  has  slipped  down- 
ward and  inward  from  nff  the  os  calcis.  which  in  turn  is 
tipped  downward  and  inward  and  into  a  position  of 
valgus.  Till,'  remainder  of  the  foot  is  turneil  outward, 
so  that  the  relation  of  the  fore  font  and  the  leg  is  entirely 
changed;  in  fact  the  fore  font  isalmnst  entirely  disused. 

Corresponding  to  the  duration  of  the  disability,  one 
finds  the  acciinunodativechanires  in  the  soft  parts  and  in 
the  bones,  but  such  changes  are  by  no  means  as  marked 
as  those  recorded  in  the  reports  of  autopsies  whicli  have 
been  made  inca.ses  of  advanceiland  irremediable  deform- 
ity. In  fact,  by  far  the  greater  innnbir  of  patients  are 
young  adults  in"  whom  the  extreme  deformity  is  of  com- 
paratively short  duration,  and  in  whom  complete  cure  is 
possible. 

In  the  treatment  of  such  a  condition,  one  must  first 
reduce  the  dislocation  and  overcome  the  obstacles  that 
contracted  muscles  and  ligaments  may  olTer  to  free  and 
normal  motion.  Then  rest  must  be  assured  to  the  injured 
and  congested  parts  in  order  to  relieve  the  patient  from 
llie  (lain  that  he  has  suffered  so  long. 

F'lirihlt  Orcr-Corrtrtion. — By  far  the  most  effective 
treatiuent  is  forcible  overcorrection  of  the  deformity, 
under  ana'Sthesia.  When  the  jialient  is  under  the  iiifiu- 
ence  of  the  ana'sthetic  the  muscul:ir  spasm  relaxes,  and 
it  will  be  seen  that  this  accounts  for  about  half  the  re- 
striction of  motion,  the  remainder  being  caused  by  the 
adaptive  changes  that  have  been 
mentioned.  One  now  endeavors 
to  overcome  this  residual  obstruc- 
tion and  to  assure  the  patient 
against  a  relapse,  by  fixing  the 
foot  in  the  position  of  extreme 
adduction  and  supination,  theat- 
titude directly  opposed  to  that 
which  has  become  habitual. 

This  is  the  object  of  forcible 
over  correction  as  the  first  step  in 
the  sy.stematic  repair  of  the  dis 
abled"  mechanism.  Its  principle 
must  not  be  confounded  with 
forcible  correction  carried  out 
with  the  object  of  simply  re 
moulding  the  arch  of  the  foot,  or 
in  which  the  simple  correction  of 
the  deformity  is  the  object  iu 
view. 

One  first  extends  the  foot  forci 
biy.  then  flexes  it  to  the  normal 
limit,  then  abducts  and  adducts. 
the  different  motions  being  car- 
ried out  over  and  over,  until  the 
rigid  foot   has    become   perfectly 

flexible.  In  cases  of  long  standing  it  is  often  necessary 
to  draw  the  patient  to  the  end  of  the  table  so  that  the 
foot  mav  be  taken  between  the  knees,  in  order  to  sup- 
plv  the"  required  force  by  the  thigh  muscles.  This 
forcible  manipulation  is  accompanied  by  the  audible 


Flc.  2iai.-r.  The  Meta- 
larso-I'lialangeal  Joint : 
D.  the  centre  ol  tlie 
heel. 
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breirkiiig  of  uilliosious,  iiiiil  tlic  roiiiplcH'  (lisa|>i>ciiraiKe 
of  tlir  (ifforrnity.  In  t-citaiii  iiislaiicis  it  will  1k'  wc- 
essiiry  to  liivitle  the  teiiilo  Acliillis;  when,  for  exam- 
pie.  the  raiite  of  dorsjil  tle.xioii  is  limited  by  resistant 
aeeoinnioilalive  slKirleiiinjj;  of  the  ealf  muscles,  or  when 
theic  have  been  very  great  ])ain  ami  tenderness  at  the 
nieilio  tarsal  joint,  and  it  is  desired  to  remove  the  strain 
of  the  ealf  musele  completely;  traumatic  cases  come 
especially  under  this  head.  In  other  ca.ses  the  pero- 
nei  tendons  may  be  divided  if  they  offer  especial  re- 
sistance to  adduction.  Tenotomy  has  one  great  ad- 
vantage: it  necessitates  longer  ti.xatiou  in  the  plaster 
bandage,  and  gives  the  ))atieiit  the  beuelitof  rest  and  the 
opportunity  for  prolonged  after-treatment.  When  the 
passive  range  of  motion  has  been  regained,  the  foot  is 
turned  downward,  then  inward  and  ujiward  into  the 
position  of  extreme  varus.  15y  this  manii)ulation  the  os 
calcis  is  drawn  under  the  astragalus  and  thrown  into  the 
supinated  ])ositiou,  and  the  scaphoid  is  flexed  about  and 
under  the  head  of  the  astragalus,  which  is  then  lifted  to 
the  limit  of  normal  flexion.  Tlie  attempt  is  always  made 
to  bring  the  extreme  outer  border  of  the  inverted  foot  up 
to  a  right  angle  with  the  leg.  which  is  the  limit  of  normal 
flexion  in  this  attitude.  The  foot,  thickly  jiadded  with 
cotton,  especially  about  and  between  the  toes,  is  then  flxed 
in  this  posture  of  club-foot  by  a  firm  plaster-of-Paris 
bandage  extending  to  the  knee.  Surprisingly  little  dis- 
comfort, considering  the  force  that  it  is  sometimes  neces- 
sary to  apply,  is  experienced  after  the  operation.  The 
familiar  and  often  intense  pain,  from  which  tlie  patient 
has  suffere<l  so  long,  is  entirely  relieved  by  the  correction 
of  the  deformity  ;  there  is  often  a  sense  of  tension  about 
the  outer  side  of  the  ankle  and  dorsum  of  the  foot,  but 
this  is  not,  as  a  rule,  of  long  duration. 

Funetional  Use  in  the  Oeer- Corrected  Attitude. — As  soon 
as  possible,  often  on  the  following  day,  the  patient  is  en- 
couraged to  stand  and  to  walk.  Walking  serves  two 
purposes:  to  still  further  over-correct  the  deformity,  and 
to  accustom  the  patient  to  a  posture  entirely  ditferent 
from  that  so  long  assumed.  Sleantime  the  contracted 
tissues  on  the  outer  side  become  thoroughly  over-stretched, 
the  weakened  ligaments  and  muscles  on  the  inner  side  are 
relaxed,  and  the  local  irritation  rapidly  subsides  under 
the  rest  from  the  constant  injury  to  which  the  foot  has 
been  subjected.  The  patient  is  not  confined  to  the  bed 
or  house,  although  if  both  feet  are  in  plaster  bandages, 
crutches  are  of  course  necessary.  The  time  that  the  feet 
should  remain  in  the  over-corrected  position  depends 
upon  the  duration  of  the  deformity  and  the  severity  of 
the  symptoms,  the  usual  time  being  about  three  weeks. 
At  the  end  of  two  weeks,  or  whenever  the  patient  can 


nos.  2137  AND  2138.  -  Illustrating  Forcible  Correction  of  the  De- 
formed Foot.  C,  Medlo-iarsal  joint ;  A,  the  seaplioid  bone ;  B, 
the  iutenml  malleolus. 

support  the  weight  upon  the  plaster  bandage  without  a 
sensation  of  discomfort,  it  is  removetl ;  the  foot  is  jdaced 
in  the  normal  attitude  and  a  cast  is  taken  for  the  brace. 
Immediately  after  this  is  done  the  foot  is  returned  to  the 
club-foot  position,  and  the  plaster  bandage  is  re-applied. 


When  the  brace  is  ready  the  i)laster  banilage  is  finally 
removed;  the  foot  is  now  in  good  position,  and  in  many 
instances  the  arch  is  exaggerated  in  deplh.  For  the  first 
few  days.  i)rolonged  soaking  in  hot  water  or  the  use  of 
the  hot-air  liath,  with  subseijuent  mas.sage,  at  intervals 
during  the  day.  will  be  found  useful  in  overcoming  the 
swelling  and  local  tenderness  that  may  ])eisist.  It  is  al- 
ways insi.sted  that  a  :u\v  shoe  of  the  \Vaukeni)hast  pat- 
tern shall  be  obtained,  the  sole  and  heel  of  which  are 
raised  a  quarter  of  an  inch  on  (he  inner  border,  to  aid  the 
action  of  the  brace  in  the  balancing  of  the  weak  foot. 
Wh<'n  the  shoe  is  removed  at  night,  the  patient  is  in- 
structed to  turn  the  toes  in  and  to  bear  the  weight  on  the 
outer  side  of  the  foot  until  it  has  regained  its  strength; 
in  other  words,  the  deformity  is  never  allowed  to  recur. 

.'<i/ntem<itic  Miinipnliiiiun. — The  systematic  treatment  is 
then  begun  by  the  surgeon  and  "the  patient,  the  first 
essential  being  theattainment  of  free  and  i)ainless  passive 
motion  in  all  directions.  These  motions,  which  have 
been  so  long  restrained  by  deformity,  cannot  be  regained 
without  effort,  and  during  this  critical  stage  treatment 
must  be  carried  out  by  the  surgeon  himself;  if  he  trusts 
to  the  patient  or  to  his  friends,  a  cure  is  out  of  the  ques- 
tion. At  least  once  a  day  the  full  range  of  motion  is 
tested.  Three  motions,  abduction,  flexion,  and  extension, 
are  usually  free  and  painless;  but  the  fourth,  that  of 
adduction,  is  almost  invariably  resisted  by  the  same 
quality  of  muscular  rigidity  that  was  present  before  the 
operation.  By  far  the  most  effective  method  of  over- 
coming this  resistance  is  conducted  as  follows.  The 
patient  being  seated  in  a  chair,  the  surgeon  sits  or  stands 
before  him.  Let  us  suppose  that  the  left  foot  is  to  be 
adducted,  or,  as  the  patients  express  it,  twisted.  The 
surgeon  places  the  foot  between  his  knees ;  liis  left  hand 
encircles  the  heel,  the  fingers  grasping  the  projecting  os 
calcis  and  tendo  Achillis ;  the  ball  of  the  palm  lies  against 
the  medio-tarsal  jointon  the  inncraspcct  of  the  foot;  the 
right  hand  grasps  the  outer  side  of  the  fore  foot  and  toes; 
then  by  steady  i)ressure  of  the  thigh  muscles,  the  fore 
foot  is  forced  downward  and  inward  (adducted  and 
supinated)  over  the  fulcruiu  formed  by  the  projecting 
palm  which  lies  upon  the  left  knee,  the  fingers  holding 
the  heel  steadily  in  place.  This  inward  twisting  is  at 
first  resisted  by  a  mixed  voluntary  and  involuntary  mus- 
cular spasm,  which  gradually  gives  way  under  steady 
pressure.  When  the  limit  of  adduction  has  been  reacheJl 
the  foot  is  firmly  held  until  all  pain  has  subsided.  Then 
the  patient  is  instructed  to  attempt  voluntary  move- 
ments while  the  foot  is  guided  by  the  hands;  in  other 
words,  the  patient  attempts  to  adduct  the  foot  while  the 
surgeon  supplies  the  power,  which,  in  all  cases  of  this 
type,  has  been  completely  lost.  This  passive  manipula- 
tion to  the  extreme  limit  of  normal  adduction,  plantar 
and  dorsal  flexion,  is  continued  from  day  to  day  until 
there  is  no  longer  a  sensiition  of  pain  or  tension;  for  as 
long  as  there  is  the  slightest  spasm  or  painful  restriction, 
so  long  is  the  voluntary  motion  limited,  cure  delayed,  and 
relapse  of  deformity  probable.  During  active  treatment 
the  patient,  by  the  use  of  iuas,sage,  active  and  ]>assive 
motion,  is  constantly  working  to  one  end,  namely,  to  re- 
gain the  lost  power  of  voluntary  adduction. 

The  time  necessary  to  rest  the  feet,  to  overcome  the 
local  irritation  and  muscular  spasm,  to  regain,  in  part  at 
least,  the  range  of  passive  motion,  and  to  place  the  pa 
tient  in  the  same  position  as  regards  a  ciu'e  as  that  of  thi,' 
milder  type  of  (leformity,  is  from  three  to  six  weeks. 
Usually  the  patients  are  told  that  a  month  w  ill  be  neces- 
sary, and  that  at  the  end  of  that  time  they  nuiy  return  to 
work,  free  from  ])aiii  and  from  danger  of  relai>se.  and 
that  the  feet  will  constantly  grow  stronger  under  the 
work  which  before  was  too  great  for  their  strength.  The 
time  neces.sary  tore-educate  the  adductor  niuscies  in  their 
proper  function  depends,  in  great  degree,  upon  the  in- 
telligence and  persistence  of  the  ]iatient.  Although  in 
after-treatment  massjige  and  special  exercises  are  of^ 
benefit,  the  essentials  are  very  simple;  they  are,  an  effec- 
tive brace,  a  proper  shoe,  and  the  passive  manipulation 
that  has  been  described,  until  its  object  has  been  attained ; 
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tile  pi°o|)<-r  walk,  tlio  best  and  eiutloMt  of  exerclM-H:  and 
finiiltv,  nnc  niiisl  force  Into  tlie  patient 'h  underKtatidin;; 
the  nii'thinl  n(  |lll>te('lin^'  tlii'  weak  foul  liy  the  alterna- 
tion of  slniin  anil  liv  iIh'  |ini|>('r  pi>Ntiires. 

Otiimi  Vmciktiks  ok  Kiiiiii  \Vi:ak  Foot.— The  foot 
wliieh  is  tl\ed  in  (lie  alxliiiled  position  »ilhoiil  depi'es 
Hion  of  till'  loMKltiidinal  areli.  is  siinplv  one  variety  of  the 
rifiid  weak  fool,  and  should  he  Irealed  in  the  same 
manner. 

li  may  he  stated  also  that  a  very  hiri^v  proportion  of 
the  so  lulled  ehronie  spniins  of  the  ankle  are  of  Ihjs  type, 
anil  thai  thedisahilily  will  yiiM  viry  readily  lo  iicalmeni 
eomlueled  for  Ihe  purpose  of  icslorinj:  iinpainil  fiinelion, 
in  tile  manner  thai  has  lieeii  indicated. 

There  are  other  cases  in  wliich  thc>  diformily  of  (lat 
foot  is  complicalcil  by  rheiiinaloid  arthritis  or  cliroiiic 
rheiimalisin.  of  which  the  evidiiice  is  sei'ii  in  various 
joinls.  bill  in  whiih  Ihe  pain  and  discomfort  seem  to  In- 
conccnlralid  in  Ihe  feel,  whicli  are  ab-iolulily  slilT  and 
deformed.  In  sinli  cases  one  can  hardly  e.\  peel  a  com 
plele  cure,  but  alihouiih  Ihe  function  of  levcrajre  may 
not  he  retrained,  still  one  may  hope,  by  overcoming  the 
deformity,  to  hold  the  \veij,'lit  of  Ihe  body  in  its  proper 
relation  to  the  fool,  so  that  the  pain  of  a  profrre.sslve  (lis- 
local  ion  may  not  be  added  to  llie  pain  of  disease.  In  a 
number  of  instances,  forcible  correclion  lia.s  been  em- 
ployeil  by  the  wriler  in  cases  of  this  type,  and  in  all  the 
lini>rovement  in  Ihe  Keneral  condilion.  consci|Uciilly  in 
the  resistance  to  the  disease,  after  Ihe  rilief  of  the  local 
pain  and  discomfort,  lias  been  very  great. 

Between  the  two  classes  of  cases,  the  mild  and  the 
severe,  one  Minis  every  grade  of  deformity.  All  <ases  in 
which  there  are  marked  muscular  spasm,  local  tenderness, 
and  swellinsr.  re(piiie  temporary  rest,  in  many  instances 
simply  rest  from  functional  use  combiiieil  wiiii  massage; 
in  others  rest  in  a  plaster  bandage  in  Ihe  aildiiclcd  posi- 
tion. In  the  niililir  aii<l  onlinary  class  of  cases.  I  lie  use 
of  a  limce  and  shoe  will  alone  relieve  spasm  and  pain, 
niid  Ihe  range  of  motion  can  usually  be  regained  by 
manipulalion,  passive  motion,  and  by  the  pioi)er  use  of 
the  foot. 

Occasionally,  oven  in  childhood,  one  may  encounter 
marked  limilation  of  normal  motion,  particularly  in  dorsal 
llexioii.  not  due  to  i)aiii  and  muscular  s]iasm  but  toaclua! 
shortening  of  muscle.  This  may  lie  the  accommodative 
shortening  that  is  eliaracterislicof  long-standing  deforni- 
itv;  in  other  instances  it  would  apiiear  to  be  the  result 
of  a  slight  and  unnoiiced  neurit  is  or  anterior  poliomyelitis, 
which  lias  resulted  in  muscular  ineijualily.  If  the  con- 
traction does  not  yield  readily  to  manipulation  or  to 
mechanical  stretching,  forcible  {orrectiiai.  and  if  neces- 
sary tenotomy,  should  beemploved  in  the  manner  already 
described;  for  wliali-ver  may  be  llie  theory  of  its  causa- 
tion, it  is  again  emphasi/ed  that  obstruction  to  motion  in 
any  direction  must  be  overcome  before  a  complete  cure 
is  possible. 

Ailjtiiii-ts  ill  Treatment. — It  must  be  apparent  that  in 
many  instances  the  cure  of  the  weak  fool  is  out  of  the 
flUestion,  either  because  of  Ihe  want  of  energy  or  oppor- 
tunity on  the  part  of  the  ]>alienl.  or  because  of  the  local 
or  genera!  conditions,  types  familiar  in  out  jiatieiit  )irac- 
tice.  In  such  cases,  niising  and  slreiigtheiiiiiL''  the  inner 
side  of  the  shoe  by  the  wedge-shapeil  leather  sole,  as 
used  by  Thomas,  splints  the  painful  foot  and  aids  in 
relieving  the  strain.  If  the  symptoms  are  more  acute 
the  adhesive  )ilasler  slrajiping.  as  advocated  by  C'oltrell 
and  Gibney  for  the  tri-almeiit  of  sprains,  is  often  of  ser- 
vice, although  it  is  ajiplied  in  a  dilTerent  manner,  and 
with  a  somewhat  dilTerenl  object  in  view.  One  end  of 
a  strip  of  adhesive  plaster,  about  fifteen  inches  long  and 
three  inches  wide,  is  applied  to  the  outer  side  of  Ihe 
ankle  just  below  Ihe  external  malleolus;  the  foot  is  then 
adducled  as  faras  pos.sible  and  the  band  is  drawn  tightly 
beneath  the  sole  and  up  the  inner  siiie  of  the  arch  anil 
leg.  and  is  stayed  in  this  position  by  one  or  two  jdaster 
strips  about  the  calf.  Narrow  plii.ster  straps  are  then 
applied  about  the  arch  and  ankle,  in  the  figure-of  eight 
manner,  and  a  bandage  is  applied.  The  object  of  the 
Vol..   IV.— U 


dressing  Is  to  aid  In  holding  the  fool  In  the  proper  [miii 
t ion  by   the  support   and  HUggesllveiiesH  of  Ihe  phiNter, 

and  to  providi-  iIh-  llrin  ( pics^inn  abiail  tin-  arrh  that 

is  alwaysagrerable  lo  the  suIIcpt  from  weak  fool.     TliU 
treatment  combined  with  llie  bnillup  shoe,  and  wllli  tlio 


Fui.  -'loU.     llie  liileruul  IlciriliT  lit  Ilie  Silue  Elevated  AccurdtUK  to 
Til us'  MetlioU. 

corrective  manipulation  that  has  been  described,  is  often 
very  effective  in  overcoming  tlie  acute  and  disiibling 
symptoms  of  the  weak  and  injured  foot,  which  are,  as 
has  been  stated,  often  the  result  of  extra  strain  or  injury, 
in  other  words,  a  sprain  of  a  weak  foot.  Conse(|Uently 
when  these  symptoms  are  relieved,  Ihe  i)atienl,  wlio  has 
become  habituated  to  the  weakness  and  deformity,  con- 
siders himself  cured. 

OjHViitire  Treatment. — The  various  cutting  operations 
for  the  relief  of  Hat  foot  do  not  call  for  extended  comment. 
The  typical  operation,  the  removal  of  a  wedge  from  the 
astragalo-scaphoid  region,  aims  at  removal  of  deformitj- 
simply;  functional  cure  is  made  impossible  by  the  de- 
struction of  the  medio-tarsal  joint.  It  would  hardly 
seem  jiossible  that  adhesion  between  the  astragalus  and 
scaphoid  bones  could  for  any  length  of  time  withhold  a 
recurrence  of  deformity  of  the  iialiire  and  origin  of  Hat 
foot,  and  in  all  cases  that  the  writer  has  examined  in 
which  this  operation  has  been  ])erfornied,  there  were  still 
local  tenderness  and  muscular  spasm  and  even  relapse  of 
deformity.  The  operation  of  advancement  of  the  pos- 
terior extremity  of  the  os  calcis.  as  proposed  by  (Jleich, 
ill  order  that  it  may  be  jilaced  in  a  relation  lo  the  leg  some- 
what like  that  of  a  Piro,irolT  amputation,  offers  little  hope 
of  ultimate  cure,  for  as  the  disjibilily  is  not  due  to  pri- 
mary de]iression  of  the  arch,  it  can  hardly  be  cured  by 
exaggerating  its  depth  in  this  manner.  The  most  inno- 
cent and  rational  of  the  operations  for  tiat  foot  is  the 
supramalleolar  osteotomy  ot  Trendelenburg,  in  which  the 
bones  of  the  leg  are  divided  above  Ihe  ankle,  and  Ihe  dis- 
tal fragment  is  turaed  inward,  with  the  aim  of  directing 
the  weight  upon  the  outer  border  of  the  foot.  In  prac- 
tice, theopcration  is  by  no  means  always  successful,  while 
the  bow-leg  deformity  that  results,  if  the  object  is  at- 
tained, is  an  unfortunate  accompaniment  of  the  treat- 
ment. 

It  may  be  mentioned  in  this  connection  that  fracture  at 
the  ankle  joint,  followed  by  faulty  union  in  a  position  of 
valgus,  is  a  form  of  traumatic  (lat  foot  that  maybe  cured 
by  this  operation.  In  operative  treatment,  the  clement 
of  rest,  necessary  for  weeks  or  months,  must  be  taken 
into  consideration,  as  explaining  in  part  the  immediate 
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favorable  dleit  of  whatever  prorediire  is  ndopleil.  An 
investigation  of  tinal  results  will  prove,  I  lielievc,  as 
niijrlit  lie  predicted  from  the  nature  of  the  deformity  and 
the  complex  struelure  of  the  foot,  that  there  is  no  short 
and  easy  method  liy  which  a  cure  may  he  attained. 

II,  'I'm-;  Ik)i.i,ow  on  CoNTitACTED  Foot,  (Syno- 
nyms: Talipes  cavus;  Talipes  plantnris,)  The  hollow 
foot  in  which  the  arch  is  cxaggeratpd  may  be  considered 


Fig.  2H0.— The  Contracted  Foot— An  Exaepterated  Arch  and  Slight 
Limitation  of  Dorsal  Flexion. 

8S  the  condition  direct]}'  opposed  to  the  flat  or  relaxed 
foot  in  which  the  arch  is  lessened  or  lost.  In  the  latter 
instance  the  area  of  bearing  surface  is  increased  while  in 
the  hollow  foot  the  bearing  surface  is  diminished  ami  the 
imprint  of  the  sole  may  show  that  the  entire  weight  is 
borne  upon  the  lieel  and  upon  the  metatarsophalangeal 
region. 

The  contracted  foot  may  be  divided  into  two  classes, 
till'  simple  and  the  compound.  In  the  first  class  the  arch 
alone  is  exaggerated,  "Talipes  arcuatus."  In  the  second 
there  is  a  limitation  of  the  range  of  dorsal  flexion  at  the 
ankle  joint  as  well,  "Talipes  plantains,"  This  latter 
variety  was  originally  described  by  Schaffer  under  the 
title  of  "Xon-Deforming  Clubfoot"  (New  York  Medical 
lUforil.  May  S^d,  ISH.")), 

Etiohfiy. — The  sinqile  lioUow  foot  may  be,  and  often 
is,  an  inherited  peculiarity.  It  mav  be  induced  by  the 
habitual  use  of  high  heels  or  possilily  by  excessive  exer- 
cise of  the  calf  muscle  as  by  ])rofessionai  dancers. 

Compound  hollow  foot,  in  which  there  is  limitation  of 
the  range  of  dorsal  flexion  at  the  ankle  joint,  or  even 
slight  persistent  equinus,  may  be  congenital  also,  but  in 
most  instances  it  ajiiiears  to  be  a  remote  effect  of  a  tem- 
porary we.-ikness  of  the  dorsiU  flexors  of  the  foot,  or  of 
restriction  of  dorsal  flexion  from  some  other  cause.  This 
sujiposition  is  supported  by  the  fact  that  the  symptoms 
may  date  from  a  period  of  weakness  and  awkwardness 
following  scarlet  fever,  rheumatism,  or  other  infectious 
disease  of  childhood,  symptoms  attracting  little  attention 
in  early  life,  but  becoming  more  marked  in  adolescence 
or  at  a  later  period.  In  other  instances  the  cause  may 
be  more  direct,  the  sli,ghl  deformity  following  a  sprain 
or  fracture,  or  it  may  be  a  result  of  an  habitual  attitude, 
as  in  patients  who  have  been  treated  for  disease  of  the 
hip  joint  by  the  traction  appliance, 

Si/iii/ilinnii, — The  simple  contracted  foot  may  not  cause 
symptoms;  in  fact  it  often  passesasa  particularly  beauti- 
ful member  rather  than  one  that  is  deformed.  As  a  rule, 
however,  the  [lalieut  complains  of  inability  to  buy  well- 
littiug  shoes,  as  the  ordinary  shoe  does  not  support  the 


arch  while  the  upper  leather  presses  uncomfortably  upon 
the  i>romineiit  dorsum.  In  cases  of  this  ty]ie  tlieie  may 
be  actual  exostoses  on  one  or  more  of  the  jirojecting 
cuneiform  bones  of  the  dorsum  surmounted  by  a  sensi- 
tive bursji. 

There  is  usually,  in  conseiiuence  of  the  rigidity  of  the 
foot,  abnormal  ])ressure  ui)on  the  heel  and  fore  foot,  and 
sensitive  corns  or  callosities  at  the  latter  point  are  often 
found.  Pain  beneath  the  great  toe-joint  or  about  the 
anterior  metatarsal  arch,  which  is  often  depres.si'd,  is  a 
conunou  symjitom,  and  as  a  rule  jialients  complain  of 
discomfort  in  the  hollow  of  the  foot  referred  to  the  tense 
and  sensitive  ]ilanlar  fascia.  The  gail  is  usually  (uiirraee- 
ful,  the  patient  everting  the  feet  and  walking  heavily 
upon  the  heels.  In  many  instances  there  is  a  persistent 
attitude  of  valgus,  "weak  ankles,"  and  in  ca.ses  of  this 
type  the  most  troublesome  symptoms  may  be  those  char- 
acteristic of  the  weak  foot.  The  symptoms  described 
are  tisually  more  marked  in  the  comiiouud  variety  of  the 
contracted  foot  than  in  the  sim|ile  form. 

On  examination  the  nature  of  the  affection  is  usually 
apparent.  The  arch  is  exaggerated,  especially  on  the 
inner  bcjnler,  and  the  tense  contracted  bands  of  plantar 
fascia,  usually  very  sensitive  to  i)ressure.  can  be  demon- 
strated when  the  foot  is  dorsillexed.  In  many  instances 
there  is  an  obliteration  of  the  anterior  metatarsid  arch, 
the  normal  sli.irht  concavity  being  replaced  by  a  distinct 
convexity,  and  at.  or  about,  the  head  of  the  third  meta- 
tarsal bone  a  sensitive  callus  is  usually  present.  The 
prominence  of  the  dorsum  of  the  foot  corresponds  to  the 
depth  of  the  arch,  and  at  this  point,  as  has  been  stated, 
one  or  more  of  the  cuneiform  bones  may  project  sharply 
beneath  the  skin.  The  range  of  dorsal  flexion  is  often 
restricted  at  the  right  angle  with  the  leg,  and  in  this  class 
there  is  usually  habitual  dorsiflexion  of  the  toes,  as  if 
the  direct  result  of  the  action  of  the  accessory  dorsal 
flexors  of  the  foot. 

Tvcdtiiieiit. — In  the  mild  cases  of  simple  hollow  foot 
the  symptoms  may  be  relieved  in  many  instances  by  the 
use  of  a  properly  fitted  shoe  with  a  high  "  Spanish  "  arch. 

If  the  symptoms  are  more  persistent,  a  metal  foot  plate, 
modelled  upon  a  plaster  cast  of  the  sole,  may  be  em- 
ployed, the  object  of  the  brace  being  to  equalize  the 
pressure  on  the  sole,  to  remove  the  strain  upon  the  sensi- 
tive fascia,  and  to  lessen  the  pressure  on  the  .sensitive 
points  of  the  anterior  metatarsal  arch.  If  the  foot  is 
habitually  used  in  a  valgus  attitude,  the  sole  of  the  shoe 
must  be  made  thicker  along  the  inner  border  in  order  to 
correct  the  inclination. 

In  addition  to  the  supporting  shoe  or  brace,  daily 
forcible  manipulation,  with  the  object  of  stretching  out 
the  foot  and  increasing  the  range  of  dorsjil  flexion,  if  this 
be  limited,  is  of  service.  The  Schatfer  traction  brace  is 
a  useful  appliance  for  this  purjiose. 

If  the  deformity  is  well  marked  and  of  long  standing 
it  should  be  corrected  by  operative  means.  The  patient 
being  auiiesthetized  the  fascia  is  divided  s\i!)cutaneously 
and  the  exag,serated  arcli  is  then  reduced  to  the  normal 
depth  by  forcible  manipulation  with  the  hands,  or  by  the 
use  of  the  Thomas  wrench.  At  the  same  time  the  slight 
liniitatiim  of  dorsjil  flexion  is  overcome  and  the  foot  is 
fixed  in  a  ])lasler  bandage  in  which  a  thin  wooden  foot 
I'late  is  incor|iorated.  The  patient  is  then  encouraged  to 
walkand  he  thus  completes  the  cure  by  llatteiiing  the  sole 
against  the  resistant  sole  plate.  In  severe  cases  tenotomy 
of  the  tendo  Achillis  may  be  required,  but  this  is  unusual. 

III.  I'lantau  XElli.u.CilA. — Pain  referred  to  the  hol- 
low of  the  foot,  combined  with  sensitiveness  to  jiressure 
on  the  plantar  fascia,  is  usually  symptomatic  of  the  hol- 
low or  contracted  foot  in  whicli  the  fascia  is  subj<(ted  to 
abnormal  tension.  Occasionally  it  is  present  when  the 
arc  h  is  weak  or  broken  down.  Sensitiveness  of  the  fascia 
and  pain  at  this  jioint  on  standing  are  sometimes  present 
in  feet  apparently  normal.  These  symptoms  may  be  in- 
duced by  injury  or  by  irritation  m-  inllanunation  of  the 
fascia,  ajiparently  due  to  infection,  as  it  may  follow  in- 
rtiK'UZa,  typhoid  fever,  and  the  like. 

Titittiiiiiit. — If  the  foot  is  fairly  normal  in  appearance, 
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or  if  sIIkIiI  wi'iik  font  is  iirrsciil,  tin-  iipplit'iilioii  of  ii  wi'll 
lltlillK^*ll<H'llllly  relieve  tlieHVIii|iUiiiis.  Ill  most  ilisliilices, 
iiDWever.  It  i)ro|ierl_v  tilted  lifflit  steel  li)<)t  |)liile  is  iiiili 
Cateil.  ill  onler  tliiit  (lie  weight  iimv  be  iliKlriliiited,  lliiis 
relievliii,'  III!'  faseiii  fruiii  siniiii.  li  llie  foot  is  iimrkcilly 
eiiiitiiiclcU  llie  fiiseiii  limy  bo  stretelieil  or  divided.  (See 
(.'iiiilnietctl  F"'<il.) 

IV.     WhAKShes      OK      TlIK      AnTKIIIoU       MKT.VT.MtS.M. 

Alien.  (Syiioiiymii:  Anterior  .>Ii'liitarsiilj;iii;  Morton's 
Ni'iiriilfjiu.)  I'liiii  iind  cliscomforl  referreil  to  the  iiielu- 
tnrso  iiliiiliiiiKnil  iu'lii'ulaU<'i>s  <>f  tlie  foot  are  syiiiptoiiis 
tliiil  limy  be  explained  in  mobt  iiisianees  by  an  abiiornml 
eoiidilioii  of  the  anterior  nietaUirsal  iireli.  Normally  the 
anterior  evlreinitiis  of  the  initalarsjil  boiie-i.  alllioiii.'li 
eaeli  beiiM  its  share  of  weiirht  w  hen  piissiin-  is  put  upon 
the  foot  in  standing' and  walkiiii:.  form  itn  anli  wlien  the 
fiHit  is  not  in  use,  the  si'eond  ami  third  boues  beinj;  on  a 
soiiiewhal  higher  level  than  the  others.  In  other  words, 
there  should  beii  eerlain  resiliency  of  this  jMirl  of  the  foot 
that  less<Mis  the  liiibilily  to  injurious  pressure  or  strain. 
In  iimiiv  inslanees  this  resiliency  is  lost  and  one  linds  on 
exiiminiii.i;  the  sole  of  the  foot  a  persistent  convexity  iu 
place  of  the  normal  arch.  It  may  be  noted  in  Ihiscon- 
ncclion  Ihiil  plantar  Ih-xion  of  the  lues  raises  the  heads  of 
the  adjoinini;  mctatarsjil  bones  and  increases  the  mela- 
tarsjil  arch.  On  the  other  hand,  dorsitlexion  of  Ihc  toes 
lowers  the  arch,  ami  as  this  allitude  of  persistent  dorsi- 
Ue.xion  of  the  tirst  phalanges  and  cunse(|Uent  limitation 
of  plantar  flexion  is  one  of  the  common  elTects  of  im- 
proper shoes,  one  recoij;ni/.es  the  shoe  as  the  most  con- 
stant cause  of  weakness  and  of  depression  of  the  meta- 
tarsal arch. 

Another  type  of  weak  arch  is  that  in  which  there  is,  in 
coiiseipience  of  weakness  and  lliibbincss  of  tissue,  au 
abnormal  latenil  expansion  of  the  fore  foot.  Or  airain 
there  may  be  apparently  a  local  weakness  of  the  muscles 
or  liu'aments  of  one  of  the  component  bones  of  the  arch 
that  allows  it  to  assume  an  abnormal  relation  to  its  fel- 
lows. 

Attention  was  first  called  to  pain  in  this  region  of  the 
foot  by  Dr,  T,  (t,  Morton  of  !'hilad<lphi;i,  in  1M7(!,  under 
the  title  of  a  painful  atreclinn  of  the  fourth  metatarso- 
phalangeal articulation,  and  as  far  as  the  symptoms  of 
this  ty|)e  of  what  may  be  called  anterior  me ta tarsalgia  is 
concerned,  his  description  needs  but  little  ameiidmenl. 
Typical  cases  of  this  class  are  characterized  by  a  sudden 
cramp  like  pain  bineatli  the  fore  foot  in  the  neighbor- 
hood of  the  fourth  toe.  It  may  begin  as  a  burning  pain 
beneath  the  toe  (U- simply  as  a  sensjilion  of  discomfort 
that  graiiually  increases  until  it  becomes  uiil)eai'able. 
From  the  point  of  greatest  discomfort  the  liain  often 
radiatesto  the  end  of  the  toeoriip  the  dorsum  of  the  foot 
to  the  leg.  Except  iu  extreme  ca.ses.  the  jiain  is  never 
felt  except  when  the  shoe  is  worn,  and  it  may  be  relieved 
usually  by  removing  the  shoe  and  rubbing  the  foot. 
This  need  is  so  urgent  that  the  removal  of  the  shoe  is 
one  of  the  most  ilistinctive  signs  of  the  alTection.  These 
cramp-like  attiwks  may  occur  only  at  infre(iuent  inter- 
vals, as  for  example  wlnii  a  certain  shoe  is  worn,  or 
they  may  recur  so  frei|Ueiitly  as  practically  to  disable  the 
patient.  After  an  attack  of  cramp  the  part  may  be  sen- 
sitive for  a  time,  and  swelling  even  may  appear,  if  it  has 
bi'cn  severe  and  i)iolonged.  This  is,  however,  rather  uu- 
usiml.  The  alTectiou  is  relatively  more  common  among 
women  than  among  men,  and  among  the  well-to-tlo  rather 
than  the  poorer  clas.ses.  It  is  not  infreipiently  found  in 
sevenil  nninbersof  the  sami'  familv,  and  it  may  iie  an  in- 
herited |ieculiarity.  It  is  often  bilateral,  the  second  foot 
iH'Coming  alTecteii  usually  after  a  considerable  interval. 
The  affection  is  usually  chronic  in  character  and  not  iu- 
freiinenlly  the  putieuts  are  of  a  nervous  or  possibly  neu- 
nisthenic  type, 

.\s  has  been  staled,  pain,  although  far  more  common 
at  the  fourth  articulation,  is  by  no  means  contiued  to 
this  point.  In  .some  instances  "the  patient  is  unable  to 
localize  the  i>ain  accurately,  in  others  it  is  referred  to  the 
three  adjoining  toes,  second,  third,  ami  fouith.  Iu  cer- 
taiu  cases  the  greatest  coniplaint  is  of  sensitiveness  of 


the  mi'talai-so  plmlangeal  JointH  to  prcHHitre,  either  direct 
or  liiti'ial.  This  complaint  Is  more  coiiitiioii  when  the 
arch  is  depres.sed  and  llxed  in  this  allitude correK|MindinK 
to  the  rigid  weak  fool.  In  other  iiiKtiiiiciK  u  iminfiil 
calluK  binealh  the  second  or  third  melalarsal  hiwl  U  Iho 
source  of  discomfort. 

It  should  be  slated  that  typical  CftHes  of  Morton's  neii- 
nilgia  may  be  present  although  tho  foot  U  apparently 
normal  in  appeantnce, 

h'lii'lot/i/. — .\s  has  been  stated,  theallaekH  of  pain,  al- 
though favored  by  "hot  pavements,"  by  "tlii>  slicking  of 
a  damp  slocking  to  the  foot."  by  Ihin  soles,  by  sudden  and 
unguarded  inovements,  and  the  like,  are  pructically  al- 
ways induced  by  the  shoe,  and  it  may  be  assumedthat 
till'  pressure  of  the  shoe  Upon  a  weakened  and  sensitivo 
part  induces  the  cramp.  The  inlluenei'  of  tin.'  shoe,  a8 
the  aiilhor  has  suggested  el.sewherc  (Ni-w  York  Mnlii-al 
/{foril,  August  (!th,  IMiJM)  may  be  explained  as  follows. 
Xornmlly,  lateral  i)ressureon  the  Imnd  or  foot  compresses 
it  and  increa.ses  the  depth  of  the  arch,  as  the  light  glove 
does  the  hand.  If.  however,  this  increiuse  of  llie  arch  is 
prevented,  the  adjoining  bones  cannot  escape  direct  lat- 
eral pressure,  a  pressure  that  then  becomes  extremely 
painful,  as  one  may  deiiionslrate  upon  one's  .self  by 
squeezing  the  hand  suddenly  while  the  metacarpal  bones 
are  fixed  in  the  same  plane;  or  if  oni-  linger  of  the  hand 
be  dorsitlexed  so  that  the  metacarpo  phalangeal  joint  is 
force<l  below  the  level  of  its  fellows,  pain  on  lateral  press- 
ure is  always  referred  to  this  ]ioinl.  The  same  maiueuvre 
causes  pain  in  the  foot  at  the  corres|)on<iing  articula- 
tion. It  is  evident  also  that  in  the  foot  an  articulation 
that  is  depressed  habitually  will  be  constantly  subjeeled 
to  greater  weight,  or  direct  pressure  as  well,  when  it  is 
iu  use. 

Of  all  the  causes  of  weakness  and  deformity  of  the  an- 
terior part  of  the  foot  the  shoe  is  by  far  the  most  iinixir- 
tant.  The  lateral  compression  of  the  narrow  and  ill- 
shaped  sole  induces  distortion  of  the  toes  and  atrophy  of 
the  muscles  that  have  lo.st  their  fuuctiou.  Thus  the  fore 
foot,  <leprived  of  its  accessory  supports,  is  subjected  to 
abnormal  pressure.      The  de]iicssioii   of  the  metatarsal 


Fio.  2U1.— An  Altitude  in  which  Ijiieral  Pressure  Is  Palatu). 

arch  is  induced  by  the  persistent  dorsifiexion  of  the  toes 
which  is  the  attitude  of  shoe- wearing  people,  au  allitude 
favored  by  direct  compression  by  the  rocker  shape  of  the 
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ordinary  slioo  and  by  I  ho  slight  depression  of  the  sole 
beneatli  its  centre, 

lu  the  depressed  arch,  that  metatarsi)  phalangeal  joint 
that  is  lowest  is  subjected  to  alinornial  pressure  aud  it  is 


Fig.  214-'.— In  Ihls  Attitude  Lateral  Pressure  Causes  rain  at  the  Depressed  Joint. 


liable  to  lateral  compression  as  well,  the  latter  being  the 
direct  cause  of  the  chanieteristic  cramp.  The  fourth 
articulation  is  that  most  liable  to  injury  because  it  is 
practically  the  outer  support  of  the  arch,  as  the  liftli  joint 
is  almost  always  ou  a  higher  plane  or  in  an  attitude  that 
favors  injurious  pressure. 

This  maf  be  readily  illustrated  by  the  school  boy  trick 
of  suddenly  compressing  tlie  hand  when  the  fifth  meta- 
carpal bone  is  above  the  level  of  the  fourth. 

In  many  instances  of  Morton's  cramp  there  seems  to 
be  simply'  a  la.xity  of  tissues  that  allows  a  sudden  dis- 
placement downward  of  the  fourth  articulation  or  eleva- 
tion of  the  liftli,  a  movement  as  of  something  slipping 
in  the  bone  which  is  followed  by  the  characteristic  pain. 
This  displacement  may  be  induced  by  a  misstep  or  by 
overexertion  and  not  infrecimiitly  the  first  ap|iearance 
of  the  affection  dates  from  a  sjirain  or  twist  of  the  foot, 
or  is  induced  b_v  extreme  dorsitlexion  of  the  toes.  It 
may  be  stated  also  that  extreme  dorsitiexion  may  cause 
a  subluxation  of  one  of  the  joints  which  in  itself  may  be 
the  cause  of  the  peculiar  pain.  There  are.  of  course. 
other  predisposing  or  exciting  causi'S  of  this  pain  than 
the  simple  local  cuiiscs  that  have  been  melitioMeil;  for 
example,  weiikiiess  of  the  longiluilinal  anh.  the  hollow 
foot,  in  which  the  iilantar  fascia  is  contracted;  gout, 
rheimiatism,  or  other  local  or  constitutional  alTection  that 
may  make  the  foot  abnormally  sensitive, 

Piithnliifiji. — It  wouhl  ajipear,  as  has  been  stated,  that 
the  ordinary  cause  of  the  symptoms  is  pressure,  which, 
as  the  attacks  recur,  makes  the  articulation  in  general 
sensitive.  The  more  intense  pain  is  due  ajiparently  to 
injury  and  pressure  on  the  digital  nerve  anil  in  certain 
instances  a  local  neuritis  may  be  present.  Other  changes 
in  and  about  the  joint  are  usually  those  secondary  to  the 
abnormal  position  nf  the  part. 

Trentmrnt. — The  treatment  should  be  conducted  with 
the  aim  of  removing  the  direct  causes  of  the  discomfort 
and  of  restoring  the  normal  condition  of  the  weakened 


part.  The  first  essential  is  therefore  to  provide  the  pa- 
tient with  a  pn)per  shw.  This  must  corresjiond  w  ith  the 
outline  of  an  iindistorled  foot;  the  sole  should  be  thick 
and  the  shank  .should  be  arched  to  give  proper  support 
to  the  sole.  A  laci-d  shoe  that 
may  be  drawn  tight  about  the 
arch  usually  adds  to  the  comfort 
of  the  i)atient.  The  sole  should 
be  fiat  and  it  should  Im"  some- 
what thicker  in  the  centre  so 
that  it  may  form  a  slight  con- 
vexity beneath  the  metatarsal 
arch.  In  fact  the  object  of  me 
chanical  treatment  is  to  support 
this  anterior  arch  in  its  projier 
position.  For  this  reason  it  is 
well  in  most  instances  to  provide 
the  patient  with  a  light  steel  sole 
]ilate,  fashioned  on  a  plaster  cast 
of  the  sole  of  the  foot,  of  which 
the  longitudinal  and  anterior 
arches  have  been  somewhat  ex- 
aggerated. This  jilate,  as  is 
shown  in  the  diagram,  usually 
extends  from  the  centre  of  the 
heel  to  slightly  beyond  the  me- 
tatarso-phalangeal  joints,  but  in 
certain  instances  it  is  of  advan- 
tage to  extend  it  farther  for- 
ward in  order  to  splint  the  foot 
and  prevent  dorsal  flexion  of  the 
toes  if  this  motion  induces  dis- 
comfort or  if  the  part  is  espe- 
cially sensitive.  As  an  immediate 
treatment  the  fore  foot  from  the 
tarsus  to  the  phalanges  may  be 
bound  by  strips  of  adhesive 
jilaster.  the  metatarstd  region 
being  compressed  somewhat  as 
a  light  glove  compresses  the 
hand;  the  elevation  of  the  arch  may  be  further  assured 
by  inserting  a  pad  of  felt  or  leather" beneath  it.  This  is 
a  very  effective  means  of  relieving  the  discomfort  aud 
preventing  the  recurrent 
cramp. 

In  acute  cases  or  when 
the  part  is  very  sensitive, 
and  particularly  in  those 
cases  that  have  resulted 
directly  from  injury,  a 
jilaster  bandage  may  be 
applied,  the  foot  being 
fixed  in  an  attitude  of 
slight  dorsiflexiou  and 
adduction.  The  meta- 
tarsal arch  should  be  ex- 
aggerated and  the  toes 
fixed  in  slight  plantar 
flexion.  If  the  arch  is 
rigidly  de|iressed,  as  in 
certain  ca.ses  complicat- 
ed by  rheumatism  and 
the  like,  the  deformity 
must  be  overcome  bj" 
forcible  manipulation 
under  ansesthesia  be- 
fore the  bandage  is  ap- 
plied. 

In  all  cases  the  pa- 
tient should  endeavor, 
in  the  after-treatment, 
to  regain  the  power  of 
jilanlar  flexion  of  the 
toes  by  manipulation 
and  by  exercise,  and  by 

pressing  the  toes  finnlV  Fig.  21«.— a  Brace  to  su|>p..rt  the 
n.riiinsrtlic  sole  nf  the  Anterior  Aroli.  A.  The  point  of 
agamst  tlie  sole  oi  tue  greatest  elevation  beneath  the  pain- 
shoe  to  assist,  as  far  as      (ni  part. 
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limy  1)0,  tlif  wfiikc'iitHl  urdi  lu  tlio  pfrfornmnro  of  its 
liilior. 

O/icratire  Treatmenl. — An  clli'Ctlvo  trvntniunt.  nml  one 

tliiil  limy  l»'  lU'fcssiiry  lii  llic  persistent  typeof  tliix  iifTee- 
tloii,  is  excision  of  llie  lirml  cif  llie  niitaliirstil  liones.  if. 
u»   is    iisiiiil.   llie   pain   is   locali/.ed   at   tills  pnjni       'I'lils 


FlQ.  -H4.—  riHiilar  Flexion  ef  the  T<m's.    ,\n  exen-lse  for  strenRthen- 
liiR  llie  Hiilerler  an-h  and  overcoinlnK  deformity. 

oponilidn,  tlie  treatment  of  routine  sutruested  liy  Jlortou, 
is  easy  of  performance  and  it  usually  alfords  relief.  The 
resulting  deformity  is  but  slight.  lu  most  iustauces  it 
is,  however,  unneccs.sary. 

Depression  or  contraction  of  the  longitudinal  arch, 
which  in  certain  instances  may  predispose  to  the  discom- 
fort, should  be  relieved  if  possible. 

Mas-saire.  the  hot-air  bath,  tlie  application  of  various 
liniments  are  of  some  service  in  certain  cases  as  adjuncts. 
Constitutional  treatment  is  also  indicated  in  those  cases 
in  which  there  is  a  gouty  or  rheumatic  tendency  or  other 
complication. 

V.  lI.M.nx  RioiDts.  (Synonym:  Hallux  llexus.) 
llallu.v  rigidus  is  a  ]iainful  alTeclion  of  the  great  toe 
joint  accompanied  by  restriction  of  nioliou.  In  well- 
marked  cases  the  toe  may  lie  habitually  pliintar-tkwed  to 
a  slight  degree;  hence  the  name  halhi.x  tlexus  suggested 
by  Davies-Colley.  In  this  class  the  motion  may  be  much 
restricted,  particularly  in  dorsal  llexion,  thus  interfering 
with  proper  functional  use  of  the  foot.  There  is  usually 
pain  of  a  burning,  throbbing  character  referred  to  the 
joint  and  increased  by  use,  and  a  certain  degree  of  con- 
gestion is  often  present. 

KtiiiUnjy. — Hallux  rigidus  is  usually  .seen  in  adolescence 
as  a  complication  of  a  weak  arch  which  allows  the  fore 
foot  to  be  crowded  into  the  narrow  ])iirt  of  the  shoe,  thus 
subjecting  the  great  toe  joint  to  lateral  and  longitudinal 
pressure.  In  some  instances  the  haliitual  llexion  is  the 
ctTect  of  an  instinctive  elTort  of  the  patient  to  support  a 
weakened  arch  by  downward  jiressnrc  of  the  great  toe. 
(Hammer-toe  flat  foot.     Nicoladoni.) 

The  affection  may  also  be  induced  directly  by  injury, 
as  by  stubbing  the  toe  or  by  kicking  a  hard  object,  or  it 
may  be  a  complication  of  rheumatism  or  gout. 

There  are  no  distinctive  changes  in  the  joint  other  than 
those  secondary  to  long-standing  restriction  of  function 
and  deformity. 

Trmtnuiit. — If  the  rigid  joint  is  a  .secondary  effect,  as 
in  most  instances  it  is,  of  the  weak  or  broken  down  foot 


the  tlrst  Htcp  \n  the  treatment  of  the  exciting  c-nu*;  (ice 
Weak  Foot).  In  any  event  a  properlv  tilting  hIkm-  miiKt 
be  worn,  which  exerts  no  pressure  on'  the  w  iisliive  purl. 
The  sole  must  be  thick,  so  that  moveiiieiit  in  the  Joint 
iiiiiy  be  ristricled.  and  in  certain  iiistanceB  it  may  be 
iiecessaiv  to  iii.sert  a  steel  brace  between  thi-  hiverH  of  tlio 
sole  of  tlie  shiH'  ill  order  to  prevent  all  motion  for  a  lime. 
If  direct  pressure  on  the  toe  joint  causcH  diMoinfort.  the 
sole  of  the  shoe  may  be  made  very  thick  jiit-t  behind  the 
sensitive  part,  so  that  the  weight  is  supporteil  as  it  were 
on  an  anterior  heel  (Kig.  21-15). 

If  the  alfection  of  the  toe  coinplicatea  a  rigid  flat  f(K)t, 
as  is  not  infre(iuently  the  case,  the  deformitieH  should  be 
over conecteil  under  anieslhesia  (the  Hexed  toe  being 
forcibly  extended),  and  lixed  in  a  plaster  bandage  in  the 
nianner  described  in  the  section  on  Weak  VmiX.  In  ex- 
Ireiiie,  and  very  exceptional,  cases  of  long  standing, 
excision  of  the  joint  may  be  rei|Uired. 

VI.  P.MNKii,  Giiic.vT  T(iK.  Pain,  on  motion  and  prc88- 
ure,  at  Ilie  great  toe  joint,  and  .symptoms  resembling 
those  of  hallux  rigidus.  are  not  uiicotninon  in  older  sub- 
jects. These  .syni|itnins  are  induced  usually  by  a  hing 
walk  or  by  strain  or  other  injury. 

The  treatmenl  is  lMi.sed  upon  essentially  the  same  prin- 
ciples as  those  governing  the  treatment  of  the  former  af- 
fection. Thus,  for  example,  splinting  may  be  employed, 
when  necessary,  to  restrain  painful  motion,  and  a  jiroper 
shoe  niiiy  be  titled  for  the  relief  of  jire.ssure. 

I'aiii  about  the  great  toe  is  a  common  symptom  of  the 
weak  arch,  or  of  the  contracted  toot.  Itinay  be  caused 
simply  liy  the  jircssure  of  a  tight  shoe.  It  is' often  pres- 
ent as  a  .sym|iloni  of  hallux  valgusand  of  itsaccoinpany- 
ing  bunion.  The  joint  may  be  directly  involved  in  gout, 
rheumatism,  and  the  like.  The  treatment  must  be 
directed  to  the  cause. 

VII.  Il.vi.i.vx  V.M.ois.  Hallux  valgus  is  a  deformity 
of  the  foot,  in  which  the  lirsl  metatiirsal  bone  is  ail- 
ducted  and  at  its  anterior  e.vlremity  separated  from  its 
fellows,  wliili'  the  toe  is  turned  oul  ward  or  aliducled  to 
a  greater  or  less  degi-ee.  Thus  although  the  area  of  the 
toes  is  contracted  the  fore  foot  is  actually  broadened. 

In  consequence  of  the  distortion  there" is  an  actual  dis- 
placement of  the  joint  .surfaces.  In  marked  cases,  the 
lirst  jihalanx  of  the  distorted  toe  articulates  only  with 
the  external  condyle  of  the  metatarsal  bone,  while  the  in- 
ternal condyle,  projecting  on  the  inner  side  of  the  foot, 
is  sulijcctcd  to  the  direct  pressure  of  the  shoe.  Here  a 
bursa  forms  and  this  is  in  turn  surmounted  by  a  corn  or 
callus. 

The  projecting  condyle,  sometimes  irregular  and  hvper- 
trophicd  by  the  deposit  of  periosteal  bone,  the  bur.sa".  and 
the  overlying  corn  make  up  the  enlarged  joint  or  so-called 
bunion.  In  cases  of  this  type  there"  is  usuallv  more  or 
less  abduction  of  the  other  "toes,  and  the  great"toe.  often 
rol.ated  on  its  long  axis,  may  be  displaced  "above  or  below 
its  fellows. 

K/<i'l,>gi/.—By  far  the  most  important  of  the  predispos- 
ing and  exciting  causes  of  the  deformitv,  and  of  the  con- 
se(iuent  pain  and  discomfort,  is  the  "shoe.  In  fact  a 
moderate  degree  of  hallux  valgus,  shown  by  the  pro- 
jecting •'enlarged"  joint. 
IS  so  common  as  to  pass 
as  the  normal  condition  of 
shoe  wearing  people.  The 
influence  of  the  slioe  is  in- 
creased when  the  longitudi- 
nal arch  is  weak,  as  the 
parts  are  then  subjected  to 
greater  pressure.  The  de- 
formity, or  more  especially  the  symptoms,  may  be  in- 
creased by  gout,  rheumatoid  arthritis,  and  the  like,  and 
by  overstrain  and  injury  as  well. 

Piitlinlogy. — The  pathology  does  not  call  for  extended 
comment.  There  are  the  usual  changes  in  and  about  the 
joint  that  accompany  .similar  subluxations,  the  cartilage 
disappears  from  theexposed  parts  of  the  internal  condyle, 
and  the  ligaments  and  the  muscles  contract  on  the  short- 
ened side  and  oppose  the  rectification  of  the  deformity. 


FIG.  2145.— The  Anterior  Heel. 
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Sj/mplomK. — The  most  iinportnnt  sijjn  of  liiilhix  valgus 
is  tile  <lcformity.  Tlic  most  imi>orlimt  sjmploms  iirc 
the  pain  ami  sensitiveness  indmiii  liy  the  pressure  ui)on 
the  projecting  joint.  The  (iisconifort  is,  of  course, 
greatly  increased  liy  the  inHanii<i  bunion  and  accompany- 
ing corn.  There  may  he  i)!iin  also  beneath  and  aliout  the 
joint.  Pain  in  llie  joint  may  be  in  part  symptomatic  of 
the  irritation  an<l  changes  secondary  lo  the  deformity 
itself  Pain  beneath  the  joint  is  usually  caused  by  the 
greater  presstire  to  which  tlie  pari  is  subjected  by  the 
outward  rotation  of  the  fool,  an  attitude  that  is  almost 
always  assumed  by  the  patient  if  there  be  an  accompany- 
ing weak  foot.  In  certain  instances  jiain  beneatli  the 
joint  may  be  due  to  irritation  aljout  one  of  tlie  displaced 
sesamoid  bones  which  are  sometimes  adherent  and  are 
sensitive  to  direct  pressure. 

Trent  mi:  nt. — In  the  slighter  degrees  of  deformity  the 
symptoms  may  be  checked  by  the  use  of  a  pro]>cr  shoe, 
straight  on  the  inner  side  and  with  capacious  upper 
leather.  This  removes  the  direct  pressure  and  allows 
an  opportunity  for  normal  movement.  Making  the  sole 
somewhat  thicker  on  the  inner  border  is  of  advantage 
also,  as  it  inclines  the  weight  slightly  toward  the  outer 
part  of  the  foot.  In  addition,  daily  manual  correction 
of  deformity,  together  with  alternate  voluntary  flexion 
and  extension  of  the  toe  while  it  is  guided  by  the  fingers 
in  the  normal  direction,  is  of  advantage  from  the  curative 
standpoint. 

A  number  of  appliances  have  been  devised  to  hold  the 
toe  in  normal  position  while  the  foot  is  in  use.  In  most 
instances,  however,  the  incidental  discomfort  is  sufficient 
to  prevent  their  use.  One  of  tlie  simplest  and  most  effi- 
cient of  these  devices  is  the  Ilolden  toe  post,  a  Ihiu  up- 
right of  metal  fixed  in  the  front  of  the  sole  of  the  shoe. 
making  a  compartment  into  which  the  toe  is  guided  and 
thus  held  in  an  improved  position.  This  toe  post  neces- 
sitates a  digitated  stocking  and  a  special  shoe;  like  other 
appliances  it  is  very  uncomfortable  unless  it  is  perfectly 
adjusted,  and  until  the  patient  has  become  accustomed 
to  it. 

It  must  be  borne  in  mind  that  a  part  of  the  defonnity 
of  hallux  valgus  is  caused  by  the  adduction  of  the  meta- 
tarsal bone.  It  is  well,  therefore,  to  lessen  this  displace- 
ment by  the  use  of  a  bandage  or  by  adhesive-plaster 
strapping  about  the  fore  foot,  so  applied  as  to  exercise  a 
certain  amount  of  comjjression  at  this  point. 

It  has  been  stated  also  that  weakness  of  the  arch  or 
flat  foot  is  a  common  accomjiauiment  of  hallux  valgus. 
In  such  cases  a  proper  support  is  an  essential  part  of  the 
treatment. 

As  a  rule  patients  demand  treatment  rather  because  of 
the  discomfort  than  because  of  the  slight  degree  of  de- 
formity. This  discomfort  is  due  to  the  pressure  on  the 
sensitive  bunion  Ij'ing  on  the  projecting  condyle,  and  the 
removal  of  this  projecting  bone  will  practically  relieve 
tlie  sym])loms. 

A  simple  and  eilective  operation  is  conducted  as  fol- 
lows. A  slightly  curved  incision  is  made  below  the 
joint,  the  bunion  is  dissected  from  the  adherent  skin,  the 
joint  is  opened  and  the  projecting  bone,  usually  the 
greater  part  of  the  internal  condyle  of  the  metatarsal 
bone,  smoothly  removed  with  a  chisel,  after  which  the 
capsule  is  dosed  with  line  catgut  as  in  the  external 
wound.  The  toe  is  then  straightened  by  stretching  the 
contracted  tissues.  The  entire  foot  is  slightly  adducted, 
or  turned  inward,  and  together  with  the  leg  is  enclosed 
in  the  iilaster.  the  toe  being  fixed  in  the  corrected  posi- 
tion by  the  same  means. 

As  soon  as  the  weight  can  be  supported  without  dis- 
comfort the  patient  is  allowed  to  walk  about  on  the  foot. 
Afterward,  manipulation,  exercises,  the  use  of  a  proper 
shoe  together  with  a  flat-foot  brace,  if  this  is  indicated, 
will  complete  a  practical  cure. 

Mmlifientions  iif  tlie  O/ierntion. — In  certain  instances 
there  may  be  contraction  of  the  extensor  tendon  of  the 
toe.  Weir  has  suggested  that  this  may  be  divided  and 
sewed  to  the  periosteum  on  the  outer  border  of  the  first 
phalanx,  thus  serving  to  prevent  recurrence  of  deforiuity. 


In  more  extreme  cases  of  contraction  and  defomiity. 
resection  of  the  head  of  the  metatarsal  bone  may  be  in- 
dicated. Cuneiform  osteotomy  of  the  metatarsal  bone 
has  been  suggested,  but  this,  t<j  be  effective,  must  include 
the  jirojecting  condyle. 

F'lir/er's  Ojunitiuii. — In  this  procedure  the  incision  is 
made  between  the  first  and  .second  toes,  the  ligament  is 
divided,  and  the  toe  is  displaced  inward.  Tlie  bunion 
and  the  ]irojecting  portion  of  the  internal  condyle  are 
then  removed  if  necessary,  the  toe  is  replaced,  and  the 
wound  closed.  This  operation  appears  to  offer  no  ad- 
vantage over  the  simple  one  that  has  been  described. 
for,  when  properly  performed,  the  scar  is  insignitieant 
and  is  not  subjected  to  pressure  if  it  be  made  slightly 
below  the  most  prominent  i)art  of  the  joint. 

Jliiiiion. — The  treatment  of  the  bunion,  the  inflamed 
s;ic  and  corn,  may  be  summarized  as  rest  with  hot  or 
cold  apjilieations  during  the  active  stage,  with  relief  of 
pressure  by  the  use  of  a  proper  shoe.  In  many  instances 
a  metallic  support  for  the  arch  to  remove  the  direct 
l>ressure  on  the  toe  is  indicated.  Operations  should  as  a 
rule  be  deferred  until  the  acute  symptoms  have  subsided. 
An  effective  operation  must  include  the  removal  of  the 
projecting  bone  as  well  as  the  s:ic. 

VIII.  Hallux  Varus  and  Pigeos  Toe.  The  term 
hallux  varus  is  properly  applied  only  to  persistent  ad- 
duction of  the  great  toe,  while  pigeon  toe  is  the  popular 
name  for  in-toeing,  an  attitude  usuall}'  caused  by  an  in- 
ward rotation  of  the  entire  limb. 

Hallux  varus  is  usually  congenital ;  the  great  toe  turns 
inward,  sometimes  when  in  active  motion,  to  a  marked 
degree,  in  fact  it  may  be  almost  prehensile  in  its  move- 
ments. 

In  certain  instances  there  is  slight  accompanying  ad- 
duction of  the  foot  at  the  medio-tarsal  joint,  constituting 
a  mild  degree  of  talipes  varus.  The  mother's  attention 
is  usually  attracted  to  the  condition,  not  by  an  actual 
deformity  of  the  toe,  but  by  difficulty  in  putting  on  the 
baby's  stocking. 

Hallux  varus  is  occasionally  seen  also  as  an  acquired 
peculiarity  in  connection  with  certain  varieties  of  weak 
foot  (valgus).  In  such  cases  there  is  a  marked  inward 
bulging  at  the  medio-tansal  joint  which  is  compensated 
for  by  an  exaggerated  inward  twist  of  the  fore  foot  and 
adduction  of  the  great  toe  (Fig.  2130). 

Tir/itment. — Simple  hallux  varus,  as  a  rule,  requires  no 
treatment  since  it  is  cured  by  the  use  of  the  shoe  when 
the  child  begins  to  walk.  In  more  extreme  cases  the 
prehensile  movements  may  be  restrained  by  a  narrow 
band  of  adhesive  piaster  "passed  over  the  toes  and  fore 
foot.  If  talipes  varus  is  present  it  should  be  treated  in 
the  ordinary  manner  (see  Talipes). 

Pigeon  Toe. — Hallux  varus  is  a  rather  unusual  cause 
of  the  in-toeing  .gait,  or  so  called  jiigeon  toe.  which,  as 
has  been  stated,  is  caused  as  a  rule  by  inward  rotation 
of  the  entire  limb  rather  than  by  a  deformity  of  the  toe 
or  foot.  This  rotation  of  the  limb  may  be  caused  also 
by  bow  legs  in  which  there  is  an  accompanying  inward 
twist  of  the  tibiiP  and  occasionally  it  may  be  induced  by 
a  restriction  of  the  range  of  outward  rotation  at  the  hip 
joints. 

As  a  rule,  however,  pigeon  toe  is  a  compensatory  atti- 
tuile  symptomatic  either  of  weak  feet  or  of  knock  knees, 
and  it  is  therefore  far  more  often  a  secondary  than  a 
inimarv  attitude.  The  projier  position  of  the  feet  in 
walking,  at  least  in  childhood,  is  one  of  ]iarallilism.  In 
fact  the  exaggerated  outward  rotation  of  the  feet  which 
is  so  commonly  seen,  is  more  almorinal  than  a  slight  de- 
gree of  in-toeing.  As  the  latter  attitude,  from  the  con- 
ventional standpoint,  passes  for  deformity  it  usually  at- 
tracts the  mother's  attention  before  the  weakness,  of  which 
it  is  so  often  a  symptom. 

Tinitmeiit. — The  rational  treatment  must  be  directed 
to  the  cause  of  the  )ieculiar  attitude,  viz.,  the  bow  leg, 
the  knock  knee,  or  the  weak  fool.  In  many  instances  the 
in-toeing  habit  remains  for  a  lime,  after  the  removal  of 
its  cause,  and  systematic  tniining  in  walking  with  the 
feet  rotated  outward  ma^'  be  necessarv  to  overcome  it. 
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Fo«l. 
Fool. 


If  tlHTu  Ik-  iictiml  liiiiitutioii  of  the  miicc  of  imlwiinl 
riitatiiiii  lit  till'  liip  jniiits.  us  is  sonirtiiiirs  tliv  cu.sc,  this 
iniisi  lie  civcrciiiiir  liv  syslrinalic  stnlcliiiin- 

In  tlir  iiliM-iici-  i>f  kiuK-k  kiUT  or  \vciikiirs.s  of  the  arrli 
till'  tcmlciK  y  to  lii'liH'iiiK  iiiiiy  1k>  Ics-si'IuiI  liy  iimkiiiK  llic 
sole  of  tlir  sJKM-  soiiirw  hill  tliiikiT  oil  ll Illrr  lioriltT. 

Ill  llir  iiiorf  c.Miu'Kcnilrd  lypcs.  Ilic  iiw  of  rliislic  ta|ics 
iilliichcil  to  llic  front  iinil  outer  miirv'in  of  llic  soles  of  ilic 
slioc.  |iiissiiiK  iilioiil  ""■  '""'^  "f  ''"'  '•''-'  f""'""  "'"'""'  •'!• 
waril  over  lln-  front  of  the  thiu'li  iiikI  aeross  Ihe  Imllock. 
to  III-  allai'hed  to  the  middle  of  the  wuist  hand,  is  an  etll- 
cienl  treiitiiieiit. 

IX  IIvMMKit  ToK.  Hammer  top  is  n  persistent  flex- 
ion of  a  toe.  iisiially  of  the  serond.  In  well  iimrked  eases 
the  lirst  phaliiii\  is  dorsillexed,  the  second  planliirlle.xed. 
uiid  the  third  may  he  Ihxed  and  exieniled.  The  toe  is 
usiiallv  coinpre.ssid  tietween  its  fellows,  while  its  ex 
tri'iiiiiv.  h  in>r  on  ii  lower  level,  is  llattened  mil  against 
the  sole  of  Ihi'shoe  into  a  eliili  or  haminer  shape.  On 
the  dorsal  surface  of  Ihe  llexed  joint  which  is  sulijcrled 
to  pressure  from  ahove  there  is  usually  a  si-nsitive  corn 
or  callus.  The  discomfort  of  Ihe  hammer  toe  is  caus<'d 
1)V  till-  pies.sure  of  the  shoe  upon  the  corn  above  and  upon 
the  hypertrophied  extremity  1k-Iow,  of  which  Ihe  nail  is 
not  infreciueiiily  ini;rown. 

Kli-'lf/i/.  —  Hammer  tiK-  maybe  conjrenilal,  but  in  the 
great  majority  of  cases  it  is  anac(|uired  deformity  causi-d 
by  niiriiiwaiid  short  shoes,  Thesecond  toe  is  more  often 
involved  because  it  is  Ihe  lon.i;est  and  is  subjected  to 
greatest  lateral  pres.sure  also.  In  cases  of  long  standing 
all  the  tissues  are  shortened  on  the  plantar  or  short  sur- 
face. Ihe  most  resistant  contraction  being  in  the  ligaments 
of  the  first  phalanseal  joint. 

7V(.i/i;«;(r— Coiiu'enilal  hammer  toe  may  be  corrected 
in  iiifauev  by  manipuliilionand  by  retention  with  a  strip 
of  adhesive  "plaster.  The  sliLrlit  degrees  of  hammer  toe 
in  older  subjeels  may  be  treated  in  a  similar  manner  by 
mcthiMlical  sirelchin,!:  and  splinting  willi  some  light  ma- 
terial such  as  celluloid.  In  such  ca.ses  a  digitated  stock- 
ing is  of  advantage.  In  all  cases  a  wide,  capacious  shoe 
wiiicli  exerts  no  pressure  whatever,  is  the  tirst  es.sential. 

Continued  hammer  toe  nuiy  be  treated  by  division  of 
the  resisiani  parts,  particularly  of  Ihe  ligamenlsof  Ihe  lirst 
iiili-rphalangeiil  joint,  and  by  correction  followed  by  re- 
teulion  for  a  lime  with  a  digital  splint  of  elastic  material 
or  a  leather  inner  sole.  In  most  instances,  however,  pa- 
tients demand  Ireatment  for  the  relief  of  the  discomfort 
caused  by  vertical  pressure  upon  the  llexed  toe.  rather 
than  for  the  absolute  restoration  of  .symmetry.  For  this 
class  the  most  cllicienl  procedure  is  resection  of  the 
prominent  joint,  sutlicient  bone  bein,g  cut  away  from  the 
adjoining  iihalanges  to  remove  the  projection  comi)lelely. 
By  such  a  (irocedure  permanent  reliif  may  be  secured. 

"X.  (>vi-;ni..MM'iMi  ToKs.  Irregularity  in  the  line  of 
the  toes  is  soinetiines  observed  in  infancy  ;  for  example,  a 
con.cenital  hammer  toe  may  be  present  or  the  little  toe 
may  be  set  tipon  a  higher  level  than  its  fellows. 

l''he  irregularities  may  be  treated  by  methodical  manipu- 
lation and  by  relentionof  the  dislorled  member  by  straps 
of  adhesive  plaster  jiassi'd  above  and  beneath  it.  tixing  it 
to  its  fellows.  Irregularities  of  this  character  in  older 
subjects  are  almost  always  causeil  by  improper  foot 
wear,  with  the  exception  of  distortions  caused  by  rheu- 
matism or  by  lesions  of  the  nervous  syslem.  and  tlic  like. 
In  this  cla.ss.  the  use  of  a  proper  shoe  will  usually  relieve 
the  symptoms. 

XI.  Aciiii.i.o-BrKsms.  (Synonym:  Achillodynia.) 
In  18513  Albert*  suggested  I'he  title  Achillodyiiia  to 
characterize  a  grou|)  of  symptoms  caused,  in  most  in- 
stances, by  irritation  or  inflammation  of  the  bursa  lying 
between  the  tendo  Achillis  and  the  posterior  surface  of 
the  OS  calcis. 

AVi«/'<<7.v. — In  certain  cases  the  bursitis  may  be  caused 
directly  by  pressure,  injury,  or  overstrain,  but  in  many 
instances  rheumatism,  gotit,  gonorrhoea,  and  Ihe  like,  ap- 
pear to  be  predisposing  or  exciting  causes  of  this,  as  of 

•  Wlen.  med.  Prrase,  January  8th,  1883. 


underlying  bone  may  Ijc  con- 


similar  iiffeclionsof  bursii'  and  tendon  HlientliH  elNcwhere, 
Coiicrelions  within  thi-  bursa  or  exosloM-s  iH-neatli  it  inuy 
be  mentioned  as  possible  caii'M  s,  or  coinpliiiilloiiii. 

/'.i(/i«//<</i/ — In  chronic  i  use  ^ihc  bursa  is  ihii  kemil  and 
enlarged  and  the  lining  meinbniiir  Is  fringed  and  reilup- 
licalid.  The  conlenlH  may  be  siioiis  or  wniiHolid  and 
concretions  may  be  present,  ."suppuration  may  occur 
within  the  sac  or  it  may  be  the  seat  of  Hyphililie  or  liilier- 
culous  disease.  The  periostirum  in  Ihe  neighhorluHMl  ig 
usually  thicki'iied,  and  the 
gesled  and  softened 

Si/mjilonm. — In  typical  cases  there  is  senBitiveness  to 
pressure  over  the  back  of  the  heel,  and  pain  or  ilisconifort 
exaggerated  by  functional  use,  particularly  by  motions 
and  attitudes  that  increa.s(!  the  slniin  upon  the  U'liilon. 
The  pain  may  radiate  up  tin-  leg  or  it  may  be  referred  to 
the  bollom  of  the  heel.  I'alii'iils  ofleii  complain  also  of 
a  sensation  of  laxity  and  insecurity  in  the  subaslragaloid 
arlieiilation.  In  a  large  proportion  of  Ihe  cases  Ihe 
symiUoms  of  the  weak  foot  accom|iany  or  follow  those 
of  achillodynia.  In  the  latter  instance  this  is  explained 
doublless  by  the  fact  that  the  loss  of  the  leverage  func- 
tion of  the  "calf  muscle  induces  an  awkward  gait  with  a 
strong  inclination  toward  pronation  of  the  foot,  an  atti- 
tude that  throws  an  increased  strain  upon  its  inner  border 
and  upon  the  longitudinal  arch.  In  <ases  of  long  sland- 
ing  there  is  marked  atrophy  of  the  calf  due  to  disuse  of 
fiinelion  and  in  many  instances  a  broadening  of  the  pos- 
terior part  of  the  heel  caused  by  the  intillnition  or  irrita- 
tion of  the  iieriosteum  about  thi-  insertion  of  the  tendon. 
The  enlarged  bursa  is  usually  demonslnible  on  inspection 
and  palpation.  The  affection  may  be  unilateral  or  bi- 
lateral, the  latter  being  more  common  in  chronic  cases. 
As  a  rule  the  symptoms  begin  in  one  foot,  the  second  be- 
coming involved  after  an  interval  of  several  months. 

AVhen  the  sym|)toms  have  persisted  for  any  length  of 
time,  there  appears  to  be  little  tendency  toward  spon- 
taneous recovery,  a  fact  that  is  explained  by  difficulty  in 
securing  relief  from  pressure  and  strain  in  this  situation. 

Tfciitment. — In  acute  cases,  particularly  those  that 
have  followed  injury,  the  treatment  should  be — functional 
rest  combined  with  the  apidication  of  heat  or  cold,  as  may 
be  indicated.  When  the  imme- 
diate symptoms  have  subsided 
the  part  may  be  supported  by 
adhesive  plaster  so  arranged  as 
to  relieve  the  strain  upon  the 
sensitive  part.  A  long  band  of 
plaster  about  two  and  a  half 
inches  wide  is  closely  applied  to 
the  sole  of  the  foot  and  calf  of 
the  leg,  reaching  from  Ihe  toes 
nearly  to  the  knee,  with  the  foot 
in  slight  plantar  flexion.  This 
is  supported  by  additional  straps 
about  the  fore  foot  and  leg,  the 
ankle  and  heel  being  completely 
covered  with  narrow  strips;  a 
bandage  is  then  apjilied,  Hy 
this  means  the  direct  pull  of  the 
muscle  on  the  sensitive  part  is 
checked  and  compression  is  ex- 
erted upon  the 
bursa.  The 
dressing  should 
be  renewed 
when  its  effi- 
ciency is  less- 
ened. 

If  more  com- 
plete fixation  is    fig.  2140.— The  Manner  of  Applying  Adhesive 
indicated    by  Plaster, 

the    symptoms 

a  light  plaster  bandage  may  be  applied  to  hold  the  foot 
at  a  light  angle  with  the  leg  and  slightly  adductcd.  The 
patient  can  "then  use  the  foot  without  discomfort.  In 
manv  instances  the  application  of  the  cautery  seems  to 
hasten  the  absorption  of  the  effusion.     If  relief  from 
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function  is  necessary  for  any  length  of  time,  as  in  tlie 
chronic  cases,  it  is  well  to  apply  a  IcR  brace  to  the  shoe 
Willi  a  joint  at  the  ankle  .soanangcd  as  tu  prevent  (hirsjil 
flexion  beyond  a  right  anjilc.  As  patients  are  usually 
sensitive  to  direct  jar,  a  ruliber  heel  should  be  employed, 
and  an  increased  height  of  the  heel  sullieient  to  throw 
the  weiiiht  forward  upon  the  frmit  (if  the  foot  usually 
lessens  the  discomfort. 

As  has  been  slated,  in  the  cliroiiie  cases  there  is  usually 
an  accompanying  weakmss  of  the  longitudinal  arch. 
This  may  require  the  application  of  asuiiporl  and  further 
treatment  as  described  in  Ihc  section  on  the  weak  fool, 

Operdtiee  Trent iiunl. — In  persistent  ca.s<'s.  particularly 
those  in  which  the  bur.sji  is  palpalile  and  in  which  the 
adjoining  tissues  of  the  os  calcis  arc  inlillralcd,  the  re- 
moval of  the  bursa  is  indicated.  Tliis  is  accomplished 
by  an  incision  beside  the  insertion  of  llie  tendon  where  the 
bursa  is  most  prominent.  Irregularilies  of  the  under- 
lying l)one  should  be  removed  at  the  same  time.  The 
wound  is  then  closed  and  a  plaster  bandage  is  applied. 
This  should  be  worn  until  tlie  patient  can  walk  without 
discomfort.  Support  may  or  may  not  be  required  in  the 
after-treatment.  Operative  intervention  is  of  course  in- 
dicated wlien  sujipuialiou  of  the  sac  is  present  or  when 
it  is  the  seat  of  primary  or  secondary  tuberculous  disea.se. 
As  has  been  stated,  the  local  disjiliilily  may  be  induced  or 
prolonged  by  systemic  disease.  In  such  instiinces  appro- 
priate renieciies  should  be  employed. 

XII.  AciiiM.o-BiHsiTis  PosTKKiOR. — A  Small  Sensitive 
bursa  over  the  insertion  of  the  tendon,  between  it  and  the 
skin,  sometimes  causes  symptoms  resembling  those  of  the 
preceding  affection.  This  bursa  is  usually  caused  by  the 
pressure  of  the  shoe,  antl  it  may  be  relieved  by  removing 
the  e.xciting  cause  and  hy  strapping  with  adhesive  plas- 
ter. 

Bursa;  or  sensitive  points  elsewhere  on  the  heel  are  to 
be  treated  in  a  similar  manner.  Irregular  projections  on 
the  bone  may  require  removal. 

XIII.  Str.\ix  of  the  Texdo  Achillis. — Pain  on  use 
of  the  foot  referred  to  the  tendo  Achillis  may  follow 
strain  or  overuse,  the  sj-mptoms  may  resemble  those  of 
Achillo-bursitis,  but  the  sensitive  point  is  often  localized 
at  the  middle  of  the  tendon  or  at  the  junction  with  the 
muscular  substance.  Apparently  there  is,  in  these  cases, 
an  irritation  within  the  fibrous  sheath  of  the  tendon  or 
injury  to  the  muscular  fibres. 

The  treatment  is  functional  rest.  As  a  rule  the  appli- 
cation of  the  adhesive-plaster  strapping,  as  described  in 
the  treatment  of  Achillo  bursitis,  is  effective. 

XIV.  P.\iNKii,  Hkf.i, ^C.\LC.\XEO-BfnsiTis. — Pain 
and  sensitiveness  lo  pressure  referred  to  the  bottom  of 
the  heel  are  common  .symptoms  of  the  contracted  or  hol- 
low foot,  in  which  there  is  abnormal  pressure  on  the  an- 
terior and  posterior  pillars  of  the  arch.  It  may  be  in 
normal  feet  a  symptom  of  overuse,  as  when  the  tissues 
beneath  the  heel  become  sensitive  after  long  standing  or 
walking,  and  it  is  a  common  symptom  of  the  weak  foot 
of  which  the  so-called  heel  walk  is  chanicteristic. 

In  rare  instances  llie  point  of  tenderness  is  distinctly 
localized  and  is  due  to  a  small  inltame<l  bursa  lying 
over  the  periosteum  of  the  inner  tuberosity  of  the  os 
calcis. 

Treatment. — This  must  be  directed  to  the  condition  of 
which  the  pain  is  a  symptom.  The  treatment  of  the 
weak  foot  and  of  the  contracted  foot  is  described  else- 
where. If  the  sensitiveness  is  due  to  overuse  or  to  ab- 
normal pressure,  the  use  of  a  rubber  heel  combined  with 
frequent  change  from  the  passive  attitude,  in  which  the 
weight  is  sujiported  entirely  on  the  sensitive  part,  may 
relieve  the  symptoms.  In  many  instances  the  use  of  an 
arched  foot  plate,  to  distribute  the  pressure  along  the 
entire  sole,  is  of  service. 

Painful  bursa;  may  be  i>rotect«d  from  direct  pressure 
or  reinove<l  if  neees-sary.  Ihyal  Whitman. 

FOOT,  DISTORTIONS  OF.— T.\i.rPEs.— In  the  pre- 
ceding article,  the  di.sal)ilities  of  the  foot  of  which  the 
discomfort  is  of  greater  importance  than  the  deformity 


have  been  described.  One  may  now  consider  those  of 
congenital  and  acfjuired  origin  of  which  deformity  is  the 
most  nolicealile  feature.  A  distorlion  of  the  fool' of  this 
class  is  simjily  an  abnormal  retention  of  a  normal  atti- 
tude, or  wliat  is  an  exaggeration  of  a  normal  attitude. 
In  other  words  the  centres  of  motion,  at  which  the  foot 
is  deformed,  are  the  centres  of  normal  motion  and  the 
different  dislortions  may  be  simulateil  liy  a  normal  sub- 
ject. If  the  foot  has  been  fixed  in  the  abnormal  attitude 
during  fietal  life,  or  if  it  lias  been  used  for  any  length  of 
time  in  the  alinormal  position,  the  deformity  becomes 
exaggerated  beyond  the  jiossihility  of  imitation,  and 
secondary  variations  in  its  shape,  size,  and  nutrition 
follow. 

The  deformities  of  the  foot  are  grouped  under  the  gen- 
eric name  talipes,  derived  from  talus  (ankle)  and  pes 
(foot),  signifying  therefore  a  form  of  deformity  in  which 
the  patient  walks  upon  his  ankles.  Talipes  was  there- 
fore originally  synonymous  with  the  popular  term  club 
foot,  but  at  the  present  time  it  is  used  preferably  as  a 
prefix  to  the  descriplive  titles  of  the  different  distortions, 
while  club  foot  is  usually  applied  only  to  the  most  com- 
mon of  the  deforniilies,  equino-varus.  in  which  the  dis- 
torted foot  is  club-like  in  form. 

Varieties. — There  are  four  simple  varieties  of  the  dis- 
torted foot  or  talipes: 

1.  Tdli/hx  Ei/'iiinm.  the  extended  or  plantar-flexed  foot. 
In  well-marked  cases  the  patient  walks  upon  the  heads 
of  the  metatarsal  bone,  an  attitude  that  .suggested  the 
name  equinus  (horse-like). 

2.  Talipes  Calcitneiis,  the  dorsi-Uexed  foot  in  which  the 
heel  is  prominent,  and  which  alone  bears  the  weight  in 
walking ;  hence,  calcaneus  from  calcaneum.  the  heel  bone. 

In  these  forms  the  centre  of  moticm  is  at  the  ankle 
joint.  Under  the  terms  equinus  and  calcaneus  are  in- 
cluded not  only  the  cases  of  marked  deformity,  but  also 
those  in  which  the  range  of  dorsal  or  plantar  flexion  is 
sufficiently  limited  to  cause  a  change  in  the  contour  of 
the  foot. 

3.  Talipes  Vartif..  the  inverted  foot.  In  this  deformity 
the  foot  is  turned  in  or  adducted,  and  combined  with  the 
inward  twist,  which  exaggerates  the  normal  curve  of  the 
inner  border,  there  is  always  a  certain  amount  of  supi- 
nation, or  inversion;  that  is,  the  inner  liorder  of  the  sole 
is  elevated  and  the  outer  border  is  depressed,  so  that  the 
weight  falls  to  the  outer  side  of  the  centre  of  the  foot. 

4.  Talijws  r(7/'/».«,  the  everted  foot.  This  deformity  is 
the  reverse  of  varus.  The  foot  is  abducted,  that  is.  the 
foot  is  twisted  outward  at  the  centre  and  pronated,  so 
that  in  use  the  weight  falls  on  the  inner  border. 

In  these  forms  of  lateral  deformity  the  centres  of 
motion  are  at  the  mediotarsal  and  suliastragaloid  joints. 

These  simple  deformities  in  which  the  fool  is  persist- 
ently extended  or  flexed,  or  twisted  in  or  out,  are  com- 
paratively uncommon. 

ComjMujid  Deformities. — As  a  rule,  the  deformities  are 
combined  in  varying  degree:  thus,  the  over-extended  or 
the  over-flexed  foot  is  usually  twisted  inward  or  outward, 
making  four  varieties  of  compound  deformity.  1.  Tal- 
ipes eifiinii-riiru.H — downward  and  inward.  2.  Tnlipei 
cquino-ea/f/iis — downward  and  outward.  3.  Talipes 
calcaneo-vanis — upward  and  inward.  4,  Talipes caleaneo- 
ial(/iis — upward  and  outward. 

In  the  simple  and  compound  varieties  of  talipes  the 
arch  of  the  foot  may  be  increased  or  diminished  in  depth. 
It  is.  for  example,  usually  increased  in  calcaneus  and 
equinus,  and  it  is  usually  diminished  in  valgus:  but  this 
secondary  or  subordinate  deformity  is  not  recognized  in 
the  ordinary  classification.  If  the  arch  of  the  foot  is 
exaggerated,  the  condition  is  sometimes  called  talipes 
earns;  if  it  is  lessened  or  lost,  talipes  planus.  These 
slight  degrees  of  distortion,  in  which  the  functional  dis- 
ability is  far  more  im|iorfant  than  the  deformity,  are 
rarely  classed  as  forms  of  talipes.  Simple  cavus.  the 
hollow  or  contracted  fool ;  aiul  planus,  one  of  the  forms 
of  the  common  weak  or  flat  foot,  have  been  described 
already. 

Etiology, — From  the  remedial  standpoint,  the  cause 
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iif  tin-  (Irfiiriiiity  is  of  fur  (;"■''•<■'■  iiii|">ruiii<  r  llmii  ils 
fiinn.  Tims  (lii'disturticiiis  <if  tin-  fiii>t  full  priiimrllv  into 
l«o  );roil|is:  1.  Thr  foiigrititiil  funii,  in  wiiicli  tlir  fcMit 
liiis  Ihtomii-  (Icforincd  in  procrsH  of  forniiitioii.  'i.  The 
iii-(jiiirril /"nil,  in  which  llic  foot,  pt-rfwl  ut  birth,  Una  ut 
It  liittT  tinii'  Ix'coini'  ilistorlcil. 

('oiif;cniliil  Tiiliprs  is  simply  ii  twistwl  fool,  of  whlrh 
'hr  coMiponinl  Imrls.  altliotlL'h  nialfoiiniii  to  ii  ^{rratri'  or 
less  ijifjnc.  lire  ciipiilplr  of  rrpiininjj;  pirlrcl  form  iinil 
function.  This  is  pnicticully  true  of  the  (frcut  miijority 
of  ciLscs,  iilthow^li  there  iiri'  c.vccptioniil  instumcK  in 
which  con^i'iiitiil  ilcformity  is  cornplicalcd  by  ilcfictivc 
formation  of  the  fool  or  lei;,  or  in  which  the  deformity  is 
ciiusiil  by,  oral  least  ai'companii-d  by.  paralysis,  as,  for 
cxainpli'.  in  rcrtain  forms  of  spina  bitida  or  othiT  con- 
^'enital  defi'cl  or  disease  of  the  mrvoiis  apparatus. 

Aiipiired  Talipes  is  almost  always  ii  conseciuence  of 
panilysis  of  spinal  ori^jiii  (anterior  poliomyelitis)  in  t-arly 
(■hildho(Hl.  Certain  muscles  or  fjroupsof  muscles  iK-injr 
panilyzed,  the  muscular  force  is  imbalanced  and  tln' 
foot  is  draw  II  into  a  distorteil  position  by  the  action  of 
the  unopposed  nuiscles.  and  by  the  intlueiice  of  griivily. 
This  distortion  is  conlirined  and  increased  by  the  accom- 
modative ehaiii;es  that  ai'company  functional  use  Olid 
j;rowih  in  the  abnormal  attitude. 

Far  less  often  ac(iuired  talipes  maybe  the  result  of 
paralysis  of  ccrobnil  ori^'in.  of  other  forms  of  spinal  dis 
case,  of  hical  pandysis  followin;.;  neuritis  or  injury  to  a 
nerve  trunk.  It  may  be  caused  by  scar  contmction,  as 
after  a  severe  burn,  or  by  direct  injury  to  the  bone,  or 
by  disease  that  may  interfere  with  subseiiuent  growtli. 
Such  are.  howevir,  extremely  uncommon  causes,  and  tlie 
statement  holds  j;ood  that  conjrcnital  talipes  is  a  simple 
distorlion  iiipable  of  perfect  cure,  while  the  acquired 
talipes  is  a  deformitv  and  disability  usually  secondary  to 
disease  of  the  spinal  cord.  It  is  iherefore  capable  only 
of  rectilication.  not  of  perfect  cure  unless  recovery  from 
tlie  original  disease,  of  which  it  is  a  result,  has  taken 
place. 

CONGENITAL  TALIPES. 

Etu>i,im;v. — The  etiology  of  congenital  talipes  as  of 
otlier  congenital  deformities  is  somewhat  conjectural.  In 
some  instances  the  influence  of  inheritance  is  apparent, 
and  again  two  or  more  children  with  club  foot  may  be 
born  of  the  same  mother,  but.  as  a  rule,  there  is  nothing 
in  the  family  or  personal  history  that  ciiii  in  anj'  manner 
explain  the  deformity.  The  most  rca.sonable  explanation 
applied  to  the  majority  of  cases  is  that  the  foot  has  from 
stmie  muse  remained  for  a  longer  or  shorter  time  in  a 
constrained  or  fixed  position,  and  has  thus  grown  into 
deformity. 

It  has  l)cen  claimed  by  Eschricht,  and  by  Berg  (Berg, 
Arrfiirts  nf  Medicine,  Xew  York,  December  1st,  1S82)  that 
at  about  the  third  month  of  intra  uterine  life  the  thighs 
of  the  embryo  are  abducted,  tlexed.  ami  rotated  outward, 
the  legs  are  cros.se<l.  and  the  feet  are  plantar-flexed  and 
ndducted  so  that  the  inner  surfaces  of  the  thighs,  the 
tibial  borders  of  the  legs,  and  the  plantar  surfaces  of  the 
feet  are  held  in  close  apposition  to  the  abdomen  and  to 
the  pelvis  of  the  fo'tus.  Later  there  is  an  inward  rota- 
tion of  the  legs  so  that  the  feet  are  turned  gradually 
outward  until  the  soles  are  brought  into  contact  with  the 
uterine  wall,  the  feet  then  being  in  theattitude  of  abduc- 
tion and  dorsal  flexion.  According  to  this  theory  there 
is  a  regular  succession  of  attittides  during  intra-uterine 
life.  If  the  inward  rotation  of  the  lower  extremity  is 
prevented,  or  if  it  is  incomplete,  the  foot  remaining  in 
the  original  position  becomes  deformed.  Thus,  ecpiino 
varus  being  the  normal  attitude  of  the  early  antl  middle 
peritxl  of  intrauterine  life,  is  the  most  common  and  the 
most  intractable  of  the  congenital  deformities.  If  the 
constraint  or  pressure  is  not  exerted  until  a  later  period. 
after  rotation  has  taken  place,  when  the  foot  has  attained 
or  nearly  attained  its  normal  size  ami  shape,  it  will  then 
induce  the  less  common  and  comiiaratively  slight  grades 
of  deformity  such  as  calcaneus  or  valgus. 

This  theory  which  seems  interesting  and  reasonable, 


appears  lo  rest  on  an  iuHeiure  biiNlii.  BchwI  ILiKeu  Hluleii 
that  in  embryos  of  ;J0  mm.  in  length,  the  f<«jt  In  in  ex- 
treme plantar  flexion;  in  llioHe  ol  IM»  Ui  10«  mm.,  ihe  Uxit 
l.s  at  a  right  aiigli'  to  the  leg;  and  from  lids  nI/c  to  timt 
at  full  leriii.  Ihe  foot  may  Im'  found  in  unv  posillon,  iib- 
duil4-d.  addiicted,  or  dorsiflexed.  He  stales  alHo  that 
supination  is  not  Ihe  usual  attitude  at  an  <-arly  period, 
but  is  more  common  mar  the-  termination  of  intra  uterine 
life,  anil  that  when  it  is  present  it  is  more  often  combimil 
with  dorsilhxioii.  In  other  words,  there  is  no  lime  w  hen 
till' foot  regularly  ami  normally  assumes  the  attitude  of 
club  foot,  from  w  hieli  it  is  changed  by  the  rolalion  of  tho 
legs.  Scu<ld<-r  (/i"*/<';i  Meilienl  aiitl  Siiiyiail  Juiirniil,  (.)c- 
tober  27th,  IWT).  after  similar  investigations,  arrived  at 


FIG.  2147 


-Lunireiiltal  Talipes  lllii!<tra(liii;  the  Attitude  of  xhe  Limbs 
at  Birth. 


practically  the  same  conclusions.  He  states  that  there  is 
no  necessary  relation  between  the  age,  the  rotation  of  the 
legs,  and  the  i)osition  of  the  feet. 

it  would  appear,  however,  that  there  is  during  the 
process  of  development  a  normal  alternation  of  attitudes 
and  postures.  If  the  feel  for  any  reason  are  tixecl  in  one 
position  during  this  period  of  rapid  growth,  distortion 
must  follow ;  if  the  constraint  is  slight,  and  if  its  influ- 
ence is  exerted  at  a  late  period,  the  deformity  will  be 
slight;  if  it  occurs  at  an  early  period,  the  deformity  will 
be  more  resistant. 

One  of  the  causes  of  constraint,  and  thus  of  ultimate 
deformity,  appears  to  be  the  interlocking  of  the  feet. 
Many  museum  specimens  show  this,  and  in  some  of  the 
cases  of  talipes  seen  during  the  lirst  weeks  of  life,  Ihe 
feet  may  be  rephiced  in  the  attitude  in  which  they  had 
bei'ii  fixed  befi>re  birth.  Intra  uterine  pressure,  although 
not  necessarily  direct  pressure,  undoubtedly  has  an  in- 
fluence in  aggravating  the  deformity.  The  elTcct  of 
pressure  is  not  infretjueutly  shown  in  atrophic  areas  of 
skin,  and  bursic  even  are  sometimes  found  over  promi- 
nent bones,  f^ntanglement  in  the  umbilical  cord,  the  di- 
rect pressure  of  extra-  or  intra  uterine  tumors,  and  the 
like,  may  be  mentioned  also  as  possible  causes  of  restraint 
or  fixation  of  the  foot  that  induces  deformity.  Further 
evidence  of  restraint  of  normal  movements  and  of  abnor- 
mal attitudes  of  the  limbs  is  seen  not  infre(|uently  in 
connection  with  club  foot.  For  example,  there  may  be 
hyperextensi<m  or  fixed  flexion  of  the  knees,  and  in  eases 
of  extreme  deformity  the  foot  is  often  smaller  than  nor- 
mal or  otherwise  asymmetrical.  In  certain  instances  the 
distorted  foot  maybe  imperfect  in  structure:  toes  may 
be  absent  ("spontaneous  amputation"),  or  constricting 
bands  about  the  leg  or  foot  may  be  present.     Such  ab- 
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normalities  arc  usually  ascribed  to  amniotic  adhesions. 
Talipes  may  be  combined  with  evidences  of  impaireil  or 
arrested  development,  with  harelip.  e.\stri)pby  of  the 
IJadder.  spina  bilida.  absence  of  patelhe.  or  with  other 
defurniilies.  such  as  cbil)  hand  anil  wry  neck.  Or  there 
may  be  evidence  of  intra  uteiine  disease,  as  shown  bv 
ankylosis  of  joints  or  by  .so-cftlled  fo'lal  rickets.  Fi- 
nally, deformities  of  the  foot  may  be  complicateii  by  ab- 
sence of  bones  of  the  foot  or  of  tlie  lei;,  indicatinsr  orijii- 
nal  defects  in  the  jierm  it.self.  This  latter  ^roiip.  winch 
includes  the  complications  of  club  fool  and  im|ierfection 
of  structure,  is  c<ini|)aralivily  small.  As  has  been  stated, 
coujieniliil  club  foot,  in  the  irreal  majority  of  cases,  is  a 
simple  deformity  calial)le  of  perfect  cure. 

The  relative  frecjuency  of  the  congenital  and  acquired 
forms  of  talii>es  has  given  rise  to  much  discussion  in  the 
past,  and  statistics  on  this  point  are  at  considerable  vari- 
ance with  one  another.  This  may  be  cxjdained  by  the 
fact  thnt  acquired  paralytic  talipes  is.  as  a  rule,  a  pre- 
ventable deformity.  At  the  ])resent  time  the  extreme 
degrees  of  accpiired  talipes  are  com)iaratively  infreciuent 
and  tlif  deformity  is  usually  of  a  much  slighter  grade 
than  the  corresponding  form  of  congenital  distortion. 


SEX  or  COXGEMTAI.  T.\I.1PKS.» 

Sex  of 

ACQriRED  Talipes 

Males.        Females.    Tulal. 
l.tKW             383           l.iKil 
IH.0%            3aM 

Males. 
!»r3 

Females.       Tntal. 
828             1,794 
4«W 

Congenital  talipes  is  much  more  common  among  males 
than  among  females.  All  the  statistics  are  in  accord 
upon  this  point.  Acquired  talipes  is  more  equally  di- 
vided between  the  sexes. 


Foot  affected  i.\  Congenital 

Talipes. 

Right.   Left.      Both. 

51(1       44n       Tin 

31.1*    2«.S<    i2.7f 

Inllateral ...  930 

Bilateral 710 


Total. 
l.tWI 


57.M 
42.7!t 


Foot    affected    in   acqcired 
Talipes. 

Right.  Left.     Both.  Total. 

781        768       234  1.803 
43.3«     42.6%     14.W 

Unilateral...  1..S49  85.9* 

Bilateral....     254  14. 1« 


In  congenital  talipes  the  deformity  is  far  more  often 
bilateral  than  in  the  accpiired  form.  In  each  variety  the 
right  foot  appears  to  be  more  often  affected  than  the 
left. 

The  Relative  Freqce-ncv  or  the  Differe.vt  Forms  of   Con- 
genital Talipes. 


Equfno-varus 

Valgus 

Varus 

Caleaneo-valgus 

Equlnus 

Calcaneus 

EquiDo-valgus 

Calcaneo-varus 

Cavus  

Valgo-cavus 

Equino-eavus 

DUTerent  delornilty  In  each  foot 

Total 


Cases. 


1,272 
133 
85 
53 
40 
38 
28 

5 
1 
1 

18 


1.660 


77.0 
7.4 
.5.1 
3.1 
2.4 
1." 
1.7 


Relative   Fkeqcencv   of  the  Different   Forsis  of  AcyriRED 
Talipes  Togcther  with  the  Etiology. 


EqulDo-varus 

Equlnus 

Calcaneus 

Valgus 

Equlno-valgus... 
Caleaneo-valgus . 

Varus 

Caleaneo-cavus . . 
Equfno-eavus 


■5   1  "ii 


479 

331 

319 

VM 

114 

76 

41 

12 


28 
66 
3 
4 
0 
0 

a 

0 


?? 


4»a 

224 
173 
122 
78 
49 
13 
34 


32.5 
2«.l 
12.8 
9.7 
6.9 
4.4 


1.3 


•  Statistics  from  Whitman's  "Orthopaedic  Surgery.' 


Relative  FREycENCV  or  thf.   Different   Forms  of   AcgriRED 
Talipes  Together  with  the  Etiology.— (v<ii(ini«</. 


a 

i.-l 

i 

U 

1  = 

=  3 

^1 

*l 

~ks. 

1 

1 

u 

S, 

^ 

t- 

0. 

Calcaneo-varus 

11 

n 

0 

0 

0 

11 

Cavus 

3S 

1 

0 

0 

0 

36 

2.0 

1 

1 

0 

0 

0 

2 

Dcfonnltv  dltferent  on 

each  side 

50 

Total 

1.4ft5 

KB 

B5 

8 

SB 

1.818 

Anterior  poliomyelitis   1.4iB,  82.8  per  cent.;  cerebral  30O,  11.3  per 
cent. ;  traumatic  9o,  5.3  per  cent. 

Comparative  Frehce.ncy  of  the  Different  Forms  of  Talipes, 
Congenital  and  AcgciRED. 


Equino-varus . . . 

Valgus 

Varus 

Caloaueo-valgus. 

Equlnus 

Calcaneus 


Congenital. 


77.0  per  cent. 
7.4  •• 
5.1  •• 
3.1  " 
2.4  •• 
1.7      " 


Acquired. 


32.5  percent. 
9.7      " 

iA      " 
26.1      " 

12.6  " 


According  to  these  statistics,  in  three-fourths  of  the 
congenital  cases  the  deformity  is  equino-varus.  Equinus 
and  calcaneus,  rare  as  congenital  deformities,  comprise 
38  per  cent,  of  the  acquired  forms. 

Occasionally  the  deformity  of  each  foot  is  different, 
far  more  often  in  the  acquired  than  in  the  congenital 
form.  In  7  of  the  18  congenital  cases  the  deformiVy  was 
equino-varus  on  one  side,  calcjineus  on  the  other:  in  3 
cquino-varus  and  calcaneo-valgus.  and  in  3  simple  varus 
and  valgus.  The  50  cases  of  acquired  talipes  represented 
every  combination  of  deformity. 

In  31,  or  4  per  cent.,  of  the  78.5  cases  of  congenital 
talipes,  the  distortion  was  combined  with  other  congen- 
ital defects  or  deformities,  viz. :  In  12  cases  with  double 
club  hands;  in  6  cases  with  defective  development  of  the 
hands,  webbed  fingers,  and  the  like;  in  7  cases  with  spina 
bifida;  in  3  cases  with  absence  of  one  or  more  bones  of 
the  leg;  in  1  case  with  torticollis;  in  1  case  with  hare- 
lip; in  1  case  with  dislocation  of  the  knee  and  ankylosis 
of  an  elbow  ;  in  2  cases  with  general  rigidity  and  deform 
ity  of  the  joints. 

The  A.natomv  of  Congenital  Talipes  EqriNO- 
Vauus  (Ci-ru  Foot). — Congenital  talipes  is,  in  the  great 
majority  of  cases,  the  form  in  which  the  foot  is  twisted 
inward  and  downward,  or  in  the  more  extreme  cases,  in- 
ward and  upward,  and  in  its  club-like  appearance  jusli- 
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fying  the  popular  name.  The  ordinary  congenital  club 
foot  in  early  infancy  is  simply  a  foot  held  in  an  attitude 
of  plantar  tli'xion,  adduction,  and  supination.  The  dor- 
sum of  the  foot  looks  forward  and  slightly  outward  and 
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I'ool, 

l'<M.|. 


upwiinl.  till'  plantar  mirfuco  is  nlmnrmnlly  concave  and 
liiiikx  Imckwiinl,  iiiwiml.  iiml  ilcpwiiwiinl.  In  nmny 
<ii.s<-H  till' ciniiiiiiuH  clfiiiiiil  iif  111"'  cl.liirmily.  niiiskcil  liv 
tlif  ixtri-ini'  iiiMTsi.pii  iif  ilic  f.... I,  (111.  s  Mill  ap|)iiir  until 


Fir,.  2149.— Resistant    Club    FoH    Showlug   the   Swondary    Knock 
Knees. 


this  liiis  Ix'on  rorrectod  in  ii.'iit.  The  foot  often  seems 
somewhat  smaller  than  normal,  and  the  heel  appears  to 
be  ill  formed.  Upon  the  outer  dorsal  surface  the  promi- 
nence of  the  astmiralus  and  os  calcis  may  be  felt  beneath 
the  skin,  the  external  malleolus  is  prominent,  while  the 
internal  malleolu.s  lies  deep  beneath  the  redundant  tissue 
of  the  internal  aspect  of  the  foot. 

Tin-  internal  structure  of  the  foot  corresponds  to  the 
external  contour:  thus  the  relation  of  the  bones  to  one 
another,  and  the  shape  of  the  individual  bones  even,  are 
more  or  less  altered  as  the  deformity  is  more  or  less  of  an 
cxairirenition  of  the  altitudes  that  the  normal  foot  is  ca- 
pable of  assuininir.  Thesi- changes  are  most  marked  in  the 
astr.iiralus  and  os  calcis.  The  astrasrahis  is  somewhat 
wedjre  shaped  from  without  inwanl;  it  is  plantar-tlexed 
so  that  a  large  Iwrt  of  its  body  protrudes  from  between 
the  malleoli,  lis  neck  is  often  somewhat  longer  than 
normal,  and  it  is.  as  a  rule.  de]iiissid  and  detlecud  in 
ward.  The  os  calcis  is  also  in  an  attitude  of  planlar 
llexion;  the  external  tuberosity  is  drawn  upwani  to  the 
vicinity  of  the  external  malleolus,  its  anterior  extremity 
liMiks  downward  ami  inward,  and  it  is  often  twisted  in- 
ward on  its  long  axis  corresponding  to  the  deformity  erf 
the  neck  of  the  astragalus.  Its  external  surface  looks 
downward  anil  forward,  ami  it  lies  directly  beneath 
the  astragalus,  instead  of  to  its  outer  side  as  in  the  nor- 
mal relation. 

The  scaphoid  bone  is  drawn  inward  and  upward,  and 
articulates  with  the  inner  part  of  the  deflected  bead  of 
the  astragalus,  lying  in  close  proximity  to.  and  often 
articulating  with",  tin-  internal  malleolus.  The  cuboid  is 
displaced  upward  and  inward  and  lies  to  the  inner  side 


of  the  nutorior  ex trvnilty  of  tlip m  caicU.  Tltv  rcJiutiiiinK 
biines  are  changed  In  piwitiori,  but  not  materially  in 
shape.  Ill  many  iiiHtiuices  Ihe  tlliiu  |k  piiati-il  inwiiid 
upon  the  femur  at  the  knee  joint,  and  comliiiied  with 
lliis  inward  rotation  there  may  Im-  an  inward  twlRt  of  the 
tibia  on  its  long  axi.i. 

The  liganicnlH  are  altered  tiiei>rri'spond  to  i '  ! 

relations  of  ihe  boni-s.     Those  on  the  short  si 
or  less  resistant  aceoiding  to  the  duration  i.f  ii'   ■!■  I'liii 
ily.     The   muscles  are  normal  as  to  their  siructure  and 
their  origin  and  inserlion.  but  the  direction  of  ili.   '■  •■ 
dons  as  tiny  pass  aiToss  tin-  foot  is  changed.     Tli 
tai  lied  to  ihe  inverted  siile.  the  extensor  and  ad'i 
group,  are   shortened  and  are  relatively  stronger  tliiiii 
tliosi;  on  the  outer  side,  which  are  lengthened  and  atro- 
phied from  disusi'. 

To  sum  up:  all  tliecomi)onent  pnrtsof  the  foot  pnrtici- 
])ale  in  the  deformity.  The  most  noticeable  changes  in 
the  bones  are  in  their  ])osiiion  and  relation  to  (iiieani>tliir. 
but  the  astragalus,  os  calcis,  and  scaphoid  bones  are  usu- 
allv  somewhat  distorted. 

The  most  resistant  structures  in  the  deformed  foot  are 
the  plantar  fascia  and  the  ligaiuenls  that  bind  the  scaph- 
oid, the  OS  calcis.  and  the  internal  malleolus  to  one  an- 
other. The  muscles  that  are  most  active  in  retaining 
and  increasing  the  deformity  are  the  tibialis  anticus.  the 
tibialis  posticus,  and  the  combined  gastrocnemius  and 
soleus. 

The  changes  that  have  been  outlined,  which  are  com- 
paratively slight  and  which  may  be  easily  rectified  soon 
after  birth,  become  more  marked  as  the  part  develops. 
And  when  the  child  begins  to  walk,  the  weight  of  the 
bodv,  eoniliined  with  growth  and  fiinrtional  use  in  the 
abnormal  position,  increases  and  fixs  the  deformity. 

In  the  adolescent  or  aibilt  type  of  club  foot  the  de- 
formity may  be  so  extreme  that  the  jpatient  actually  ap- 
pears to  walk  on  Ihe  outside  of  his  ankles,  as  the  term 
talipes  implies.  The  feet  turn  directly  inward,  or  even 
inward,  \ip\vard,  and  backward,  and  the  peculiar  walk, 
by  which  interference  of  inverted  feet  is  jircvented,  has 
given  another  name  ueel  fo<it )  to  the  deformity. 

Genu  valgum  is  usually  present  in  such  cases.  This 
deformity  may  be  congenital,  but  it  is  oftener  a  second- 
ary or  accomiiiodative  disloriion.  The  legsareshrunken 
from  disuse.  The  foot  itself  is  atrophied,  and  is  much 
smaller  than  the  normal.  The  changes  in  the  bones  are 
much  more  marked:  only  a  small  part  of  the  articulating 
surface  of  the  astragahis  lies  between  the  malleoli,  and 
this  posterior  extremity  is  flattened  out  to  the  shape  of  a 
wedge.  There  is  consequently  an  apparent  backward 
displacement  of  the  fibtda. 

All  the  bones  of  the  foot  are  more  or  less  atrophied, 
and  the  normal  area  of  cartilage  has.  to  a  great  extent, 
disappeared  from  the  proper  articular  surfaces.  In  this 
advanced  stage  the  foot  serves  practically  as  a  simple 
rijiid  support. 

In  these  extreme  cases  ctire,  in  the  sense  of  perfect 
functional  recovery,  is  of  course  out  of  the  question:  but 
relief  of  the  deformity,  that  is,  replacement  of  the  foot 
in  the  axis  of  the  leg  at  a  right  angle  to  it  and  in  the 
plantigrade  attitude,  is  ncarly'always  pos.sible. 

SvMrToMs. — The  sym|itnmsof  congenital  club  foot  are 
practicallv  included  in  the  description  of  the  deformity. 
The  functional  disitbility  is  of  course  considerable,  al- 
thousrh  some  patients  are  surprisingly  active  and  areable 
to  walk  long  distances.  Discomfort  from  club  foot  is 
due  almost  entirely  to  the  corns  or  inflamed  burs;B  over 
the  bony  prominences,  and  its  degree  depends  of  course 
upon  tlie  use  to  which  the  foot  is  subjected. 

TuE.iT.MEXT. — Although  congenital  club  foot  is  an 
eminentlv  curable  deformity,  yet  perfect  and  pcrniancnt 
cure  often  requires  minute  attention  to  details  during  the 
active  stage  of  treatment,  supplemented  by  long- 
continued  and  careful  supervision  after  the  cure  is  sujv 
posed  to  be  complete.  No  other  deformity  jiresents  such 
a  record  of  failures  and  incomplete  cures :  of  relapses 
after  apparent  cure:  of  tedious  and  ineffe<  live  treatment 
by  braces,  often  for  many  years,  and  of  unnecessary  and 
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mutilating  operations.  Some  of  tlie  failures  may  be  ex- 
pliiiiii'd  by  the  neglect  of  the  parents  anil  by  want  of 
opportunity.  A  frw  are  due  to  the  UMiisiiiil  nbslailes  in 
the  ileforniity  it.-ielf,  but  by  far  the  (greater  nuiiiber  must 
bi-  aeeounteil  for  by  failureof  the  physieian  to  apprehend 
the  true  nature  of  the  deformity,  or  by  his  ine.vperience 
in  the  practical  details  of  treatment. 

Proper  treatment  implic'S  suitiible  opportunity.  Under 
such  conililions  the  treatment  of  congenital  club  foot 
would  be  in<  hided  in  the  lirst  of  the  followini;  sections: 

The  infantile  club  fool  is.  as  has  been  stated,  simply  a 
twisted  foot.  It  is  true  that  there  arc  slight  changes  in 
the  bones,  but  the  bones  of  an  infant's  foot  arc  repre- 
sented by  yielding  cartilage  which  will  rapidly  reform 
under  changed  conditions.  The  shortening  of  the  mus- 
cles and  ligaments  may  be  overcome,  and  w  hen  the  rela- 
tion of  the  bones  to  one  another  is  set  right,  the  joints 
will  beccmic  normal.  The  treatment  of  a  club  foot  may 
then  be  divid<'d  into  tlirce  stages: 

1.  Tlie  reelilication  of  the  external  deformity. 

2.  The  support  of  the  foot  in  proper  position  during 
the  process  of  transformation  of  its  internal  structure, 
and  until  the  normal  muscular  power,  unbalanced  by  the 
deformity,  has  been  regained. 

3.  The  period  of  supervision.  This  would  include  the 
treatment  of  possible  complicating  deformities  of  the 
knee,  the  la.xity  of  ligaments,  and  the  like,  as  well  as  the 
oversight  of  the  functional  use  of  the  foot  and  the  leg 
during  the  early  years  of  life. 

Ttie  First  Stage  of  Trentment :  Rectification  of  Deform- 
ity.— It  should  be  stated  at  once  that  "rectification  of 
deformity  "  does  not  mean  apjiarent  symmetry,  a  misap- 
prehension to  which  the  majority  of  failures  iu  treatment 
may  be  ascribed.  It  means  that  when  deformit3is  really 
rectitiedall  contracted  and  resistant  parts  must  have  been 
so  elongated  that  every  i)assive  motion  and  attitude  pos- 
sible for  the  normal  foot  is  equally  possible  and  as  easily 
attained  in  that  which  was  deformed.  This  is  actual 
functional  rectification,  as  contrasted  with  the  simple 
straightening  of  deformity. 

The  most  important  part  of  the  clubfoot  deformity 
is  varus.  The  foot  that  is  rolled  over  and  twisted  inward 
to  the  attitude  of  e.\treme  adduction,  must  be  imtwisted 
and  forced  into  the  attitude  of  extreme  abduction  or  val- 
gus, the  so-called  overcorrection.  Until  this  is  accom- 
plished no  attention  wliatever  need  be  paid  to  the  residual 
equinus.  There  are  two  reasons  for  dividing  the  proced- 
ure into  two  parts:  first,  in  order  that  the  attention  of 
the  surgeon  may  be  concentrated  on  one  and  the  most 
important  part  of  the  deformity  ;  second,  because  by  this 
preliminary  untwisting  the  os  calcis  is  brought  into  the 
upright  ijosition,  into  its  proper  relation  to  the  astrag- 
alus, to  the  bones  of  the  leg  and  to  the  tendo  Achillis,  so 
that  the  true  degree  of  e(|uinus  may  be  appreciated. 

Preliminary  Msuiipulation.  For  obvious  reasons,  the 
second  or  third  week  of  life  is  as  early  as  mechanical 
treatment  can  be  undertaken.  Until  then,  preliminary 
manipulation  by  the  nurse,  more  particularly  manual 
rectification  of  the  defcirmity  by  gently  drawing  the 
foot  toward  abduction  an<l  retaining  it  in  the  iiuproved 
position  for  a  few  minutes,  as  often  as  is  possible,  may 
be  of  service  in  overcoming  its  resistance.  As  a  treat- 
ment by  itself,  however,  simple  manual  rectification  is 
tedious  and  inefTective.  although  ])artial  cures  have  been 
attained  liy  ])ersevei'ance  with  this  means  alone. 

Mechanical  rectification  is  the  treatment  of  choice  and 
routine  in  infantile  chili  foot.  In  this  treatment  two 
methi«ls  may  be  described;  (I)  by  the  plaster  bandage; 
(2)  by  some  form  of  simple  splint. 

The  principle  of  the  two  is  essentially  the  same.  The 
foot  is  drawn  toward  an  improved  position  and  retained 
there  by  the  plaster  bandage,  or  it  may  be  fixed  to  some 
form  of  metal  splint  or  brace  whose  sliape  is  gradually 
changed  from  week  to  week,  as  tin-  resistance  lessens. 

Gradual  Rtetificatiou  of  Difiamit;/  hy  .Vtaiin  of  the  Plas- 
ter Haiahiye. — In  this  treatment  care  should  be  taken  to 
avoid  undue  pressure,  irritation  of  the  skin,  or  insecurity 
of  the  bandage.     Shreds  of  cotton  should  be  placed  be- 


tween the  toes,  and  the  outer  aspect  of  the  ankle,  where 
the  skin  is  thrown  into  folds  when  the  foot  is  straight- 
ened, should  be  smeared  with  vaseline.  A  iiarrnw  strip 
of  iidhcsive  Jilaster  long  enough  to  reach  from  the  knee 
to  a  poiivt  an  inch  or  more  below  the  heel  is  applied  to 
the  outer  side  of  the  leg.  A  thin  layer  of  cotton  is  wound 
about  the  leg,  just  below  the  knee,  in  order  to  jirotect 
the  skin  from  the  hard  margin  of  the  plaster  bandage, 
and  a  similar  strip  is  carried  about  the  toes.  The  foot  is 
llieii  drawn  gently  toward  the  abducted  position,  often 
as  far  as  the  axis  of  the  leg  at  the  first  dressing,  without 
causing  discomfort.  While  it  is  held  in  this  position  a 
narrow  fiaunel  bandage  is  smoothly  applied  to  the  leg 
and  foot,  the  band  of  adhesive  pla.ster  being  drawn  out 
between  the  folds  about  the  ankle.  A  very  light  plaster 
bandage  is  then  ajiplied  from  the  knee  to  the  extremities 
of  the  toes,  and  into  this  bandage  the  projecting  strip  of 
adhesive  plaster  is  incorporated,  so  that  no  displaciiiient 
of  the  dressing  is  possible.  The  tunisof  both  the  ])l;ister 
and  the  Ihinnel  bandage  are  made  from  within,  down- 
ward, and  outward,  in  order  that  the  tension  may  aid  in 
retaining  the  foot.  When  the  plaster  bandage,  which 
during  the  hardening  process  has  been  constantly  rubbed 
and  manipulated  so  that  it  may  fit  the  part  perfectly,  has 
become  firm,  a  long  stocking  is  drawn  over  it  and  is  at- 
tached to  the  body  clothing.  At  the  end  of  a  week  the 
bandage  is  removed.  The  tegand  foot  are  gently  bathed 
with  alcohol,  thoroughly  dried,  powdered,  and  protected 
as  before,  and  the  bandage  is  again  applied.  At  this 
second  dressing  the  irritated  adductor  muscles,  after  the 
interval  of  complete  rest,  will  be  much  less  active  and 
the  contracted  tissues  will  be  less  resistant,  so  that  the 
foot  may  be  easily  turned  somewhat  outward,  or  beyond 
the  line  of  the  leg. 

After  fouror  fiveapplicationsof  the  bandage  at  weekly 
intervals  the  foot,  in  ordinary  cases,  can  be  held  without 
resistance  in  the  attitude  of  extreme  equino- valgus.  The 
sole,  which  at  first  looked  backward.  inwardT  and  up- 
ward, is  now  turned  iu  the  opposite  direction,  forward, 
outward,  and  downward,  and  the  inner  border  of  the 
foot,  which  was  concave,  is  now  convex.  When  the 
varus  has  been  completely  overcome,  treatment  is  di- 
rected to  the  equinus.  At  this  stage  it  is  sometimes  of 
advantage  to  cover  the  bottom  of  the  foot  with  a  plate  of 
thin  wood  (splint  wood  or  cigar-box  cover)  to  give  the 
plaster  bandage  more  solidity  to  aid  in  flattening  the 


FIO.  2150.— Ttie  First  Application  of  ttie  Plaster  Bandage.  Sbowlng 
the  Iiiipmvtnt  rositlon. 

rounded  sole.  At  the  first  application  of  the  dressing 
one  carries  the  foot  upward  (toward  dorsalfiexionV  while 
it  is  still  retained  in  th<'  abducted  i>osition;  but  when  the 
right  angled  position  has  been  attained,  it  is  brought 
nearer  to  the  axis  of  the  leg.  The  pronation  or  eversion 
of  the  sole  is  retained,  however,  until  correction  is  com- 
pleted.    In  correcting  the  equinus,  a  certain  amount  of 
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fiiro'  in  rn|iiiri'il.  siilllcii'iil  li>  i-aiisi'  kiiiiic  (liMiniirurl  dur 
iiii;  llif  u|>|>li('iili<>ii  i<(  the  pliislcr,  liiK  not  siilllrii'iit  In 
ciiiisi-  stilTiTJiiL'  iiflciwiinl.  Till'  fiirir  is  ii|>|ilir(l  liy 
iiiialis  iif  till'  Mill'  pint)'  to  till'  cliliri'  r<M>t  Ki  tliiit  the  pos 
li  rinr  iMri'iiiilv  nf  ilir  us  ciilris  iiuiy  lir  ilniwii  i  {own  ward 
li\  iii'liiiil  li'ii^'lliriiliii,' nf  till'  triiilii  Ai'liilli'i.  ami  mil,  as 
i-.  iifliii  till'  casr.  Iiv  an  uver  coriiiiiun  of  ilir  forrfoot. 
u  liilr  till'  liri'l  ninanis  ill  it.s  oriirinal  position  of  plantar 
tlr\ion.  Ity  III!'  iiiopcr  application  of  font'  tlir  cipiiniis 
is  ci^iiliially  ovrrcoini' :  tlir  sharp  inili'iitiition  or  folil  nt 
till'  iiisiTlion  of  till-  tcnilii  Acliillis  is  Icssi'iiiil,  anil  the 
hi'i'l  lii'conii'S  inori'  proniinriil. 

'i'lii'  ii'iliirtion  of  till'  I'ljiiiniis  may  lie  noincwliut  more 
ilillirwit  lliaii  that  of  the  varus,  hut  it  shoulit  he  entirely 
I  orriitiil  in  tline  or  four  months  from  the  time  of  hegiii 
nini;  the  trealnient. 

As  has  heeii  stated,  rorreetion  of  the  difonnily  implies 
overcorrection;  and  it  is  well  when  this  has  liien  at- 
taiiii'il  to  hold  the  foot  for  sevend  weeks,  liy  means  of 
I  lie  plasiir  liaiidau'e.  in  an  attitude  of  extreme  pronation 
and  dorsjil  tlexion  (calcaneo  val;;us)  in  order  to  impress, 
as  it  wire,  the  new  ]>osilion  upon  its  slructiire. 

This  concliidrs  the  tirst  stajreof  the  treatment,  the  sim- 
ple rectillialion  of  deformity. 

(orriilion  liy  the  plaster  bandage  has  the  great  ad- 
vant.'iire  of  placing  the  treatment  entirely  under  the 
coniniand  of  tin-  surgeon.  When  properly  applied,  the 
Mip]iorl  tils  perfectly  and  holds  the  foot  in  the  desired 
alliliiili'  without  tindue  pressure. 

The  ilisadvarilages  of  the  Inatmenl  are  almost  entirely 
due  to  its  improper  application.  For  instance,  the  liaiiii 
age  may  be  too  heavy,  or  the  padding  may  be  .so  llnck 
that  it  does  not  retain  its  position.  K.xcorialions  are  usu- 
ally due  to  earelessnes.s  in  the  application  of  the  bandage 
or  liny  result  from  a  failure  to  remove  it  in  proper  season. 
Till'  fear  of  compnssion.  of  atrophy  of  muscles,  of  sttint- 
ini;  the  growth  of  the  lind).  is  groundles.s.  At  the  end  of 
the  retention  treatment  the  corrected  foot  is.  as  a  rule, 
larger  than  one  that  has  lemained  untreated.  The 
stunleil  foot  is  the  result  of  non  trealmeni.  or  of  inctTec- 
tive  treatment  by  brsices  or  otherwise;  not  of  the  enforced 
rest  necessitated  by  the  mctliodical  reduction  of  de 
formity. 

It  may  be  noted  in  this  rnnntKtion  that  the  normal  in- 
fant moves  the  foot  in  various  directions  in  a  nioii'  or  less 
regular  alternation  of  postures,  while  in  club  foot  motion 
is  in  one  direction  only,  that  toward  which  the  foot  is 
turned.  The  muscles  on  the  back  and  inner  side  of  the 
leg.  which  are  alone  active,  become  rcK'ilively  irritable 
and  hypertrophied  as  compared  .with  those  on  the  front 
and  outer  side  that  are  disused.  Thus,  muscularactivity 
of  the  deformed  foot  is  in  reality  harmful,  because  it  in- 
creases deformity  and  still  further  disturbs  the  muscular 
l>tdan<'e.  For  this  reason  the  temporary  restniinl  of  mo- 
tion, necessary  during  the  rectilication  of  the  deformity, 
may  be  considered  rather  of  advantage  than  otherwise. 
When  inovemi'iil  is  again  allowed  ami  encouraged,  it 
must  be  in  the  directions  opposed  to  the  attitudes  of  de- 
formity, with  the  aim  of  so  strengthening  the  weakened 
group  of  muscles  at  the  o.xpenseof  the  stronger,  that  the 
balance  of  nmscular  power  may  be  re-established. 

Correction  of  deformity  may  be  accomplished  by  hold- 
ing the  foot  in  an  improved  jiosition  by  strips  of  adhesive 
plaster,  or  by  theelastic  traction  of  rubber  bandsatlached 
to  the  legand  foot.  Ascompared  with  the  ease,  rapidity, 
and  certainty  of  correction  by  the  plaster  bandage,  such 
methods  are  uncertain  and  ineffective  and  they  will  not 
therefore  be  described  in  detail. 

T/ii  liirlijioilinit  of  Drfiniiitii  Itij  Splints  and  Bnifen : 
Of  mechanical  supports  tiiere  are  many  varieties.  Com- 
plicated appliances  should  be  avoided  because  they  are 
uiuie<e.ssary.  and  because  they  serve  to  distract  attention 
from  the  prime  object  of  treatment,  the  rapid  and  syste- 
matic correction  of  deformity. 

Of  the  simpler  braces,  that  used  by  Judson  of  Xew 
York  is  one  of  the  best  and  will  serve  as  a  type  to  illus 
fnite  this  form  of  treatment.  The  method  of  application 
mav  be  described  in  Judson's  own  words; 


"The  iipparaliiH  which  I  have  conveniently  um'.I  to 
effect  this  rediK  lion  before  the  child  leiiniH  loHlniid  Ik  a 
simple  retentive  brace  wlilih  ads  lui  u  lever  iiiukinK 
pressure  on  the  outer  side  of  the  fool  ami  uiikle,  ut  A.  lu 


Fig.  2157. 


FIG.  2158. 


FMgs.  2151  to  2153,  inclusive,  and  counter-pressure  at  two 
points,  one  on  the  inner  side  of  the  leg.  at  B.  and  the 
other  at  the  inner  liorder  of  the  foot,  at  C.  It  is  advis- 
able to  ke(?]i  in  mind  that  this  simple  instrnment  is  a 
lever,  because,  if  we  know  that  we  are  using  a  lever 
with  its  three  well-defined  points  of  pressure,  we  can 
make  the  apparatvis  more  etlicient  than  if  we  view  it.  in 
a  more  general  way,  as  an  apparatus  for  giving  a  belter 
shape  to  the  foot. 

"  I  use  a  little  brace  made  of  sheet  brass,  doing  the  work 
with  a  few  simple  tools.  An  advantage  of  doing  the 
work  one's  self  is  that  there  is  no  room  for  doubt  as  to 
where  the  blame  lies  if  the  apparatus  does  not  work  well. 
Two  curved  discs.  B  and  V.  Figs.  21.52  and  21.5a.  arc 
riveted  to  a  shank.  D.  and  thus  is  formed  that  part  of  the 
brace  which  apjilies  the  two  points  of  coimter-pressure, 
while,  on  the  otlierhand.  the  lioint  of  ]>ressure  is  brought 
into  action  by  a  third  disc,  or  shield.  ^1,  which  is  drawn 
tightly  against  the  outer  side  of  the  foot  and  ankle,  and 
held  in  place  by  a  strip  of  adhesive  plaster  E.  which  in- 
cludes the  limb  and  the  piece  wiiich  connects  the  two 
discs.  /)  and  V.  The  discs  are  lined  with  two  or  three 
thicknesses  of  lilanket.  easily  renewed,  when  necessary, 
with  a  needle  and  thread.  These  braces  are  so  cheap  and 
easily  knocked  together  that  it  is  nothing  to  apjily  new 
and  larger  ones,  using  heavier  material  for  the  shank  a.s 
the  child  grows.  In  general,  three  sizes  will  be  enough, 
the  shanks  being  12  gauge,  |  in.  wide;  14  gauge,  i  in. 
wide;  and  16  gatige,  ^  in,  wide.  The  discs  arc  conven- 
iently made  from  22  gauge,  li  in.  wide.  The  rivets  are 
copper  belt  rivets,  Xo.  13.  A  lip  turned  on  the  edge  of 
the  discs,  with  the  Hat  pliers,  gives  stiffness  to  the  thin 
brass,  and  protects  the  skin  from  the  rough  edge.  If 
more  easily  obtained,  tin  discs,  light  bars  of  iron  or  steel, 
and  ordinary  iron  rivets,  would  doubtless  answer.  (See 
Figs.  2152,  "2157,  and  21.58.) 
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"Tho  bmce  is  iip|ilic(l  with  tlircf  strips  of  acllicsivc 
plaster.  Tin-  upiuT  aiul  loxvi-r  pii-ws,  /•'  and  U,  T\\i. 
21.")3.  are  siniplv  tu  keep  llie  apparatus  in  plafc.  which 
tlicy  <lo  cllictivcly  if  ordinary  fiuni  jilastcr  is  iisi'il. 
while,  by  ilrawinir  llie  niidille  strip,  E.  tightly  over  the 
shield,  and  straighteiiinj.'  the  braee  from  time  to  lime, 
the  deformity  is  annhially  and  jrently  rediieeil.  At  each 
re-application  the  linice  is  made  a  little  stniiirhter  than 
the  foot  at  that  stage.  This  may  readily  be  done  by  the 
hands,  and  then  the  ailhesive  strip  is  to  be  tightened  over 
the  shield  till  the  shape  of  the  foot  agrees  with  that  nf 
the  bniec.  After  a  few  days,  the  brace  is  to  be  made  still 
straighler  and  again  re-applied,  and  made  tight  till  an- 
other point  of  im|)rovement  is  gained.  The  brace  is  ap- 
plied very  crooked  at  the  beginning  of  treatment,  as  in 
Figs.  Sl.Vi  and  •,'!.'):),  and  is  stniightened  from  time  to  time, 
and  a  longer  brace  applied  as  the  deformity  is  reduced 
and  the  patient  grows.  It  should  be  removed  every 
week,  or  two  weeks,  and  an  interval  of  a  few  days 
allowed  for  freedom  from  the  brace,  when  the  mother  is 
advised  to  manipulate  the  foot  constantly,  using  as  much 
force  as  she  will  in  the  direction  of  symmetry.  Manijui- 
lating  the  fool  during  these  intervals  is  of  great  imjior- 
tance,  as  cases  haveoccurred  in  which  varusand  ec|uinus 
have  bei'U  entirely  overcome  by  the  mother's  band  alone, 

"By  this  simple  and  prosy  treatment,  carried  out  sys- 
tematically and  without  haste,  or  violence,  or  pain,  the 
foot,  unless  it  is  a  frightful  exception,  may- with  cer- 
tainty be  changed  from  varus  to  valgus.  At  the  sjime 
time  the  tendo^Achillis  is  lengthened  till  the  position  of 
the  foot  is  near  the  normal,  or  at  right  angles  with  the 
leg,  as  the  result  of  manipulation  and  giving  the  brace 
from  time  to  time  a  jiartly  antero- posterior  action.  Figs. 
21.V2  and  2b53  show  approximately  the  shape  of  the  brace 
at  the  beginning  of  treatment,  Fig.  2154  when  the  varus 
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FIG.  2161.  FIG.  21«2. 

Figs.  21.i9  TO  21B2.— The  Taylor  Club-foot  Brace. 

is  reduced,  and  Fig.  iXTiH  when  valgus  lias  taken  the 
place  of  varus.  Tlie  foot,  in  this  latter  stage,  may  not 
hold  itself  valgus,  when  left  to  itself,  but  with  almost  no 
force  and  with  one  finger  it  may  be  pushed  into  valgus." 


When  the  varus  deformity  is  reduci-d.  the  equinus  is 
gradually  correcte<l  by  mrrying  the  splint  behind  the  in- 
ternal malleolus,  and  finally,  if  neeessiiry,  direct  ujiward 
pressure  may  be  ol)taiiied  by  lengthening  the  brace  and 
api>lying  it  to  the  posterior  aspect  of  tlie  foot  and  leg. 


Fig.  2183.— The  Thomas  Wrench. 


It  may  be  noted  that  manipulation  and  stretching  of  the 
contracted  parts  when  the  brace  is  removed,  is  of  much 
importance  in  lli<'  correction  of  deformity  by  this  or 
other  means.  Siilints  of  wood,  tin,  felt,  and  the  like 
may  be  employed,  but  they  present  no  particular  advan- 
tage over  tliat  which  has  been  described, 

Tenolo'iii/  .■  The  ei|uinus  has  been  spoken  of  as  the  .sec- 
ondary deformity,  but  its  complete  correction  is  some- 
times niorc  ditlicult  than  that  of  varus.  The  mechanical 
stretching  of  the  contracted  parts  by  means  of  the  plas- 
ter-of-Paris  bandage,  or  the  brace,  is  often  accomplished 
with  case,  but  in  more  resistant  cases  time  will  be  gained 
after  the  foot  has  been  forced  into  the  position  of  ('(piino- 
valgus,  by  the  division  of  the  tendo  Achillis,  which  is  the 
most  resistant  of  the  shortened  tis-sues.  After  division 
of  the  tendon  it  may  be  necessary  to  use  considerable 
force  to  stretch  the  other  contracted  parts,  and  to  force 
the  foot  up  to  the  limit  of  normal  dorsal  llexion.  which 
is  the  object  of  the  operation.  Occasionally  the  obstacle 
seems  to  be  in  the  posterior  ligament  of  the  ankle,  and  it 
is  sometimes  of  service  tore-insert  the  knife  and  to  divide 
this  structure,  in  part  at  least,  so  that  it  will  give  way 
under  manipulation.  When  the  foot  has  been  forced  into 
the  p<isition  of  over-correction,  it  is  fixed  in  a  plaster 
liandage  which  is  allowed  to  remain  for  several  weeks, 
until  the  interval  between  the  separated  ends  of  the  ten- 
don is  tilled  in  with  the  new  tissue. 

In  many  instances  the  leg  is  rotated  inward  upon  the 
thigh,  an  attitude  that  is  accompanied  by  accommoda- 
tive changes  in  the  ligaments  of  the  knee  joint.  During 
the  rectilicationof  the  club  foot,  this  secondary  distortion 
may  be  corrected,  in  part  at  least,  by  forcible  manual  rota- 
tion of  the  leg  outward  on  the  thigh,  several  times  daily. 

The  management  of  the  first  stage  of  the  treatment  of 
infantile  club  foot  is  then — manipulation  by  the  nurse  or 
liarenls  from  birth  uijtil  systematic  rectification  can  be 
begun, — mechanical  correction,  first  of  the  varusand  then 
of  the  ecpiimis  deformity,  terminating  with  a  period  of 
retention  in  the  over-corrected  position  (calcanco  valgus). 
Division  of  tendons,  other  than  the  tendo  Achillis,  is  not 
often  necessary.  The  time  required  for  the  first  stage  of 
treatment,  or  overcorrection  of  deformity,  should  not 
under  favorable  conditions  exceed  three  months. 

The  rapid  and  complete  correction  of  deformity  in  the 
manner  described,  begun  as  early  as  possible  and  accom- 
plishe<i  as  quickly  as  ])ossible,  cannot  be  too  strongly 
urged.  In  the  first  mouths  of  life  the  tissues  are  not  re- 
sistant, the  bones  are  in  large  part  cartilaginous,  and 
when  the  foot  in  its  external  apiiearance  is  rectified, 
the  rainil  growth  in  the  first  months  of  life  will  change 
the  internal  structure  to  conform  to  the  normal  condi- 
tions. The  fear  of  atrophy,  compression,  or  <ither  harm 
from  the  temporary  fixation  necessary  during  rectifica- 
tion is  groundless,  and  in  fact  exercise,  so-called,  except 
in  the  ilireetion  opposed  to  deformity  is  harmful  rather 
than  beneficial. 

T/ic  Seoiiil  Stage  of  Treatment :  Siip/iort  mid  lieftDr- 
ation  of  Funetioi). — When  the  deformed  foot  has  been 
corrected,  in  the  sense  that  all  normal  motions  are  un- 
hampered, the  first  and  most  dilticult  part  of  the  treat- 
ment will  have  been  completed,  and  in  some  instances  a 
practical  cure  is  assured.  Such  a  residt  is  unusual,  how- 
ever, for  although  the  foot  may  be  normal  in  appearance, 
its  muscular  balance  has  not  been   restored.     This  is 


222 


REFEREKCE  HANDBOOK   OP  THE  MKDKAI.  StlK.SLtS. 


Pool. 

Foot. 


sIhUVII   IiV   lIlC  flK  1  tllllt     tlllTC  is  little  pi. WIT  III  tlic  clorsjil 

(li'Xors  mill  iilxliKliirs  to  ilriiw  the  fool  upwiinl  iiiid  mit- 
ttiiril.  Ki>r  tills  rciisciii.  the  foot 
iiiilHt  )>(•  supporliil  ill  proper  ^)osi■ 
tloll  until  tll<'  sliick  of  lllr  IrllKLli 
clii'il  lUsiii'S  has  lici'M  liiUrli  up  I'V 
ili'Vi'iopiiii'iil  ill  till' iioniiiil  iillitiiili'. 
otlii-rwisc  till'  cliforiiiily  iiiiisl  nciir. 
I'miticiilly.  support  is  iihviiys  ihm'- 
I'Rsiiry  until  tlio  cliilil  liiiM  begun  to 
walk. 

Tl„-  H,l,iiti-i„  Uniff :   Tlie  form 
of  reteiilion  linice  will  viirj-  soiiie- 


Fin.  2I«4.— Tlic  Thomiu  Wrench  Applied  to  a  Case  of  Tnllpra  Equlno- 
varus. 

wimi  lu'cordinf;  t^>  the  indications  of  tlu'  iniliviilual 
case,  the  one  essential  lieinir  tlml  the  fool  shall  he  sup- 
ported in  normal  position,  or 
better,  in  an  attitude  of  slight 
doi-sal  tie.Nion  and  ahdiiction. 
One  of  the  best  supports  is  the 
Tavlor  brace,  the  invention  of 
Dr!  C.  F.  Taylor  of  New  York. 
This  consists  essentially  t)f  a 
light  upright  that  extends  along 
the  inner  side  of  the  leg  to  the 
knee,  and  a  thin  steel  foot  plate 
of  the  exact  size  of  the  sole, 
with  an  upright  flange  on  the 
inner  side  rising  to  a  point  just 
above  the  dorsal  surface  of  the 
foot,  against  which  the  foot  is 
closely   pressed   so   that    recur- 


FiG.  2I(Vi.— The  Defomiliy  Par- 
tlally  Correcti'd  l>y  the 
Wrench. 


rence  of  the  varus  deform- 
ity is  prevented.  The 
joint  at  the  ankle  is  provided 
with  a  catch  that  prevents  plan- 
tar llexion,  but  allows  dorsil  Ilex- 
ion  (Figs.  21.i!).  21(50.  21(!1.  and 
2162).  By  bending  the  upright 
and  the  st.le  plate  the  foot  may 
be  held  in  slight  abduction.  The 
apparatus  is  applicii  with  straps 
as  illustrated,  and'  if  necessjiry  its 
position  is  further  fixed  by  a  band 
of  adhesive  plaster  applied  on  the 
inner  »ide  of  the  leg  to  hold  the 
heel  tirmly  against  the  foot  plate. 
The  footis  thus  held  constantly 


ot  a  right  angle  to  the  leg,  or  belter.  In  llie  I'arly  htiijjc 
of  treatiiieiit.  in  an  altitude  of  dofHiil  llexion  mid  vhI 
giis.  DeeiiHioiially,  after  eoiiiplele  reelitlntliini  of  Ihi! 
deforiiiity,  the  foot  Htill  turiiK  in.  In  iiiohI  limlnneeH  IIiIh 
is  due  to  an  iinvanl  rotation  of  the  tibia  on  the  femur  at 
till'  knee  joint,  but  ill  Home  eases  it  Is  eaiiKcd  by  a  Mplral 
twist  of  the  tibia  itself.  In  onler  to  corieet  thin  Heeond- 
ary  deformity  the  upright  of  the  brace  is  carrh'il  Ite- 
iiealh  the  leg,  proviiled  with  a  joint  at  the  knee,  and  is 


Fio.  2166.— The  Deformity 
Fully  Corrected  by  the 
Wrench. 


Fig.  2187.— Clul>-Foot  Braces,  to  C'onvct  Inwunl  Rotation. 

extended  up  the  outer  side  of  the  thigh.  At  the  hip 
it  is  attached  bv  a  free  joint  to  a  padded  pelvic  band 
of  light  steel,  'fhe  band  holds  the  upright  in  the  proper 
relation  to  the  thigh;  thus,  by  twisting  the  part  below 
the  knee  the  foot  can  be  rotated  outward  to  the  desired 
degree.  In  less  niarkid  cases,  the  retention  bands  used 
fur  iiigeon  toe  may  be  eniidoyed.      (See  Pigeon  Toe.) 

Mctli'idiml  Manual  Correction:  Several  times  during 
the  day  the  brace  should  be  removed  in  order  that  the 
foot  may  be  thoroughly  massaged  and  forcibly  abducted, 
that  is.  twisted  outward  at  the  medio-tarsal  joint  .so  that 
the  inner  border  is  made  convex,  and  then  to  the  ex- 
treme limit  of  dorsal  llexion  aiul  abduction.  If  the  leg  is 
rotated  inward,  it  is  forcibly  turned  outward  on  the 
femur.  Kveu  if  the  tibia  is  actually  twisted  on  its  long 
axis,  the  inliuence  of  the  brace  and  forcible  manipulation 
will  usually  correct  the  deformity.  If  not,  an  osteotomy 
of  the  tibia  may  be  leiiuired  at  a  later  period:  this,  how- 
ever, is  not  often  ueces.saiy.  Active  contraction  of  the 
weak  muscles  niav  be  induced  by  tickling  the  sole  of  the 
foot  or  bv  the  use  of  electricity;  and  linally.  the  entire 
limb  should  be  thoroughly  massaged  before  the  brace  is 
reapplied. 

When  the  ability  to  dorsiflex  and  abduct  the  foot  has 
been  regained,  the"  brace  may  be  removed  for  a  part  of 
the  day;  later  it  is  used  only  "at  night,  and  liually  it  may 
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be  (list'ardwl  if  tlie  rliilil  wiilks  iiorimillv.  Htil  it  is  best 
to  ooiitiiuic  tlip  (liiily  miiniimliition,  more  particularly  llif 
systt'iimlic  stntcliiMj;  or  nvcrcdrrcction  ot  the  fiuit,  for  a 
long  time.  Thus  one  may  clicik  llic  tciidiucy  toward 
deformity  (if  wliicli  tlir  first  sii;ii  isalwaysa  slifrlit  limitu 
tioii  of  the  range  of  dorsjd  llcxiou  ami  iiliduetiou. 

Ill  many  instane<'s  the  deformity  may  have  been  so 
tlioroughly  over-eorreeted  by  the  plaster -of  Paris  band- 
age or  bytlie  bnice.  and  theiifter  treatment  of  massage 
and  stretching  may  have  been  so  ellicieutly  applied  by 
the  nurse  or  parent  that  no  supjiort  is  reciuired  aftir  the 
child  begins  to  walk.  On  the  other  hand,  the  inclination 
toward  deformity  may  be  so  marked  that  it  may  l)e  neces- 
sary to  liold  the  "fool  "in  slight  abduction  and  valgus  for  a 
year  or  longer. 

In  other  eases,  the  use  of  a  light  brace  to  hold  the  foot 
in  the  over-corrected  position  during  the  night  is  alone 
letiuired.  These  are  points  to  be  decided  liy  the  circum- 
stances of  each  case.  The  period  of  observation  and  su- 
pervision is  included  in  the  linal  stage  of  the  treatment. 

Tliinl  Stiiije  (if  Ticfitiiifiii :  .s'Kpcrm/rtH.  — During  this 
period  the  attitudes  of  the  limb  and  foot  of  the  child  in 
walking  must  be  carefully  watched  and  one  should  oli- 
servc  the  signs  of  wear  on  the  sole  of  the  shoe.  If  it 
shows  greater  wear  on  the  outer  side  than  is  usual,  it  is 
an  indication  that  the  weight  does  not  fall  on  the  centre 
of  the  foot  and  that  there  is  therefore  a  tendency  toward 
deformity.  This  nuist  be  counteracted  by  making  the 
sole  thi("ker  on  the  outer  border,  or  somewhat  wedge- 
shaped,  so  that  the  weight  may  be  deflected  toward  the 
inner  side. 

This  third  period  of  treatment,  or  rather  of  oversight 
of  the  functional  usi-  of  the  foot,  nuist  be  continued  in- 
definitely. In  fact.it  is  the  quality  of  this  tinal  super- 
vision that  decides  in  most  instances  whether  the  ultimate 
outcome  is  to  be  what  is  called  a  satisfactory  result,  or  a 
perfect  cure. 

T/(f  Tiaitment  of  Xeglected  Club  Foot. — The  treatment 
of  club  foot,  under  what  may  be  called  the  proper  condi- 
tions, as  outlined  in  the  jireceding  pages,  applies  practi- 
callv  to  all  cases  before  the  completion  of  the  first  year 
of  life,  ami  mechanical  rectification  may  be  successfully 
emidoyed  in  cases  far  beyond  this  limit  of  age.  As  a 
rule,  however,  when  the  jiatient  has  walked  for  any 
length  of  time,  the  resistance  of  the  tissues  has  increased 
to  such  an  extent  that  more  rapid  and  effective  treatment 
is  indicated.  The  investigations  of  WolflE  have  shown 
that  the  internal  structure  of  the  bones  corresponds  to 
their  external  contour,  and  that  the  structure  and  contour 
are  adaptations  tofiuiclinnal  use.  This  internal  structure 
is  not.  however.  ]icrmaiicnt,  but  is  readily  transformed  to 
conform  to  changes  in  form  or  function.  If  then  the  ex- 
ternal contour  of  the  club  fofit  were  suddenly  reversed, 
and  if  use  of  the  foot  were  ])erniitted  in  this  new  attitude. 
a  transformation  of  the  internal  structure  of  the  bones 
and  at  the  sjime  limi'of  their  shape  would  begin  at  once. 
This  would  continue  until  both  structure  and  shaiie  had 
become  adapted  to  habitual  function.  It  is  ujiou  this 
uatund  jiower  fif  transformation  that  one  depends  for  the 
final  and  complete  change  of  the  distorted  bones  to  the 
normal;  and  what  is  true  of  a  resistant  structure  like 
bone,  is  etiually  true  of  the  other  constituents  of  the  de- 
formed foot. 

Ar/e  (IS  Iiijtiienrfiir/  Ti-eahnext. — There  is  then  this  very 
es.sential  difference  between  the  indications  for  treatment 
in  infancy  and  in  childhood.  In  the  first  instance  the 
foot  has  no  es.sential  function.  In  the  walking  child, 
however,  the  weight  of  the  body  and  habitual  use  tend 
to  confirm  anil  to  increase  the  deformity.  As  a  general 
principle  of  treatment,  therefore,  walking  should  not  be 
permitted  until  the  weight  of  the  body  may  aid  rather 
than  retard  the  correction  of  deformity.  This  is  another 
point  in  favor  of  rapid,  as  op|)osed  to  gradual,  correction 
of  defonnily. 

T/(e  Il(i]iiil  Correct i(ii(  nf  Dcfarndtji. — The  principles  on 
which  operative  treatment  is  conducted  are  thi'  .same  as 
those  which  govern  mechanical  treatment.  Thus  the  de- 
fonned  foot  must  be  over-corrected,  and  it  must  be  held 


in  the  over-corrected  position,  until  the  immediate  ten 
deney  toward  deformity  lias  lieen  overcome.  It  must 
then  be  supported  until  the  foot  has  become  adapted  to 
its  new  position  and  until  the  balance  of  muscular  power 
has  lieen  regained.  No  surgical  operation,  however  radi 
cal.  can  be.  in  childhood  at  lea.st,  curative  by  itself  alone. 
Operative  i>roeedures  are  undertaken  simply  for  the  \nn 
pose  of  making  the  ])rimary  overcorrection  possible,  and 
that  operation  by  which  this  object  can  be  aeeoinjilished, 
w  ilh  the  least  interference  with  the  structure  of  thi'  foot, 
should  he  selected.  Such  an  operation  is  what  may  be 
called  forcible  manual  correction. 

Forcihh'  uVaniial  Correction* — The  patient  having  been 
amvsthetized,  one  first  attempts  to  correct  the  sharp  in- 
ward twist  at  the  medio-tarsal  joint.  Supposing  the 
right  foot  to  be  deformed,  one  grasps  the  heel  with  the 
right  hand,  in  such  a  manner  that  the  projection  or  mus- 
cular jiart  of  the  palm  lies  on  the  outer  aspect  of  the  foot, 
against  the  most  prominent  part  of  its  outer  border,  which 
is  at  the  junction  of  the  os  calcis  and  cuboid  bones.  This 
hand  serves  as  a  fulcrum,  over  which  the  inverte<l  foot 
may  be  bent.  The  forefoot  is  then  grasjied  firmly  by  the 
left"  hand  and  one  begins  a  series  of  outward  twists  over 
the  fulcrum  of  the  opposing  palm,  gently  at  first  with 


Fig.  2168.— Reduction  of  Varus.    (After  Lorenz.) 

alternate  relaxation  of  pressure,  but  with  gradually  in- 
creasing force  as  the  resistant  tissues  stretch  under  the 
tension. 

If  greater  force  is  required,  a  triangular  block  of  wood, 
well  padded,  may  be  used  as  the  fulcrum  (Fig.  216H),  one 
hand  pressing  on  the  heel  and  the  other  on  the  forefoot; 
but  there  is  a  great  advantage  in  using  nothing  but  the 
hands,  because  one  feels  sure  that  no  injurious  force  is 
likely  to  be  exerted.  Under  this  steady  manipulation, 
the  foot  soon  loses  its  rigidity  ami  its  elastic  recoil  tow- 
ard deformity;  it  becomes  so  limp  that  with  two  fin- 
gers one  can  not  only  hold  the  sole  straight,  but  can  jnish 
it  or  bend  it  outward.  Thus  the  first  stage  of  the  me- 
thodical correction  has  been  accomplished. 

One  then  turns  his  attention  to  the  supination  which 
makes  the  outer  border  of  the  foot  lower  than  the  inner 
border.  The  leg  is  grasped  firmly  near  the  ankle  with 
the  left  hand,  and  with  the  right  the  foot  is  forcibly 
twisted  in  a  direction  downward,  outward,  and  upward, 
over  and  over  again,  with  steadily  increasing  force  as  the 
tissues  slowly  yield,  until  it  may  be  forced  into  a  position 
of  extreme  abduction,  so  that  the  sole  may  be  made  to 
look  outward  and  downward — the  reverse  of  the  former 
attitude. 

One  next  stretches  the  contracted  plantar  fascia  and 
reduces  the  cavus,  which  is  usually  ]ireseut.  by  forcing 

•  First  descrH>e<l  by  Delore,  of  Lyons. 
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l'oi>l. 


the  fon-f(iot  towuril  <l<irKil1i'xlon,  nfi;ninHt  the  resistance 

of  the  <'iiiitni<'li'(l  tniilii  Arlilllis,  iiiilil  tin-  sulc  Ih  niiiilc 
prrfi'dlv  lliit  (Kii;-  •-'Hllli.  Kiimllv.  iIk'  li'intli,  iiiul  Mftcii 
till'  iiiiiNt  ilillii'iili  pait  iif  llie  rc'i'tiUcatiiiii.  tliiit  of  furcing 


Fin.  21B0.— Reduction  of  Cavus.    (After  I-orenz.) 

tlio  ilispliiml  nstmu'iilii.s  into  il.s  jiropiT  imsilimi  lictwoen 
tlif  niiillriili.  is  nttfiiipliil.  Tn  mcoinplisli  tlii-i,  ilir  ti'ii- 
do  Arliillis  is  first  iliviili'il  suliriitnnc misly.  mill  if  iircfs- 
sjirv  till'  piistiTior  liiiiiiiu'iit  of  llii'  iiiiUli'is  iilso  iliviili-il  at 
till'  saiiir  timi'.  Tlu'  imlii'iit  is  thru  tiirmil  upon  liis  fafr 
so  that  with  the  liiii'i'  ri'stini;  on  the  lalilc  IIic  lej;  is  hi'lii 
upright.  This  allows  one  to  hook  tlii'  liiiu'i'rs  about  the 
t'Xtri'inity  of  tlii'  os  calois  wliili'  the  hami  ami  arm,  lying 
along  the  solo  of  tlii'  foot,  may  he  usid  as  alcvur  to  force 
it  toward  dorsal  Ih-xioii  as  tlii'  os  ralcis  is  drawn  down- 
ward. In  lliis  niaiiiKT  forrilili'  sln-lching  is  roiiliniii'd 
until  iIk'  dorsum  of  tlif  fool  can  lie  Inoiigiit  almost  into 
apposition  with  the  crest  of  the  tibia.  When  the  ojier- 
ntion  lias  been  completed,  the  fool  should  be  perfectly 
limp.  It  is  usually  somewhat  congested  from  the  press- 
ure of  the  Angel's,  but  it  is  warm  and  the  circulation  is 
unimpaired. 

( ine  may  a.ssume  that  in  the  change  that  has  taken 
phice  from  rigid  deformily  to  a  limp  foot  that  can  be 

111  o  11  1  d  e  d  into 
any  position,  the 
ciMiiponent  jiarts 
of  the  deformed 
foot  must  have 
been  subjected  ■ 
t  o  considerable 
violence ;  that 
ligaments  a  n  d 
muscles  must 
h  a  V  e  b  e  e  n 
stretched  and,  it 
may  hv.  rup- 
tliat  new  surfaces  are 
iposed  to  one  another 
rticiilations,  and  that 
les  have  been  forced 
iiu'oxiiiiiitely  normal 
n.  Tliis  metlhul  of 
■nt  has  a  great  ad 
e  over  the  ordinary 
'  treatment,  in  that 
e  foot  has  jiartici- 
pated  in  the  correction, 
instead  of  a  limited  por- 
tion, as  when,  for  example, 
bone  is  removed  by  cunei- 
form osteotomy;  and  it  has  a  second  and  almost"e(|ually 
important  advantage,  in  that  the  immediate  use  of 
the  corrected  and  yielding  foot  is  possible  in  the  (dace 
of  the  necessary  rest  that  must  follow  cutting  operations. 
Vol..  IV.— 1,^1 


antnge 
perativ 


Fig.  2170.— lli'iliirtlon  of  Equlnus. 
(AfUT  iwnniz.) 


For  tlieBe  reflHons  forrllilo  iiiiiHwige  ithould  lie  the  n|M'ntlion 

of  (•holee,  and   prelimiimry,  m   lerisl.  to  more  w.-vi-re  pni- 
cediins  in  the  liealmenl  of  resi..iiiin  club  fool   In  cliiid- 

h I-      'I'he  oiilv   disadvaiiliiL'i'  o|    Ihe    openillnil    Is  the 

actual  labor  wliieli  it  iH'ies'.iialeM  on  the  part  of  (lie  Niir- 
geoii,  usually  twenty  mlniiles  or  more  of  mther  exhuuHt 
ing  work. 

The  foot  must  now  be  fixed  by  n  idiutter  bandage  in  nil 
over  corrected  jiosilion.  ll  is  llrst  evenly  eovereir  with  ii 
laver  of  collon  and  a  bandagi'  of  canton  llaiiiiel,  and 
wliilf  it  is  belli  by  (he  nssisiaiit.  the  plaster  biiiiilageH 
air-  iipplieil  from  till-  lips  of  the  loes  lo  llie  upper  pari  of 
the  Ihigli.  It  is  iniporlant  that  the  toes  shoiilil  not  pro- 
ject beyond  the  bandage,  because  of  Ilie  swellim;  that 
somelimes  fnlluws.  It  is  impnrlant,  also,  that  the  foot 
should  be  held  in  the  proper  position  while  llie  bamlage 
is  hanleiiiiig.  iind  Unit  il  should  not  be  nianipiilateil  lo 
any  e.xleiil  after  llie  bamlage  is  applieil.  in  order  that  no 
rigid  wrinkle  may  jiress  against  the  skin.  The  bandage 
is  apjilied  to  the  thigh  in  most  instances  in  order  that  the 
tibia  may  be  rotated  outward  to  its  normal  i)osition  and 


Fig.  21T1.— llie  l-ei-t  fixed  In  an  AUlludc  of  (iver-rorredlon. 

held  there,  and  because  more  cfTective  fixation  may  be 
assured  and  greater  iiressure  exerted  on  the  foot  in  walk- 
ing. To  utilize  this  jiressure  to  better  advantage  the 
bandage  is  made  very  thick  beneath  the  sole,  and  a  thin 
foot  plate  of  wood  should  be  incorporated  in  the  jdaster. 
AVlien  the  bandage  is  applied  the  jiosition  of  the  foot 
should  be  that  of  over-correction  of  deformity.  Hexed  be- 
yond the  right  angle,  twisted  far  outward,  and  the  outer 
liiirder  should  be  elevated  considerably  beyond  the  level 
of  the  inner  border  (Fig.  2171). 

One  wfmld  sujipose.  after  using  the  foroe  that  has  been 
necessarily  applied,  that  much  ]iain  and  swelling  would 
follow.  This  is.  however,  not  the  case.  Often,  on  the 
following  day,  the  patients  are  able  to  stand  upon  the 
foot,  and  always  within  the  first  week  if  tlie  bandage  has 
been  properly  applied.  The  pain  following  this  oper- 
ation is  far  more  often  caused  by  pressure  of  an  ill-Iitting 
bandage  than  by  the  violence  that  has  been  used.  Thus 
one  should  be  careful  to  remove  sections  of  the  bandage 
if  it  appears  to  cause  undue  discomfort.  These  points 
are  usually  the  front  of  the  ankle,  the  back  of  the  heel, 
and  the  inner  border  of  the  great  toe. 

The  immediate  use  of  the" foot  is  encouraged,  and  al- 
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tli(iii<;li  only  the  heel  and  inner  border  bear  weight 
(liriflly,  yet  tlie  pressure  of  the  foot  iiliite  on  the  parts 
that  ilo  not  come  in  eontnet  with  the  Moor  is  usually 
sullieient  to  luouM  \hr  foot  into  its  proper  shape.  If 
prcatcr  pressure  is  thoui;ht  neees.sary.  «e(lj;<'S  of  wood 
or  cork  may  be  attai  IkmI  to  tin-  sok'  of  the  jilaster  liand- 
aj;e  so  that  all  parts  may  bear  weiitlit  equally.  The 
bandaire  is  eovered  by  a  stoekinp.  a  slipper  may  be  worn 
indoors,  and  an  ordinary  overshoe  for  .street  wear. 

The  tirst  Itandace  should  l)e  removed  at  the  end  of  about 
three  weeks,  as  by  that  time  it  will  have  liecomr  loose.  The 
foot  will  then  be  found  to  be  extrcmi-ly  tlcxible.  and  by 
an  enthusiast  it  mii:lit  be  considered  cured.  Hut  knowl- 
edge of  its  previous  conilition  sIkuiIiI  maki'  it  evident 
that  a  much  longer  lime  is  ni'cess;iry  to  allow  for  its 
consolidation  in  the  new  position.  At  this  time  almost 
no  evidence  of  the  oi>eration  remains,  except,  it  may  be. 
slight  discoloration  of  the  skin.  The  foot  is  again  held 
as  far  as  possible  in  the  over-corrected  iiosition  and  an- 
other plaster  l)andage  is  ajiijlied,  usmdly  as  far  as  the 
knee  only.  This  should  remain  for  eight  weeks,  or  longer 
if  it  is  still  unbroken.  The  patient  uses  the  foot  con- 
stantly, anil  isdrilhd  in  the  ]uoper  method  of  walking, 
so  that  the  nuiscles  of  the  leg  may  become  accustomed  to 
the  new  and  normal  attitudes. 

At  the  end  of  another  month  or  more,  the  plaster  is  re- 
placed by  a  brace  to  be  worn  inside  the  shoe,  usually  of 
the  simplest  description,  consisting  of  an  upright  bar 
with  a  calf  band,  attached  to  a  steel  .sole  plate  by  a  joint 
tliat  will  allow  dorsiil  lle.xion  but  checks  extension  at  a 
right  angle.  This  is  applied  because  the  dorsal  flexors, 
after  years  of  disuse,  oidy  slowly  recover  sufficient  power 
to  resist  the  action  of  the  opposing  group  and  the  force 
of  gravity. 

The  second  stage  of  the  treatment  is  now  begun.  This 
may  be  divided  into  a  period  of  active  treatment  and  one 
of  supervision.  The  tirst,  or  treatment  stage,  consists 
in  ma.ssage  of  the  entire  leg  and  of  the  foot  to  stimulate 
the  growth  of  the  atrophied  muscles,  and  methodical 
manipulatiim  of  the  foot  several  times  a  day  by  pushing 
it  with  the  hand  to  the  extreme  of  the  range  of  motions 
possible  inuuediately  after  the  operation,  viz.,  eversion, 
abduction,  and  dorsal  flexion,  in  the  sjime  order  as  at  the 
time  of  operation.  At  the  sjirae  time  the  patient  attempts 
voluntarily  to  carry  out  these  motions  by  his  own  mus- 
cles, the  power  being  supplied  by  the  hand  of  the  mas- 
seur. Slowly  the  mu.scles  gain  in  strength  and  ability 
and  w  hen  normal  muscular  power  and  balance  have  been 
regained  tla;  patient  is  practically  cured;  but  for  long 
afterward  supervision  is  kept  up  of  the  patient's  atti- 
tude, of  the  manner  of  using  the  foot,  of  the  wear  of  the 
sole  of  the  .shoe,  and  the  like,  and  by  constant  drilling 
and  stimulation  th<'  attempt  is  made  to  restore  the  nor- 
mal appearance  and  function. 

One  cannot  exaggerate  the  importance  of  this  after- 
treatment,  and  of  supervision  at  least  on  the  jnirt  of  the 
surgeon.  The  active  treatment  may  often  be  left  to  the 
parents.  But  constant  supervision  is  necessjiry  to  keep 
this  after-treatment,  which  seems  so  commonplace  and 
simple,  up  to  the  proper  pitch;  and  to  as.sure  one's  .self 
that  the  range  of  motion  regained  by  the  operation  does 
not  gradually  become  more  and  more  restricted,  even 
lho\igh  the  contour  of  the  fool  appears  to  be  ncirmal. 

Forcible  manual  correction  may  be  eniploved  with  ad- 
vantage from  the  second  to  the  tenth  year,  allhough  the 
limits  may  be  extended  in  either  direction  in  sjiecial 
cases.  In  this  operation,  as  described,  the  tenilo  Achillis 
is  the  only  structure  divided.  There  is  no  particular  ob- 
jection to  sidjeutaneous  divisi(m  of  other  tendons  or  liga- 
ments in  cornection  with  forcible  manual  correction; 
but  in  such  prolonged  manipulation  it  is  much  better  if 
the  skin,  which  itself  must  be  stretched,  is  uid)roken  an<l 
dry,  rather  than  moist  from  the  bleeding  from  punctured 
wounds.  For  this  reason  it  is  well  to  correct  the  deform- 
ity without  extensive  tenotomy  if  possible. 

Tre'ilinent  of  Sernnditn/  Ihformitie». — In  eases  such  as 
have  been  described  a  certain  amount  of  secondary  de- 
formity of  the  leg  is  often  present.     Knock-knee  i^rely 


requires  other  treatment  than  daily  manual  correction  in 
connection  with  the  ma.ssage  of  the  foot  and  leg. 

lIyi>erextension  at  the  knee  will  ccirrect  itself  during 
the  'treatment  of  the  fimt,  which,  being  fixed  in  an  atti- 
tude of  dorsal  flexion,  obliges  the  patient  lo  walk  with 
the  knees  slightly  Hexed.  Inward  rotation  of  the  leg  u]ion 
the  thigh  may  be  suthcient  to  require  a  brace,  but.  as  a 
rule  in  childhood  and  adolescence,  the  patient  has  so  long 
walke<I  with  exaggerated  outward  rotation  of  the  fenuir 
that  after  correction  of  the  deformity  no  inward  rotation 
of  the  foot  appears,  even  though  inward  rotation  of  the 
tibia  be  present.  Osteotomy  of  the  tibia,  to  correct  the 
inward  twist,  is  rarely  necessjiry. 

.ViiHidIidiii/. — In  conflrnied  club  foot  of  the  type  under 
consideration,  tin-  chief  obstacle  to  perfect  correction 
may  be  I  hi'  astragalus.  This  is  often  displaced  forward, 
downward,  and  inward,  so  that  oidy  the  posterior  por- 
tion of  its  articidating  surface  is  contained  within  the 
malleoli.  In  the  ca.ses  of  long  standing  the  spaces  be- 
tween the  bones  may  have  become  insuflicient  for  the 
anterior  and  wider  part  of  the  body  of  the  astragalus. 
In  such  instances,  even  after  division  of  the  tendo  Achil- 
lis and  the  jiosterior  ligament  of  the  ankle,  dorsal  flexion 
still  remains  restricted,  and  examination  shows  that  the 
astragalus  still  projects  as  before,  although  the  foot  has 
been  forced  into  a  position  of  apparent  dorsiflexion  and 
abduction.  This  apparent  correction  is  the  result  of 
overcorrection  at  the  medio-tarsiil  joint,  of  outward  ro- 
tation of  the  tibia  upon  the  femur,  and  of  backward  dis- 
placement of  the  fibula.  In  such  cases  the  malleoli  may 
be  separated  from  one  another  by  dividing  the  ligaments 
that  hold  them  in  apposition. 

A  straight  incision,  about  two  inches  long,  is  made  on 
the  outer  side  of  the  ankle  directly  over  the  anterior 
aspect  of  the  articulation,  the  ligaments  are  divided  and 
by  inserting  a  thin  chisel  the  bones  are  pried  apart,  and 
the  astragalus  is  replaced  in  the  proper  position.  This  is 
usually  easy  if  the  restraining  tissues  on  the  posterior 
part  of  the  ankle  have  Ix'cn  divided.  The  wound  is  then 
closed  and  the  foot  held  in  the  over-coiTected  position  by 
a  plaster  bandage.  Complete  correction  of  the  varus  de- 
formity should,  of  course,  precede  this  operation. 

It  would  seem  on  first  consideration  that  if  immediate 
correction  of  deformity  could  be  so  easily  accomplished 
in  the  confinned  ca.se,  it  .should  be  employed  even  in  in- 
fancy. There  are.  however,  practical  reasons  against  it ; 
tirst.  because  the  foot  is  so  small  that  it  cannot  be  easily 
manipulated;  second,  because  even  after  it  is  corrected  it 
must  be  supported  until  the  chihl  begins  lo  walk;  and 
third,  because  the  foot  can  be  so  easily  straightene<l  with- 
out an  operation,  which,  even  of  so  slight  a  character,  is 
sometimes  cause  of  much  anxiety  to  the  parents.  For 
these  reasons,  although  immediate  reduction  of  deformity 
is  a  thoroughly  luactical  and  safe  operation,  it  is  rarely 
advised  until  a  later  time. 

Siihciitdhtoiix  Ttiiiitiiiiiy. — The  division  of  tendons  and 
other  tissues  by  the  subcutaneous  method  has  been  men- 
tioned incidentally,  but  as  it  has  so  long  occupied  an  im- 
portant, and  even  at  one  time  the  most  imp'ortant.  place 
in  the  treatment  of  club  foot,  the  operation  and  its  effects 
may  be  described  somewhat  in  detail. 

Tenotomy,  as  has  been  stated,  is  iierformed  for  the  pur- 
pose of  removing  an  obstacle  to  the  correction  and  over- 
correction of  deformity.  In  the  acc|uinil  or  paralytic 
form  of  club  foot,  one  or  mcne  shoilene<l  tendons  may  be 
the  chief  obstacles  to  reposition,  but  in  th<'  congenital 
form,  in  which  all  the  tissues  have  grown  into  deform- 
ity, the  shortened  tendons  are  by  no  means  the  only  re- 
sistant parts,  and  tenotomy  should  be  considered,  there 
fore,  merely  as  an  incident  in  correction.  In  the  ordinary 
treatment  of  infantile  club  foot,  tenotomy  may  often  be 
dispensed  with,  and  in  the  great  maj<irity  of  cases  divis- 
ion of  the  li-ndo  Achillis  is  alone  rei|uired. 

When  the  tendon  has  been  divided,  the  di'formity  is 
inuuediately  over-corrected:  thus  the  two  extremities  are 
separated  to  the  extent  necessary  to  allow  the  improved 
position.  At  the  end  of  three  weeks  or  more,  when  the 
first  dressing  is  removed,  the  space  will  be  tilled  with  new 


2-2t! 


UKFKKKN(  i;   llAMUmiiK    <>F  TIIK    MKhK    \I,  SCIENCES. 


Fuul. 
Fuol. 


mnurlal.  and  In  nnotht-r  month  Ihe  Hpliic,  which  will  In- 
Niiiiii'whiil  liirutT  iiiiil  lliickcr  lliati  tin-  iinrmul,  kIhuiIiI  br 
KiroiiK  ciumuli  fur  iis<-.  Tlii-sliirlil  lliiikiniiin  iil  the  silr 
iif  ihc  npirnlinii  may  \»-  f>ll  lur  a  vriir  or  iiiurr,  IjuI  for 
all  iiitiiils  mid  purplisis  llic  mw  ami  Iciijrllniiiil  Iriiclini 
is  iiirfiiily  noriiial.  as  is  llu'  fiiiiitinn  i>f  lliu  iimscli'  i>f 
wliii  li  il  is  a  part. 

Tlir  process  (if  repair  is  somewliat  as  follows:  Iimiic- 
ilialilv  after  the  opemlioii  llu'  spaee  lirtwieii  llie  diviilcd 

ends  of  lli<'  tendon  is  tilleil  or  pailiallv  tilled  with  lil I . 

then  leiKMKjIes  appear,  which   with  those  in   tin-  M I 

clot  servi'  as  paliiiiuni  for  the  plasma  celU  w  hii  h  rniirnili- 
from  iH'twiiii  tin-  fascii  iili  of  the  liiahin  ami  from  the 
tendon  sheath.  The  tllirin  and  red  corpnsehs  of  the  clot 
are  ahsorlied,  the  extrcniitiesof  tlii'  divided  tilidon  soften 
mill  hecome  fused  with   the  new  material,  which  liej;iii-. 

to  taki the  form  ami  consist<-iic<'  of  true  tendon,  and 

to  separate  itsi-lf  from  the  adherent  sheath.  This  new 
tendon.  aceorilin>:  to  Tuhliv.  ililTers  from  the  norirmi 
structure  in  that  the  tihrous  hiscictili  ari'  more  irreuuliir 
and  its  sulistanie  is  more  like  scar  tissue.  Iiul  pracli- 
Ciilly  it  is  perfectly  normal  in  its  appcaniiue  and  funi- 
tion. 

Since  the  t<'ndou  sheath  wrves  an  important  purpose 
in  re])air.  it  should  be  disturbed  as  little  as  jiossible.  and 
for  this  as  well  as  for  other  obvious  riasons.  subcuta 
neons  tenotomy  "f  the  tendo  Achillis.  w  hicli  is  so  lironii 
iieni  anil  so  distinct  from  other  important  jiarls.  is  to  bi' 
preferred:  but  if  nioree.Ntensivedivisioii  of  othertendons 
is  reiiuired.  the  open  o|)enition  is  often  indicated. 

Dirifii'ii  lit'  tlii:  Ttiiilii  Ar/iil/iK :  For  I  his  operation  anas- 
tliesia  is  usually  re<iuired.  iireferably  by  means  of  nitrous 
o.xide  (fas.  and  it  is  hardly  nece.s.s)iry  to  state  that  surgical 
tleanliiM'ss.  even  in  so  slijihl  a  procedure,  is  essential. 

The  instrument  should  be  small  and  very  sliarp  so  that 
no  force  is  rei|Uireil  in  tlu'  operation  :  the  lilade  sliould  be 
as  Ion;; as  the  tendon  is  w  idc.  The  p.-itieiil  is  turned  upon 
Ihe  side  or  to  the  prone  ]iosiliiin,  so  that  the  foot  may 
lie  held  with  the  heel  tipward  by  the  left  hand.  The 
position  and  size  of  the  tendon  are  ascertained  by  carefid 
palpation,  and  the  knife  is  then  inserted  to  its  inner  side. 
at  about  the  level  of  the  extremity  of  the  internal  malle- 
olus. The  flat  surface  of  the  blade  is  held  parallel  to  the 
tendon,  and  it  is  passed  beneath  it  until  its  iioint  can  be 
felt  beneath  the  skin  on  the  o]iposite  side.  The  edire  is 
then  turned  upward,  and  the  tendon,  beln!;  made  tense, 
is  divided  by  a  sawin;;  motion  of  the  kidfe.  When  tin 
division  is  complete,  as  indicated  by  the  separation  ol 
the  divided  ends.  Ihe  knife  is  withdraw  ii.  and  tlieininul. 
oponin.c  in  the  skin,  from  which  there  is  usually  slight 
bleedinjr.  is  covered  with  a  jilediret  of  aseptic  cotton. 
The  foot  is  forced  into  dorsjil  lle.xion  and  is  securely  ti.\ed 
liv  a  plaster  Imndaije.  In  applyinit  the  dressing  one 
should  take  care  that  no  pressure  isbrouirht  uponthe  seat 
of  operation,  as  this  might  interfere  with  the  elTusion  of 
plastic  material.  As  .soon  as  the  discomfort  attending 
the  openi tion  has  subsided  the  patient  is  encouraged  to 
stand  and  to  walk.  Functional  use,  far  from  retarding 
repair,  is,  l)y  slinndaling  the  circulation,  an  important 
agent  in  assuring  tirm  and  rapid  union. 

Division  of  the  jilniitiirfnxi-in  is  not  infiei|Uently  neces- 
sary and  should  be  performed  suliculaneously.  The 
tenotome  is  inserted  beneath  the  skin  at  about  the  centre 
of  the  concavity  to  one  or  the  other  side  of  the  central 
biinil  of  the  fas<"'ia.  which  is  divided  by  a  sawing  motion 
of  the  knife  The  part  is  put  ujion  the  stretch,  and  other 
resisting  bands  to  the  outer  aiul  inner  side  are  divided  in 
the  sjinie  manner:  the  cavus  is  then  correcteil  by  manual 
or  instrumental  force.  The  operation,  like  that  upon  the 
tcndo  Achillis.  is  practically  free  from  danger. 

Division  of  the  tihiniix  niilicus  is  not  often  necessary, 
as  this  tendon  oilers  little  resistance  to  the  rectification  of 
deformity. 

The  tendon  of  the  tihi<iUs  jwntieiis  may  be  divided  to- 
gether with  that  of  the  tibialis  anticus  near  the  jioints  of 
attachment.  If  the  operation  is  rei(Viired,  it  may  be  com- 
bined with  simultaneous  section  of  the  oilmiuo-KCujihoid 
tigiiiiHiit,  with  which  are  blended  the  anterior  part  of  the 


deltoid  and  tlbres  of  the  anterior  ligament  of  the  aiiklr  * 
According  to  I'arker's  direct Ioiih.  the  foot  Kliouhl  Ih! 
strongly  abducted  to  make  the  parts  tenw.  The  teno- 
tome is  entered  direitly  in  front  of  the  anterior  iKirder  of 
the  internal  malleolus,  its  cutting  ihI^c  iH-ing  tiiniHl  for- 
ward between  the  skin  and  Ihe  ligament.  It  Ih  then 
liirned  toward  the  liganieiil,  and  the  tissues  are  divided 
to  the  bone.  'I'he  blade  is  ihen  made  to  enter  the  inter- 
vid  belwiiii  the  aslnigalus  and  the  waphoid,  and  is  enr- 
rii'd  downward  and  forward  to  divide  the  inferior  part  of 
the  ligamciU  and  at  the  .same  time  the  teiidon.'i  of  tibialiH 
anticus  and  posticus. 

The  posterior  ligament  of  the  ankle  joint  may  be  di- 
vided or  sutllciently  weakened,  so  that  it  may  be  rup- 


FiG.  21Ti.— Keslslanl  Clul)-Foot  in  Adulescence. 

tured  after  section  of  Ihe  tendo  Achillis  by  jiassing  the 
knife  directly  downward  in  the  middle  line  upon  the 
upper  border  of  the  astragalus. 

Fmrible  Cornet  ion  of  Diformity  by  Means  of  Osieoelatti 
mill  M'lenchcs. — In  place  of  manual  correction  of  de- 
formity greater  force  nia.v  lie  employed  by  means  of 
osteoclasts  or  wrenches.  There  is  this  important  differ- 
ence lielwecn  the  two  procedures:  force  may  be  ajiplied 
liy  the  hands  fur  as  long  a  lime  as  is  necessiiry  with  but 
little  danger  of  injury,  w  Idle  force  aiiplied  by  a  machine 
must  be  niomcutary  because  of  the  pressure  and  strain 
on  the  parts  wheie  the  leverage  is  e.\erted.  Manual 
force,  continuously  apiilied.  may^be  suiipo.sed  to  stretch 
the  resistant  parts,  and  although  much  less  power  is  ex- 
erted it  is  often  more  effective  than  the  sudden  and  mo- 
men  tarv  force  of  the  wrench  or  osteoclast. 

Correction  by  means  of  the  Thomas  wrench  is  one  of 
the  simplest  and  most  eflicient  of  the.se  procedures.  The 
wrenching  may  or  may  not  be  |ircceded  by  tenotomy,  a 
point  to  lie  decided  bv  the  resistance  of  the  parts.  As  a 
rule  division  of  Ihe  "tendo  Achillis  is  alone  necessary. 
The  instrument  is  a  simple  heavy  monkey  wrench,  of 

*  Parker :  "  Tbe  Astragalo-Scapliold  Capsule." 
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wliicli  the  jiiws  have  been  rejihioed  by  two  strong  pins 
slijihtly  biiilioiis  at  the  cuds  to  keep  the  eovei'S  of  rubber 
tailing  from  slipping  olT  (Figs.  2 HIS-'.?  1  fit!). 

The  wreneh  is  applied  to  the  inniT  sideof  the  foot  and 
sei'eweil  down,  so  that  it  may  "tiite  "  and  hold  its  ])laee 
flrndy.  for  if  it  sli]>s  it  is  likely  to  abrade  or  tear  the 
skin;  then  with  e(insi<lii'able  loree  (he  foot  is  twiste<l 
outward  and  upward.  The  "ki'ynote"  of  the  operation 
is  so  to  wrench  the  foot  that  it  loses  its  elasticity,  and 
siiows  no  tendency  to  recoil  toward  d<'forniity.  The  foot 
is  then  ]>laeed  in  the  l)est  possible  position  and  retained 
there  by  the  Thomas  foot  splint  or  by  a  jdaster  bandage. 
In  certain  instances  one  may  coniph'te  the  reelitication  at 
oni-  ojieration.  but  this  is  not  usually  attempted,  the  pro- 
cedure being  repeated  at  intervals  of  a  few  days  until  the 
deformity  lias  been  over-corrected.  In  very  resistant 
ciises  eight  or  ten  apidicationsof  force  may  be  necessary. 
■\Vlieu  the  deformity  has  been  rectitied.  the  foot  is  held  in 
thcovercorreet<d  position  for  several  weeks  by  the  splint 
or  pla.ster  bandage. 

As  a  walking  appliance,  a  simple  upright  of  iron  with 
a  calf  baud  is  a|iplied  to  the  imier  side  of  the  leg  from  a 
point  just  below  the  knee  to  the  heel  of  the  .shoe,  into 
which  it  is  inserted,  as  is  the  Thomas  knock-knee  brace, 
Bj-  bending  the  upright  the  foot  may  be  kept  in  slight 
valgus,  and  this  position  is  still  further  assured  by  mak- 
ing the  outer  side  of  the  sole  of  the  shoe  thicker  than  the 
inner,  so  that  the  weight  falls  upon  the  inner  border  of 
the  foot. 

In  manj"  instances  the  walking  brace  may  be  dispensed 
with  in  the  after-treatment,  but  a  light  brace  is  usually 
worn  to  hold  the  foot  in  the  corrected  ])o.sition  during 
the  night,  until  the  power  of  the  abductors  and  dorsjil 
flexors  lias  been  regained,  Mas.sage  and  mauipulation 
are  used  in  the  after-treatment  in  the  manner  already 
described. 

Properly  applied  the  treatment  is  satisfactory  and  free 
from  danger.  Sloughing  of  the  tissues  caused  by  the 
pressure  of  the  instrument  or  by  the  plaster  bandages 
has  been  reported,  but  such  accidents  have  not  occurred 
iu  the  extensive  practice  of  Thomas  and  Jones. 

Correct  ion  by  Meuin  of  the  Osteoclast. — The  late  Mr. 
Grattan,  of  Cork,  used  the  osteoclast  that  goes  by  his 
name  to  crush  and  to  over-correct  resistant  club  foot. 
The  operation  may  include,  besides  the  correction  of  de- 
formity of  the  foot  itself,  fracture  of  the  leg  above  the 


The  Ojien  Jncirion  Combined  icith  Forcible  liectificeition 
of  fleformili/ — PheljiH'  O/ttriiti'in. — Wlien  extensive  divis 
ion  of  soft  parts  is  indicated,  as  in  resistant  cases,  the 
open  incision  is  to  be  ])referred  because  of  the  opportu- 


FIG,  21T3,— I'belps'  Maphlne  In  Use  for  the  lorrwtiou  of  Cluh  FcHit  In  ttie  .\diilt 

malleolus  to  turn  the  foot  toward  valgus,  and  a  second 
fracture  half-way  up  the  limb,  to  overcome  the  twist  of 
the  tibia. 

Other  appliances  constructeil  on  somewhat  similar 
piinciples  may  be  employed.  Of  these  the  Lorenz  osteo- 
clast and  the"  Bradford  lever  apparatus  are  the  most 
effective. 


Fig,  2174.— Phelps'  Machine  Adjasted  to  the  Foot. 

nity  thus  offered  for  the  recognition  and  for  intelligent 
selection  of  structures  that  require  division  in  the  tiual 
correction  of  the  deformity. 

Phelps'  operation  is  in  all  essential  respects  simply  the 
division  of  the  contracted  parts  througli  an  incision  on 
the  inner  border  of  the  foot,  combined  with  the  manual  or 
instrumental  force  sulticient  to  over-correct  the  deformity. 
It  is  the  most  conservative  of  the  more  radical  procedures, 
and  by  it  even  the  most  severe  tyjie  of  deforuiily  in  the 
adult  can  be  corrected:  that  is  to  sjiy,  the  deformity  may 
be  overcome  and  a  serviceable  foot  may  be  assured  to  the 
patieut.  Perfect  functional  cure  is  not  possible  when 
deformity  has  become  habitual  after  many  years  of 
neglect. 

The  steps  of  the  Phelps  operation  are  as  follows:  After 
1  proper  surgical  preparation  the  Esmareh  bandage  is  ap- 
plied. The  tendo  Achillis.  and  usually  the  posterior  liga- 
ment of  the  ankle,  are  divided  subcutaueously.  and  by 
manual  or  instrumental  force  the  ei|uinus  is  corrected  as 
far  as  possible.  An  incision  is  then  made  on  the  inner 
border  of  the  foot,  just  below  and  in  front  of  the  internal 
malleolus  which  is  extended  directly  downward  over  the 
liea<l  of  the  astragalus  to  include  the 
inner  quarter  of  the  sole.  Through 
the  incision  all  resistant  parts  are  di- 
vided, according  to  Phelps,  some- 
what iu  the  following  order: 

1.  The  tibialis  posticus,  and  the 
nntieus  if  it  oilers  resistance. 

2.  The  alid\ictor  jKillicis. 

3.  The  jdantar  fascia. 

4.  The  ll(  xor  brevis  digitorum. 
0.  Tlie  long  tlexor  of  tlic  toes. 
G.  Tlie  deltoid   ligament   in  all  its 

branches. 

During  the  successive  division  of 
the  tissues  repeated  attempts  are 
made  to  correct  the  foot,  and  only 
those  structures  are  divided  that  pre- 
sent themselves  as  tense  and  resist- 
ant tissues  when  the  foot  is  forcibly 
abducted. 

In  the  adult  type  of  club  foot  no 
attemjit    is    made  to  recognize    the 
ditTerent   structures,  but  all  the   tis- 
sues  on    the    inner  side  of    the    foot 
including  blood-vessels  and   nerves, 
the  deep  ligaments,  and  occasionally  the  tendon  of  the 
peroneus  longus  muscle,  are  divided.     Even   then   it   is 
necessjiry  to  apply  considerable  force  to  correct  the  de 
fortuity  (Figs.  '.?173and '2174).     In  rare  instances  the  recti- 
fication of  deformity  necessitates  osteotomy  of  the  neck  of 
the  astragalus,  or  the  removal  of  a  cuneiform  section  from 
the  OS  calcis.     The  object  of  the  Phelps  opefiitiou  is,  by 
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the  iiHc  of  fdK'i'  mill  l>y  ilivisiiiM  »f  ri'siHlant  liMtiii'H.  Ici 
oVfrcorn't't  thr  ilrrnriiiril  foiit  iit  iniL'silliii);.  iiiiiliiH  imicli 
furcc  mill  IIS  I'Xtriislvi'  ilivisiuii  as  uru  r('i|iilri-(l  sliuulU  be- 
riiiiiliiyi'il  by  till'  iiiH'Ditiir. 

xVlit'ii  till'  foul  can  Ih-  lirlil  ill  tlic  ilrslri'il  poHitioii 
without  ri'si-itaiKi'.  thr  wimiiil  Is  rovirnl  with  Msiir 
proliilivi'.  till'  fool  mill  li'f;  arr  lliit'kly  rovi-ri'il  with 
caiuc  mill  rottoii,  a  |ilastrr  limulii^'i'  Is  ii|<|>liril.  ami  Ihr 
liiiili  is  I'li'vatcil.  In  youii^'iT  subjrcts  llir  patlriit  iiiiiy 
walk  upon  till' I'orri'ctnl  foot  in  a  frw  ilays.  Tlii'  lar^'i- 
piping  wounil  c'li>s«'S  liy  );raliulatiiiii  in  from  oiii'  to  tlirri' 
inoiiths:  in  many  iiistanri's  healing  is  pnictically  i-om- 
pli'trd  uiiilrr  till'  tirst  ilirssin^r. 

Ily  tliis  opinition  thr  foot.  I'Vrn  in  scvito  rases  in  ailiill 
lifi'.  may  hr  mailf  stniiiilit  in  appramnri'.  It  is  rviihiit. 
howi'Vir,  lliat  in  sinh  rasi's  tlii'  conrilion  of  thr  ill-form- 
ily  iif  till'  lioiii's  is  by  no  nirans  always  prrfiit.  lor  tlii' 
fiiri-  foot  may  br  simply  Iwislcil  outwanl  iiiiil  iipwanl 
w  hill'  till'  astragalus  ami  os  ctilris  may  remain  in  an  ap 
proximation  to  their  oriu'inal  ilefoiniily.  After  Ihoroujrh 
over-correetioii  by  the  I'lulps  melhoil  the  ilmi;:i-r  of  re- 
curreiU'e  of  ileformily  in  the  adult  ami  ailolesceiit  type  of 
elub  foot  is  not  ;;reat.  ami  in  many  instaiiees  support 
other  than  that  of  the  plaster  bamlajxe  for  several  months 
lifter  the  operation  may  be  unnecessary  ;  but  in  chililhood 
the  orilinary  preeautiiins  in  after-treatino'Ut  to  prcveut 
relapse  will  be  necessary. 

0/'(  riiliou»  on  tlif  Hoiim. — Osteotomy  of  the  neck  of  the 
astni{falus,  ns  a  supplementary  part  of  the  operation  of 
forcible  correction,  has  been  mentioned.  In  certain  in- 
stances, imrtienlarly  in  the  adolescent  or  adult  type  of 
deformity,  the  displaced  astratralus  may  olVer  such  an 
obstacle  to  correction  that  its  removal  is  indicated — an 
openition  tirst  perforincd  by  Mr.  Lund  of  Manchester. 

Aftiuii/iiUctonit/. — The  astrajtralus  is  usually  removed  by 
means  of  an  incision  pa.ssinfr  over  its  most  prominint  jiart, 
in  a  direction  forward  and  downward  from  the  tip  of  the 
c.Mernal  malleolus,  between  the  tendons  of  the  peroneus 
brevis  and  peroneus  tertius.  The  soft  jiarts  are  drawn 
aside,  the  ankle  ami  aslrairalo-scaplioid  joint  are  o|iemd. 
and  the  attachments  to  the  scaphoid,  and.  as  far  as  pos- 
sible, those  at  the  inner  and  outer  border,  are  divided. 
The  foot  is  next  adducted  so  that  the  head  of  the  bone 
may  be  .seized  with  forceps  and  drawn  upward;  the  in- 
terosseous lisrament  and  the  internal  lateral  lisrament  may 
then  be  divided  with  curved  scissors  and  the  bone  may 
be  removed.  If  after  removal  of  the  astrajral us  the  de- 
formity cannot  be  corrected,  flie  anterior  part  of  the  os 
caleisor  the  external  malleolus  should  be  removed  as  well. 
A  useful  movable  foot  may  be  obtained  by  lhiso]ieration. 
but  it  by  no  means  assures  the  patient  from  recurrence  of 
deformity.  It  is  rarely  indicated  as  a  primary  operation. 
The  varus  should  be  thoroiisrlily  corrected  as  a  prelimi- 
nary procedure;  then  the  resistance  that  the  astrairalus 
offers  to  dorsal  flexion  can  be  estimated. 

C'liiirifonii  (Mfiitoniy. — The  removal  of  cuneiform  sec- 
tions of  bone  from  the  outer  border  of  the  foot  is  some- 
times necessary,  but  the  openition  should  be  secondary 
toother  methods  of  correction.  The  aim  should  be  to 
leni;then  contracted  and  shortened  tissues  on  the  inner 
border  of  the  f<«it,  to  the  extent  reqiiirt'd  for  reposition; 
not  to  remove  bone  to  accommodate  these  shortened  tis- 
sues. If  this  has  been  shown  to  be  inijiossible  by  ordinary 
means,  then  removal  of  bone  may  be  indicated,  but  this 
is  practically  never  neee.ssjiry  in  childhood  or  even  in 
adolescence.  If  snflicicnl  bone  is  removed  from  the 
adult  foot  to  allow  of  perfect  correction  of  the  deformity, 
relapse  is  not  usual;  but  in  cliildhi«>d,  as  lias  been  stated, 
no  opiinition  will  take  the  place  of  after  treatment. 

The  treatment  by  cuneiform  osteotomy  as  it  is  ordi- 
narily carried  out  is  sullieiently  simple.  In  severe  cases, 
the  astrairalus  is  usually  removed  and  a  wedjre-shaped 
sielion  of  bone  is  taken  from  the  os  ealcis  and  the  cu- 
boid, and  if  necessiiry  also  from  the  scaphoid  bone.  The 
external  nialieoliis  maybe  reinoved  if  it  interferes  with 
reposition.  Preliminary  fa.sciotomies  and  tenotomies  are 
usually  performed,  but  those  who  favor  this  method  of 
treatment   rarely  use  force   in   reposition.     In   less  ad- 


vanced deformity  the  aslrai;aluH  in  not  reniuvcd,  but  u 
part  of  its  body  uud  neck  is  includiKl  in  the  cuneiform 
resection.  The  fi«it  is  retained  In  proper  posiiion  until 
the  woiindH  are  i-losed ;  then  pliister  bandages  are  em- 
ployed for  several  moutliH.  Dnicen  are  HeUloni  usi'd  in 
llie  after  treatment. 

In  certain  caws  of  relapsed  or  Inefleclively  treatiil 
club  foot,  even  in  childhood,  deformity  of  the  oh  calciH 
either  inlerfeies  with  correction  of  the  fiMit  or  favors 
relapse.  In  such  instances  the  removal  of  a  cuneiform 
section  of  bone  from  the  anterior  extremity,  as  a  supple- 
nientary  pari  of  over-correction,  may  be  of  service. 

Siin/ili-  .)fie/iiiiiinil  Ufctijii-itlini,  nf  IhJtiruiHij  in  Walk- 
inf/  i'/iililirn  nnil  in  thiw  of  Olth'r  Urotrth.  —  It  has  been 
stjited  that  simple  inechanical  rectitlcalioii  of  deformity 
was  possible  even  up  to  adolescence,  but  that  the  lime 
rei|uireil  for  such  treatment,  usually  extendinj;  over  sev- 
eral years,  as  a  rule  excluded  it  from  consideration. 

The  siiniilest  mechanical  trcatmenl  is  that  by  which 
the  fiKit  is  slowly  forced  from  iipiino-varus  into  eijiiino- 
val.irus  by  a  brace  on  the  lever  piiiieiple.  w  hieh  is  at  tirst 
shaiied  to  the  deformity,  and  is  then  jrnidually  straight- 
ened as  the  resistance  diminishes.  When  the  midpoint 
lias  been  iia.s.sed  between  varus  and  valgus  the  weight 
of  the  body  aids  in  the  correction  of  the  remaining  varus 
and  equinus.  The  moditication  of  the  Taylor  brace  used 
by  .Tiidson.  an  advocate  of  pure  mechanics  in  the  treat- 
ment of  club  fixil,  will  serve  to  illustrate  the  tyjie  of  ap- 
paratus which,  with  slight  change,  may  be  employed  to 
eorreit  or  to  siipiiort  tin'  weakened  or  lieformed  foot. 

The  brace  ciaisists  of  an  upright,  a  Hat  tapering  bar  of 
mild  steel,  a  foot-plate  of  steel  from  18  to  1(5  gauge,  and 
a  strong  calf-band.  The  shape  of  the  brace,  the  method 
of  its  attachment  to  the  legs  by  straps  of  webbing,  and 
its  effect  in  gradually  changing  the  attitude  of  the  foot 
from  varus  to  valgus  are  shown  in  the  accompanving 
figures  (Fi.gs,  -in-t-aiSl). 

The  upright  is  lirmly  rivetetl  to  the  foot  plate  in  the 
angle  of  defonnity,  so  that  the  patient  walks  upon  his 
toes;  as  the  e(|uinus  is  decreased  by  the  inlluence  of  the 
weight  of  the  body,  this  angle  is  lessened. 

The  important  points  are,  that  the  brace  should  be 
strong  enough  to  hold  its  place  under  the  strain  of  use, 
and  that  the  foot  shall  be  firmly  secured  to  it,  whether 
one  or  many  straps  of  webbing  are  reiiuired,  as  nlay  be 
seen  in  the  figures.  The  use  of  massjige  and  manipula- 
tion is  of  course  combined  with  the  mechanical  treat- 
ment. 

By  persistent  attention  to  the  details  of  treatment  satis- 
factory results  can  be  olitained  by  this  method  in  the  less 
resistant  cases,  even  in  adolescence. 

RfCiipitiiUition  of  (he  Principles  of  Treatment  of  Con- 
genital Talipes  Equino-Vanis. — The  object  of  treatment 
is  to  overcome  and  to  over-correct  the  deformity  at  as 
early  a  period  of  life  as  is  possible,  and  as  quickly  as 
possible.  The  object  of  over-correction  is  to  overcome 
all  the  resistance  of  the  tissues  that  may  even  in  the  slight- 
est degree  limit  the  normal  range  of  motion  in  any  direc- 
tion. The  foot  must  be  supported  in  the  over-corrected 
])osition  until  the  recoil  of  the  tissues  toward  deformity 
is  no  longer  present. 

It  must  be  supported  in  the  proper  relation  to  the  leg, 
and  at  a  right  angle  with  it.  until  the  muscular  balance 
has  been  re-established  by  stimulatiim  of  the  weaker,  and 
by  limitation  of  the  activity  of  the  stronger,  muscles,  and 
until  transformation  of  the  internal  structure  has  been 
completed. 

If  ellicient  mechanical  treatment  is  applied  at  the 
proper  time,  that  is  to  say,  in  earliest  infancy,  no  opera- 
■fion,  other  than  division  of  the  teudo  Achillis,  will  be 
required. 

If  the  deformity  is  not  corrected  or  is  but  partially 
corrected,  when  tlie  child  has  b'^gun  to  walk,  some  form 
of  operation  is  as  a  rule  indicated ;  but  division  of  the 
resistant  tissues  must  always  be  combined  with  the  em- 
ployment of  sufficient  force  to  accomplish  the  desired 
result,  viz.,  over-correction  of  the  defonnity.  Manual 
correction,  applied  in  the  manner  described,  is  I'""  most 
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efficient  menus  of  attaining  this  object.  No  instrument 
can  equal  the  luuul.  and  the  force  tliat  can  be  applied  by 
the  hand  is  sullicient  in  all  the  ordinary  cases  in  early 


FIG.  2182. 


childhood,  and  in  combination  willi  subcutaneous  division 
of  the  more  resistant  tendons  and  ligaments,  even  in  later 
childhood  and  adolescence. 

Forcible  correction  by  tlie  Thomas  wrench  under  the 
same  conditions  is  an  etiicient  treatment,  but  theie  is  a 
manifest  disadvantaiie  in  submittinir  a  patient  to  a  suc- 
cession of  operations,  even  of  .so  slight  a  character,  if 
immediate  overcorrection  can  be  attained  bv  other  means. 


Tl'.e  Phelps'  operation,  which  combines  tliorough  di- 
vision of  the  resistant  parts  with  the  application  of  proper 
force  to  over-correct  llic  foot,  is  the  operation  of  selection 
for  the  more  resistant  cases  in  adolescence,  in  adult  life, 
and  in  extremely  resistant  cases  in  childhood. 

Astragalectoiny  and  cuneiform  resection  are  never  in- 
dicated as  primary  operations,  but  one  or  the  other  may 
be  neces.siiry  in  the  rectilication  of  the  deformity  when 
other  means  have  faihd. 

Complete  cure  of  deformit}',  even  in  the  later  years  of 
childhood,  is  possible  by  means  of  braces  alone,  Imt  such 
trraluicnt  is  very  tedious.  It  n-cpdres  not  oidy  the  con- 
tinuous supervision  of  the  skilled  surgeon,  but  the  intel- 
ligent and  persistent  co  operation  of  the  i)aients.  The 
results  are  in  no  way  superior  to  tliose  attained  by  more 
rajiid  methods,  while  the  disadvantages  of  long-continued 
use  of  braces  are  sullicieutly  obvious.     To  the  popular 


Fn;.  :ilty.— I'ongenital  Talipes  \arut>. 

faith  in  braces  as  a  cure  all  of  deformity,  and  to  the  un- 
intelligent use  of  braces,  may  be  ascribed,  now  as  in 
I'orMier  times,  the  failure  of  treatment  of  this  eminently 
cnrable  deforuiity.  This  staleuieiil  seems  justilied.  even 
when  balanced  by  the  e(i\ially  fallacious  belief,  so  ]U'ev- 
alent  among  physicians,  that  an  operation,  if  not  synony- 
mous with  cure,  is,  at  lea.st,  the  es.sential  part  of  the 
Ireatntent. 

Rectification  of  deformity,  by  whatever  means,  simidy 
com|)letes  the  first  stage  of  treatment.  Perfect  cure  can 
be  assured  only  liy  attention  to  the  .small  details  of  after- 
treatment,  by  eheeking  the  slightest  impulse  toward 
ilefornnty.  and  by  guiding  the  unbalanced  foot  toward 
jierfect  functional  use. 

OriiKii  V.MMKTiKs  OF  Cox(;EMT.\i.  T.M.irES. — Forms 
of  congenital  distortion  of  the  foot  other  than  equino- 
varus  are  not  luieommon.  but  as  a  rule  these  deformities 
are  so  slight,  and,  as  compared  to  e<niino-vanis,  so  easily 
remeciied  that  they  are  relatively  of  little  importance 
(Fig,  2183).  This  distinction  does  not  apply,  however,  to 
acquired  talipes,  of  which  the  various  forms  will  be  con- 
sidered in  other  sections. 
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Coiii/r  III  till  7\ilii»»  I'oriM  — This  ilifdrinity  dfliii  up- 
pi'iirs  to  lie  nil  iiicoiiiiilcti- form  of  i'i|iiiiii)  varus,  but  iii 
siiiMi'  iiisUiiU'fS  tliiTi-  IS  Hiiii|>ly  It  NliKlit  iiiwiiril  twUt  uf 


FIO.  21S1.— Contrriiltiil  Tiillpes  Culraneus. 

tlic  f<M>t  williiiut  supimilidii;  in  fact.  Uic  fore  fiiot  seems 
to  1)1'  (innvii  inwani  l\v  tlic  active  niDvement  of  the  great 
toe.  whieh  in  siuh  eases  seems  almost  preliensile  (see 
Pigeon  Toe).  In  the  more  marked  form  the  foot  is  ad- 
(Ineted  ami  supiiiateil.  iiml  the  tissues  are  very  resistant. 

The  sliirht  ^nnlrs  of  di'formity  may  be  treated  by 
sim|>le  manipnlatiiiM.  and  if  deformity  lemains  alter  the 
lirst  year,  the  shoc>  will,  as  a  rule,  eorreet  it.  The  more 
marked  varieties  must  be  treated  like  the  varus  deformity 
of  ebib  fool,  until  the  varus  has  been  transformed  into 
valgus.  The  after-treatment  is  the  same  as  that  for  or- 
dinary elub  foot. 

Coi'if/i'nital  Tiilijxx  Eqninn». — This  is  a  rare  congenital 
deformity,  about  half  as  common,  according  to  the  statis- 
tics, as  varus  (40  cases  in  l.CiGO).  The  term  etjuinus  im- 
plies that  dorsitlexion  is  limited,  but  that  the  foot  is  not 
deviated  to  one  or  the  other  side  (toward  valgus  or 
varus).  In  congenital  eiiuinus  the  deformity  is  as  a 
nile  slight,  and  it  may  be  overcome  usually  by  simple 
manual  force  applied  fiecinently.  In  the  more  resistant 
type,  mechanieal  correction,  or  tenotomy,  followed  by 
over-correction  and  supjiort.  may  be  ueces,sarv. 

Omi/initiil  TnlijHS  Oilciiiieiin. — Congenital  calcaneus  is 
com|iamtively  iiire  (28  cases  in  1.660).  As  a  rule  the 
lieel  is  prominent,  the  foot  is  habitually  dorsiflexcd.  and 
the  dorsum  <  an  be  brought  into  contact  easily  with  the 
crest  of  the  tibia  (Kig.  ■J1S4).  The  exaggerated  cavus 
that  is  usually  present  in  ac(|Utred  calcaneus  is  absent. 
Occasionally  the  deformity  is  accompanied  by  liypcrcx- 
tension  of  the  kne<'.  and  if,  as  in  many  instances,  there 
is  a  history  of  breech  presentation,  it  may  be  inferred 
that  the  attitude  before  birth  was  one  of  extreme  tiexion 
of  the  thighs  upon  the  abdomen,  while  the  anterior  sur- 
faces of  the'  extended  legs  were  pressed  closely  to  the 
ventral  surface  of  the  body,  the  feet  being  lixcd  in  an 
attitude  of  dorsitlexion.  As  a  rule  the  deformity  is 
slight,  and  the  resi.stancc  of  the  tissues  on  the  anterior 
aspect  of  the  leg  can  be  overcome  easily  by  massage  and 
manipulation.  The  foot  should  be  gently  forced  toward 
plantar  tlexicm  M^veral  times  in  the  day.  and  the  weak 
muscles  of  the  calf  should  be  stimulated  by  ma.ss)jge. 

Cure  may  be  hastened  by  the  use  of  some  simple  form 
of  retentiim  splint  to  hold  the  foot  in  plantar  flexion  until 
the  posterior  group  of  muscles  has  recovered  its  power. 


Tenotomy  or otheropemlive  iri-atmeiit  Is  not  often  mceH- 
sary.  In  rare  Instanirs.  the  tibia  nmv  Ik-  ttent  slighllv 
backward,  thus  iiirTeuning  the  ilefoniilly.  In  such  iiuw^ 
the  dislorlioii  of  the  Ikiiic  iniiy  be  overeoine  by  iiiaui|iii- 
lalion  and  by  apparatus. 

C»iii/i  III  till  '/iiliiiiH  ri//vM«.— Congenital  valf^un  Ik  wmiip- 
what  more  common  than  the  preceding  varieties  (\'iH  in 
l.imii).  Not  infre(|uently  it  is  combined  with  a  sliglii 
degree  of  calcaneus  or  ei|uinu».  The  rcsislanre  of  the 
contnictcd  ti.ssuea  is  not  great  ami  the  deformity  may  1m- 
overi-oine.  in  most  cases,  by  persistent  iiianipiiliitioii.  If 
the  muscular  power  is  sullliiintly  unbalanced  to  warnint 
it.  the  fool  should  be  lield  in  the  over-corrected  iMisitiou 
(varus)  for  some  time. 

Coiiginital  valgus  is  one  fonn  of  what  is  known  us 
wi-ak  ankle,  ami  it  freijuently  i)as.s<-s  unnoticed  until  the 
child  begins  to  walk.  If  at  that  time,  in  sgiite  of  niu.H- 
sage.  the  muscles  appear  weak  or  the  foot  inclines  out- 
ward when  weight  is  borne,  it  is  well  to  make  the  sole 
of  the  shoe  wedgi'-shaped.  the  thicker  part  (one  i|unrter 
of  an  inch)  on  tin-  inner  side.  In  more  persistent  ca.s4'S.  a 
brace  may  be  necessary,  as  described  in  the  treatment  of 
the  acipiired  variety  (see  the  Weak  Foot). 

Talipes  ei|uino  valgus  is  less  common.  This  must  lie 
trealcil  as  the  other  varielii-s  by  comi)lele  over-correction 
of  deformity,  miuiual  oi'  otherwise,  by  nia.ssage,  and  sub- 
seciuently  by  supjHirl  if  necessary. 

Calcaueo-valgus.  calcaneo-varus,  ecjiiino-cavus,  valgo- 
cavus,  valgocavus  and  cavus  are  extremely  rare.  If 
treated  early  by  ])ersistent  forcible  nia.ssage,  tlie.se,  as 
well  as  nearly  all  slighter  gnides  of  congenital  d<-fonnity, 
may  be  corrected  or  cured  even,  before  the  child  begins 
to  walk. 

Ct).NUKNIT.\I.    DEFOnMITIES    OF  THE    Fof)T  ASSOCI.VTKD 

WITH  Defective  Development. — Talijun  Equiim-  ValijuH 
AmtH'iiiliil  in't/i  Congenital  Ahuence  of  h'ilniln. — This  is  a 
i-are  deformity,  but  the  most  common  of  this  class.  The 
foot  at  birth  is  usually  in  an  altitude  of  well-marked  and 
resistant  ecpiino-valgus.  The  leg  is  somewhat  shorter 
than  its  fellow,  and  the  tibia  is  often  bent  sharply  for- 
ward, somelimes  to  an  acute  angle,  at  a  point  somewhat 
below  the  cenlic,  as  if  it  had  been  broken  in  utcro.  At 
the  most  prominent  point  the  skin  may  be  adherent  or  it 
may  ])reseat  a  dimpled  ai)i)e!ii-ance.  In  .some  instances 
the  formation  of  the  foot  is  perfect,  but  more  often  one 
or  more  of  the  outer  toes,  with  the  corresponding  meta- 
tarsiil  bones,  are  al)sent. 

The  cause  of  deformity  associated  with  absence  of 
bone  must  be  either  an  original  defect  in  the  germ  or  it 


Fio.  2IS5.- Congenital  Talipes  Valgus— "  Flat  Foot." 

may  be  due  to  interference  with  its  development.  In 
soine  instances  amniotic  adhesions  may  he  one  of  the 
predisposing  causes;  the  sharp  bend  in  the  tibia,  so 
often  present,  may  be  due  to  lessened  n-sistancc  of  the 
defective  jiart. 

Treatment.— TYie  indications  for  treatment  are  to  cor- 
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ri'Ct  tlic  (Icformity  of  tlip  foot  in  the  usuiil  nmntirr.  The 
lieiiil  in  tlic  tibiu  niiiy  be  striiiirliteiied  by  miuiipuliitioii 
and  spliiilinir.  or  by  osteotoiny  if  nf<(ssiiiy.  When  the 
piitic  III  bcfrins  to  walk  the  fodi  must  bi-  supported.  A 
liirht  steel  iipriirht  on  the  oiitei-  sid<'  of  the  leg.  provideil 
with  a  T  strap  to  hold  the  ankle  ajrainsi  it,  may  be  used 
to  supply  the  plaei-  of  the  missinir  libula.  The  growth 
of  the  tibia  is  retarded,  and  a  linal  shortem'ns  of  three 
or  more  inches  may  be  expected,  but  with  care  a  usi-ful 
limb  may  be  assured. 

Tulipes  Varus  or  Er/'iino-Variis  Amuxiiitril  with  Con- 
(jeuitnl  Afmi-iicf  of  the  Tihin. — Defective  formation  of  the 
tibia  is  niucli  less  common  than  that  of  the  libula.  In 
most  eases  the  femur  is  somewhat  shortened  and  its  lower 
extremity  is  imperfectly  (levelojted.  The  foot  is  practi- 
cally always  in  an  attitude  of  varus.  The  toes  may  be 
norinal.  biit  in  a  nmnber  of  instances  one  is  found  to  be 
lacking. 

The  prognosis,  as  regards  a  useful  limb,  is  extremely 
bad.  The  growth  of  both  the  thigh  and  the  lower  leg  is 
much  retariled.  and  it  is  almost  impossible  to  balance  the 
foot  upon  the  tibula  by  any  form  of  brace. 

The  ordinary  treatnierit, "after  the  correction  of  the  de- 
fonnitv  of  the  fool,  has  been  to  resect  the  extremities  of 
the  femur  and  the  libula  to  produce  ankylosis  between 
the  bones.  No  linal  results  have  been  reported.  A  full 
accoimt  of  the  reported  ca.ses  may  be  found  in  an  article 
bv  Launois  and  Kuss,  Jierue  d'OrthopkUe,  September, 
1901. 

Deformiti/  nf  the  Fw^t  Ansocialed  uith  Absence  of  Bones. 
— Tlie  leg  bones  may  be  perfectly  formed,  but  one  or 
more  bones  of  the  foot  itself  may  be  absent.  In  these 
ca.ses.  after  the  reduction  of  the  deformity,  a  support  to 
hold  the  defi'Ctive  foot  in  its  proper  relation  to  the  leg 
must  be  used. 

The  foot  may  be  divided  into  two  parts  so  that  it  re- 
sembles a  lobster  claw.  Supernumerary  toes,  or  deficiency 
of  toes,  or  hypertrophy  of  one  or  more  of  the  toes,  with 
or  without  corresponding  overgrowth  of  the  foot  or  leg, 
are  not  extremely  luicommon.  These  deformities  must 
be  treatetl  on  ordinary  surgical  principles. 

Constrictiiid  Brtiuls. — Tightly  constricting  bands  of 
scar-like  ti.ssue,  which  cause  deep  indentations  in  the 
flesh  of  the  foot  or  leg,  are  sometimes  seen.  These  arc 
sup|)osed  to  be  caused  by  amniotic  adhesions.  "Spon- 
taneous amputations"  of  toes,  or  of  the  foot  itself,  are 
due  to  th<>  same  cause. 

In  ordinary  cases  the  bands  require  no  treatment,  but 
they  interfere  with  the  nutrition  of  the  foot.  They  may 
be  removed. 

Congcniltil  (E'knui  of  the  Ffft. — In  rare  instances,  some- 
times in  combination  with  deformity,  the  tissues  of  the 
feet  appear  to  be  a'dematous,  although  the  circulation 
seems  to  be  perfect.  The  <-(indition  is  apparently  due  to 
obstruction  of  the  lymphatic  circulation.  It  should  be 
treated  by  mas,sage  and  compression. 

Spinii  Bifdo  and  Tdlifits. — Talipes  coexisting  with 
spina  bifida  should  be  treated  as  are  other  forms  of  club 
foot.  If  jiaralysis  of  the  lower  extremities  be  ijrcsent. 
as  is  often  the  case,  the  corrected  feet  must  be  supported 
as  in  the  ordinary  forms  of  jiaralytic  deformity. 

ACQDinED  TALIPES. 

It  has  been  stated  that  enuino-varus  is  by  far  the  most 
common  of  the  congenitjil  deformities  of  the  foot  and 
tliat  as  compared  with  it  the  other  forms  of  talipes  are 
of  slight  imjiortance. 

In  the  ac(iuireil  varieties  of  talipes,  er|uinovarus  is 
much  less  common  {'ii.'^  per  cent,  of  the  total  number 
as  contrjusted  with  77  per  cent,  of  the  congenital  deformi- 
ties). Acquired  e(|uin\is  comes  next  in  frequency  (2() 
per  cent,  as  compared  with  2.4  per  cent,  of  the  congenital 
deformities),  and  every  variety  and  combination  of  dis- 
tortion tinds  its  representative  in  acquired  talipes  as  may 
be  seen  in  the  table  of  statistics. 

Etiology. — The  cause  of  acquired  talipes  is  almost 
always  paralysis.     In  the  table  of  statistics  it  may  be 


noted  that  in  82.8  per  cent,  the  paralysis  was  of  spinal 
origin  (anterior  poliomyelitis);  in  11. li  per  cent,  the  lesion 
was  of  the  brain,  the  talip<s  being  a  |>art  of  the  deformity 
of  hemipligia  or  panijilegia.  A  few  cases  were  caused 
by  local  disease  of  the  nerves,  and  the  remainder,  5.4  per 
cent.,  were  of  traumatic  origin. 

The  distinction  between  congenital  and  acquired  talipes 
is  well  marked.  In  the  congenital  form  the  disiibility  is 
due  simply  to  local  deformity,  and  when  this  has  been 
overcome  a  perfect  cure  may  be  expected.  In  paralytic 
talijies  the  reetilication  of  deformity  is  but  a  [lart  of  the 
treatment,  and  perfect  cure  is  impossible  except  in  that 
small  prn])ortion  of  cases  in  which  the  spinal  cord  has 
sustaineil  no  permanent  injury,  or  in  which  the  deformity 
was  the  result  of  some  slight  or  passing  disability  or  dis- 
ease. 

Congenital  deformitj-  cannot  be  anticipated  or  pre- 
ventetl;  acquired  deformity  is  an  evidence  that  pro- 
tective treatment  has  been  neglected.  It  is  a  result, 
therefore,  that  may  be  foreseen  and  prevented. 

The  characteristics  of  anterior  poliomyelitis  are  de- 
scribed elsewhere.  In  its  effect  upon  the  foot  the  usual 
sequence  is  somewhat  as  follows:  Immediately  after  its 
onset  the  paralysis  is  usually  widespread,  affecting  the 
entire  limb,  for  example.  Then  follows  a  period  of  partial 
recovery,  after  which  the  amount  of  damage  that  the 
spinal  cord  has  sustained  may  be  estimated.  It  is  during 
the  period  of  partial  recovery,  the  six  months  or  more 
following  the  attack,  that  contractions  which  lead  to  de- 
formity occur.  If.  for  example,  the  anterior  group  of  leg 
muscles  is  paralyzed,  the  foot  habitually  hangs  down- 
ward, a  position  due  to  the  force  of  gravity  an<l  to  the  con- 
traction of  the  unaffected  posterior  group.  If  this  attitude 
is  allowed  to  persist,  the  tissues  accommodate  themselves 
to  the  new  position  ;  the  muscles  that  are  never  extended 
to  their  normal  limit  become  structurally  shortened,  while 
the  paralyzed  group  becomes  correspondingly  longer. 
Even  within  a  few  weeks  after  the  onset  of  the  paralysis 
the  evidences  of  advancing  deformity  appear.  The  con- 
tracted tissues  resist  passive  motion  in  the  direction 
opposed  to  the  habitual  altitude,  and  the  child  shows 
evidence  of  pain  if  force  is  used  to  increase  the  limited 
range  of  motion.  As  has  already  been  stated,  paralytic 
talipes  is  an  unnecessary  deformity.  It  may  be  prevented 
by  supjiortiiig  the  paralyzed  part  in  a  light  angled  rela- 
tion to  the  limb,  and  by  systematic  passive  exercise 
throughout  the  entire  range  of  normal  motion. 

Anterior  polioiuyclitis  is  most  common  during  and 
after  the  second  year  of  life  or  when  the  child  has  already 
begtui  to  walk.  "  When  the  first  and  more  general  effect 
of  the  disease  has  passed  away,  the  child  a.sain  uses  the 
disabled  limb  as  best  it  may:  thus  the  distortion  of  the 
foot  is  increased  and  confirmed  by  the  weight  of  the  body 
and  by  functional  use  in  the  abnormal  altitude. 

The  linal  deformity  in  a  particular  case  n\ay  be  pre- 
dicted from  the  knowledge  of  the  function  of  the  muscle 
or  nuiscles  which  has  betm  lost.  For  example,  paralysis 
of  the  tibialis  anticus.  the  most  powerful  dorsiflexor 
and  adductor  of  the  anterior  group,  must  result  in  equiuo- 
valgus;  paralysis  of  the  tibialis  posticus  induces  valgus. 
If  ihe  peroncus  brevis  and  tertius  are  affected  varus  will 
follow.  Paralysis  of  the  calf  muscle  will  cause  calcaneus. 
Paresis  or  iiaralvsis  of  the  entire  anterior  group  will 
cavise  equintis.  "if  all  the  muscles  are  paralyzed,  what  is 
called  a  "dangle  foot  "  is  the  result.  The  cold  atrophied 
member  dangles  from  the  attenuated  leg  with  but  little 
tendency  to  deformity  unless  the  limb  is  used,  when  it  is 
usually  forced  into  aii  attitude  of  equiuo-varus  or  valgus. 

A  siight  degree  of  paralysis  may  cause  so  little  dis- 
abilitv  that  it  mav  be  entirely  overlooked,  and  its  later 
effect  in  causing  disability  or"deformity  may  not  attract 
attention  for  many  years."  This  fact  has  been  nientioned 
in  the  etiology  of  the  contracted  foot. 

DiFFEREXTI.M,    Dl.Vr.XOSIS  BETWF.KX  CoXOEXITAL  A\D 

AcijnuKD  DKFoiiMiTV.— The  history  itself  is  ustially 
sufficient,  for  ileformity  of  the  foot  at  birth  is  never 
overlooked  bv  the  mother.  Acquired  talipes  is  iiracti- 
callv  al  wa>s  preceded  bv  a  history  of  disease,  or  weakness. 
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or  injury  vvliiili  wiis  wmhi  r<illi>wiil  by  sliRlil  and  after- 
wiird  liy  iniTciisinu  mul  ("ntlnncil  (Icforniiljt'. 

In  piinilvlic  tiili|i(S  (iintirii>r  |Miliiiiiiyi-lnis).  Ihi'ri!  in 
v\\i\vi\vr  iii  piinilysis  ill  Iciss  (pf  function  i>f  (•(■iliiin  niiis- 
cli-s.  lis  sliowii  liy  flcilrinil  slimuliilion  or  tiy  prii  kiii)f 
tliL-  foot  witli  Ik  pin:  later,  in  tlio  iitropliy  of  llic  nmsrlcs. 
iiikI  till-  eviili'iit  cliiiugu  iu  tliu  nutrition  und  dindni.slied 
^rowtli  of  till'  liiiib. 

Only  in  extrniii'  iiinl  iintrciitcd  cases  of  conuciiilal  de- 
forniitv  o'  lonn  stamlini;  could  tlieii'  In-  dillliully  in 
distiiiKuisliini;  hitwecn  tin-  aci|uirt'i|  ami  tlir  coiiv'ciiilal 
dcforniily.  in  nirc  instances,  it  isirue,  panilysis  may  be 
nres<nl  lit  liirtli.  due  to  intra  uterine  disease  or  to  defect 
in  the  nervous  apparatus.  In  sucli  cases  the  cause  of  the 
paralysis  is  usually  apparent  (spina  billda.  or  spastic 
piindy  sis  associated  withilefective  cerebrulilevelopnient), 
and  tiic  in-atiuent  does  not  differ  from  that  of  the  ac- 
quired furni. 

AC<Ji;iIlF.D  TAI.IPKS   ElJUINUS. 

In  well  marked  cases,  the  foot  is  plantnr-flexed  to  its 
full  limit,  and  it  is  held  in  this  attitude  by  the  shortened 
siniclures  on  the  posterior  iispcci  of  tlii'  leir.  The  pa- 
tient walks  upon  the  heads  of  the  metataisai  bones,  the 
tiH-s  beinsdorsillexed  toaccommodate  the  attitude.  The 
arch  of  the  fool  is  increased  and  the  tissues  of  the  sole, 
particularly  the  plantar  fascia,  are  contracted.  The 
entire  foot  is  broadened  anil  shortened,  the  breadth  be- 
ing especially  iiuTea.<ed  across  the  metatarsal  region. 
On  the  dorsal  surfaie the  cuneiform  bonesare  prominent, 
and  the  head  and  body  of  the  iirojeclinj;  astragalus  may 
be  felt  beneath  the  skin.     Occasionally,  iu  cases  of  e.v 


In  the  slighter  def^recH  of  the  defomilly  the  Um-»  are 

usually  ilorsillexerl.  iin     '     ,||||.  iipp'urenlly  to  ibu 

over-action  of  tln-i-xti  i  ■lli.'iionini  and  propriuH 

pollii'iH.  an  aiil  in  ilm^i' 

AVi<'A'i/.v.  — Eipiinus  in  tin-  sli^rhiir  degrees  is  perliapH 
the  most  rnninioii  <if  the  fnniisof  aei|uire<l  tjdipes.  and  it 
is  not  at  all  iiifrei|iii-iil  us  u  ri->iiliof  other  HlTectioiiH  tliuD 
anterior  poliomyelitis,  although  this  is  by  far  the  iiioHt 
important  ciiuse.  The  nerve  supply  of  the  anterior 
muscles  of  the  foot  weins  especially  susceiitible,  and  toe- 


Fio.  2180.— Acquired  Tallp«s  E(|Ulnus. 

treme  defomiify.  in  which  all  the  anterior  muscles  arc 
pandyzed.  the  toes  may  be  plantar-fle.xed  so  that  the  pa- 
tient walks  upon  their  dorsal  surface. 

The  cavus  or  exaggerated  arch  is  due  primarily  to  the 
plantar  llexion  of  the  fore  foot  at  the  niedio-tars;d  joint, 
and  in  many  instances  this  dropping  of  the  fore  foot  is 
largely  responsible  for  the  equiniis,  for  the  os  calcis  is 
rarely"  plantar-llexed  to  the  degree  commonly  found  iu 
the  ordinary  congenital  C(iuinus. 


Fin.  21sT.— Slight  Eriulnus  CaiLscrt  In-  rnmlysls  of  tlie  TIliliilU  .\a- 
tli'iis  .Muscle."  The  clfst.irtion  "f  the  ti.c  due  to  the  over-use  of  the 
extens<.ir  proprius  polUclB  Is  characteristic. 

drop  from  neuritis  of  xarious  types  is  not  at  all  uncom- 
mon. As  a  seijuel  of  infeotiousdiseases  it  has  been  men- 
tioned as  an  explanation  of  the  sli.sht  forms  of  equinus 
first  noticed  after  recovery  from  such  affections. 

Equinus  may  be  a  result  of  cerebral  disease,  or  even, 
in  rare  instances,  of  pseudohypertrophic  muscular  pa- 
ralysis or  of  locomotor  ataxia."  It  is  sometimes  induced 
by  "habitual  posture,  as  after  long  confinement  to  the  bed 
for  the  treatment  of  fracture,  or  during  the  treatment  of 
hip  disease  by  apparatus.  The  contraction  may  be  an , 
eff.°ct  also  of  voluntary  posture  as  when  the  patient 
habitually  walks  upon  the  toes  because  of  a  short  leg. 
It  is  a  very  common  result  of  neglected  disease  at  the 
ankle  joint.and  it  may  be  due  to  direct  injury:  butas  of 
paralysis,  so  of  thcseless  frequent  causes  it  may  be  said 
that  equinus  need  never  follow,  if  the  foot  is  protected. 

The  changes  iu  the  internal  .structure  of  tlie  foot  arc 
secondary  to  the  deformity  and  are  more  marked  in  the 
cases  of  "long  standing  originating  in  early  life  than  in 
those  that  follow  other  fonns  of  deformity  :  the  tissues  on 
the  long  side  are  lengthened  and  attenuated  while  those  on 
the  short  side  become  contnicted.  The  bones  themselves 
are  but  little  changed  in  .cross  appearance,  but  the  articu- 
lating surfaces  are  in  ditTerent  relation  to  one  another: 
for  example,  only  the  posterior  aspect  of  the  astra.snilus 
is  in  relation  to  the  tibia,  while  only  the  lower  jiart  of  its 
anterior  surface  articulates  with  the  scaphoid  bone. 

In  all  ca.ses  of  equinus  there  is  a  strong  tendency 
toward  lateral  deviation  to  varus  or  valgus,  i)articularly 
in  cases  of  paralytic  origin. 

Sj/mptomn.— If  the  limb  is  actually  shorter  than  its  fel- 
low, and  if  the  foot  is  firndy  fixed  in  the  deformed  posi- 
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lion,  surprisingly  little  tliscomfort  or  disaliility  may  be 
experienced  ntlier  than  from  corns  or  calluses  beneath 
the  metatarsal  liones.  If  the  linili  is  not  shorter,  the  addi- 
tioual  length  caused  liy  the  eiiuinusmust  Ije compensated 
by  an  upward  tiltini;  of  the  jielvis.  which  may  induce 
symptoms  of  discomfort  in  the  hmilmr  region.  The  pail 
is  always  awkward,  giving  the  impression  as  of  stepping 
over  an  obstacle.  If  tin"  foot  is  not  fi.\ed  but  simply 
hangs  downward  whin  it  is  lifted,  the  gait  is  very  awk- 
waril  because  of  the  insecurity  and  because  of  the  ex- 
uggeiated  tlexion  of  the  knee  at  each  step,  nicessary  in 
order  that  the  pendent  foot  may  not  drag  upon  thi'  ground. 

If  the  eipiinus  is  extreme,' the  limi)  is  usually  Hexed 
at  the  knee  when  in  use;  if  the  ecjuinus  is  slight,  the 
strain  lesulting  from  the  limitation  of  dorsiil  flexion  is 
felt  at  the  knee,  and  in  childhood  at  least  there  is  often  a 
well-marked  tendency  to  over-extension,  or  recurvation, 
catised  by  the  etTort  l"o  place  the  sole  flat  on  the  ground. 

In  the  slight  forms  of  ei|uinus,  discimifort  about  the 
calf  is  experienced ;  the  limitation  of  dorsal  flexion  causes 
a  nit  her  shortened  stride  and  awkward  gait,  while  an  un- 
guarded step  that  throws  a  sudden  strain  upon  the  rigid 
heel  cord  is  felt  as  a  shock  and  strain  through  the  leg 
and  body.  Very  often  the  patient  complains  of  ])ain 
about  the  metatarsal  bones  (anterior  metatarsalgia),  and 
if  the  equinus  is  accompanied  by  a  slight  degree  of  val- 
gus, symptoms  of  the  weak  foot  may  be  present. 

TIk  FrognoKtu  depends  of  course  upon  the  cause  of  the 
deformity.  If  it  is  simply  the  result  of  posture,  or  if  it 
is  secondary  to  neuritis,  permanent  cure  may  be  expected. 
In  many  cases  caused  by  anterior  poliomyelitis  recovery 
of  function,  complete  or  partial,  has  taken  place;  yet  al- 
though voluntary  control  of  the  muscles  has  been  re- 
gained it  cannot  be  exercised  because  the  foot  is  held  in 
the  distorted  position  by  the  contracted  tissues. 

In  such  instances  practical  cure  may  be  predicted  if, 
after  the  over-correction  of  deformity,  sutlicient  time  is 
allowed  for  the  lengthened  and  atrophied  muscles  to  re- 
gain their  proper  length  and  volume. 

Trentment. — In  the  somewhat  uncommon  cases  of  fixed 
equinus  combined  with  a  short  leg  and  not  attended  by 
discomfort,  no  treatment  is  required  other  than  a  shoe  so 
built  that  the  heel  may  support  a  part  of  the  weight. 
In  the  more  extreme  cases  in  which  the  leg  is  short  and 
the  foot  is  atrophied,  an  extension  foot  attached  after 
the  manner  of  an  artificial  leg  may  be  worn  with  comfort 
and  with  but  little  evidence  of  deformity. 

In  the  ordinary  cases,  whether  permanent  cure  is  ex- 
pected or  not,  the  rule  holds  good  that  the  heel  should 
bear  the  weight  of  the  body  and  that  the  range  of  dorssil 
flexion  should  not  be  limil<d  when  the  calf  muscle  retains 
its  ]>ower.  If  the  nervous  apparatus  has  received  per- 
manent injury,  the  foot  nuist  be  supported  after  the  de- 
formity has  been  rectified;  but  even  in  this  class  the  gait 
may  be  impioved  and  tlie  discomfort  relieved  by  remov- 
ing the  restrictions  to  normal  motion.  The  slighter  de- 
grees of  equinus,  such  as  those  that  are  seen  soon  after  the 
onset  of  anterior  poliomyelitis,  luay  be  rectified  by  simple 
manipulation  and  retention  in  a  splint  or  in  plaster  of 
Paris. 

The  Shaffer  extension  shoe  is  also  a  useful  appliance, 
and  is  especially  so  in  that  it  may  Ije  employed  to  reduce 
the  accompanying  cavus  at  the  same  time. 

The  weight  of  the  body  may  be  utilized  as  a  means  of 
overcoming  slight  equinus,  when  the  foot  is  held  in  its 
proper  relation  to  the  leg  by  a  brace  which  extendsabove 
the  knee;  but  this  tedious  method  has  but  little  to  recom- 
mend il  in  ordinary  cases.  The  elastic  tension  of  straps 
and  bands  attached  to  a  brace  or  to  the  foot  itself  by 
means  of  adhesive  plaster  is  of  some  service  in  slight 
ca.ses,  but  by  far  the  most  elfective  method  is  the  im- 
mediate reduction  of  the  deformity  by  a  simple  forcible 
inanijiulation  under  auasthesia,  or  by  tenotomy  combined 
with  forcible  manipulation,  or  by  wrenching, 

Iinitieiliiiti  C'irnctioii  of  Diformtli/. — Attention  has  been 
called  to  the  cavus  as  an  accom|ianinuiit  of  eontirmed 
equinus,  and  whenever  one  attemj)ts  to  correct  the  de- 
formity by  force,  the  exaggerated  arch  should  be  reduced 


to  its  normal  depth,  otherwise  the  foot  willappearstunted 
and  deformed. 

One  of  the  most  elTective  procedures  for  overcoming 
the  cavus  is  the  ust;  of  the  Thomas  wrench.  The  con- 
tracted bands  of  the  plantar  fascia  are  first  divided  sub- 
cutaneimsly,  the  wrench  is  then  fixed  to  the  foot,  an<i, 
with  sudden  force  exerted  against  the  resistant  teniio 
Achillis,  the  fool  maybe  straightened,  the  deep  ligaments 
being  ruptured  or  stretched  to  the  jiroper  degree.  The 
tendo  Achillis  is  then  divided,  and  the  foot  having  been 
dorsiflexed  is  fixed  by  a  plaster of-Paris  bandage.  As 
the  patient  is  encouraged  to  walk  upon  the  foot  as  soon 
as  possible,  the  weight  of  the  body  forcing  the  relaxed 
tissues  against  the  unyielding  .sole,  completes  the  flat- 
tening of  the  arch.  In  many  of  these  cases  the  knee  has 
been  over-extiiided  by  \ise  in  the  deformed  attitude,  so 
that  the  habitual  flexion  uecessjiry  to  bring  the  dorsi- 
flexed foot  upon  the  ground  during  the  two  months 
allowed  for  the  complete  union  of  the  divided  tendon  is 
of  benefit  as  it  serves  to  correct  this  .secondary  weakness 
and  deformity. 

The  importance  of  the  immediate  relief  of  the  strain 
of  the  deformed  position  upon  the  weak  anterior  group 
of  muscles,  together  with  the  complete  relaxation  of  the 
over  stretched  tissues  which  allows  the  "slack  to  betaken 
in  "  during  the  long  rest  in  the  over-corrected  position, 
is  not  generally  appreciated.  Whenever  the  weakened 
muscles  after  jiaralysis  show  bj'  tests,  electrical  or  other- 
wise, that  they  have  recovered  their  power  in  part,  this 
treatment  should  be  that  of  selection.  The  application 
of  electricity  or  other  fonn  of  stimulation  to  muscles  that 
are  unable  to  exercise  their  ftmction  because  of  contrac- 
tion of  opposing  tissues  is  u.seless.  Xor  is  auy  form  of 
artificial  stimulation  equal  to  that  of  the  functional  use, 
which  is  made  possible  by  the  removal  of  the  deformity 
and  by  the  emploj-ment  of  proper  supjiort. 

In  many  instances  after  the  equinus,  which  more  often 
tb»n  any  other  deforiuity  is  the  residt  of  slight  or  tem- 
porary disability  of  the  anterior  group  of  muscles,  has 
been  corrected  in  themannerdescribed  perfect  cure  seems 
to  have  been  attained  when  the  jdaster  bandage  is  finally 
removed.  But  oven  in  such  cases  the  application  of  a 
simple  supixMt  to  hold  the  foot  at  a  right  angle  with  the 
leg  for  several  months  is  an  advantage.  The  after- 
treatment  by  massage,  muscle-beating,  electricity,  and 
the  like,  combined  with  methodical  passive  moveiuents 
to  the  limit  of  dorsal  flexion  to  guard  against  rcconlrac- 
tion  of  the  calf  muscle,  should  be  continued  for  a  long 
time,  or  until  the  muscular  lialance  has  been  regained. 

The  same  form  of  su|>port  is  neeessiuyin  cases  of  hojie- 
less  paralysis,  to  hold  the  foot  at  a  right  angle  witli  the 
leg.  The  common  form  is  a  simjile  stei'l  sole  plate  of 
sufficient  size  to  support  the  foot  and  the  toes,  if  their 
muscles  are  paralyzed,  attached  to  a  li.ght  upright  pro- 
vided with  a  calf  liand.  The  upright  is  us\ially  applied 
on  the  inner  siile  of  the  leg  where  it  is  least  noticeable. 
At  the  ankle  there  is  a  "stop  ioint."  which  allows  dorsi- 
flexion  but  prevents  the  toe-drop.  This,  when  jiroperly 
fitted,  can  be  placed  inside  the  ordinary  shoe,  as  the 
jiaralyzcd  foot  is  usually  somewhat  smaller  than  its  fel- 
low. If  the  toes  do  not  need  sui)port.  the  upright  can  be 
attached  to  the  outside  of  the  shoe  and  the  foot  plate  may 
be  dispensed  with;  or  the  upright  nuiy  be  concealed  by 
introducing  it  inside  the  shoe  to  a  joint  ,sunk  in  the  heel; 
the  toe  (hop  being  i)reveiited  by  strai>s  ])assing  from  the 
front  of  the  upper  leather  of  the  shoe  to  the  calf  band, 

Ei|uinus  due  to  posture  or  diM-ase  may  be  cured  by 
simjile  correction  of  the  deforiuity.  That  due  to  frac- 
ture, when  the  deformity  is  caused  by  displacement  of 
the  bones,  may  be  treatetl  by  direct  operation  or  by  the 
removal  of  a  cuneiform  section  from  the  anterior  surface 
of  the  tibia  above  the  ankle. 

Acquired  T.\lipes  C'.\lcanecs. 

Acqinred  talijies  calcaneus  is  much  less  frequent  than 
equinus  and  it  is  almost  always  of  paralytic  origin  (an- 
terior poliomyelitis). 
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Tlu'n-  arp  sovenil  varletlcn  or  graili-A  of  the  defnnnily. 
Til  till-  early  sla^"'.  and  cHiKi-iallv  if  all  llir  muwlcsof  tfir 
poslcriiir  ^rciii|i  luivr  lirni  |iunilv/i'il,  lln'  lucit  assiiiiirH 
an  Htlituclri>r  Nliv'lit  ilorsillrxiiiuuijil  ilx'  nin^c  of  |ilaiitar 
Ilfxiuu  is  >;ni<luully  Ifsst'noil  l)y  !M.-L'(iii(lary  ('iiiilmctinn!*. 


tin.  -1)>S.— Acqulrwl  Tali|ies  Calcaneus. 

Tills  variety  rcsenililes  elcisely  the  confieiiiljil  form.  lu 
the  ordinary  and  typical  form  of  calcaneus,  when  fully 
developed  till'  patient  walks,  as  the  name  implies,  on  an 
elongated  heil.  The  anii  of  the  fo<it  is  much  increased 
ill  depth,  and  the  fore  foot  is  atidi>liied  and  useless. 

The  devela])ment  of  the  deformity  is- somewhat  as  fol- 
lows: The  support  of  the  calf  muscle  lieinj;  removeii. 
theoscalcls.  in  the  foot  that  is  used,  irmdually  assumes 
an  attitude  of  dorsitle.xion.  It  stands  on  end  so  that  its 
posterior  surface  becomes  inferior.  Tlie  posterior  pro- 
jection of  the  heel  is  lost  and  it  lies  in  the  plane  of  the 
atrophied  calf.  The  change  in  the  position  of  the  ns 
caleis  increases  the  distance  from  the  malleoli  to  the 
ground;  thus  calcaneus,  though  in  less  degree  than 
equiuus.  makes  the  leg  longer.  The  turning  of  the  os 
caleis  on  end  shortens  the  foot  and  increases  the  arch : 
thus  cavus  in  more  marked  degree  than  with  ec|ulnus 
accompanies  calcaneus.  The  cavus  is  a  later  complica- 
tion of  nearly  all  cases  of  paralytic  calcaneus.  lu  many 
instances  there  is  no  pernianciit  <lorsit!exioii  or  eleva- 
tion of  the  forefoot,  although  in  all  the  ninge  of  plantar 
flexion  is  limited.  In  this  class  the  power  in  the  remain- 
ing muscles  of  the  posterior  group  is  prohalily  sutticient 
to  counteract  the  coiitnirtiou  of  the  dorsillexors.  Cavus 
is  thus  a  direct  effect  of  the  displacement  of  the  os  caleis. 
If  the  entire  posterior  group  of  muscles  is  paralyzed, 
while  the  anterior  iinis<les  are  unaffected,  the  foot  will 
lie  somewhat  dorsitleX(d  anil  the  cavus  will  lie  less 
marked.  If  tlie  calf  muscle  only  i gastrocnemius  and 
soleiis)  is  paralyzed,  the  remaining  muscles  of  the  pos- 
terior group  will  coiinterlialance  the  dorsillexors  and  at 
the  same  time  increase  the  cavus.  In  some  instances  the 
calf  muscle  is  alone  alTected.  in  others  one  or  more  of  the 
anterior  muscles  may  he  paralyzed  also,  in  which  case 
the  foot  is  usually  turned  toward  varus  or  valgus.  The 
changes  )irimarily  caused  l>y  the  paralysis  and  by  unop 
posi'd  musculiir  .action  become  tixed  by  habitual  use  ami 
liy  secondary  adaptation  of  the  tissues.  The  heel  only 
is  used  in  walking,  and  the  area  of  callus  which  marks 
the  weight-liearing  surface  becomes  much  enlarged,  while 
the  fore  foot  and  toes,  which  have  but  little  functional 
use.  become  atrophied,  a  mere  ai^ijendage  to  the  enlarged 
heel. 


Symplomt.—Thv  gait  Is  nwkwnrd  iind  ineliiiilic:  the 
patient,  who  is,  us  It  were,  "ham  strung."  stninps  nlong 
upon  the  insecure  support  of  the  hiel  in  a  manner  «  hli  li 
Js  easily  recognizable  by  one  faniiliur  with  tlie  illsjiliiljiy 
The  changes  in  the  internal  structure  of  the  fisii.  the  in 
evitable  adaptations  to  the  deformity,  do  not  call  for 
especial  description;  the  disuHed  bone's  atrophv  together 
with  the  other  tls.sueg  and  iiewurticulating  surfmis  form 
to  aecommodate  the  necessities  of  functional  iisi-. 

Trniliiiriit. — When  the  diugniisis  of  piinilysis  of  the 
calf  niusele  is  made  one  may  predict,  unless  reeoverv 
lakes  place,  a  deformity  such  as  has  been  des<ribeil. 
This  deformity  may  be  iirevenled  by  proper  support,  bv 
massage,  and  l>y  methodical  slniching  of  the  tissues  that 
have  a  tendency  to  contract.  The  form  of  brace  usid  for 
walking  and  for  support  should  be  provided  with  a  sole 
plate,  upright,  and  calf  band,  as  already  deserilied  in  the 
tnalmint  of  paralytic  ii|uiniis.  If  motion  is  allowed  at 
the  ankle  it  should  be  in  plantar  He.xion  only,  the  slop 
being  the  reverse  of  that  used  in  ii|uinus,  or  as  this  fonii 
of  check  entails  much  strain  upon  the  bnice,  the  joint 
may  be  omitted  as  in  that  form  used  by  Judson.  Thus 
the  strain  removed  from  the  weakened  tissues  is  bonie 
by  the  anterior  surface  of  the  leg.  Otherforms  of  braces 
provided  with  elastic  bands  to  supply  the  place  of  the 
calf  muscle  are  sonietimes  u.sed,  but  as  a  rule  the  im- 
provement in  gait  hardly  compensates  for  the  trouble  in 
adjustment  or  the  conspictiousness  of  tlie  ap|diaiice. 

The  most  important  part  of  the  actual  deformity  of 
calcaneus  is  the  cavus  due  to  the  changed  position  of  the 
OS  caleis;  and  in  coiilirmed  cases  it  is  practically  impos- 
sible to  reduce  this  completely  because  the  absence  of  the 
tendo  Achillis  takes  away  the  ]ioiiit  of  resistance  that 
makes  the  corrective  force  etlicient.  If  the  deformity  is 
not  marked  operative  treatment  is  not  required.  The 
foot  may  be  drawn  as  far  us  possible  toward  equinus  and 
fixed  in  a  jilaster  bandage.  Ujion  this  the  ]mlient  may 
walk,  the  heel  being  built  up  with  cork  wedges  to  make 
the  sole  level.  AVhen  the  contraction  of  the  anterior 
tissues  has  been  overcome,  the  brace  is  applied  and  the 
usual  treatment  of  manipulation  and  massage  is  con- 
tinued. 

The  method  of  prolonged  fixation  in  the  attitude  of 
equinus  by  means  of  the  plaster  bandage  is  often  very 
efficacious  in  childhood  and  cures  of  ajiparcntly  hopeless 
cases  by  this  means  have  been  re|iorted. 

Ojurativc  Tnatment. — In  morcextremecases  imiuediate 
reduction  of  the  deformity  under  ana?stliesia  may  be 
attemiited.  The  plantar  tis-sues,  more  particularly  tlie 
plantar  fa.scia,  may  be  divided  and  by  forcible  manipula- 
tion or  wrenching  the  foot  may  be  somewhat  lengthened 
and  the  heel  pushed  somewhat  upward  and  backward, 
so  that  the  foot  maybe  lixed  iu  a  iilaster  bandage  in  slight 
jUantar  flexion.  The  tissues  ou  the  front  of  tlie  leg  tliat 
require  elongation  are 
tlio.se  directly  in  front  of 
the  ankle.  It  must  be 
borne  in  mind  that  in  cor- 
recting the  deformity  one 
must  not  force  the  fore- 
foot downward,  as  this 
would  simply  increase  the 
cavus.  but  whatever  over- 
correction is  gained  should 
be  by  means  of  elevation 
of  the  OS  caleis  and  elon- 
gation of  the  plantar  tis- 
sues. 

In  some  instances  the 
improved  position  of  the 
OS  caleis  may  be  conlirmed 
by  shortening  the  tendo 
Achillis.  astirst  performed 

bv  Willett,  of  London  (St.  Bartholomew's  Hospital  Re- 
ports, vol.  xvi.,  1880,  p.  309). 

Willett's  Operation  for  Calcaneus.— A  Y-shaped  in- 
cision about  two  inches  in  length  is  made  through  the 
tissues  down  to  the  tendon.    At  the  lower  or  vertical  part 


FIO.  2IS9.— Jniison's  Brace  Applied 
tar  Talipes  (^ilraiieus. 
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of  tlip  incision,  wliicli  iscontinuud  down  to  tlie  tuberosity 
(if  till'  lis  cnlcis,  the  tendon  is  dissected  free  from  tlic  sur- 
roiinilin,!:  jiiirts.  It  is  llun  divided  in  :in  nliliriue  direc- 
tion from  witliin  ontwiird  and  dowmvurd.  iind  the  liccl 
having  lieen  puslied  iipwiird  as  far  as  possible,  the 
divided  ends  arc  overlapped  and  sutured;  the  tlaji  of 
skin  is  drawn  downwanl  at  the  same  time,  so  that  the  Y 
ineisiiin  is  convened  into  the  shape  of  a  V.  Accordinij 
til  Mr.  Willelt's  orii;inal  direilinns.  deep  sutures  are 
passed  tlirouirh  the  skin  Haps  and  through  the  tendon 
on  ^-ilhcr  side,  so  thai  all  tlie  tissues  arc  united.  The 
font  is  then  li.xed  in  a  plaster  bandage,  in  the  attitude  of 
cquinus,  and  the  patient  is  allowe<l  to  walk  abiml  wear- 
ing a  high  heel  to  coiupcusate  for  the  elevation  of  the 
sole. 

The  o|ieralion  is  of  especial  value  in  those  cases  in 
which  some  |)ower  remains  in  the  calf  iiuiscle,  which  is 
thus  made  scrvieeabli'.  In  cases  of  coniiilcte  jiaralysis 
Ihr  pnsilion  of  the  font  may  lie  temporarily  ira)irov('d, 
but  unless  proper  support  is  used  afterward,  the  tissues 
will  stretch  under  the  strain  of  u.sc;  thus  the  treatment 
sho\ild  always  lie  supplemented  by  a  brace  of  the  char- 
acter already  described. 

Anlriii/nltriomi/diKl  Jinek-irardDiitplacementoftJie  Foot. — 
In  cases  of  continned  calcaneus,  or  calcanetis  especially 
if  combined  with  lateral  deformity,  removal  of  the  as- 
tragalus may  be  indicated.  This  operation  permits  the 
malleoli  to  iie  brought  into  direct  contact  with  the  OS 
caleis.  thus  improving  the  security  of  the  foot. 

The  astragalus  may  be  removed  by  a  long  curved  ex- 
ternal incision  passing  from  the  tendo  Achillis  just  below 
tlie  outer  malleolus  to  the  front  of  the  joint.  Theperonei 
tendousare  divided,  the  foot  is  displaced  inward,  and  the 
astragalus  is  removed.  The  articulating  surfaces  of  the 
leg  bones  and  of  the  os  caleis  arc  denuded  of  cartihige;  the 
tendo  Acliillis  is  shortened  and  to  itsinsertion  the  peronei 
tendons  are  attached,  if  the  nniscles  are  active.  The  en- 
tire foot  is  then  displaced  backward  so  that  the  denuded 
malleoli  overlap  the  anterior  extremity  of  the  os  caleis. 
The  object  of  this  procedure  is  to  throw  the  weight  of 
the  body  upon  the  centre  of  the  tarsus;  thus  the  deform- 
ity is  reduced  and  the  stability  of  the  foot  is  increased. 


Flc  21!in.— Wliltninn's  Brace  fur  T:ili|ic.s  fiiliumnis.  Two  bitcml  Imrs 
of  tliin  sii-el  (•omiiTii'd  by  ii  foot  |j|iiie  mid  anti-rlor  Ii-k  Imiiil.  Tlie 
limce  is  siipportiil  liy  the  sliof  wiili'li  slionW  be  eleviued  sullli'ieutly 
at  tlie  lieel  to  liold  tbe  foot  In  allgbt  vquiiius. 

The  wound  is  closed  and  the  foot  is  fi.xcd  in  plaster  of 
Paris.  As  soon  as  pfissiblc  the  patient  uses  the  foot  in 
standing  and  walking,  ritimately  apparatus  may  be 
dispensed  with,  but  a  briiec  may  be  used  for  a  lime  with 
advantage.  This  operation  has  been  perfoinied  in  many 
instances  by  the  writer,  for  whom  it  is  now  the  treat- 


ment of  choice  in  this  type  of  cases.  By  it  the  usefulness 
of  the  foot  is  greatly  increased  and  its  appearance  very 
much  improvetl. 

Acquired  CALCANEO-VALcrs  asd  Calcaseo- Varus. 

In  many  ca.ses  the  foot  deformed  as  a  result  of  paralysis 
of  the  calf  muscle  is  in  addition  turned  in  a  lateral  direc- 
tion, so  that  the  weight  of  the  body  falls  to  the  inner  or 
outer  side  of  its  centre. 

Calcaueo  valgus,  in  which  the  foot  is  turned  outward 
and  upward  so  that  the  patient  walks  on  the  inner  side 
of  the  lied,  or  even  on  the  inner  ankle,  is  not  uncommon; 
the  opposite  deformity  is  far  less  so.  Calcaneovalgus  is 
usually  a  result  of  more  extensive  paralysis  than  simple 
calcaneus.  For  example,  all  the  muscles  about  the  foot 
may  be  disabled  except  the  peronei.  or  in  ca.ses  of  a 
milder  typ('  the  tibialis  aiilicus  may  be  the  only  muscle 
of  the  front  of  the  foot  that  is  paralyzed'. 

Treiitiiu lit. — \\'hcn  the  foot  inclines  toward  calcaneo- 
valgus it  is  dillicuU  to  hold  it  in  proper  position.  Th6 
usual  method  is  to  apply  the  brace  used  for  ordinary  cal- 
caneus, with  the  upright  on  the  outer  side  of  the  foot; 
the  ankle  and  arch  are  then  held  against  it  by  means  of 
the  valgus  strap.  Another  form  of  brace  is  jirovided 
with  an  upright  on  either  side  of  the  leg,  the  outer  being 
slightly  longer  than  the  inner  .so  that  the  .sole  plate  is 
tilted  inward,  or  as  it  were  supinated;  thus  the  weight  is 
guided  toward  and  balanced  on  the  outer  side  of  the  foot. 
It  must  be  borne  in  mind  that  other  muscles  of  the  limb 
are  often  jiaralyzed,  so  that  the  deformity  of  the  foot  may 
be  but  a  jiart  of  more  general  distortion ;  hence  the  foot 
brace  is  often  eombincil  with  apparatus  for  the  support 
of  the  leg. 

In  these  cases  the  deformity  may  be  reduced  and  the 
stability  of  the  foot  ma\-  be  increased  by  the  removal  of 
the  astragalus  in  the  manner  described. 

Calcaneo-varus  is  a  much  less  serious  affection,  since 
the  foot  may  be  more  easily  supported.  A  brace  such  as 
is  used  in  tiu^  treatment  of  ordinary  varus,  without  mo- 
tion at  the  ankle  or  provided  w  itli  a  reverse  stop,  is  ordi- 
narily emploj'ed. 

AcQfiuED  Talipes  Eqiino-Varus. 

Talipes  cquino-varus  is,  as  in  the  congenital  form,  the 
must  common  of  the  paralytic  deformities  of  the  foot. 

The  tendency  of  simple  cquinus  is  usually  toward 
varus,  because  in  plantar  flexion  the  foot  is  slightly  ad- 
ducled,  and  because  the  oiiter  side  of  the  foot  is  shorter 
than  the  inner  side,  so  that  in  walking  with  the  foot  ex- 
tended the  tendency  of  the  foot  is  to  turn  somewhat 
inward. 

Equino-varus  is  usually  preceded  by  cquinus  and 
the  etiology  of  the  one  will  serve  for  the  other. 

In  certain  cases  the  varus  is  more  marked  than  the 
cquinus,  as,  for  example,  when  the  abductors  of  the  foot 
are  paralyzed  while  the  adductors  retain  their  ]iowcr;  or 
in  cases  of  direct  injury  as  in  fracture  at  the  ankle;  or 
when  the  growth  of  the  tibia  has  been  arrested  as  the 
result  of  injury  or  disease. 

The  apjicarance  and  ettVct  of  the  deformity  arc  stilli- 
ciently  indicated  in  the  description  of  the  coiigeiiilal 
form. 

'/'refitment. — If  the  distortion  is  recent  and  therefore 
non-resistant,  the  treatment  consists  in  supporting  the 
part  in  |iro)ier  position  by  a  brace,  of  which  the  Taylor 
club  foot  apparatus  is  the  type.  During  the  night  the 
over  i-orrectedaltifude  may  be  assured  by  a  strap  running 
from  the  upright  to  the  sole  plate.  JIassage.  electrical 
stimulation,  and  the  like  may  be  aiijilied  as  in  the  routine 
treatment  of  anterior  |ioliomyelitis. 

If  the  deformity  is  fixed  it  should  be  reduced  and  over- 
corrected  by  forcible  msjnipulation  under  anasthesia. 
Division  of  the  resistant  parts  is  less  often  necessiiry  than 
in  the  cnngenilal  form,  but  should  be  perfnrmed  in  suit- 
able cases.  The  over  corrected  position  should  be  retained 
until  time  has  been  allowed  for  the  recoutraction  of  the 
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U'riKtlicncd  IIhsiu-h,  prcfonibly  for  Bcvewl  moiitli*:  nuch 
n'»t  ill  IIh-  liver  rorrrcKMl  iionilioii  is  l>v  fur  llic  imiitl 
fITrclivc  trt'iiliiii'iil  llmt  niii  lir  iipiilictf  to  ii  weak  <ir 
]iiinilyzc<i  piirt. 

Asiniijiilrciiimy  iiinl  <iiiii-if(irm  nslcolniny  lire  niri'ly 
iliclii'iiletl.  but  tlie  lulleri>peniliiin  is  siiiiieliliieK  of  si'rviee 
in  flieekiiig  llie  leiuleiiey  lowiinl  re<'iirreiK-e  of  (leforiiiily 
wliieh  is  more  iiiiirkeil  iifler  over-correction  in  llie  pur- 
nlytic  tliun  iu  tliu  cuiigenitul  talipes. 

ActlllllKK   T.M.II'KS    KyllSO-VAI.tifR. 

Simple  eciiiiiio-viilftus  is  usiiiilly  tlie  result  of  primary 
pnnilvsis  of  the  tibialis  aiiliius,  llii'  most  powerful  of  the 
(lorsiil  llexors;  thus  the  fn.ii  is  ijniH  ii  soniewlmt  nutwaril 


Fi(i.  :.'l'.il.-ranilyllr  iM-funiiltv  iif  tin-  Fi«<  of  tlie  Var\is  Type.    The 
mnipliy  anil  shurteuiug  nf  the  limb  are  evident. 

in  dorsal  flexion,  while  the  metatarsal  bone  of  the  great 
toe.  having  lost  the  support  of  the  tibialisanticiisniu.scles. 
falls  downward  and  is  drawn  outward  by  the  peroncus 
longiis.  In  this  type  one's  attention  is  often  attmcted 
by  the  peculiar  appearance  of  the  great  toe  which  is 
deformed  somewhat  like  a  hammer  toe  by  the  over-action 
of  the  llexor  longus  poUicis  in  its  attempt  to  take  the 
place  of  the  tibialis  aiiticus.  The  eijuinus  is  usually 
slight  and  is  secondary  to  the  valgus.  If  the  tibialis 
]ioslicus  is  paralyzed  in  addition,  the  lateral  displace- 
ment of  the  foot  is  more  marked. 

Treatment  may  be  begun  by  placing  the  foot  in  a 
plaster  bandage  in  an  attitude  of  varus  and  allowing  the 
patient  to  walk  upon  it  until  the  tendency  toward  de- 
formity has  been  overcome.  A  support  with  the  catch. 
as  for  toe-drop,  is  applied  to  the  shoe  while  the  tendency 
toward  valgus  is  checked  by  nusiug  the  inner  border  of 
the  sole  or  by  the  use  of  a  sole  plate,  as  in  the  treatment 
of  the  simple  weak  foot. 

Acquired  simple  talipes  valgus,  from  paralysis  of  the 
tibialis  anticus  and  i)osticus,  is  rare.  Talipes  valgus,  as 
when  the  foot  is  dislocated  outward,  in  cases  of  complete 
jiaralysis  of  all  its  muscles,  may  lie  regarded  as  a  variety 
of  dangle  foot. 

Talipes  valgus,  sometimes  called  spurious  valgus,  the 
simple  weak  or  flat  foot,  has  been  described. 

Traumatic  valgus  and  enviino-valgus.  due  to  fracture 
at  the  ankle  (Pott  s  fracture),  may  be  treated  by  osteotomy 
of  the  tibia  above  the  ankle  in  order  that  the  proper  rela- 
tion of  the  leg  to  the  foot  may  be  restored.  Equino- 
valgusof  slight  degree  is  not  uncommon  after  tuberculous 
or  rheumatic   disease  at  the  ankle  or  at  the  astragalo- 


scaphoid  JohitH.     ThiH  In  pructlenlly  one  variety  uf  tbc 
weak  foul. 

T.M.II'KS    KIIOM    OTIIKII    CaTHKH. — Tb1Ii>PII    CJIlliMll    liy 

cerebral  disease  or  injury,  whether  of  tin-  • !■  '■■.-leor 

hemlplegic  type,  is  jiliiKi^i  aUvuVH  in  the  I  linu- 

varus.     The  hi'iiiipli';:ir   furiii  nl   talipes  i  iiior<; 

unvieliling  and  rigid  than  the  pamplegie  type. 

'I'he  delorriiity  iinisl  be  corrected  by  the  ordinary 
methods.  In  many  instances,  when  the  contraction)!  are 
not  marked,  the  after-treatment  by  a  brace  is  not  neccit- 
sary. 

lIyst<Tical  cqtiino  varu.s  or  other  forms  of  deformity 
are  not  especially  iiiieunimon.  The  diagnosis  nin  Ih- 
made  by  the  other  symptoms  of  hysteria,  from  the  his- 
tiiry  of  the  onset  and  duration  of  the  distortion,  and  from 
the  ap|ieaniuce  of  the  deformity  which  is  evidently 
merely  an  assumed  posture. 

TkMJoN  Tn.VXSI-l..\NT.VTIi>N  |-olt  THK  Rki.ikk  <ik  V\n- 
M.VTic  T.Ki.iHKK — When  one  or  more  of  the  iniiscleH 
lire  paralyzed  the  unbalanciil  action  uf  llmse  that  remain 
tiiiiis  to  distort  the  foot.  The  object  of  tendon  grafting 
nr  muscle  transplantation  is  to  utilize  the  power  that  re- 
mains by  giving  an  active  muscle  a  new  point  of  at- 
tachment where  it  may  be  of  service  instead  of  an  agent 
uf  deformity. 

Tendon  grafting  is,  as  the  name  implies,  the  operation 
of  altacliing  the  tendon  of  a  living  to  that  of  a  paralyzed 
muscle.  The  lirst  operatimi  was  peiformed  by  Nicnladoni 
iu  1S.S2  for  the  relief  of  paralvliccalcaneus(.l;r/i(>  _/'.  W/yi. 
C/iii:,  3.  27,  S.  GGO.  18S2).  "The  tendons  of  the  peroiieus 
longus  and  brevis  were  divided  behind  the  external  mal- 
leolus, and  the  proximal  ends  united  to  the  distal  extrem- 
ity of  the  divided  tendo  Achillis.  The  result  was  said  to 
lie  satisfactory. 

The  first  operation  on  the  front  of  the  foot  was  i)er- 
formed  by  Parish  of  New  York  (Xew  York  ^fe^^.  Joiir., 
October  t^th.  IS'.lil  for  the  relief  of  paralytic  valgus,  by 
attaching  the  tendon  of  the  extensor  proprius  pollicis  to 
that  of  the  paralyzed  tibialis  anticus,  without  division  of 
either  tendon.  In  more  recent  years  the  field  of  the 
operation  has  been  extended  to  include  almost  every 
possible  combination  of  tendons  and  muscles. 

Tendon  grafting  is  most  effective  as  a  curative  opera- 
tion when  but  one  muscle,  for  example  an  adductor  or  an 
abductor,  is  paralyzed.  The  most  common  form  of  this 
milder  type  is  paralysis  of  the  tibialis  anticus.  resulting 
in  secondary  equino-valgus  In  Parish's  operation  the 
tendon  of  the  adjoining  extensor  proprius  pollicis  was 
simply  attached  to  that  of  the  tibialis  anticus,  but  as  the 
extensorof  the  great  toe  isa  very  weak  muscle,  its  power 
is  hardly  sufficient  for  the  double  task. 

A  more  efficient  procedure  is  to  split  the  tendon  of  the 
paralyzed  muscle.  The  outer  half  is  then  separated  from 
its  muscular  attachment  and  the  distal  extremity  is  car- 
ried across  thefoutand  issuturedto  all  the  other  tendons. 
The  proprius  pollicis  is  then  attached  to  the  inner  half. 
In  cases  of  longer  standing  and  more  marked  deformity 
it  is  well  to  reduce  the  power  of  the  abductors  by  cutting 
the  tendon  of  the  peroncus  tertius  from  its  insertion. 
This  is  then  drawn  beneath  the  other  tendons  and  is  at- 
tached to  that  of  the  tibialis  anticus.  All  of  the  tendons 
may  be  sutured  to  one  another,  so  that  all  may  act  as 
direct  dorsal  flexors. 

If  varus  has  resulted  from  paralysis  of  the  peroneus 
tertius  or  brevis.  or  if  there  is  weakness  of  the  extensors 
of  the  toes,  while  the  tendon  of  the  tibialis  anticus  re- 
tains its  power,  it  may  be  split,  and  the  outer  half,  having 
been  separated  at  the  distal  end.  may  be  passed  beneath 
the  other  tendons  to  be  attached  to  "the  peroneus  tertius. 
or  a  new  attachment  to  the  tissues  on  the  outer  border  of 
the  foot  may  be  made. 

Every  variety  of  combination  has  been  employed.  The 
tendonof  the  "peroneus  longus  has  been  brought  across 
the  foot  and  attached  to  the  tibialis  anticus  for  the  relief 
of  valgus,  and  a  portion  of  the  inner  part  of  the  tendo 
Achillas  has  been  utilized  for  the  same  purpose,  a  pro- 
cedure, however,  that  can  hardly  offer  much  pmsiiect  of 
success.    Operations  for  the  relief  of  calcaneus  have  been 
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pmctically  that  of  Nicoladoni,  the  transplaiiUition  of  tlic 
two  iHTimci  muscles  into  the  tcndo  Arliillis;  or.  as  modi- 
fii'd  liy  (Joldlliwail,  the  triidoii  of  the  pcroiu'us  lonpiis 
was  iiiscrtt'd  into  tin-  tiiido  Ailiillis  and  tlic  hrcvis  was 
transplanted  into  that  of  the  lle.xor  loiifriis  iiollieis.  If 
the  tibialis  posticus  is  paraly/.eil  with  resultinjr  valgus, 
tlie  peroiieus  brevis  may  l)e  t-arried  beneath  the  tcndo 
Achillis  and  attached  to  its  distal  extremity. 

The  operation  of  tendon  transplantation  should  not  be 
perfiirnicd  until  the  recovery  f nun  the  jiaralysis  is  con- 
sidered impossible.  The  incision  sliould  be  surticiently 
long  to  expose  the  tendon  and  the  muscular  substance. 
The  panilyzed  muscle  is  (piile  dilTercnt  in  color  from 
the  iiormai.  being  dull  reddish  yellow,  and  the  tendon  is 
usuallv  dull  white  in  i)laceof  the  silvery  glistening  color 
of  thenormal  tendon.  TIk^ sjilitting  of  the  tendon  should 
be  begun  high  up.  including,  in  some  instances,  muscle 
substance,  and  in  joining  the  splices  as  much  surface  as 
pos-siblc  of  each  splice  should  be  apposed  because  the 
tendons  do  not  readily  unite.  In  certain  instances  it  may 
beadvisjible  to  attach  the  transplanted  tendon  directly  to 
the  periosteum  at  the  iK'int  at  which  its  force  may  be 
e.xerted  to  best  advantage.  This  as  a  routine  measure  is 
advocated  by  Lange  (Sliineh.  med.  Wocfien..  November 
l.ith.  1900).  ■ 

Fine  silk  is  usually  employed  for  suturing.  The  tendon 
sheaths  are,  as  far  as  possible,  closed  by  tine  catgut  and 
the  skin  incision  by  the  sjime  material.  Before  the  opera- 
tion is  performed, "all  resistance  to  normal  motion  should 
be  overcome  by  force,  and  by  division  of  the  contracted 
parts,  if  necessary.  The  attachment  of  the  muscles  or 
tendons  should  lie  made  while  the  foot  is  held  in  proper 
position,  and  in  many  instances  it  is  well  to  cut  and  over- 
la)!  the  jiaralyzed  tendons  to  aid  in  retaining  the  foot  in 
the  improved  attitude. 

After  the  operation  is  completed,  the  foot  should  be 
fixed  in  a  plaster  bandage  in  the  over-corrected  position 
for  several  weeks  or  nuinths.  As  a  rule  the  foot  should 
be  supported  by  a  brace  until  it  is  evident  that  the  union 
of  the  parts  is  firm,  and  a  good  functional  result  is  assured. 

The  prognosis  will  dejiend  entirely  upon  the  character 
of  the  paralysis.  If  the  tibialis  anticus  is  alone  affected, 
it  may  be  hojied  that  sullicient  power  may  be  borrowed 
fromthe  other  muscles  to  lift  the  foot  at  least  enough  to 
prevent  awkwardness  of  gait,  and  to  restrain  deformity. 
Even  more  favoraltle  is  tlu^  (irospect  for  the  relief  of 
varus  caused  by  weakness  of  the  abductors;  but  it  is 
impossible  for  weak  muscli's  like  the  peronei  to  supply 
the  place  of  the  great  calf  muscle.  The  power  obtained 
from  the  peronei,  however,  which  has  become  useless  and 
even  harmful  becjiuse  it  draws  the  foot  into  deformity, 
may  be  sufficient  to  hold  the  heel  in  proper  position  and 
at  least  to  aid  the  brace  in  retaining  the  foot  in  a  normal 
attitude. 

The  relative  strength  of  the  muscles  should  be  consid- 
ered in  selecting  grafts,  as  well  as  in  making  a  prognosis. 
According  U>  Fick  it  is  as  follows,  in  kilogrameters: 

Back  of  the  Leg. 

The  calf  muscle— gastrocnemius  and  soleus 8.21 

Tlhliilis  jifistlcus 40 

Peroncus  l<intnis 44 

Fle.xnrconi.  Hjiriloniin 37 

Flexur  loiiKU.s  pcilllcls S2 

Total 10,^4 

Froxt  of  TnE  Leg. 

T11>lali.«  anticus 1.61 

Extensirpniprius  [lolllcls 39 

Extensor  Iniiirus  <lt^t(;ruiii 72 

Penincus  brevis 31 

Pvroneus  tertius 20 

Total 3.23 

The  importance  of  the  calf  muscle  on  the  back,  and 
of  the  tibialis  anticus  on  the  front  of  the  leg,  is  apparent. 
The  former  is  nearly  four  times  as  strong  as  tiie  other 
muscles  of  the  combined  posteiior  group,  the  latter  being 
nearly  equal  to  all  the  others  on  the  front  of  the  leg. 


(Rudolph  Fick,  "  Ueber  die  Arbeit.sleistung  der  auf  die 
Fussgelenke  wirkenden  Muskeln."  Leipsie.  lH9a.) 

It  has  been  claimed  that  the  transplanted  muscle  may 
become  hyjiertrophied  sulliciently  to  carry  cnit  its  new 
function,  liut  this  is  somewhat  doul)tful.  Direct  trans- 
plantation of  muscles  on  the  .sjime  principle  as  tendon 
grafting  hasalso  been  performed  by  Drobnik.  Goldthwait, 
and  others;  for  example,  the  sartorius,  the  gracilis,  or 
the  tensor  vagina'  femoiis  may  be  transplanted  into  the 
substance  of  the  innidriceps  extensor  muscle.  I)rol>nik 
has  suggested  the  possibility  of  regenerating  the  paralyzed 
muscle  by  thus  engrafting  a  portion  of  one  that  is  still 
active,  but  this  is,  of  course,  a  possible  nither  than  a 
probable  outcome. 

The  principle  of  the  operation  applies,  of  course,  to 
other  ]iarts  of  the  body  as  well,  but  the  opportunities  for 
its  apjilication  are  far  less  frequent  than  in  the  lower 
extremities. 

Tk.ndon  Splicing. — Division  and  overlapping  of  the 
tendons  of  paralyzed  muscles  may  be  em|)loycd  w  ith  ad- 
vantage in  certain  instances.  For  example,  in  complete 
paralysis  of  all  the  tlorsal  flexors  of  the  foot,  each  tendon 
may  be  shortened  and  attached  to  the  anterior  ligament 
thus  the  toe-drop  may  be  remedied  or  reduced  to  such 
an  extent  that  the  deformity  may  interfere  but  slightly 
with  locomotion.  In  most  instances,  however,  unless 
support  is  used  the  shortened  part  will  relax  sub.seipiently. 

AuTiiiiODEsis. — Arthrodesis,  for  the  purpose  of  pro- 
ducing ankylosis  of  a  joint,  was  first  performed  by  Al- 
bert of  Vienna,  in  18T8.  Its  field  is  practically  limited 
to  those  cases  in  which  no  muscular  jiower  remains,  the 
so-called  dangle  foot.  It  may  be  of  service  also  in  cases 
of  partial  paralysis,  as  in  equinus  or  calcaneus,  when  the 
patient  is  unable  to  provide  himself  with  apjiaratus. 

The  operation  consists  in  opening  the  joint  and  remov- 
ing tlie  cartilage  fromthe  opposing  surfaces  of  the  bones, 
then  sewing  or  nailing  them  to  one  another,  or  simply 
tixing  the  parts  in  a  plaster  bandage  until  union  has 
taken  place.  If  the  case  is  one  of  simple  calcaneus  or 
ecpiinus,  without  lateral  deviation,  the  operation  may  be 
limited  to  theankle  joint,  which  may  be  opened  from  the 
back  or  front  or  side,  as  seems  preferable.  The  cartilage 
is  usually  removed  with  a  sharp  spoon  and  at  the  s;ime 
time  relaxe<l  tissue  may  be  shortened  after  the  Willett 
method,  if  the  deformity  be  calcaneus;  or  the  tendons  on 
the  front  of  the  foot  may  lie  similarly  shortened  with  the 
aim  of  lifting  the  toes  to  the  proper  level,  if  they  are  de- 
pressed. The  operation,  to  be  effective  in  cases  of  com- 
plete paralysis  and  dangle  foot,  must  include  all  the 
larger  joints  of  the  foot.  Even  when  ankylosis  iias  been 
attained,  there  is  a  marked  tendency  to  subseipieiit  de- 
formity. In  cases  of  calcaneus,  the  removal  of  the  as- 
tragalus in  the  manner  described  is  the  preferable  opera- 
tion. 

Arthrodesis  is  also  performed  at  the  knee  and  at  other 
joints  for  the  purpose  of  fixing  the  part  in  a  useful  atti- 
tude. In  certain  instances  the  operation  is  indicated.  It 
is,  of  course,  liniiled  to  cases  of  hopeless  paralysis  and  is 
more  suitable  to  the  older  than  to  the  younger  class  of 
patients. 

The  improvement  in  the  gait  obtained  by  the  removal 
of  deformity  and  fixation  of  the  foot  is  often  very 
marked,  and  sujiport  may  often  be  discarded,  but  in  earlj' 
childhooil,  at  least,  cases  should  if  pos.sible  be  kept  tinder 
observation  in  order  that  support  may  be  applied  if  the 
deformity  shows  a  tendency  to  recur. 

liiii/iil  W  hit  man. 

FOREARM,  THE.— The  forearm  is  that  portion  of  the 
pechinil  girdle  or  ujiper  extremity  lying  between  the 
elbow  anil  wrist  joints.  Its  bony  framework  comprises 
two  bones,  the  nulius  and  the  ulna. 

The  */,/((  of  the  forearm  is  soft  and  is  tisually  well 
supplied  with  hail's,  especially  along  the  postero  external 
surface.  Along  the  anterior  surface  the  hairs  are  fewer 
and  liner.  The  skin  is  freely  movable  throughout  the 
forearm  upon  the  deep  fascial  sheath.  The  bursji  over 
the  olecranon  gives  it  free  mobility  at  that  point.     Lying 
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within  tlip  Ijiyfra  of  the  Rupvrflclal  fascia  are  the  Buper- 

ticilll    VlillS  tlllll   till-  ClllltlU'llllN   IICTVI'K. 

'I'lir  M  rKiiKHiM.  VKiss  risi-  ill  lw(i  plrxuAvs:  tilt'  liirtfe 
lilij-im  nf  llie  il.-rn'ini  -/  tin  Itiiiiil  wliicli  isdi-rivcd  from  llic 
ili|,'i(ul  veins,  mnl  ilicsiiiiilicr 
/i/< run iij'tlii  fiiiii I I'fllif  irrmt, 
rroiii  till'  imliii  1111(1  Ijiiiliili. 
Tiii'Sc  Veins  iirc  liir;»'rr  ihiiii 
lliiisc  (if  (III' (U'('|>  set.  Imvf 
fewer  viilves  anil  reliirii 
iiiosi  (if  t  lie  IiI(i(n1.  a  I  |>iiinls 
of  I'lininiiiniciition  lii'tueeii 
llicse  scis  iif  veins.  Valves 
are  re!;iilarl\'  fiiiinii. 

Tlie  veins  aiisini;  from 
tliesc  two  plexuses  lire  ir- 
regular in  their  (lislrilnilion 
ami  are  seldom  symmetrical 
upon  the  two  sides  ill  the 
Slime  liody.  For  eonveii- 
ioiiee  four  principal  vein 
trunks  are  ilistini;iiislied 
upon  llie  oilier,  anterior 
and  inner  surfaces  of  tlie 
foreiiriu:  the  railial.  the 
iiiiiliiiii,  the  antrrwr  iiiid 
the  jimtt' rior  ulnar  veins 
respeclively.  The  nifdiiiit 
Vein  as  it  reaches  a  point 
opposite  the  insertion  of 
the  liiccps  receives  a  com- 
tniliiication  from  the  deep 
set  which  perforates  the 
(lee|>  fascia.  This  trunk  is 
short  and  is  known  as  the 
priifiinitii.  The  median  at 
once  divides  into  bninches 
tliat  diverire  in  V-form,  the 
median  ceplialic  to  tlic 
outer  side  and  the  median- 
liasilic  to  the  inner  side  of 
the  biceps.  The  tnedinu- 
cejihiilir  ascends  to  a  point 
a  little  aliove  the  elbow,  is 
joined  by  the  rnilitil  vein, 
nnd  this  trunk,  called  the 
Cfphiilif.  lies  in  the  furrow 
to  the  outer  side  of  the  bi- 
ceps in  the  arm.  The  me- 
dian cephalic  vein  overlies 
the  cutaneous  branches  of 
the  musculo -cutaneous 
nerve  ns  they  pa.ss  the  el- 
bow. The  iiitilidn  -fiiiKilic 
vein  pas.s<'S  upward  and  in- 
ward and  is  usually  joined 
at  a  point  alioiit  in  front  o<' 
the  internal  condyle  by  bo'li 
the  u/Hrtr  veins.  The  trunk 
so  forincil  is  called  the  Itn- 
gilic  and  lies  to  the  inner 
side  of  the  biceps  in  the 
anil.  The  median  basilic 
is  usually  larger  and  shorter 
than  the  mediaii  ce|dialic: 
the  basilic  is  usually  a  con- 
siderably larger  trunk  than  the  ceplialic.  The  median 
biusilic  vein  overlies  from  without  inward  the  bicipital 
fascial  aponeurosis,  the  brachial  artery,  a  part  of  the  an- 
terior division  and  the  whole  of  the  posterior  division  of 
the  terminals  of  the  interual  cutaneous  nerve. 

Sri'KKKin.M.  Nf.iivks. — The  cutaneous  nerves  are  the 
musculo  cutaneous,  with  a  few  tibres  from  the  niusculo- 
sjiiral  near  the  elbow,  for  supplyinir  the  outer  side  of  the 
forearm,  front  and  back;  the  inlernal  ciitaiicons.  for  sup- 
plyiu.g  the  inner  side  of  the  forearm,  front  and  back. 
Lying  between  the  two  on  the  back  of  the  forearm  is  the 
distribution  of  the  lower  (larger)  cutaneous  branch  of  the 


muwulo-spinil.  All  these  otTven  pniM  Uic  elbow.  Be- 
hind, over  a  small  area,  limlte<l  to  the  olecranuD.  U  the 
nerve  of  Wrisberg. 

I'iercing  the  fascia  at   the  lower  third  of  the  foreurin. 


the  followin.i^  nerves  become  superficial  or  cutaneous: 
the  palmar  bianclics  of  the  ulnar  median  and  radial  nerves 
on  the  front,  and  the  dorsal  branch  of  the  ulnar  nerve  and 
the  radial  nerve  on  the  back. 

The  brachial  (Aw\>)  fascia  at  the  elbow  is  firmly  fixed 
to  the  bonv  prominences,  and  is  strengthened  in  front  by 
the  bicipital  fascia.  This  slip  is  given  otT  from  the  tendon 
of  insertion  of  the  biceps,  which  bridges  over  the  brachial 
artery,  and  is  lost  over  the  pronator  teres  and  its  sheath 
at  the  inner  side  of  the  forearm.  Some  fascial  fibres  are 
also  often  received  from  the  tendon  of  the  triceps.  To- 
gether in  the  upper  third  of  the  forearm  this  deep  fascia 
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forms  n  strong  enveloping  slieatb.  Near  the  elbow  at 
tlu'  inlcriml  cciikIvIc  it  s<'rv('s  in  part  as  the  origin  of 
Sfveial  niusclt'S  wliirli  spring  from  the  (iinilvli'.  Jxwer 
down  in  the  forciuni  srpta  aie  given  olT  from  its  deep 


surface  to  dip  down  between  the  various  muscle  bellies. 
In  the  lower  third  llii'  fascia  is  continuous  with  the  vari- 
ous muscle  tendons  and  at  the  wrist  forms  the  anterior 
and  posterior  annular  ligaments.  It  ends  in  the  fascia 
of  the  hand.  It  is  attached  to  the  posterior  triangular 
area  of  the  olecranon  and  to  the  whole  of  the  posterior 
ridge  of  the  ulna,  and  is  much  thicker  behind.  Between 
the  supcrlicial  and  deep  layers  of  muscles,  front  and  back. 


is  a  thin  membranous  layer  of  fascia.  Below  and  belund. 
the  fascia  is  strengthened  by  transverse  fibres  to  form  the 
posteriorannidar  ligament  of  Ihewrist  wliich  passes  from 
the  anterior  border  of  the  radius  above  the  .styloid  jiroc- 
ess  backward  and  inward,  over 
the  series  of  ridges  forming 
grooves  for  tendons,  over  tli6 
idna  serving  as  an  orbicular 
ligament,  to  attach  itself  to  the 
inner  aspect  of  the  wrist,  es- 
pecially over  the  pisiform  and 
cuneiform  bones. 

JIisci.Es. — Tlie  muscles  of 
the  forearm,  for  convenience, 
can  be  divided  into  groups: 
those  of  the  front,  those  of  the 
back,  and  those  of  t  he  outer  side 
of  the  forearm.  Those  of  the 
front  (anterior  radio  -  carpal) 
consist  of  a  supcrlicial  set.  live 
in  nundjer:  the  pronator  teres, 
flexor  carpi  radialis.  tlexor 
carpi  ulnaris,  tlexor  digitorum 
sublimis,  and  (flexor)  pabnaris 
longus;  and  a  deep  set.  three 
in  number:  flexor  digitonmi 
profundus,  flexor  pollicis  lon- 
gus. and  pronator  quadratus. 
The  muscles  of  the  mittr  side 
(radial),  three  in  number,  are: 
brachio-radialis,  extensor  carpi 
radialis  longus,  and  extensor 
carpi  radialis  brevis.  Those 
of  the  bock  (posterior  radio- 
carpal) comprise  a  superficial 
set,  four  in  number:  extensor 
digitorum  communis,  extensor 
digiti  minimi,  extensor  carpi 
ulnaris,  and  anconanis;  and  a 
deep  set,  five  in  number:  su- 
pinator (brevis).  extensor  ossis 
metacarpi  pollicis,  extensor 
pollicis  longus,  extensor  pol- 
licis brevis,  and  extensor  in- 
dicis. 

The  five  muscles  of  the  ««- 
perjieinl  flexor  group  are  in- 
timately associated  at  their 
origin  from  the  internal  con- 
dyle. Rising  from  it  is  a  ten- 
don common  to  them  all.  which 
gives  fibres  to  each  and  sends 
septa  between  every  two  con- 
tiguous muscles.  The  mus- 
cles, from  without  inward,  are 
the  following: 

The  pronator  terci.  the  most 
external,  crosses  obliquely  the 
upper  half  of  the  forearm.  It 
rises  by  two  heads:  one,  large 
and  superficial,  from  the  inner 
condyle  of  tlie  humerus,  by  a 
tendon  conuuon  to  both  lieads. 
and  from  the  supracondylar 
ridge,  fascia,  and  intermuscular 
septa ;  the  other,  a  thin  and  deep 
band,  coming  from  the  inner 
side  of  the  coronoid  process 
and  soon  joining  the  deep  sur- 
face of  the  large  head.  This 
slip  separates  the  median  nerve  from  the  ulnar  artery. 
The  muscle  thus  formed  passes  outward  and  ends  in  a 
flattened  tendon  which  turns  over  tlie  radius  and  is  in- 
serted into  a  rough  impression  on  the  outer  surface  of 
the  shaft  of  the  radius  about  at  its  nnddle.  Near  the  in- 
sertion the  muscle  is  crossed  by  the  radial  artery  and  is 
coveretl  by  the  brachio-radialis. 
The  flexor  carjH  radiai  is  rises  from  the  flexor  tendon, 
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from  fiiHfiu,  IntiTiiiiiiwiiliir  soptii.  iiiul  mljiirriil  niiisi-lcR. 
At  iiliiiiit  the  midillr  cif  the  fnrciinii  its  ticsliy  l>i'lly  iiiiT>tfs 
into  II  liiiiir  lliiltniiil  tiinlnii.  |m-isrs  in  ii  spiciiil  c'iiin|iurt 
ini'Mt  iif  the  mitrrior  iinnulur  licimn'nl.  kidkvcs  llic  Ini- 
p<'/.iiiin,  anil  insiTIs  ilsclf  intu  tin'  I'liw  "f  llif  sccuiul  llMil 
frfi|ii<'ntly  into  tlii'  lliiril  nirtitciiriuil  biiiic 

Tlic  (  tliJtor)  jxiliiKiriii  liiHijiit  in  ii  lon^r  slcmlrr  iniiRclo. 
till'  snmlli'Mt  of  the  trrnup.  It  rises  from  \\\v  llrxor  ti'iulon, 
fiisciii.  1111(1  srplii.  to  foriii  soon  a  sniiill  roiiml  liillv.  It 
Koon  inds  ill  a  loiin  slmilir  Irinlon  «  liicli  insrTls  ilsrlf  into 
tlic  lower  liorilir  of  tin-  iiiwiiilar  liptiniiit  an<l  tlic  palmar 
fiisciii.     Tills  miiscli'  is  very  varialili-  ami  is  ofliii  aliscnl. 

Tlic  JliJr>ir  dirjii  iiliiiirin.  tlic  iniicrniost   iniisilc  of  the 
group.  ris«'s  by  two  liciuls;  the  one  from  tlic  hack  part 
of  tlic  llcxor  tendon,  tlic  other  from  tin-  inner  siilc  of  the 
olceriinon  and.  hy  an  aponeurosis,  from  the  upper  tw 
thirds  of  the  posterior  holder  of  the  ulna.     Tlict  wo  lieiiils 
hridijc  the  space  hetween  the  internal  condyle  and  the 
olecranon,  and  liclwceii  and  lieiieatli  them  the  ulnar  nrrvc 
is   tninsniillcd      The    muscle   converges   into   u    tendon 
which  is  placed  aloiiir  its  front 
gurfai'c  and   inserts  itself  into 
the  |>isiform  hone. 

The  JlfJT-ir  liigitorum  *nb- 
liiiiin  (llcxor  perforntus)  is  a 
hroad  Hat  niusch'  placed  ho- 
liiud  the  pn-ccdins;.  It  rises 
by  a  strong  head  from  the 
flexor  tendon,  from  the  inter- 
nal lateral  ligament  of  the  el- 
bow joint,  from  the  inner  bor- 
der of  the  coroiioid  process, 
and  from  the  overlying  mus- 
cles and  septa :  and  by  a  second 
head,  n  thin  Hat  hanil,  from 
the  anterior  obli(iuc  line  of  the 
radius  and  its  anterior  liordcr. 
It  merges  from  a  broad  muscle 
into  four  scpiinitc  tendons 
which  first  puss  through  the 
middle  com|)artmcnt  of  the 
anterior  annular  ligament,  then 
diverge,  and  continue  their 
course,  each  one  .separately,  in 

company  with  a  corres]ionding  tendon  from  the  profun- 
dus (behind),  to  each  of  the  last  four  lingers.  At  the  wrist 
the  tendons  pass  in  pairs,  those  for  the  third  and  fourth 
fingers  being  in  front,  those  for  the  second  and  liflh  lying 
IxOiind  the  first  pair.  The  tendons  opposite  the  first 
phalanx  divide,  allow  the  jirofundus  tendon  to  pass  be- 
tween, then  unite  behind  to  insert  themselves  into  the 
sec(md  phalanx. 

The  daii-Kf'iied  flexor  group  comprises  the  following 
muscles: 

The flejror diyiOirum prof  umUis  (^i:\ov  perforans),  a  large 
thick  iimscle,  rises  from  the  upper  three-fourths  of  the 
front  and  inner  side  of  the  ulna,  from  the  ulnar  half  of 
the  interosseous  membrane,  and  from  the  aponeurosis  of 
the  flexor  carpi  nlnaris.  It  divides  finally  into  four  ten- 
dons for  the  inner  four  fingers,  but  the  tendon  for  the  index 
linger  becomes  distinct  in  the  forearm.  It  jiasses  behind 
the  sublimis  at  the  wrist,  behind  the  sublimis  tendons  in 
the  palm,  and  after  perforating  the  sublimis  inserts  itself 
nt  the  basesof  the  last  phalanges  of  the  inner  four  lingers. 
The  lumbricales  take  origin  from  the  tendons  in  the  palm. 
The  fltJcor  jxiUirU  longiis,  to  the  outer  side  of  the  pro- 
fundus, rises  from  the  front  of  the  radius  between  the 
oblique  line  and  the  proualorquadratus.  and  the  adjacent 
interosseous  inembraue.  From  a  fleshy  belly,  a  round 
tendon  pas,scs  under  the  annular  ligament  and  thenar 
eminence  to  its  insertion  at  the  base  of  the  second  (last  I 
phalanx  of  the  thumb.  Occasionallv  a  second  head  ri-ses 
from  the  coronoid  process  or  internal  condyle  in  common 
with  the  sublimis. 

Thv  pronator  qiiadrntiin  rises  from  the  pronator  ridge 
and  from  the  front  of  the  ulna  at  its  lower  fourth,  passes 
close  to  the  bones,  and  inserts  itself  into  the  front  of  the 
lower  end  of  the  radius. 
Vol.  IV— 10 


The  miiM'les  of  the  mitrr  (mdiiil)  rxtrnmr  group  are 

T\\v  hriii-Uin-riuUiilin  (siipinator  ' -tiseu  from  the 

upper  twothirdHof  tlnM'Xternnl  ■■  :;ir  ridge  and 

from  the  front  of  the  external  iiii'  t  i  -.epiuin.     It 

forms  a  long  slemler  mumle  which,  neur  the  middle  of 
the  forearm,  merges  into  a  flat  tendon  ;  and  this,  in  turn. 
ins»-rts  it.Hclf  into  the  outer  side  of  the  rudiuH  near  the 
base  of  the  styloid  process. 

Thi-  c-rlt  iiK'ir  nirjii  nulinlin  loiiffim  rises  just   below  tlie 
pri'ceding  muscle  fom  the  ridge  and  wptuni.  a  few  llbn-s 
being  derived  from  tin-  common  extensor  tendon.     From 
this  origin  a  long  tendon  pa.s.scs  umler  the  posterior  an- 
nular ligament  in  its  si'eond 
compartment   and    passes  to 
its  insertion  into  the  lm.se  of 
the   second    metacarpal.      In 
its  ciji.rse  it  lies  upon  the  fol- 
lowing muscle. 

The  fxtdifor  etirpi  riuUalii 
hrerls  risi'S  by  the  common 
extensor  tendon  from  the  ex- 
ternal condyle  of  the  Ini- 
meriis,  from  the  inlermug- 
cular  septa,  and  from  the 
external  lateral  ligament  of 
the  elbow.  Its  tendon  passes 
with  the  longus  in  the  same 


compartment  at  the 
wrist  and  is  finally 
inserted  into  the 
base  of  the  third 
metacarpal. 

T\\c  »iijMrfiei'il  ex- 
tensor group,  from 
without  inward, 
contains  the  follow- 
ing muscles: 

The  extensor  dig- 
I  to r  V  m  com m n n is 
rises    by  the   com- 
mon  extensor   ten- 
don,   fascia,  and    ^,0.  2196.— The  inner  Ann.    Muscles  con- 
septa.        From      a  traoted.     (Alter  Gerrisli.) 
fleshy    belly     four 
tendons     are     ulti- 
mately  given   off,  and  these  pass  through  the  fourth 
compartment  of  the  posterior  annular  ligsunent  on  their 
way   to  the  hand.     Hei«  they  diverge  and   then   pa-ss 
on  "to  the  points  where  they  are  inserted  at  the  bases 
of  the  second  and  the  third  phalanges  of  the  inner  four 
fingers. 

The  extensor  digiii  minimi  lies  at  the  inner  side  of  the 
preceding  muscle.  It  rises  in  the  same  manner  as  does 
the  latter  and  passes  through  the  fifth  compartment  at 
the  wrist  (between  radius  and  ulna):  its  points  of  inser- 
tion are  the  same  as  those  of  the  corresponding  tendon 
of  the  preceding  muscle. 

The  extensor  7arpi  )ilnaris  rises  in  the  same  manner  as 
the  preceding,  and  also  by  an  ulnar  aponeurosis  common 
to  it,  the  flexor  carpi  ulniiris,  and  the  flexor  profundus. 
The  tendon  emerges  near  the  wrist,  passes  in  the  sixth 
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(■iiiiiparlmiiil,  iiiiil  is  iiisiTti'il  iiiti 
mctiiciiriml  iiciir  its  ulnar  lionltr. 

The  iiKi-'iiunis  rises  fnnii  the   lower  \»\n  nf  the  biirk  of 
Uieextenml  condyle  iiiul  lioni  theail  jaeeiit  (loslerior  liira- 
meiit  of  the 
olliow     anil  '^       ••' 
is      iiiserteil 
into  theowt 
er  surface  of 
the     oleeni- 
non    and     the 
upper  third  of 
the  liaeUoftlu' 
u  I  n  a.     T  h  i  s 
nuiselcissoine- 
times  eonliiiii- 
ous    with    the 
triceps  anil   is 
usuallv   described   in 
connection    with    it, 
as  a  fourth  head. 

The  ihtj)  e-rteiisoi- 
group  comprises  lue 
following; 

The  mii>ii)tit<'r  (vccm)  ums 
from  the  back  of  the  eMernal 
condyle,  the  external  lateral  liir- 
anient,  the  orbicular  liirument 
of  the  radius,  ami  the  back  part 
of  the  bicipital  hollow  of  the 
ulna,  from  which  imint  it  ex- 
tends a  variable  distance  down 
the  outer  border  of  the  ulna. 
Over  these  libres  of  origin  is  a 
strong  aponeurotic  cover.  The 
muscle  passes  out  and  down 
over  the  back  of  the  radius  to 
insert  itself  into  the  back  of  the 
neck  of  the  radius  and  u|)on  the 
outer  and  front  surfaces  of  this 
bone  as  far  down  as  the  insertion 
of  the  pronator  teres.  The  mus- 
cle is  divided  into  superficial 
and  deep  layers  by  the  posterior 
interosseous  nerve  as  it  passes 
to  the  back  of  the  forearm. 

The  i.rtciiKi/r  nxsin  iiictiiearjn 
]vAliciK t.a.\v\\\cXoT  pollicis  longus) 
rises  from  the  outer  pari  of  the 
back  surface  of  the  ulna  at  the 
junction  of  the  upper  and  mid- 
dle thirds,  from  the  correspond- 
ing portion  of  the  interosseous 
membrane,  from  a  small  part  of 
the  back  of  the  radius  near  its 
niidille,  and  from  intermuscular 

septa.  The  muscle  e.Mends  down  and  out.  emerges  be- 
tween the  extensor  digitorum  communis  and  the  exten- 
sor carpi  radialis  brevis,  and  in  comiiany  witli  the  ex- 
tensor pollicis  brevis  it  crosses  the  two  radial  extensors. 
At  about  this  point  it  merges  into  its  tendon,  follows 
down  the  outer  side  of  the  base  of  the  radius,  and  en- 
ters the  first  compartment  of  the  posterior  annular  liga- 
ment. It  is  inserted  into  the  outer  side  of  the  base  of 
the  lirst  metacar])al  bone  and  by  its  aponeurosis  into 
neighboring  structures,  notably  liie  back  of  the  trape- 
zium, and  also  into  the  palmar  fascia,  especiallj-  that  part 
which  covers  the  thumb. 

The  crlcriKiir  i>nllii-i.i  hncis  (extensor  jirinii  internodii 
liollicis)  rises  from  the  middle  of  the  back  of  the  inter- 
osseous m<inbrane  just  below  the  preceding,  from  the 
back  of  the  radius  extending  obliquely  outward  and 
downward,  and  from  the  internuiscular  septa  of  this  group 
of  muscles.  It  extends  oblii|uily  down  and  out  and 
forms  its  tendon  at  the  lower  third  of  the  forearm.  From 
this  point  it  accompanies  the  teiulon  of  the  preceding 
muscle,  lying  behind  it,  to  be  inserted  into  the  base  of 
the  tirst  phalanx  of  the  thuiub. 
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int?  Relatiuns  ot  Bony 
Framework  of  tlie  Slioul- 
der,  Ann.  ami  Elbow  to 
the  Soft  Parts  wliich  Sur- 
round Them.  (After  Uer- 
rish.i 
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The  extiiiHur  jjollin'ii  loni/un  (extensor  secundi  internodii 
pollicis)  rises  from  the  outer  part  of  the  back  of  the  ulna 
at  its  middle  third,  close  to  the  outer  border,  from  the  in- 
terosseous membnme.  and  from  the  septum  between  it 
and  the  extensor  indicis.  This  iiuis<le,  somewhat  stronger 
than  the  preceding,  pas,se8  down  and  out  to  merge  into 
a  tendon  jdaced  along  its  back.  The  tendon  becomes 
free  just  above  the  |iosterior  aniudar  ligament,  pa.sses 
through  its  third  compartment,  then  over  the  radial  ex- 
tensors, lies  close  to  the  inner  side  of  the  tendon  of  the 
preceding,  and  is  inserted  into  the  base  of  the  second 
phalanx  of  the  thuiub. 

The  e.rtiiiK'ir  iiuliciti  rises  from  the  back  of  the  ulna 
(from  a  jioint  just  below  the  preceding  muscle  to  one 
situated  nearly  at  the  lower  end  of  the  bone),  from  the 
adjacent  intero.sseons  meiuljrane,  and  from  the  septum 
between  it  and  the  preceding.  It  mi-rges  into  a  tendon 
which  is  placed  along  its  radial  border.  This  becomes 
free  at  the  lower  third  of  the  forearm,  passes  through  the 
fourth  compartment  beneath  the  tendons  of  the  extensor 
digitorum  communis,  and  after  it  emerges  from  this  it  is 
inserted  into  the  inner  border  of  the  tendon  of  the  com- 
mon extensor  of  the  index  linger  at  about  the  metacarpo- 
phalangeal joint. 

AiiTicHiKs. — The  brachidl  artery  ends  just  below  the 
bend  of  the  elbow  where  it  divides  opposite  the  neck  of 
the  radius  into  its  two  terminals,  the  radial  and  the  ulnar. 

The   radiiil  artery,   the   smaller  of   the   two,  extends 
downward,  in  direct  continuation  of  the  brachial  artery, 
along  the  outer  side 
of  tiie  front  of  the  ,  ^  „ 

forearm  to  the  low- 
er end  of  the  ra 
dius.  Here  it  turns 
around  the  outer 
side  of  the  radius 
to  the  back  of  the 
wrist,  over  the  ex- 
ternal lateral  liga- 
ment, and  under  the 
extensors  of  the 
thumb. 

In  the  upper  fore- 
arm it  lies  in  the 
outermost  intermuscular 
sjiace  between  the  brachio- 
radialis  and  the  pronator 
teres,  and  is  covered  by 
fa.sci;e  and  skin.  In  the 
middle  and  lower  thirds  of 
the  forearm  it  lies  along  the 
inner  border  of  the  muscle 
and  tendon  of  the  brachio- 
radialis,  which  latter  serves 
as  a  guide  in  the  operation 
for  ligating  this  ves.sci.  In 
this  part  of  the  lorearni  it 
is  covered  oidy  by  fascia' 
and  skin,  and  by  a  few  su- 
perficial veins  and  cutane- 
ous branches  of  the  nuis- 
cidocutaneous  nerve.  The 
radial  at  the  wrist  lies  di- 
rectly upon  the  bone,  and 
forms  the  pulse.  The  ra- 
dial nerve  approaches  the 
artery  above  at  an  acute 
angle;  in  the  middle  and 
lower  thirds  it  lies  along  its 
outer  side.  The  venjc  com- 
ites  aecom|)any  the  artery 
on  either  side. 

The   radial  artery  in  the 
forearm,  besides  the  irregu- 
lar and  ninuerous  muscular  branches,  gives  off  the  radial 
recurrent,  the  anterior  radio-carpal,  and  the  superficial 
volar. 

The  radial  recurrent,  a  branch  of  considerable  size,  is 


Fig.  2in,s.— EMemal  and  resterlor 
Reiflon  of  Wrist,  shnwlnjr  Ar- 
ranjirenient  of  Tendons.  Arter.v. 
Nene.  etc.  Tlie  skin  and  fasiise 
Iiave  bei'n  removed.  (Itedueed 
In  size.)  (After  M.  11.  Uioh- 
ardsi'D.) 
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iiHUiilly  kIvcii  off  finm  tlic  outer  »I<1«' of  tlio  nulliil  jii»t 
lM-lo\v"ils  oriulii  frnm  llir  hnii-liijil.  Il  riiim  oiilwiird  lir 
Iwivii  llif  hriiiliiii  iiiilialis  ami  tin-  siipiiiiilcir  (lirrvis),  ili 
vidi'j*  iiil"  wvinil  liniiiclirs  ninl  iiiiiisliimosis  with  tin: 
iiiliTiisscdiiH  niiirrriil  iiixl  suiiirinr  iimriinilii.  iiriil  givis 
olT  It  limiuli  I"  Mi|i|ily  ilic'  illiiiw  jnint. 

Till' sii|iirliri»l  voliir  iiiiil  llic  imtciior  niilii)  ciirpal  iin- 
bniiiclics  t^'wvu  olT  jusl  uliiivr  llu' wrist. 

Tlif  iiliiiir  tiitiri/.  Ilic  larjrcr  of  Ilii-  liTiiiiimK  <>f  tin- 
bnu'liiiil,  from  the  iiiiifr  side  nf  llii' in'ck  nf  tin-  nuliiis 
piis-u'S  iliiwii  mill  iiiwaril  to  lln'  rniiil  nf  llir  itiiiiT  (iilniin 
siili'  of  llir  fiprrariii,  lliciici'  ilirrilly  to  llir  wrist,  aiiil  ovrr 
till'  aiilrrinr  annular  liifannnl  to  tlir  palm. 

In  llir  iippir  hall"  of  its  coiirsr  llic  artriy  lir-*  ilriply 
liriiiatli  llir  pronalor  IrriM  ami  llir  siipiTlicial  llrxors;  in 
till'  lowrrlialf  of  the  fori'iirm  it  is  ovirjappiil  only  by  llic 
llrxor  carpi  ulimris  iiiusclc  ami  ti'iiiloii  wliirli  lie  In  ils 
iiiiirr  siilc  mill  .si'rvr  as  a  gniili'  in  opiiiilions  for  lif^atiiii; 
III!'  vessel.  Only  in  the  last  ineli  or  so  is  the  artery  sii- 
perlleial.  As  llie  artery  lies  liemalh  llie  pronator  leres 
it  is  eros-seil  from  williin  mil waril  liy  llie  median  nerve. 
the  deep  head  of  llie  niiisele  usually  separatini;  llie  Iwo 
The  ulnar  niTve  approaehes  llie  arlery  from  heliind  Ihe 
inner  eondyle  al  iin  aeule  ani;le,  heiiif;  separaled  from  ii 
by  the  llexiir  swbliinis.  and  in  the  lower  two  lliirds  it  lies 
eiose  to  the  inner  side  of  the  arlery.  The  latter  is  covered 
by  superllcial  ulnar  veins,  in  iiddilion  to  fascia'  and  skin, 
iiiid  is  crossed  by  lirmichesof  the  internal  eiilaiieous  nerve. 
The  arlery  is  aceoinpanied  by  Iwo  veme  eomiles. 

The  ulnar  arlery,  besides  iiuinerous  and  irretrular  mus- 
cular bninches.  ;,'ives  olT  the  anierior  and  posterior  recur- 
rent iiln.'ir.  the  anierior  and  posterior  interosseous,  the 
anieriormid  posterior  ulnar  carpal,  and  usually  the  uutri- 
I'lit  of  the  ulna. 

The  iiiiteiiiiv  renirriut  iiIikii:  the  smaller  of  the  two 
recurrent  bnuiches,  runs  up  in  front  of  the  inner  condyle 
of  Ihe  humerus,  between  the  pronator  leres  and  the  bra- 
cliialis.  and  mmstoinoses  wiih  the  anierior  bnineh  of  the 
anasloinoliea  inairnaand  a  bnineh  of  the  inferior  pidrunda. 

The  iKinhriiir  imirn  iil  iilinir.  Ihe  lurjrer,  (lasses  inward 
between  Ihe  llexor  subliinis  and  the  tlexor  profundus, 
then  up  and  back  of  the  inner  condyle  of  llie  liiimerus, 
and  comes  to  lie,  with  the  ulnar  nerve,  between  the  two 
Iicads  of  the  Hexor  carpi  ulnaris.  It  anastomoses  with 
the  posterior  branch  of  the  anaslomotiea  magna,  with 
the  inferior  profunda,  and  with  the  interosseous  recur- 
rent to  form  the  olecnuial  rele. 

The  iiitti-imii  rise  from  the  ulnar  by  n  common  trunk 
about  half  an  inch  in  length,  and  the  latter,  in  turn,  rises 
from  the  outer  and  back  part  of  the  ulnar  just  before  the 
median  nerve  crosses  the  main  vessel.      Il   rises  about  an 

inch  below  tlieori.irin  of  the  ulnar,  and  jiroc Is  backward 

to  the  interosseous  membrane,  whereil  divides  into  its  two 
terminals. 

The  iiiitcrior  interotseous,  the  snialler,  follows  the  front 
of  the  membranr  in  company  with  two  veins  and  the 
deep  bnineh  of  Ihe  median  nerve  which  lies  lo  ils  outer 
side.      It  usually  supplies  nutrieiils  lo  both  bones. 

The  intsliii'ir  internnxrDii.i.  the  larger,  pa.sses  back  be- 
tween the  inlero.sscous  membrane  and  the  oblii|iie  liga- 
ment above,  descends  between  Ihe  superticial  and  deep 
llius(  les.  and,  crossing  the  extensors  of  the  ihumb  and 
index  linger,  anastomoses  below  the  latter  muscle  wilh 
the  anterior  interosseous. 

The  anierior  and  ]>osti'rior  ulnar  car]iiils  are  small  car- 
jials  which,  in  company  wilh  tin'  anierior  radial  carpal, 
anastomose  and  form  the  carpal  arch. 

Xkuvk  Thinks. — The  nerve  trunks  of  the  forearm  are 
the  radial,  posterior  interos.seous.  median,  and  ulnar. 

The  iiiiixriilo-iipiriil  nerve,  a  short  distance  above  the 
elbow,  lying  upon  the  bracliialis  and  covered  by  the 
bmchio-nidialis.  divides  into  its  terminals,  the  posterior 
interosseous  and  the  radial  nerves. 

The  imstrn'iir  inti  i-tuvenKx  nerve  passes  back,  out,  and 
down  between  the  bracliialis  and  extensor  carpi  radialis 
longiis,  thnnigh  the  supinator  (brevis),  lo  the  deep  layer 
of  the  forenrm  extensors.  It  approaches  the  posterior 
iutorosseous  artery  at  an  angle,  and  is  in  relation  w  iUi  it 


an  far  its  (o  a  noinl  below  the  orJKln  of  llio  exteiifuir  |miI- 
lieis  loiiKUH  w  here  it  approacheK  and  is  In  relation  with 
Ihe  posterior  bnineh  of  ilie  aiiieiior  iiiieroHsi'oiiH  artery. 
Lower  down,  il  passes  through  the  fourth  coiiiparliiu-iil 
ui  Ihe  wrist,  with  the  exieiiHors  (oiiimiiniH  mid  indirlK,  to 
the  back  of  the  wrist  where  it  becoines  ganglionic. 

The  railiiil  nerve  passes  directly  downward  under  cover 
of  Ihe  bniehio  nidialis.  At  the  Miiildle  third  of  the  arm 
it  lies  along  I  he  outer  side  of  the  radial  artery,  then  winds 
around  the  outer  side  of  ihe  radius  under  cover  of  tin: 
bniehio  nidialis  tendon,  and  pierces  the  deep  fascia  in 
the  lowi-r  forearm,  breaking  up  into  its  terminal  branches 
on  Ihe  back  of  the  w  rist. 

The  iiii'iliini  nerve,  from  the  bend  of  the  elbow,  where 
il  lies  to  the  inner  side  of  the  tendon  of  the  biceps,  the 


Fig.  21ii».-Dlssectlon  of  the  Exipmal  Ileirlon  of  Ihe  RlRht  Wrist. 
The  niclinl  artery  Is  seen  helwwn  Ihe  rrliixed  tendon  of  the  flexor 
enr|il  raillulls  Ix'low,  and  the  linu'hio-nidlalls  on  the  oiiier  (upper) 
sldi'.  II  then  pa-sses  beneath  tlie  Ilrst  two  exU'nson*  of  the  Itiiimb 
and  a  sniiiTl  hninch  of  ihe  radial  ner\'e,  crossi^  Ihe  t>a.se  <>t  the 
Ihiirnh  nhiiquelv.  and  illsapiiears  under  the  U'udon  of  Uie  extensor 
poinds  l(  iiiK'us.  (Thin  suhlei'i,  female,  one-half  normal  size.)  (After 
M.  H.  lUcUardson.) 

brachial,  and  the  beginning  of  the  ulnar  arlery,  pns.ses 
down  the  centre  of  the  front  of  thi^  forearm  beneath  the 
condylar  head  of  the  pronator  teres  and  over  the  ulnar 
artery,  being  separated  from  the  latter  by  the  deep  head 
of  the  same  muscle.  Beyond  this  point  it  jia-sses  beneath 
Ihe  radial  head  of  tlii' tlexor  digitoruni  subliinis,  and  later 
still  il  lies  deep  beneath  the  llexor  subliinis  and  on  the 
He.xor  profundus.  At  the  wrist  the  nerve  becomes  su- 
perticial and  lies  between  the  tendons  of  the  llexor  sub- 
liniis  to  the  inner  side,  and  of  the  rtexor  carpi  nidialis  on 
the  outer  side.  It  passes  superticially  through  the  large 
tlexor  compartment  of  the  anterior  annular  ligament  and 
soon  divides  into  an  inner  and  an  outer  terminal.  IJesidcs 
muscular  branches  in  the  forearm,  the  median  gives  off 
the  anterior  interosseous  and  small  branches  to  the  elbow 
joint. 

The  anterior  inlcrosseous  nerve  is  given  off  from  the  me- 
dian opposite  the  insertion  of  the  liicejis.  runs  down  the 
front  of  the  membrane  in  company  wilh  the  anterior  in- 
terosseous artery,  and  su)iplies  the  inedullary  arteries, 
thei)eriosteumof  the  radiusand  ulna,  and  Ihe  wrist  joint. 

The  i/lnnr  nerve,  fridii  the  angle  between  the  olecranon 
and  the  internal  condyli'.  jiasscs  between  the  inner  and 
ouler  heads  of  the  flexor  carpi  ulnaris  to  the  front  of  the 
forearm.  It  passes  down  upon  the  flexor  profundus  un- 
der cover  of  the  flexor  carpi  ulnaris  and  overlaiipcd  by  it 
upon  the  inner  side.  Il  passes  nearly  to  the  wrist  along 
the  outer  side  of  this  muscle  and  its  tendon,  when  it  be- 
comes supei-ticial  and  enters  the  hand  anteriorly  to  the  an- 
nular ligament.  In  the  lower  two  thirds  of  the  forearm 
the  ulnar  artery  lies  to  its  outer  side,  separating  it  from 
the  flexor  subliinis.  It  also,  besides  giving  off  muscular 
branches,  supplies  the  elbow  joint. 

The  interoKwoim  membrane  bridges  across  between  the 
interosseous  borders  of  the  radius  and  ulna,  from  a  point 
a  little  below  the  bicipital  tubercle  of  the  radius  to  the 
wrist  joint.     Its  fibres  pass  mainly  in  an  obliiiue  direc- 
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tion  from  the  radius  to  the  ulna.  The  posterior  interos- 
seous vessels  ))ass  Imck  over  ils  upper  border  and  are  in  re- 
lation with  its  Imck  surface  low  down  in  the  fon-ann. 
The  anterior  interosseous  vessels  and  nerve  are  in  relation 
with  the  front  surface  tlirouL'liout.  Except  in  supination 
of  the  forearm  antl  in  full  pronation  this  ni('mi>raue  is 
usually  tense.  It  serves  also  to  carry  strains  from  the 
radius  to  the  iMna  and  to  hind  the  Imuics  tugetlier. 

The  forearm  issuheonical,  so  that  the  lateral  lliii)0)>era- 
tioti  is  a  necessity,  since  the  skin  cannot  he  pushed  far 
upward  in  the  lower  forearm.  The  skin  is.  al.so,  quite 
adherent  to  the  underlying  aixmcurosis,  lioughly 
sjieaking.  the  interinusciilar  septa,  the  hones,  and  the  in- 
terosseous membrane  fmin  a  front  and  a  back  compart- 
ment. The  iidid  is  subcutaneous  from  olecranon  to  sty- 
loid process,  so  that  any  injury  or  fracture  is  readily 
manifest.  The  rmlhis  lies  deeply  lodged  among  the  up- 
jier  forearm  muscles  and  it  is  only  occasionally  that  its 
head  can  be  felt.  In  the  lower  forearm  the  radius  be- 
comes gradually  subcutaneous  an<l  can  be  examined.  The 
uiteriiHxtoiiit  meiiihninr  is  relaxed  in  the  semi-jirone  position 
of  the  forearm,  which  indicates  the  best  position,  in  frac- 
ture of  the  radius  or  ulna,  for  splinting.  Care  .should  be 
exercised  not  to  jiennit  the  fracltned  ends  of  the  radius 
to  rest  upon  the  ulna,  thereby  causing  injury  to  interos- 
seous vessels  and  nerves  and  favoring  an  eventual  anky- 
losis. Anteroposterior  splints  may  press  too  much  upon 
radial  and  ulnar  vessels  and  nerves  and  injure  them. 

The  tiiiiiicU.i  of  the  forearm,  in  extremely  tuuscular 
subjects  after  too  long  and  severe  use.  may  cause  press- 
ure upon  arteries  and  nerves,  and  resultant  pains  and 
neuralgias.  Mu.scular  spasm  may  effect  the  same  results. 
Muscles  become  greatly  hypertrophied  imder  special  ex- 
ercises (as  occurs,  for  example,  in  the  pronator  teres  mus- 
cle of  the  "tennis  arm  ").  A  spasm  of  the  same  muscle 
may  take  place,  as  in  the  "glass  arm"  of  baseball  pitch- 
ers. Hypertrophy  of  both  of  the  pronators,  the  result 
of  "feathering,"  may  take  place  in  the  case  of  oarsmen. 
The  inner  edge  of  the  brachio-radialis  is  the  guide  to  the 
riidiitl  (irlcfjj  and  nerve:  the  inner  edge  of  the  palmaris 
tendon  is  that  for  ihcmedian  iterre  ;  and  the  outer  border 
of  the  flexor  carpi  ulnaris  indicates  where  the  xibiar  ar- 
ttn/  and  nerve  are  to  be  sought  for.  Both  arteries  may  he 
ligated  at  any  point  above  the  annular  ligament  for  severe 
hemorrhage  of  the  jialm.  Above  the  anterior  annular 
ligament  the  two  synovial  tendon  sheaths  of  the  flexor 
]iollicis  longus  and  tliat  common  to  the  sublimis  and  pro- 
fimdiis  extend  for  a  distance  of  an  inch  and  a  half,  and 
often  carry  infection  from  the  palm  to  the  tendon  spaces 
of  the  forearm. 

Through  the  posterior  annular  ligament  extend  upward 
si.\  such  sheaths,  all  of  which  save  the  last  extend  well 
above  the  ligament.  They  are:  one  for  the  two  outer 
thumb  extensors,  one  for  the  two  radio-carpal  extensors, 
one  for  the  long  thumb  extensor,  one  for  tlie  common 
extensor,  one  for  the  little  finger  extensor,  and  lastly  one 
for  the  ulno-carpal  extensor. 

Injuries  of  the  iifire  trunks  may  cause  varying  symp- 
toms. (Comjiare -IrHf.)  The  pnsterior  intcrossieou))  iierre 
maj-  be  injured  in  resection  of  the  head  of  the  radius  or 
in  fracture  of  the  radial  neck,  and  thus  may  cause 
paralysis  of  the  extensors.  The  posterior  interosseous 
nerve  may  sulTer  loss  of  function  from  fracture  of  the 
humerus  at  some  jioint  near  its  middle.  Pressure  ujion 
the  iiicrlinii  mrre  in  muscular  spasm  and  in  compression 
from  long  and  severe  muscular  exercise,  may  cause  in- 
creased cramps  and  pain  or  even  a  ]irolonged  neuralgia. 
The  tihinr  nerre  may  be  injured  in  fracture  of  the 
olecranon  and  may  cause  loss  of  .sensiition,  or  numbing; 
or  it  may  be  caught  in  the  callus  of  fracture,  either  there 
or  along  the  shaft  of  the  ulna,  and  cause  pain;  and, 
linally,  the  conditions  may  be  such  as  to  necessitate 
excision  of  the  nerve  from  the  callus.  The  numbness 
from  a  sudden  blow  upon  the  ulnar  nerve  at  the  elbow 
— conmionly  spoken  of  as  "striking  the  fininybone" — 
is  a  familiar  instance  :  and  if  severe,  tiiis  numbing  and 
tingling  may  be  persistent  and  maybe  acconipain'ed  by 
loss  of  function  of  the  flexor  muscles.     In  plumbism  the 


ulnar  nerve  is  regularly  involved,  causing  the  "claw- 
hand."  The  tdnar  and  median  nerves  aix-  both  involved 
in  alcoholic  neuritis.  The  nulidl  lurr,  may  be  painful 
at  its  jxants  of  distribution  if  the  Inmk  is  injured  in 
Cnlles'  fracture.  Xeummata  along  the  nerve  trimks, 
due  to  injury,  may  demand  excision. 

Lmerne  CotilU. 

neferenoes :  Jocs.sel,  Qunin.  Mnrris,  fierrish.  Keen,  Holden,  Ciinnlnif- 
liam.  Ciray, 

FORMALDEHYDE,  formic  aldehyde,  methyl  aldehyde 
or  oxymrtbylnir  dlcolli.  is  a  gas  "whose  sjit united  acjue- 
Otis  sdlutinn  is  known  as  foniiii/in  or  fornml.  The 
method  of  mainifacture  useil  now  on  a  large  scale  is  a 
modification  of  that  used  by  A.  W.  IIolTmaim.  who  intro- 
duced formaldehy<le  in  1867.  By  means  of  sujierheated 
steam  passing  through  a  copper  coil,  methyl  alcohol  is 
vaporized  under  pressure  in  a  steel  chamber,  from  which 
it  issues  with  great  force  and  mixed  with  a  definite  quan- 
tity of  air.  and  then  iiasses  through  a  double  tube  con- 
verter. The  imier  tube  of  this  is  iierforated  with  very 
fine  holes  and  separated  from  the  outer  tube  by  broken 
coke,  and  the  whole  is  kept  at  a  dull  red  heat.  As  it 
passes  through  this  heated  coke,  the  vapor  is  oxidized  to 
formaldehyde,  and  this  is  either  condensed  by  extreme 
cold  to  a  liquid,  or  cooled  and  dissolved  in  water  by  agita- 
ti(m.  CopjKM'  filings,  spongy  platintun,  or  r.ny  porous 
material  may  be  substittited  for  coke.  The  gas  is  usually 
generated  on  a  small  scale  by  heating  paraformalde- 
hyde, though  methyl  alcohol  can  be  employed  by  heating 
in  a  tin  vessel  so  that  the  vapor  will  pa.ss  tiu'ough  a 
perforated  red-hot  copper  ])late.  The  reactioir  is: 
CH3OH  +  O  =:  CIIOII  +  Iljt).  The  yield  is  said  to 
be  only  twenty  per  cent,  from  commercial  wood  alcohol. 
Other  methods  of  mantifacture  are  by  the  complete  oxi- 
dation of  ethyl  nitrate:  by  heating  a  mixture  of  ethylene 
and  oxygen  to  400'  C. :  by  the  dry  distillation  of  calcium 
forniate.  etc. 

Fornialdeliyde  is  a  colorless  gas  of  pungent,  penetrat- 
ing odor,  and  very  irritating  to  the  eyes  and  nose.  Its 
sjiturated  cold  aqueous  solution  (formalin)  contains  from 
thirty-five  to  forty  per  cent,  of  the  gas  by  weight,  is 
colorless,  has  a  sharp  taste,  and  mixes  freely  with  water, 
alcohol,  and  glycerin.  The  gas  is  more  soluble  in  methyl 
alcohol  than  in  water.  Its  chemical  aflinities  are  exten- 
sive. It  is  rendenil  inert  by  alkalies,  deodorizes  hydro- 
gen sulphid.;',  ami  is  the  basis  of  many  aniline  colors  and 
new  synthetic  remedies,  such  as  urotropin,  bisnial,  tan- 
noform.  etc.  It  reduces  Fehliiig's  solution,  juoduces  a 
black  precipitate  with  ammoniacal  silver-nitrate  solu- 
tion, and  white  jirecipitates  with  dilute  aqueous  solution 
of  aniline  and  with  ammonia  and  bromine  water.  Ilen- 
ner's  test,  sensitive  1  in  200.000,  consists  in  superposing 
a  mixture  of  very  weak  carbulic  acid  with  the  suspected 
liquid  upon  concentrated  sulphuric  acid:  a  rose-violet 
ring  at  the  line  of  contact  indicates  formalilehyde  A 
modification  of  this  is  to  dissolve  0.1  gm.  morphine  hy- 
drochlonite  in  1  ec.  of  sulphuric  acid  and  add  to  this  the 
suspected  liquid.  In  milk  and  such  fluids,  however, 
these  tests  may  be  obscured  by  the  charring  of  the  or- 
ganic sidistances  by  the  acid  :  hence,  in  such  a  case,  the  for- 
maldehyde should  be  distilled  off  and  passed  into  water, 
and  then  tested  for.  .Torrissen's  test  was  designed  for 
milk:  shake  together  2.)  e.e  of  milk  and  10  c.c.  of  0. 1 
per  cent  aqueous  jihloroglucin.  adil  .5  to  10  e.e.  of  one- 
third  strength  i>otash  lye.  and  a  transient  salmon-red 
color  indicates  formaldehyde. 

AVhen  formalin  is  heated,  part  of  it  is  converted  into 
pariiformaldehyde  (]iaraforni.  triformol,  or  Irioxymethy- 
iene),  which  separates  as  a  white  insoluble  floceulent 
mass,  callable  of  again  yielding  IICOII  gas.  Formalde- 
hyde renders  gelatin  insoluble,  forming  elastic  translu- 
cent masses,  .so  if  has  been  used  to  rejilace  tannin  in  mak- 
ing leather  and  to  harden  gelatin  films  in  photography. 
Formaldehydgelatin  is  cmi>loyed  as  an  absorbable  anti- 
septic. When  added  to  serum  albumin,  formalin  pre- 
vents coagulation  by  heat :  added  to  calcium  carbide,  it 
retards  the  evolution  of  acetylene   gas.     It   neutralizes 
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iilkiilics  by  formlnp  with  tlii-m  rninplcx  substnnccs,  tlint 

»illi  aiiiiiiiiiiiii  lic'iii^'  lii'Miiiirlliylriic  li'lriiiiiiiii' 

II  is  sjiiil  iKit  ill  liny  «iiy  lo  iilTi  ri  llir  lixlili' <lmni<l<T 
of  wciol.  iiillnii.  fur.  silk,  or  IriitliiT;  mill  il  <Iih«s  imt 
cliiiiigi'  liii'lr  mlui-s  I'M-i'iit  ill  llic  <iisc  of  iri)ii'('oiiliiiiiiii); 
dyes  or  a  ffW  of  the  iiniliiir  rolorn  siifli  ii»  fiiclisiii  laiii- 
liiic  red*.  Its  miiiroiis  soliilioii  iiltiU'k.s  iilctals:  cniiRi'- 
c|iii'iilly  llir  cirv  pis  only  slioiild  lie  iisrd  for  sli-rili/inn 
inslriiiiiriils.  In  issit  its  iiowi'rfiil  Imdi'iiiidal  |iiii|irrtii'S 
«irr  r(|H>rlrd  liy  I.ocw.  and  il  liiis  now  linonic  an  alniosl 
uidv(|->4al  disinfcclaiil  (sec  l)iiiiiijirl,iiitiiu\\t\  lliiiiiij'iilinit). 
KiiIiIkt  j;""'<'s.  lalliclrrs.  clc. ,  may  lir  krpl  stirilr  in  u 
weak  soliilioM  for  a  loni;  linn-  witlioiit  liiiriii.  IlolT- 
iiifisirr,  Hirst,  and  otIuTs  liavo  ust'd  it  fur  stcrilizin;; 
cntjfut. 

It  is  also  used  largclv  as  a  liardi'iiiiij;  and  lixin);  iifri-nt, 
and  as  a  prrscrvalivc  for  analoinii-iil  and  liioloirical  spec- 
iiiiiiis.  'I'liisc.  cspc'riallv  plants.  Iriid  to  nlain  sonic  of 
llii'ir  lirilliant  colors,  anil  i|o  not  slirink  as  llicy  would  in 
lilcolicil.  I'lunts  slowly  discolor  tlic  solution  liy  jriviiiir 
up  llicir  tannin.  As  fornialdcliydc  lias  little  pcnitratini; 
power,  opeiiiiifis  should  lie  made  so  that  it  may  permealu 
tlie  interiors  of  specimens;  otherwise  they  may  rot.  even 
ill  stroMjt  solution.  .Moulds  have  licen  found  irrowins;  on 
tissues  npiiaicnlly  saturated  with  solutions  of  live  to  ten 
percent,  stniiu'tli.  ( )rtirs  liurdciiinir  and  lixini;  fornnila 
is:  Ml'illcr's  lliiid.  IdU  parts;  I'nniialin.  10  parts.  To  be 
ini.xed  just  before  use.  K;iiscrlini:  keeps  the  specimen 
for  Iwciity-foiir  hours  in  foriiialin  "o.  potassium  nitrate  1. 
pi^tas-siuiii  acetate  ;i.  distilled  water  UHI,  then  transfers  to 
t'tl-percent.  alcohol  for  twelve  hours,  then  to  ll.j-percent. 
alcolml  for  two  hours.  The  specimen  may  then  be 
mounted  for  sectioninj;.  or  kept  in  equal  parts  of  water 
and  u'lycerin  eoiilainin!;  'A  per  cent,  of  potassium  acetate, 
liefoie  i>uttiiii;  lliroiiiiii  alcohol.  Carter  leaves  the  tissues 
fc^r  from  six  lotwdve  hoursin  'JO-pcreent.  formaldehyde 
solution  with  "i  percent,  acetic  acid.  Blood  smears  ex- 
posed to  the  vapor  are  liriiily  lixcd,  and  may  l)e  stained 
as  by  any  other  method  of  lixins:.  Blood  on  the  hands 
beciaiies  hardened  and  dilticult  to  wash  oil. 

Being  dillicuU  of  detection  in  small  ([uanlities,  it  is 
used  as  a  preservative  of  foods  anil  medicines,  vigorous 
)>rohibitive  laws  not  preventing  its  widespread  use  by 
dairymen,  eannei-s.  etc.  In  the  strength  of  1  to  "JO.OdOit  is 
said  to  preserve  milk  for  several  days,  yet  even  this  mi- 
nute quantity  has  been  shown  by  Aunett  and  others  to 
be  harmful,  "  It  has  been  employed  by  pharmacists  for 
the  preservation  of  ointments,  .syrups,  fruit  juices,  infu- 
sions, and  various  other  articles  which  readily  spoil. 
.^Illcilagc  of  acacia,  lard,  cider,  etc.,  remained  sweet  after 
a  year,  yet  the  odor  of  formaldehyde  could  not  be  de- 
tecteil  at  any  time.  Once  added  to  an  article,  a  jiortiou 
of  it  remains  persistently  and  cannot  be  driven  ull  by 
heat.  The  best  means  of  neutralizing  it  in  vapor  or  in 
solution  is  by  ammonia. 

Physiological  Action  and  ToxiroLOGv. — Formalde- 
hyde vapor  is  a  powerful  irritant  to  the  eyes  and  the 
mucous  membranes  of  the  respiratory  tract.  Applied  in 
solution  to  the  skin  it  smarts,  but  usually  for  a  short 
lime  only.  Severe  urticaria  is  reported  to  have  followed 
its  application.  The  solution  in  glycerin  is  said  to  be 
less  irritant.  Taken  by  mouth  it  retards  digestion  even 
in  small  dosa.sre,  especially  the  iiancreatic  digestion  of  al- 
bumin. In  strong  solution  it  may  cause  vomiting.  It 
weakens  pulse  and  respiration  and  is  depressing  to  the 
vital  functions.  The  ingestion  of  several  ounces  of  for- 
malin by  an  adult  was  followed  by  unconsciousness, 
marked  pallor,  cold  clammy  perspiration,  increased 
respiration,  and  rfdes  over  boili  lungs.  The  urine  con- 
tained formic  acid.  In  a  few  hours  anuria  developed, 
and  the  next  morning  the  coma  dis;ip])eared,  and  the 
patient  acted  as  if  drunk,  complaining  of  headache,  con- 
junctivitis, and  a  sore  mouth.  He  recovered  in  twenty- 
four  hours  (Kliieber).  In  England,  the  drinking  of  two 
otinccs  of  a  four-percent,  solution  resulted  in  death 
from  heart  failure  iwentynine  houi-s  later.  The  autoiLsy 
showed  corrosive  action  on  the  (esophagus  and  stomach. 
Fischer  (1901)    reported    to    the  Chicago   Pathological 
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liyde  on  aiiiiiials.      Iiihiii  ;id  in  iiiarkiil  i 

iiialion   throughout    ili>         ,  :\    tnu  I        Ii'     ' 

stomiich    produced     voimiiuv.    siiliiiormiil     i 
rapid  weak  pulse,  and  dcalli.     .Si.np  lini.  s  il,.  .^ 

sudden.      Nei-ropsy  revealed  inten  Willi  ion 

gi'Ntioii.   necrosis,  and  leiieocyli'  ii  Inlraperi 

toiical  iiijeclioiiH  Were  followed  by  a  iiiiiiii"  hiinonha^ic 
peritonitis  of  an  iiiteiisily  referable  to  the  strent'lh  of 
the  solution.  Siiiall  lepi'iiled  inlrapi-ritoneid  inJeclioiiH 
of  dilute  solutions  stiiiiiilated  great  eonneetivetisHiie 
proliferation.  Eve  iiislillalions  caused  iritis.  Every 
ca.se  showed  early  eusinophilia  followed  by  geiieml 
Iciicoeytosis,  and  degenerative  changes  with  focal 
necroses  in  liver  and  kidneys,  ExperimeiitH  in  Fnince 
show  that  tieas  easily  siiei'Uinb  to  the  vapor,  but  that  to 
kill  rats  and  mice  ri-i|uires  as  inueli  as  H  or  lU  gm.  to  the 
cubic  metre  of  air  spaci'. 

The  best  local  antidote  is  ammonia,  though  other  alka- 
lies are  of  .some  avail.  Ammonia  gas  quickly  neulrali/.es 
the  irrilaling  vapors  in  a  room.  For  the  stoiuaeh  it  may 
be  given  as  tliir  arotnatic  spirit  of  ammonia  or  the  liquor 
ammonii  aeetatis.  When  fornmlin  is  swallowed,  vomit- 
ing should  be  ]iromoted.  or  the  stomach  emptied  liy 
lavage.  Slimiilaiits,  especially  aromatic  spirit  of  ammonia 
and  calTeiiie.  and  hypoderinics  of  strychnine  should  be 
administered,  external  heat  applied,  and  absolute  recum- 
bency enjoined.  Demulcent  drinks  may  be  given  loallay 
irritation, 

TiiKKAPECTlcs, — \s  0.  general  disinfectant  and  deodo- 
rizer tnis  drug  is  undoubtedly  without  a  i)eer,  though  its 
Iienetratiiig  power  is  not  great  (see  Dimnfictiou).  In  the 
respiratory  pas.S)iges  it  is  of  pronounced  value  as  a  pro- 
phylactic and  curative  in  iujlunizit  and  jiirtunKis,  and  in 
allaying  the  cough  and  sweetening  the  siiutum  in  tnlcr- 
dil'/xin.  It  is  also  used  in  c/ironir  /ihnn/iir/ili/i.  in  utiopliic 
r/iinilis  (principally  as  a  deodorizer),  and  as  a  mouth 
tniii/i.  It  is  Siiifl  to  be  of  less  use  in  dipht/ierki,  as  it  does 
not  penetrate  the  dense  membrane.  A  few  drops  of  ^ 
Aq.  chloroformi  3iij.  (12  c.c),  ether  j  ss,  (15  c,c.), 
formaldehyde  solution  (0  per  cent.)  ad  J  iv.  (120  c.c.> 
may  be  sprinkled  on  the  sponge  of  a  zinc  respirator,  and 
inhaled  for  liftecn  minutes.  Or  one  can  use  as  a  mouth 
wash  or  spray  a  mixture  of  40  per  cent,  formaldehyde  so- 
lution 3  i.  (4c.c.),  glycerin  3  iv,  (15  c.c,).  and  water  to 
make  z  iv.-vi.  (120  to  180  c.c).  The  method  of  treating 
titberriihms  by  cataphoresis  or  the  electrical  transmission 
of  formaldehyde  directly  into  the  human  body,  the  writer 
saw  tested  scientitically  with  negative  results. 

For  siippunitiic  otitin  mcilia  Kcik  recommends  irriga- 
tion twice  a  day  with  3  i.  (-1  c.c.)  of  formalin  in  O  i.  (500 
c.c.)  of  water.  Ward  uses  five  to  ten  drops  of  a  one- 
percent,  solution,  and  in  ueule  otitis  three  drops  at  a 
time. 

In  the  mycotic  skin  diseases,  such  as  si/eosis,  ringworm, 
and  fariif..  the  strong  solution  may  be  applied  every  other 
day.  Cures  resulted  from  one  to  four  applications  (Sal- 
ter, Daniel).  For  wborr/iau  Ravogli  advises  rubbing 
with  ^  Formalin,  3  i.-ij.  (-4-8  c,c);  glycerin,  3  ij.  (8 
c.c);  aq.  colonicnsis.  alcohol,  aa  Jiij.  (90  c.c). 

Ifi/jicriiliosiit  piiliK  may  be  checked  for  a  week  or  two 
(Ilalin,  Hirschfeldl  by  momentarily  immersing  the  feet  in 
pure  formalin,  or  by  applying  it  with  a  brush.  Unua  ap- 
plies adeps  lame  20,  vaseline  10,  formalin  10-20.  The  ap- 
plication of  formalin  to  eczema  or  intertrigo  L'nna  found 
to  be  very  iiainful.  He  then  tried  a  gelatin  mask  hard- 
ened with  formalin  for  lupus,  erythema  centrifugum, 
lepra,  and  obstinate  chronic  eczema,  but  was  obliged  to 
discard  it.  Xcxt  he  employed  formalin  asa corrosive  for 
carcinoma,  lupus,  condylomata,  and  ulcers.  The  diseased 
tissues  were  cleanly  destroyed,  the  necrotic  surface  being 
dry  and  odorless,  but  the  development  of  a  line  of  de- 
marcation took  so  long  a  time  that  other  means  were 
deemed  preferable.  He  found  formalin  of  value,  how- 
ever, in  inopirabli'  carcinoma,  as  it  deodorizes  and  luuin- 
luilics  the  part.  Tor cDiidiihnnata  and  other  soft  skin  pro- 
tuberances he  uses  paraform  collodion,  which  possi'.sscs 
the  advantage  of  keeping  the  growths  dry.     Daniel  rubs 
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formalin  into  ir/irtu  with  n  stick,  and  these  shrink  and 
come  iilT  withiiut  Icavint;  a  scar. 

As  a  vajrinal  dduchc  Crawford  reromniends  formalin 
in  nMitiirf,  and  Van  Winckcl  uses  I  i.  (4  c.c-.)  to  a  quart 
( 1  litre)  for  endoiiKtritif  or  fur  rnyinilin.  especially  gonor 
riueal.  Il  may  be  used  in  full  strength  in  the  treatment 
otehiiiieri'iih. 

Sursrically  it  is  an  antiseptic  of  great  power  (see  Dinin- 
fectiiiilsi\i\i\  DUiiifirtiuii).  anil  is  used  for  sterilizing  the 
hands,  dressings,  sutures,  and  iustrumenls.  HotTmeister. 
Hirst,  and  others  recimunend  it  highly  for  catgut.  Hoff- 
meister's  method  is  to  harden  the  eatgiil  on  glass  spools 
in  fotir  per  cent,  formaldehyile  for  twenty  four  hours, 
then  lioil  in  water  for  ten  n\iuutes  and  keep  in  alcohol 
containing  tive  per  cent,  of  glycerin  and  (1.1  per  cent,  of 
corrosive  sublimate.  Vandermarker  states  that  it  slumld 
not  be  used  directly  in  wounds,  as  one-per-cent.  solutiims 
will  destroy  fresh  gnuiulations.  and  two  percent,  will 
produce  sloughs.  Its  combination  with  gelatin  (glutol), 
however,  is  used  thus  by  8chleich  and  others.  Inoperable 
epitheliomata  and  Siircomata  have  been  treated  with 
injections  of  one-half-percent,  solution  (about  twenty 
minims)  followed  by  curetting  of  the  hardened  tissue. 
The  I'leeding  has  been  slight,  and  the  growths  have 
practically  disjippeared  after  a  few  treatments  (Mitchell, 
Thompson).  Havogli  claims  to  obtain  the  same  results 
from  the  application  of  a  paste  of  rice  powder,  oxide  of 
zinc,  and  formalin.  In  chronic  tuberculous  joints,  tuber- 
culous abscesses,  and  empyema,  Ilahn  considers  a  one- 
per-cent.  glycerin  solution  to  be  more  efficient  than  the 
much  \ised  iodoform-glycerin. 

In  dentistry,  paraformaldehyde  is  preferred,  as,  being 
in  solid  fonn.  it  can  be  placed  in  cavities,  disinfecting 
them  by  slowly  evolving  fomialdehyde  gas. 

The  niorc  connnon  preparations  and  compounds  of 
formaldehyde  are : 

Amiiwform,  Ammonio-farmaldehyde — synonyms  forhex- 
aniethylene-tetramine. 

.i(Hy/»;/"/v»^starch  and  formaldehyde  (see  Vol.  I.). 

Bhiiiitl — the  bismuth  salt  of  methylene  digallic  acid. 
formed  l)y  the  action  of  gallic  acid  on  formaldehyde. 
Used  as  intestinal  antiseptic  and  astringent. 

Creoform ,  Creosoform .  Kreoform — a  non-toxic,  tasteless, 
and  odorless  compound  of  creosote  and  formaldehyde. 
A  strong  antiseptic. 

Cj/aliimine,  L'yutogen — synonyms  for  hexamethylene- 
tetramine. 

DeHroform — formaldehyde  and  dextrin  (see  Amyloform, 
Vol.  I.). 

Ekiiiixloform — iodoform  and  jiaraformaldehyde  (see 
Vol.  III.). 

Eiifdrmol  is  a  mixture  of  oil  of  c\icalyptus.  formalile- 
hyde.  thymol,  menthol,  etc. 
'  Foniui'coll — synonym  for  glutol. 

FormaUhhyd-biKiil'ii/iite  {HCOU.  NaaSjOs)  is  a  crystal- 
line mixture  resiiltiug  from  the  action  of  formaldehyde 
on  sodium  bisulphite  insohition.  It  is  claimed  to  possess 
the  antiseptic  properties  of  both  constituents. 

Fi'i-iniildi/it/dr-casein  (Formalbuniin)  is  an  odorless, 
tasteless,  coarse  yellow  powder,  used  in  surgery  as  an 
antiseptic. 

Formaldehyde-nelntin — used  in  photography  and  in  sur- 
gery (see  Ghitfil). 

Formnldehyde-nulpho-earbolie  add  [(CHjOH)j.C»Hj.- 
OH]  is  used  as  an  antiseptic  dressing  for  wounds. 

Fi'riiinUhhyde  tiniiiidhmiiinnte — tannalhumin  subjected 
to  the  action  of  formaldehyde  to  render  il  more  resistant 
to  the  action  of  the  gastric  juice.  The  compound  iiasses 
tmchanged  through  the  stomach,  and  as  it  is  split  up  but 
slowly  in  the  intestines,  it  gets  well  down  in  the  bowel 
before  it  separates  into  its  components.  Used  as  an  in- 
testinal antiseptic  and  astringent. 

Forintildthyde-nrm  is  an  amorphous,  white  conden- 
sation product  of  urea  and  formaldehyde  in  alkaline 
solution.  It  is  insoluble  in  water.  Used  as  disinfect- 
ant. 

Formiilin,  Formnl — a  saturated  aijueous  solution  of 
formaldehyde. 


Formatol  is  a  proprietary  dusting  powder  eoDtaining 
formaldehyde. 

Formin — synonym  for  hexamcthylene-tetraniine. 

Foniiti-c/diinil  is  an  oily  compound  formed  by  the  ac- 
tion of  formaldehyde  on  chloral  in  the  presence  of 
concentrated  suli)hnric  acid.  It  is  used  as  an  anti- 
.septic. 

Another  compound  of  this  name,  used  by  Trillat  as  a 
diixlorizer,  is  made  by  acting  with  calcium  chloride  on 
formaldehyde  in  solulion  in  methyl  alcohol. 

Formofori II  consists  of  formaldehyde  (1. 18,  thymol  0.10, 
zinc  oxide  34.44,  and  starch  (i.").'J8  percent.,  and  is  used 
for  sweating  of  the  feet. 

Foniiojii/nii  occurs  in  white  crystals  formed  by  the 
action  of  formalin  on  a  scilutiim  of  anlipyrin.  It  is  insol- 
uble in  cold  water  <ir  itlii-r,  bul  fairly  soluble  in  Imiling 
water,  alcohol,  chlnrofonn,  and  acids,  with  the  latter 
forming  stable  salts. 

Fortoin — cotoin  acted  upon  by  formaldehyde  (see 
Fortoin). 

Giillqfonniii  is  prepared  by  acting  on  liexametliylene 
tetramine  with  gallic  acid  (see  Gfilhiformin). 

Gi'ofor)ii — guaiacol  and_forniaUlehyde  (see  Geoform). 

Gli/ro-formul  is  a  mixture  of  foniialin.  water,  and  gly- 
cerin. 

tllyrerft-fiiritxil  is  said  to  be  formed  by  the  prolonged 
action  of  formaldehyde  on  glycerin.  It  is  claimed  to  be 
more  toxic  than  formaldehyde,  but  the  writer  could  find 
no  evidence  for  this  statement. 

Jh.r<iiii(l/iyh'ne-lih-(i>iiiiie— the  chemical  name  for  ainin- 
ofomi,  cystaniinc,  cystogen,  formin,  and  urotropin  (see 
Urotropi'n). 

Ilnhin  is  a  sixty-percent,  solution  of  formaldehyde  in 
methyl  alcohol  used  by  Opi>ennann  as  a  deixlorizer. 

IMzinol  is  a  mixture  containing  formaldehyde  and 
menthol. 

Kramerqform  is  prepared  like  tannofonn,  but  from 
rhatany-tannin. 

I.aniyfonii  is  lanolin  containing  one  percent,  of  formal- 
dehyde. 

Lysofonn  is  a  soapy  disinfectant  containing  formalde 
hyde  (see  Lymform). 

Sap7it/ii>f(>r>inn  is  made  from  paraformaldehyde  and 
the  alpha  and  beta  compounds  of  naphthol.  It  is  used 
both  externally  and  internally  as  an  antiseptic. 

Piirnfonii  is  paraformaldehyde. 

Poliff'nniiin  Soluble  and  Insoluble — used  in  skin  diseases 
(see  Polyformin). 

Preserralin — a  mixture  used  by  dairymen. 

Protogcn  is  an  albuminous  food  obtaineil  by  acting  on 
serum  or  egg  albumen  with  formaldehyde.  It  is  not 
coagidated  by  heat. 

Qiiebnir/iiifirm,  Quinoform.  Qnereiform  are  prepared 
like  tannoform  (which  see),  but  from  the  tannins  of  que- 
bracho, cinchona,  and  oak. 

Siltjitniii.  also  yielded  by  salicin.  may  be  obtained  by 
the  interaction  of  ]ihenol  and  formaldehyde. 

Stt  rifiirni  (' /il'iridi  tmd  hxliili — formaUlehyde  5.  pepsin 
20,  lactose  (m,  and  ammonium  chloride  or  iodide  10. 

Tannoform — an  antiseptic  in  skin  disea.ses  (see  Tanno- 
form). 

Tannopin  or  Tannon  consists  of  tannin  and  hexamelh 
yiene-tetramine,  and  is  used  in  diarrha?a  (see  Tanno- 
pin). 

Thymofonn  is  thymol-formaldehyde  (see  Tliymoform). 

Triforinol,  Trioxyinithyhni — synonyms  for  ])arafornial- 
dehyde. 

Urotropin — hexaraethylene-tetramine  (see  Urotropin). 

W.  A.  Jiasttdo. 

FORMANILID  (CHiNHCOH^oectirs  in  long,  colorless 

IMisniatie  needles  obtained  by  digesting  aniline  with  for- 
mic acid,  or  by  rapidly  heating  aniline  am!  oxalic  aciil  to- 
gether. Il  melts  at  4G  C.  (ll."i  F. ).  and  is  soluhle  in 
water,  alcohol,  glycerin,  and  oils.  In  do.se  of  0.  lS-0.3 
gm.  (gr.  ij.-v.)  it  is  antipyretic  and  analgesic,  but  is  said 
to  depress  the  heart  and  jiroduce  cyanosis.  Its  chief 
employment    is  as  a  local  ausesthetic   in   two-per-cent. 
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Foriiiu  iitlltl. 
frH*  liirc*. 


Kuliitiiin.  an  ill  gcjiitO'liriiiury  iiillniiiiiiiilion.  or  Hiibriitnnp- 
oiihIv.  or  ill  pDwdfi-  form,  inixcd  with  ilialk,  Htiiri-li,  or 
liilcuiii,  oriisii  siiiilT  ill  iiiistil  Iroiilili's.       )l'.  .1.  Ifnntnln. 

FORMIC  ACID.— IICIIO,.  Formic-  aciil  is  ii  li.nvy. 
ci.liirli-vs  lliiiil  III  a  sliiirp.  sour  oilor  iiml  tiisti-,  soliililc  in 
all  |iri>|ii>rtions  in  walir.  alccihol,  ami  ^lyciTiii.  It  iscx- 
<ciilin;;ly  irritatintr.  picidiuiiif;.  wlini  appliril  to  tin-  skin, 
ncliicss.  Iilislcriii);.  aii<l  even  sioiiffhini,'.  ami.  taken  in 
teriiiilly.  pisiro enteritis  ami  IiIoimIv  urine.  It  lias  been 
iisi'il  oeeasionallv.  loeally.  as  a  eoiiiiter  irritant,  applietl 
(liliiti'il  Willi  an  ei|iial  iiieiisiire  of  water. 

h'lliriiril  Ciirtin. 

FORT  CRAWFORD  MINERAL  WELL.— Crawford 
t'oiinly.  Wisconsin. 

I'osVOl-KICK. — Plllilie  I>11  (lliell.       Ilcilil. 

.\<iKss.  —  Via  Cliiea^ro.  Hurliiiirlon  and  tjiiiiiey,  and 
C'UieaKo,  Milwaukee  and  St.  I'aul  Hailroads.  I'rairie  du 
C'liieii  eonlaiiis  about  4.<N)ll  inliabilaiils.  and  is  one  of  llie 
oldest  tow  lis  ill  the  Slate.  The  well  fioiii  which  the 
mineral  wati'r  is  olitaiiie<l  waslmred  in  ISTIi.  At  a  depth 
of  ItllK  fi-ei  a  strong'  How  of  water  was  em-oiintercd.  and 
ever  since  lli<-re  has  been  ii  continuous  stream.  si.\  inches 
in  diameter  and  haviny;  a  pressure  of  twcniy  pounds  to 
the  siiuare  inch.  The  well  yields  about  ^O.IHMI  iralloiis 
per  hour.  By  means  of  mains  and  hydrants  it  furnishes 
tlie  city  lire  department,  and  atTords  an  abundance  of 
water  for  domestic  purposes.  It  was  soon  learned  that 
the  water  possessed  midiciiial  <|iialities.  .\n  analysis  by 
Professor  Uode.  of  Milwaukee,  showed  the  following 
results: 

ONK   t'NITEt)  Sr.lTES  GALLON   COSTAI.SS  : 

Solids.  Grains. 

ralrluni  hlcarlionaie  ll.iB 

Mnimi'sluin  WinrlHiiiutt! 10.07 

ShIIuiii  ehliirlde SKUII 

PoIHXSIiiln  I'likirlili- ;).l-n 

Sodliiiii  Itnuiilde .13 

S<k1Iiimi  sul|)lMile 12.HI 

ralrluni  !4ui|ihiite L^ltH 

Iron  hlcarUinate .'Si 

Sodium  pliiwphale Trace. 

So<tluni  l>l<'url>unale Trace. 

Alumina IKI 

Silica 3M 

Organic  matter None. 

Total ■. 138.(0 

This  is  a  valuable  member  of  the  widely  useful  alka- 
line .saline  class  of  waters.  It  closely  rcsemljles  some  of 
the  Saratoga  waters  in  its  minenil  constituents,  beiiii;, 
however,  somewhat  milder  than  those  waters.  Its  chief 
elTects  are  antacid.  la.\alivc,  diuretic,  and  tonic.  It  is 
well  adapted  for  the  class  of  diseases  to  which  such 
■\valersarcappli<-able.  It  is  also  an  excellent  table  water. 
A  Well  e(iuipped  sjiiiitarium  with  aiii])lc  batliinir  facilities 
isconducteti  in  connection  willi  the  well.  The  water  is 
used  commercially.  James  K.  Crook. 

FORTOIN.or  methylcne-dicotoin  [CII,(C,,IInO,Kl  is 
(■lii.iiiii  .1  liv  allowiii!;  formaldeliyde  to  act  on  cotoin,  and 
occurs  in  yellow,  tasteless  crystals  or  jiowdcr  liavine  a 
c-innamon  like  odoi.  It  melts" at  '211-013  ('.(412-41.") 
F. ).  is  insoluble  in  water,  soluble  with  ditVicully  in  alcohol. 
t'tlicr.«nd  bcn/ol.  and  readily  sobil)lc  in  chloroform,  ace- 
tone, glacial  acetic  acid,  and  alkalies.  Overlach  reports 
thirty  cases  of  diarrlm-a  in  which  it  wa.s  used  in  dose  of 
O.'i't  gm.  (gr.  iv. )  three  times  a  day  as  an  intestinal  as- 
tringent. He  believes  it  preferable  in  cases  with  sloughs 
of  the  mucous  membrane  of  the  intestine,  as.  unlike  the 
tannin  preparations,  it  stimulates  tissue  growth  and 
causes  regeneration  of  the  mucous  membrane.  lis  ad 
vantages  over  cotoin  are  that  it  is  free  from  pungent  taste 
and  is  a  more  powerful  bactericide.         W.  A.  Basfcdo. 

FOUNTAIN    PARK    MAGNETIC    SPRINGS.-Cliam- 

IiaiiXM    ('<Mllll\  .    (  >llin 

Post-Offk  K.— Koiinlain  I'ark.     Hotel  and  cottages. 
Access. — Via  Pennsylvania  Hailroad  (P.,  C,  C.   and 
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liiiiiiileR'  drive  of  the  Fountain  I'ark  Station.  The  IfX'ti- 
lion  is  34  mills  west  of  Columlms  aiicl  1'.'  iiiIIck  eiiKt  of 
l"rbaiia.  Fountain  Park  villaije  wuh  laid  out  in  iHtfi 
soon  after  the  discovery  of  tin-  springs.  'I'he  ri'wirt  came 
under  the  present  nianagement  in  |Kl»(.  The  site  of  the 
village  isoni-  of  great  natural  attmctiveness  The  eleva- 
lion  is  l.'jdil  fret  above  Ihesealevcl  ami  the  Kiirroiimling 
coiintrv  isginlly  uiidiilaling.  The  hotel  and  cot  tagcHur<> 
located  in  a  beaiiiifiil  tract  of  4M  acres  in  which  arc 
niinierous  hills  surniounled  by  groves  of  deciduous  trees 
New  acme  stone  walks  ami  diivewavs  have  recently 
bi'i'ii  laid  around  the  hoii-l  grounds,  and  an  arlilicial  lake 
of  siiDlcicnt  size  for  boating  constructed.  The  large 
lawn  is  adapted  for  all  kinds  of  outdoor  sports  and  gaiiicK. 
Hriish  Laki-.  one  mile  east  of  the  I'ark.  allrirds  rare  at- 
Iraclions  to  the  piscatorially  inclined  visitr)r.  The  waters 
at  Foiinlain  Park  proceed  from  live  (lowing  wells.  The 
largest  is  'J.'JOO  feet  in  depth  and  tills  a  ten-inch  pipe 
tit  about  twenty  cme  jxiunds'  pressure.  Following  is  an 
analysis  of  this  spring,  made  in  WJ'i  by  Prof.  E.  8. 
Wayne,  of  Cineiuimti: 

ONK  U.MTED  States  Gallon  Co.ntains: 

Solids.  Graios. 

SfMlliiiii  ililorldc I3.<H 

Calcium  cliliirlde i£i 

Mairni>sluui  clilorlde 2.12 

Pola.s.Hiuiit  sulphate 2.61 

raliluin  larhi'niile 2B.a« 

MaKui'siiMii  larlionale 1 1.41 

Iron  rarl«)nnle 16 

Sin™ 34 

dnranlc  matter 39 

Total U I  .itl 

This  is  an  excellent  water  of  the  alkaline-salinecalcic 
variety.  The  prcscncoof  a  small  (nmntity  of  carbonate  of 
iron  will  pri'vint  dcliilitaliiii:  elTecIs  on  coniinuous  use. 
The  water  lias  been  found  valuable  in  acute  and  chronic 
rheumatism,  gout.  dyspc)>sia.  and  diabetes.  Two  of  the 
nniaining  four  wills  were  analyzed  in  189.")  by  Prof.  H. 
A.  Weber  of  the  Ohio  Stale  rniversity.  They  show  the 
same  general  cliaracterislics  as  .Spring  Xo.  1  (above). 
There  is  an  excellent  modern  hotel  in  the  Park.  It  con- 
tains twenty  well  ei]iiippeil  bath-rooms,  under  the  charge 
of  an  experienced  physician.  Jatiien  K.  CriJok. 

FOXGLOVE.     See  DiyitfiUs. 

FRACTURES.— A  fracture  is  the  breaking  of  a  bone 
or  of  a  cartilage.  The  sudden  forcible  destruction  of  the 
continuity  of  a  bone  in  whole  or  in  part,  except  when 
done  with  a  cutting  iiislninunt.  is  called  a  fracture  (Stiin- 
sonl.  The  gradual  uiidermining  of  the  strength  of  a 
bone,  whether  by  tumor  orby  intiainniation,  does  not  pro- 
duce a  fi-actiirc  until  a  trauma,  however  slight,  snaps  the 
diseasi'd  bone.  The  so-called  putlioUxjicul  fractures  are 
of  this  class.  The  trauma  may  be  so  slight  as  to  pass 
unrecognized,  but.  ncvcrthcles-S,  this  "sudden,  forcible 
destruction  of  continuity  "  constitutes  the  fracture.  Tlie 
only  etiological  dilTerence  betw-een  pathological  and  trau- 
matic fractures  is  that  in  the  former  the  disease  of 
the  bone  predisposes  it  to  fracture  and  the  violence  re 
iiuircd  to  produce  the  fracture  is  comparatively  insig 
iiiticunt. 

V.^itiETiKs. — Fractures  are  commonly  classified  as 
complete  and  incomplete. 

A  Comipletc  Fracture  is  a  break  traversing  the  whole 
thickness  of  a  bone.  In  a  long  bone,  this  implies  that 
the  extremities  of  the  bone  are  separated  by  the  line  of 
fracture.  In  a  tlat  bone  a  complete  fracture  may  simpl^' 
break  off  a  fragment. 

IneimtjiliU  Fracturesma.yhe:  (1)  Fissured;  ('2)  "Green- 
stick  ";  (3)  Depressed;  (4)" Separation  of  a  splinter  or  of 
an  apophysis. 

By  a  "  depres-sed  "  fracture  is  here  meant  a  depression 
of  only  part  of  the  thickness  of  a  flat  or  long  bone.  It  is 
not  an  uncommon  fracture  of  the  cranial  bones. 

The  commonest  of  all  incomplete  fractures  is  ihe  green- 
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iiliek  friictiire  (iiifmclion).  It  usimlly  occurs  in  llic  fore- 
arm or  clavicle,  and  is  rarely  seen  inaihilts.  The  condi- 
tion of  llie  bone  is  exactly  that  of  a  jrreen  stick  liroken 
over  till' knee  (  FIl'   '■i-'mii      The  boue  is  beul  and  units 


Fio.  2200.— Green-stick  Fracture. 

convexity  broken,  the  line  of  fracture  riiiniin^r  inward, 
transversely  or  obliijuely.  and  then  longitudinally  in 
either  or  both  directions. 

Fractures  are  usually  described  according  to — 

(a)  Their  direction,  as  tranverse.  ot)li(iue.  lonititudiiial. 
toothed  (dentate),  etc.  (Figs.  a.'Ol.  -i'lOi.  2203). 

(b)  The  seat  of  fracture — of  the  shaft,  neck,  epiphysis, 
condyle,  epiphyseal  .sejiaration.  etc. 

(c)  Special  features— simple,  compound,  coniminuted, 
impacted,  multiple,  gunshot,  iiathological,  iutia-articu- 
lar.  etc. 

A  simple  fracture  is  one  neither  compound  nor  com- 
min\ited.  A  comjm>iiid  fracture  is  one  in  which  the  ex- 
ternal wound  runs  down  to  the  seat  of 
fracture.  A  cniiiiniinittd  (Fig.  220-1) 
fracture  is  one  in  which  tlie  boue  is 
splintered  into  a  number  of  small  frag- 
ments. By  nnilliple  fracture  is  meant 
the  fracture  of  several  bones  or  of  the 
same  bone  in  several  distinct  jdaces. 
Simple  fracture  of  both  bones  of  the 
forearm  or  leg,  however,  is  not  spoken 
of  as  a  multi|)lc  fracture.  An  impacted 
fracture  is  one  in  which  the  broken 
bone  ends  are  crushed  into  each  other 
and  thus  lixed  more  or  less  lirmlv. 

E  T I  o  L o  G  V. — Frcr/fieitfi/. — Men  are 
more  subject  to  fractures  than  women 
(three  to  one),  by  the  nature;  of  their 
occupations,  and  their  haliits  of  life. 
Stimsou  disagrees  with  the  accepted 
belief  that  fractures  are  most  frequent 
during  the  winter  months  on  account 
of  the  ice  and  snow,  the  increased  fre- 
quency of  fracture  of  the  lower  extremity  in  w  inter  (sev- 
enty-six to  fifty  tliiee)  being  more  than  offset  by  the 
increased  frequency  of  fractures  of  the  upper  extrem- 
ity in  summer  (one  hundred  and  seven  to  sixty-seven.) 

Fracturesare  relatively  more  freiiuent  in  the  aged  than 
in  the  adolescent  (.Malgaigne,  Gurlt),  and  this  in  spile  of 
the  greater  exiiosure  of  the  latterclasslo  various  injuries. 
This  increasing  liability  to  fracture  with  age  is  due  to  a 

1|)rogressive  decrease  in  agility  and  strength 
of  muscle  with  which  to  wanl  off  or  minimi/.e 
an  injury,  and  also  to  cerlaiii  changes  that 
take  iilace  in  the  bones  themselves. 
Predi.ijiosin;/  Otu.iix. — In  infancy  the  struc- 
ture of  the  bones  is  in  great  part  cartilaginous, 
the  bones  are  elastic,  and  fracture  is  rare.  In 
adult  life  the  cartilage  is  replaced  by  bone; 
hence  a  loss  in  elasticity  and  an  increase  in 
— i.<ir  '  strength;  fractures  are  more  frequent.  Later 
ijOV'a  still,  when  senile  changes  occur  in  the  body, 
l.»^J  the  bimes  become  thinne<l  by  an  actual  dim- 
inution in  the  amount  of  bone  tissue  and  a 
corresponding  increase  in  the  contained  fatty 
and  connective  tissue.  The  boue  becomes 
weak  and  brittle,  and  in  spite  of  the  lessened 
exposure  to  injury,  fractures  arc  most  fre- 
quent. The  luxations  of  elbow  and  hip.  for 
example,  are  in  great  ]>art  replaced  by  frac- 
ture of  the  humerus,  and  neck  of  the  femur, 
the  latter  being,  ]xir  excellence,  the  fracture 
of  old  age. 
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Pathological  predisposing  causes  of  fracture  are  dis- 
ease of  the  bone,  such  as  gumma,  sarcoma,  osteomyelitis, 
and  necrosis.  The  condition  known 
as  osteoporosis  is  a  rare  cause  cd'  frac- 
ture. In  this  disea.sc  the  bones  ap- 
pear to  have  undergone  in  early  life 
the  rarefying  process  natural  in  old 
age.  Diabetes,  jjaralysis.  locomotor 
ataxia,  osteomalacia,  and  ]ircgnaney 
have  been  noted  as  causes  of  this 
condition.  The  resulting  briltleness 
of  bone  is  often  so  marked  that 
many  fracUires  occur  almost  simul- 
taneously. Such  fractures  usually 
heal  perfectly  well.  Prolonged  dis- 
use may  apiiarently  cause  osteojioro- 
sis.  and  some  cases  are  congenital. 

liiiiiiciliKte    Qnisis, — A   fracture  is 
always  caused  by  some  force,  exter- 
nal or  internal.      (1)  Fracture  by  ex- 
'  terual    violence.      (2)    Fracture    by 
muscular  action. 

The  mechanism  of  fracture  by  ex- 
ternal violence  is  usually  simple  enough 
crushed,  broken  or  twisted,  or  a  fragment  is  torn  awaj' 
from  it.  The  fracture  inaj'  be  dinct  or  indirect.  A  di- 
rect fracture  occurs  at  the  jioint  of  impact,  an  indirect 
one  liy  transmission  of  the  force  to  some  more  or  less 
distant  ijoint.  Thus  a  fall  upon  the  outstretched  hand 
may  result  in  a  direct  fracture  of  the  carpus,  metacarpus, 
or  phalanges,  or  an  indirect  fracture  of  radius,  ulna,  hu- 
merus, or  clavicle.  This  distinction  is  mo.st  important 
only  in  comiiouud  fractures. 

Museidar  action  is  concerned  in  almost  every  fracture. 
Indeed  the  drunken  man  who  uses  his  muscies  little  or 
not  ;it  all  is  notoriously  shielded  by  a  special  Providence 
in  this  matter.  But  by  "fracture  by  muscular  action"' 
is  meant  those  fraclures caused  solely  by  muscularaclion. 
The  commonest  of  the.se  is  fracture  of  the  patella. 

Sjutiiliiiieons  and  patlwlogical  fractures  have  already 
been  considered. 

P.vriioi.oGV. — When  a  bone  is  broken  the  condition  is 
a  laceration  of  the  bone  itself,  the  pcrio-Stcum.  and,  to  a 
greater  or  less  degree,  of  the  surrounding  tissues. 

The  lione  is  broken  more  or  less  compietel.v,  siilintered 
or  comminuted  (see  Varieties).  The  periosteum  is  usu- 
ally torn  in  one  or  more  places,  and  is  elsewhere  stripped 
up  from  one  or  both  fragments,  while  remaining  at  taclied 
to  each  and  forming  a  bridge  between  them.  This/xn'- 
,/:<teii/  liridr/e  is  of  great  service  in  the  process  of  repair. 

The  damage  to  the  soft  jiarts.  if  caused  by  the  broken 
ends  of  the  bone  ploughing  through  them,  constitutes  a 
com]ilication  of  the  fracture,  while  if  the  fracture  is 
simply  one  of  a  number  of  lesions  due  to  a  trauma,  the 
condition  of  the  bone  is  relatively  unimportant.  This 
distinction  has  no  weight  in  fractures  of  the  extremities 
where  bone  lesions  are  always  of  primarj' importance; 
but  in  injuries  of  the  skull  and  tho- 
rax an  undue  ]irominence  is  often 
ascribed  to  the  bone  lesion  and  injuries 
of  the  contained  viscera  are  classed  as 
couqilications  of  fracture;  whereas 
the  presence  or  absence  of  fracture 
has  often  little  or  nothing  to  do  with 
the  etiology,  prognosis,  or  treatment 
of  the  visceral  injury. 

The  laceration  of  the  skin  may,  like 
that  of  other  soft  parts,  be  caused  di- 
rectly by  the  trauma  or  indirectly  by 
the  protrusion  of  a  fragment  of  bone 
either  by  laceration  or  sloughing. 
Here,  again,  the  distinction  is  of  im- 
jiortance.  If  the  fractiu-e  is  com- 
pounded at  the  seat  of  injury  the 
wound  is  usually  large  and  plenti- 
fully befouled,  while  if  indirectly 
compounded  by  puncture  or  slough-  j.^^  2:.'m-c„mml 
ing    over    a    sharp    point  of    bone,         nuteil  FYacturv. 
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the  Hkiii  wound  Ih  cninimnttivclv  Kiimll  anil  pIiiui;    tliu 

|iri>liiiliiUly  Ih  lliiil  it  will  i'srti|'i'  niri'i'lli)n.  iinil  us  it  cutn- 
piiiihii  fnniuri' il  is  riiiii|iiinilivrly  iMiiin|<i<rliuit. 

I'liui  !>•*  iiK  Ukivviii  — Williiii  111!'  Ilrsi  IVw  liniirs  tifli-r 
n  fnirtiirr  Ims  licrii  rccciviil  tlic  iiinliiHi4iii  ami  liircniliini 
iif  till'  viiriiiiis  lixMii-s  priHliirr  ii  liii'iiiiitoiiiii  tiiiil  linn 
(I'lli'iim.  Tills  ii'ilrnm  Inciciiscs  fur  I  wciiiy  fmir  cir  fntiy- 
t'ii;lil  liiiurs  mill  llii'ii  );niiliiiilly  siiIisIiIi'h.  Tlir  ii|i|>lirii' 
tiiiM  iiT  nmist  lii'ut  anil  pri'ssurc  In  llii'  liinli  niiiilnii/rs  the 
irilcniiitons  riartinn  ami  liiislriis  lis  nsurptinn.  Dniinir 
this  piriiiil.  till'  priioHlciim  liki'  tlir  "llirr  tissins  is  l)iij;j;y 
unit  tliirki'lii'il.  ami  llii'  luim-i-nils  lit'  inaravity  of  ^rcaler 
■  ir  less  si /r,  full  of  srnii  roat'iilatnl  lilooil.  Aslliriiili'nia 
ilisappciirs.  j:niniilaiions  spriiii;  from  tlir  prriostiMini,  lln- 
siirroiiiiilinj;  soft  jiarts,  ilir  marrow,  ami  tin-  lioiii'  iisrif. 
At  till-  siinir  tinif  the  blood  i-ol|fflion  disappi-ars.  partly 
liy  alisorption  and  partly  by  making  its  way  alon)^ 
till'  various  fuscial  pinni's  wln-ni'i-  it  may  linally  rracli 
till'  siirfaii',  forming  an  rci-liyinosis  some  days  aftiT 
till-  injury  and  tliiis  constituting  one-  uf  the  sii^ns  of  frac- 
tiiir. 

Tims  till-  prorrss  of  ri'piiir  bi-jrins  by  sinipli-  granula- 
tion of  all  till'  lai-iTiitod  struc-tnri's,  and  il  may  br  said  to 
liavi'  coinpli'ti'd  its  _/ic»r  Ktiuie  wlii'ii  tlii'se  KmiinlMlinns. 
spri-adini;  alon;;  tlir  pcriiislcal  bridgoor  simply  tillinu'  the 
cavity  bi-twim  llir  bone  ends,  completely  envelop  the 
rejrion  of  fracture  in  a  mass  of  irnuiiilation  tissue.  This 
mass  is  called  the  jirovisional  callus.  Its  shape  and  size. 
as  Well  as  its  relation  to  the  lione  ends,  depend  on  the 
amoiinl  and  nature  of  lhedis]dacenient.  If  this  is  slight 
the  callus  is  small;  if  considemlple,  it  is  large  and  irregu- 
lar. This  callus  is  formeil  chiefly  by  granulations  spring- 
ing from  the  periosteum  (Fig.  ".JifMi),  and  in  a  less  degree 
from  the  marrow,  and  also  by  n  thickening  of  the  perios- 
teum anil  by  granulations  from  the  soft  parts  and  the 
bone  ends.  The  greater  jiarl  of  the  callus,  that  arising 
from  the  periosteum.  lirst  changes  to  cartilaginous  tissue 
and  then  to  hone;  the  callus  lornieil  from  the  marrow 
goes  thrinigli  no  cartilaginous  formation,  but  becomes 
bone  directly,  the  o.s.seous  formation  beginning  around 
the  inner  surface  of  the  bony  shell  and  e.Mending  inward 
until  it  entirely  occludes  the  medullary  canal  (medullary 
pluiiK  and  oiiiward  to  meet  the  pcricsteal  callus  and  the 
medullary  plug  of  the  other  fragment. 

By  this  time,  toward  the  end  of  the  third  or  fourth 
week,  the  healing  of  the  soft  parts  is  complete,  the  cc- 
chynioses  are  disappearing,  and  the  callus,  composed  of 
hone  withinand  cartilage  and  bone  without,  is  ijuite  firm 
everywhere  exce]it  over  the  broken  edges  of  the  frag- 
nieiiis.  The  delay  here  is  due  to  the  very  slow  jirogress 
of  bone  granulation,  (tartly  becauseof  the  comparatively 
poor  circulation  of  that  tissue  and  partly  because  a  thin 
shell  along  the  surface  of  the  bone  is  cut  oil  from  the 
circulation  and  has  to  bcab.sorbe(l.  as  have  also  the  splint- 
ers which  must  inevitably  be  torn  away  at  the  time  of 
fracture,  before  the  callus  can  unite  lirmly  to  llie  bone 
itself.  This  conclpdcs  the  second  ttagc  of  the  process  of 
repair. 

The  osseous  callus  now  unites  the  bone  ends  very 
much  as  a  mass  of  sidder  connects  two  ends  of  pipe,  with 
this  important  dilTerence.  however,  that  the  callus  is  a 
solid  mass  obstructing  the  lumen  of  the  "  pipe  "  as  well 
as  extending  beyond  its  circumference.  In  the  (hi  id  a  ml 
film/  utiii/f  of  repair  the  superabundant  callus  is  gradually 
absorbed  The  lumen  of  the  bone  is  cleared,  the  callus 
between  the  bone  ends  becomes  tinner  and  more  com- 
pact, aiipioaching  in  structure  very  nearly  to  that  of  the 
bone  ends  which  it  comiccls,  and  the  external  callus  is 
absorbed  until  in  some  cases,  when  the  bone  has  been  ac-_ 
curately  "set,"  there  remains  no  trace  of  the  fracture.' 
Thus  the  reparative  process  is  com]deted  months  after 
the  reeei|)t  of  injury.  In  most  cases,  however,  the  re- 
duction of  the  fracture  is  not  and  cannot  be  absolutely 
accurate,  and  in  the.se  cases  the  displaced  boue  is  forti- 
fied by  a  permanent  exuberance  of  callus  which  persists 
during  the  life  of  the  subject.  At  the  same  time  ]iro- 
jecting  edges  of  displaced  bone  are  rounded  olT  in  the 
process  of  callus  absorptioa     If  the  exuberant  callus  in- 
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lures,  it  is  probable  that  fuirls  . 
become  einbeilded  ni  the  graniilationi.  derive  new  circii 
lation  from  them,  iind  eml  by  forming  an  iniporlunt 
element  in  the  reconstructive  proii-KH.  (In  the  other 
hand,  fragments  may  remain  embedded  but  iiniiltiielK'd 
to  the  callus  for  veal's,  and  their  pre-M-nee  be  llrvi  suh- 
peeled  when,  on  account  of  debility  or  intlaniniHtiuii 
elsewhere  in  the  organism,  they  beeonie  cent  res  of  Niip- 
puration  which  go  on  to  abscess  and  llsluli/.ation  iiuil 
persist  until  the  ofTending  fragment  is  reinoveil. 

In  fractures  of  the  skull  the  repair  is  chielly  elTecled 
by  the  diploO  which  is  not  capable  of  producing  exuber- 
ant callus  or  of  closing  in  large  defecta,  such  as  those 
left  by  a  trephine  opening. 

Fracture  of  spongy  bones  or  of  the  spongy  ends  of  long 
bones  is  repaired  ibii-lly  by  the  bone  itself.  Fracture  of 
cartilage  h:  slow  to  heal  and  the  union  is  ehielly  librous. 
Hence  old  fractures  crossing  a  joint  surface  are  usually 
marked  by  a  line  of  librous  tissue  or  bare  bone  where  the 
cartilage  has  been  lacerated,  though  in  exceptional  in- 
stances the  callus  is  exuberant. 

The  histological  processes  of  callusand  bone  formation 
and  resorption  are  ijuite  the  same  as  take  place  in  the 
normal  growth  of  a  bone. 

The  ri-pair  of  a  compound  fracture  dilTers  in  several 
ways  from  that  of  a  simple  fracture.  In  the  lirst  place 
the')>riniitive  fcdema  and  ha'matoma  are  less  on  account 
of  the  free  escape  allowed  to  the  blood  and  serum.  A 
more  important  dilTerence.  however,  lies  in  the  result  of 
infection.  If  the  wound  suppurates,  healing  is  delayed 
by  the  ca.sting  olf  of  all  fragments,  by  the  death  of  a 
layer  of  some  thickness  along  the  broken  edge,  and 
especially  by  the  destruction  of  the  periosteum.  The 
bone  is  reformed  entirely  by  the  medullary  idug  which 
grows  slowly  (and  docs  not  undergo  immediate  cartilag- 
inous forniaiion).  The  callus  is  large  and  irregular  and 
fragments  of  dead  bone  caught  within  it  may  prolong 
the  suppuration  indeliuitoly. 

Sy.mtto.ms  and  Di.\Gxosis. — The  symptoms  of  fracture 
are  subjective  and  objective.  The  subjective  symptoms 
are  the  history,  pain,  tenderness,  and  loss  of  function. 
The  objective  signs  are  deformity,  abnormal  mobility, 
crepitus.  It  is  usually  one  or  more  of  the  subjective 
symiitoms  that  lead  to  the  suspicion  of  fracture,  while  it 
is  upon  the  objective  signs  that  the  diagnosis  is  based. 

SiiuECTivE  Signs. — The  histonj  of  the  patient  may 
relate  to  previous  fractures  which  have  left  a  deformity 
that  might  otherwise  be  misleading.  A  history  of  active 
sy])hilis  affects  the  prognosis  and  treatment.  In  old 
fniclurcs  the  history  may  be  of  valuable  assistance, 
though  in  recent  cases  it  is  usually  indefinite  and  unre- 
liable. 

Pain  and  tenderness  are  constant  symptoms  of  fracture 
unless  the  patient  is  intoxicated,  comatose,  or  suffering 
from  some  grave  lesion  of  the  central  nervous  system. 
Spontaneous  pain  is  usually  difl'use  and  referred  rather 
to  the  point  of  greatest  contusion  than  to  the  point  of 
fracture.  Thus  in  Pott's  fracture,  the  pain  is  often 
greatest  over  the  inner  side  of  the  joint,  though  the  chief 
lesion  of  the  bone  is  in  the  other  side.  Tenderness  is, 
however,  a  more  delinite  symptom.  It  is  usually  local- 
ized over  the  point  of  fracture  and  may  be  a  great  aid 
in  establishing  this  point  accurately.  This  is  especially 
the  case  in  fracture  of  the  ribs  and  libuhi  (7.  r.).  It  is  a 
universal  rule  that  irheii  premtirc  applied  UiteraUy  or  in 
the  loii/i  axis  uf  n  /miie  erokea  pain  at  a  distniict  fnnn  the 
[Kiiiit  where  the  pressure  is  applied  there  is  a  fracture  at  the 
jiiiinfiil  point. 

Lass  of  function  may  be  considerable  or  slight.  When 
the  shaft  of  a  long  bone  is  broken  function  is  lost  in  most 
instances.  Yet  the  loss  of  function  is  in  part  due  to  pain 
and  fright,  and  hence  varies  with  the  nervous  quality  of 
the  patient. 
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Fio.  22(B.-Fnutuiv  nf  thp  Shaft 
itl  Iht*  Femur.  OviTrkHnir  aud 
anmilar    displacement :    faulty 

UDlOD. 


OnjECTiVE  S1GX8. — Without  the  obiectivu  signs  the 
diagnosis  of  fracture  is  never  certain.  They  are  ess<"nf  ial. 
The  objective  signs  of  contusion  or  iaccnilion  of  tlie  soft 
parts,  always  present  in 
u'reater  or  less  degree,  some- 
limes  If.'/..  <'otn|)uiind  frac- 
tures) fa<ililate  tlie  <liag- 
iKisis.  but  more  often  only 
obscure  the  objective  signs 
of  the  fracture  itself. 

Iht'oniiiti/. — The  deform- 
ity caused  i)y  fracture  is  the 
result  of  iiijwiy  to  the  soft 
)iarts  us  well  as  of  displace- 
ment of  the  broken  bone. 
In  some  fractures  the  bone 
deformity  is  characteristic 
and  unmistakable,  but  it  is 
too  often  obscuied  by  the 
etfusion  of  blood  aud  con- 
secutive o-deina  to  be  a 
symptom  readily  deter- 
mined by  simple  inspec- 
tion. Hence  the  four  methods  of  determining  the 
existence  of  deformity,  riz..  inspection,  palpation,  men- 
suration, and  the  .r-rays. 

The  deformity  is  caused  by  displacements  of  the  broken 
ends  of  the  bone.  The  displacement  may  be  slight  or 
great,  characteristic  or  obscure:  hence  the  variety  of 
means  adopted  to  recognize  it.  Malgaigne  has  classified 
displacements  as  transverse,  angular,  rotary,  overriding, 
impaction  or  crushing,  and  rarest  of  all.  direct  longi- 
tudinal separation.  Clinically  the  displacement  may 
come  under  two  or  more  of  these  classes  (e.g.,  overriding 
and  angular)  (Figs.  2205,  2206). 

I/mpertivii  may  suthce  to  determine  the  existence  of 
displacement.  Pftljuitioii  may  determine  the  angular  de- 
forniit}' of  a  bone  or  the  protrusion  of  sharp  fragments 
close  under  the  skin ;  but  abnormal  motility  and  crepitus 
{}.  r. )  are  par  ereflloire  the  data  sought  by  palpation. 

iIeii»Hr(tti<m.  on  the  other  hand,  is  often  of  great  ser- 
vice in  the  estimation  of  deformity,  for  whether  impacted 
or  overriding,  the  broken  bone  is  usually  shortened  by 
muscular  tension  and  swelling,  the  increase  in  circum- 
ference of  the  member  being  compensated  for  partly  by 
shortening  and  partly  by  th(>  elasticity  of  the  integument. 
However  obscured  the  deformity  at  the  point  of  fracture, 
the  shortening  of  the  bone  may  be  estimated  by  compar- 
ing its  length  with  that  of  its  fellow  of  the  opposite  side. 
In  apiilying  mensuration,  however,  two  most  important 
facts  must  be  borne  in  mind: 

1.  There  may  be  a  previous  difference  in  length,  either 
congenital  or  acquired,  of  the  two  bones. 

2.  In  comparing  the  length  of  the  long  bones  of  a  limb 
it  is  often  necessary  to  measure  from  bony  points  not  on 
the  same  bone.  In  this  case  the  bones  to  be  compared 
must  be  in  the  same  relative  jiosition. 

In  other  words,  if  the  iiijined  limb  is  measured  in  the 
abducted  or  flexed  position,  the  measurements  of  the 
uninjured  member  must  be  taken  with  it  (tt  tin-  xiune 
niir/U  of  abduction  or  flexion.  Neglect  of  this  simple 
])recaution  is  often  a  grave  source  of  error  in  estimating 
shorteiung  from  fracture  of  the  neck  of  the  femur.  The 
measurements  are  usually  taken  from  the  anterior  supe- 
lior  spine  of  the  iliiun  tothe  external  malleolus,  and  the 
injured  limb,  whether  fractured  or  not.  usually  lies 
slightly  abducted  and  flexed,  while  the  patient  iiistinc 
lively  protects  it  by  adduction  of  the  soinid  limb.  The 
relative  positions  of  the  limbs  cannot  be  ai>preciated 
unless  the  patient  is  laid  fiat  on  his  back  and  stripped 
so  that  the  two  anterior  superior  spines  can  be  distinctly 
felt  A  siring  drawn  lightly  from  one  to  the  other  marks 
the  horizontal  plane  of  the  body,  and  a  perpendicular 
drop|)ed  from  the  centre  of  this  marks  the  sjigittal  [ilane 
Willi  which  the  abducted  thighs  should  make  equal 
angles 

Measurements  of  the  diameter  or  the  perimeter  of  the 
limb  are  entirely  fallacious. 


Ahnonnal  Mohilily  and  Crepitu». — These  two  symp- 
toms might  be  termed  the  acces.sory  symptoms  of  "frac- 
ture. When  obtainable  there  is  nothing  more  charac- 
teristic of  fracture  than  abnormal  mobility  along  what 
should  be  the  firm  shaft  of  a  bone,  especially  if  accom- 
panied by  a  grating  sensation  of  crepitus  imparted  to  the 
fingers  rather  than  to  the  ear  of  the  surgeon  as  the  rough 
bone  ends  are  made  to  rub  against  each  other.  IJut  while 
tlie.se  two  signs  are  more  frequently  sought  for  than  any 
other  of  the  signs  of  fracture,  they  may  be  misleading 
and  non  essential  to  a  complete  diagnosis,  and  the  search 
for  them  is  often  the  occasion  of  rough  and  painful  man- 
ipulations injurious  both  to  the  patients  tissues  and  to 
his  mental  attitude  toward  the  surgeon.  In  this  matter 
gentleness  is  far  more  successful  than  force,  for  force 
assures  the  resistanceof  the  patient's  muscles  at  the  same 
time  as  it  blunts  the  sensitiveness  of  tin-  surgeon's  fingers. 
The  methods  of  eliciting  abnormal  mobility  and  crepitus 
are  two;  (I)  pressure;  (2)  pa.ssive  motion. 

Pressure  is  usually  applied  transversely  to  one  or  al- 
ternately to  each  of  the  fragments  with  the  intent  of 
making  them  slip  I)y  each  other.  Pa.s.sive  motion,  an- 
gular or  rotary,  is  employed  for  the  juirpose  of  demon- 
strating that  one  fragment  (or  some  bony  prominence 
upon  it)  is  unaffected  bj-  motion  coniinuiiicated  to  the 
other. 

The  commoner  causes  of  error  are  impaction  which 
prevents  both  abnormal  mobility  and  crepitus,  the  inter- 
position of  soft  parts  which  prevents  crepitus  or  the  exis- 
tence of  that  form  of  fracture  known  as  epiphyseal  sepa- 
ration, in  which  crepitus  is  cartilaginous.  Moreover,  in 
injuries  about  a  joint  abnormal  mobility  may  indicate 
either  fracture  or  dislocation,  perhaps  both,  and  the  rule 
that  ■'  in  fracture  there  is  mobility  where  before  there  was 
none,  while  in  dislocations  abuoinial  mobility  in  one  di- 
rection is  compensated  by  restricted  mobility  in  other 
directions,"  may  not  be  practically  applicable. 

X-Bays. — The  report  of  the  commitlee  of  the  American 
Surgical  Association  defines  very  accurately  the  present 
status  of  the  j-raysin  the  diagnosis  of  fractures.  Among 
their  conclusions  are  the  following: 

1.  The  routine  employment  of  the  j-ray  in  cases  of 
fracture  is  not  at  present  of  sufficient  definite  advantage 
to  justify  the  teaching  that  it  should  be  used  in  every 
case.  If  the  surgeon  is  in  doubt  as  to  his  diagnosis,  he 
should  make  use  of  this  as  of  every 
other  available  means  to  add  to  his 
knowledge  of  the  case,  but  even  then 
he  should  not  forget  the  grave  ])ossi- 
bilities  of  misinterpretation.  There 
is  evidence  that  in  competent  hands 
plates  ma}-  be  made  that  will  fail  to 
reveal  the  presence  of  existing  frac- 
tuies  or  will  appear  to  show  a  frac- 
ture that  does  not  exist. 

2.  In  the  regions  of  the  base  of  the 
.skull,  the  spine,  the  pelvis,  and  the 
hips,  the  j-ray  results  have  not  as  yet 
been  thoroughly  sjitisfactory,  although 
good  skiagnijilis  have  been  made  of 
lesions  in  the  last  three  localities.  On 
account  of  the  rarity  of  such  skia- 
graphs of  these  parts  special  caution 
should  be  observed,  wlien  Ihey  are  af- 
fected, in  basing  upon  J-ray  testimony 
any  important  diagnosis  or  line  of 
treatment. 

3.  As  to  questions  of  deformity, 
skia,graphs  alone,  without  expert  sur- 
,!:ieal  interpretation,  are  generally  use- 
less and  frequently  misleading.  The 
appearance  of  deformity  may  be  pro- 
duced in  any  normal  bone,  and  existing 
deformity  may  be  grossly  exaggerated. 

4.  It  is  not  pos.sible  to  distinguish  after  recent  fractures 
between  cases  in  which  jierfectly  sjttisfactory  callus  has 
fonned and  eases  which  will  goon  to  non-union.  Neither 
can  fibrous  union  be  distinguished  from  union  by  callus 


Fig.  saw.  —  Mai. 
union  after  FYne- 
lure  of  the  Shaft 
of  the  Femur. 
Shows  eallus  for- 
mation under 
periosteal  bridge. 
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I'riK-liirr*. 
I''rit4  liirra. 


In  which  Hint'  wilts  liiivo  not  yet  Ihji'H  depoditml.     Tliore 

i-i  aliniiiliiiit  ■■viili'iii'i-  In  slmu  ilmi  ilir  iisi'  nf  tin- .r my 
ill  thi"ii'  niM'N  sliiMilil  III'  i'i'i;nrilril  as  iiii'iily  Ilir  ailjiini  t 
In  I'llnr  siir^iral  iiiciIuhIs.  aiiil  llial  Iih  li-stjiiiuiiv  i.H  i-spi'- 
<iall\   fallilili-. 

MiM.suMs — III  jinicnil  llic  illatfliosls  of  fnicliirc  Is 
liiaili'  liy  liis|ii'<'tliiii  anil  ^'I'lillr  |ial|ialiiiii.  iiiilril  perhaps 
liv  iiiriisuniliiiii  Most  iif  thr  iiiMuiioiicr  fnu'liircs  art' 
iiiiirkril  by  a  chamctiTislic  ilofnniiity,  or  by  some  nllirr 

patlloL'llillllollU'  sl^'ll. 

In  coinpiiiinil  fiiutiiri'S  Ihr  <lla|,'niisis  shniilil  bf  niaih- 
w  illi  as  lillli-  prnbliij;  as  piissiblr  If  Ilir  wminil  is  small 
ami  riniii  It  sluiiiM  In-  ilniiiiril  nr  scalril  aftir  it  lias  birn 
lhiiri>iii;lily  irri^jaliil.  ami  tin'  iliai;misisiiiaili'  as  in  siniplr 
fnicturr.  If.  liiiwcviT.  llii-  wminil  is  wiilr  ami  bcfimliMl, 
llu'ilia>rnosis  of  llii-cxncl  natiiri'  of  ihe  fraclwri'  is  rrailily 
ilrliTiniiiitl  in  \\w  course  of  Ihr  preliniiimry  antiseplic 
toilet. 

Youiib:  person."!  up  to  llie  as:e  of  Iweuty-five  present 
two  special  jioinls  of  iliairiiosis.  In  tlie  first  place,  when 
they  receive  II  fiailiiie  Iliroiii.'li  tlie  extnniily  of  a  loni; 
bone,  it  is  very  likely  to  follow  the  line  of  least  resis 
lance  alonir  the  iiiiossitied  cartilav'e  between  Ihc  iliaphysis 
nnil  epiphysis,  thus  forinini;  an  iiiiji/ii/ntiil  n luinitioit. 
The  (lia]LCno.sis  of  this  conililioii  is  iiiaile  on  three  data: 
first,  the  correspondence  of  the  line  of  fracture  either 
wholly  or  in  greater  jiarl  with  the  line  of  the  epiphyseal 
cartilaire:  second,  the  "niiitlled"  cartilaeinous  crepitus 
obtniued  when  the  hone  ends  are  draw  n  across  each  other ; 
ami  tliiiil.  the  subsemieiil  iilro]iliy  of  the  torn  cartilai:e 
often  resultinir.  unless  the  bone  has  attained  its  full 
growth,  in  a  shortened  deforined  limb.  The  most  im- 
porlant  epiphyseal  sepanitious  arc  those  of  the  upper  ex- 
tremity of  the  hunieriis  and  Ihc  lower  extremity  of  the 
mdius.  since  thcsi'  injuries  are  comparatively  common 
and  these  epiphyses  together  are  responsible  for  two- 
thirdsof  the  growth  of  the  upper  extremity.  Thesecoud 
point  of  importance  in  the  diajrnosisof  fnieture  in  youn;.' 
persons  is  the  freiiuency  of  iMcnin]ilete  fractures.  The 
grti iistirk  fracture,  practically  unknown  in  the  adult. 
occurs  with  comparative  frei|iieiicy  in  the  youiif;  as  a 
result  sometimes  of  a  sliirht  tniunia.  If  the  break  is  in- 
signiticant  the  only  clinical  evidence  of  it  is  an  abnormal 
protuberance  of  tjie  shaft  of  the  bone.  This  may  I'ass 
for  a  mere  contusion,  especially  if  the  superlicial  tissues 
are  considerably  bruis<'d.  .Such  fractures  arc  unimpor- 
tant since  they  rciiuire  no  attention  and  have  no  more 
consc(|Uence  than  an  oulirrowth  of  callus  which  is  ab- 
sorbed in  the  ensuing  mouths.  More  severe  "green- 
Stick  "  fractures  produce  a  curving  or  angular  deformity 
of  the  bone  and  a  considerable  iirotuberaiice  of  the  split 
fragment,  so  that  the  diagnosis  is  not  ditficult. 

DiFFF.UF.NTi.M.  I)I-Vi:nosis. — A  fracture  must  be  difler- 
ontialed  on  the  one  hand  from  a  dislocation,  and  on  the 
other  from  a  sprain  or  bruise.  In  either  case  the  confu- 
sion is  likely  to  arise  only  in  the  region  of  a  joint,  where, 
from  the  slight  deformity,  the  ditlicully  in  eliciting 
crepitus  and  abnormal  mobility,  and  the  unim]iortant 
interference  with  function  (i  .'j..  many  Colics'  and  some 
Pott's  fractures),  the  injury  may  he  mistaken  for  a 
s))rain;  or  because  of  the  great  swelling  of  the  soft  parts 
nil  landinark.s  m»y  be  obscured.  In  .such  a  contingency. 
if  an  accurate  diagnosis  cannot  be  reached  by  the  aid  of 
the  ordinary  data,  an  examination  should  be  made  with 
the  patient  anasthetized.  or.  better  still,  if  the  apparatus 
is  at  hand,  the  J-rays  luay  be  employed. 

Pi!<m;nosis. — If  a"  fracture  is  properly  reduced  and  im- 
mobilized, the  primnry  inflammatory  reaction  may  be 
<>xpectcd  to  subside  in  from  three  to  ten  days.  During 
this  period  there  is  more  or  less  discomfort ;  but  later 
physiological  rest  and  a  comfortable  splint  may  be  de- 
Iiended  upon  to  relieve  the  patient  of  almost  all  his  pain. 
The  amount  of  rest  required  depends  ujion  the  nature  of 
the  injury  and  the  individuality  of  tlie  patient.  The 
laboring  man  who  insists  upon  walking  off  on  an  ambu 
latory  splint  two  days  after  he  has  received  a  Pott's  frac- 
ture is  not  to  be  classed  with  the  neurasthenic  woman 
whom  the  same  injury  confines  to  her  room  until  long 


after  Ihe  Imidph  have  united.  Iiiunobilluition  U  uliiiom 
lis  iiiiiinporlHiit  ill  the  Irealmeiil  of  Colleii'  fnictiin-nii  il 
is  essential  in  friicliire  of  the  patella. 

-I'/i    iilTeclH  the   prognosis    in   ihii'  '      I-m   Ih  Ii-mi 

rapid  in  the  aged:  their  bones  heal  n  imd  their 

coiillneiiieiil   to  bed   may  result    in  1, ,  „,„|   |i).riiiu- 

neiil  debility:  while  if  Ihey  em-ape  lliis,  a  permanent 
sliireiiing  and  neuralgic  condilion  of  the  affected  liriib 
niiiy  result.  In  the  young  the  progiiosin  of  siinple  Imc- 
lure  iseiilirely  good,  unless  there  iKepliihytu-al  separallnn. 

Jfii/iilH  ami  iliHiiiH,.  such  as  aleolioilsi'n,  syphilis,  and 
general  debility,  allcct  the  progiiosis  in  proportion  to 
their  severity.  The  Hliock  of  friiciiire  will  olicn  bring 
on  delirium  tremens  in  an  alcoholic  subji-cl.  Siieh  an 
attack  may  somctiiiies  be  averted  by  getting  the  patient 
up  and  about  immediately,  in  addition  to  the  usual  tlient- 
peiilic  measures.  Syphilis  in  an  active  stage  may  delay 
or  prevent  union  in  a  broken  bone,  and  any  chronic  de- 
bilitating disease  may  have  a  similur  ellecl. 

Certain  iiualities  of  the  fnicluie  itself  must  beconfid- 
ered  in  the  prognosis.  For  example,  the  juognosis  in 
C'liiiiHiiiiiil Jrnrliirr*  is  far  graver  both  as  to  life  and  limb 
than  that  of  simple  fracture.  Indeed,  what  with  the 
dangers  of  suppuration.  Kcpticiiniia,  delayed  and  nial- 
imion.  il  is  almost  inipos.sible  to  give  an  accurate  prog- 
nosis for  a  contpound  fracture  until  healing  is  well  ad- 
vanced. Again,  fmfturin  of  hjhih;/)/  Ixtiir  heal  far  more 
rapidly  than  fractures  of  the  shaft.  But,  on  the  other 
hand,  the  spongy  bones  lie  chiefly  in  the  region  of  joints, 
and  if  these  are  invaileil  by  the  eiillus.  or  even  if  merely 
immobilized  during  the  process  of  repair,  the  stifTiiess 
resulting  from  prolonged  inaction  may  indelinitely  delay 
complete  recovery.  Indeed,  the  union  of  the  bone  is 
only  the  skeleton  of  the  cure  as  far  as  the  patient  is  con- 
cerned. When  the  bones  arc  .sound  he  is  "set  upon  his 
feet."  but  it  may  be  weeks  before  lie  is  "limbered  up" 
enough  to  accomplish  anything  but  the  lightest  labor. 
In  this  connecliou  Loews  flgiires  are  instructive  and 
represent  a  most  successful  series.  Of  HiT  siniiile  frac- 
turis  of  the  leg.  one  was  permanently  dis;ibleil,  and  the 
others  were  able  to  return  to  work  in  an  average  of 
one  Inindred  and  one  days  (seventy  per  cent,  of  them  in 
ninety-one  days),  more  than  twice  the  classical  limit  as- 
signed to  the  healing  of  a  fracture  of  the  leg.  In  this 
matterof  regaining  function,  ago  isof  prime  importance. 
The  young  and  vigorous  regain  both  strengthand  agility 
in  a  few  weeks,  while  the  aged  and  rheumatic  remain 
stilTcncd  and  more  or  less  completely  decrepit.  The 
j(pint  iinplieated  also  makes  a  difTerence.  The  fingers 
and  toes  areesiiecially  liable  to  stiffening  when  extended. 
Other  elements  in  the  prognosis  are  afforded  by  the  com- 
plications. 

CoMiM.ic.\TiON8. — The  pain,  a!dema,  and  contusion  of 
the  soft  parts  during  the  first  days,  and  the  later  stiff- 
ening of  the  joints,  occur  as  complications  to  almost 
every  fracture,  however  normal  the  ])rocess  of  repair, 
and  they  have  therefore  been  described  above.  The 
remaining  C(miplications  may  be  early  or  late,  local  or 
general. 

Among  the  early  local  complications  the  most  important 
are  the  laceration  of  the  soft  parts  producing  a  compound 
fracture,  penetration  of  a  joint  by  the  line  of  fracture, 
and  fracture  dislocation. 

A  C'liiijKntndfractiiivAway  lie  direct  or  indirect.  Direct 
compound  fracture  occurs  when  the  trauma  causing  the 
fracture  tears  open  the  soft  parts  surrounding  the  bone. 
Indirect  compound  fracture  is  caused  by  the  protrusion 
through  the  skin  of  one  of  the  fragments,  i)erhaps  at 
some  distance  from  the  point  of  injury.  This  may  be 
due  to  displacement  at  the  time  of  fracture  or  during  the 
subsequent  manipulation  or  transportation :  or  it  may 
occur  later  by  sloughing  of  the  tissues  over  a  sharp  frag- 
ment on  account  of  faulty  splints.  The  distinction  be- 
tween direct  and  indirect  compound  fractures  has  an  im- 
portant bearing  on  the  prognosis  and  treatment.  In  the 
former  class  the  wound  is  often  gaping,  irregular,  and 
befouled :  wherefore  the  prognosis  is  bad  and  the  primarv 
antisepsis  must  be  thorough.     In  the  latter   the  small, 
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clean    wound    may  often   be  cleansed    by    superficial 
antisepsis,  without  disturbinir  the  deeper  tissues. 

Fractures  iniplicatinir  joints.  iiitid-nrUciildr  frnrturi», 
imperil  tlie  inlejrrity  of  the  joint  tiolli  by  dispiacinjr  tlii' 
articular  surfaces  and  by  Ibe  pnnluction  of  callus  which 
may  invade  the  joint  cavity  and  impede  its  molion  or 
even  unite  the  opposinj;  articular  surfaces  by  fibrous  or 
bony  union,  thus  altojrether  preventing  motion. 

fracliiir  (lislifdtioii  is  often  a  very  serious  condition. 
The  various  fracture  dislocations  will  receive  special 
mention. 

( )ther  early  local  coini)licalions  are  laceration  of  a 
nerve,  gangrene  from  rupture,  thrombosis  or  occlusion 
of  vessels,  profuse,  even  fatal  hemorrhage  through  lacera- 
tion of  a  large  vessel,  and  traumatic  or  arteriovenous 
aneurism  from  the  sjime  cause.  Gangrene  and  nuiscular 
contracture  from  impro|)er  splinting  are  complications  of 
the  treatment  nither  than  of  the  fracture  itself. 

l^^ij'jiiiriition  (IikI  Ktjtliarmid,  so  common  in  direct  com- 
pound fnictures,  are  rare  otherwise.  J-'nt  iiiibolism  is 
most  exceptional.  In  the  lirst  days  after  fracture,  fat 
globules  may  sometimes  be  found  in  the  urine.  Of  ex- 
ceptional occurrence  are  the  cases  in  which  within 
twenty-four  or  forty-ei.ght  hours  of  the  injury  the  pa- 
tient is  suddenly  overcome  with  dyspntea  and  dies  some- 
times with  symi>toms  of  pulmonary  embolism,  sometimes 
with  o'dema  of  the  lungs,  sometinies  with  predonunence 
of  symptoms  from  the  central  nervous  system,  uncon- 
sciousness, paralysis,  convulsions.  On  autopsy  the  pul- 
monary or  cerebral  capillaries  are  foimd  occluded  by 
minute  globules  of  fat.  derived,  it  is  presumed,  from  the 
bone  marrow.  Opinions  dilTer  as  to  how  much  influence 
fat  embolism  has  in  the  juoductiou  of  "dela.vcd  "  shock, 
and  irregular  "deliriiuu  tremens "  occurring  within  the 
lirst  few  days  after  fractine.  Delirium  tremens  and 
piieuiuonin  are  not  infrequent  complications  of  fractures 
in  alcoholic  subjects,  both  on  accoimt  of  the  shock  and 
the  continemeut  to  bed.  Either  condition  is  a  very  grave 
one  coming  on  during  the  lirst  week  and  often  terminat- 
ing fatally. 

The  hd'ecomjilicdtionaoi  fracture  are  all  local.  Persist- 
ent pain  of  a  rheumatic,  gouty,  or  neuralgic  character, 
atrophy  of  the  niusdes  from  disuse,  arrest  of  develop 
ment  in  tlie  bone  after  epiphyseal  injury,  and  stiffness  of 
the  joints  from  prolonged  immobilization  have  already 
been  alluded  t<i.  Permanent  atrophy  and  paralysis  may 
result  from  rupture  of  a  nerve,  and  permanent  neuralgia 
from  the  inclusion  of  a  nerve  within  the  callus.  There 
is  always  some  (edema  when  the  limb  is  first  allowed  to 
hang  down.  This  is  transitorj',  however,  unless  main- 
tained by  other  causes. 

7'/ie  i-dlUin  may  be  painful,  excessive,  or  weak.  Pain 
localized  in  the  callus  is  rare  and  suggestive  of  threaten 
ing  suppuration,  inclusion  of  a  nerve,  or  hysteria  That 
the  calltis  should  be  excessive  at  lirst  is  not  abnormal 
nor  is  it  to  be  expected  that  a  small  callus  will  suiiice 
to  weld  two  widely  sepanited  or  widely  displaced  frag- 
ments. Indeed,  cxccjit  from  an  esthetic  point  of  view, 
excessive  callus  is  not  a  complication  unless  it  produces 
pressure  on  some  vital  structure  or  impedes  the  action 
of  a  joint  or  nuiscles.  In  such  a  case  recourse  must 
be  had  to  the  chisel,  but  only  after  several  mouths  of 
massjige  ami  motion  have  proven  that  resorption  is  not 
to  be  expected.  Pathological  weakness  in  the  callus — 
weakness,  namely,  after  the  time  necessary  forconsolida 
tion  has  elapsed — is  unusual  except  from  considerable 
displacement,  from  compound  fracture  in  which  suppu- 
ration has  occurred,  or  from  systemic  debility  or  disease. 
Primary  siucnma  and  secondary  carcinomatous  deposits 
have  very  rarely  been  observed  after  fracture.  Weakness 
of  the  callus  produces  the  condition  known  as  delayed 
union. 

Deliiyeil  nnion  (failure  of  union,  iisetidoarthrosis)  is 
that  condition  in  which  the  callus  uniting  a  fracture  fails 
either  wholly  or  partially  to  os.sify,  so  that  the  fragments 
are  connected  by  a  nia.ss  or  baud  of  tibrous  tissue,  or 
rarely  by  a  distinct  joint. 

From  this  detinition  must  be  excepted  certain  fractures, 


such  as  those  of  the  patella,  the  olecranon,  and  other 
apophyses,  in  which  bony  union  is  imusual  and  unessen- 
tial. A  theoretical  distinction  may  be  made  between  de 
layed  union,  in  which  union  is  still  possible,  and  failure 
of  union  in  which  it  is  not.  But  it  is  never  certain  in 
any  given  case  that  union  is  impossible  unless  years  have 
passed  from  the  time  of  the  injury,  and  hence  the  more 
hopeful  term  is  prefei~able. 

The  causes  of  delayed  union  have  been  briefly  enume- 
rated above.  Although  every  fonii  of  lowered  vitality  has 
been  incrimiuale<l.  local  conditions  are  to  blame  in  the 
great  majority  of  cases.  Either  the  fracture  is  a  "  patho- 
logical" one.  in  which  case  the  "pathological"  factor 
must  be  removed  before  union  can  be  expected,  or  the 
bone  ends  have  not  been  kept  in  apposition,  on  account 
of  faulty  immobilization,  the  interposition  of  the  soft 
tissues  between  the  fragments,  or  the  interposition  of 
a  considerable  amount  of  comminuted  bone  detached 
from  its  periosteum.  A  common  cause  of  delayed  union 
is  su]ipuraliou,  notably  in  compound  fraclurifs.  Even  a 
slight  inflammatory  reaction  destroys  the  osteogenetic 
power  of  the  periosteum  and  leaves  to  the  marrow  the 
burden  of  os.sitication.  Hence  this  process  is  always  slow 
and  often  fails  entirely.  Loss  of  periosteum  is  the  usual 
cause  of  delayed  union  after  operations  on  bone. 

Especially  common  is  the  delayed  union  after  a  com- 
minuted or  compound  fracture  of  both  bones  of  the  leg. 
The  fibula  unites  s|ieedily.  and  thus  holds  the  fragments 
of  the  tibia  at  such  a  distance  from  each  other  that  the 
bony  callus  is  inadequate  to  bridge  the  gap.  The  same 
thing  ma)'  occur  in  the  forearm. 

Finally  there  are  certain  fractures  which  do  not  tmite, 
although  apposition,  immobilization,  and  all  the  other 
factors  are  apparently  perfect.  Such  failures  are  not 
explained. 

The  morbid  anatomy  of  delayed  union  depends  on 
many  factors.  The  bones  are  united  either  by  a  band  of 
fibrous  tissue  or  by  a  distinct  joint.  In  the  former  case 
there  may  be  but  little  change  in  the  shape  of  the  frag- 
ments, 'rheir  edges  may  be  slightly  rounded  off ;  but  ex- 
cept for  this,  they  remain  as  they  were  at  the  time  of  the 
fracture,  united  simply  by  a  tibrous  band  in  which  no 
ossification  has  taken  place.  Or,  on  the  other  hand,  there 
may  have  been  some  attempt  at  ossification,  manifesting 
itself  in  exuberant  callus,  or  in  partial  ossification  of  the 
fibrous  hand.  Or.  tinally.  there  may  be  a  progressive 
rarefying  ostitis  rendering  the  fragments  soft  and  pointed 
and  gradually  absorbing  them,  thus  constantly  enlarging 
the  gap. 

Where  there  is  a  distinct  joint  (nearthrosis)  the  bone 
ends  enlarge  and  become  eburnated — they  are  said  even 
to  liecome  covered  with  cartilage — and  lie  in  a  cavity 
containing  a  pseudo-svnovial  fluid, 
and  surrounded  by  a  dense  tibrous 
capsule. 

The  prognosis  depends  on  the 
amount  of  abnormal  mobility,  the 
time  which  has  elapsed  since  the 
receipt  of  injury,  the  general  health 
of  the  palieni,  and  the  treatment  he 
has  already  imilergone  for  the  pur- 
pose of  remedying  the  defect.  In 
general,  the  jircignosis  should  be 
guarded:  for  while  \inion  may  be 
obtained  by  persistent  efforts  in  ap- 
parently desperate  cases,  and  after 
the  lapse  of  many  months,  all  ef- 
forts may  fail  even  though  the  de- 
fect be  small  and  the  condition  of 
the  patient  excellent, 

Fdulty  union,  by  which  term  a 
union  with  deformity  that  might 
have  been  avoided  is  imdei-stood,  is 
rather  a  complication  of  the  treat- 
ment than  of  the  fracture  itself.  In  certain  cases,  on 
account  of  the  nature  of  the  fracture  or  the  condition  of 
the  individual,  any  union,  with  however  much  deform- 
ity, is  a  proud  achievement  rather  than  a  failure.    Indeed. 


Fin.  sarr.-rnlon  of 
Bones  of  Fureami  by 
Callus. 
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I'mrllirra. 
I'm*  iti ri-M. 


nftcr  no  fmrtiiro  in  It  poHRlliIc  to  nrtHllct  willi  certainty 

tliiil  (Very  Inuf  nf  tlic  Injury  will  (ll-«ippfiir  in  lime, 
wliilr  in  many  ciimkii  t'liiiiriur  Ifs-tiitmiunl  df  ilifdtniilv 
will  siinly  jiiTsisI  Tor  all  linir  A  riiMinimi  fin'in  of  Miiii 
iininii  i-4  uniim  of  llir  iwi  Ixmrs  of  llic  fnri'urni  to  t'lii'li 
olliir  iFi);.  '.'iOT).  a  conilitinn  which  ciriMlivily  liniils 
pnmatinn  and  sii|>inati(>M 

TnKATMKNT. — Thr  iri'atMK'iit  of  fnulurcs  in  gcnenil 
will  111'  idiisiilricd  accoriliiii;  to  tlii'  ft)llowing  sclifnie: 

I  I'mphylaxis. 

II  Trialnicnl  of  simple  fmctnrcs. 
(Jinrnil  nwasiins 

lirilui'tii>n. 

Immi>liili/.nlion.  trniponiry  nud  permaneDt. 
Acccssiiry  measures. 

Thr  manaj;c'mi'nt  of  joints. 

Mass)ij;r. 

Ilnl  air 

lUrrcl  li.valion. 

III.  TnalmcMi  of  <-ompounil  anil  cuushot  fractures. 

IV.  Treatment  of  artiiiilar  fnu'tures 

V.  Treatment  of  eomplicatinns 
Early — 

(tanpreiie. 
Nerve  injury. 
Sui>puration  and  .sepsis. 
Lai  I — • 
Pain. 

.loint  stiffness 
E.vuberant  callus. 
Delayed  union. 
Malunion. 

I.  Pnip/ii/liixin.—Tho  prophylaxis  of  fracture  is  more 
n  matter  of  common  sense  than  of  surgery.  Xo  especial 
precautions  need  be  suggested  e.vcept  to  the  surgeon. 
Fracture  of  the  arm  or  leg  of  a  fu'tus  during  instrumen- 
tal delivery  is  unfortunately  not  the  most  uncommon 
thing  in  the  world,  and  the  same  may  be  said  of  fracture 
during  operations  on  diseased  bones.  To  avoid  fracture 
in  the  latter  class  of  cases  it  is  not  sudicient  to  leave  a 
firm  bridge  of  bone  untouched.  Hesidcs  that  precaution 
the  surgeon  must  be  gentle  in  the  use  of  heavy  chisels 
and  large  forceps,  lest  the  jar  caused  by  the  avulsion  of 
a  fragment  !)!■  sullicieiit  to  split  the  entire  shell. 

II.  Tifitmi  lit  iif  Simple  Fnirtuns.  —  General  Memnnm  : 
The  first  thought  that  arises  after  the  diagnosis  of  frac- 
ture has  been  made  concerns  the  setting  of  the  broken 
bone.  Yet  tnany  impediments  may  arise  to  make  the 
setting  or  reduction  of  the  fracture  a  matterof  secondary 
importance.  The  patients  condition  may  be  such  as  to 
demand  immediate  removal  to  home  or  hospital.  It  may 
be  impossible  to  make  a  defiiute  diagnosis  or  immediately 
to  effect  reduction  on  accoiuit  of  local  swelling  or  spasm. 
In  such  cases  transportation  is  the  immediate  question, 
and  w  bet  her  the  fracture  has  been  .set  or  not,  it  is  of  the 
greatest  importance  that  the  injury  already  inflicted  be 
not  increas<'d  by  the  jolts  and  jars  of  travelling.  To  this 
end  the  fractured  limb  must  either  be  confided  to  the  care 
of  an  intelligent  attendant  w  ho  shall  support  it  iu  his 
hands,  or  it  must  be  bound  firmly  but  not  tightly  to  a 
board  or  a  barrel  stave,  care  being  taken  to  inunobilize 
the  adjacent  joints  as  well  as  the  fragments  themselves. 
And  since  the  greatest  danger  is  that  the  fragments  may 
be  driven  through  the  skin  and  a  simple  fracture  thus 
rendered  compoiutd.  the  dres-sing  is  to  be  applied  with 
sufficient  pressure  near  bulging  fragments  to  secure  sjtfety 
in  this  regard.  It  js  scarcely  necessjtry  to  recommend 
gentleness  and  despatch  in  iransportation  as  well  as  iu 
the  local  manipulations. 

If  the  patient  is  to  remain  long  in  bed,  the  quality"of 
the  bed  demands  consideration.  "If  impending  bed  sores 
are  foreseen,  the  patient  will  ultimately  have  to  lie  on  a 
water  bed.  and  he  sliotdd  be  i>laced  there  from  the  begin- 
ning. If  one  of  the  long  bones  of  the  lower  extremity  is 
broken,  a  Hat  covich  is  necessjiry.  such  as  can  be  produced 
by  sliding  several  boards  between  the  springs  and  the 
mattress  of  an  ordinary  bedstead.  Fancy  fracture  beds 
are  unessential. 


The  palieni,  once  in  Ixil  with  hlN  fmolure  rwluced  and 
immolilli/.ed.  as  a  rule  hax  to  pusM  loni;  wih-Uo  of  walling 
before  the  member  can  be  of  iiw  again,  and  it  i»  the  «ur 

geon's  part  to  attend  durliiL'  'li' ■  ■■  inure  to  the  gen 

era!  condition  of  the  patient  fracture.     The 

light   may  be  a  life  and  deatli  ■   niay  be  a  mere 

(liiestion  of  when  to  gel  the  puiieiit  mIhiuI.  '  Hut  In  any 
case,  however  insignilhant,  the  Kurgeon  who  wishiK  to 
do  full  justice  III  his  patient  will  nut  Ih-  MiliHtied  willi 
mere  union  of  the  broken  bone,  hut  will,  by  the  aid  of 
those  measures  grouped  as  "accessory,"  endeavor  to 
leave  hisjiatieiit  in  the  best  possible  coiidii  inn  at  the  lime 
he  throws  olT  his  splints  and  is  "discharged  cured." 

Itriliirtinn  :  Many  fractures  cause  no  displacement  and 
therefore  require  no  reduction.  Such  are  fractures  of 
the  ribs,  pelvis,  shaft  of  the  fibula,  etc.  .Many  others  are 
complicated  by  some  impediment  to  reduction.  Such  an 
impediment  may  be  temporary  or  ]iermanenl. 

The  local  swelling  caused  by  hemorrhage  or  (rdeina 
may,  by  obscuring  the  diagnosis  and  preventing  im- 
mobili/alion.  make  it  ailvisjd>le  to  postpone  reduction. 
Klevation  of  the  limb  and  a  temporary  dressing  apfilied 
as  firmly  as  the  patient  permits  will  speedily  reduce  the 
swelling.  Mu.scular  spasm  occasionally  imj)edes  reduc- 
tion in  the  same  way  and  may  be  overcome  by  similar 
measures  or  by  the  administration  of  chloroform  or 
opitim.  The  danger  of  gangrene  may  also  discourage 
reduction  during  the  first  few  days,  although  reduction 
often  lessens  this  danger.  In  any  such  ca.se  reduction 
may  usually  Ije  postponed  for  two  or  three  days  with 
perfect  propriety  and  with  no  subsequent  elTect  on  union 
or  function;  but  longer  delay  is  inadvisable  lest  the 
bones  acquire  relations  with  the  surroimdiiig  tissues  so 
firm  as  to  impede  reduction. 

Reduction  is  never  literally  impossible  in  a  recent  frac- 
ture, though  it  may  well  be  ina<ivisable  if  the  operation 
for  the  remov.al  of  the  impediment  to  reduction  involves 
too  great  a  risk  or  puts  tlie  patient  in  a  worse  condition 
than  before.  Thus  certiiin  impacted  fractures,  notably 
fracture  of  the  neck  of  the  femur,  arc  irreducible,  since 
reduction,  which  could  be  accomplished  only  imperfectly 
and  with  great  diHiciilty,  would  separate  the  ends  of 
the  bone,  so  that  in  place  of  a  slightly  deformed  and 
shortened  member  a  false  joint  would  residt,  with  con 
sideralile  or  complete  loss  of  function.  Another  form  of 
permanent  obstructitm  occurs  when  reduction  is  mechan- 
ically iiupossible  because  of  interposed  soft  parts,  or 
fragments  of  bone,  or  interlocking  of  the  bone  ends.  The 
associated  contusion  may  make  the  diagnosis  as  doubtful 
as  the  treatment. 

In  face  of  such  complications  the  surgeon  maj'  well 
hesitate.  The  choice  lies  between  immediate  operation 
and  expectant  treatment  in  the  hope  that  the  i>atient  may 
yet  have  a  fairly  useful  limb  which  may  in  any  ca.se  be 
improved  by  a  later  operation.  As  a  rule  immediate 
operation  is  to  be  preferred,  and  irreducible  fractures  in- 
volving a  joint  especially  demand  the  knife,  for  if  let 
alone  thej'  will  almost  inevitably  heal  with  excessive 
callus,  impaired  function,  and  with  little  prospect  of 
relief  by  secondary  o])eration. 

Elements  which  should  weigh  against  operation  arc  the 
unfamiliarity  of  the  surgeon  with  such  treatment,  and 
the  impossibility  of  obtaining  asepsis.  The  best  results 
will  be  obtained  if  operation  is  performed  within  twenty- 
four  hours  of  the  lime  of  fracture.  Later,  the  union  is 
delayed  by  a>dema  and  contusion.  The  operative 
method  is  described  below. 

Unless  some  of  the  above  complications  are  present,  the 
sooner  the  fracture  is  reduced  the  lietter.  This  is  not 
only  that  imion  may  progress  favorably  but  also  for  ilie 
comfort  of  the  patient ;  his  ]iains  are  immediately  less- 
ened and  the  a'dematous  reaction  is  diminished. 

The  general  principles  upon  which  reduction  is  usually 
performed  are:  . 

1.  To  place  the  lower  fragment  in  the  same  plane  as 
the  upper  one.  and 

2.  To  draw  it  into  place  by  relaxing  the  muscles  aa 
much  as  possible,  and  by  fraction  and  counter-traction. 
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Tliosi"  rules  hold  givxl  bcciiiisi'  tUi'  .ui>pt'r  fnigiiii'iit  (tlic 
one  ueiirest  the  body)  is  usuuUy  more  or  less  fixed  by  the 
muscles  attached  to  it,  and  the  lower  fragment  must  be 


Kiii.  i-IK.    Itcunl  Splints  Applied. 

maiiipulattil  with  ii  Uiiciwlcilire  of  this  position,  obtained 
often  mther  from  niiiitoniy  iiiiil  |iatliolo!:y  than  from  in- 
spection and  ]>alpation  of  the  broken  liml). 

Evidently  no  ^.'cnenilization  i.s  possible  in  tliis  matter. 
Each  fracture  must  be  discussed  individually.  But  few 
fmctures  are  redviccil  din^ctly  by  apposing  the  fragments, 
altliouirh  local  manipulations  are  often  employed  to  aid 
traction  as  well  as  to  ascertain  its  results. 

The  reduction  of  green-stick  fractures  is  accomiilishcd 
by  forcilily  bending  the  bone  back  until  it  isstraighlened. 
It  may  be"  necessjiry  to  break  it  entirely  across  before  it 
will  remain  straight. 

Small  fragments,  if  they  interfere  with  reduction  or 
threaten  to  slough  through  the  skin,  should  be  removed 
■with  due  antiseptic  precautions. 

If  one  of  the  fragments  pierce  a  tnuscle,  relaxation  of 
the  muscle  by  llexion  or  extension  of  the  neighboring 
joints  may  aid  materially  in  its  extraction. 

ImnwIii'Uzdliiiii :  Tlie  "apparatus  employed  to  retain  a 
fracture  in  place  is  called  a  .splint.  Before  describing  the 
different  varieties  of  splints,  temporary  and  permanent. 
a  few  rules  governing  their  use  may  be  laid  down. 

1.  I'he  splint  mu.st  immobilize  the  broken  bone.  To 
do  tills  it  must  usually  immobilize  the  joints  at  each 
end  of  the  bone. 

2.  It  must  not  be  allowed  to  interfere  with  the  circula- 
tion, hence 

3.  Temporary  splints  to  be  used  during  the  lirst  few 
days  after  fracture,  while  the  circulation  of  the  liml)  is 
impaired,  should  never  consist  of  a  snug  encasement. 

4.  Splints  made  of  metal  or  board  should  be  wide 
enough  to  prevent  the  circular  retention  dressing  from 
encircling  the  limb  snugly,  and 

5.  The  toes  and  lingers  must  always  remain  exposed 
as  indices  of  the  circulation  in  the  extremity. 

6.  When  a  dressing  is  applied  to  the  upper  part  of  a 
limb,  light  compression  by  bandage  should  be  carried  to 
the  toes  or  lingers  to  prevent  (edema  and  pain. 

7.  Every  patient  wearing  a  splint  should  be  inspected 


Fig.  2209.— Mode  of  Using  Adhesive  Plaster  for  Retaining  Splints. 

once  a  week,  and  the  splint  removed  for  that  purpose, 
if  necessary. 

8.  After  the  first  two  weeks  (or  even  sooner)  the  splints 
should  be  so  arranged  as  to  allow  the  greatest  possible 


freedom  to  adjoining  joiutsas  far  as  compatible  with  the 
union  of  the  bone. 

Once  the  fragments  are  in  |ilace  they  must  be  kept  so. 
Yet  in  many  instances  <luring  the  first  few  days  there  is 
Sfj  much  swelling  abfiut  the  seat  of  fracture  that  the  re- 
tentive ap|)aratus  must  be  applied  as  much  for  pressure 
as  for  immr>bilization,  and  after  the  swilling  has  been 
thus  red\iic-(l  this  primary  dressing  is  no  longer  suitable. 
()th<r  reasons  lor  the  use  of  a  temporary  dri'ssing  are 
transportation  and  the  treatment  of  compound  fractures. 
In  many  varieties  of  fracture  the  temporary  apparatus 
may  be  entirely  dispensed  with,  permanent  dressings 
being  applied  at  once. 

TeiiijntfUf)/  liKiiiitliiUzdtliiii  :  The  important  re(|Uire- 
ments  of  a  temporary  splint  are  that  it  may  be  ( 1 )  everv- 
where  obtainable,  aiid  (2)  universally  and  readily  apidi- 
cable.  Heme-  wiile  side  splints  of  board,  cardboard,  or 
metal  are  usually  employed  for  this  [lurpose  (Kig.  '-'208). 
Su('h  artiiles  are  obtainabU'  everywhen'  and  may  be  bound 
to  the  limb  with  any  cloth,  though  adhesive  plaster 
nutkes  the  best  binder  (Fig.  2209).  The  board  need  only 
be  wide  enough  to  prevent  the  bandage  from  compressing 


MouUleil  Splint  for  Fracture  of  tlie  Humerus. 


the  limb  laterally  and  long  enough  to  immobilize  the 
adjacent  joints.  It  should  be  roughly  padded  with 
cotton,  heaped  up  to  fill  the  space  left  by  the  natural 
depressions  of  the  limb  and  thickened  around  the  bony 
]udniiiiences  (but  not  on  them)  so  as  to  prevent  pressure 
u]"iu  llicm. 

When  the  material  is  at  hand,  mnuJded  splinln  of  gutta 
perclia  (Kig.  2210),  leather,  felt,  nr  wire  mesh  make  more 
elegant  and  lighter  splints.  Hut  these  have  been  dis- 
carded by  most  surgeons  in  favor  of  moulded  sjilints  of 
pliislt  r  of  Piirin.  This  substance  is  easily  ol)tained  and 
can  readily  be  moulded  into  a  splint  which,  for  durability, 
stoutness,  and  lightness,  leaves  iiolbing  to  be  desired. 
Unfortunately  the  plaslcr  adheres  firmly  to  the  surgeon's 
hands,  and  allhough  this  may  be  prevented  in  some  de- 
gree by  anointing  the  bands  with  vaselin,  and  its  re- 
moval assisled  by  glycerin  and  hot  water,  yet  it  is  an 
annoyance  that  cannot  be  completely  overcome. 

To  make  iijilii.itii-"f-PiiiinK]iliiit.  previously  prepared 
bandages  may  be  employed  or  the  plaster  may  be  applie<i 
to  the  bandage  at  the  making  of  tlie  splint.  The  former 
method  is  by  far  the  simpler;  but  unless  the  bandages 
are  hernn'tically  sealed  in  tins  they  soon  absorb  enou.sh 
moisture  from  the  atmosphere  to  render  them  aljsolutely 
useless,  and  iinforlunalely  their  condition  cannot  a'ways 
be  determined  until  they  are  being  applied. 

If  prepared  liandages  are  to  be  usefl  to  make  a  moulded 
splint,  they  are  immersed  in  hot  water  to  which  a  little 
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8Hlt  or /.ill)- HillplmtL-  is  iiddril.  Tin-  liiij,'lli  of  h|>liiil  ic 
(iiiircd  U  iiii'iiHun-(l  o(T  with  u  tiiiislin  limiiliif;c.  wliirli  is 
tlii'ii  laid  upon  Ik  towel  or  oiltlolh  Ky  lliis  tiiiic  llir 
plaster  luiiidaKi'  will  l>c  soaked  tliroii^di.  atid  mav  tie 
taken  from  tln'  water,  sipiee/ed  (.'eiitly  and  appliid  Iijk  k 
and  fortii  until  the  nuislin  liaiidaire  (wini  li  luid  Ixsl  be  a 
dolllile  thiekness)  is  covered  liy  six  or  eiirlit  leiit'Ilis  of 
plaster  liandnv'i-.  A  liltli-id  llie  Imt  watir  sprinkled  lien- 
and  there  adds  smoothness,  and  tin-  whole  issiren>,'llienc'd 
and  polished  with  a  handful  of  dry  plaster  ruhlw-d  ill 
and  molslened.  This  hand  is  then  applied  len);lliwlse'  to 
the  limb  with  the  muslin  handau'e  next  to  the  skin,  A 
snuj;  ndler  handa^e  hinds  it  in  plaee.  and  the  limb  bein); 
laiilor  propped  ill  a  suitable  position.  Ilii're  results  in 
about  six  hours  a  lifiht.  strong;  splint,  perfectly  moulded 
to  the  lind>  and  removabli-  at  w  ill. 

If  there  are  no  prepared  bandajji'S  at  hand,  thi'  plaster 
l,s  poured  into  an  apite  basin,  enough  hot  water  is  added 
to  brini;  it  to  the  eonsistence  of  a  nither  thin  paste,  and' 
it  is  then  appliid  to  tlii'  muslin  bandau'e  belween  tlie 
folds  of  a  piu/e  bandat'e,  a  layer  of  plaster  Ix'ing  spread 
quite  thick  bi'tween  every  two  layers  of  bandaire.  Six  or 
eight  layers  of  the  nauze  bandaire  are  used  ami  the  dress 
Ing  is  linisheil  and  applied  as  directed  above.  When  using 
the  pre|iareil  bandaires  tin'  tindency  is  not  to  wet  them 
enonjjh;  when  iisini;  the  fresh  |ilaster  to  wet  it  too  much. 
Hence  the  latter  usually  .sets  more  slowly. 

Such  devices  as  waterprooling  the  exterior  of  a  splint 
with  varnish,  protecting  it  with  rubber  tissue,  orstieiigth 
ening  it  witli  ndditioual  plaster  at  its  angles  or  w  iih  irou 
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bands  or  bass  wood  slivers,  will  suggest  themselves  to  the 
stirgi'on.     Such  splints  should  last  two  or  three  weeks. 

For  fractures  of  the  leg  or  ankle  the  fnirt inr  liox  (Fig, 
2211).  or  better  the  Vulkmiiiin  «/)//»<  (Fig.  2212)  is  often' 
applieil  during  the  first  few  days.  Unless  care  is  taken  to 
prevent  it,  the  |uessure  of  the  Ik'cI  upon  the  splint  causes 
e.xcruciating  pain  and  lati  r  ulcenilion.  To  avoid  this 
the  foot  is  suspended  by  a  strip  of  adhesive  plaster  pass 
ing  from  the  ankle  under  the  heel  and  along  the  sole  of 
the  foot  and  over  the  top  of  the  foot-piece  to  which  it  is 
attached  by  a  reversed  strip.  This  sidint,  moreover, 
must  be  well  padded,  especially  on  each  side  of  the  teiido 
Achillis.  If  pain  is  felt  in  spite  of  these  precautions  it 
may  be  relieved  by  pushing  the  cotton  from  under  the 
heel  up  on  each  side  of  the  ankle.  When  using  these 
appliances  a  snug  bandage  should  be  previotisly  applied 
to  the  limb  in  order  to  hasten  the  subsidence  of  swelling, 

P(  runt  III  lit  IiitiiiMliziilioii. — The  various  splints  de- 
scribed in  the  precefliug  paragraidi,  except  the  moulded 
splints,  are  too  clumsy  and  do  not  produce  suilicient  im 
mobilization  to  be  useful  after  the  tirst  fedeinatous  reac- 
tion has  subsided.  As  for  the  moulded  siilints.  the  more 
one  uses  them  the  more  .satisfactory  they  seem,  especially 
for  fractures  about  the  upper  arm  and  leg;  but  when  the 
primary  reaction  subsides  the  primary  splint  no  longer 
fits  and  must  be  exchanged  for  a  tighter  one. 

For  strictly  iK'rmaneiit  dies.sings,  to  be  changed  not 
oftener  than  every  week  or  two.  a  complete  fiinixeiiitnt 
of  the  limb  in  pliistcr  nf  /'i/nVi  forms  a  very  etricient  splint 
(Fig.  22)3).  The  limb  is  lirst  encased  in  a  thin  layer  of 
cotton  or  muslin  bandage  (or  it  may  be  simply  greased 
thickly  with  vaselin)  and  held  in  proper  position  while 


the  \retled  (r  i  )  iilithtir  liaiidage  li  applied  from  Ixlow 
upward  In  applying  a  pla«ter  encaMini'iit  the  bandage 
is  run  a-s  for  a  n-veVse,  but  the  "revente"  In  not  made,  the 
bamlage  being  simply  turned  Kharplv  downward  Tw<i 
or  three  thiekncHM'S  of  bandage  anr)  n  HIktuI  t>olliili  uf 


plilHter  are  ample  alio 
toes  and  lingers  should 
exposi-<|.  If  phisler  1' 
be  obtained  the  ft. 
plaster  is  applieil  bei 
gail/.e  bandage,  in  a  n 
to  that  (lewrilM-d  above. 
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Flo.  2212.— Volkmann'B  T  Splint. 

Silicfite  of  Hilda  ("liquid  glass")  may  be  employed  in  a 
similar  manner.  This  substance  makes  a  far  more  elegant 
and  somewhat  lighter  splint  than  the  plaster  of  I'aris, 
but  it  sets  slowly  and  is  neither  so  strong  nor  soeuduring 
as  the  other 

Various  forms  of  mechaniml  gpUntt  are  employed  in 
eeruiin  cases  Excejit  where  tniclion  is  nece,s.sary  in 
order  to  maintain  reduction,  mechanical  devices  are  rarely 
necessiiry.  A  past  and  fanciful  age  was  rich  in  such  ap- 
plianceswhich  were  more  notable  for  their  ingenuity  of 
construction  and  general  clumsiness  than  for  any  aptness 
to  their  special  purposes.  These  have  been  sw  epi  away 
by  the  neatness  and  cleanliness  of  modern  surgery ;  hut 
the  ever-increasing  ingentiity  of  the  orthopedist  to  re- 
lieve the  pain  anil  deformity  of  disease  promis<'S  a  re- 
vival of  mechanical  apparatus  for  the  treatment  of  frac- 
ture (for  those  who  can  afford 
the  luxury).  As  yet  the  only 
notable  examples  of  mechanical 
splints  are  employed  for  frac- 
tures of  the  thigh  and  s|iinc  and 
will  be  considered  under  those 
headings. 

Accessoi-y  Meastires  :  The  Man- 
agemeiit  of  JointH. — Since  stiff- 
ness of  the  joints  ad.jacent  to  a 
fractured  bone isof  such  frequent 
occurrence  as  to  be  the  univer- 
sal complication  of  fracture, 
and  since  this  more  than  any 
other  thing  is  likely  to  retard 
convalescence,  it  is  not  far  to 
conclude  that  the  Joints  shotdd 
be  exercised  at  the  earliest  pos- 
sible moment,  and  in  the  man- 
ner best  calculated  to  procure 
siitisfactory  results. 

Stimson  lays  down  two  rules 
on  this  point: 

1,  "So  long  as  the  .ioint  is 
swollen  and  hot,  so  long  as  its 
use  is  followed  by  an  increase 
of  swelling  and  heat  and  by  per- 
sistent pain,  so  long  must  it  be 
kept  at  rest ;  and  so  long  must 
active  treatment  be  limited  to 
mas.sage  or  elastic  compression ; 
and.  as  a  rule,  this  attitude  of 
non  interference  may  be  main- 
tained until  after  union  of  the  fracture  has  become  com 
plete  Then  ,  .  ,  passive  motion  or  .  ,  .  gradually  in- 
creasing use  of  the  limb  will  rapidly  restore  the  func 
tion  of  the  joint. 


Fic,  221.3.  — Pla-ster-i.f-Parf.s 
Encasement  for  Fracture 
of  the  Leg. 
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2.  "  Fnicilili'  passive  iiKition,  witli  or  willumt  iinii'stlio- 
sia.  is  always  liarnifiil  ln'fore  tlic  seconil  iiiontli.  and  even 
after  that  time  it  is  far  iiiorc  likely  tiMli>liann  than  pood. 
.  .  .  The  proeeedinj:  should.  1  think,  lie  almost  wholly 
ahaiuloned,  and  in  its  place  we  slioidd  re.soit  to  mas- 
sage, constant  \i.sc  within  e.xistini:  limits,  and  possihly 
to  the  recently  introduced  method  of  prolonged  ex- 
posure to  high,  dry  temperatures:  and  these  failing. 
1  should  juefer  to  e.xjiose  the  joint  hy  incision  in  or- 
der to  remove  such  intraarticular  ohslacles  as  might 
exist  and  be  removable  rather  than  blindly  to  seek  to 
break  and  tear  them  withmtt  knowing  what  and  where 
they  are." 

Since  the  lingers  are  ]ietuli:iily  liable  to  stiffening, 
especially  if  kept  extended,  they  should  always  be  im- 
mobilized in  the  jKisitionof  llexion,  and  jiassive  or  active 
motion  should  be  begun  on  Ihcin  within  the  first  two 
weeks. 

Massage. — Massage  at  the  han<ls  of  any  one  but  an  ex- 
pert should  never  be  employed  until  after  union  has 
taken  place.  Lucas  C'hainpionniere  is  the  ardent  advocate 
of  massijgc  and  passive  motion  in  the  early  days.  AVhen 
employed  with  the  utmost  gentleness  and  skill  these 
measures  eliminate  joint  stiffness  and  hasten  tlie  resorp- 
tion of  the  priiuary  exudate  and  [lerhaps  the  union  of  the 
bone.  Hut  the  treatment  is  expensive  and  therefore  be- 
yond the  reach  of  most  jiatienls.  Jlorcorcr.  the  benefit 
derived  from  it  is  in  many  ea.scs  a  negligible  quantity, 
wliile  any  mishap  or  excess  of  zeal  on  the  i)art  of  the 
operator"  is  not  iiidiUely  to  delay  union  rather  than  to 
hasten  it.  Hetice  this  treatment  should  be  reserved  for 
those  cases  in  which  the  jirimary  reaction  is  unduly  pro- 
longed or  the  joints  are  threatened. 

When  employed,  massage  should  be  given  daily  and 
very  gently.  Elastic  pressure  by  a  light  rubber  bandage 
is  often  e(|iuilly  useful.  It  is  usually  better  to  apply  the 
bandage  only  by  day. 

lint  Air. — Treatment  of  recent  fractures  by  dry  air  at 
a  temperature  between  300'  and  400°  F.  has  been  advo- 
cated. The  indications  for  its  use  are  the  same  as  those 
for  massage.  I  have  tried  it  oul.v  twice  and  in  both  cases 
it  failed,  though  masssxge  subsequently  succeeded. 

Ariihiihiliiry  Treatment. — The  vogue  of  the  so-called 
"ambulatory  treatment  "  is  already  waning.  The  idea  is 
an  extension  of  Lucas  Cliampionuiere's  theory  that  ex- 
ercise is  good  for  fractures  and  rest  bud.  Hence,  it  was 
urged,  all  persons  sulTering  from  fracture  should  lie  ti]) 
and  about  at  the  earliest  jiossible  moment,  and  this  may 
be  accomiilislied  for  jiersons  with  bjoken  legs  by  so 
strengthening  the  splint  that  the  limb  luay  be  used  in 
walking,  the  weight  of  the  body  being  transmitted  by  the 
splint  instead  of  l\v  the  broken  bones. 

It  is  a  matter  of  common  experience  that  a  Pott's  frac- 
ture is  sometimes  no  more  disabling  than  a  sprained 
ankle,  and  that  after  the  permanent  splint  has  been  ap- 
plied, it  may  be  possible  to  force  the  jjatient  to  walk 
with  the  aid  of  crutches,  so  little  inconvenience  does  the 
injured  ankle  cause  him.  In  such  cases  anibidatory 
treatment  is  (piite  appropriate,  but  the  application  of 
this  theory  to  fracturesof  the  femurorthe  tibia  and  fib\ila 
is  entirely  tmwarranted  and  extremely  dangerous.  If 
tliere  is  danger  of  faulty  or  delayed  union  from  gentle 
massage  at  the  hands  of  a  comjietent  operator,  this 
danger  is  niulti])lied  a  hundredfold  for  a  patient  thus 
turned  out  to  take  care  of  himself.  ]\[oreover,  thealleged 
advantages  of  rapid  union  and  ability  to  work  are  not 
proven.  The  safest  form  of  ambulatory  splint  is  a  hip 
splint  such  as  is  employed  for  tuberculous  di.sease.  with 
a  plaster  encasement  for  the  fracture  For  fracture  of 
the  leg  a  very  heavy  jilaster  encasement  is  sometimes 
employed  in  which  two  stout  lateral  rods  of  iron  or  wood 
are  incorporated,  bearing  above  upon  a  band  of  plaster 
under  the  tuberosities  of  the  tibia  and  terminating  below 
in  a  cross-piece  two  inches  below  the  sole  of  the  foot. 
This  splint  transmits  the  body  weight  from  the  tuber- 
osities through  Ihesplint  to  the  ground.  Though  clumsy 
it  is  safe  for  a  Pott's  fracture  but  dangerous  for  a  frac- 
ture of  the  Ics. 


Ainbidatory  splints  should  never  be  applied  luitil  after 
the  subsidence  of  the  jirimary  swelling. 

Diriet  FUatwii. — Like  the  other  acces.sory  measures, 
direct  fixation  has  been  paraded  as  the  only  treatment  for 
fractures.  Yet  though  incision  and  manual  reposition  of 
the  <lisplaced  bones  wo\dd  give  theoretically  perfect  re- 
sidts,  and  le.s.sen  the  primary  (edema  by  allowing  evacua- 
tion of  the  clots,  the  eminently  satisfactory  results  ob- 
tained by  the  ordinary  treatment  as  well  as  the  danger 
of  infection  leave  but  few  supiiorters  to  this  theory. 

The  accepted  indications  for  direct  fixation  are: 

1.  When  incision  is  ncces.sary  for  reduction,  to  remove 
conuuinuted  fragments,  or  in  certain  special  fractures 
(patella)  to  mainiain  apjiosition. 

2.  For  most  compound  fractures. 

3.  For  delayed  union  after  milder  means  have  failed. 
The  methods  of  applying  direct  fixation  are  two; 

1.  Periosteal  suture. 

2.  Fixation  of  the  bones  themselves. 

Suture  of  the  periosteum  and  adjacent  soft  tissues  gives 
but  an  indirect  support  to  the  bone.  It  can  prevent  only 
separation  of  the  ends.  Angular  deviation  and  overrid- 
ing must  be  prevented  by  splints. 

Fixation  of  l/ie  Imne  is  conunonly  accomplisheil  by  silver 
wire,  nails,  bone  pegs,  orspecial  clamps  riveted  about  the 
bone.  These  methods  efTect  admirable  apiiosition,  but 
they  have  a  common  defect,  viz.,  the  liability  of  these 
wires,  pegs,  or  clamps  to  act  as  irritating  foreign  bodies, 
causing  bone  softening  either  immediat<'ly  about  them  or 
extending  through  the  whole  width  of  the  bone  ends  and 
residting  in  a  fibrous  imion.  This  luifortiuiate  result  at- 
tends a  large  proportion  of  cases  treated  in  this  manner. 

If,  therefore,  direct  fixation  is  employed,  jicriosteal 
suture  is  to  be  preferred,  and  if  this  does  not  effect  suffi- 
ciently firm  apposition,  the  bones  should  be  luiited  by  a 
removable  suture  of  silver  orsilk  orsome  such  ajiparatus 
as  the  Parkhill  clamp*  to  be  detached  at  the  eiul  of  ten 
days  or  as  soon  as  the  provisional  callus  has  been  thrown 
out. 

III.  Compound  and  Gunshot  Fractures. — The  treatment 
of  compound  fractures  may  be  broadly  classified  thus: 

\.  Treatment  of  '"primary"  or  "direct"  compound 
fractures  in  which  the  wound  is  gaping,  contused,  and 
infected. 

2.  Treatment  of  "secondary  "  or  " indirect "  compound 
fractures  in  which  the  wound  is  small,  clean,  and 
negligible. 

■The  basis  for  this  distinction  has  been  noted  above. 

1.  The  treatment  of  direct  compound  fractures  com- 
prises extensive  incision,  copious  irrigation  with  mild 
solutions,  the  triiuming  away  and  reiuoval  of  all  contused 
and  befouled  tissue,  and  all  loose  chips  that  are  not  firmly 
attached  to  the  periosteum. 

The  periosteum  and  fascia  are  loosely  sutured  and 
gauze  or  gutta-percha  tissue  drains  are  inserted  down  to 
the  bone,  and  antiseptic  dressings  applied. 

The  splint  should  be  applied  to  the  limb  before  the 
patient  leaves  the  operating  table.  If  the  wound  is  ex- 
jiected  to  lun  a  clean  course  a  fenestrated  jilaster  encase- 
ment is  the  best,  reinforced  if  necess;try  by  iron  bands. 
If,  however,  suppuration  is  feared  and  daily  dressings  are 


Fig.  ~U.— Esmaroh's  Double-Inclined  Plane. 

expected,  such  a  sjilint  soon  becomes  soiled  and  soaked 
with  the  discharge  from  the  wound  in  spite  of  every  pre- 
caution. Removable  splint.s,  such  as  moidiled  splints. 
Volkmann's  splint,  the  double  inclined  plane  (Fig.  2214), 

•  AnnaU  of  Surgery.  189t>.  xx\-ll..  553. 
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-Natlinn  K.  Suiith's  Antcrii>r  Splint. 


lI<Mlf,'i-ii'H  {FIr.  2221)  or  Smith's  sniiiits  (Fig.  2215)  are 
llifii  i<i  lir  prcfcrriMl.  The  liilUT  Hpliiils  iilTonI  i'lfviitl<iu 
us  well  IIS  iiiiiiiiiliili/iilioii. 

't'hf  li-Kitiiifiil  of  (Ik-  iroiiiiil  Is  of  tlic  tf''''"'"''"  illip'T- 
tniK'f.  While  the"  priiimr.v  irripilioii  iiiid  iiiitiscpsis  are 
c-hii'llv  t"  he  ilfpcliilcti  upcin  In 
pri-vi'iil  iiifrdiiiii,  the  jiriliiljnii  iis 
well  as  llir  (laiiifcr  of  iiifi'clloii 
from  fri<iiic!il  clmiigi'  of  ilrcss 
iii^s  is  a  ('oiniiioii 
caiisi'  of  laic  sup- 
piinilioii.  If  till' 
w o  11  ml  is  I) u t 
1  oosr  \y  siiltirrd 
and  lifililly 
packcil  in  till'  J(^^"^^ 

lirsl    placi'.    it  ti^mmmA^ 

may    somi'-      kki.  2215. 
tiiiH'S  W  li'ft 

unitistiirlii'il  iiiilil  llit'  fourth  ilay.  If  at  the  first  dress- 
injr  till'  wound  is  rli-aii  it  should  he  disliirlied  as  little  as 
possilile.  Some  of  the  ilraiiia;.'e  may  he  removed.  The 
wound  should  not  he  irrijrated.  After  this  the  draina;;e 
is  renewed  at  intervals  of  from  forty eight  toseventy  two 
lioiirs  until  the  wound  is  healed.  If  active  suppuration 
oeeurs  it  must  be  comhated  by  the  usual  antiseptic 
iiK'thods. 

AmimUitiun  is  rarely  iiuiioutcd  at  the  time  of  accident. 
However  crushed  tlie"limh  may  he.  every  attempt  .should 
he  made  to  save  it.  If.  however,  the  lower  seirmeiit  of 
the  limb  remains  juilseless  and  incision  into  it  produces 
only  a  stajinant  venous  oo/.e,  it  may  he  wiser  to  ampu- 
tate rather  ihan  to  subject  the  i)atient  to  a  second  0])era- 
tion.  The  rule  in  ainpulating  is  to  save  as  much  tissue 
as  possible,  and  to  this  end  it  may  even  be  wise,  in  case 
the  sursieon  feels  contideiit  of  his  asepsis,  to  allow  the 
line  of  ampiitntion  to  coincide  in  great  part  with  that  of 
the  lacenition. 

2.  When  the  wound  is  small  and  clean  it  may  be  treated 
by  a  su|>erlieial  cleansing  and  precautionary  drainage,  or 
it  may  leiiuire  operation  as  described  above,  at  the  sur- 
geon's discretion. 

Giiiig/inl  FnirlincK. — Fractures  caused  by  bullets  may 
be  widely  compounded  or  practically  simple  fractures. 
The  special  indicjitious  for  treatment  are  dealt  with  else- 
where (see  (I'lim/iot  irvii iidt). 

IV.  Artii-iiliir  Fnirttn-iK.— Most  of  the  classical  fract- 
ures involving  joints,  such  as  fractures  of  the  anatomical 
neck  of  the  humerus,  fractures  of  the  patella,  Pott's 
fracture,  etc.,  are  to  be  treated  by  certain  well  detined. 
special  methods.  Hut  there  are  many  unusual  fractures 
involving  joints,  often  caused  by  a  direct  crushing  in 
jury.  They  have  few  common  features,  and  each  must 
be  ilcalt  with  individually.  For  the  treatment  of  such 
fractures  a  few  general  rules  may  be  laid  down. 

1.  If  the  fracture  is  compounded,  the  joint  should  be 
fuUv  cleansed  of  all  foreign  matter,  fragments  <if  bone. 
blood  clots,  etc.,  and  copiously  irrigated.  Then,  if  there 
is  a  chance  of  avoiding  infection,  the  joint  should  be 
sealed  by  suturing  the  soft  tissues  closely  about  it.  If 
suppuration  is  anticipated  continuous  irrigation  should 
be  established  and  maintained  for  forty-eight  hours.  If 
suppuration  appears  in  a  case  in  which  it  had  not  been 
looked  for,  the  joint  must  be  opened  and  irrigated  con- 
tinuously until  the  infection  is  coni|uercd. 

2.  Simple  articular  fractures  usually  require  no  special 
treatment  except  early  i>assive  motion  to  ]ircvent  anky- 
losis. Exceptionally  o|'eration  may  be  iindeifaken  to 
reconstruct  a  thoroughly  disorganized  joint,  or  to  extract 
a  fragment  that  defies  reduction  and  threatens  the  future 
efficiency  of  the  joint. 

V.  Til  III  nil  III  of  l'o)iipliriiti'inK. — The  early  complica- 
tions that  require  special  treatment  are  (1)  gangrene, 
(2)  injury  to  a  nerve,  and  (3»  suppuration  and  sepsis. 
Among  the  later  ones  (1)  iiersistent  pain  or  paralysis,  (2) 
joint  stillness,  (3)  delayed  union,  and  (4)  malunion  de- 
serve mention, 

Ganr/reuf  :  Gangrene  of  the  limb  may  often  be  averted 
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by  multiple  lonKltiidliml  IncUionR  through  the  hIcIu  and 
fil'u'ia  (made  under  primary  aiiii'siliesia)  followed  by  eleva- 
tion and  hot  wel  dressiiig'^  If  ilii-^.  meaiih  fail  (aii  they 
may  do  iinexpeeiedly,  cilice  iiniler  all  unbroken  Nkin  the 
deeper  tissues  may  lie  reduced  to  a  pulp  by  a  crUHhint; 
force)  ainpulation  should  be  resorted  to  at  once.  Tliu 
line  of  amputation  may  be  isiimnted  by  |iro<liiclni;  arti- 
ficial ischa'iiiia  with  the  Ksmarch  bandage  (to  Im'  uim.i1 
only  if  there  is  no  infection).  Whatever  tiHsiie  reawiiimes 
a  pink  hue  after  the  pressure  is  removed  may  be  Hiiveil, 
If,  however,  the  giuigrein-  is  progressive  and  septic,  rapid 
ampiilalion  well  above  the  gangrenous  region  should  be 
ix'rformed  immediately 

liijiiiii  tit  II  Aim:  It  should  never  be  ton  hastily  as- 
sumed tliat  a  nerve  has  been  ruptured.  The  injury  is  a 
rare  one,  while  traiimatie  paralysis,  hysterical  in  nature 
or  because  the  nerve  has  been  briii.si'd,  is  common  and 
transitory.  Moreover,  no  harm  can  come  from  waiting. 
Operation  should  therefore  be  delayeil  at  least  a  week  or 
two,  at  the  end  of  which  time,  if  there  is  no  diminution 
of  paralysis  or  aniestliesia,  the  rupture  of  a  nerve  may  be 
considered  iiroliable  and  the  nerve  cut  down  upon  and 
sutured.  (See  under  Fractures  of  the  Lower  Extremity 
of  the  Humerus.) 

Severe  and  persistent  neuralgia  may  indicate  pressure 
by  a  fragment  or  by  the  callus.  To  reliive  it  an  incision 
is"  necessary,  and  if  no  such  jdiysical  cause  for  the  neu- 
ralgia is  found,  stretching  the  nerve  may  relieve  the  pain. 

Siijijiiiriilioii  and  Sjikih:  These  complications  are  con- 
fined to  compound  fractures.  To  treat  them  judiciously 
may  tax  the  keenest  surgical  instinct,  for  in  many  cases 
the  suppuration  is  at  first  slight  and  the  constitutional 
disturbance  insignificant.  To  leave  the  wound  unirri- 
gated  is  to  invite  extension  of  the  infection  throughout 
the  lacerated  tissues,  while  to  irrigate  freely  is  to  break 
down  fibrinous  ailhesions,  to  bruise  granulations,  and  to 
irritate  the  whole  area  to  such  an  extent  as  enormously 
to  encourage  infection.  To  steer  between  the  two  is  less 
a  matter  of  intelligence  than  of  instinct  derived  from 
experience.  If  the  infection  promises  to  be  slight,  and 
occurs  later  than  the  fourth  or  fifth  day  when  healing 
has  already  progressed  .so  far  as  to  afford  a  barrier  to  the 
siuead  of  suppuration,  the  pus  may  simply  be  mopped 
awav  and  the  cavity  swabbed  out  with  peroxide  of 
hydrogen  and  packed  with  bichloride  gauze  (1  to  2,000) 
or  one  of  the  newer  organic  silver  salts.  If,  however, 
the  infection  occurs  early  or  presents  other  grave  features, 
there  is  nothing  for  it  but  to  inigate  the  wound  copiously 
(one  to  two  quarts  of  bichloride  solution  1  to  10,000)  once 
and  thereafter  to  change  the  dressings  frequently  in  the 
hope  that  the  infection  may  thus  be  repressed  or  at  least 
confined  to  one  spot. 

The  milder  infections  may  be  conquered  by  these  local 
measures.  The  more  viriilent  processes  require  wet 
dressings,  antiseptic  baths,  multiple  incisions,  continu- 
ous irrigation  or  even  amputations.  As  already  stated, 
the  uni("in  of  the  bone  is  delayed  by  the  infection  as  well 
as  by  the  manipulations,  but  1  have  known  union  to  take 
place  in  the  femur  in  two  cases  after  a  year  of  hospital 
treatment.  Such  a  result  could  not  be  expected  in  an 
old  man.  He  would  not  survive  the  prolonged  suppura- 
tion. 

Penifteni  Pain  or  Parali/sis  :  There  is  always  a  good 
deal  of  stiffness  and  weakness  for  the  first  weeks  after 
the  patient  gets  about,  but  as  long  as  his  symptoms  are 
lessening  thev  require  no  treatment.  Progress  may  be 
encouraged  by  any  form  of  muscular  or  circulatory 
stimulation  su'ch  as  massjige.  exercise,  passive  motion, 
hot  air.  electricity,  strychnine  and  other  tonics.  The 
salicvlic-acid  derivatives  and  colchicine  may  help. 

Pa"ins amounting  in  severity  to  an  actual  neuralgia  and 
persistent  paralysis  are  often  best  treated  by  operative 
investigation  of  the  nerves. 

Juiiif  f^lifiiifis:  If  this  docs  not  react  to  the  treatment 
mentioned  above,  operation  is  the  only  resource. 

Fingers  that  have  remained  immobile  in  the  extended 
position  for  more  than  two  months  are  practically  beyond 
I  hope. 
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Dfl)ij/i(i  Union:  Tliis  coiKlitiiiii  iiiny  be  treiited  sysU'in- 
iriilly  by  timics,  locally  by  irrituiits,  or  by  opcralioii.  If 
till'  (iilayi'd  \iiiion  is  (iuc  to  systi-niic  (lisciisu,  such  as 
sypliili-i.  malanii,  etc.,  this  ctiolojjjical  condition  must  Ix." 
<-<inibntcd.  Over  and  above  this  it  is  customary  to  ad- 
minister phosphorus  or  plios])hate  of  lime.  Thyroid  ex- 
tract has  been  recently  employed.  It  has  proved  useful 
at  the  hands  of  some  and  has  faileil  with  others. 

The  local  irritative  measures  may  be  employed  in  con- 
nection with  the  dru?:s  or  after  they  have  failed.  Paint- 
ing with  iodine  or  guaiacul  and  cauterization  are  of  little 
benefit.  Exerci.sc  is  especially  useful  to  enc(Mirage  union 
of  the  libia.  when  there  is  not  toouuicli  separation.  The 
leg  is  encased  in  plaster  and  the  patient  is  instructed  to 
walk  upon  it  <laily.  .Massjige  may  help.  If  these  meas- 
ures fail  congestion  may  be  pnxluced  by  bandaging  llu^ 
limb  liglilly  aliove  the  fracture.  The  bandage  is  applied 
for  two  or  three  hours  at  a  lime,  on  alternate  days,  for  a 
week.  A  more  ellicient  and  more  painful  treatment  is 
the  injection  of  a  few  drops  of  chloride  of  zinc  (ten  per 
cent.),  tincture  of  iodine  or  alcohol  into  the  band  of  miion. 
This  sets  up  an  acute  reaction  which  may  be  followed  by 
ossification.  Electrolysis  is  sjiid  to  have  the  same  effect. 
Still  greater  irritation  may  be  |)roduced  by  \iolently 
wrenching  the  limb  about  while  the  patient  is  anaisthe- 
tized. 

Schaffer  lias  obtained  union  in  old  fractures  of  the 
neck  of  the  femur  by  special  braces  exerting  direct 
pressure  over  the  trochanter. 

Operation  is  necessjiry  when  the  above  means  fail,  or 
■when  union  is  mechanically  impossible  on  account  of 
separation  of  the  bone  ends  by  the  interposition  of  other 
tissues,  or  when  they  (tibia,  ulna)  are  held  apart  by  a 
parallel  bone. 

There  are  various  methods  of  operating.  The  bone 
may  be  cut  down  \ipon,  the  band  of  miion  cut  away,  and 
the  bone  ends  aiipro.xiinated  by  periosteal  suture  or  bone 
pegs  or  wire.  Parkhill's  clamp  seems  especially  fitted 
foi-  this  sort  of  work,  and  it  has  given  good  results  after 
other  methods  have  failed.  Permanent  wiring,  pegging, 
or  clamping  is  dangerous,  for  the  reasons  already  stated 
(p.  256). 

The  presence  of  an  actual  new  joint  makes  no  material 
difference  in  the  operative  technique. 

The  ])rospect  of  success  from  anj'  of  these  methods  is 
none  too  glowing.  The  causes  of  failure  of  union  may 
continue  in  force,  and  the  difficulty  in  obtaining  and 
maintaining  the  necessary  apjiro.ximation  of  the  two 
fragments  is  great.  All  else  failing  amputation  may  be 
resorted  to. 

VII.  Mal-Union. — When  once  a  bone  has  united  with 
deformity,  the  disfigurement  can  be  remedied  only  by 
osteoclasis  or  osteotomy.  Btffore  suggesting  such  treat- 
ment, however,  the  surgeon  will  do  well  to  consider 
whether  with  the  material  at  hand,  viz.,  the  existing 
bony  tissue,  he  can  obtain  a  material  improvement  from 
any  operation. 

Fractures  of  the  lower  extremity  of  the  humerus  and 
Pott's  fracture  often  call  for  relief,  in  the  one  case  to 
overcome  the  restricted  mobility  of  the  elbow  joint,  in 
the  other  to  remedy  the  deformity.  In  either  case  the 
best  plan  of  treatment  is  to  chisel  through  the  bones  along 
the  old  linesof  fracture,  to  remove  superfluouscallus  and 
then  to  reduce  and  splint  the  fracture  as  tliough  it  were 
a  fresh  one.  This  is  done  in  tin;  foot  through  curved 
internal  and  external  incisions.  In  the  elbow  il  may  be 
impos.siblc  to  ascertain  the  nature  of  the  fracture  or  to  be 
sure  of  what  is  callus  and  what  is  fragment.  If  such  be 
the  oise  the  surgeon  should  rest  satisfied  with  the  removal 
of  such  bony  protuberances  as  interfere  with  motion  and 
the  breaking  up  of  adhesions.  Passive  motion  should  be 
begun  at  the  end  of  a  week  and  practised  daily  in  order 
to  prevent  recurrence  of  the  ankylosis. 

SPECIAL   FnACTfRES. 

Fractures  of  the  Skull — See  Ifead,  Injuries  of. 
Fractures  of  the  Spine — See  Spine,  Surgery  of  the. 


Friirtiiren  if  the  Bones  of  the  Face — See  Jaws,  Injuries 
of ;  and  AVw<>,  Injuries  of. 

Friiclures  of  the  Ijiryngral  Cartilages — See  lAirynx, 
F^'nrturcs  and  Disl'/ea tions  of. 

FiiACTtiiKs  OF  TiiK  C'LAVict.E. — Excepting  the  bones 
of  the  forearm  and  leg.  the  clavicle  is  broken  more  often 
than  any  bone  in  the  body. 

Fipr  clinical  purjKises  the  bone  is  divided  arbitrarily 
into  three ec|ual  portions.  Tothe  innerthird  areatlaclied 
the  strong  ligaments  binding  the  clavicle  to  the  sternum 
and  the  first  rib;  the  outer  third  is  protected  by  the 
trapezius  and  the  deltoid  muscles  and  the  coraco-clavicu- 
lar  ligament ;  the  middle  third  is  unprotected  and  it  suf- 
fers by  far  the  greatest  number  of  fnictnres. 

Vdridien. — But  five  compound  fractures  of  the  clavicle 
are  recorded.  Midtiple  and  conunimited  fractures  are 
rare.  I  have  obtained  an  excellent  result  by  removing  a 
small  fragment. 

Incomplete  fractures  are  insisted  upon  by  Ilanulton 
and  Piatt.  The  former  reports  34  incomplete  fractures 
in  a  series  of  157  cases;  the  latter  25  in  115.  The  injui-y 
is  unimportant.  It  is  caused  by  a  fall  upon  the  shoulder 
in  a  young  person.  Within  a  few  days  after  the  fall  a 
swelling  appears  about  the  middli'  third  of  the  bone. 
False  motion  and  crepitus  may  sometimes  be  elicited. 
No  treatment  is  necessary,  except  perhaps  a  broad  sling 
to  elevate  the  elbow. 

Simple  fracture  of  the  middle  third  may  be  transverse 
(children)  or  oblique  (adults);  the  shoulder,  losing  its 
support,  sinks  downward  and  inward.  The  inner  frag- 
ment lies  above  or  in  front  of  the  outer.  When  the  line 
of  fracture  is  transverse  there  may  be  angular  ilisplace- 
ment  or  none  at  all. 

Fractureof  the  outerthird  is  rare.  It  is  \isually  caused 
by  direct  violence.  There  may  be  no  displacement  and 
the  fracture  may  pass  unrecognized  (Lane).  Displace- 
ment when  present  is  usually  angular.  If  the  fracture 
is  within  the  outer  inch  of  thel)one  the  apex  of  the  angle 
is  uiiw'ard,  otherwise  it  is  usuall.v  backward.  Fractiu'e 
of  tlie  inner  third  is  very  rare.  Displacement  is  slight 
or  absent. 

Fracture  of  both  clavicles  is  unusual.  It  has  been 
known  to  cause  considerable  dyspna'a  on  account  of  the 
■weight  of  the  upper  extremities  upon  the  chest. 

Etiology. — While  fracture  of  the  clavicle  is  usually 
caused  liy  a  fall  upon  the  shoulder  or  the  oiitstretclied 
arm,  it  nuiy  be  due  to  direct  violence  or  even  to  such 
muscular  ellorts  as  striking  a  blow  or  lifting  a  heavy 
weight. 

Symptoms:  and  Cimmc. — In  fracture  of  the  middle  third 
crepitus  cannot  always  be  obtained,  but  the  drooping 
shoulder  and  the  shortening  and  deformity  of  the  bone  as 
compared  with  its  fellow  are  charactenstic.  Flexion  and 
extension  of  the  arm  may  be  but  little  impaired,  yet  ab- 
duction is  (juite  impossible. 

Fractures  of  the  inner  and  outer  thirds  and  all  incom- 
plete fractures  can  be  diagnosed  only  by  palpation  along 
the  bone. 

The  course  of  the  injury  is  usually  simple,  though 
such  complications  as  juuicture  of  the  subclavian  vein, 
aneurism  from  injury  to  the  artery,  rupture  of  the  bra- 
chial plexus,  and  eniphy.sema  from  puncttn-c  of  the  lung, 
have  been  reported.  Inion  may  be  expected  at  the  end. 
of  the  fourth  week.  As  a  rule,  some  displacement  and 
shortening  persist. 

Tniitiinnl. — The  method  of  reduction  and  inuuobiliza- 
tion  is  the  same  for  all  the  variities,  cxcejit  certain  frac- 
tures of  the  outer  third  w  hich  require  direct  pressure  by 
means  of  a  strip  of  adhesive  plaster  passed  over  the  point 
of  fracture  and  the  ]>oint  of  the  elliow  and  back  over  the 
fracture  (Stimson's  dressing  for  dislocation  of  the  outer 
end  of  tlie  clavicleV  and  a  simple  sling.  In  all  other 
ca.ses  the  object  aimed  at  is  to  remove  the  weight  of  the 
upjier  extremity,  which  drags  the  outer  fragment  down- 
ward, forward,  and  inward.  To  effect  reduction,  the 
simplest  method  is  to  lay  the  patient  \ipon  his  back, 
manipulating  the  shoidder  imtil  the  bone  restunes  its 
normal  direction.     This  is  simple:   but  to  retain  the  bone- 
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ill  |ilii('i'  is  II  fur  Miori'ilitlii'iill  iimttiT:  witiu-«i  tliu  iiitliiili- 
llilliiliiT  of  iiK'tlioilH  i'iii|iliiYr<l 

'I'lir  tri'iitiiiint  i'in|ili>yi'il  ilr|ii'iiils  upon  tlic  result  i\v- 
■iinil.  ulii'ilirrii  iisffiil  lliiili  iiiiTrlv  or  II  liciiiillfiil  iirclc. 
'I'o  iittiiiti  till'  fortiirr  ri'Niilt  ii  sliii|il('  hIIiii;  ofti'ii  siiMlcfH, 
wliilr  till'  liiltcr  limy  pfrlmiis  not  lir  ri'iiilii'il  by  tin-  Niir 
jrcon's  most  iiiKi'iiioiiH  (li-vici-s  In  tfriicnil.  if  ii  jitrfi'i't 
result  i.H  ilesintl.  tlle  plltiellt  IIIIIKt  lie  kept  oil  Ad'  liai'i( 
for  three  weekd  ill  tlie  most  sllitlllile  of  till-  (lri'S,slllj^'H  to 
lie  ile'-erilviil  lielow. 

'I'lie  (Iressinys  iisimlly  employed  lire  Mayor's  s<'arf. 
Velpeau's  luiiiilii);e.  Siiyre's  ilressiiij;,  ami  Moore's  lianil- 
aire.  Ill  applyiiii;  these  several  tliicknessi's  of  towel  or 
iioii  alisorlieiit  euiloii  (carileil  lamli's  wool  is  better) 
should  lie  padded  into  the  axilla  and  between  the  limb 
and  the  side. 

.l/ii.V"r'"  K-'irf  is  made  of  a  square  of  sliilT,  the  diagonal 
of  which  is  lonj;  enough  to  reaeli  around  the  IiikIv.  It  is 
applieil  like  an  ordinary  slinir.  but  the  loner  ends  are 
passed  around  the  body  and  knotted  in  the  back.     This 

is  a  very  satisfac- 
tory appliunee  for 
dispensary  prac- 
tice. 

]'ell>)illl':l  hillill- 

nge  (Fij;.  'i'iU\y  is 
applied  with  the 
hand  uf  the  in- 
jured side  placed 
on  the  opposite 
shoulder,  "and 
the  limb  is  drawn 
snugly  up  toward 
the  neck  by  suc- 
cessive turns  of 
the  roller,  which, 
beginning  at  the 
opposite  axilla, 
pass  obliquely 
across  the  back, 
over  the  shoulder, 
in  front  of  the 
arm,  under  the 
elbow,  and  back 
to  the  axilla ;  af 
ter  three  or  four 
such  turns  have 
been  jilaced  the  bandage  is  carried  circularly  around  the 
body,  covering  in  the  arm  from  below  upward.  The 
turns  should  be  secured  by  stitching  or  by  soaking  in 
plaster. " 

S-ijiri's  Dir.vo'iif/  (Figs  2217  and  2218)  consists  of  "two 
strips  of  adhesive  plaster,  each  about  three  inches  wide, 
and  long  ennu.eh  to  go  once  and  a  half  around  the  body; 
one  end  of  the  first  strap  is  stitched  loosely  about  the 
arm  just  below  the  axilla,  and  the  other  end  carried 
around  the  back  and  the  opposite  side  to  the  chest  in 
front.  The  second  stmp  is  then  carried  from  the  top  of 
the  shoulder  on  the  uninjured  side  across  the  back,  under 
the  elbow,  and  alon.g  the  forearm  to  the  shoulder  again. 
The  elbow  should  be  drawn  back  while  the  tirst  strap  is 
applied,  and  well  forward  while  the  second  is." 

( )f  the  latter  two  dressings  Sayre's  is  the  more  efficient 
and  lasting  but  the  less  comfortable.  In  each  the  band 
should  be  left  exposed. 

.l/.»«-c'»  lMxnd4ige  is  made  of  a  wide  muslin  bandage  or 
scarf  about  two  yards  long.  "Its  centre  is  placed  under 
the  olecranon,  the  forearm  being  flexed  at  a  right  angle, 
the  end  that  is  next  the  body  is  carried  U]i  bclween  the 
arm  and  the  side,  in  front  of  and  overthe  shoulder  across 
the  back  and  undir  the  opposite  axilla,  the  other  end  is 
carried  around  I  he  outer  side  and  front  of  the  elbow,  then 
between  it  and  the  side  to  the  back  and  across  the  back 
to  the  opposite  shoulder,  where  it  is  made  fast  to  the  first 
end  The  elbow  is  drawn  backward  and  pressed  up- 
ward."    The  wrist  is  supported  by  a  sling. 

Various  other  splints  are  employed,  too  numerous  to 
mention. 


no.  221B.— Velpeau's  Bandase. 


Fig.  2;17.— Sayre's  Iln^ssln(^  f<jr  Frae- 
ture<l  ClaTlcle.    First  strap. 


Fii.^niiiKM  UK  riiK  S<'APi'i.A.— Proirtun-N  of  the  iM'up 
Ilia  are  I'lassilliil  uk-  (I )  fnictiireii  of  the  IhhIv  ;  (2)  of  tliir 
inferior  angle;   (3)  of  the  upper  angle  and  HiipniHpinoiix 
foKsa:  (-1)  of  the   spill.      (.-,1  ,,f   the  iicroiiiioii.  (di  of   the 

rwniliiiil       plIHCNS.       (7> 
lllloln;li      ||||.      hlirgil'ul 

neck .  (M)  of  the  gU-Dulil 
cuvily. 

Frnrliirri'ifl/ir  Jintly, 
hnrtr  Aiii/lt  null  I'p- 
)irr  A iii/le.  — Tlicsi'  frac- 
tures are  i-aiiscd  by 
direct  violence  ipr  iiiuk- 
cularaction.  The  low- 
er angle  may  Im-  (IIb- 
placed  forward  ami 
11  p  ward.  Otherwise 
the  displacement  is  in 
signilieant.  Tlii'ie  are 
localized  teiidenies,s 
and  swelling,  and  falsi- 
motion  and  erepituK 
may  perhaps  be  ob 
tallied.  Fracture  of 
either  angle  is  ex- 
tremely rare. 

The  arm  may  lie  put 
ill  a  sling  and  the  scap- 
ula iinmobili/.ed  by* 
broad  bands  of  adhes- 
ive plaster  encircling 
the  chest. 

T/te  lupine  of  t/ie  Scapula  is  fractured  by  direct  violence. 
False  motion  and  crepitus  may  be  elicited.  The  arm 
shoulil  be  ki'pt  in  a  sling. 

Fnirtiire  oj  the  Ariuinion  is  usually  caused  by  a  fall  on 
the  shoulder.  Either  the  whole  process  or  merely  its  tip 
is  broken  off.  Epiphyseal  .separation  is  not  uncommon. 
The  contusion  often  obscures  the  .signs  of  fracture  during 
the  first  days,  but  later  the  displacement  outward  anil 
downward  may  be  felt.  If  the  whole  process  is  broken 
olT  the  .shoulder  droops.  Crepitus  may  sometimes  be  ob- 
tained by  elevation  or  abduction  of  the  arm.  Sponta- 
neous motions  of  the  arm,  especially  abduction,  are  re- 
stricted. Bony  union  is 
not  to  be  expected. 

The  treatment  is  that 
of  fracture  of  the  outer 
third  of  the  clavicle. 

Fracture  of  the  Voracoiil 
Process  is  a  pathological 
curiosity'.  It  usually  oc- 
curs in  connection  with 
dislocation  of  the  shoulder 
or  other  fractures.  The 
symptoms  are  obscure, 
the  diagnosis  is  difficult, 
reduction  impossible,  and 
the  prognosis  good. 

Fractures  of  the  Neck  of 
the  Scapula  (including  all 
those  that  si'parate  the 
glenoid  cavity  from  the 
body  of  the  bone)  are 
caused  in  the  same  way 
as  dislocation  of  the  shoul- 
der, which  they  resemble 
closely.  The  glenoid  proc- 
ess slips  downward  with 
the  hiinierus  and  the  long 
head  of  the  triceps  at- 
taclicil.    The  displacement 


Fig.  2218.— Sayre's  Dresslnp. 
and  swond  straps. 


is  limited  by  the  spino-glenoid  and  coraco  clavicular  liga- 
ments and  the  tension  of  the  soft  parts  over  the  shoulder. 
The  symptoms  are  those  of  di-slocation  of  the  shoulder, 
from  which  the  fracture  is  dilTerenfiated  by  the  fact  that 
elevation  of  the  arm  produces  crepitus  and  obliterates, 
the  deformity,  which  recurs  as  soon  as  the  pressure  is  re- 
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moveil.  Till-  trentmeiit  is  by  Slimsoii's  difssing  for  dis- 
lociUion  of  the  ovitt-r  end  of  the  chivu-h' ('/•  r.).  Bony 
union  witli  some  liisplnceinent  imiy  he  expected, 

77(1  lliiii  of  the  (Ih'iioid  Oinly  is  sometimes  hroken  hy 
dishieiition  of  the  shoulder. 

Fi(.\CTriiF.s  OF  TUK  IIi'.MKHfs. — FractviFcs  of  the  hu- 
merus are  ehis-sified  as  fnietures  of  tlie  upper  e.xtreinity, 
fractures  of  the  sliaft,  and  fractures  of  the  lower  ex 
tremity. 

fi;i(-liirf»of  (he  I'pjter  Extremity. — This  title  includes 
fissures  of  the  head  of  the  bone,  a  condition  with  no 
clinical  siiiniticanoe.  and  avidsion  of  the  jjreater  or  lesser 
tuberosity,  usually  a  complication  of  dislocation,  recog- 
nized by'localized  tenderness  and  crepitus,  and  treated 
by  immol)ilization  (after  reducing  the  dislocation)  in  out- 
ward or  inward  rotation,  jiccording  to  the  tuberosity  in- 
volved. More  important  fracturesare  (1)  fracturcof  the 
anatomical  neck.  (2)  fracture  of  the  surgical  neck.  (3) 
separation  of  tlie  epiphysis,  and  (4)  fracture  dislocation. 

True  Friirtiire  of  the  Anntomie/tl  yeck  is  extremely  un- 
common. The  line  of  fracture  usually  runs  along  the 
anatomical  neck  and  partly  through  one  or  both  tulje- 
rosities.  L'nless  a  tuberosity  is  separated  from  the  .shaft. 
or  the  head  dislocated,  the  diagnosis  is  tisually  impossi- 
ble, and  when  a  tuberosity  is  separated  the  fracture  is 
often  a  high  one  of  the  surgical  neck.  Strict  accuracy 
of  diagnosis,  however,  may  be  aiiled  by  the  .r-rays  in  the 
future^  Thesubjedive  symptoms  vary  from  slight  pain 
to  complete  disability.  The  periosteum  is  usually  in 
greater  part  untorn  and  the  displacement  slight,  though 
it  may  simulate  dislocation.  Crepitus  may  usually  be 
obtaiiied  and  the  tubero.sity  may  not  partake  in  rotation 
imparted  to  the  shaftof  the  bone.  Exuberant  callus  with 
ossitication  of  the  capsule  of  the  joint  may  result,  or  there 
may  be  non-union. 

The  treatment  is  simple  immobilization  with  traction 
if  there  is  a  tendency  to  sh.ortening.  If  suppuration 
should  complicate  failure  of  union,  incision,  removal  of 
the  fragment,  and  free  drainage  would  be  necessary. 

Fmeture  uf  the  Surpical  INeck  is  the  commonest  fracture 
of  the  upper  end  of  the  humerus.  This  includes  all  fract- 
ures below  the  epiphyseal  line.  The  lesion  is  usually 
caused  by  a  fall  on  the  sliotdder  or  elbow  causing  a  com- 
pression or  torsion.  Hence  the  line  of  fracture  is  irregu- 
lar and  comminution  is  not  rare.  There  may  be  impac- 
tion. The  upper  fragment  is  usually  flexed,  abducted, 
and  rotated  outward,  the  lower  one  slightly  displaced 
inward. 

Fmiction  is  completely  lost;  there  is  much  local  swell- 
ing and -the  elbow  is  usually  abducted  simulating  dis- 
location; but  the  hc'ad  is  in  ]ilace,  and  tliiic  is  local  ten- 
derness along  the  line  of  fracture  and  tenderness  when 
the  elbow  is  pressed  upward.  Uidess  there  is  impaction 
rotation  of  the  arm  is  not  communicated  to  the  trochanter. 

If  displacement  and  shortening  are  present  reduction 
may  be  accomplished  by  traction  in  the  line  of  the  uiijier 
fragment,  namely,  alxluction  and  slight  flexion.  The  best 
retention  dressing  is  a  plaster  band  running  along  the 
inner  side  of  the  arm  from  axilla  to  elbow  and  with  two 
tails  at  each  end  encircling  the  shouUler  and  forearm 
(Hennequin's  splint),  or  an  external  moulded  splint  as  for 
fracture  of  the  shaft  (Fig.  2210).  The  elbow  is  flexed 
and  left  vmsupported.  A  narrow  baud  slings  the  wrist. 
If  displacement  or  shortening  recurs  it  is  overcome 
by  splinting  the  arm  in  abduction  over  a  triangular  pad 
reaching  from  elbow  to  axilla,  made  by  cracking  a  luece 
of  eardbiiard.  holding  the  two  sides  at"  an  angle  of  some 
30°  to  40  ,  tilling  in  with  soft  cloths  or  cotton,  and  sew- 
ing a  cover  over  all.  The  pad  is  placed  with  its  sharp 
angle  in  the  axilla,  its  base  at  the  elbow  (mnf.  Scudder, 
"Fractures'").  Counter-traction  is  obtained  by  suspend- 
ing a  five-iiound  weight  at  the  elbow.  If  the  patient  is 
confined  to  his  bed  the  weight  is  attached  as  for  frac- 
tures of  the  thigh  (q.  r.}.  The  tendency  to  displacement 
is  overcome  at  the  end  of  two  weeks  and  union  is  firm  at 
the  end  of  five  or  six  weeks. 

Separation  of  the  Epiphygh.— This  lesion  replaces  high 
fractures  of  the  surgical  neck  in  the  young.     The  epi- 


physeal line  runs  through  the  h)wer  edge  of  the  tuberosi- 
ties ami  the  e])iphysis  is  hollowed  out  in  its  centre,  cap- 
ping the  shaft,  as  it  were.  The  iieriosteum  is  usually 
little  torn,  the  sliaft  displaced  forward  and  its  posterior 
edge  fitte<l  into  the  cup  of  the  epiphysis  which  is  lilted 
back.  The  upper  edge  of  the  shaft  can.  therefore,  usu- 
ally be  felt  below  and  in  front  of  the  acromion.  The 
head  is  in  place.  Function  is  lost.  Upward  pressure 
on  the  elbow  is  painfid.  There  is  tenderness  at  the  jmiut 
of  fracture. 

Reduction  is  accomplished  by  abduction  and  direct 
pressure  upon  the  ends  of  the  fragments.  The  subseriuent 
treatment  is  that  of  fracture  of  tlie  surgical  neck.  Union 
is  prompt,  yel  iiremature  ossitication  of  the  cartilage  may 
lead  to  shortening  of  the  arm.  Surgery  is  called  for  if 
the  initorn  periosteum  prevents  rcMiuction,  or  later  if 
union  has  taken  jilace  w  itli  deformity  and  the  range  of 
motion  is  much  iiupeded. 

Fracttire-Disloeatioii. — Dislocation  of  the  head  of  the 
humerus  is  sometimes  comi^licated  by  fracture  of  the 
anatomical  or  surgical  neck  of  the  bone  (see  Duloeatioiiit). 
The  proper  treatment  is  to  endeavor  to  replace  the  bone 
by  traction  and  manipulations  with  the  patient  anaesthe- 
tized and  prepared  for  operation.  If  this  fails  the  head 
of  the  bone  should  lie  cut  down  upon  and  replaced  with 
tlie  aid  of  McBuruey's  hook,  or  removed  if  reiilacement 
is  impossible.  The  older  methods  of  awaiting  union  be- 
fore reduction  or  trying  to  obtain  a  false  joint  have  proved 
eminently  unsatisfactory. 

Fractures  of  the  Shaft. — Every  variety  of  fracture  of  a 
long  bone  is  met  with  in  the  humerus.  Muscular  cfl'ort 
not  infreijuently  causes  the  fracture.  The  most  notable 
complications  are  injury  to  the  brachial  vessels  and  the 
niusculo-spiral  nerve. 

Reduction  is  effected  by  traction.  Very  high  fractures 
may  have  to  be  treated  as  fractures  of  the  surgical  neck, 
low  fractures  as  supracondylar  fractures,  contused  or 
compound  fractures  by  rest  in  bed  with  the  arm  supported 
on  cushions  until  all  danger  of  inflammatory  complica- 
tions has  passed.  The  dressing  I  |)iefer  is  a  moulded 
plaster-of.Paris  splint  from  the  side  of  the  neck  over  the 
shoulder,  down  the  outer  and  jiosterior  aspect  of  tin' arm, 
under  the  elbow  and  forearm  to  just  above  the  wrist  or  a 
similar  gutta-percha  splint  (Fig.  2210).  "When  this  is 
applied  tlie  elbow  must  be  padded  an  inch  deep  in  cotton. 
On  the  second  or  third  day  the  splint  is  removed,  the 
greater  part  of  the  cotton  extracted,  and  the  splint  re- 
placed and  held  in  jilace  by  adhesive  plaster,  over  the 
shoulder,  around  the  arm  just  above  and  below  the  point 
of  fracture  (thus  leaving  it  open  for  inspectioiO.  <m  the 
arm  and  forearm  close  to  the  elbow,  and  lower  down  the 
forearm.  The  dressing  is  coin])leted  by  a  shoulder  spica 
and  a  sling  about  the  wrist,  and  an  axillary  triangle  if 
necessary  (see  above).  Willi  the  limb  in  this  splint  there 
should  be  enough  traction  to  jirevent  overlap]iiiig  or 
angular  deformity.  This  traction  is  allowed  by  the  re- 
moval of  the  cotton  from  under  the  elbow  and  maintained 
by  the  adhesive  strips  on  the  u]iper  forearm.  The  pa- 
tient should  be  seen  twieea  week  lor  the  first  three  weeks, 
and  if  at  any  lime  deformity  has  recurred  it  must  be 
promptly  overcome  by  suspending  a  five-pound  weight 
from  the  elbow,  by  coaptation  splints  of  basswood.  or 
by  renewing  the  splint  with  a  greater  allowance  forelbow 
traction.  The  sling  at  the  wrist  must  not  support  the 
splint  lest  it  elevate  the  elbow.  Union  is  firm  at  the  end 
of  six  weeks. 

Fractxres  of  the  Lower  End. — These  maybe  cla.ssified 
as  supracondylar  fracture,  fracture  of  the  internal  epi- 
condyle  (there  are  only  two  recorded  cases  of  fracluie  of 
the  external  cpicondylet.  fracturcof  the  internal  condyle, 
of  the  external  condyle,  intercondylar  fractures,  hypo- 
condylar  fractures,  and  e])ipliyseal  separation.  This  con- 
fusing array  is  much  simplilied  l>v  a  few  general  con- 
siderations of  diagnosis  and  treatment. 

Diar/no.vs. — To  ditTerentiate  sprain,  dislocation,  and 
fracture  about  the  elliow  is  a  niatU'rof  physical  examina- 
tion. Evidence  of  abnormality  in  the  bones  themselves 
indicates  fracture.     Evidence  "of  abnormality  in  the  re- 
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l-'riii  I  iin- 


liiliiiti  iif  the  Itoiifs  III  Diic  iiii.iilicr  inillmtfs  dlsUwiitlnn. 
Kiiliri'  iilist'iK'i'  of  ilii'st'  iiliiinniiiililir'i  iiiclii-atcs  Niiii|il<' 
s|iiniii. 

K\  iili'iicc  iif  ulHinriiiality  in  lln'  ri'liitiuii  (if  llir  Imm's  tii 
iilir  iiiikIIii'I'  is  iilituilli-il  l>y  lixiiliii^  llir  li|iH  uf  llir  two 
r|>ii'>iiiilyl('S.  till'  (ilccmiiiiii.  timl  ilic  licail  of  llii-  rmliiis. 
Wlii-n  flu-  i-lliinv  is  fully  ixIciuIimI  tin-  llirrt-  fiiriiirr 
sliotiUI  Ih'  ill  llic  siiiiic  lioii/.ontnl  pliiiir,  iiikI  llir  Ix-ail  of 
tlif  radius  lie  rcrci>:iii/.iil  as  a  pruji  liinii  jusl  hflnw  llu- 
fXtiTiiali'Kiiilyli'.  Il  is  iilciiliriiil  by  lliiiiiiiiiiiii  iiiipaiii'd 
to  it  liy  Total  ion  of  tlir  fonanii.  If  tlir  rdalions  of  ol<'< 
niiioii  and  radius  with  llic  i|ii<oinlylrs  arr  not  the  sainr 
as  in  tlic  normal  illiow  of  tlii'  opjiosili'  side  (will)  wliiili 
coin|>arisoii  should  always  he  inadrt  llu'ic  is  dislo(alii>n. 
w  hich  may  often  l>c  vcrilifd  by  an  i-stimuliuu  of  the  uli- 
normal  axes  of  tin-  hones. 

F^videncccif  ahnorinality  in  the  hone  (i.f..  tlielniinerusl 
is  ohtained  in  sevend  ways:  liy  eliciliiii;  false  motion  or 
C're|iitus  liclweeii  the  eoiiilyles  and  the  shafi  or  small 
frau'iiieiils;  liy  mapping;  out  the  L'eiienil  ileformily  of  the 
nriii  as  well  as  the  loeal  iltformilics  ahoul  the  elliow.  the 
displaeemciit  of  one  or  liolh  condyles,  and  the  irreji'llari- 
lies  along  the  supracondylar  riil^'es:  and  tinally  hy  clii'it- 
ilift  pain.  If  there  is  tninsversi^  fmcture  there  will  he  pain 
till  pressing  the  llexi-d  elliow  upward.  A  local  point  of 
pain  can  often  he  ideiitilied  alonitone  or  hothsupiacondy- 
ioid  ridgis  where  the  fmcture  Hears  the  surface,  and  if 
there  is  a  line  of  fracture  hetweeii  the  condyles,  iircssini; 
the  two  condyles  toward  eaih  other  is  painful. 

Dislocation  anil  fmcture  often  coexist. 

Thus  the  examination  is  l)ei;uii  hy  inspection  to  note 
any  manifest  deformity.  Aiiell'ort  is  then  made  to  locale 
anil  determine  the  relations  of  the  hony  i>oints  mentioned 
alune.  and  the  range  of  motion,  active  and  imssive.  tested 
with  an  eye  to  ahnormal  mobility,  especially  lateral  mo- 
bility, and  crepitus.  The  supmcondylar  ridges  are 
si'arched  for  points  of  irregularity  and  t(  iideriies,s,  and 
pressure  is  made  umler  the  elbow  and  u|)on  the  two  con- 
dyles to  elicit  tiiidcnu'ss.  Suspected  parts  of  the  joint 
are  then  reviewed  for  false  motion  or  crepitus. 

The  contusion  is,  however,  often  so  exccs.sive  as  to 
frustmte  the  surgeon's  best  efforts.  Even  an  exaininn- 
lion  under  ether  may  fail  to  elucidate  the  dia.gnosis.  The 
T  rays  may  then  be  appealed  to.  The  evidence  which 
they  furnish  shoulil  be  delinite. 

'i'liiitiiuiit. — Once  the  diagnosis  is  established  reduc- 
tion is  not  dillicult.  Rjirely  the  fragment  is  so  rotated 
as  to  make  reduction  impossible.  Such  fragments  must 
be  cut  down  upon  and  replaced  or  excised.  Fragments 
of  the  epicondyles  cannot  often  be  retained  in  place. 
Their  ilisi>lacement  is  unimjiortant,  however.  Larger 
fragments  noting  rebelliously  may  be  excised  or  sutured 
in  place  or  nailed  to  the  adjoining  bone  by  a  spike 
drivi-n  through  the  soft  tissues  anil  protruding  through 
the  dres,siiigs.  to  be  removed  within  ten  days, 

AVitli  these  exceptions  reduction  and  retention  are 
easily  managed.  Tlie  best  position  for  the  forearm  is  in 
all  cases  one  of  seinitlexion  with  the  natural  jironation. 
The  apparent  si'curity  of  complete  flexion  or  extension 
does  not  compen.sjite  for  the  displacement  which  so  often 
occurs  with  the  elbow  in  these  positions.  Forcompound 
fractures,  however,  vertical  susjiension  with  the  elbow 
extended  is  a  convenient  position  during  tin-  tirst  days, 
after  which  the  limb  may  be  brought  down  to  the  usual 
si'initlexion. 

The  most  convenient  splint  is  a  posterior  moulded 
plaster  band  or  wire  gutter  running  the  whole  length  of 
the  arm  and  forearm  and  bent  to  a  right  angle  at  Wv; 
elbow.  If  adhesive  straps  arc  used  to  retain  the  splint 
they  should  not  cover  the  fragment  (the  position  of  which 
must  be  frequently  verified).  A  live-pound  weight  hung 
from  till' elbow  will  overcome  the  tendency  to  dis]dace 
ment.  The  elbow  is  never  to  be  supported.  A  sling 
about  the  wrist  is  sutlicient. 

If  perfect  reduction  is  not  maintained,  a  cubitus  varus 
or  valgus  may  result  which  can  be  remedied  only  by 
osteotomy. 

When  union  is  firm  and  the  arm  is  freed  from  its  splint 


(at  the  end  of  live   \m  .  i.    i  wn    .  ihmw  him    Iu'   toiiijd  horu 
and  slilV       .Motion  and  niiissiigi'  will   help  Iihim'Ii   up  Ilia 

join  I.  but  aliexccKKive  zeal  will  only  -  ■ !  ■ '.•^■.■^ 

fug  the  growth  of  exiilHriiiit  callii^ 
rcHl riding  the  range  of  motion.  >ir 
may  also  occur  through  no  fault  of  tlie  mirgi-ou,  but  il 
is  (litlicult  to  estimate  its  iiiiportance  wilhjn  hIx  iiionlh.H. 
Al  the  end  of  thai  liini'  the  joint  will  have  gained  its 
maximum  of  freidom,  and  the  remaining  nsiriiiloim 
eausid  by  displaced  fragments,  ossilied  ligaminls,  culbm 
projecting  into  the  oleemnon  or  coronoid  foH^ie  or  elw- 
wheie  into  the  joint  can  be  removed  only  by  the  chihcl. 
Vet  it  is  Well  to  be  conservative  ill  such  operalions.  A 
mobility  of  from  forty  to  llfty  degrees  nl  the  ilbow  ig 
about  all  that  is  needed  as  faras  iililily  is  concerned,  and 
unless  there  is  some  delinite  projection  of  bone  orcalliiH 
the  removal  of  which  will  clearly  liberale  the  joint,  an 
operation  may  well  result  in  nothing  more  than  dis- 
aliling  the  patient  for  a  few  weeks,  during  which  time 
new  callus  replaces  that  which  was  excised  and  after 
which  the  patient  returns  to  his  duties  no  belter  oil 
than  before.  No  general  rules  for  opemlion  can  there- 
fore be  laid  down.  Each  case  must  be  decided  on  its 
own  merits. 

Of  the  numerous  vessels  and  nerves  in  close  relation  to 
the  joint,  the  ulnar  nerve  is  the  only  one  likely  to  be  in- 
jured, rinar  paiiilysisand  aniislhesia  have  been  known 
to  disjippear  spontaneously  as  late  as  three  months  after 
injury,  but  in  doulilful  cases  an  early  operation  should 
do  no  harm  and  might  do  much  good. 

In  Kupnicoiuli/litrfriicline,  the  lower  fragment  consists 
of  both  condyles  and  the  whole  lower  extremity  of  the 
humenis.  The  line  of  fracture  is  oblique  and  the  frag- 
ment slips  upward  and  backward  or  upward  and  forward. 
The  condition  usually  resembles  a  dislocation,  but  the 
relalinii  of  olecranon  to  condyle  is  unchanged  and  lateral 
mobilily  can  be  olilained  with  crepitus.  Moreover  the 
fracture  when  reduced  has  often  a  tendency  to  slip  out 
of  place  a.gain,  with  crepitus, 

Fnictinrofdii  cjticoiulyU'.  is  recognized  by' the  abnormal 
mobility,  displacement,  and  crepitation,  Persi.sleiit  dis- 
]ilacement  is  uniiniiortaut  since  the  line  of  fracture  is  en- 
tirely outside  the  joint. 

In  f met  tire  of  the  internal  coHrfy/e  the  line  of  fracture 
runs  obliquely  downward  and  outward  from  some  point 
in  the  epicondylar  ridge  tothe  region  between  the  trochlea 
and  capilelluni.  The  fragment  with  the  uluaattachcd  is 
usually  displaced  backward  and  the  radius  may  be  dis- 
located in  the  same  direction.  Abnormal  adduction  and 
anteroposterior  sliding  are  pfissiblc.  The  ulnar  nerve 
may  be  injured.  There  is  a  marked  tendency  Jo  recur- 
rence of  the  disjjlacemcnt  with  the  jiioduction  of  cubitus 
varus.  This  may  be  overcome  by  immobilization  with 
extension,  with  special  care  to  preserve  the  normal  out- 
ward angle  at  the  elbow,  by  immobilization  in  flexion 
aided  by  a  weight  supported  from  the  elbow,  or  by 
operative  fi.xation. 

Fracture  of  the  e.rtcmal  condyle  is  somewhat  more  fre- 
quent than  the  last  mentioned.  Its  features  arc  similar 
to  lho.se  of  fracturi!  of  the  internal  condyle,  mutatis 
mutonOin,  but  there  is  less  liability  to  displacement.  In- 
deed tliere  may  be  a  lendencj'  to  displacement  downward, 
which  would  only  be  encouraged  by  suspending  a  weight 
from  the  elbow. 

Intercondi/hiit  fraetiires  are  caused  by  direct  violence. 
The  fracture  is  often  compound  or  comminuted,  its  gen- 
eral lines  being  T-  or  Y  shaped,  with  tlie  condyles  sepa- 
rated from  the  shaft  and  from  each  other.  The  ulna  may 
be  jammed  between  the  fragments.  Keduclion  is  im- 
portant and  mav  be  dillicult  on  account  of  the  number 
and  displacemenisof  fragments.  If  reduction  cannot  be 
performed  thoroughly  under  an  anasthetic.  the  bones 
had  best  be  cut  diVwii  u]«)ii  and  fastened  in  place  or  ex- 
cised according  to  the  judgment  of  the  surgeon. 

f^paralion  of  the  rpiphi/ni-i  is  rare.  (Consult  Plate 
XXVIII..  Fiu.  6.)  The  condition  simulates  backward 
dislocation,  but  the  cpicondvles  retain  their  relation  to 
the  olecranon  and  the  whole  may  be  reduced  (and  re- 
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<-iivs'i  with  parliluginous  crepitus.     The  usiml  treiitnirnt 
is  ri'<|uiii'(i. 

Jlj/jKiTfiiidi/liir  frnclKnii.  ('.<..  fraetiire.s  i)f  the  nrticiihir 
processes,  either  one  or  both  together,  arce.xtrenuly  rare. 
Tliev  are  caused  by  ii  severe  erushiu.!;  force  a]>plicil  be 
Death  the  elbow  or  tniiismilted  up  tlie  foreurui.  AVheli 
not  as,sociate(i  with  other  injuries  about  the  joint,  they 
are  to  be  recofrni/.ed  only  liy  crepitus,  tlie  ./-my.s,  or  the 
displacement  of  a  frau'nicnt  tua  ])lace  whereit  can  be  left. 

Flt.VeTlKKS  OK  TIIIC  noNKS  OK  TIIK  FoKK.MtM.— It  is 
conviniint  to  •rroup  tlie  fractures  of  both  bones  of  the 
forearm  under  time  Jieadiniis:  fracture  of  the  upper  ends, 
fracture  of  the  shafts,  and  fracture  of  tlic  lower  ends. 

Fractures  of  the  iipjier  iiids  include  fractures  of  the 
olecranon,  of  the  coronoid,  and  of  the  liead  of  the  radius. 

yriirtiirc  of  the  Oli'cninoii  (see  Plate  XXVIII..  I'^ig. 
8),  though  usually  due  to  a  fall  on  the  elbow,  is  ap 
parently  caused  by  the  violent  contraction  of  the  triceps 
(Stimsoni.  Tlie  position  and  direction  of  the  line  of  frac- 
ture vary  widely.  The  displacement  may  be  so  slight 
that  the  chief  evidences  of  fracture  are  in<lcpcndent  mo 
bility  and  crepitus,  or  so  great  that  the  gap  between  the 
olecranon  and  the  shaft  is  readily  felt  Yet  practically 
the  <lisplacemenl  is  found  to  be  slight  in  most  cases. 
The  tendency  of  the  triceps  tendon  to  carry  the  fragment 
upward  is  conntiibalanecd  1>y  the  strain  on  the  lateral 
fibrous  attachiueiils  of  that  tendon. 

Hence  in  a  surprisingly  large  juoportion  of  cases  im- 
mobilization of  th('  elbow  in  a  position  of  slight  flexion 
is  quite  compatible  with  good  position  of  the  fragments. 
The  best  splint  is  an  anterior  moulded  one  since  it  allows 
inspection  of  the  fragment.  Careful  watching  is  nec- 
essary to  forestall  late  disidacement  by  the  continued 
action  of  the  triceps.  To  prevent  displacement  carl}' 
or  late  it  may  Ije  necessary  to  keep  the  elbow  fully  c.\- 
ten<led.  to  draw  down  the  fragment  by  means  of  adhe- 
sive plaster  strips,  by  Malgaigne's  hooks,  or  by  operation 
as  for  fracture  of  the  patella,  the  suture  being  passed 
from  side  to  side  through  the  tendon  and  the  idna.  If 
ankylosis,  a  rare  complication,  is  feared,  on  account  of 
the  intensity  of  the  inllammalory  reaction,  early  passive 
motion  (third  week)  may  be  employed.  This  treatment 
shotild,  however,  be  conducted  with  extreme  gentleness 
since  it  has  been  known  to  cause  refractuie. 

Union  is  usually  librous.  sometinus  Ixmy.  and  may 
fail  entirely.  Unless  motion  is  interfered  with  by  adhe- 
sions within  the  joint,  a  satisfactory  power  of  extension 
may  be  anticipated  eveti  though  the  se))aration  of  the 
fragments  amotinis  to  half  an  inch. 

For  non-union  or  undue  separation  of  the  fragments 
the  bone  may  be  cut  down  upon,  the  fiV)rous  tissues  ex- 
cised, and  the  fragments  sutured  together. 

Frnrtiiif  nf  (he  Ciii-nitniil  Procexs  is  usually  a  complica- 
tion of  backward  dislocation  of  the  elbow.  It  is  rarely 
recognized  and  is  unimportant.  The  separation  is  slight, 
for  the  fragment  is  held  in  place  by  the  tendon  of  the 
brachialis  anticus  attached  about  and  below  it.  This 
fracture  may  allow  recurrence  of  the  as.soeiated  disloca- 
tion. The  elbow  must  be  immobilized  in  flexion  for 
tlirej'  weeks. 

I'\iirtiii-e  of  the  Head  of  the  Ritlius  is  recognized  by  the 
localized  tenderness,  th«!  discovery  of  a  displaced  frag- 
ment, pain  in  abduction  of  the  forearm,  and  jiaiii  and 
crepitus  on  rotation.  The  absence  of  jiain  on  adduction 
or  on  pressure  of  the  two  bones  toward  each  other  ex- 
cludes fracture  of  the  neck  of  the  bone.  The  treatment 
is  immobilization,  removal  of  displaced  fragments,  or,  if 
these  fail,  resection  of  the  head  of  the  Ixine. 

Friirl  II  re»  nf  the  Shaft  nf  One  or  Unth  HiineK. — These 
fractures  are  usually  caused  by  direct  violence.  Green- 
stick  fractures  are  commoner  here  than  anvwhere  else  in 
the  body.  Piatt  lecords  1!)9  fractures  of  the  shaft.  Of 
these  123  were  complete:  06  afTected  both  bones:  42 
the  radius  alone,  and  14  the  ulna  alone.  Of  the  77 
green-stick  fractures,  in  (!3  both  boiU'S  were  broken, 
the  radius  alone  in  0,  the  ulna  alone  in  "i.  Instead  of 
both  bones  breaking,  the  ulna  alone  may  give  way  while 
the  head  of  the  radius  is  dislocated.     When  both  bones 


are  fractured  the  radial  fracture  is  comiuonly  nearer  the 
elbow  than  the  ulnar  on<'.  The  usual  disiilacements  de- 
pend on  the  actions  of  the  i>r(inator  aixl  supinator  mus- 
cles. The  former  tend  to  draw  the  fragments  toward 
each  other,  anil  this  is  especially  marked  in  short  h)wer 
fragments  acted  upon  solely  by  the  pronator  cpnidratus; 
the  latter  put  the  upper  fragment  of  the  radius  (espe- 
cially if  the  break  is  above  the  insertion  of  the  pronator 
t<'res  in  the  middle  third  of  the  bone)  in  su|iination  (Plate 
XXVIII.  Fig.  1).    Overlapping  also  usually  exists. 

It  is  scarcely  possilile  to  mistake  a  fracture  of  Ixith 
bones.  When  the  ulna  is  broken  the  seal  of  tract  ure  may 
be  located  by  ]>ali>ation.  This  is  impossible  along  the 
radius,  which  lies  surromided  by  muscles  for  the  greater 
part  of  its  length :  but  when  the  railius  is  fractured  force<l 
l)ronation  cannot  be  resisted  and  independent  mobility 
and  crepitus  may  be  obt<iincd  by  grasping  the  head  of 
the  b<ine  lirndy  while  the  hand  is  gently  rotated. 

Redtiction  is  of  prime  importance.  It  is  accomplished 
by  local  manipulation  and  traction,  direct  wlien  both 
bones  are  broken,  toward  the  sound  bone  if  only  one  has 
given  way.  It  is  especially  important  that  the  bones  be 
crowded  apart  lest  they  unite  to  each  other  and  thus 
effectually  prevent  rotation  (Plate  XXVIII.  Fig.  7). 
This  is  accomplished  by  crowding  the  muscles  between 
them  and  by  the  subse(iueiit  splinting.  In  the  inuiiobili- 
zalion  two  imjiortant  facts  are  to  be  borne  in  mind: 

1.  No  circular  dressing,  bandage,  nor  splint  luay  be  ap- 
plied close  about  the  forearm.  Such  a  dressing  will 
force  the  fragments  toward  each  other,  or,  worse  still,  it 
may  cause  gangrene  or  "ischsemic  contracture"  of  the 
mu.scles  of  the  forearm  from  which  they  may  never  re- 
cover. 

2.  Whenever  the  radius  is  broken,  unless  in  its  lower 
third,  it  is  safe  to  immobilize  the  forearm  in  supination. 
The  routine  altitude  of  scnii)u-onation  \isually  leaves 
some  rotary  dis])lacemeiit  between  the  radial  fragments 
(as  explained  above)  which,  while  it  may  not  he  enough 
to  interfere  materially  with  the  function  of  the  limb,  still 
prevents  complete  supination.  Moreover,  the  shafts  of 
the  bones  are  most  widely  separated  in  the  position  of 
supination  and  hence  least  likely  to  unite  to  each  other. 

The  routine  iiractice.  therefore,  of  employing  heavy 
wooden  anterior  and  posterior  splints  (?'igs.  220S.  2209)  is 
most  commendable.  The  splints  run  from  the  elbow  to 
the  knuckles.  They  are  well  padded  and  botind  to  the  limb 
with  strips  of  adhesive  plaster,  the  boards  being  wide 
enough  to  jirevent  constriction.  A  small  roller  bandage 
elevaU'S  the  palm  of  the  hand  from  the  anterior  splint  and 
the  whole  is  encased  in  a  roller  bandage  and  supported  by 
a  sling  with  the  hand  supinated.  Abroad  sling  is  em- 
ployed reaching  from  elbow  to  hand.  If  the  hand  is  not 
sujiinated  care  nuist  be  taken  lest  the  sling,  by  support- 
ing one  end  of  the  limb  more  than  the  other,  cause  an 
angular  displacement  or  an  approximation  of  the  bohes 
to  each  other. 

If  the  limb  is  extensively  contused  or  becomes  markedly 
(ipdematous.  it  .should  be  treated  for  a  few  days  by  eleva- 
tion, hot  wet  dressings,  and  perhaps  multiple  incisions 
to  Jirevent  gangrene.  This  precaution  may  not  be  lightly 
disregarded  sini-e  the  muscles  of  the  forearm  may  t>e  re- 
duee<l  to  a  pulj),  although  the  skin  shows  scarcely  a  sign 
of  injury. 

Fiiieture»  of  the  Ijixrer  Enctn. — Piatt  tabulates 88 simple 
Colles'  fractures,  7  with  additional  fracture  of  the  lower 
end  of  the  vilna,  and  but  2  fractures  of  the  ulna  only. 
Resides  these  he  reports  (i  cases  of  epiphyseal  sei>aration 
of  both  bones.  :i(>  of  tin'  radius  only,  and  1  of  the  ulna 
alone.  All  of  these  varieties  are  clinically  reducible  to 
Cidles'  fracture.  ()iie  other  variety  there  is  of  fracture 
in  this  region,  the  so-called  Barton  and  reversed  Barton 
fractures.  This  condition  is  a  splintering  of  the  posterior 
or  anterior  edges  of  the  under  surface  of  the  lower  end 
of  the  radius  by  partial  dislocation  of  the  wrist  backwanl 
or  forward.  The  fnuture  isan  insignilicant  complicaticm 
of  the  dislocation  and  is  rare. 

I'olUx'  Fiiietiire. — "  Every  dislocation  of  the  wrist  is  a 
Colles'  fracture."    As  a  statement  this  is  false,  but  as 
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EXPLANATION    OF    PLATE    XXVI 1 1. 

Fig.  1. — FnictuR'  of  llic  shaft  nf  tlif  radius  al)ovi;  tlic;  iuserliun  of  tlit;  pronator  teres,  showing  out 
ward  rouition  of  the  upper  fragment  l)_v  the  biceps  and  sugge.sting  the  necessity  of  splinting  the 
forearm  in  full  supination. 

Fig.  2.  — Longitudinal  section  of  lowir  end  of  radius,  showing  old  unreduced  Colics'  fracture. 

Fig.  3.— Similar  specimen,  showing  less  displacement  but  more  impaction. 

Fig.  4. — Lateral  displacenient  in  Colles'  fraetiu'e.     Projection  of  the  ulnar  styloid  process. 

Fig.  5. — Diagranunatie  icpresentaliou  of  the  bone  lesion  in  Fig.  4. 

Fig.  6. — Coronal  section  through  the  elbow  joint,  showing  epiphyseal  development  of  the  capitel- 
lum.  the  internal  epicondyle.  and  the  liead  of  the  radius. 

Fig.  7. — Old  fracture  of  both  bones  of  the  forearm.     The  bones  arc  united  b}'  e.\uhenint  callus. 

Fig.  8. — Sagittal  section  of  the  ulna  of  a  child,  showing  the  epiphyseal  cartilage  in  which  the  bony 
nucleus  of  the  olecranon  appears  iluring  the  tenth  year. 

Fig.  9. — Coronal  section,  showing  the  epiphyses  at  the  lower  ends  of  the  bones  of  the  forearm. 

Fig.  10. — Obli(|ue  section,  showing  tibial  and  fibular  fractures  and  ovitward  dis])laccmcnt  in  Pott's 
fracture. 

Fig.  11. — Ankle  joint  laid  open  after  Pott's  fracture,  showing  points  of  fraeturi' and  tiliio  lil)ular 
diastasis. 
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FRACTURES. 

IMPORTANT  ANATOMICAL  AND  PATHOLOGICAL   FEfi^T URES -'from  HelfericliS  Alias  of  frncUircs  aad  Dhiocaiio.f 


KKFKHK.NCi:    llAMtltoi  iK    <iF    rui;    MKDlc.M,  SCIKNC'ES. 


I'riif-ivirfa, 
I'ritcliirt-*. 


a  piiini  of  view    It  will  siivi-  tli(>  Riirp'oii  from  riiiiny  iin 
t'rri)r.     No  fmctiin-  of  any  Niiiv'li'  lioiu'  Is  ho  fri'i|iiciil 
The  cause  i>r  tlii'  fnirtiin-  is  usually  a  fall  u|ioii  the  palm 
of  tlic  liaiiii      'I'lic  liivvcri'iicl  of  (licnidius  Is  broki'ii  more 


U-rior  Hurfaci-  aw  for  fmrlurcHof  the  Nlmft  (Klj;.  22<»Hi. 
This  may  In-  rciiifoictil  by  a  cuff  maalc  of  wvcral  turns 
of  aillii'sivf  plaster  aliout  llie  wrist.  The  t)h;.'erN  an- 
lilieniii  <l  at  III.-  eiKl  of  a  weok,»  and  all  Nplintu  c-xccpl  Ibc 
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or  less  directly  across  within  tlirccfourlhs  of  an  inch  of 
its  articular  surfai'c.  In  the  youiiu  the  line  of  fnii-ture 
often  runs  tliri)Ui;li  the  epiphyseal  cartilaL'e  (I'"i>r.  2-Iil)- 
The  lower  fniirmeiil  may  In-  ciisplaecil  liiickward.  hut  is 
commonly  oidy  tilted  in  that  direction  (I'lale  XXVIII. 
Fi^.  9).  It  is  comnnnuted  as  a  rule  and  tirndy  impacted 
against  the  upper  frsi^'ment.  The  styloid  process  or 
lower  end  of  the  ulna  is  rarely  broken  simultaneously.* 
The  lalcnil  liiiainents  of  the  joint  are  sometimes  torn. 
The  periosteum  is  stripped  tip  from  the  posterior  surface 
of  till'  radius  and  the  excessive  callus  proiluccd  tinder  it 
in  old  unreduced  cases  produces  the  excessive  prolidicr- 
aiice  seen  in  patholosrical  specimens  (Plate  XXVIII., 
Fijts.  a  and  3). 

The  bones  of  the  carpus  are  carried  backward  by  the 
liltinj;  of  the  lower  fmirment,  thus  causing  the  characte- 
ristic "silver-fork  ''  deformity,  a  projection  of  the  back  of 
the  wrist  with  a  corresponding  depression  anteriorly, 
very  aptlv  compared  to  the  curve  of  a  fork  (Fig.  -i-(l). 
The  hand  is  usually  somewhat  aliilucted  through  the 
shortening  of  its  radial  attachments  (Plate  XXVIII., 
Figs.  4  and  5).  A  more  r<-liable  sign  of  Colics'  fracture 
and  one  which  is  never  obscured  (the  above-mentioned 
deformity  is  often  obscured  by  excessive  swelling)  is  the 
elevation  of  the  styloid  processof  the  radius  as  compared 
with  that  of  the  ojiposite  side.  The  styloid  processof 
the  radius,  instead  of  being  a  (puirler  of  an  inch  or  so 
below  the  tip  of  the  ulnar  styloid,  has  risen  to  the  same 
level  or  above  it.  The  ulnar  stvloid  is  usuailv  iiromi- 
nent  (Plate  XXVIII.,  Fig.  4).  There  is  a  line  of  ten- 
derness over  the  back  of  the  radius.  Crepitus  and  ab- 
normal mobility  cannot  commonly  be  elicited  until  after 
the  fracture  has  been  reduced. 

The  treatment  of  Colics'  fracture  issimple.  Reduction 
is  all  important.  It  is  accomplished  by  grasping  the 
hand  linidy  as  though  to  "shake  hands."  At  the  same 
time  the  surgeon  grasps  the  jiatienl's  forearm  just  above 
the  wrist,  placing  histhumb  over  the  displaced  fragment. 
The  patient's  hand  is  ther.  drawn  gently  backward  until 
be  complains  of  pain.  Inunediately  it  is  forced  sharply 
backward  before  he  has  time  to  resist  and  then  drawn 
downward  and  sharply  flexed  while  the  fragment  is 
simultaneously  ])uslied  downward  by  the  thumb  u]ion  it. 
These  motions  perfonue<I  rapidly  and  forcibly  will  usu- 
ally dislixlge  the  fnignu-iit,  a  result  announce<l  by  the 
dituinution  of  the  deformity  aial  the  appearance  of  ab 
normal  mobility  (and  crepitus)  where  before  the  mobility 
was  restricted.  This  methoil  failing,  the  forearm  may 
be  placed  on  a  table,  the  hand  rapidly  forced  to  and  fro 
while  the  wrist  is  held  firmly  at  the  edge  of  the  table  and 
the  fr:igim>nt  is  pres,scd  upon.  Primary  auwsthesia  may 
be  employed  in  rebellious  ca.ses. 

The  frjHtureonce  reduced  is  easily  held  in  place.  The 
usual  dressing  is  a  thin  padded  hoard  along  the  back  of 
the  forearm  to  the  knuckles  and  another  along  the  an- 

•  FIiinrr>sonpy  sh'tws  that  tlie  ulnar  slylnlil  is  broken  more  often 
than  IS  usually  r.insiiliTeil  lo  Iw  ilie  cast'.  I>r.  K.  A.  indnian  iluiius 
Uuil  tlie  ulnar  sljiolil  is  bniken  In  at  lea.si  sl.xlv-twn  |mt  rent.  ..f  rnsi  s. 


a<lhesive  plaster  ciifT  removed  within  three  weeks.  An 
anterioror  posterior  moulded  plastersplint  i.Hii  convenient 
dressing  after  the  tirst  week. 

If  this  iiK'thoil  of  treatment  is  followed  the  bad  results 
will  be  minimized.  Shortening  on  the  radial  side  is 
bound  to  persist  in  some  ca.ses  of  cjiiphyseolysis  and  in 
others  in  which  the  compression  of  the  bone  has  been 
such  as  materially  to  reduce  the  size  of  the  fnigments. 
As  a  result  of  tiiis.  the  ulnar  styloid  remains  uniluly 
prominent.  In  the  inidille-aged,  rheiimaticcompliaitioiis 
may  be  looked  for.  The  best  way  to  avert  them  is  to 
employ  daily  ma.ssiige  from  the  start  and  passive  motion 
as  soon  as  |)ossible.  Yet  the  most  intelligent  treatment 
often  fails  in  this  regard:  though  it  is  almost  impossible 
to  persuade  the  patient  that  the  surgeon's  efforts  an^  not 
to  blame  for  the  long  mouths  of  suffering  following  .so 
.slight  a  fiticture. 

Keversed  Colics'  fracture  is  extremely  rare.  The  im- 
paction and  displacement  are  directed  toward  the  ))alinar 
insteail  of  toward  the  dorsal  surface. 

Fmcliirei  nf  the  VarpiiK. — In  compound  fractures  the 
fragments  are  to  be  reduced  or  removed.  Simple  frac- 
tures are  most  unusual  ami  a  diagnosis  can  scarcely  be 
made  without  the  help  of  .r  rays. 

Mitin-driml  Ffdctiires. — The  displacement  is  usually 
angular  backward,  and  slight.  The  fracture  is  readily 
recognized.  The  fist  inay  be  bound  over  a  roller  band- 
age for  three  weeks  and  after  that  a  simple  dorsjil  pad 
and  spica employed.  Beck's  splint  I  have  found  service- 
able It  is  made  of  short  pieccsof  rubber  tubing  pre.s.sed 
into  the  spaces  between  the  metacarpal  lionesaud  held  in 
place  by  two  adhesive  plaster  straps,  one  just  above  the 
knuckles,  the  other  near  the  mist.  The  hand  is  then 
bound  over  a  roller  bandage 

"  IJeimet's  fracture  "  is  the  splittingoff  of  a  small  frag- 
ment from  the  palmar  surface  of  the  base  of  the  first 
metacarpal  bone.  The  backward  displacement  of  the 
•mainder    of    the   bone    siiuuhiles    subluxation.      The 


Colles'  Fracture,  SUver-fork  Deformity. 


thumb  cannot  be  apposed  to  the  index  finger.  It  is  to 
be  immobilized  in  full  abduction.  Similar  fracturt-s 
occur  in  the  other  metacarpal  bones:  they  are  discovered 
by  pressure  upon  the  end  of  the  h—--  ■  '•  iting  tenderness 
at  the  point  of  fracture. 

•II  is  esseDlinl  lollherate  the  lingers  ai  iljcearli.-si  possthle  moment, 
for  they  are  verv  quick  to  l>eo"nie  stillened.  e!.|>e<-(ally  If  Iminobillzed 
in  exipnsiou,  and  slow  lo  regain  their  full  range  I'f  motion. 
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Phalangeal  Fractures  are  often  compouiul.  Simpli" 
fmctun-s  may  bu  iinmoliilizcd  by  basswooil  splints  or  a 
plaster  cuiasemfiit.  prefcralily  in  a  position  of  llcxion. 
After  till'  tirst  two  wccUs  siviral  thicknesses  of  aiiliesive 
plaster  sulViee.  C'niiipouinl  fnutures  are,  lunvever.  s|ie 
cially  liable  to  suppuration  anil  iiecrosisaiid  the  prolonjieil 
splinting  usiuilly  results  in  one  or  more  slilT  joints.  In 
such  eases,  therefore,  it  is  often  well  to  amputate  iu  the 
first  ])luce. 

KK.\cTruKs  oi-  Till-:  Fkmiu. — Indentations  of  the  head 
of  the  femur  by  impact  with  the  rim  of  the  acetabulum 
during  dislocations  have  no  clinical  signilicance. 

Friictiircs  »f  tin  y<i-k-  if  tin  Ftinur. — These  fractures 
occur  at  all  ages  by  direct  violence  or  by  a  fall  ujion  the 
knee  or  foot,  but  they  are  specially  eonunon  in  old  age 
when  they  may  result"  from  the  sligiitest  muscular  action, 
such  as  the  effort  to  avoid  a  fall  or  even  a  mere  sudden 
turn.  In  fact  so  marked  is  this  liability  in  the  aged  that 
every  injury  to  the  hip  of  an  old  person  should  be  con- 
sidei-ed  a  fracture  until  this  diagnosis  has  been  disproved. 
This  fre(|ueney  of  fracture  in  old  age  is  due  rather  to 
the  senile  rarefaction  of  the  bones  than  to  the  increased 
obli(|uity  of  the  angle  between  neck  and  shaft. 

P<itliiii<i(/!/ :  These  fra<tures  are  classilied  as  fractures 
through  tiie  narrow  part  of  the  neck  (fractmc  through 
the  neck,  intracapsular  fractures,  fractura  subcapitalis) 
and  fracture  at  the  base  of  the  neck  (extracapsular  frac- 
ture, fractura  inlertrochanterica).  In  the  former  class 
the  bone  is  broken  close  to  the  head.  The  vitalit)-  of  the 
frairnuMit  may  be  completely  lest,  but  more  frequently 
it  is  maintained  by  the  vessels  in  some  untorn  fragment 
of  the  periosteum" (the  vascular  importance  of  the  liga- 
meutum  teres  is  doubtful).  In  the  latter  class,  the  chief 
line  of  fracture  follows  the  intertrochanteric  lines.  There 
is  usually  considerable  conuuinution.  The  great  tro- 
chanter maybe  split  and  the  cancellous  tissue  of  the  neck 
is  more  or  less  crushed.  These  fractures,  though  usually 
spoken  of  as  extracapsular,  are  often  as  much  within 
tiie  capside  as  outside  of  it.  Tlicy  are  also  said  to  be 
impacted,  butthis  impaction  consistsof  a  crushing  ofthe 
ne<-k  of  the  bone  which  is  wedged  among  the  fragments 
about  the  trochanters,  while  true  impaction  in  the  sense 
of  fi.xation  is  not  common.  The  impaction  occurs  chiefly 
in  the  posterior  part  of  the  neck  (exceptionally  the  reverse 
is  true),  and  conse(|uently  the  head  rotates  downward 
an<l  backward  as  though  hingedupon  its  anterior  border. 
Hence  the  shortening  and  eversion  of  the  thigh. 

Si/i)ipl'ims  and  Diiigiiosim:  The  subjective  symptoms 
are  usually  quite  eharacteiistic.  There  is  almost  entire 
loss  of  function.  The  patient  can  bear  no  weight  on  the 
limb,  and  when  lying  can  move  it  but  slowly  and  can- 
not lift  the  foot  from  the  bed.  The  limb  lies  everted, 
abducted,  and  slightly  flexed.  Sometimes  the  ever.sion 
is  so  slight  that  it  can  be  determined  only  as  a  resistance 
to  inversion.  This  eversion  is  not  entirely  due  to  the 
fracture,  for  it  is  the  position  commonly  noted  iu  simple 
contusions.  About  the  hip  there  is  more  or  less  swell- 
ing, ecchyraosis,  and  pain.  There  may  be  an  especially 
tender  spot  in  front  of  the  trochanter  over  the  point  of 
fracture.     As  a  ride,  the  paiu  is  elicited  oidy  by  motion. 

Exceptionally  the  limb  is  inverted  and  very  rarely  the 
patient  can  move  it  with  a  fair  amount  of  freedom  and 
even  walk  upon  it. 

The  chief  olijeclive  si.gn  of  fracture  is  shortening. 
This  symptom  is  practically  constant,  although  it  may 
not  be  nuirked  until  some  days  have  elapsed.  The  method 
of  determining  the  shortening  has  already  been  described 
(p.  SoO),  as  well  as  the  miiuite  precautions  to  be  observed 
in  measuring  the  limbs  at  the  same  angle  of  flexion  and 
abduction.  The  jiossibility  of  a  congenital  difference  in 
the  length  of  thetwo  liiidis  is  the  only  thing  that  renders 
this  test  fallacious.  If.  however,  the  limb  can  be  proven 
to  be  dislinctly  shorter  on  the  second  or  thinl  day  than 
it  was  immediately  after  the  receipt  of  injury,  the  evi 
denee  is  conclusive. 

Shortening  is  also  measured  by  Nelaton's  line  or  Bry- 
ant's method  (which  estimate  the  elevation  of  the  tro- 
chanter), or  by  measurement  from  the  anterior  superior 


spine  of  the  ilium  to  the  internal  malleolus.  Xelaton's 
line  is  draw  n  from  the  anterior  superior  sitinc  to  the  tip 
of  the  ischial  tuberosity  on  the  same  side.  It  should  cross 
the  tip  of  the  trochanler  when  the  limb  is  uninjured  and 
slightly  abducted.  Ibyant  measures  the  distance  of  the 
ti])s  of  the  trochanter  from  a  jicrpendicular  dropped 
from  the  anterior  superior  spine  to  the  plane  on  which 
the  patient  lies.  The  estimation  in  eitlierea.se  is  made 
by  comjiarison  with  the  opposite  limb.  Shortening  may 
be  inferred  when  the  fascia  above  the  trochanter  is  more 
depressible  than  on  the  .soimd  side. 

A  relative  fulness  and  tenderness  in  Scarpa's  triangle 
is  another  fairly  constant  sign  of  fracture  of  the  neck. 
If  the  trochanter  is  sjilit,  its  increased  anteroposterior 
diameter  may  iicrhaps  be  made  out.  The  determination 
of  a  shorter  radius  of  rotation  in  the  trochanter  is  in 
the  last  degree  impractioible. 

Crepitus  should  never  be  sought  for,  though  it  may 
be  elicited  incidentally. 

Didiliiasig :  The  dilTerentiation  of  fractures  through  the 
small  |iart  of  the  neck  of  the  femur  from  those  at  the 
base  is  rarely  ]uaclical)le  and  never  important.  The  (  hicf 
ditTerential  point  iscomminution  of  the  trochanter  which 
so  often  accompanies  fractures  at  the  base  of  the  femoral 
ueck. 

When  the  fennir  is  broken  below  the  neck  there  is  a 
local  spot  of  pain  and  deformity,  the  depressibility  of 
Scarpa's  triangle  is  unalTectcd,  the  trochanter  is  not 
elevated  (thougli  the  liiub  is  sliorlencd)  and  does  not 
partake  of  rotation  imparted  to  the  limb.  When  the 
head  of  the  femur  is  ilislocated  it  is  readily  felt  if  the 
dislocation  is  forward:  and  the  limb  is  inverted,  when  it 
is  dislocated  backward.  Those  rare  instances  of  inward 
rotation  with  fracture  are  usually  mistaken  for  dislocation 
until  the  ana?sthctic  is  administered  for  reduction  when 
the  position  of  the  head  is  ma<le  out. 

As  to  the  ]iositive  diagnosis  of  fracture  of  the  neck  of 
the  femur,  it  is  based  upon  the  signs  and  symjitoms 
already  enumerated.  Doubtful  cases,  especially  in  the 
aged,  must  always  be  treated  as  fracture  until  the  lapse 
of  time  has  proven  them  mere  contusions.  The  progno- 
sis is  good  as  regarils  life,  though  the  shock  of  such  a 
severe  injury  upon  an  aged  person  may  prove  fatal, 
through  pneinnonia,  urtemia,  fat  embolism,  or  even  sim- 
ple "shock."  Stinison  s.iys:  "I  have  come  to  regard  the 
third  week  as  the  time  when  the  condition  is  most  likely 
to  change  for  the  worse;  that  passed,  cases  usuallv  do 
well." 

On  account  of  the  impaction  union  is  obtained  with 
shortening  and  some  loss  of  abduction  and  rotation. 
When  the  patient  is  aged  the  stillness,  pain,  and  weak- 
ness may  never  entirely  wear  away,  even  though  xmUm 
be  perfect. 

Finu  tmion  may  be  expected  except  in  the  aged.  Yet 
even  in  the  unsatisfactory  cases,  the  fibrous  union,  the 
interlocking  of  the  fragments,  or  surroiuuling  tissues  (it 
is  usually  imjiossible  to  tell  which)  hold  the  bone  well 
enough  in  jilace  for  the  limb  to  be  used  w  ith  the  aid  of  a 
cane  or  stick.  Such  restilts  follow  fracture  of  the  nar- 
row part  of  the  neck  far  more  often  than  fracture  at  the 
base.  The  possibility  of  obtaining  union  several  months 
after  the  injury  by  direct  pressure  over  the  trochanter 
(Schaffer)  should  not  be  lost  sight  of. 

Treatment:  If  the  patient  is  aged  and  inlirm  he  must 
be  put  to  bed  an<l  every  care  taken  for  his  comfort  and 
luitrition  while  but  little  attention  is  paid  to  the  limb, 
which  is  slung  in  a  Ilodgen's  splint,  with  as  much  trac- 
tion as  the  iiatienl  will  bear. 

In  younger  subjects  there  is  no  danger  to  life,  and  the 
limb  "demands  more  care.  Keduction  must  not  be  at- 
tempted. The  jiatient  is  kept  in  bed  and  some  form  of 
traction  ajiparatus  is  applied.  The  choice  lies  between 
Ilodgen's  splint  and  Buck's  extension  apparatus.  The 
former  is  the  more  comfortable,  the  latter  capable  of  ex- 
erting a  greater  pull. 

For  a  Hodgen's  si)lint  CP\g.  2221)  a  piece  of  adhesive 
plaster  three  inches  wide  and  lon.s  enough  to  reach  from 
the  upper  part  of  the  thigh,   loosely  around  the  foot 
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nnd  liiick  to  ii  corri'tiimiiiliii);  point  on  the  opptwlli?  sido 
of  till'  iliifrh.  Is  wlfcii'il.      Till'  iiiiiltlle  two-foiirtli8  of 


Fi(i.  2£1.— Hixigen's  Splint.    (From  Stlmsun's  wuik  ol  " Fnuluris,"  U:u  Urns.  A  Co.) 


tins  strip  is  foliled  twice  upon  itself  (luakini;  a  triple 
thickness),  iiud  nicked  so  as  to  allow  the  remainder  to 
lie  unfolded.  A  perforation  is  made 
at  the  centre  of  the  strip  and  against 
it  is  titled  a  stoiU  perforated  piece  of 
wood  two  inches  wide  \t\  live  inches 
long  ( Fig.  2222).  A  strong  cord  knot- 
ted at  one  end  is  passed  Ihrougli  the 
two  perforations.  A  llannel  liandage 
is  then  applied  to  the  leg  and  fool, 
and  the  ends  of  the  adhesive  strip  at- 
tached over  one-half  of  the  inner  and 
outer  aspects  of  the  thigh,  the  middle 
folded  portion  lying  Ijelow  and  aliout 
two  inches  away  from  the  .sole  of 
the  foot.  Another  bandage  over  the 
thigh  and  knee  strenglheiis  the  grip 
of  the  plaster.  The  fnune  of  the 
splint,  uiiholstered  with  compresses 
pinned  lightly  from  side  to  side,  is  then  slid  under  the 
linil).  and  the  luelal  half  hoop  ( (>)  tilled  over  the  ends 
to  prevent  them  from  collapsing.  The  cords  (jf^Ti' and 
L)  E)  arc  attache<l  as  shown  in  the  ligure  and  caught 
by  a  rope  (6')  which  is  at- 
tached lo  a  crane  at  the  foot 
of  the  bed.  The  cord  of  the 
adhesive  plaster  is  then  made 
fast  at  F  bringing  tlie  piece 
of  woixl  close  against  the  bot- 
tom piece  of  the  frame.  The 
cmniircsses  are  tiglilened  and 
loosiiK'd  to  lit  the  inequalities 

ELj  of  the  limb.  The  end  (C)  is 
;  drawn  tight  enough  lo  ele- 
vate the  limb  from  the  bed, 
its  line  of  traction  being  at 
an  angle  of  .50'  to  7U'  with 
the  horizon. 

For  Buck's  apparatus  (Fig. 
222;i)  the  adhesive  plaster 
and  bandages  are  applied  in 
the  same  manner.  I  lie  outer 
liandasre  being  made  lo  in- 
FKi.  : strip  of   Adh.-s^Te    ^.,„j^.  {|,p  footpiece  of  a  Volk- 


222-J),  which  resu  upon  ii  frame  in  the  Uil,  ihiiH  Riving 
more  play  to  the  fool,  and  holding  It  upright.  The  cord 
Irom  tin-  ailhesive  phihter  U  llien  let  over  u  inilley  iil  the 
foot  of  the  bed  and  ji  live-  or  ten-pound  weight  HUNpende<l 
from  it.  The  patient  mUHl  not  be  ulloweil  to  Kljrie  down 
in  bed.  Counter  traction  Is  made  by  elevating  the  fiMit 
of  the  beil  on  block.s  or  by  tving  the  patient  to  the  IieiuJ 
of  the  bed. 

The  object  of  lliesi'  Iractlon  splints  is  to  overcome  tliu 
action  of  the  strong  musi'ic-s  whiili  are  constuntly  pull- 
iiijj'  the  limb  upward  and  tending  to  increase  the  ghorl- 
ciung,  A  shorlcMing  of  oni'  ipiarler  of  an  Inch  may 
be  disregarde<l.  but  if  the  sliorlr  iiing  amounts  lo  haff 
an  inch  or  more  an  elTorl  should  be  ma<le  to  overcomo 
it  by  extra  traction.  This  is  done  in  the  Ilodgen's 
splint  by  lowering  tli<'  line  of  traction,  in  Buck's  ap- 
paratus by  adding  more  weights. 

Old  and  feeble  patients  should  bo 
gotten  up  in  a  chair  within  three 
weeks,  Others  may  be  in  bed  for 
the  full  si.\  weeks,  or  may  get  up 
at  I  he  end  of  four  weeks  and 
walk  about  in  a  tnictioii  hip  splint 
of  the  kind  used  for  hip  disi-ase. 
Pressure  made  by  a  band  over  the 
trochanter  may  be  benelicial  at 
this  stage. 

Operative  fixation  and  plaster  en- 
casement have  been  tried  and  re- 
jected. The  so-called  ambulatory 
treatment  h;is  but  a  tictitious  value. 
Those  who  can  use  it  (the  vigorous) 
ilo  not  need  it.  Those  who  would 
beneti  t  by  it  (the  aged)  are  too  feeble  and  tol  lering  to  use  it. 
Fractures  throuijh  the  trocluuitcr  are  treated   like  the 


Plii.sltT.  Sliapol  tnrUs 
teaslun  .\pparaliis. 


mauu's  sliding  foot  rest  (Fig. 


Fig.  2223.— Bucli's  F.xttnslon  Apparatus. 


above.  Fractures  of  the  greater  and  ksser  trochanters  are 
extremely  rare. 

Friietiires  of  the  Shaft. — These  are  usually  caused  by 
direct  violence.  The  line  of  fracture  luay  be  extremely 
oblii|ue  and  ennuiiinution  is  common.  There  nuiy  be 
considerable  displacement.  The  lower  fragment  rides 
up  behind  or  to  the  inner  side  of  the  upper  one,  produc- 
ing both  shortening  and  deformity,  tjubsequently  out- 
ward rotation  of  cither  fragment  will  occur  if  the  tro- 
chanter or  the  foot  is  not  properly  supported.  Injury 
lo  vessels  and  nerves  is  rare.  An  annoying  complication 
is  the  projection  of  the  pointed  end  of  the  upjier  frag- 
ment, when  the  fracture  occurs  in  the  lower  tliiid  of  the 
shaft,  into  or  even  through  the  quadriceps  extensor  mus- 
cles. An  acute  serous  synovitis  of  the  knee  is  not  un- 
common. 

The  shortening  is  determined  by- measurement  from  the 
anterior  superior  spine  of  the  ilium  to  the  internal  mal- 
leolus. The  differential  diagnosis  between  fracture  of 
the  shaft  and  fracture  of  the  neck  of  the  femur  has  been 
noted  above.  Abnormal  motility  and  crepitus  may  be 
elicited  by  gentle  manipulation.'  The  less  the  limb  is 
disturbed  the  better. 

The /»■«///'«/.«  is  gnive.  According  to  Martin's  recent 
statistics  of  one  hundred  cases,  as  a  rule  children  do  well. 
They  are  usually  comuletely  sound  five  months  after  in- 
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jury  and  the  sliorleiiing  should  be  U-ss  than  a  half  inch. 
With  udiills,  lidwcvcr.  it  is  (lifTcrciit.  The  disiiliilitv 
usviully  lusts  cijrlil  inonllis.  and  :iii  ulliinalc  sliuitciiiiif;  of 
ail  inch  and  a  halt  may  iisult  even  if  tlu'  iiidsl  skilful 
Iri'iiUiR-nt  is  ('iii|il(iyi(i.  This  is  in  part 
due  to  an  increased  shorteuiug  after  the 


FIG. 2234.— Volkiii..;iu., .  .lU- 
ing-resl. 


patient  leaves  the  hospital.  Fi- 
nally. Martin  elaiins  that  "not 
more  than  one  man  in  live  who 
has  sustained  a  simple  fraeture 
of  the  tliiirh  will  ever  again  be 
able-bodied.'' 

The  (reotinenl  most  in  vogue 
is  bj'  liiifk's  extdision  with  four 
to  si.x  short  basswood  "coapta- 
tion" splints  (Fig  223."))  bound 
to  the  limb  with  adhesive  plaster. 
Outward  rotation  of  the  iijiper  fragment  is  prevented 
by  a  small  hard  pillow  under  the  trochanter,  while  the 
lower  one  is  held  iil>  by  the  VoUctiitnui  Midinij J'nut  rest. 
A  weight  is  used  sutlicicnt  to  prevent  shortening. 

Hodgen's  splint  seems  preferable  for  very  high  or  low 
fractures,  in  the  former  ease  for  the  purpose  of  allowing 
slight  flexion  of  the  hip,  and  slight  outward  rotation  of 
the  foot  to  neutralize  the  unavoidable  outward  rotation 
of  the  short  upper  fragment;  in  the  latter  case  to  allow 
slight  flexion  of  the  knee  without  which  good  apposition 
cannot  be  maintained. 

Comfiound  fractures  may  be  treated  by  the  double  in- 
clined plane  or  an  anterior  suspended  splint,  or  Hodgen's 
splint. 

For  infanta  the  best  treatment  is  vertical  suspension 
of  both  limbs  by  adhesive  pla.ster.  etc..  as  for  IJuck's  ap- 
paratus, in  such  a  manner  that  the  hips  rest  but  lightly 
on  the  bed.  The  position  is  not  uncomfortable,  the  child 
can  be  kept  clean,  and  satisfactory  ininiobilizutioii  can  be 
maintained.  Childnn  do  well  under  Buck's  extension 
with  a  long  side  siiiiiit  added  (Fig.  2"3"2t))  niiiiiing  from 
the  chest  to  the  ankle  of  the  broken  limb.  A  coniiii<m 
oversight  is  the  omission  of  a  thick  pad  between  the 
femur  and  the  splint.  When  the  broken  limb  is  band- 
aged to  the  splint  without  such  a  pad  it  is  bowed  out- 
ward to  such  an  extent  as  to  produce  from  half  an  inch 
to  an  inch  of  shortening. 

Plaster-of  Paris  encasement  is  not  reliable  in  the  first 
■weeks.  Some  of  the  above-mentioned  traction  splints 
must  be  kept  on  for  five  or  six  weeks,  after  which  the 
patient  may  go  about  on  crutches  for  three  weeks  longer 

with  the  limb  in  a  plaster 
jacket  or  an  orlhopadic 
splint.  A  perfect  limb 
without  shortening  is  very 
rarely  obtained. 

Ditliculty  of  reduction 
when  a  muscle  is  ijierced 
by  one  of  the  fragments 
is  met  by  traction  with 
knee  and  hip  Hexed,  or,  if 
this  fail,  by  the  knife. 

Fractures  nf  the    Lotrer 

Kiul. — The  fractures  that 

occur  in  the  lower  end  of  the  femur  arc  separation  of  tlie 

epiphysis,  intercondylar   fracture,  iiiid   separation  of  a 

single  condyle.     The  last  is  very  uncommon. 

These  fractures  tire  caused  by  severe  local  violence  or 
torsion  or  hyperextension  of  ilie  knee.  The  eonimon 
complications  that  render  the  injury  .serious  are  lia'uiar 
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Fig.  2225.— Coaptation  Spllnta  used 
In  the  Treaimi'iu  of  Fnii-turi'  eX 
the  TlilKl)  hy  liuck's  Extension. 


throsis,  going  on  to  suppuration,  compound  fracture 
with  the  likelihood  of  a  .similar  result,  and  laceration  of 
the  popliteal  vessels  and  nerves. 

The  fiactiiie  may  be  obscured  by  effusion  into  the 
knee  joint,  but  the  diagno.sis  is  readily  reached  by  in- 
spection and  palpation 

If  only  one  condyle  is  fractured  the  knee  must  be  im- 
moliilized  in  extension,  preferably  on  a  posterior  moulded 
splint  When  there  is  intercondylar  fracture  orepiphy- 
seolysis.  the  knee  must  be-  immobilized  in  partial  llexion 
over  a  Hodgen's  splint  or  a  double  inclined  plane.  The 
former  apparatus  is  the  more  comfortable.  Very  little 
traction  is  nee(le<I. 

The  complications  must  be  treated  vigorously.  When 
the  knee  joint  is  laid  open  by  a  compound  fraiture  it 
should  be  treated  by  continuous  irrigation  with  dccinormal 
salt  solution  forat  least  twenty-four  hours.  The  iiojiliteal 
vessels  may  be  so  lacerated  as  to  rei|uire  amputation  lest 
gangrene  set  in.  A  luematoina  of  the  knee  joint  is  best 
treated  by  elastic  pressure,  and  if  this  prove  useless,  by 
evacuation  of  the  blood  clots  through  a  small  incision. 
This  should  never  be  undertaken  without  the  most  mi- 
nute antiseptic  precautions,  for  infection  of  the  joint 
from  this  or  any  other  cause  threatens  at  least  a  stiff  joint, 
at  most  amputation  or  death. 

Fr.\ctui!f.  of  tub  Patf.lla. — Fracture  of  the  patella 
occurs  commonly  in  young  adult  males.  It  is  caused  by 
the  muscular  action  of  the  ((uadriceps  extensor,  in  stum- 
bling, jumjiiug,  etc.  The  line  of  fracture  is  generallj' 
transverse  and  near  the  middle  of  the  bone,  though  it 
may  be  but  an  avulsion  of  cither  tip.  Less  frequently 
the  bone  is  broken  by  direct  violence. 

A  sharp  pain  in  the  knee  and  an  immediate  complete 
loss  of  function  call  attention  to  the  injury.  If  the  joint 
is  examined  immediately  the  upper  fragment  is  found 
drawn  upward  a  half  iiu  li  or  so  by  the  quadriceps,  leav- 


FiG,  22a).— Long  Side  Splint,  wllli  Traction. 

ing  a  manifest  gap  between  the  fragments.  The  joint 
rapidly  tills  with  blood  und  thisadds  to  the  dis]ilacement, 
which  is.  however,  limited  by  the  lateral  attachments  of 
the  ((uadriccps  tendon.  If  the  displacement  is  not  rem- 
edied, the  slow  contraction  of  the  muscle,  and  in  a  less 
degree  that  of  the  ligamenlum  patelhc,  draw  the  frag- 
ments farther  and  farther  ajiait  until  they  are  separated 
by  several  inches.  There  may  be  fibrous  union  even  in 
such  a  case,  yet  in  siute  of  this  the  power  of  extension 
is  very  greatly  imjiaired  or  lost  entirely.  Lateral  and 
rotary  displaceiuciit  are  unusual,  but  may  occur  as  late 
restilts  of  contraction  in  the  tissues. 

The  only  accessory  hsions  are  the  transverse  tears  in 
each  side  of  the  cajisule.  The  periosteum  in  front  of 
the  bone  is  torn  irregularly  so  that  its  fringes  drop  be- 
tween the  fragments.     Compound  fracture  is  very  rare. 

The  symptoms  are  iviiii  and  loss  of  extension.  The 
diagnosis  is  made  by  |)alpatiiig  the  broken  bone  and  ap- 
preciating the  gap  betwi'cn  the  fragments. 

The  treatment  of  this  fracture  by  the  usual  mechanical 
methods  has  necessitated  so  |iiolonged  a  convalescence 
and  exposeil  the  patient  to  such  unfortunat<'  results  (re- 
fracture,  permanent  stilTeiiiiig.  and  loss  of  the  power  of 
extension)  that  operative  measures  have  been  welcomed 
by  many  surgeons  of  large  experience.  It  does  not  ap- 
pear, however,  that  operative  success  les.sens  the  liability 
to   refraclure,  and   although   it   shortens  convalescence 
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tiinti-rinlty.  iiisiircti  n  full  power  of  cxtcnglon,  iiiid  iiiiiil- 

niizcs  till-  |>r(>s|HMe  of  Niilfi'iiiii;:.  ytt  npcnillvr  fiiiliirc 

Wllicll   i'<  itlfl't-doll.  ('\|>IIS<'S   III)'  IHlliflll    lo  till-  loSM  l}(  lilllll 

or  life,  or  111  Icii-l  lo  iiii  iilisoliilrly  slilT  joiiil  For  I  lie 
kiii'r  joint  siieiMiiiili^  to  iiircction  iiiori'  miilily  lliiiii.  oriit 
Iciisl  UK  ri'iiilily  as.  any  otliir  rr^Hon  In  tli<'  IxHly  Ii  is 
fur  niorr  snscrplilili'  lliaii  tin-  prritoncuni.  ami  ilir  infrc 
lion  oiiri'  lit'gun  iii|iiilly  involves  the  wliolr  joint  unci  ini 
p<-iil-  lllr. 

Wliili' it  is  inipmi'ticalilc  to  ilrliiil  lien- the  opcnilivi' 
8ii('<-<'s.H(-H  anil  failiiri'S.or  lo  siilisiaiitialc  an  opinion  upon 
wllicll  soiiikI  Kiir^icul  jiulirnunl.sarr  slill  so  nuicli  at  vari- 
uiicf,  a  miKlcnito  series  of  coneliislons  iimy  be  set 
«lown. 

1  In  llic  iil>s<'nee  of  n  wide  siirpical  experience  and  nil 
tlica-eplic  siii'roiiiuliiijL's.  assislaiils  and  inipleincnls,  tlic 
jrcnrial  pnict it ioiuT or  I  lie  occasional  siir;.'con  must  accc'pt 
incclianicul  trcatincnl  with  all  its  ineonvciiienee. 

2.  'rill'  surircon  who  feels  liiinself  sullicienlly  well 
c(|iiipped  to  venture  opeiiition  slioulil  hear  in  iniliil  Mie 
liiilliesi  rule  of  asepsis.  "  He  sure  your  hands  are  ihor- 
ouirhly  clean,  and  act  as  llioiijrli  they  were  ulisolulely 
<lirly."  wllicll  is  lo  say.  "Keep  them  from  all  contact 
with  the  WDund."  Hiililier  irloves  should  lie  perniitled 
•o  liiid  no  falsi'  s<'iise  of  .security. 

!?  Such  compromisiiii;  measures  ns  the  subcutaneous 
suture,  or  the  use  of  Mal<rai.i;ni''s  hooks,  may  well  lie 
more  risky  than  a  clean  surjrieal  wound  made  with  no 
false  sense  of  .security,  while  they  do  not  afford  Ihe  three 
chief  advanta.ires  of  an  open  openilion.  viz. :  the  removal 
of  all  impedimeuls  to  union,  the  evacuation  of  clots  from 
the  joint,  and  accunile  apposilion  of  the  rraL'meiits. 

Mtfliiiiiiiiil  Imifiiii lit  is  usually  ap|<lii'd  somewhat  as 
follows:  the  liinli  is  iminoliili/'ed  on  a  poslerior  moulded 
Slilint  passins  from  the  Iocs  to  the  irluleal  fold  and  main- 
tainiiiij  the  foot  at  a  riL'lit  an.u'le  and  the  knee  extended 
(if  n  hoard  splint  is  tised  the  foot  must  not  he  allowed  to 
droop).  ITidinir  the  frasmenls  in  a  plaster  encasement 
is  a  risky  pri>ceilure.  The  linil)  is  tirnily  houiul  to  this 
with  a  roller  hnndaire.  after  which  the  fragments  are 
approximated  as  well  as  may  he  hy  direct  pressure  and 
held  in  place  hy  sevenil  strips  of  adhesive  plaster,  eiicir- 
eliii;;  the  limh  and  splint  olilii|Uely.  Over  all  a  light 
(Martin)  rulihcr  handaire  is  ap|>lii'il  to  hasten  the  absorp- 
tion of  Ihe  blood  dislendiii!:  Ihe  joint.  The  rubber  ban- 
dage docs  its  work  within  a  week  (daily  massage  may 
aiii),  after  which  it  is  disiienscd  with.  As  the  patient 
lies  in  bed  the  rectus  muscle  is  relaxed  by  keeping  the 
foot  elevated  and  thus  flexing  the  hip.  This  splint  is 
retained  for  tive  or  six  weeks,  splint,  plaster,  and  ban- 
dages being  renewed  as  often  as  neces.sjiry.  An  interval 
of  more  than  a  (|uaitcr  of  an  inch  between  the  fragments 
should  be  considered  iinsjilisfactorv.  For  the  second 
month  a  hip  splint  and  daily  nias.sage  are  employed  (or  a 
plaster  encasement  for  less  opulent  patients),  the  patient 
being  up  and  about.  After  this  the  patient  is  allowed  to 
go  free,  hut  is  warned  to  begin  exercising  gradually  and 
to  be  especially  careful  about  stooping,  going  up  and 
down  stairs,  and  such  other  motions  as  involve  bending 
the  knee.  This  period  of  convalescence  requires  from 
one  to  four  months  longer. 

0)H-rii1ire  Truilmeiit.— For  the  reasons  already  given  I 
shall  describe  only  one  operation.  A  vertical  or  U- 
sliaped  incision  is  used,  according  to  the  fancy  of  the  ope- 
rator. The  fracture  is  laid  bare  and  while  the  fragments 
are  retracted  the  joint  is  copiously  Hushed  with  warm  sjdt 
solution  until  all  clots  have  been  washed  away.  The 
ragged  fringe  of  periosti  iim  is  clipped  from  the  eilges  of 
the  fragments,  after  w  hiih  they  are  approxiinaled  and 
held  together  by  a  periosteal  suture  of  catgut  or  kangaroo 
tendon.  The  rents  in  the  latersd  expansions  may  be  simi- 
larly caught  ui<  and  the  whole  reinforced  by  a  circular 
catgut  suture  uniting  the  iiuadrieeps  tendon  to  the  liga- 
meutiim  ])atell;e.  the  strands  to  lie  at  each  siile  or  in 
front  of  the  patella.  This  last  suture  is  rarely  neces- 
sary. During  all  these  manipulations  no  finger  should 
touch  the  tissties.  The  skin  is  sutured  with  silk  and  the 
limb  is  bound  to  a   posterior  splint       A  week   later   the 


Hilk  siitiireg  are  removed  unci  n  plmiier  enenwinenl  It  up 
plied  A  week  after  tliiN  the  patient  gi^-s  alHiiil  on 
crutches  and  so  continueH  iinlil  the  end  of  ihe  llfih  week. 
Aftertliis  the  splint,  preferably  a  hip  spllnl,  In  wiini  only 
by  day  and  as  soon  iis  free  llexion  is  obtaiimhle,  during 
the  third  month,  the  splint  is  disearileil  ullogellier;  by 
that  lime  convalescence  is  complete. 

Uoiiy  union  is  expected  after  openitive  treulmeiit, 
tihrous  union  with  an  ultiiniite  separalion  varving  froni 
a  iiuarter  of  an  inch  to  an  inch  ufler  niei  l.jojii  r!  lo.inn. 
Yet  even  in  the  former  case  there  is  usual!  ir  of 

Ihe  anterior  edges  of  the  fragments,  luid  h'  uiay 

failaflerall.  In  either  ca.se  restricted  molilin  Jm.iFc.s  due 
to  loss  of  power.  Inileeil  the  i|Uailriceps  extensor  adaplH 
itsi'lf  lo  very  wiile  separations.  When  some  stillniss 
persists  in  the  joinl.  as  is  often  the  ca.se  after  meiliaiiii  al 
treatnient-and  less  frei|Uently  after  t he  operative  mi  i hods, 
it  is  due  eilher  lo  orL'aiiized  IiIikmI  clot  wilhin  the  joint, 
to  prolonged  immohilizalion.  or  to  such  a  lengthening  of 
the  patella  as  to  i)revent  its  slipping  smoothly  over  the 
condyles.  Chopart.  whoadvanced  the  last  theory,  excis<'d 
the  upper  fragment  in  one  case  wilh  marked  benefit  to 
the  patii'iil.  The  frei|uent  practical  failure  of  secondary 
operations  which  seek  to  remedy  ilisjihility  by  approxi- 
mating the  fragments  makes  a  Held  for  this  opinilion. 
Slight  disiibility.  however,  had  best  be  borne  as  a  neces- 
.sary  evil.  Kefraclure  may  lie  treated  by  suture  or  by 
splint.  Frailures  by  direct  violence  are  usually  asso- 
ciated with  lillle  or  no  laceration  of  the  capsule.  Hence 
there  is  no  displacement  and  no  o|ieration  is  needed. 

Fit.\CTii(Ks  OK  Till;  Tim.v  ami  Fimi,.v. — Fnictiirnn  of 
the  I'lijier  EikIk. — The.se  fractures  are  rare.  They  may 
invoTve  the  joint  causing  haniarthrosis.  may  rupture  the 
vessels,  and  ari'  not  infrei|Uently  conuiiinuted.  Avulsion 
of  the  spine  of  the  tibia  is  a  complication  of  dislocation. 
Avulsion  of  the  tidjercle  is  an  extremely  rare  result  of  the 
muscular  action  of  the  (juadrieeps  extensor.  Epi|ihy- 
seid  separation  at  this  site  has  no  peculiar  features. 

Fractiircn  nf  the  i>/uiftii. — These  occur  commonly  at  the 
junction  of  the  lower  and  middle  thirds  The  libula  is 
usually  hioken  at  a  higher  level  than  the  tibia.  The 
fracture  of  the  tibia  is  often  V  shaped  and  from  the 
point  of  the  V  a  fissure  may  descend  to  the  ankle  joint. 
.Moreover,  muscular  contraction  usually  displaces  the 
lower  fragment  backward  and  the  sharp  point  of  the  up- 
per fragment  is  likely  to  ])ierce  the  skin  either  at  the 
lime  of  accident  or  subseiiuenlly. 

The  fracture  of  the  tibia  is  readily  determined  by  pal- 
pation. The  tibuiar  fracture  may  be  neglected  unless  it 
occurs  alone  (by  direct  violence),  in  which  ca.se  pressure 
along  the  bone  elicits  a  point  of  tenderness,  and  this  same 
tender  spot  is  disturbed  by  pressure  over  the  shaft  of  the 
bone  some  distance  away. 

7'irtitiiieiit :  Keduction  is  readily  accomplished  with 
the  knee  flexed  to  a  right  angle  to  relax  the  muscles.  If 
the  tendency  to  displacement  is  slight  the  leg  is  placed 
in  a  Volkmann  splint  (Fig.  2212)  or  fracture  box  (Fig. 
2211)  for  a  few  days  until  the  primary  reaction  has  sub- 
sided, and  then  later  is  ))ut  up  in  a  iilaster  encasement, 
or  the  advantages  of  Ihe  two  s|)lints  may  be  combined  in 
a  po.sterior  moulded  splint  running  from  the  knee  to  Ihe 
toes  or  terminating  below  in  two  broad  flaps,  which 
overlap  over  the  doi-sum  of  the  foot.  The  Cabot  wire 
frame  employed  by  .Scudder  also  commends  itself.  Union 
may  be  expected  at  the  end  of  six  weeks  in  simple  ca.se*. 
but  if  there  is  much  comminution  it  may  be  considerably 
delayed.  Such  cases  as  well  as  all  others  in  which  the 
circulation  of  Ihe  limb  is  poor  are  benefited  by  elevation 
and  daily  massjige  of  the  injured  member,  though  as 
routine  practice  it  is  best  to  get  the  patient  out  of  bed 
during  Ihe  first  week.  Otherwise  several  extra  weeks 
w  ill  be  ref|uired  tooverconie  the  oedema  and  stiffness  felt 
on  first  using  the  limb. 

A  marked  tendency  to  displacement  may  be  overcoine 
fairly  well  by  traction  applied  to  the  ankle.  Operative 
fixation  is,  however,  more  generally  employed.  Ambu- 
latory treatment  has  been  considered  elsewhere.  A  com- 
pound comminuted  fracture  often  takes  months  to  heal. 
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Frnctiiivt  of  the  Luircr  Emh. — Stpiiralion  of  the  lihiiil 
ciiiphiiniK  is  caiisi'il  by  I'vcrsioii  or  iiivcrsi4iii  of  ilic  fool. 
Till-  line  of  fnicluri'  runs  well  iil)ov<'  llie  iirliciiliir  surface. 
Till'  fool  is  lo  111'  iinnioliilizcd  in  such  a  position  as  lo  re- 
tain llie  frajrmciK  in  place.  Union  may  lie  followiil  liy 
cessalion  of  growlli  in  the  liliia  and  inversion  of  the  foot 
from  overgroHlli  of  the  lilmla. 

Siijinii/Killfoliir  fractures  usually  show  the  same  feat- 
ures as  epiphyseal  separation,  lint  if  there  is  extensive 
comminution  there  is  tiie  aihled  danger  of  a  stilT  ankle. 

The  fibular  epiphysis  is  often  separated  in  Pott's 
fracture. 

Putt's  Friirtnrc. — This  is  by  far  the  commonest  fracture 
of  this  reirion.  It  isM<  injury  of  the  ankle  ipiile  as  Colics 
frucluie  is  the  injury  of  the  wrist,  and  yet  the  rational 
principles  upon  which  the  Ircalmcnt  of  this  fracture 
must  be  based  arc  iiimnionly  misunderstood,  and  Pott's 
fracture  is  casually  spoken  of  as  an  injury  from  which  a 
perfect  recovery  is  not  to  be  expected.  On  the  contrary, 
it  has  been  my  exiiericucc  that  a  .good  result  may  and 
should  he  expected,  and  will  be  obtained  by  appropriate 
treatment. 

Pott's  fracture  is  caused  by  indirect  violence,  a  twist 
of  the  foot.  The  twist  is  outward,  causing  a  "  fracture 
by  eversion  and  abduction."  Inversion  and  adduction 
cause  a  simple  "  malleolar  fracture  "  (see  below). 

The  lesions  of  Pott's  fracture  (Plate  XXVIII.,  Figs.  10 
and  11)  are:  (1)  fracture  of  the  intirnal  malleolus  or  rup- 
ture of  the  iiilcrnal  lateral  ligament;  (2)  diastasis  of  the 
tibio  fibular  joint  caused  by  the  rupture  of  the  tibio-fibular 
ligament  with  pcrliajis  avulsion  of  the  adjoining  bone; 
(3)  fracture  or  epiphyseal  .separation  of  the  externa!  mal- 
leolus: and  (4)  an  outward  and  backward  displaccrticnt 
of  the  foot.  This  dis])laccmcnt  is  due  to  the  tibiofibular 
diastasis,  which  allows  the  powerful  teudo  Achillis  to 
draw  the  foot  backward  while  the  lack  of  support  on 
each  side  allows  the  jieroneal  muscles  to  hold  the  foot  in 
the  iiosition  of  eversion  and  outward  displacement  into 
which  it  has  been  forced.  Compound  fracture,  which  is 
rare,  is  usually  the  result  of  excessive  or  prolonged  vio- 
lence, which  forces  the  internal  malleolus  through  the 
ten.se  skin  of  the  inner  side  of  the  aukle  while  the  foot  is 
held  abducted.  The  fragment  of  the  internal  malleolus 
ina.v  be  so  rotated  as  to  reinnre  operative  reposition. 

The  symptoms  of  Pott's  fracture  vary  between  the 
limits  of  acute  continuous  pain  with  entire  disability  and 
a  mere  aching  and  .soreness  without  any  great  loss  of 
function  during  the  first  hours  after  injury.  The  phys- 
ical signs  arc.  however,  constant  and  definite.  There  is 
more  or  less  contusion  about  the  ankle,  and  in  many  cases 
the  outward  (Plate  XXVIII.,  Fig.  Id)  and  backward  dis- 
placement of  the  foot  is  so  marked  that  the  nature  of  the 
injury  is  manifest.  There  are,  moreover,  several  path- 
ognomonic signs.  Three  points  of  tenderness  are  always 
present :  one  over  the  line  of  fi-acturc  of  the  internal  mal- 
leolus, usually  near  the  tiji;  a  second  over  the  fracture  of 
the  fibula,  iLsually  at  the  junction  of  the  shaft  and  mal- 
leolus; and  a  third  in  front  of  the  ankle  between  the 
bones  of  the  leg  marking  the  site  of  the  ruptured  tibio- 
fibular ligament.  Another  characteristic  sign  is  lateral 
moliility  in  the  ankle  joint.  This  is  elicited  by  grasping 
the  foot  firmly  with  one  hand  (the  palm  of  the  hanil  be- 
neath the  sole,  the  thumb  under  one  malleolus,  and  the 
fingers  luidcr  the  othi'r)  and  moving  it  bodily  from  side 
to  side,  while  the  leg  is  steadied  by  the  surgeon's  other 
hand.  If  there  is  lateral  mobility  liie  astragalus  may  bi' 
felt  to  glide  smoothly  from  side  to  side,  and  may  usually 
be  brought  up  against  one  or  other  malleolus  w"ith  a  (lis 
tinct  click.  Abnormal  forward  and  backward  mobility 
may  also  be  elicited.  It  may  be  impossible  to  )iroduce 
crepitus.  E.xtension  and  tlexion  of  the  ankle  is  painful, 
but  upward  pressure  on  the  heel  is  not. 

I'lrnlnniit.— The  tia<kward  dis])lacemcnt  and  eversion 
are  overcome  by  drawing  the  foot  forward  and  inverting 
it  sharply.  Comparison  with  the  .sound  limb  will  readily 
determine  whether  the  backward  displacement  has  been 
corrected;  tiie  eversion  should,  however,  be  overcor- 
rccted,  for  while  there  is  no  danger  of  the  foot  becoming 


fi.xcd  in  abnormal  inversion,  hyperin version  pulls  the 
fibular  fnigmcnt  downward  and  inward  into  place  and  at 
the  same  time  leaves  no  possibility  of  any  permanent 
eversion.  The  foot  must  be  kept  at  a  right  angle  with 
the  leg. 

In  s]dinling  care  must  be  taken  to  maintain  the  re- 
duction inward  and  forward  and  at  the  same  time  to 
prevent  a  drooping  of  the  foot  from  traction  by  the 
tendo  Achillis.  Stimson's  posterior  and  lateral  plaster 
splints  are  admirably  suited  to  this  purpose.  The  pos- 
terior splint  runs  from  just  below  and  behind  the  knee 
down  over  calf,  ankle,  heel  and  sole,  to  the  toes.  The 
lateral  "stirrup"  splint  begins  just  below  the  heail  of  the 
fibula,  and  runs  down  the  outer  side  of  the  leg,  over  the 
sole  of  the  foot  (and  the  posterior  splint)  and  around  to 
the  outer  side  of  the  dorsum  of  the  foot.  The  foot  is 
held  in  proper  positifni  while  the  splints  are  applied. 
This  apparatus  is  more  secure  than  wooden  splints  and 
allows  inspection  and  correction  of  the  deformity  better 
than  the  familiar  plaster  encasement.  The  patient  should 
be  ke]it  in  bed  a  few  days  with  the  leg  elevated  on  pillows. 
He  may  be  allowed  about  as  soon  as  the  primary  n-action 
has  subsided  (at  which  time  a  new  splint  is  usually  re- 
quired). If  the  splints  are  not  sufficiently  strong  or  are 
loosely  apjilicd,  the  foot  will  sjig.  This  is  not  likely  to 
occur  before  the  second  week,  when  the  splints  have  be- 
gun to  wear  out.  The  tendency  is  overcome  by  apply- 
ing a  new  moulded  splint,  or  an  orthopa;dic  sjtlint  made 
with  a  movable  foot-piece  on  two  lateral  braces  of  metal, 
or  even  a  plaster  encasement  or  bv  diviiling  the  tendo 
Achillis. 

I'nion  is  firm  at  the  end  of  six  weeks,  but  si.\  weeks 
more  are  usualh"  required  to  limber  up  the  ankle  joint 
and  to  overcome  passive  a>dema.  When  reduction  is 
|)roperly  maintained,  a  perfect  ultimate  result  may  be 
predicted,  if  due  allowance  be  made  for  extreme  old 
age,  rheumatism,  gout,  etc. 

Old  imreduced  or  imjierfectly  reduced  fractures  are 
very  disabling.  The  e\crsion  causes  a  constant  drag  on 
the  ligaments  of  the  inner  side  of  the  ankle,  while  the 
backward  displacement  limits  dorsal  flexion  and  makes 
the  gait  stilted.  The  eversion  may  be  corrected  by  su- 
jiramalleolar  osteotomy,  but  the  backward  displacement 
can  be  corrected  only  by  opening  up  the  old  lines  of 
fracture  in  the  tibia  and  fibula,  chiselling  away  any  exu- 
berant callus,  and  reducing  the  fracture  as  though  it  were 
a  recent  one. 

Midhiilar  Frartiire. — The  malleoli  may  be  broken  by 
direct  violence ;  but  the  fracture  is  commonly  caused  by 
inversion  of  the  foot.  Only  the  external  malleolus  may 
be  broken,  usually  near  its  tip.  or  the  internal  malleolus 
as  well  may  be  fractured.  There  is  no  tibiofibular 
diastasis,  nor  any  dislocation  of  the  astragalus,  as  in 
Pott's  fracture. 

Thesymptomsof  disftlnlity.  pain,  andecchymosis,  point 
to  some  injury  about  the  ankle  joint.  Examination  re- 
veals one  or  two  points  of  local  tenderness  over  the  ex- 
ternal or  both  malleoli:  but  there  is  no  tender  sjiol  in 
front  of  the  ankle  and  the  lateral  moliility  characteristic 
of  Pott's  fracture  can  rarely  be  demonstrated.  Inde- 
pendent mobility  of  the  fragments  mav  sometimes  be 
elicited.  In  a  few  cases  the  fracture  of  the  tibia  has  been 
so  high  as  to  carry  away  a  large  part  of  the  articular 
surface  with  the  fragment.  In  such  cases  lateral  mobil- 
ity and  backward  displacement  of  the  foot  are  ]>ossible; 
but  the  condition  may  still  be  differentiated  from  Pott's 
fracture  by  the  absence  of  the  anterior  tender  point,  and 
by  recognition  of  the  large  tibial  fragment,  which  is  dis- 
placed upward  and  inward. 

The  foot  usually  requiresoidy  fixation  at  a  right  angle 
for  five  weeks  while  the  fragments  unite.  Wlien  there 
is  any  tendency  to  ilisplacement  the  foot  must  be  well 
drawn  forward  and  immobilized  in  a  position  of  natural 
right  angled  fiexion.  IIy]ierinversion  would  be  liable  to 
cause  mal-union  of  the  tibial  fragment. 

The  iirognosis  is  generally  good,  thougli  when  the 
tibial  fragment  is  large  the  usefulness  of  the  joint  may 
be  imperilled  by  exuberant  callus. 
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FrHii/i'iiMliMd. 


h'riirliirf  iif  Ihf  Itmirji  of'  llir  t''—l.—  7i<i*(/  Fraflurin : 
Till-  Ihiiii's  of  the-  liirsiiR  arc  nin-ly  limkcii.  Tlii'  mily 
fiiirlurc't  <if  liny  rliiiiiiil  iiiiporliincr  iiri'  tlinsc  of  llic  us 
tnipiliiH  anil  <>s  ciilrjs.  A  <'iiin|iiiiinil  rnirturr  cif  lilliir 
or  licilli  is  rfiiilily  iliu;;iinsi(l  tuiil  islrralnl  arcdnliri;;  In 
the  siirniial  ami  nicclianlcnl  iiiiuiiiincnis  of  llii'  case  liy 
anlis<-|isisanilc\iisionoitr|Misiiion  of  Iraiiintiils  Wlicn 
till-  fnit'liirr  is  a  sinijilc  onr.  llii-  ilia;,'nosis  may  In-  ini- 
piissililc  witliipiit  llir  aid  of  IlirJ'rays.  Siiili  cnsrs  ilo 
well  iiniirr  siinjilr  iniinoliili/ation  and  niav«ai:i'  until  llii- 
f<Hit  will  apiin  l>rar  llir  weight  of  lln-  body.  If  a  friif.'- 
mciit  is  irrcdiicildo  it  luav  !«•  fXoiscd  or  rcplacrd  hv 
opcnition.  Avulsion  of  tW  ifudo  Acliillis  dors  well 
tinder  r\|iri'laii(  trealincni.  Even  when  there  is  marked 
sepanition  satisfaelory  union  may  be  antieipaletl  within 
six  or  eitlil  weeks. 

MitiiliiiMil  mill  PhaUiiiyfid  Fraetiirft. — These  present 
the  same  features  as  the  hniiuilogoim  fractures  of  the 
hand. 

Fll.V(TIUK    OK    THK    Kills    .\NI)  STKIlXtM.  —  Friiel'IIV  iif 

Ihf  lliI'M  :  This  is  one  of  the  eomnionest  of  all  fiiielures. 
It  is  usually  eauseil  liy  a  erusliini;  force,  such  us  a  fall 
upon  the  chest  or  a  heavy  blow.  The  ribs  give  and  then 
break.  Fmeturi'S  by  direct  violence  arc  not  uncommon. 
Multiple  fractures  are  fiii|Ueiil.  althouirh  tin'  two  upper 
and  lowir  ribs  aliiiosi  always  eseapi'.  (ireinslick  fniel- 
iircs  occur  but  usually  pass  unrecoirnized.  The  rili  is 
usually  broken  between  the  mammary  ami  mid  axillary 
lines.  Displacement  is  unusual  unless  tlie  whole  side  is 
caved  in.  There  is  localized  pain  at  the  point  of  fract- 
ure, which  may  be  elicited  by  compressing  the  chest 
sharply  from  before  backward,  ('iei)ilusmay  be  elicited 
bv  gentle  manipulation  of  the  fnignieiits,  and  by  deep 
iiispinitiou.  It  may  be  inaudible  unless  a  stethoscope  is 
used. 

The  fracture  of  n  rib  is  not  a  matter  of  great  impor- 
tance. There  is  usunlly  severe  i>ersistent  pain  for  several 
weeks;  yet  a  contusion  may  cause  as  much.  There  may 
be  ])unctureof  tlie  lung,  mediastiiuim.  or  heart,  resulting 
in  any  one  of  the  many  conditions  due  to  wounds  and  con- 
tusions of  these  viscera  (7.  r  ):  but  these  internal  injuries 
can  and  do  occur  as  a  result  of  .sim|dc  contusion  with- 
out any  fracture,  and  hence  when  they  occur  in  con- 
nection with  fracture  it  is  by  no  means  ])roved  that  (licy 
are  caused  by  the  broken  bone.  They  are  not  neces- 
sjirily  complications  of  the  fracture,  and  their  symptoms 
and  treatment  are  not  modilied  by  the  presence  of  a 
broken  rib. 

TrenttiHut :  A  strip  of  adhesive  plaster  five  inches 
wide  and  eighteen  inches  long  having  been  prepared,  the 
patient  is  instructed  to  take  a  deep  insiiiration  followed 
\iy  a  deep  expiration.  At  the  depth  of  expiration  the 
adhesive  strap  is  rapidly  applied,  beginning  at  a  point 
close  to  the  spine,  ou  the  .sound  side,  and  following  the 
curve  of  the  broken  bone  around  nearly  to  the  opposite 
nipjile.  Tliis  strap,  applied  us  tightly  as  possible,  splints 
the  side  and  minimizes  the  movements  of  respiration 
which  constitute  one  of  the  chief  causes  of  pain.  Several 
overlapping  straps  increase  the  siip])ort.  Kest  in  bed 
adds  to  tlie.patient's  comfort  but  is  by  no  means  ueces- 
sarv.     I'nion  is  firm  in  four  weeks. 

f'riictiin  of  t/ie  Stfrnum  :  Tlnse  fractures  are  rare  at 
Vtt'sl.  They  are  most  often  breaks  at  or  near  the  junction 
of  the  manubrium  and  the  body  of  the  bone.  The  lower 
fragment  is  displaceil  forward  as  a  rule.  The  fracture 
lias  been  caused  by  muscular  etfort.  The  prognosis  de- 
pends upon  the  shock  and  the  internal  injuries.  Uncom- 
plicated cases  do  well. 

Reduction  is  accomplished  by  direct  pres.sure  on  the 
displaced  fragment  aided  by  hyperextcnsionof  the  spine.' 
the  i>atienl  lying  over  a  block  or  box,  and  breathing 
deeply.  When  manipulative  efforts  fail,  operative  re- 
duction may  be  attem]>tetl  l>v  such  means  as  drawing  the 
depressed  fragment  forwanl  with  a  small  corkscrew,  or 
removing  the  overlapping  portion  of  the  anterior  frag- 
ment. Such  operations  only  may  be  undertaken  with 
due  respect  for  the  vital  organs  lying  directly  beneath 
the  bone.  Eixrnrd  L.  Keyes.  Jr. 


FRAMBCESIA.     Sec  Ymr,. 

FRANGULA.     See  Burkthorn . 

FRANKLIN  SPRING.-Fianklln  County.  Georgln. 

I'""!     I   II   I    |i    I  l{.r\  slOn. 

Ai  (  i-.ss— \iii  Kllierloii  Airline  Hailrr.ad  to  HovKlon, 
thence  twi)  iiiiles  by  hack  line  to  sprini;s  This  sprliiK 
has  had  considerable  ri'putalioii  as  a  resnri  fur  invalidH 
as  far  back  as  Ihe  oldist  citizen  can  nnieinbcr  <{ualila- 
live  analysis;  Iron  ciirbonale.  calcium  siilpbate.  magne- 
siiiiii  sulphate,  sodium  chloride,  aliiminum  sulphate, 
|>olassiiim  sulphate,  iron  prolosiilphate,  sulphuriiied 
liyilrogen  gas. 

This  water  contains  siitlicient  aliimiiiuiii  to  render  it 
valuable  in  chronic  iliarrhoa  and  dvseutery  and  UM'fiil  as 
a  local  application  in  ulcerative  skin  disea.ses.  Tin- de- 
posit of  ii(in  in  llie  spring  was  used  to  some  extent  dur- 
ing the  late  war  to  supply  the  place  of  copperas.  The 
temperature  of  the  water  is  Oo  F.  and  the  How  two  and 
one  half  gallons  per  minute.  The  climate  is  good  and 
near  by  is  some  vc'ry  line  mountain  scenery.  There  arc 
facilities  for  bathing  and  tlie  neighborliood  olTers  iiuiner- 
ous  features  of  interest.  Jiitiim  K.  Crook'. 

FRANZENSBAD.— An  Austrian  village  on  the  frontier 

of  llolii  iiiia.  l,:;iKtfeel  above  sea-level,  renowned  for  its 
minc'ral  s|)rings  and  baths,  ranking  next  in  i)opulaiily  to 
.Marienlmd.  and  at  present  re-sorted  to  chiefly  by  women. 
The  climate  is  mild,  but  is  subject  to  sudden  change. 

The  springs  are  eleven  in  number,  namely:  (1)  Wicsen- 
quelle;  (2)  Kalter  Sprudel ;  (li)  Franzensquc-Ue;  (4)  Loiiis- 
ene|uelle;  (.5)  Neuepielle;  (0)  Loimannsquclle;  (7|  Stahl- 
i|Ue'lle-;  (S)  Mineral  Spnidel ;  (!l)SalZi|Uelle:  (tO)Oeslliche, 
and  (11)  AVeslliche,  Of  the  numerous  gas  springs  in  the 
vicinity,  several  are  used  for  charging  mineral  water  and 
to  su])ply  the  gas  baths.  The  chemical  composition  of 
the  principal  springs  varies  so  little  as  to  hardly  justify 
the  usual  division  of  them  into  four  clas.ses. 

The  Wiesenquclle.  Kaltcr  Sprudel,  and  Franzensquclle 
are  considered  thcTapeutic'ally  most  important,  resem- 
bling in  composition  the  springs  of  Carlsbad  and  Marien- 
lmd. The  Franz(|uelle.  "the  mineral  s|iring  of  Egra."  is 
enclosed  in  a  temple  like  building.  The  fount  contains 
20.000  cubic  inches  of  clear,  sparkling  water,  of  about 
.50'  F.  the  year  round,  which  is,  with  slight  variulion, 
the  temperature  of  the  other  springs.  Exposed  for  sev- 
eral hours  to  the  atmosphere,  the  water  becomes  turbid 
from  jirecipitation  of  carbonate  of  iron.  Its  taste  is 
agreeable,  though  slightly  ferruginous.  Tlie  other 
springs  are  provided  with  c(|ually  elegant  surroundings. 
The  Kalter  Sprudel  produces  3.G4S  cubic  inches  of  water 
a  minute,  accompanied  by  an  escape  of  free  carbonic  acid 
so  abundant  as  to  produce  the  sound  of  a  boiling  caldron. 
The  Louisenquelle  is  the  largest  in  water  supply.  Its 
fount  contains  6,861,738  cubic  inches,  flowing  2T.000 
cubic  inches  a  minute,  and  the  escape  of  free  carbonic 
acid  is  tumultuous. 

Composition.— Sodium  suljihatc  predominates  in  all 
the  springs,  varying  from  lO.SHT  grains  in  a  pint  of  the 
Mineral  Sprudel  to  20.926  grains  in  the  Kalter  Sprudel; 
the  Wieseni|uelle containing  2.").6-)3  grains.  Theotheriu- 
gredients  are  the  carbonates  of  iron,  manganese,  sodium, 
calcium,  magnesium  and  lithium,  scxlium  chloride,  cal- 
cium phosphate,  and  traces  of  silicates. 

Ixnic.\Tioxs. — The  Franzensbad  waters,  especially 
those  of  the  Salzcjuellc,  WiesenqucUe,  and  Kalter  Sjirii- 
del,  are  recommended  for:  (1)  Chronic  catarrhs.  espi"cially 
chronic  gastritis,  constipation  and  cystitis:  (2)  hyperaniia 
and  moderate  hypertrophy  of  the  liver  and  spleen ;  (3) 
disorders  of  the  uterine  system;  (4)  scrofulous  aiTection.s 
and  gout ;  and  (5)  as  an  after-treatment  to  Carlsbad  and 
Marieiibad. 

The  Franzensbad  and  Stalilquelle  have  been  recom- 
mended chiefly  for:  (1)ana?mia  after  hemorrhage,  notably 
that  following  repeated  miscarriages,  and  exhausting 
diseases  in  scrofulous,  rachitic,  or  scorbutic  constitutions: 
(2)  diseases  of  the  abdominal  or  sexual  organs  with  ana;- 
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mill;  (3)sli)\v  ilcvclopmciit  of  imbcrly,  cliroTiic  uterine  or 
vnginal  culjirrlis.  iiliiioriiml  mcnstruiition.  and  (4)  nervous 
diseases,  especially  Ilie  neuroses. 

I'tiit  liit/ix. — These  are  among  the  most  noted  in  Eu- 
rope. The  fresh  peat  hasa  sray  or  y<'llo\vish-gray  color, 
aeiil  reaction,  and  an  oilor  of  sulphurous  acid.  It  is  dug 
up  in  the  autumn  and  placccl  in  lu'aps.  where  chemical 
ohanjjes  occur.  forminLT  a  larire  number  of  sulphates,  anil 
the  mass  becomes  jet-black,  smooth,  and  Immogeneous. 
In  the  bath  house,  it  is  diluted  with  water  from  the 
Louisem|Uelle  and  healed  by  steam  to  70'  or  80°  F.  The 
bath  is  sjiid  to  lie  invigorating  to  the  system  as  well  as 
stimidating  to  the  skin. 

The  peat  baths  are  recommended  for:  (1)  ana^uia  and 
chlorosis,  chronic  rheumatism,  gout,  scrofida.  and  rickets ; 
(2)  various  neuro.ses.  ]>aralyses  not  of  cerebnd  origin,  the 
early  stages  of  jjro.gressive  nuiscular  atrophy,  concussion 
of  tile  spine:  (3)  sexual  disturbances,  a  tendency  to  abor- 
tion, prolapsus  uteri,  loss  of  virility:  (4)  to  aid  the  absorp- 
tion of  exudates  and  the  infiltrations  of  intermuscular 
connective  tissue,  synovial  sacs,  ligamentous  structures 
and  glands. 

O'liK  hiit/iK  are  also  adun'nistered.  the  entire  body,  except 
the  head,  being  enclosed  in  a  chamber  resembling  the 
ordinary  vapor  bath  cabinet.  Juiiug  M.  French. 

FRAXINELLA.    ^ec  Rutacea. 

FRAXINUS.     See  .1.1A /?a>*. 

FRENCH  LICK  SPRINGS.— Orange  County,  Indiana. 

l'iisT-i>FFi(  K. — French  Lick  Springs.  Hotel  at  West 
Baden,  one  mile  distant. 

This  is  one  of  the  old  spring  resorts  of  Indiana.  The 
springs  are  thirteen  in  number,  of  which  several  have  been 
analyzed.  The  How  of  water  amounts  to  about  eleven 
hundre<l  gallons  per  minute.  The  following  analyses  arc 
8U)iiili<-d  by  the  Inited  States  Geological  Reports,  and 
were  made  by  J.  G.  Rogers,  analyst : 

One  United  States  Gallon  contains: 


Solids. 


Sfidiiim  carbonate 

Magnesumi  carbouate. . , 

Calrititii  carljonate 

Iixm  rarbonate  ', 

Aluininuni  carbonate  I  ' 

So<liinn  sulpbale 

Ma^'llfsiuin  sulphate 

CaU-iuiii  sulphate 

S«HlJuni  chloride 

Calcium  chloride 

Potassium  chloride 

Magnesium  chloride 

Silica 

Alumina 

UodetenTitned  matter. . . 


Proserpine 
Springs. 
Gi-ains. 


10.52 

4..W 

30.29 

2.49 

36.72 
29.33 
141.00 
90.92 


5.01 
8.05 
1.69 


Total . 


Gases. 


Carbonic  acid 

Sulpburctled  hydrogen. . 


350.52 


Pluto's 

Well. 

Grains. 


1.59 
6.95 

Trace. 

22.37 

18.12 

60..59 

140.5* 

5.35 


Trace. 
.54 


356.05 


10.116  I 
17.000  f 


Not    deter- 
mined. 


These  are  very  good  examples  of  sulphuretted  saline 
waters,  and  are  useful  in  those  diseases  to  which  that 
class  of  water  is  applicable.  They  are  used  commer- 
cially at  the  present  time.  Jiimes  K.  Crook. 

FRONTAL  SINUSES,  DISEASES  AND  INJURIES 
OF. — .Vn  ATOMY. — The  frontal  sinuses  are  two  it  regular- 
shaped  cavities,  which  extend  upward  and  outward  a 
variable  distance  between  the  two  tables  of  the  frontal 
bone,  upon  the  vertical  ]inrtion  of  its  internal  surface. 
They  are  situated  one  upon  either  side  of  the  base  of  the 
nasal  spine,  between  the  latter  and  the  orbital  plate. 


They  are  separati'd  from  ca<li  other  by  a  thin,  bony  par- 
tition. In  size  they  vary  in  dilTerent  individuals,  and 
are,  lus  a  rule,  larger  in  the  male  than  in  the  female  sex. 
The  frontal  sinus  of  the  left  siile  is  commonly  the  larger 
of  the  two.  They  are  sometimes  subdivided  by  incom- 
])lete  bony  laiiiime.  They  open  into  the  middle  meatus 
of  the  nose  through  the  infuiidiliul.i,  and  occasionally 
coniinunicate  with  each  other  by  apertures  in  the  sc-p- 
tum.  They  are  absent  at  birth,  but  apjiear  during  the 
first  year  of  childhood,  and  remain  of  small  size  up  to 
puberty,  at  which  time  they  undergo  considerable  en- 
largement from  the  recession  of  the  brain.  In  advanced 
life  they  increa.se  in  size  by  absorption  of  the  cancellated 
tissue  in  thc'ir  vicinity,  tn  Iheir  development  they  are 
practically  formed  from  thediploC.  Ijirge  frontal  sinuses 
do  not  uccessiirily  imply  large  ixternal  prominences  over 


Fig.  222T.— Fri>mal  Sinus,  the  .\nierior  ami  Inferior  Walls  of  which 
have  Iweu  Kemoved.  with  the  Kxceptiiui  of  au  Osse<:>us  Bridt'c,  Cor- 
respondini?  to  the  orbital  Margin.  (After  Killlan,  in  Heymann's 
"Handbueh  der  Laryngologie,"  etc.) 

the  glabella  and  superciliary  eminences.  They  are  lined 
by  mucous  membnine.  this  being  continuous  with  that 
lining  the  middle  meatus  of  the  nose  through  the  iufun- 
dibiila.  This  iimcous  membrane,  like  that  which  lines 
the  antrum  of  Ilighmore,  is  notably  thin  and  pale.  Its 
blood  supiily  is  derived  chiefly  from  the  internal  maxil- 
lary and  oplitliiilmic  arteries,  and  by  anastomosis  of  these 
wiih  the  lateralis  nasi  branch  of  the  facial  Tirtery.  Its 
nerve  supply  is  principally  from  the  first  and  second  di- 
visions of  the  fifth  cranial  nerve.  In  the  middle  meatus 
of  the  nose  the  communication  through  the  infundibu- 
lum  of  either  si<le  with  the  frontal  sinus  is  partially  hid- 
den, and  sometimes  practically  closed  by  a  projecting 
fold  of  mucous  membrane. 

DisKAsKS  AM)  In.u  KiEs. — Owing  to  the  continuity  of 
ti.ssuc  ami  similarity  of  anatomical  .structure,  the  affec- 
tions of  this  sinus,  like  those  of  the  other  accessory  cavi- 
ties of  the  nose,  resemble  to  a  greater  or  less  degree  those 
of  the  nasjU  fos,s:c  jiroper.  They  may  be  conveniently 
grouped,  for  purposes  of  study,  under  the  general  head- 
ings of  inflammations,  acute  and  chronic  (frontal  sinu- 
sitis), and  Iheir  sciiuela';  tumors,  the  only  primary  forms 
describeil  by  modern  authorities  being  osteoma  .■ind  sar- 
coniii;  trauma  of  the  sinus  wall,  which  coinprises  fissure, 
fracture,  implessiohs,  etc..  usually  associated  with  hema- 
toma of  the  sinus;  and  foreign  bodies,  which  are  nearly 
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f^rii  t  lilt  IIm. 

l-'rftllliil    Mllliaic 


hIwiivh  iiriiJMiilf,  bill  uliirli  iilsii  niiii|irlM'  iiiMci-tx  iiiiil 
llii'lr  liirvil-.  (ii'iirnilly  s|ii'uklii).',  tlir  iIIiu-um-h  iif  tliciu.- 
sinium  m-ciir  with  great  iiifn-itiifury,  iiltliuiigli  truuiiin 


Fill.  :£;:y.  lluii/oMtuI  Sh'IIiiii  IhniiiKli  llii'  Knuiliil  Slniin.  (Dnc- 
liiiir  iiriiiiil  .>tzi'. I  I.  KriMiiul  Ikiiii-  :  :.'.  fmniiil  rliiiis :  .1.  iiinTtun-  of 
llH*  rntiittil  tttiiuK  :  I.  Miiliiiti  iM'lui^Mi  IIn*  fntniiil  stiitiM-M;  'k  fronul 
<-n-?>l.  tAtlrr  voii  MUuilknvli-/.  In  Hi'viimnn's  "  Muiiiltuuii  iliT 
Ijiryiuri'l"i:if."  vu\t 

ia  of  sonu'wliiit  cumnioii  ncciirrciicc.  by  iciisdii  of  tlic  ex- 
[Mist'il  sitimlii)ii  of  the  iinltTior  sinus  wiill. 

Siiiiiniliji  /•'roil  till  IK. — Tin-  iicute  fiiiiii  (if  this  disensc 
j;ciicnilly  r-suIIs  Ircmi  the  cxtrnsinn.  In  (•ontiniiity.  of  ii 
i'i>ry/:i.  rspicially  wlirii  iIk'  hillci'  iiii'iiinpanics  iiitliiiii/.ii. 
Aiiiic  sinusitis  is  fiiiiumlly  fnuiul  In  ••nUopsiis  upon 
thus.'  will,  have  died  of  luuli'  inlcrtioiis  disciisis.  In  this 
alTcc  lion  thr  niucosti  bccoincs  conm'sli'd  and  u'dcnmtous. 
(■fun  to  the  txlciit  of  ohliicralion  of  the  cavity.  The 
exudate  is  usually  purulent,  but  may  be  iinieous  or  even 
serous.     A  lilirinous  exnihite  is  not  known  to  occur. 

Of  the  syniptoins  headache  is  the  most  eonstjint.  Con- 
stitutional rcaelioii  is  indicated  at  times  by  the  presence 
of  fever,  veriijro,  vomilini;.  cic.  Ocular  nllcxes  arc  oftx-n 
seen,  consisting  of  laclirymaliou,  photojdiobia.  colored 
vision,  spectni,  sense  of  pres,surc.  etc.  (Kdeinii  of  the 
upper  eyelid  and  cxophthalmiis  arc  now  known  to  occur 
at  times. 

The  secretions,  while  they  may  escape  to  a  greater  or 
less  extent  into  llie  nose,  tend  to  accumulate,  by  reason 
of  ledcmalous  obstrnclion  of  the  sinus  outlet. 

The  di.sea.se  supervenes  suddenly  in  the  majority  of 
cases.  Its  course  is  brief  and  usually  lerminales  at  the 
end  of  the  tiisl  week  in  the  evacuation  of  the  sinus  and 
the  subsidence  of  the  inthiminatory  (edema  which  has 
produced  more  or  less  retention  of  the  effusion  within  the 
cavity.  In  a  certain  proportion  of  civses.  however,  this 
favorable  termination  does  not  transpire  and  the  disease 
then  becomes  chronic. 

Acute  sinusitis  is  often  complicated  by  serious  affec- 
tions due  to  direct  extension  of  the  original  malady. 
Periostitis  is  common,  the  irrbital  wall  of  the  sinus  being 
the  |iriiieipal  sulfercr  in  this  respect.  While  this  process 
may  terminate  in  ulcenition  or  necrosis  of  the  bone,  with 
resulting  infectiou  of  the  orbit,  the  fact  is  now  well  at- 
tested that  the  lattercavily  may  become  intlamcd  withotit 
previous  organic  disease  of  the  bony  wall.  This  extension 
through  ossi'ous  tissue  without  the  serious  participation 
of  the  latter  is  also  seen  in  the  endocranial  lesions  which 
occasionally  follow  acute  frontal  sinusitis.  This  mode  of 
termination  of  the  latter  alfection  is  attributable  in  most 
cases  to  phlebitis  and  thrombosis  of  the  veins  which 
trji Verse  the  walls  of  the  sinus.  In  this  manner  the  brain 
may  be  imperilled  long  before  sufficient  time  has  clap.sed 
for  organic  perforation  of  the  bone.  Endocranial  infec- 
tion having  once  occurred,  a  variety  of  pathological 
pr(ices,scs  may  be  .sit  up.  including  extra-  and  intradunil 
abscess,  meningitis,  encephalitis  and  circbral  abscess, 
thrombosis  of  the  superior  longitudinal  sinus,  etc. 

Chronic  frontal  sinusitis,  while  a  se(|viela.  as  a  rule,  of 
the  acute  affection,  may  be  due  exceptionally  to  one  form 
or  there  may  be  several  causes.  It  may  undoubtedly  re- 
sult from  the  extension  of  an  ozopna;  or  it  may  be  due  to 
a  trauTtia  affecting  the  sinus  or  its  immediate  vicinity. 
Syphilis,  tuberculosis,  and  carcinomata  w  hich  develop 
near  the  sinus  may  readily  imfilit-ate  the  latter,  althougli 
the  present  state  of  our  knowledge  enables  us  to  state  that 


tlieiu!  HerioiiK  alTectioiiH  Neldoin  or  iifvor  nriglnnte  hi  this 
oavlty. 

There  is  evidently  Home  Hpeelul  principle  ilivolvi-d  in 
virtue  of  which  an  acute  sinuKillH  may  lH-coiiie  chiMnic. 
When  the  Niiiiis  liist  iM'comis  iiillamed' Ihe  anterior  eih- 
moiilal  cells  are  usually  implieaieil.  When  the  HiniiKJiiH 
proper  undcrgiics  resolution,  these  aecessorv  cavilleH  iiiny 
remain  iiillanied;  and  from  this  locus  thi°  chronic  lede 
ma  and  polypoid  hypertrophy  wlii(  h  chann  li  ri/ii  liinnlc 
sinusitis  may  readily  develop.  The  irngulariiies  svldeb 
occur  in  the  analoniy  of  Ihese  aecessorv  ciIIk  should  lie 
reckoned  with  as  facloi-s  in  individual  cases.  Finally, 
one  frontal  sinus  may  infect  lis  fellow  through  perfoiii 
tion  of  the  septum,  or  this  may  occur  even  without  any 
previous  solution  of  continuity  in  the  latter. 

The  constant  pathological  features  of  chronic  sinuKiliR 
consist  of  ledi-ma  «ith  a  certain  amount  of  |iolypoid  hy- 
pertrophy, rilirinous  exudation,  turn  existent  in  acute; 
sinusitis,  may  develop  in  lime  in  the  course  of  the  evolu- 
tion of  the  chronic  type  of  inllammalion. 

From  the  clinical  point  of  view,  chronic  frontal  sinusi- 
tis presents  two  phases,  according  as  the  iiitlammation 
terminates  in  dilatation  or  in  deslrnction  of  the  Imny 
walls  and  abscess.  In  the  earlier  stages  of  tin'  process 
symptoms  may  fail  eiilirely  or  they  may  be  of  the  same 
character  as  I  hose  of  Ihe  acute  type  (headache  and  nume- 
rous ocular  disturbances  of  a  reflex  character). 

In  regard  to  chronic  sinusitis  with  termination  in  dila- 
tation. Killian  '  has collecled  and  analyzed  the  entire  re- 
corded material  (some  sixty-four  ca.ses).  with  the  follow- 
ing results:  Dilatation  of  the  sinus  may  develop  at  any 
time  from  the  tirst  to  the  Iwenlielh  year  of  the  disease. 
The  resulting  cavity  usually  attains  the  size  of  a  pigeon's 
egg.  although  it  may  exceptionally  have  the  capacity  of 
half  a  jiint  or  more.  The  orliital  wall  is  the  one  liiost 
disp(jse(l  to  yield  to  the  pressure  from  within,  although 
the  entire  bony  capsule  may  suffer.  The  ossc-ous  struct- 
ures may  come  to  as.sume  the  thinness  of  parchment. 

The  secretions,  Ihe  accumulation  of  which  distends  the 
sinus,  are  usually  mucous  or  mucopurulent,  while  in  rare 
instances  they  are  serous  in  (juality.  The  mucous  varie- 
ty is  of  csp('cial  inlerest,  as  it  represents  the  condition 
often  described  under  the  namcof  ;»'«■<>(•,/,-.  The  idea  of 
a  separate  disease  with  the  latter  designation  appears  to 
have  originated  in  the  peculiar  qualities  of  the  liuid, 
which  is  very  tenacious  and  gelatinous  and  of  variable 


Fig.  2229.— Satrtttal  Section  through  the  Frontal  Sinus,  Sliowlnir 
I'rotje  Passed  into  the  Sinus  from  the  Middle  Meatus.  (After 
Llchtwltz.) 

color.  Cholesterin  crystals  are  srmietimcs  obtainable 
from  these  collections.  "  "Mucocele"  has  been  held  to  be 
of  cystic  nature,  and  its  inflammatory  origin  has  been 
unsuspected  by  many  writers.  In  about  three-fourths  of 
the  cases  of  mucocele  examined,  the  outlet  of  the  siiiiis 
was  accurately  closed.     Dilatation  can  occur  in  sinusitis 
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only  in  connection  willi  llif    niolrculiir    !tlisi>]'|itii>ii    of 
bone. 

Tlic  otlicr  mode  of  terniiimtion  of  dinmic  sinusitis. 
viz.,  in  abscess  and  destnulion  of  tlie  sinus  wall,  ap- 
pears to  be  nearly  twice  as  common  as  that  wliicli  is 
clinracterizcd  liy  dilatation.  Our  know  led  i:<' of  this  de- 
structive lyjie  is  liirirely  derived  froiu  Killian's  analysis 
of  the  one  hundred  or  more  recorded  <ases.  This  aspect 
of  sinusitis  is  eniinently  chronic,  and  iu  not  more  than  a 
sixth  of  the  cases  diil  the  destructive  process  nmnifest 
itself  within  the  tirst  year  of  the  disease.  We  know  that 
iu  these  cases  the  sinus  nuist  have  become  infected  in  con- 
nection with  an  acute  sinusitis,  and  thus  the  old  "reten- 
tion "  hypothesis  is  rendered  untenable. 

The  tirst  oruanic  chanjre  w  hich  takes  iilacc  is  \dceration 
of  the  lininir  mend)rane  of  the  sinus.  The  dcnude<l  bone 
either  be<omcs  <'arious  or  secondary  iierioslilis  leads  to 
necrosis,  with  expulsion  of  seciuestra.  In  the  majority 
of  cases  these  oriranic  chanfies  alTect  the  orbital  wall  of 
the  sinus.  Killian  gives  the  localization  as  follows:  Or- 
bital wall,  6fiJ  i)er"cent.;  cranial  wall,  16j  per  cent.; 
frontal  wall.  U>j  percent. 

As  in  acute  sinusitis,  a  considerable  percentage  of  cases 
of  infection  of  the  orbit  and  eneephalou  occur  without 
demonstrable  lesion  of  the  bony  wall.  Of  twenty  cases 
of  endocranial  infection,  the  bone  was  perforated  in  sev- 
enteen. The  lesion  most  commonly  produced  in  these 
cases  was  cerebral  abscess. 

The  symptoms  of  the  destructive  and  purulent  form  of 
chronic  siiuisitis  vaiy  greatly.  Pyorrhea nasidis  may  be 
abundant  and  f(etid.  Pain  is  often  a  conspicuous  feat- 
ure. Infection  of  the  orbit,  with  cr  without  perforation 
of  the  orbital  wall,  tends  to  the  formation  of  an  abscess. 
Swelling  of  the  lids  results,  ami  displacement  of  the  btil- 
busoculi  producesdiplopia.  Huptureof  the  abscess  pro- 
duces a  tistulous  opening,  the  pus  tending  to  accumulate 
in  the  conjunctival  .sac.  The  fistula  causes  .shortening  of 
the  upper  lid.  Ojitic  neuritis  is  occasionally  seen  as  a 
coniplicalioii. 

The  sym|itonis  of  endocranial  infection  closely  resem- 
ble those  which  supervene  in  disea.se  of  the  middle  car. 

In  the  diagnosis  of  susi>ected  dilating  sinusitis — equiva- 
lent to  the  "latent  "  sinusitis  of  some  atithor.s — the  prac- 
titioner should  tirst  cocainize  the  middle  turbinate.  A 
nasal  speculum  with  blades  adapted  for  inspection  of  the 
middle  meatus  will  render  good  service  in  the  hands  of 
an  e.vpert.  But  the  miildle  meatus  maj-  itself  be  the  seat 
of  inHammationand  jiolypoid  hypertrophy:  and,  further- 
more, anatonncal  anomalies  arc  very  common,  affecting 
the  turbinates,  sejitum,  ethmoid  cells,  etc.:  finally,  the 
operator  may  not  possess  the  requisite  skill  to  obtjiin  a 
view  of  the  outlet  of  the  sinus,  so  that  as  a  routine  pro- 
cedure it  is  often  advisable  to  resect  a  portion  of  the  nnd- 
dle  turbinate  and  then  make  \ise  of  the  probe  or  cannula. 
In  employing  the  i)robe  we  must  bear  in  mind  that  there 
are  at  least  two  fatalities  upon  record,  due  to  the  jierfora- 
tion  of  the  cranial  lloor  by  the  instrument  in  question. 
Experienced  operators  advise  jiractiee  upon  the  cadaver 
or  upon  an  anatonncal  preparation,  the  instrument,  a 
flexible  silver  probe,  being  bent  at  every  possible  angle  to 
facilitate  its  introduction. 

The  old  test  for  the  iireseuce  of  the  probe  in  the  sinus 
was  one  of  mensuration,  viz.,  as  soon  as  the  bent  end  of 
th*-  instrument  isau  inch  above  the  anterior  process  of  the 
middle  turliinaU',  it  should  be  within  the  sinus.  Within 
the  past  tew  years  the  employment  of  the  Koentgen  rays 
has  assisted  in  the  localization  of  the  probe  imder  these 
circumstances. 

If  a  gush  of  pus  follows  the  penetration  of  the  probe 
into  the  outlet  of  the  sinus,  this  occurrence  might  be  re- 
garded US  prima  fade  evidence  of  latent  empyema,  were 
it  not  for  the  fact  that  certain  anomalies  of  the  ethmoid 
cells  are  known  to  occur,  in  consequence  of  which  we 
mfiy  have  to  distinguish  between  frontal  sinusitis  and  an- 
terior ethmoiditis,  which  affections,  more  frequently  than 
not,  coexist. 

If  an  escape  of  pus  does  not  take  place  from  i)robing, 
the  fluid  may  sometimes  be  flushed  out  by  substituting 


a  line  caninda   for  the   probe,   and  forcing  air  into  the 
sinus. 

Second  only  to  the  foregoing  as  a  diagnostic  resource 
is  the  presence  of  induced  tenderness  over  the  sinus. 
Headache,  being  a  symptom  of  such  common  occurrence, 


Fig.  2230.— MueoL-fli-  ..f  Hit-  ItigLt  Fruiual  Sinus.  Case  of  a  girl 
seventeen  years  of  age.  (From  lierber's  "  Atlas  der  Krankbeiten 
derNase,"  Berlin,  1901.) 

is  of  little  value  in  diagnosis.  Tenderness  may  be  elicited 
at  the  external  and  orbital  walls  of  the  sinus  by  percus- 
sion and  jialpation ;  but  simple  hypersensitiveness  is  not 
pathognomonic,  because  it  has  been  encountered  in  hys- 
teria. When  tenderness  of  the  orbital  wall  is  associated 
with  thickening  due  to  periostitis,  and  when  orbital  cel- 
lulitis has  alreadj'  set  in,  the  diagnosis  is  placed  beyond 
doubt. 

Chronic  emijyema  of  the  frontal  sinus  may  lurk  be- 
neath the  picture  of  trigeminal  neuralgia,  llajek-  has 
especially  iioti-d  this  source  of  confusion  in  connection 
with  inllueiiza. 

In  dilatation  of  the  sinus  with  resulting  attenuation  of 
its  walls,  a  yielding  and  peculiar  crackling  sound  have 
occasionally  been  elicited  on  pressure:  these  effects  re- 
sembling those  which  result  from  compressing  the  lid  of 
a  tin  box. 

If  the  sinus  cannot  be  probed  through  its  outlet,  the 
question  of  exploratory  puncture  of  the  sinus  wall  nuist 
be  considered.  Opening  the  floor  of  the  sinus  through 
the  nose  with  an  electric  drill  controlled  by  lateral  illu- 
mination of  the  forehead  with  Roentgen  rays  (as  advo- 
cated by  Siiiess)  appears  to  be  too  hazardous  a  i)rocedure. 
It  is  sometimes  ])ossible  to  open  an  infundibidar  cell 
which  comnuuiicates  with  the  sinus,  and  an  exjiloratory 
puncture  for  this  purpose  may  be  .sjifely  essayed  just  in 
front  of  the  middle  turbinate.  The  method  of  transillu- 
mination of  the  sinus,  while  not  trustworthy,  has  excep- 
tionally proved  of  great  diagnostic  value.  The  cstablisli- 
ment  of  an  opening  from  without,  for  diagnostic  pur- 
poses, is  sometimes  justifiable,  especially  if  there  is  a 
prospect  that  the  radical  operation  will  be  reqidred. 

Killian'sdiaguostic  summary  is  as  follows;  Simple  dil- 
atation is  recognized  by  the  local  deformity  an<l  displace- 
ment of  the  eye.  the  absence  of  ]iain.  slow  evolution,  and 
parchment-like  crackling  or  fluctuation.  Exploratory 
inmctuie  may  be  required  to  differentiate  between  dila- 
tation and  osteoma. 

Ulceration  is  usually  announced  by  circumscribed  peri- 
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I'roiiiiil  siiiiiAi- 
I'rtdiliil  sliiiiikf 


OHlitis.  iitisc('«is.  )u'rri>nttii>ii.  llsliilii.  iir  ciirii'H.  Prrisiiri- 
over  llic  KiiiiiM  is  often  fullnwcil  liy  im  ctMiipc  of  pus  into 
tin-  iioHc.  I.iiiiiids  limy  lii'  forcrd  into  ilic  siiiiiK  tlirouyli 
its  iiitriiiiiisiil  oiillcl.  Mini  tlii'V  initv  linn  rsiapc  liy  tin- 
tisiiilous  iipi'iiiiiK. 

(rrrlinil  inipliciilioii  nhoiild  lie  easy  of  n'cofjnilioii; 
but  if  iliisMconiliiry  iliscasc  pursues  it  liileiitcoiiise,  diiiK- 
iiosis  is  iinpossilile  without  lityiiii;  open  iiiiil  inspect iiij' 
tlie  sinus  eiivity.  Sinee  the  eiieepliiiloli  limy  lie  infeeteii 
without  the  existeiiee  of  ii  perfonition,  it  is  often  iieees- 
Bury  to  t'xi>ose  the  tluni  hefore  eoiniiiK  to  ii  deliiiite  eon- 
elusion.  If  the  ilniii  is  heiililily.  it  is  extremely  liliely 
that  the  parts  lieneatli  are  i|iiile  iiitaet.  If  the  diini  is  not 
in  a  healthy  eonililion  it  must  be  laiil  open,  unless  spon- 
taneous iniprovemeiit  follows  its  exposure.  The  pres- 
I'lue  of  iiitniiiieiiiiii:eal  pus  may  llieii  be  discovered,  anil 
a  llstiiln  may  show  that  the  pus  proceeds  from  a  cerebral 
lll>s<ess.  Ill  any  rase  the  cerebral  eort<'X  should  be  care- 
fully studieil.  and  it  limy  be  advisable  to  puncture  the 
brain  for  supposed  abscess. 

I'ruitiiifiil. — Acute  sinusitis  rec|uiies,  ns  a  ruli',  only 
expectant  treatment.  consiRting  of  rest  in  bed;  diaphore- 
sis: warm  applications  to  the  lirow;  inhalation  of  sleani; 
nnd  the  adminislnition  of  such  remedies  as  pheinueliii. 
salol.  etc.  To  the  preceding  may  be  iiddeil  Politzeri- 
zation and  cocainization  of  the  nose. 

If  these  measures  do  not  (jrive  relief,  the  middle  turbi- 
nnt<'  should  be  resi-cted  and  the  sinus  irrigated  with 
warm  saline  solution.  In  those  rare  ca.ses  in  which  the 
acute  formation  of  pus  threatens  the  enceplialon,  the  si- 
nus should  be  laid  oi>en  tlirough  its  outer  wall.  It  may 
also  be  nc(  issjiry  to  enter  the  cranial  cavity  through  the 
posterior  wall  of  the  sinus,  split  the  dura,  and  give  vent 
to  an  abscess  in  the  frontal  lobe  of  the  brain;  or  even  to 
extirpate  a  portion  of  the  cortex.  After  intervention  of 
this  sort,  thorough  external  drainage  is  all  important. 

In  chronic  frontal  sinusitis  ilajek  is  a  tirm  believer  in 
the  routine  resection  of  the  middle  turbinate.  He  recom- 
mends this  resource  in  any  case  of  sinusitis,  without  re- 
gard to  the  degree  or  stage  of  the  iiillammation.  Sur- 
geons and  ophthalmologists  (and  even  many  liiinologists) 
do  notrounlennnre  such  a  nuiical  procedure,  save  in  spe- 
cial cases.  Hajek  be- 
lieves that  timely  in- 
tervention through 
the  nose  would  often 
prevent  the  occur- 
rence of  orbital  and 
eiiiiocranial  compli- 
cations. 

After  suppurative 
complications  have 
occurred,  nothing  of 
course  is  to  be  gained 
by  resecting  the  tur- 
liinate. 

In  tlie  majority  of 
cases  tile  operation  of 
turbinectomy  is  tan- 
tamount to  a  radi- 
cally curative  pro- 
cedure. Exceptions 
nccur  in  those  cases 
in  which  a  high  dc- 
u'l'ce  of  destruction 
lias  transpired  in  the 
mucous  lining  or 
bony  walls  of  the 
siniis. 

The  immediate  re-  . 
suits  of  extirpation 
of  the  middle  turbin- 
ate is  an  increased 
amount  of  secretion. 
Xot  until  one  or  two 

weelis   have   elapsed 
n.v  years  or     i„  ,..„  (:_j  „  „|,,„,,rp 
ajre.    (Fmmr.orlwr's".*  tins  Iter  Krank-    .      ",     "  ,    "  i»»"fei 
hdten  <i.>r  Nase."  Berlin,  liwi.)  "1  tbe   Character  of 


/ 


FlO.  2231. -.Abscess  of  llip  Itlirht  Frcmial 


the  dischnrge,  wliieli  tlien  leiidii  to  coniiiM  of  miuciih 
alone.  .Siinu  «<?en'lioii  remains  in  evhienev  for  u  longer 
or  shorter  interval,  but  in  muuy  ciucii  it  ccotcs  by  Uic 
end  of  the  M'coiid  iiionlh. 

Ilajek  has  treated  'il  ciuwHor  chronic empyemn  ooronl- 
ing  ti)  the  iirincipU'S  jiiiit  enunciated,  nnd  him  lj<'en  ublu 
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Fio.  2352.  Emprema  of  liuth  Fn)nlal  Sinuses.  Willi  llie  Koniiallon 
ot  a  I.arge  Se<iupstruni  of  tlie  (luler  I»latc  of  the  Frontal  Bone  and 
of  a  Tumor  ConlalniiKT  Air  Benealli  the  Frontalis  Muscle.  (From 
Gerber's  "  Atla.s  der  Krankhelten  der  Nase."  Berlin,  liMil.) 

to  follow  up  his  material  inilelinitely.  In  9  cases  the  dis- 
charge ceased  absolutely,  while  in  11  others  it  persisted 
in  a  mild  form.  The  remaining  T  cases  continued  to  dis- 
charge pus,  but  4  of  these  were  materially  benetited. 
Ilajek  regards  these  tigurcs  as  et[ual  to  the  results  of 
complete  surgical  destruction  of  the  sinus.  The  patients 
naturally  prefer  tlie  conservative  form  of  intervention. 
Ilajek  uses  the  cold  snare  for  the  removal  of  the  turbi- 
nate, and  takes  away  about  one-third  of  the  bone. 

But  the  intranasal  method,  which  requires  special  ap- 
paratus and  skill  in  its  usi'.  has  a  limited  range  of  applica- 
bility; and  many  surgeons  are  naturally  ilisposcd  to  re- 
gard it  as  inadequate  to  answer  the  indications.  Certainly 
a  great  variety  of  procedures  have  betn  devised  for  enter- 
ing the  sinus  from  without.  Originally  surgeons  had  a 
natural  repugnance  to  opening  this  cavity,  and  the  earli- 
est form  of  intervention  consisted  in  following  up  a  fistu- 
lous tract.  Limited  exposure,  with  application  of  the 
actual  cautery,  was  the  next  step.  To-day,  the  radical 
procedure  of  opening  directly  into  the  sinus  is  genendly 
advocated. 

Operative  procedures  liave  heretofore  been  divided  into 
simple  trephining  and  the  radical  operation.  Kuhnt 
combines  these  two  resources  into  two  stages  of  one  ope- 
ration. For  sinijile  trephining,  otherwise  known  as  the 
preliminary  or  exploratory  opening,  for  the  sake  of  cos- 
metic effect,  the  preliminary  incision  should  run  from  the 
nasofrontal  suture  for  3  or  4  cm.  along  the  supraorbital 
margin,  and  should  reach  to  the  bone.  The  peiiosteum 
should  then  be  pushed  upward  (often  a  very  dillirult 
procedure),  and  the  sinus  wall  perforated  with  the  aid  of 
an  electric  drill  and  chisel.  If  the  bone  is  healthy  and 
the  mucosa  free  from  |iolypoid  liypertro|)liy,  it  is  suffi- 
cient to  irrigate  the  sinus  "daily  wi"th  antiseptics  and  dust 
it  with  iodoform  until  the  oi<>ning  has  healed. 
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On  account  of  the  occasional  failure  of  tins  treatment. 
Koclur  proposeii  to  extirpate;  the  inucosji  of  the  sinus. 
Tliis  radical  intervention  niav  be  performed  by  a  number 
of  comparatively  new  procedures,  viz.: 

Siliixi/tr-Pnnni  Md/i'xl. — The  anterior  wall  is  opened 
by  horizontal  and  vertical  incisions  and  entirely  removed. 
The  mucosji  is  curetted,  and  the  nasofrontal  duel  dilated. 
The  wound  is  drained  through  the  external  opening. 

Junxt'it  Mitlwd. — The  orbital  wall  of  the  sinus  is  re- 
moved and  the  cavity  curetted. 

Killinn'ii  Mtth'xl. — This  consists  in  opening  the  sinus 
through  the  frontal  wall  with  tempomry  resection  of  the 
uasjil  bone.  The  infundibular  cells  arc  broken  up  to  such 
an  extent  that  free  drainage  of  the  sinus  by  way  of  the 
nasal  fossop  is  insured. 

Liic-Oi/nloii  Mt'th'xl.  — Both  frontal  and  ethmoidal  sinuses 
arc  opened,  and  a  wide  communication  is  estalilishcd  lie- 
tweeu  the  former  and  the  nose.  A  drain  is  then  passed 
between  these  two  cavities  and  the  exlernal  wound 
closed. 

Czerny  iUthod. — Osteoplastic  opening  of  the  sinus. 
Operation  finished  as  in  preceding. 

Kuhut'a  Mtthi'd. — The  anterior  wall  of  the  sinus  is  re- 
moved, together  with  all  the  diseased  mucous  ineinbiane 
and  the  upper  portion  of  the  frontonasal  canal.  This  op 
eration  is  preferred  by  most  surgeons  According  to  Ha 
jek,  the  only  objection  to  its  general  employment  is  that 
it  makes  no  jirovision  for  attacking  the  infinidibular  cells 
of  the  ethmoid,  which  arc  almost  invariably  diseased  in 
empyema  of  the  frontal  sinus. 

Killian  sums  up  t  lie  subject  of  surgical  intervention  in 
chronic  empyema  of  tlie  frontal  sinus  as  follows: 

The  supnidibital  margin  must  be  jireserved,  even  if 
only  a  narrow  bridge  remains;  otherwise  great  disfigure- 
ment results.  The  general  theory  of  most  of  these  opera- 
tions involves  the  opening  u]i  of  a  passiige  between  the 
sinus  and  nose  for  the  purpo.se  of  drainage  through  the 
latter.  This  passage  may  be  natural  or  aitilicial.  But 
these  commuincations  often  heal  up  prematurely  by 
granulation,  and  a  permanent  passage  is  insured  only 
after  resection  of  the  nas;il  bone  or  nasal  process  of  tlie 
superior  maxillary.  This  form  of  intervention  also  gives 
access  to  the  ethmoid  labyrinth. 

The  technique  of  Winkler  is  representative  of  our 
modern  knowledge  of  the  treatment  of  chronic  frontal- 
sinus  disease.     This  ]irocedurc  is  as  follows: 

1.  Tam])on  the  |iostcrior  nares. 

2.  Make  an  incision  through  the  eyebrow  (do  not  shave 
the  latter  beforehand). 

3.  Exploratory  piuicture  through  the  incision  with 
probing.  An  alternative  now  presents  itself,  viz. :  (n) 
Resect  the  anterior  and  orbital  walls,  leaving  the  orbital 
margin:  or  {b)  perform  temporary  osteoplastic  resection. 
If  iiernianent  resection  is  to  be  performeil,  the  technique 
is  as  follows: 

4.  Remove  the  anterior  wall  of  the  sinus  with  boue 
forceps  or  Winkler's  saw,-  the  latter  being  preferable  in 
fixing  the  \ipper  limit  of  the  orbital  bridge. 

5.  The  floor  of  the  sinus  is  removed  with  chisel  and 
forceps,  the  orbital  margin  being  left  as  a  bridge. 

0.  Extirpation  of  the  mucous  membrane  of  tlw  sinus. 

7.  The  original  incision  is  ])rolongcd  beyond  the  bridge 
of  the  nose  and  beyond  the  extremity  of  the  nasal  bone. 

8.  The  nasal  bone  and  a  small  portion  of  the  frontal 
bone  are  divided  with  the  chisel;  the  nasal  process  of 
tlie  superior  maxillary  is  then  divided  with  the  sjiw. 

B.  The  skin-bone  tlaiis  are  now  turned  backward. 

10.  Diseased  ethmoid  cells  are  removed  with  bone  for- 
ceps and  curette,  and  a  communication  is  established  be- 
tween file  sinus  and  nose. 

11.  The  flaps  are  replaced.  Stitures  may  be  applied 
at  once  or  after  two  days.  No  irrigation  is  allowed  until 
two  or  three  weeks  have  elapsed. 

If  an  osteoplastic  i)roce(lure  has  been  chosen,  the  tech- 
nique is  as  follows:  The  skin  is  pushed  back  beneath  the 
orbital  margin,  and  the  bone  separated  from  the  latter 
with  the  chisel.  At  the  outer  and  middle  limits  of  the 
sinus  this  margin  is  chiselled  through.     The  flap  of  bone 


and  integument  is  turned  upward  and  outward.  All 
(edemat<His  and  fibrous  prolifi'ration.  carious  bone,  etc., 
are  removed  with  the  <urette. 

Lsji'iiiKs. — In  traiuuatism  of  the  frontal  sinus  tin-  vio- 
lence is  always  direct.  Sharj)  violence  is  usually  due  to 
knife  thrusts  and  sword  cuts,  while  blnnt  traumatism 
proceeds  from  a  great  variety  of  oliji-cts,  inclmling  pro- 
jectiles, flying  fragments,  etc.  The  frontal  sinus  is  occa- 
sionally injured  by  horse  kicks,  blows  of  the  list,  falls 
upon  th-  face,  and  the  like.  The  external  wall  is  almost 
invariably  the  part  injiued.  Autopsies  occasionally  re- 
veal the  ]iresence  of  injury  of  the  cranial  wall,  such  acci- 
dents being  (|uite  generally  fatal  The  character  of  the 
injury  varies  from  simple  fissure  or  inilentation  to  com- 
|)ound  fracture  and  comminution.  Hamatoma  of  the 
sinus  usually  coexists. 

The  symptoms  of  injury  of  this  sinus  are  either  local 
or  cerebral.  If  the  violence  does  not  lay  open  the  sinus, 
the  blood  esca|)es  by  the  nijse.  Epistaxis  and  pain  are 
practically  the  .sole  symptoms  of  this  type  of  fracture. 
While  these  traumatisms  tend  to  recover  without  se- 
quelit,  the  injury  doiditless  produces  sinusitis  in  certain 
cases.  A  peeidiar  tyi>e  of  traumatism  sometimes  seen  is 
detachment  of  the  lining  iiien<br;uie  of  the  siiuis. 

If  the  cavity  is  opened  subcutancously  by  the  violence, 
resjiiratory  movements  are  seen  in  the  superjacent  skin, 
and  subcutaneous  emphysema  is  readily  produced,  which 
may  extend  indefinitely.  It  tends  to  subside  spontane- 
ously in  a  few  days. 

Trauma  with  complete  exposure  of  the  cavity  is  of  fre- 
(pient  occurrence.  This  class  of  wounds  is  readily  in- 
fected either  at  the  time  of  the  injury  or  afterward,  so 
that  abscess,  periostitis,  necrosis,  fistula,  and  endocranial 
complications  may  residt.  If  infection  does  not  occur, 
the.se  compound  w<iiuuls  heal  readily.  One  sequela  which 
may  occm-  indepeudenth'  of  infection,  however,  is  pneu- 
matocele. 

Diagnosis  is  usually  made  without  any  difficulty.  In 
fracture,  emphysema  readily  occurs.  Rhinoscopy  is  use- 
ful in  detecting  hemorrhage  from  the  sinus. 

After  injury  has  oecuired  infection  may  be  prevented 
by  antiseptic  irrigation.  The  possibility  of  latent  injury 
of  the  cranial  wall  must  always  be  borne  in  mind.  As  a 
general  rule  the  treatment  of  all  subcutaneous  injuries  is 
expectant,  save  when  cerebral  complications  are  to  be 
feared  or  when  sinusitis  develo]is.  On  the  other  hand, 
open  wounds  ahv:iys  re(|uire  active  surgical  intervention. 
The  opening  should  be  enlarged,  the  sinus  cleaned,  spic- 
iila  of  bone  and  foreign  bodies  removed,  the  cranial  wall 
carefully  scrutinized  for  possible  injury,  and  the  cavity 
well  drained.  Antisep.sis  will  certainly  prevent  grave 
endocranial  complications.  In  verj' extensive  wounds  a 
plastic  operation  is  required. 

FonEioN  HoDiKs. — With  a  very  few  exceptions  all  re- 
corded cases  of'foreign  bodies  in  the  frontal  sinus  have 
consisted  of  projectiles,  chiefly  from  old-fashioned  weap- 
ons. The  velocity  of  modern  projectiles,  aside  from  re- 
volver shots,  is  too  considerable  for  them  to  be  arrested 
within  the  sinus. 

These  judjectiles  may  heal  in  the  sinus,  but  as  a  rule  a 
fistula  resiMts.  Sinusitis  is  almost  invariably  set  up. 
These  foreign  bodies  may  remain  in  the  sinus  for  an  in- 
definite period,  even  anioimting  to  twenty-five  years. 

Diagnosis  was  formerly  by  no  means  ea.sy,  and  explo- 
ratory incisions  were  occasionally  neces.s^iry.  To-day  the 
employment  of  the  Roentgen  rays  insures  rapid  recogni- 
tion of  foreign  bodies  in  this  locality. 

A  special  type  of  foreign  boiiy  in  the  frontal  sinus  is 
the  animate,  consisting  of  mature  insects  or  larva'  which 
reach  this  cavity  by  way  of  flic  nasid  chambers.  The 
recorded  material,  however,  is  almost  all  ancient. 

Nkw  Koum-\tions. — Of  benign  tumors  of  the  sinus, 
osteoma  is  the  oidy  one  which  receives  consideration  from 
modern  authorities,  for  polypi  and  cysts  are  now  regard- 
ed as  incidental  features  of  chronic  .sinusitis.  Even  os- 
tcomata  are  held  by  some  to  be  of  intlammatory  origin. 
They  may  be  attached  to  the  bone  by  a  liroad  base  or 
peduncle,  or  they  may  be  sim]>ly  einl)ed<led  in  the  nuicosa. 
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Tlii'y  may  even  He  ItHwe  in  the  siniiR.  TIu-sc  fomiatfons 
iiri'  |ini<'rt(iilly  conflni'd  in  llir  pcriiMlit  of  cliildlHHMl  ami 
ailoli'M'cnre. 

Ill  slriHliirr  llic  iiiirlciis  iiiul  |m'iIuii('Ii'  iirr  riiiiiclliiiis 
ami  III!'  rest  of  tlir  iiinss  of  ivory  llkr  Imnliii'ss.  Tin- 
osli'oiiiii  may  iillalii  (li<'  sl/c  of  an  ii|i|ili'.  lis  ffiowlli 
iHyoiiil  a  rrrliilii  liiiilt  ('.vpaiiclN  Ijii-  wiills  of  tlic  sinus 
Till' rmiiiul  cavity  is  oflrii  ciicroinlird  upon,  as  are  also 
III)' opposili' sinus  anil  orliit;  liiil  ho  frnuluiil  is  llir  en- 
lar>;i'iiiciil  thai  liltir  fiiiictional  ilisliirlianccri'siilu.  Ex- 
crplioiially,  severi'  iK-uliir  (lisliirl>aiicc't<.  ctTcbral  conipres- 
sioii,  I'll'.,  arc  pnnliicc<l. 

(islroiiia  may   be  lomplicalril  with  simisitis  in  all  its 
pliiiMS       It   alsi>  closely   simiilalrs  ililalin^'  sinusilis.   so 
that  exploratory  punetiire  may  he  iie<'essary  for  ililTeren 
tiation. 

The  hulieation  In  osloonia  is  iinnuiliato  extirpation. 
In  former  years  the  mortaliiy  from  this  intervention  was 
very  frreat.  As  the  openilioii  ils«'lf  is  not  ilitliciilt,  the 
(lander  must  lie  solely  in  the  possibility  of  infection. 

Of  malii;iiant  ;;rowtlis  orijrinaling  in  the  frontal  sinns 
such  a  small  nuinlier  arc  upon  leeonl  that  harilly  any 
lliiiii;  iieeil  be  sjiiil  on  the  subject  Tlu'  few  cases  in 
lilcratiire  were  all  sarcomata,  which  ^rew  rapidly  and 
broke  into  theionti.irnous  cavities.  Carcinoma  has  never 
bein  known  to  originate  in  the  sinus,  and  even  the  cases 
of  secondary  iuviwion  are  ol  extremely  rare  occurrence. 

Oa/rgc  Jiyemon  Fouler. 

'  Killinn  :  Hermann's  Handburli  der  LjirrnEolotrle  und  Rhinoloele, 
li<l.  HI..  l!«in. 

'  llajek  :  I'atlioliiirip  und  TbeniplediTentzflndllelieii  Erkrankungen 
der  NelH-nliCilileii  der  .Naso.  U'lpzlK  u.  Wieii,  IsJI'. 

FRY'S  MINERAL  SPRING. -.Ia.sper  County.  Iowa. 

I'oM  (iKHi  K  — Cnlhix      Hotels:  Fry  s  and" live  others. 

This  is  one  ofti  group  of  ten  well  known  mineral  springs 
located  at  Colfax,  on  the  lineof  the  Cliicago.  Hock  Island 
and  racilie  Railroad.  Like  all  Ihe  others  of  the  group, 
this  spring  has  an  artesian  How  and  jiroceeds  from  a 
depth  of  between  3(«)  and  400  feel.  The  water  of  this 
spring  has  been  analyzed  by  Dr.  Ileinriehs,  Professor 
of  Cheiiiislry.  Iowa  folate  University,  and  also  by  Pro 
fcs.sor  Haines.  M.D..  Chair  of  Chemistry  and  Toxicology. 
Hush  Medical  College,  Chicago.  The  results  obtained 
are  as  follows: 

(INK  rsiTED  States  Gallon  Contai.ns: 


Analysis  by  Dr.  Haines. 


Solids. 
Sodium  I'hleiidp 

Grains 
3.»tJ 

Sodium  sllliihate 

Potas.**iuiii  siilpliaie 

faliiuiii  sulphate 

Maifiiesium  sulphate  ... 
Mainiesium  hk-arbonate. 

Iron  liirarlHinule 

.\Uimlna 

77.344 

.620 

31.7.T0 

10.330 

23.939 

.258 

U58 

Silica 

.710 

Or^inic  matter 

Total 

Trace. 

150.751 

Analysis  by  Dr.  Heinrlcbs. 
Solids.  Grains. 

Sodium  chloride 3.^ti 

Sodium  sulphate 78.86 

ri'la.v.hllii  suljihate 41 

Mak'lH-siuni  stilpllate 31..S7 

l^ali'ium  sulphate 13.07 

t  alciiiiii  i-arlMinate 17.51 

Inm  carlxmale 67 

Silica 29 

I.lthia Trace. 

t'arlion  dioxide 7.18 

Total 153.71 


As  seen  by  the  analyses,  the  water  is  quite  strongly 
impre.iinated  with  mineral  ingredients,  but  not  suHicien^ly 
so  to  mar  its  pleasjint  taste.  .Vniple  bathing  facilities 
are  provided.  The  elevation  of  the  location  is  1.100  feet 
above  the  sea  level,  the  surrounding  country  being  of 
a  hilly  character.  The  waters  of  the  spring  have  been 
found  ellicacioiis  in  rheumatism,  dyspepsia,  .seneral  de- 
bility, and  in  diseases  of  Ihe  blood,  liver,  kidneys,  and 
nervous  system.  Jumes  K.  C'rook. 

FULTON  WELLS.— T^s  Angeles  County,  California. 

Ilotil  and  colta.Ljes.  This  resort  is  located  about  three 
miles  north  of  Norwalk  station  on  the  Los  Angeles  Rjiil- 
road.  and  lliirtecn  miles  from  lyos  Angeles  City.  The 
wells  were  bored  by  Dr.  Fulton,  and  ihe  resort  is  con- 
ducted by  that  gentli-man.  The  two  principal  wells  are 
3.50  feet  (ieep  and  How  copiously.  Anderson's  analysis 
shows  the  following  results: 


OxK  I'xrrrri  Rtatm  iIallox  contaiwi: 

Solldi.. 
Siidlum  chloride 
S^mIIiimi  bloirlM.iijiii- 
NMliuiii  !<ulptial*'.    . 
Mtitfiic*.|tiiii  lili'jirtfiiiih- 
Kcrrou!*  carlHiniilc  . . 

Cnlcluin  carlMtiuiIe 

ruldum  Milpliap' 

Silica 

Onninlc  mailer 


(imliu. 

U.lll 
■i.V) 

.U'> 

IM« 

II  :  . 


Tnu*. 


Total Nijjj 


Frt*e  (nrltoiiic  acid  iran  

Kn-e  iiiil|ihun'ie<t  liydroiren. . . 
TeiiiiH'niiuri'  <»f  water.  M*  F. 


.Ex  CMS. 

..Exm*. 


This  water  may  be  described  as  a  heavy  alkaline  elialy- 
l)eate.  It  I'lijoys  considerable  reputation  in  the  treat 
ment  of  aniemla.  malarial  troubles,  atonic  dvspipsia, 
congestion  of  Ihe  liver,  etc  A  large  hotel,  coinfortabic 
cottages,  and  excellent  bathing  facilities  have  birn  pro- 
vided for  guests.  Jamn  K.  Crmk. 

FUMITORY. — The  plant  Ptimnrin  nfflrfiuilin  (ram. 
Fiitiiiiritiriii).  an  annual  herb  with  branching  stem,  smooth 
anil  glaucous  compound  leaves,  and  small,  nither  irregu- 
lar flowers  in  axillary  racemes:  the  pods  are  one  sided, 
and  the  juice  of  the  stems  and  leaves  is  not  inilkv:  iii 
other  respects  of  strucliire  it  accords  with  the  poppy 
family.  Fumitory  is  indigenous  to  Europe,  and  an  in- 
troduced plant  in  I  he  United  Stales. 

The  leaves  or  the  tiowcring  herb  are  collected  for  use; 
they  have  a  bitter,  .saline  taste  but  no  odor.  They  con- 
tain a  crystalline,  bitter  alkaline  hnsv.  fniKitrine,  Ji'imiiric 
arid,  and  a  large  amount  of  carbonate  of  soda. 

Fumitory  is  an  old  European  liou.se  remedy  for  "vis- 
ceral, obstructive,  hepatic,  and  scorbutic  troubles."  It 
is  but  little  employed  at  present. 

Allied  Pi..\nt.s!— 0'/'.yr/<(/(s  and  DiHytva  ("Dicentra") 
arc  pretty  flowers,  some  species  of  which  are  cultivated 
for  ornament,  and  yield  drugs  which  are  u.sed  to  a  slight 
extent.  There  are  several  other  species  of  V* «;»«<•(<(  which 
have  been  employed  also  in  medicine.        W.  P.  Ihillm. 

FUNGI.  EDIBLE  AND  POISONOUS.— The   fungi  in- 

cludi- a  .series  of  plaiiisi.f  vn y  ili\ 'i^i- characters,  "vary- 
ing among  tliein.selves  as  widely  in  size,  structure,  aiid 
other  characters  as  do  the  higher  and  better  known  .seed- 
bearing  plants.  All,  however,  possess  the  common 
characteiistics  of  absence  of  chlorophyl  and  some  method 
of  reproduction  by  spores.  The  first  character  will  dis- 
tinguish the  fungi  from  other  cellular  plants  like  the 
alga',  while  the  latter  will  distinguish  them  from  higher 
parasitic  plants  like  the  dodders,  beech-drops,  and  broom- 
rapes.  AH  fungi,  lacking  chlorophyl.  must  live  on  some 
form  of  organized  matter:  this  thc.v  may  derive  directly 
from  living  plant  or  animal  tissues,  in  "which  case  they 
are  true  parasites:  others  and  by  far  the  greater  number 
draw  their  nourish 
ment  from  dead  or  de- 
caying matter  and  are 
known  as  saprophytes. 
In  structure,  some 
of  the  simplest  consist 
of  minute,  naked 
ma.s.ses  of  jirotoplasm 
living  parasit  ically 
within  a  single  vege- 
table cell  which  may 
be  a  pollen  grain,  a 
diatom,  the  cell  of  a 
filamentous  al.ga.  or  an 
epidermal  cell  of  one 
of  the  higher  plants 
(Fig.  ii^'i) :  others,  like 
yeast,  consi.st  of  single 
cells  enclosed  in  a  cellulose  covering  which  does  not 
differ  cs.«cntially  from  that  of  the  higher  plants:  these 
cells  are  free  flotttingand  derive  their  nourishment  cither 
from  saccharine  solutions  or  those  containing  amylace- 


^A- 


Fio.  3333  —SuncJn/trixim  mrrrurinJiJ'. 
prcKlurine  a  Gall  <>n  the  Epi'l'-niiLs  of 
Mtvcufiali.t  jH-riinii.-'.  Tin*  fumrus 
is  parasitic  in  a  t>inele  cell  aiul  the 
resting  spore  shown  at  <i.  lAfter 
Woronin.) 
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Fig.  2234.— Yeast  Cells  <if 
Sacchortnnuco'*  cerf- 
viitiiT  Budding  Nor- 
niall.v. 


ous  substances  capable  of  being  transformed  into  sugar. 
The  more  higlily  organized  fiinsri  eoiisisl  of  tine  tlireiid 
like  tiliuiicnts  linown  iw  liy|>liu' 
\vlii<li  develop  priniitrilv  from  llie 
^.'erniiimlion  of  spores;  these  liy- 
ph.e  mny  lie  either  septate  or  form 
enntinuous  eapillary  lul)es  and 
often  form  a  well  like  tangle 
known  as  myeeliuni:  such  a  mass 
iiitangled  with  iom]iost,  forms 
ilie  so calleil  "spawn  "  from  which 
liie  onliiKiry  mushrooms  of  cul- 
livation  are  grown,  and  such  are 
I  he  cohwebhy  lilms  of  mould 
seen  on  niuninc  ))iles  or  on  the 
surfiiccof  fnnt  exposed  to  a  warm 
moist  air.  At  other  times  numer- 
ous threads  of  the  mycelium  be- 
come joined  to  form  cordliko 
8tran<ls  winch  sometimes  attain  the  length  of  many  feet. 
Many  of  the  conspicuous  forms  of  fungi  such  as  the  pufT- 
balls  and  ordinary  mushrooms  are  comi)acte(l  masses  of 
mycelium  variously  hardened  and  .sometimes  mingled 
with  more  or  less  vesicular  cells  of  various  sorts;  some 
very  hard  tissues  like  those  of  the  woody  bracket  fungi 
are  developed  in  the  sjune  way.  the  hardness  and  tougli- 
ncss  depending  on  the  compactness  of  the  fibres  and  the 
thickening  of  their  cell  walls.  The  ordinary  si ruct\ires 
we  know  as  mushrooms,  for  example,  consist  merely  of 
the  reproductive  portion  of  the  plant,  and  in  a  general 
way  correspond  more  or  less  closely  to  the  fruit  of  the 
higher  plants;  the  vegetative  portion  frecpiently  con- 
sists of  extensive  masses  of  mycelium  concealed  under- 
neath the  ground,  and  ramifying  in  every  direction  to 
secure  from  stores  of  decomposing  vegetable  matter  the 
supply  of  noTirishmcnt  necessary  for  their  life.  This  not 
only  serves  for  their  food  but  from  it  they  manufacture 
the  material  from  which  the  reproductive  parts  above 
ground  are  rapidly  developed  at  an  opportune  time. 

Besides  developing  fungus  cellulose  which  dillers  only 
slightly  fr<mi  ordinary  cellulose  in  its  reactions,  various 
fungi  develop  various  carbohydrates  like  sugar,  mannite. 
glycogen,  gums,  and  the  like;  organic  acids  especially 
oxalic,  malic,  and  citric;  anmiatic  acids,  fats,  ethereal 
oils,  coloring  matters  of  diverse  types,  resins,  albumi- 
nous compoimds,  and  al- 
kaloids. The  last-named 
comjiounds  are  the  sources 
of  poisons  found  in  vari- 
ous mushrooms;  while  to 
various  eondiinations  of 
some  of  the  former  are  to 
be  altril)ute<l  the  nutri- 
tious pro]iertics  and  fla- 
vors of  the  various  forms 
of  edible  mushrooms. 

Kepidduclion  is  accom- 
plished in  various  Avays. 
In  unicellular  forms  it 
may  take  place  by  bud- 
ding (  iiriiimdiioii)  as  in  the 
yeast  (Fig.  'i-iM).  by  self- 
divi.sion  (fsn'oii)  as  in  the 
bacteria,  or  bj'  free  cell 
formation  (internal  cell  di- 
rision).  In  one  of  the 
great  classes  of  the  fungi, 
the  spores  are  produced  in 
membranous  s;ics  called 
(MC((Fig.  2241),  and  in  the 
common  mushroom  I  hey 
are  borne  on  spicules  («te- 


FiG.  £a"i.— I'nKTss  or  Conjupatton 
tn  Mucor  »tt>lonifet\  one  of  the 

.Muioniles.       A.'  Two     hyrlial    rir/matti)  which  rise  from 
bninilies    appmai'lilnt':     /(.    the    ,.nini.,rt.,l 
Bariie  still  furlluT   mh aii(e<l :  ( '.    '  "'ai^tii 
suspeiL-^ors  iMii  apart  fpnii  ilie 

JuPalillL'  rclls  (tlituiitist  liv  septa. 

Tile  iini"n  nf  tlie  (jrainetes  llnally 
pniduees  a  zygospore  as  seen  In 
FlK.  U'-'4,i.    tAfler  lie  IJary.) 


cells  known  as 
Imsidiu  (Fig.  2242).  In  the 
various  groups  of  fungi 
reproductive  bodies  are 
produced  in  a  vaiicty  of 


Fio.  2238.  —  Sexua)  Ileprodiieilon  of 
Pei-otios]»tra :  -1,  Myeeliuni :  /{.  an- 
therid ;  C  ejrp.  Tliese  .sirurtures 
form  inside  tlie  leaf  of  tlie  liost. 


ways  which  hn.s  given  rise  to  an  extensive  diver.sitj-  of 
terms  in  common  use  in  various  works  on  fungi;  some 
of  the  more  common  of 
these  forms  are  as  fol- 
lows : 

1.  Sejrual  MetltmU  of 
lieproihiction. 

(n)  By  the  uiuon  of 
similar  elements  (con- 
j>ii/iiti<»i)  residting  in 
the  formation  of  n  so- 
called  /,ygos]iore;  the 
sexual  method  of  re- 
jiroduction  in  the  or- 
dinaiy  black  mould  of 
biead  is  an  example 
(Fig.  223.->). 

(Ii)  By  tile  union  of 
dissimilar  elements  re- 
sulting in  the  forma- 
tion of  an  oiispore;  the 
sexual  reproduction  of 
tlie  downy  mildew 
found  parasitic  within 
the  leaves  of  many  jdants  in  a  good  exami)le  (Fig,  2236). 

(f)  By  the  union  of  dissimilarelements.  which,  followed 
l)_y  the  growth  of  an  alternate  stjige  (known  as  a  sporo- 
idiyti').  results  in  the  formation  of  a  sporocarp  or  so- 
called  spoie  fruit  stuh  as  is  seen  in  the  common  surface 
mildews  of  many  common  plants  (Figs.  2237). 

2.  Asexual  Farms  nf  liijirotluctioii. 

(a)  The  formation  of  ciliated  swarm  spores  within  the 
cell  by  the  ordinary  pi-ocesses  of  intemal  cell  division. 

(4)  The  formation  of  solitary  conidia  on  sim|de  or 
branching  liypha-  as  in  the  mould-like  growth  of  the 
downy  mildew  that  appears  on  the  under  surface  of 
many  leaves  (Fig.  2248). 

((•)  The  formation  of  conidia  in  chains  by  the  successive 
cuttingotT  of  the  endsof  ceitain  liyphieas  in  the  common 
green  nundd  (Fig.  22.i2,  C).  the  powdery  mildew  (Fig. 
2253,  A),  and  the  peach  rot  (Fig.  2238). 

(rf)  The  formation  of  sporangia  or  membranous  recep- 
tacles containing  large  numbei-s  of  spores  formed  by  a 
juocess  of  internal  cell  division.  Such  a  type  is  readily 
seen  in  the  oidinary  method  of  lepioduction  of  the  com- 
mon mould  of  manure  (Fig.  224()), 

(<)  The  formation  of  ]>vcnidia  or  special  receptacles  of 
more  or  less  elaborate  structure,  from  the  walls  of  which 
the  conidia  are  produced;  such  a  structure  is  found  in 
the  ordinaiy  leaf-sjiot  disease  of  the  ]iear  (Fig,  2240)  and 
other  similar  parasitic  and  often  sapiophytic  fungi. 

While  many  terms  are  employed  for  the  various  re- 
]iroductive  bodies  of  fimgi,  it  is  perhaps  better  to  use 


Fig.  2237.— Stapes  In  ttie  Sexual  Process  of  Spharntheea  CastagneU 
one  of  the  rnnnnon  I'owdery  .Mildews.  At  A,  the  two  sexual  cells 
are  <lisiiiu't ;  at  /(.  they  are  fusing:  and  at  C.  the  yoniip  si^)rot'arp 
is  forniinp.  The  nmture  sUige  of  the  sporttcan'  is  shown  in  Fig. 
2S>3.    (After  Harper.) 

only  the  two  terms  conidia  iind  spoies,  Ii\  tli<'  lower 
fimgi  in  which  there  occurs  both  a  sexual  and  an  asexual 
method  of  re]Uoduction  the  term  spore  is  limited  to  the 
sexuid  product,  and  the  term  conkliiini  (plu,  coniilia)  to 
the  asexual.  Following  the  same  analogy  the  character- 
istic liual  or  mature  reproductive  body  in  the  higher 
fungi  is  also  called  a  spore,  even  though  it  docs  not  rcpre- 
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will  till' rrsull  of  sfximi  rcprmlurtioii,  wliilc  iiny  curlier 
or  simpler  iiiftluxls  of  npriMliiciii.ii  iin-  n-nimlrd  um  roni 
dial       h'lillcpwiiif;  tin-  ■yiim-  iiimli.K.v.  Ill''  Hpi>ri;  prixliKlioii 
iimnii^'  llir  lioHls  of   iinp.rfi<l  fungi  {fungi  iiiii>rrfi<-li)  is 
iiKo  irpiriiiil  lis  ciiiiidiiil 

By  llic  iiliovc  disriissiiiii   it  will  Iw  sicn  llmt  tlir  'Jiiiii- 
fungus  posstsscs  iimri-  lliiiii  mu-  muIIkmI  nf  rcpriKlmtlDii, 


riii    aJtc  — .WmifKrt   fnicliorna,  the   Cnmm(in   Hut  of    IMums  and 
lNiicli.-i :  a  fnitniu'nt  of  a  liyplm  bearlnK  siKin'S  produced  lo  chains. 

and  the  ciuso  is  conipliculwl  when  ii  piimsitic  forn\  lias 
one  stiige  of  its  growth  on  one  plimt  iind  the  spores  or 
conidiit  of  this  stage  are  then  transferred  to  another  host 
plant  and  the  final  growth  and  a  dilTereut  method  of  re- 
pnxiuetion  take  place  in  its  new  place  of  aliodi'.  Still 
more  complicated  are  the  many  cases  in  which  a  funL'US 
is  iiarasitie  during  its  couidial  stage  and  passes  through 
its  spore-producing  stage  on  some  organic  substratum  as 
n  siiprophyte. 

Fungi  lire  of  economic  importance  in  a  great  number 
of  ways:  1.   As  household  pests  they  invade  fruit  either 
fresh  or  preserved,  cereals  or  other  starchy  cooked  foods, 
cliee-se.  clothing,  and  many  other  things  under  the  name 
of  moulds.     2.  As  parasites  on  living  plants  they  prey 
upon   fruits,  grains,  grasses,   the   foliage  of  shade  trees, 
weeds,  and  niauy  other  plants  in  the  form  of  leaf  blights, 
mildews,   rusts,  "smuts,  leaf  spots,  anthracuoses  and  the 
like,  often  causing  immense  losses  to  farmers  and  fruit 
growers.     3.  As  atiuatic  parasites  they  attack  lish,  par- 
ticularly   the  young  tish   in   the   hatcheries,   and   often 
cause   considerable   destruction. 
4.    As    aerial    parasites   on    liv- 
ing  animals    they   attack    tlies, 
grasshoi)pers,  clover  weevils,  the 
pupic  of  moths  and  buttertties, 
anil  many  other  animals,  some- 
times even  producing  skin  dis- 
eases in  man.     5.   In  laboratory 
work  with   bacteria   they  often 
form  a  disturbing  element  and 
a  knowledge  of   their  kind  and 
nature    becomes  a   necessity   to 
those  who  make  extensive  plate 
cultures     and     tube     cultures. 
These  moulds  are  likely  to  be 
either  (a)  True   Mucoraeea;,  (A) 
Conidial    stages  of   certain    As- 
pcrgillacete     like    the    common 
green  mould,  or  (c)  Ilyphomy- 
cetes  or  moulds  with  only  a  co- 
nidial  reproduction;  in  some  of 
the  latter  the  spores  are   light- 
colored,  in  others  they  may  be 
dark -colored  or  even  black.*    6. 
As  agents  of  fermentation  they 
form  the  active  element  of  yeast 
and  so  arc  directly  concerned  in 
the    production    of    bread    and 
beer,  and  in  all  alcoholic  fermen- 
tation,  as  well  as  in    the    later 
stages    of    acetic    fermentation. 
7.  As  an  article  of  food  they  are 
extensivelv  in  use  among  all  peoples  whether  civilized  or 
not.     8.   As  destructive  agents  of  timber  either  in  living 

•  \  preliminary  pap^r  on  these  forms  has  been  prepared  by  Dr. 
JelUtle,  "  Some  Laboratory  Moulds."  Journal  of  Pharmacology,  Nov., 
1807. 


Fig.  22*0.— .VHCor  nit/cr/Zo, 
showlnK  Ki  Kit-like  Hyplue 
and  S|>4>mnfria  IIIIimI  with 
Sp«ires  at  the  Summit  of 
Aerial  Hypliie. 


Fro.  224'!.— Section  of  a  Pear  I.<tif  taken 
Ihpiiiith  one  of  Uie  I'ycniillii  "f  a  lyeaf 
S[wit  caused  liv  Si  jilnriii  j'innn.  Ttje 
darkeniMl  iK.rtlfiis  an*  caijs«'d  by  the 
fiinKu,H  [nycetlum  and  the  uporeB  are 
formed  frtiui  the  inner  wail  of  ilic  pycni- 
dlum  and  esca|>e  at  its  mouth.  (After 
DuKKar.  I 


Hiandltig  trees  or  In  the  form  of  ties  or  bnlldlnK  nialerhil 
tlii'V  forma  prominent  factor  in  engineering,     U.  Ajt  re- 
medial   ageiilH    tliey 
are    directly    con 
cerneil     with     inedi 
cine,    and    linally   us 
inalignant    jioisoliH 
they  appeal  to  mem- 
bers of   the    medical 
profession      for     the 
Iriatmi-iit  of  tln'  vic- 
liin-;  <•(  their  work. 

Tlieie  are  three 
piiiici|iid  groups  of 
fungi  that  may  be 
distinguished  as  fol- 
lows: 

Class  I,  Piivco- 
MVCKTKS  —  the  algal 
fungi,  including 
mould-like  sapro- 
phytes as  well  as 
variiuis  para-sites  of 
both  a  n  i  ma  Is  and 
plants.  These  in  ad- 
dition to  the  more  or- 

diuarv  method  of  asexual  rejiroduction  have  a  sexual 
method  not  unlike  that  which  occurs  among  various 
forms  of  the  simpler  green  algie.  and  many  of  them  in 
fact  appear  to  be  little  short  of  degenerate  algie  that  have 
lost  their  power  of  developing  chlor- 
ophyl  and  with  it  the  power  of  fix- 
ing "carbon  from  the  carbonic  oxide  of 
the  air. 

The  other  two  clas.ses  of  fungi  rep- 
resent distinctly  higher  types  of  fungi, 
whose  relations  to  other  members  of 
the  plant  world  are  not  so  clearly- 
marked.  These  classes  are  distin- 
guished from  the  above  by  their  more 
complicated  structure  and  by  the  rarity 
of  sexual  processes,  and  are  distin- 
guished from  each  other  by  the  method 
of  spore  production  which  is  very 
characteristic  and  easily  determined  in 
mature  material. 

Ci-Ass  II.  AscoMYCF.TF.s.  or  sporc-sac 
fungi,  are  characterized  by  the  pro- 
duction of  spores  in  membianous  sacs 
known  as  «.«<•«  (sing,  aseim)  (Fig.  2341). 
This  character  can  be  readily  seen  in 
any  matuie  fungus  by  making  a  sec- 
tion for  the  microscope  and  examining 
it  for  the  sacs  containing  the  spores, 
or.  most  usually  they  can  be  made  out  from  crushed 
fragments  of  tlie  spo"re-bearing  surface  of  the  fungus 
without  the  trouble  of  making  sections.  With  the  ex- 
ception of  the  morels  common  in  spring  and  Gyromitra, 
wbic'h  is  not  very 
common  with  us. 
none  of  the  laiger 
fleshy  fungi  belong 
to  tile  Ascomycetes. 
but  rather  to  the 
next  class. 

Class  III.  Based- 
loMvcF.TF.s.  —  These 
are  characterized  by 
bearing  the  spores 
naked  on  enlarged 
cells  known  as  lia 
sidia  (Fig.  2242). 
This  class  includes 
besides  the  parasitic 
rusts  and  .smuts,  all 
the  ordiijary  mush-  j.,^.  2542. _two  Basldla.  -1,  with.^ierte- 
rooms  and  toadstools  ^^^^  bearinc  verr  voumr  spores,  and  B, 
(except      the      morel       a  later  development  with  spore,  mature. 

27T 


Fig.  2Sil.— a  sous 
conlatDing  Sp<)res. 
(S«H?      ulso     Fips. 

;ii50,  and  2357. 


Funi;!. 
Funel. 
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noteti  above),  hniokot  fuiiei  so  ciminionly  slielving  from 
tri'is  iiuil  stumps,  putT  balls  anil  stiiik-lionis,  iliiis  in- 
cluding   till'    largest    uuuibcr  of   ((Hispiciioiis   foriiis   of 

tlesliy  fungi  as  wi-U  as 
tbf  principal  forms 
wliicli  contain  ])oison- 
ous  principles. 

B  c  s  i  il  c  s  the  above 
grotips  tlierc  arc  two 
others  closi-ly  related  in 
habit  and  often  asso- 
ciated with  fungi. 
Tliese  are  the  bacteria 
which  form  the  great 
group  often  known  as 
the  Sc/iiz'jiiij/citii  which 
find  a  closer  alliance 
with  the  blue-green  algae 
(Ct/aiivp/ii/cea).  and  the 
slime  moulds  or  Myce- 
toziia  which  find  their  al- 
liance in  the  active  form 
at  least  with  certain  of 
the  lowest  animals.  In 
their  later  stages  they 
have  some  superficial  re- 
lations with  the  pulT- 
balls.  but  leally  stand  at 
the  opposite  extreme  of 
the  scale. 

The  general  literature 
on  the  subject  of  the  fungi  is  very  extensive,  but  laige 
portions  of  the  earlier  writings  are  now  of  interest  from 
a  historical  standpoint  mainly.  For  advanced  students 
of  the  subject,  De  Bary's  ••Comparative  Morpholc^gy  and 
Biologv  of  the  Fungi,  Jlycetozoa  and  Bacteria,"  is  still 
the  standard  treatise,  though  it  should  be  supplemented 
by  Brefeld's  antagonistic  views  in  his  "  Cntersuchungen 
aus  dem  Gesamratgebiete  der  Mykologie,"  published  in 
twelve  quarto  parts  (1872-189.5)."  A  summary  of  Bre- 
feld's svstem  may  be  found  in  von  Tafel's  ••Vcrglei- 
chendc  "ilorphologie  der  Pilze  "  (189'3).  For  the  physi- 
ology of  the  fungi,  the  best  general  treatment  is  found 
in  Zopf's  •'Die  Pilze,"  found  in  Schenck's  •'Haudbuch 
der  Botanik  "  (1890),  but  this  must  be  supplemented  by 
later  investigations. 

The  literature  relating  to  the  American  fungi  is  copi- 
ous but  very  much  scattered  and  except  for  synopses  of 
certain  small  groups  no  manual  or  descriptive  flora  of 
our  American  species  has  been  attempted.     A  guide  to 


y.^ 


Fig.  2243.  —  SeptiKarpu."  corune- 
phiini.<.  One  of  the  C'liytridiales, 
Parasitic- on  a  Diutom.    (AltCTZopt.) 


Fig.  'HU.—l'iiilticcithalif  frccniaiux,  a  Mould  Parasitic  on  Mucnr. 
A,  Portion  of  bypbse  sbowing  tbe  baustorlu,  h,  h,  h,  by  vrbloh  It  Is 
attacbed  to  tbe  bypba  of  Mucor :  B,  conldia,    (Alter  Brefeld,  i 

the  systematic  study  of  the  American  species  with  full 
generic  synopses  and  extended  references  to  our  scattered 
literature  is  found  in  Underwood's  •"Moulds,  Mildews 


and  Mushrooms"  (1899),  and  this  will  serve  as  a  general 
introduction  to  the  study  of  our  fungi.     The  literature 


Fig.  2245.— Various  Forms  of  Conjueatlon  in  the  Mucorales.  showing 
the  Zygospore  Formation.  A.  Miicnr  tnttcain-,  B.  PiptocephalU 
frc)>eiiiaiia  :  C,  Piloh'<liw  (riiftallinus.    (Aller  Brefeld.) 

bearing  on   particular  groups  and  that  relating  to  the 
edible  Species  will  be  referred  to  under  special  heads. 

CLASS  I.— PHYCOMTCETES  (Algal  Fungi). 

The  Phycomycetes  contain  five  orders  of  plants: 

1.  Chytridi-VLES,  which  are  mostly  unicellular  cndo- 

parasites  on  alga',  diatoms,   infusoria,  or  nirely  on  the 

higher  plants:  "their  organization  is  extremely  simple 
(Fig,  •2'24'-i)  and  their  method  of  re- 
production is  for  the  most  part 
asexual.  Excejjt  for  the  parasitic 
species  of  Si/iie/iytiitim  (Fig.  2233) 
the  forms  have  not  been  studied  in 
this  country. 

3.  MrcoR.\i.Es,  containing  the 
common  black-moulds  of  the  house- 
hold, reproducing  asexually  by 
conidia  produced  either  in  spor- 
angia as  in  the  common  Mueor 
mucedo  and  Mueor  gtolojiifer  (Fig. 
2239)  or  more  rarely  in  clusters  at 
the  ends  of  branches  as  in  PiptorepJi- 
<i/is  (F^ig.  2i2-t4,  B).  A  second  but 
less  usual  method  of  reproduction 
is  sexual  by  conjugation  as  is  seen 
in  Mucor  (Fig.  224.5,  A).  Piptocepha- 
lis  (Fig.  2'24.i.  B).  or  PiU>bolii.i  (Fig. 
2'245,  C).  The  last-named  fungus 
is  a  beautiful  but  ephemeral  plant 
which  appears  in  crystalline  clus- 
ters on  the 
surface  of 
h  o  r  s  e  m  a- 
nurc  either 
in  stables  or 
often    ;n  the 

open  woods.     Its  sporaiigial  form 

is  most  commonly  seen  as  in  Fig. 

2^246. 

3.  ENTOMOPIITnOKAI.ES,  with 
similar  methods  of  reproduction 
as  those  noted  on  the  last  order, 
but  dilTering  widely  in  habit,  liv- 
ing parasiticiilly  on  insects  which 

thej-  destroy  after  feeding  on  their  fig,  23*7,— a  Ijirva  of  the 
substance.  "  A  most  familiar  ex-  '"'"'■°'  w^vh  i<t.^i^ 
ample  is  seen  in  the  fly  fungus  in 
which  the  infested  insect  attaches 
itself  to  a  window  pane  or  the 
wall  and  becomes  suriounded  by 
a  halo  of  white   formed   by   the 


Fig.  2!4<i.— SporanRlum 
of  P(7fi/)o/i/.^  Klcitiii. 
one  of  the  Crystalline 
Moulds  Growing  on 
Horse  Manure,  (Af- 
ter Brefeld.) 


Clover  Weevil  Affected 
with  Kmpusii.  one  of 
the  Entcmiciiilithnrales, 
rniled  alM>ut  tlie  top  of  a 
Made  of  pniss,  which  Is 
tbe  usual  position  as- 
sumed In  the  last  stages 
of  Me,    I  After  Arthur.) 
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roiiiiliii.  Aiiotlicr  species  iilliickM  till' cicivir  HI  i\  il  in  Ms 
Uirviil  HtOKe,  u  lien  tlie  wuriii  rriiwN  In  the  Inn  of  ii  lilmli' 
III'  KDl'^H.  eiiilH  itseir  iiriiiiiiil  ill 
II  reKiiliir  way  mid  ilies(Ki({. 
*2'J4T).  Aiiiitlier  fiiriii  iilliiiks 
tlieorilintiry  ^jrnHhliopper.  iiiiil 
lie  eniwiM  up  In  ii  eoliveiiieiil 
thistle  nr  iiiiilleiii  stiilU  ami 
(lies  elaspiii);  his  [lereh  in  a 
ilealli  Krip. 

•1  Svruiii.KdMAi.Ks  an' 
water  iiiiMiliis  wliieh  );;row 
either  saprnpliylieally  on 
ileail  Hies  or  ili-ail  tisli  in  the 
water  whieh  is  their  usual 
liahit.  or  iieeasionally  lieeome 
ilestruetive  parasites  of 
yoiini;  lisli  in  liateliories  or 
more  rarely  in  open  streams. 
Their  niellioils  of  ri'proiliic- 
tiou  are  ipiile  similar  to  those 
deserilieii   in  the  next  order, 

F.O.   2.MS.-C..nMI.M.liorp,    of    ^•="':!'»     ','""     ,""•>■,  "™     I"?' 
;vii.ii.«;«.r.i  iiiienrlnB  fniiii    manly  adaptid  lo  llieai|Uall(- 
B  S1..I11II  .>ii  iiie  1  hiiir  sill.' nf    lialiit  of  the  iilant  produeinK 
a  I^'iif.  nnil  lleiiriia;  rnniillu    ii,,,,,, 
of  Viirl.ms  Ii..,m'<w  "f  IWvel-         .     ■,. 

opimni.     (After  Knv.i  5     PkuoNOSPORAI.ES,  in- 

eludini;  the  downy  mildews 
mid  the  white  nists  )ianisitic  on  many  enltivalcd  plants 
and  occasionally  occurring  on  weeds  and  wild  plants. 
The  potato  ml  and  the  downy  mildew  of  the  srrape  leaf 
wliieh  also  (irodiiees  tirown  rot  *  in  the  fruit  represent 
two  widespread  and 
destructive  diseases 
caused  by  meiiilHrs  of 
this  order.  Hcprodiic 
tion  is  iise.Mial  liy 
means  of  eonidia  form- 
in,!;  moidil-like  patches 
on  the  under  surface  of 
the  leaf  formed  of 
the  minute  tree -like 
conidiopliores  w  h  i  c  h 
bear  diisi  like  eonidia 
(Fiir.  'i-iiS).  This 
metiiod  of  reproduc 
tion  is  for  the  purpose 

of  nipidly  spreading  the  disease.     A  second  method  of 
rcpriHluction  is  sexual  by  means  of  the  direct  fertiliza- 
tion of  an  egg  cell  by  n  differentiated  male  cell  know  n 
as  an  autherid  (Fig.  22;JG);  this  takes  place  within  the 
siibstauee  of  the  leaf,  and  the  resting 
spore   resulting    fnmi    the    process  of 
fertilization  remains  over  winter,  and 
on  germinating  in  the  spring  produces 
a  new  crop  of  the  mildew.     The  my- 
celium  of   the    fungus   penetrates  the 
interior  tissues  of  llie  plant  and  draws 
the    nourishment    from    the    cells   by 
means  of    haiistoria,    as   seen   in   Fi.ir. 
2249.     A  second  member  of  this  order 
forms  the  while  rust  of  common  cru- 
cifers.  being   most    common    on  shep- 
herd's purse  and   radish.     In  this  spe- 
cies (Aihiigo  ctintliilii)  the  conidiospores 
are  borne  in  chains  (Fig.  2250).  many 
Fig    iiin  -Cunldia    P'"'""i''  rows  forming  a  white   blister 
of   .4(/.ii(^i    i-nii-    underneath  the  epidermis  of  the  plant. 
(liilii.    Uie    White    Other  species  are  found  on  the  (^iiiada 
Il"™e^nTlmi■,'S■    "''«"'■■  '""'"""th.  morning-glory,  sal- 
{Atwr  Dv  Bar>M      sifv.  and  ragweed. 

The  best  systematic  tn^itment  of  the 
groups  of  this  class,  particularly  the  orders  Mucorales 
and  Chytridiales.  may  be  found  in  I^ibenhorst's  "Kryp- 
togamen    Flora    Deiitschlands.     Oesterreichs     und    der 

•  Not  the  black  rot  of  the  grape  which  is  caused  by  a  very  distinct 

fUDKUS. 


Fl(i.  ■J24!i.— Myicliuin  of  /'iiviiiospiird 

between  the   Cells   (»f  its  Host  und 

Scniliiis  Hiiustorln,  h,  into  the  Cell. 
(Afl(.'r  Kny.) 


>.  Iiwn/  I'llze,  Ahtheilunjf  IV  Only  the  piim»illc 
NpceieM  and  the  water  inouIdH  have  'iH-en  M|M-cliilly 
studied  in  our  Horn  by  Farlow,  Tlmxter,  Iluiiiphrev. 
and  Swingle. 

CLASS  il.-A8lOMYrKTE8  (.S>irc4nc  Funni). 

As  stated  alwive,  the  Ascnmycetes  are  cliiinicterlzed  by 
the  fact  that  they  bear  their  Hporesin  iisei  or  memlimnoug 
sacs.      IJesides  this  metJKHl  of  spore  production  .some  of 


Flo.  2So\.—Ccratoi'tnmrUn  iiillfcrti.  one  of  the  Sapmphyllc  Sphio- 
rlates.  A,  Three  iJeritheclu  on  a  frainnent  of  (lecavlnir  wtxxl  show- 
infrthe  lonK-l>eiikeil  |>eritli(>ela  :  7<.  u.scus.  cimlulnini;  the  alluntold 
spores.    I  After  Lindaii.  i 

tliera  have  other  methods  of  reproduction  by  means  of 
eonidia  and  other  forms  of  asexually  produced  spores. 
The  reproductive  processes  are  sometimes  complicated  by 
the  fact  that  the  different  stages  of  the  reproduction  arc 
borne  on  distinct  plants  and  appear  al  different  times  of 
the  year,  and  moreover  bear  little  resemblance  to  each 
other.  For  example,  the  common  ergot  appears  as  a 
parasitic  mould  like  fungus  in  the  llowers  of  rye  at  one 
season  of  the  year  followed  by  the  formation  of  the  dark 
bard  kernels  ihat  take  the  place  of  the  rye  grains  and 
that  are  known  ollicinally  as  ergot.  Tlie  ascosporic 
stage  of  the  fungus  does  not  appear  until  the  following 
spring,  when  the  kernels  (nckrotiii)  of  ergot,  after  King 
on  the  ground  all  winter  as  they  do  in  nature,  send  uji 


Fio.  2252.— Ascl.  A.  and  Conldia.  C.  of  I'cnicillium  crwdaccum,  the 
(Ordinary  Green  Mould.  (After  Brefeld.)  The  ascl  are  formed  lo 
chains. 

short  stems  which  bear  rounded  heads  in  which  the  iH'ri- 
thecia  bearing  the  asci  with  their  spores  are  found. 

The  asci  in  the  simpler  forms  are  naked  and  more  or 
less  separate  from  each  other ;  in  successively  liighcrfomis 
the  asci  are  found  in  rounded  pcrithecia  (Fig.  2258),  in 
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coninil  perforate  iieritlieciii  (Vis.  22.">r).  7?).  or  in  loiiir- 
beukeil  perforate  peiillieeiii  (Kiir.  'ii't\\:  in  some  eases  llie 
peritliecia  are  free  from  each  otiier  andiu  otliers,  usin  tlie 


1  from  tlie  epiilcrmal  cells;  the  peritliecium  is  developed 
from  a  rather  oliscure  hut  mi  less  eertain  sexual  repro- 

i  ductinn,  shown  in  Fig.  2237,  and  develops  a  series  of 
eurioiis  appendages  aronuil  its  periphery  which  are 
often  of  eomplieated  and  beautiful  structure.  The  i)eri. 
tlieeia  are  spherical  and  imperforate,  hut  they  can  be 
easily  ruptured  under  a  cover  glass  when  the  asci  and 


Fig.  225.3.— Reproduction  of  t'licimda  iiecat'ir.  the  Powdery  Mildew 
of  the  Gni|)e.  -4,  t'onidinl  stat'e  showing  two  conidla  at  c,  and 
ooe  just  fonninK  at  r' :  B,  sporocarp.  the  result  of  the  sexual  proc- 
ess sho\vn  in  Fig.  2352,  showing  the  escaping  asci  at  a.  (After 
Scribner.) 

common  Xylaria  poli/inorpfia  (Fig.  22.54),  tliey  arc  cm- 
bedded  in  a  stroma  composed  of  compacted  hypha?  often 
very  hard.  The  great  majority  of  the  members  of  this 
class  of  fungi  are  small  aiid  inconspicuous;  only  a  few 
are  fleshy  and  at  the  same  time  of  sufficient  size  to  war- 
rant their  use  as  food. 

Besides  less  conspicuous  orders  the  more  common  forms 
of  Ascomycetes  are  included  in  the  following  orders: 

1.  S.\ccii.\K0MvcETALES. — These  include  the  yeast 
plants  which  are  of  economic  importance  in  all  matters 
connected  with  fermentation.  In  these  the  ordinary 
method  of  reproduction  is  by  bud- 
ding (Fig.  2284),  but  under  cer- 
taiii  conditions  of  nutrition  they 
form  what  have  been  regarded  as 
free  ascospores  four  in  a  cell. 

2.  AsrERGiLLALES.— In  this 
group  are  found  two  types  of 
fungi,  both,  however,  agreeing  in 
bearing  the  asci  in  skeins  or 
chains.  One  of  these  types  is  the 
eiiniMion  green  mould  which  is 
well  known  in  its  conidial  form 
(Fig.  3252,  C).  but  less  so  in  its 
ascosporic  form  (Fig.  2253,  .1). 
The  other  type  of  the  order  is  an 
underground  form  resembling  a 
tnifflt^^but  reputed  poisonous.  It 
is.  however,  too  small  aii<l  too  un- 
I  ommou  to  be  considered  worthy 
.1'  much  attention  here. 

:!.  Pkhisi>()ui.m>es. — This  group 
includes,  besides  a  few  less  con- 
spicuous i)lants,  the  importJUit 
group  of  the  Erysiphaceie  or  pow- 
dery mildews,  wliich  are  com- 
monly found  as  parasites  on  a 
wide  range  of  hosts  among  which 
mav  be  mentioned  the  hop,  grape. 
FIG.  Zt-^.-Xiflnrin  poll;-  ^r„ogt.l,<.rrv,  lilac,  and  inauv  others. 
'p.l't"Na,u.^l"l"e.  anS  Tin'  periti.ecia  are  attached  to  the 
a  Section  at  A  of  the  surface  of  the  h'af  of  the  host  ns- 
Strfima  showing  the  j,j^  f,.,,^,  jj  cobwebbv  mvcelium 
Perithecls  around   the    ^^.^.^^     j^^^.^     j^^     ioui^ishment 


Fig.  22.55.— C«n/oj*/>oni  j)ti/onu";iwm,oneof  theSphieriales.  A,  Inside 
of  a  peach  pit  sliowing  the  scattered  perithecia.  natural  size ;  li,  a 
single  ]K'rittiecium  viewed  from  the  side;  and  C,  a  single  sp*)re 
which  is  apparently  two-celled  but  has  two  additional  minute  cells 
at  the  apices. 

spores  may  be  studied  (Fig.  3253.  B).  A  little  earlier  in 
the  season  the  couidia  are  developed  (Fig.  2253.  ,1)  and 
l)y  their  means  the  mildew  is  rapidly  spread  over  other 
plants.  The  group  has  been  caiefully  stu<lied  by  Sal- 
mon* and  furnishes  a  delightful  introduction  to  the 
study  of  the  parasitic  fungi. 

4.  Spn.KiUALi!s. — This  is  the  largest  order  of  the  As- 
comycetes, and  eighteen  families  represented  by  over  six- 
teen hundred  species  have  been  described  from  the  United 
States.  Many  of  them  are  small  or  even  microscopic  in 
size,  and  only  a  few  are  in  any  way  conspicuous;  of  the 
latter,  one  stioniatic  form  is"(|uite  coinmou  glowing  in 
clusters  about  old  stumps  and  known  as  Xi//ttiia  jx/ly- 
iiiorphtt,  from  its  woody  character  (Fig.  22.54).  Another 
form  is  common  on  old  peach  pits  that  have  remained  out 
of  doors  over  winter ;  this  has  discrete  perithecia  as  shown 
in  Fig.  32.58.  A.  Still  another  type  has  long-beaked 
peritliecia  (Pig.  2251).  The  plants  of  this  aiid  three 
other  small  orders  have  formerly  been  known  under  the 


Fig.  23.T8.— r-imioliolHS  <-<;i(im(.-<.  One  of  tlie  Pup  Fungi  IPezlzales). 
Section  thr<iugh  the  entire  plant,  showing  the  a.sci  in  position  mixed 
with  the  sterile  paraphyses.    (.After  Durand.) 

name  of  Pyrenomvcetes  and  our  species  have  been  treated 
by  Ellis  and  Evefhart.f    The  species  of  the  Sordariacea) 

Illustrated  witb 


•  Salmon  :  "  A    .Monograph  of  the  Erysiphaceoe. 
nine  plates.    Memoirs  Torrey  Cluh,  vol.  tx. 
t  Ellis  and  Everhart :  "  The  North  American  Pyrenomycetes, 


'1892. 
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hiivc  Im-wi  iiiHilf  the  RulijccI  <if  ii  recent  Ktiiil  v  by  (Jrllflllm,* 
umi  (Ills  f^roiip  fiii'iiislit'H  ii  imiHt  viiliiiilili'  iiilriHliiclinn  lo 
Uic  stuilv  of  till'  Asciiiiiyeclrs  in  fTincnil  iiml  I'spciiiillv 
to  llie  ini'tliivis  iif  ciiltivjiliiin  in  inowl  rliitMiliers. 

.V  TiiiKiiM.K.!* — 'I'tu'  Micnihcrs  of  this  i.rcler  me  all 
finhlerniiK'iin  in  llieir  liiiliils  unci  inrlndi'  lln'  I'dilile  trutllr 
looked  ii|ii>n  as  one  of  tlie  dainties  of  Ilie  i'|>jeliie  'I'lu' 
trill'  Inillli'  is  foiiiid  in  Soinliern  Kiiro|ii-.  «  liere  lilinr 
doi;s  or  |>ii;s  iiri'  Iniineil  to  dij;  tlieiii.  'I'lii'V  vary  in  size 
frmii  an  aeorn  to  llial  of  one's  list  an<l  have  a  warty  a|>- 
peanmei'  on  Ihi'  exterior.  They  are  liesl  when  fri'sh,  hut 
iin-  most  eoninionly  solil  in  u  eanned  form.  Two  nioder- 
at«  si/.ed  triiDlessell  in  the  market  for  ahoiil  Ihrei'  francs 
(sixty  c'ciils).  Various  reports  arcciirrent  levari lin(.r  their 
o<'ciirri'ncc  in  this  country,  Init  so  far  the  trueedilile  tiiilllL' 
has  not  been  reported.  A  larire  nuiiilier  of  sutileniiiiean 
funni  have  been  found  in  California  w  In  re  they  have  been 
studied  by  the  late  Dr.  Ilarkness.  and  if  trullles  are  ever 
found  in  America  liny  are  more  likely  to  occur  cither  in 
Ciiliforniii  or  in  the  Southwest  where  tlie  climatic  condi- 
tions more  closely  resemble  those  of  Southern  Kiirope. 

(i.  I'K/.IZ.M.KS. — The  cup  fun  tri  form  an  extensive  group 
which  has  been  compai-atively  little  studied  in  this  coun- 


FlG.  2257.— Pczlin  iiinri'<»))i(,«.  One  of  tlie  Clip  Funirl  (Pezizales), 
showlnK  an  .Am'Us  mtli  Spores  und  One  of  the  Paniplivses  ut  A. 
I.\ftcr  Undau.) 

try.  Tliey  vary  all  the  way  from  the  size  of  a  pinlicad 
or  even  smaller  to  several  inches  across,  some  of  the  lartcer 
fleshy  ones  being  used  for  food.  They  all  bear  the  asci 
in  a  more  or  less  concjive  layer  in  the  bottom  of  the  cup 
(Fig.  2"i.'j6)and  are  normally  closed  above  when  young, 
but  become  concave,  plane,  or  even  convex  as  they  ma- 
ture. Some  are  stalked  as  shown  in  Fig.  22.57.  but  the 
greater  part  are  cither  very  short-stalked  or  sessile. 

7.  Hei.veli,.vi.es. — This,  the  highest  order  of  the  As- 
comycetes.  contains  the  largest  speciis  of  any  order  and 
consefiueutly  those  that  are  most  likely  to  be  concerned 
with  the  inycophagist.  Two  prominent  types  are 
represented  by  two  families,  which  dilTer  technically  in 
the  method  of  discharging  their  spores:  the  first  include 
club-like  or  capitate  forms,  few  of  which  are  of  snltieient 
size  to  furnish  much  of  a  meal  though  the  gelatinous 
Leotia  is  sometimes  eaten.  Mitrtdit  ji/idlhidt's  (Fi^.  2258) 
is  a  fairly  typical  form  of  this  family ;  in  this  species  the 
ascospores  are  confined  to  the  enlarged  portion  of  the 
club.  The  other  family,  known  as  the  Helvellacea', 
contains  the  morels,  the  gyromilra.s,  and  the  helvellas. 
of  which  the  first  is  by  far  the  best-known  group  in  this 
country,  being  r|uite  widely  known  as  the  s])ring  mush- 
room or  in  some  jilaces  as  the  mushroom,  it  being  the  one 
most  commonly  used  for  food  in  certain  regions.     There 

•GrllHUis:  "The  Sordarlacen?  of  North  America."  Tiluslrated  with 
Dineteen  plates.    Memolni  Torrey  Club,  vol,  il.,  part  1.,  1901. 


iiri)  wx'cnil  HpecicH  of  which  the  mMl  coininun  hm  well  ail 
the  lust  known  is  .\l,.rrli,ll,t  eseulenta  (Fl({.  2M0).  All 
the  morels  are  edible  and  de 
licioiis  articles  of  foiHl;  in 
Kiirope  tliev  are  very  eoni- 
nionly ilried  for  winter  use 
anil  sparingly  used  as  a  deli- 
cate flavor  for  soups.  The 
only  plant  that  bv  any  poH- 
sibli^  chance  would  be  mis- 
taken  for  them  is  the  I'lml- 
/'/x  or  stink-horn  fungus,  but 
no  one  posses-sed  of  the  sense 
of  smell  would  possibly  iiiiM- 
take  that  for  an  edible  spe- 
cies. The  nioril  has  a  hollow 
stem,  hence  the  plants  should 
beoarefiilly  split  and  cleansed 
inside  before  eating  as  they 
are  likely  to  contain  snails 
and  other  animals  w  liich  also 
regard  tlii'in  as  a  delicacy. 
In  cooking,  the  flavor  is  im- 
Iiroveil  by  jiarboiling  them 
and  rejecting  the  original 
water  in  which  they  Jire 
boiled, 

Oi/romitra  is  a  much  larger  fungus;  G.  brnnnen  has  a 
chocolate  brown  convoluted  pileus  and  a  white  stem  an 
inch  or  two  thick;  the  whole  jilant  is  often  live  to  seven 
inches  high,  and  single  specimens  have  been  found  that 
weigh  as  much  as  fourteen  ounces;  it  has  been  found  only 


Fiii.  2i'>.s.  Mitnilii  ijImlliiUlai. 
one  (pf  the  llelveliale,H,  Nat- 
urul  size. 


Fig.   2359.— Aforr)!. 


i.Uulvellales.j 


■     •  1  or  Sprlnp  Mushroom. 
'.Xatund  size.) 


in  the  Ohio  valley  region.  A  second  specii's  is  i_ii/n>ii,itra 
I'sciileiitd  and  is  a  much  smaller  plant  with  a  wider  dis- 
tribution, though  it  is  by  no  means  as  common  in  America 
as  in  Europe:"  it  is  two  to  three  inches  high  with  a 
strongly  convoluted  brown  pileus,  which  ranges  from 
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clicstniit  brown  to  blackish  aecoriiing  to  the  age  or  sUitc 
of  maturity.  In  Europe  it  is  regarded  as  a  great  del  iraey 
and  is  often  preserved  in  cans  for  winter  use.  It  eon- 
tains  a  greater  or  le.ss  amount  of  helvellie  acid,  partieu- 
larly  wlieii  old.  and  this  is  a  liigldy  poisonmis  sulwlanee; 
it  is  soluble  in  hot  water  and  ean  he  removed  by  boiling 
ami  rejeeting  the  water,  but  the  plant  shoidd  never  be 
oaten  when  |iast  its  piime — a  remark  that  may  well  ap- 
ply to  all  mushrooms.  The  symptoms  of  poisoning  are 
.similar  to  those  described  for  i)liallin  below  and  there  is 
no  known  aniidole  for  the  poison. 

Besides  the  true  AscoM)yeetes  there  are  a  series  of  forms 
that  are  analogois  to  conidial  stages  of  some  of  the  forms 
of  the  Aseomycetes.  Some  of  these  ari'  umloubledly 
conidial  stages  of  .some  known  or  unknown  spicies  ol 
ascus-bearing  fungi  for  which  the  true  relations  have  not 
yet  been  ascertained;  some  may  represent  forms  that 
iiave  lost  all  except  their  conidial  stage  of  reproduction; 
while  on  the  other  hand  there  are  doubtless  a  number 
of  forms  provisionally  jilaced  here  from  some  superlicial 
resemblance  that  really  are  perfect  forms  in  lhem.selves. 
They  are  known  as  finif/i  imiieffirti,  and  form  plant 
diseases  known  as  leaf  spots,  anthracnose,  blights,  and 
leaf  wilts. 

The  literature  bearing  on  the  subject  of  the  parasitic 
diseases  of  plants  is  very  extensive,  but  very  widely  scat- 
tered in  the  reports  and  bulletins  of  the  various  .state  and 
national  agricultural  experiment  stations.  Dr.  Sturgis, 
of  Kew  Ilaven.  has  made  an  elaborate  index  of  this 
literature  arranged  by  host  plants.* 

CLASS  III.— BASIDIOMTCETES  XThe  Basidialspore  Fungi). 

This  group  is  a  somewhat  heterogeneous  one,  but  ccm- 
tains  species  of  fungi  that  produce  their  spores  on  basidia 
(Fig.  2242).  The  group  includes  four  types  of  fungi  as 
follows:  (1)  The  lower  Basidiomycetes  consisting  of 
parasitic  rusts  and  smuts;  (2)  The  tremellines  or  jelly 
fungi.  These  are  represented  by  three  orders  of  whicli 
the  Jew's  ear,  a  dark-colored  fungus  used  as  food  by  the 
Chinese,  is  all  that  need  be  mentioned;  (iS)  The  llymeno- 
mycetes,  which  contain  the  ordinary  mushrooms  and 
toadstools;  and  (4)  The  Gastroraycetes,  containing  the 
pufi-ball  and  their  allies  representing  five  distinct  orders. 

Tim  Smuts  and  Rusts. 

The  smuts  (order  Ustii,agin.\les)  are  more  or  less 
familiar  from  their  attacks  on  corn  and  the  ordinary 
cereals,  all  of  which  are  affected  by  one  or  more  species. 
The  chlamydosporcs  of  the  fungus,  w  liicli  form  the  greasy 
black  powder  seen  in  the  cfirn  smut  or  in  the  smutted 
heads  of  grain,  germinate  with  the  grain  and  produce 
basidiospores,  which  germinate  directly  and  produce  a 
widcsprcading  mycelium  which  grows  parallel  with  the 
growth  of  the  host  plantand  ultimately  maturesilss])(ires. 

The  rust  fungi  (Ukkdinai.ks)  are  likewise  parasites 
affecting  the  higher  plants  and  many  of  them  form  de- 
structive diseases.  They  are  peculiar  in  their  methods 
of  reproduction  in  that  some  species  have  three  dis- 
tinct methods.  develo])ing  three  sorts  of  spores;  others 
have  tw^o  methods  in  which  two  dilTercnt  series  may  be 
represented;  others  may  have  only  oiu'  method,  and  it 
may  be  any  one  of  the  three  sorts  of  reproduction  known 
among  these  plants.  Where  two  or  three  mi'thods  of 
reproduction  are  known,  the  case  is  often  complicated  by 
one  of  them  occurring  on  a  dilferent  host  plant  from  the 
others.  The  ordinary  wheat  rust  is  the  common  type 
which  presents  as  complicated  an  example  as  possible. 

The  Hvmesomycetes. 

After  passing  over  the  three  orders  of  the  tremellines 
or  gelatinous  fungi  we  come  to  the  ordinary  toadstools 
and  nuishrooms  which,  in  accord  with  modern  terminol 
ogy,  form  the  order  A<i,\RUAi.ES.  Of  these  there  are 
three  families  that  contain  fleshy  species,  and  these  can 
be  easily  distinguished  by  the  nature  of  the  spore-bearing 

*  Report  Coanectlcut  Experimenl  Station,  ISOT,  182-22. 


surface  which  appears  underneath  the  pilous;  those  bear- 
ing lamelhe  belong  to  the  agaric  family  (Agsiricaceu'); 
those  with  pores  or  tubes  to  the  Polyporacea';  and  tho.se 
with  spines  or  teeth  to  the  Ilydnacea';  a  fourth  family 
also  containing  Heshy  species  is  devoid  of  a  pileus.  but 
consists  of  dub  like  or  coral-like  fungi  often  greatly 
branched  and  diviiiing;  these  are  the  Clavariacea';  there 
is  still  another  family  but  it  is  not  of  importance  in  the 
present  consideration. 

1.  AoAmcACE.i-:.  —  In  the  ordinary  pileate  mushrooms 
the  spore-bearing  surface  is  spread  over  a  series  of  radiat- 
ing lamella;  underneath  the  cap  or  pileus;  on  tins  surface 
the  spores  are  l>orne  on  basidia  and  at  maturity  drop  and 
are  scatt<red  by  the  wind;  these  spores  are  of  dilferent 
colors  in  various  species,  and  this  fact  has  been  made  u.st! 
of  in  distinguishing  the  various  genera.  The  young 
])lanl  has  the  pileus  commonly  clo.sed  something  after  the 
manner  of  an  umbrella,  and  the  stem  is  then  short  so  that 
the  whole  mushroom  at  an  early  stage  is  ma.ssed  into  the 
form  of  a  ball.  In  certain  species  the  whole  plant  is  en- 
veloped in  a  more  or  less  membranous  covering  known 
as  the  (V(/tv(  (Fig.  2261,  C);  as  the  mushroom  expands 
this  volva  is  ruptured  and  it  is  either  carried  up  on  the 
top  of  the  pileus  in  the  form  of  separable  scales  or  it  re- 
mains at  the  base  in  the  fonu  of  a  cup;  this  is  by  far  the 
most  important  portion  of  the  mushnwm  as  it  is  the  one 
by  which  the  most  dangerous  fungi  are  detected.  It  is 
absolutely  necessary  to  have  the  complete  base  of  the 
stem  certainly  to  distinguish  between  edible  and  poison- 
o>is  forms.  An  additional  structure  to  be  noted  is  the 
rill,  which  in  the  young  form  extends  from  the  margin 
of  the  pileus  to  the  stem  as  a  complete  covering,  but 
w  Inch  normally  breaks  away  from  the  margin  of  the 
pileus  and  fonus  a  more  or  less  dctinit(;  nni^  {itrnuiliin), 
which  may  be  narrow  and  ring-like  or  hang  liown  in  the 
form  of  a  .skirt.  In  one  genus  the  veil  separates  from  the 
stem  and  hangs  in  a  fringe  around  the  margin  of  the 
young  jiileus;  in  at  least  two  genera  the  veil  is  very 
slight  tlKuigh  clearly  marked  in  young  forms  but  entirely 
disappears  in  the  older  plant  so  as  to  appear  to  be  entirely 
wanting.  While  it  is  comparati  vel.v  easy  for  one  familiar 
with  mushrooms  clearly  to  distinguish  the  ordinary 
genera  at  sight  lis  easily  as  the  maples,  oaks,  or  pines  are 
distinguished  aiuong  trees,  it  is  more  dillicult  for  a  novice 
to  distinguish  them  even  with  keys  at  hand  for  separat- 
ing them.  The  following  synopsis  of  the  genera  contain- 
ing edible  or  poisonous  species  may  be  helpful  in  attain- 
ing this  end. 

SYNOPSIS  OF  THE  CiENERA  OF  AGARICS  CONTAIXIXG  EDIBLE 

AND  POISONOUS  SPECIES 
Stem  centnil. 

Juice  mill<y.  white  or  colored Lactarii'S. 

Juice  ni)t  inilliy. 
Spores  white'. 

AVitti  a  vulva  and  annulas  lioth Am.wita. 

Willi  a  vcilva  l)ui  nt.»  annultis Ama.mtopsis. 

Vrilva  wautinf  Imt  aniiulus  present. 
Lamelhe  free  fn^m  ilie  stem ;  pileus  normally 

scaly '.  Lfpiota. 

Lamella*  united  with  the  stem Armillaria. 

Boih  \(>lva  aruJ  annulus  \vanlintf. 
Laiin-llie  Itiin  with  acute  cdpes. 
Lauieihe  free;  plant  reviviuR  after  drying.  Marasmiijs. 

Lamella'  decurrent ;  stem  Heshy Clitocvbk. 

Lamella*  adnate ;  plant  brittle ;  stem  fleshy; 

pileus  usually  lirifrht  cnlored Rrssn.A. 

Lamelhe  sinuaie :  stem  tleshy Taicnoi.oMA. 

Lamella-  in  the  U  inii  of  shallow  folds  with  ot>- 

tu.se  cdses ;  plant  yellow CA.NTUARELLrS. 

Spores    pink    or   salmon-eolored ;    with  neither 
volya  nttr  annulus. 

Lamelhe  five  from  the  stem Pi.rTECS. 

Lamelhe  decurrent  on  the  fleshy  stem Ci.iTOPiLrs. 

Spores  rusty  brown  ;    annulus  anichnoid  disap- 

peariniiwhen  mature;  lamella;  adnate CORXiNARirs. 

Spon*s  dark  brown  or  l>lack. 
Pileus  mell  imr  to  a  black  inky  fluid  when  mature  COPRI.scs. 
Pileus  not  meliinp:  six^res  dark  brown. 
Veil  n*nialidnv;  as  an  annulus;  lamella*  free.  AGARicrs. 
Veil  remaininur  as  a  frinpeon  the  marptn  of 

the  pileus :■  evanescem  when  old Hvphoi.oma. 

Stem  lateral  or  wanting ;  sjiores  white  or  lilac-tinted.  Plki  kotcs. 

Some  of  the  above  terms  will  requiie  some  illustration 
and  the  following  figures  will  be  useful;  the  lamella*  may 
he/ree  (Fig.  2260,  /■'),  or  variously  attached  to  the  stem, 
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■'tin;: 
I'' 11  Hi: 


III  which  cuKf  Ihov  muy  bi'/i</n(i/<- (Fig.  8260.  A).iiniiate, 
or  U(il<  hill  miir  ifii'  «nin  (Fl);.  •.'U(M».  .S)  or  ilefiirreiil  us  in 
Fig.  I'.'tiO.  1>  mill  iu  Fij?"  "-atli.  2203. 

( WhiU-tftorni  Serif*.) 

.■\iiuiiiil4i. — Till-   while  »|nirr(l   ii>;iirics   wilh   Imlli   veil 
M\i\  vulva  ciinlaiii  all  Ihi-  iiiosi   ilriidly   Uiuai  and  their 


» iirn 


^^w>^ 


Flo.  2ain.-Mi'ttio<l.s  rif  .MlailiiiM-nt  of  the  IjimclhP  of  .\pirlr.s  lo  the  Pileiuand 
SUMii.  shown  In  S11M..MS.  .1.  .\(l'iiule  luiiiiU:e;  JJ,  (hciirrent  Ininellie;  /■".  free 
Ininella' ;  uuil  *'.  sinuute  lamella'.    In  Fund  .S  Ihe  stems  an-  hollow. 


chanictcrs  shoiilil  \w  carefully  noted.  Fijr.  22()1  gives  a 
characteri.^tic-  illuslration  of  AiimuiUi  p/inlloiilin  which  is 
the  more  <laiii;eiiiiis  because  it  siiperlitrially  resembles 
some  of  the  eiiilile  s|)ecie,s.  Its  volva  and  veil  have  al- 
ready been  nutevl ;  it  should  be  observed,  however,  that 
in  soine  species  of  Aiiiiiniln  the  volva  in  mature  forms 
mav  not  form  a  distinct  cup  at  the  base  at  shown  in  the 
fi!;i"ire.  but  may  exist  in  the  form  of  a  straggling  fringe  of 
teeth  at  that  point,  the  greater  part  having  bei'U  carried 
up  in  the  form  of  lloccose  scales  at  the  top  of  the  ])ileus. 
We  have  i|uite  a  number  of  species  besides  the  four 
enumerated  below,  and  though  some  of  them  are  edible 
the  best  aiivice  that  can  be  given  the  amateur  is  to  learn 
to  distinguish  the  genus  Amanita  and  then  let  it  entirely 
alone. 

The  two  most  poisonous  species  are  the  fly  agaric 
(.■1;'«/Hif<i  tnutearia)  anil  the  poison  cup  (Amaiu'la  p/ial- 
/'"(■(/ct).  Amanita  muaearia  has  a  yellowish  pileiis  vary- 
ing from  yellowish-white  to  yellow  orange*  and  has  a 
white  stem,  white  lamelht.  and  white  veil.  The  volva 
appears  at  the  base  of  the  bulbous  stem  only  in  the  form 
of  scales,  the  greater  part  of  it  being  carried  up  in  the 
form  of  loose  lloccose  scalesat  the  top  of  thepileiis.  The 
poison  it  contains  is  known  as  muscarin.  w  liich  has  a 
Very  uniileusaiit  taste;  symptoms  of  poisoning  from  it 
occur  in  from  a  half  an  hour  to  two  hours  after  eating. 
(For  an  account  of  the  actions,  symptoms,  and  treatment, 
s<'e  Piiiiuining).^ 

Amanita  )ilialloi<U'.t  is  still  more  dangerous  because  it 
contains  |>hallin  for  which  there  is  no  known  antidote. 
The  species  varies  in  color,  being  pure  white,  yellowish, 
greenish  olive,  or  umber  in  its  dilTerent  forms;  Ihe  i)ileus 
is  usuallv  vi.scid  or  slimy  when  moist  and  in  age  is  often 
free  from  any  of  the  remnants  of  the  volva;  the  lamelhe, 
stem,  and  veil  are  all  white,  the  volva  is  subject  to  the 
greatest  amount  of  variation  of  any  portion,  .sometimes 
being  largely  carried  up  to  the  top  of  the  pileus  and 
sometiiiies  remaining  more  prominently  as  a  cup  at  tiic 
base.     It  has  been  something  of  a  question  as  to  whether 

*  In  Eumpean  nv.rks  this  speoies  is  figured  a  brlKht  red,  but  I  have 
never  seen  it  tliis  ripjor  in  .^merira. 

+  Illustrations  of  the  fly-agaric  mav  be  eonsiilti'il  as  follows: 
Miihacl:  "  Fuhrer  ffir  IMlzfreimde,'  Nn.  .W:  .Marshall:  "MushrKmi 
BiHik."  pi.  I :  (ilKson  :  "  Editilc  Toadstools  ami  Mushrooms,"  pi.  4  ; 
.\tklnson:  "Studies."  Flire.  'i:-M:  .Mrllvalne.  "LOno  Amer.  Funprl." 
pl.  »:  C.Kilce:  "Illust.  Brlllsh  Funirt."  pi-  H":  Fries:  "Sverig.  atl. 
Svampar,"  pl.  1;  GUlet:  "Champ,  de  France."  pl.  8. 


the«c>  variation*  do  not  Indicnte  more  lliuu  one  i<|" 
but  tlie  fuel  remiihiH  that  all  of  them  are  di-udly  )• 
ous.     Till'   phalliii   that    tliev  cuiitain   is  regarili-il 
albuminous  poison  and  le  '    -'-■-■>■      ■    •'     ''...idiM 
cles.     There  is  no  iiiipli  1  us  !• 

the  patient,  iinil  ]iri'limiii  .  ,  i  commence 

until  from  nine  to  fourteen  lioiirH  alur  the   ixiiwiiiouii 
mu.shrooniN   are   itilen.*     Bi'sides   these   two    poinonouit 
species  there  in  one  edible  species   that    hIiouUI 
be  mentioned,  since  its  usi^' ua  an  article  of  fiMxl 
is  historic  iw  well  as  e.vtensive.     In   I     ' 
it    has  been  very  e.vteiisivelv  used  si' 
of  the  Komans.  hundreds  of  bu-l-  1 
into  the  markets  of  the  cities  il 
and  il  is  ei|Ually  common  in  our  ~ 
being  foinid  rarely  lus  far  north  as  .Mm 
This  is  known  as  Ca.snr's  iniishroi.i..  1 

oiMinii)  and  is  most  nearly  related  in  uiiji  :ii:i:u  e 
to  the  tly  agaric.  It  can.  however,  be  readily  dis- 
tinguished by  the  following  marks:  the  pileus  is 
usually  a  deep  orange  yeUow,  rarely  appearing 
lighter  colored;  the  .stem,  veil,  and  gills  are  all 
a  clear  yellow  color;  the  volva  ai)pears  in  the 
form  of  a  linn  cup  at  the  ba.se  of  the  stem  and 
is  white,  fnigments  being  rarely  carried  up  on 
the  pileus  as  is  so  conuiion  in  the  tly  agaric.  It 
is  often  very  large,  sometimes  expanding  to  ten 
inches  or  more  acro.ss  the  pileus,  though  it  oc- 
curs in  much  smaller  forms. 

AmanHi/jiKiit. — This  genus  differs  from  Aman- 
ita  in    having  no   veil  or  annulus,  and  agrees 
with  it  in  the  posses.si<m  of  a  volva.    A.  raginatti 
is  very  common  in  some  portions  of  the  country  and  is 
regarded  as  a  delicacy :  it  has  n  thin   usually  grayish 


FIG.  i26\.— Amanita  pltattoidcs.  the  most  Poisonous  Mushroom. 
One-half  natural  size.  A.  Annulus :  B,  volva :  C.  young  plant  en- 
veloiied  in  volva. 

pileus.  which  is  distinctly  striate   on   the   margin;    the 
stem  and  lamella!  are  white. 
Lepiota.—Tbe  species  of  Upiotn  are  known  as  parasols 

•  Illtistraltons    of  the  poison-cup   may  be  consulted  as  fol^^lw»: 
Michael :  "  Fuhrer  fflr  Pllzfreunde."  .No.  .>S:  (,lhs..n  :  ..Mihle  T^- 


"Illust. 


.stools  and   Mushrooms."  pl.  13;  .Atkinson:  ,.^...,. 

Mcllvaine:  "l.(«)0  .\mcr.  •■■"DI?1'"..P'; •'•"?'•,- HS2;A.'?Si  2-  GHlef 
British  Funtri."  pl.  i :  Bulllard :  "  Flore  de  la  France.    pL  Z.  IjUiei. 

"Champ,  de  France."  pl.  3. 
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and  for  the  most  part  arc  odible  species.  Tlie  onlj'  cx- 
ccptiiiii  kiitnvii  is  seen  in  llieaiioiimlous  L.  Moniaui  \\\\\i-\\ 
(iiircis  frcmi  all  other  ajrarics  in  the  possession  of  frreen 
spor<s;  it  is  very  eoninuiM  in  various  parts  of  the  Oliio 
valley  and  southwanl  and  has  oeeasioned  severe  illness 
from  beinirused  as  food;  cithers  liave  partaken  of  it  with 
no  ill  elTeels.  but  il  slioidd  be  classed  as  donlilful.  /,<■ 
piiitii  prucni  is  eomnuin  in  the  Northern  Stales  and  can 
be  distinjruished  by  its  brownish  or  reddish  brown  jjileus, 
three  to  tivc  inches  across,  and  its  very  long  hollow  stem 
fre(iuently  reaching  ten  inches  in  lenirlh  and  bulbous  at 
the  base.  L.  naucirioiiks  is  a  white  s|)eeies  withasliirhtly 
bulbous  base:  it  is  likely  to  be  ((infused  with  species  of 
Amanitu  which  it  resemliles  closely  c.\ce]it  that  it  has  no 
volva:  as  .1  «/<(/( (7i(  ji/iiiUtnclot  sometimes  grows  in  culti- 
vated fields  where  Li'ju'ata  miiiciiioiilfn  occurs,  the  danger 
becomes  all  the  greater  of  confusing  the  two  species. 
There  are  numerous  other  species  of  j.i'piutn,  but  none  of 
them  need  consideration  here. 

Ariiiilliiria. — Only  one  species  of  this  group  needs  at- 
tention here.  It  is  a  gregarious  species  growing  about 
old  stumps,  the  pileus  ranging  from  whitish  to  reddish- 
brown,  though  brownish-yellow  is  the  more  common  lint. 
The  laniclhe  are  white  at  first  but  become  reddish  with 
age.  It  is  sometimes  eaten  though  is  not  considered  very 
palatable.  It  is  of  most  importance  as  a  destructive 
agent  of  growing  timber,  as  its  widely  spreading  myce- 
lium penetrates  the  heart  wood  of  trees  at  some  distance 
from  where  the  mushioom  appears  above  ground  and 
produces  decay  to  the  height  of  several  feet. 

Miii-iixnitus. — To  this  genus  belongs  the  fairy  ring 
champignon  often  seen  in  lawns  and  jiastures.  forming 
circles  or  part  circles  often  many  feet  in  diameter.  The 
genus  differs  from  the  ordinary  fleshy  agarics  in  having 
a  pereistent  pileus  which  revives  after  desiccation  and 
produces  a  new  crop  of  spores.  The  pileus  is  an  inch  to 
an  inch  and  a  half  in  diameter. 

Vlitofi/lji-. — To  this  genus  belong  several  diverse  species, 
all  agreeing,  however,  in  having  a  fleshy  stem  and  decur- 
rent  lamella'.     CUtocybe  illudens  is  a  large  golden-yellow 

species,  often 
produced  in 
clusters  of  fif- 
ty ora  hundred 
at  the  base  of 
(ild  stumps.  It 
is  a  gorgeous 
species,  but 
hasa  bad  repu- 
tation as  an 
article  of  diet, 
though  it  is 
not  known  to 
be  poisonous. 
A  smaller  spe- 
cies ( Clitficybe 
la  cat  la)  is 
sometimes  eat- 
en. The  gen- 
eral characters 
of  the  genus 
can  be  seen  in 
the  two  illus- 
trations (Figs. 
22G1  and  2'2(i2). 
H II HSU  la. — 
The  s]>ecies  of 
Iii/.i.iiiltt  are  not 
well  k  n  o  \v  u 
but  arc  com- 
paratively nu- 
m  e  r  o  u  s"  and 
conunon  and 
conspicuous 
features  of  ev- 
ery forest  and  shaded  path  from  their  bright  colored  red 
or  green  pilei.  Several  of  the  species,  among  them  the 
poisonous  Rugsuld  eineticn,  have  a  strong  acrid  taste  when 


>-'< 


Fio.  ZX2.—Cliti>ciilie  cyi'll'ifixmiif.  One  of  the 
ARarics,  sbowlng  InliindllJinifonii  Pileus  an(l 
TKM'urrent  Heterophyllous  Ijinitlla'.  (Alter 
Cooke.) 


Fig.  2263.  —  ni(<ii)/(i<-  frnarans. 
One  of  the  ARarics,  showing  Um- 
bilioate  Pileus  and  Decurrent 
LamelliB.     (After  Cooke.) 


raw,  and  the  members  of  the  genus  unsuitable  for  food 
may  be  dislinguislicd  by  tasting  them  in  a  raw  condition. 
The  acrid  ones  have  a  pe])pery  ta.ste.  li.  iiiietirn,  as  its 
name  indicates,  produces  nausea  and  from  lis  peppery 
lasle  is  not  likely  to  be  confused  with  edible  species; 
Jiu.sxiilii  rircMViiK  with  pale  apl>le-green  pileus  is  often 
eaten.  While  bright  colors 
like  red  and  green  pre- 
dominate in  the  genus, 
some  are  white  and  others 
clay  colored  and  brown. 

Lartarius. — The  milky 
fungi  are  closely  allied  to 
Hiissida  siruclurally,  but 
(lilfer  in  yielding  a  milky 
flind  when  bruised  or  cut. 
They  are  often  pejipcry 
to  the  taste,  and  the  com- 
monest white  species  is 
called  r.dctiiriiis  piperatiis 
from  this  circumstance. 
By  this  means  the  objec- 
tionable species  can  be  de- 
tected, though  even  L. 
pipcratus  is  sometimes  eat- 
en as  its  peppery  taste  is 
said  to  be  removed  in 
cooking.  L.  fokiiiiia  is  a 
species  with  white  milk 
and  a  reddish-brown  pile- 
us and  stem;  L.  (hliciosiis 
differs  from  all  others  in 
having  orange-red  milk; 
as  its  specific  name  would 
indicate,  it  is  a  delicate 
article  of  diet.     We  have  some  forty  species  in  this  genus. 

Triclwloma. — Only  one  of  the  many  species  of  this 
genus  need  be  con.sidered  hen  ;  this  is  7'.  pcrmimt'/iii, 
whose  spores  are  often  dirty  wliite  instead  of  pure  white 
as  in  most  of  the  genus;  tlie  whole  plant  is  a  pale  violet 
lilac  color,*  and  this  color  is  usually  constant  in  the  younger 
conditions  of  the  plant ;  it  is  very  common  late  in  the 
season  in  waste  grounds  and  dumping  places.  Trieliolnma 
sulfurenm  with  a  dry  yellow  pileus  is  about  the  only 
suspicious  member  of  tlie  genus,  though  even  that  is  not 
known  to  be  poisonous. 

Plenroliix. — The  so-called  oyster  mushrooms  are  readily 
distinguished  by  their  lateral  habit,  cither  having  no 
stem  at  all  or  being  attached  by  a  very  short  lateral  stem; 
none  of  the  species  are  injurious  and  many  of  them  have 
a  delicate  flavor;  P.  sa pi'd'tx  wHh  violet-tinted  spores  is 
the  most  abundant,  and  thcr('  are  several  other  quite 
closely  allied  species. 

Caiit/iim litis. — This  genus  contains  the  chantarelle  or 
Eierpilz  of  the  Germans,  much  used  for  food  in  Europe 
where  it  is  more  common  lluui  with  us.  C.  eibiiriiin  is 
the  common  species  of  an  egg-yellow  color.  C.  floccosus 
is  a  larger  species  of  a  lighter  yellow  color  and  forms 
funnels  four  to  si.\  inches  high. 

(Pinkspoved  Series.) 

Pleiiteus  cerriiiiis  is  one  of  the  most  abundant  species 
of  its  group,  growing  always  on  decaying  logs  and  char- 
acterized by  its  mouse-colored  pileus.  its  lamelUest.  .larate 
from  the  stem  and  lis  jiink  sjiores.     It  is  reputed  edible. 

Clitopiliis  differs  from  this  genus  in  its  decurrent 
lamelUv:  the  sweetbread  fungus  (C  orcdla)  Mii\  theallied 
C.  pniimhin  are  the  only  species  that  are  likely  to  be  met 
ami  neither  is  very  coiimiou. 

(liiisty-spored  Senes.) 

Coiiiiiariiis  is  a  very  extensive  genus,  its  species  usually 
appearing  in  woods  from  late  in  the  sunmier  to  Novem- 
ber. They  are  all  terrestrial,  by  which  character  the 
genus  is  distinguished  from  its  rusty-spored  neighbors; 
when  young  the  species  have  a  cobwebby  veil  which 
disappears  with  age.     One  of  the  commonest  is  the  violet 
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Cortiiuiriun,  wlilcli  Iihm  ii  (Icrp  violet  coli)r  tliriiuKlioiit. 
oxci'pt  llic  iimliirr  liiliii'llii'  wliirli  licfdiiii'  riisly  lirowii 
fniiii  iIh-  ri|iriiiiiK  s|Hir<-s.  ( liir  nuiiifnuis  Kpccifs  iir<-  nut 
8<>  «rll  known  lis  tliiiNc  <if  iimiiy  other  ),'eneni;  none  of 
till"  Hpefies,  however,  lire  rt-pilti-*!  poisonous. 

(I{it>irn-  or  lilafk-tporetl  Strift.) 

A'/iirii-iiM  rontnins  the  coininon  tlclil  nuishrnom  (.1. 
/vim/<(«/n»)  mill  i|uile  a  luiiiilier  of  iilliiil  spiciis  While 
this  speiies  is  ffriienillv  well  known  il  nm\  hi'  well  lo 
iiilii  its  iliiii;nostir  iiiurks:  1.  It  hiis  no  volvii  wlmtever  at 
the  liase  of  the  stem.  'i.  The  lanu'llie  are  pink  when 
yoiinu  lull  unitliially  change  to  lirown  or  blaekish  liniwn 
as  the  spores  nialiire.  '.i.  The  hiinelhe  are  free  from  the 
tlesliv  sleiii,  ami  when  yonnj;  are  eovereil  willi  a  veil 
wliieh  later  forms  a  ilislinct  riiis;  aroiiml  the  stem.  4. 
The  stem  is  stiilleil.  or  tilled  with  a  somewlial  softer  siih- 
Rtaiiee.  This  is  theiinisliroomeoiiiinonly  eiiltivateil  from 
spawn,  anil  imnieiise  i|\iaiilities  of  iiuishrooms  inferior  to 
those  that  can  lie  j,'row  n  in  this  eoiiiitry  are  eaiineil  in 
Fninee  anil  importeil  to  tiiis  eotiiilry.  It  is  .said  that 
nuishrooms  may  be  fjrown  at  a  profit  to  retail  at  twenty 
(Iveeenlsa  poiinii.  hut  the  priee  in  New  York  is  some- 
limes  si.v  or  eight  times  that  amount.* 

I/i/li/iiihiiiiii. —  Oiw  of  our  commonest  late  fall  musli- 
rooiiis  is  the  liriektop  often  prow  ins;  in  large  masses  at 
the  lia.seof  stumps.  Professor  Peek  (lisliiii.'iiisheil  several 
species,  using  taste  as  a  iruiile  in  separating  species.  //. 
*H/'/.W.'ri7/'wHris  oommoniy  reputed  i)oisonous  in  Europe, 
but  many  of  the  closely  allied  species  have  a  delicate 
flavor.  Specimens  uscil  for  food  should  be  individually 
tasted  before  cooking  and  those  with  a  bitter  taste  should 
be  rejected. 

Coitriiiiiii. — The  species  of  this  genus  are  among  the 
most  abundant  of  the  wild  mushrooms  and  three  species 
are  common  in  lawns  and  waste  places.  The  genus  can 
he  very  readily  recognized  by  the  fact  that  the  pileus 
melts  speedily  to  an  inky  tluiil  when  mature,  and  it  has 
taken  the  po)>ular  name  of  ink-cap  from  this  circumstance. 
C.  mictions  is  a  small  species  that  grows  in  prodigious 
quantities  about  old  slumps,  often  appearing  very  early 
in  the  spring;  it  has  a  thin  jiileus  of  a  pale  butt  or  yel- 
lowish color  and  narrow  lamella'.  C.  atnniu-nturhis 
grows  in  clusters  often  of  many  individuals;  it  has  a 
grayish  brown  moist  pileus  and  very  wide  crowded 
lamella-;  ('.  rniiiiitiiK.  popularly  called  the  shaggy  mane. 
is  cylindrical  in  shape  and  has  a  shaggy  pileus  formed  of 
yellowish-brown  scales  on  a  white  foundation.  Il  is 
more  common  in  the  autumn,  usually  growing  in  waste 
grounds. 

In  recent  years  the  subject  of  edible  mushrooms  has 
become  considerable  of  a  fad  in  this  country  and 
sevei-al  works  of  greater  or  less  value  have  appeared 
treating  the  subject  in  a  more  or  less  popular  manner. 
Among  the  best  of  these  are  Miss  Marshall's  "Mushroom 
Book,"  Gibson's  "Edible  Toadstools  and  ilwslirooiiis." 
and  Atkinson's  '■Studies  of  American  Fungi."  while 
Mcllvaine  has  publisheil  a  more  aspiring  work  under  the 
tille"One  Thousiuui  American  Fungi."  All  arc  exten- 
sively illustniteil,  the  lirst  and  third  named  with  many 
re|)roduclions  of  iihotogniphs.  The  Ik-sI  genenil  work 
on  the  subject  of  edible  species,  however,  is  Michael, 
"Fiihrer  fiir  Pilzfreunde."  The  text  is  in  German,  but 
the  principal  edible  and  ])oisonous  species,  most  of  which 
are  common  to  Europe  and  America,  are  illustrated  with 
excellent  colored  jilates. 

The  nutritious  character  of  mushrooms  has  been  greatly 
overstated  in  many  works  of  a  popular  nature.  The 
nitrosren  supposed  to  be  the  nutrient  element  in  mt:sh- 
roonis  is  found  to  belong  in  part  to  proteid  subslnncis 
of  low  food  value,  and  a  portion  is  found  in  sub- 
stances that  are  indigestible  and  hence  not  available  for 

•  There  nre  niimen>us  works  liearinp  on  mii.ihroom  rulliin'.  bill  the 
followiiiB  an>  as  Kood  a.s  nnv  :  Fiiii-oncr:  "Mushrooms;  how  lo  (imw 
Them."  l.s!*),  ami  RoWnsum:  "Miishmom  Culture:  Il«  Extension 
nml  Iniprovemenl."  ISTI).  The  Department  of  .Mrrloulture  at  Wash- 
Itunon  has  also  Issued  a  tree  bullellQ  on  the  subject 


foiHl.  The  niuHhriMimx  are  to  Im-  reganle<l  im  a  delicacy 
miller  than  as  a  staple  article  of  fiMM),  and  their  nutrient 
value,  instead  of  iHini:  ei,iii|ianible  lo  nieiitx  an  whk  for- 
merly Hiipposi'd.  is  iiiiher  lo  Ih-  loinpared  with  succulent 
veget4ibleH.  Their  culiivatioii  and  Ktuily.  howi'Ver,  uro 
worthy  of  niiich  greater  iillenlloii  Ihiin  they  Imvu  U-cn 
given  herelofori'  in  ihis  ii.iiiitry.* 

2.  Poi.vi'iui.M  K.i;  -(  eiiuiii 'of  the  fleshy  Kpccle*  of 
bnickel  fungi,  smh  a'>  me  seen  grow  ing  on  >>hl  tree  trtinkR, 
are  edible.  Anion;:  lliese  /'.  >'(/f"/. 'm  «  illi  bright  yellow 
jioresaud  ilainly  pinkish  yellow  pili  us  is  best  known;  it 
is  a  large  species  often  growing  in  large  overhippin); 
masses  which  are  conspicuous  from  their  brilliant  color. 

/'.//•"/('/«/"/«,  a  brownisli  species  with  extensive  com- 
pound branches,  is  also  said  to  be  edible.  >IoHt  of  iho 
Imicket  fungi,  however,  are  curious  ami  ornamentul 
merely  as  they  are  of  a  woody  consistence;  the  two 
mentioned  above  indeed  are  useful  for  food  finly  when 
very  young.  Il  is  said  that  the  substance  of  I'oh/in/n/t 
rijftrhiiilin  has  been  used  as  a  subslitute  for  ((uiiiine,  but 
its  properties  have  never  been  thoroughly  investigated. 
The  beefsteak  fungus  {FiKlulinu  IwjHitioi)  grows  as  a 
fleshy  tongue-like  ma.ss  from  chestnut  trees  and  can  lie 
easily  recognized  by  its  fibrous  beef  like  consistency  and 
its  lubes  whose  moullis  are  entirely  separate  from  each 
other.  It  has  much  the  same  appearance  as  real  beef- 
steak and  is  cooked  in  I  he  same  way. 

Slost  of  the  fleshy  s|)ore  bearing  fungi,  however,  belong 
to  the  genus  llnlit im,  of  which  we  have  many  common 
species.  Some  of  them  have  a  bitter  taste  like  the  com- 
mon D.  felltun  i\\\i\  should  be  rejected;  one  entire  section 
of  the  genus  has  tubes  whose  mouths  are  a  lurid  red.  a 
totally  different  color  from  the  rest  of  the  tube;  these 
are  regariledas  poi.sonous  and  are  to  be  carefully  avoided; 
olliir  minibeis  of  the  genus  change  the  color  of  the  flesh 
to  a  bright  blue  when  wounded  and  exposed  to  the  air. 
This  is  particularly  true  of  a  species  which  in  one  of  our 
popular  works  on  mushriMmis  has  been  figured  under  an 
incorrect  and  misleading  name  f ;  it  Las  a  reddish  pileus 


no.  2284.— iVi/rlostoma  colifi.rmi-,  a  Rare  Member  of  the  Pull  Ball 
Family  (Lycopt^rdales). 

and  the  flesh  instantly  changes  on  exposure  to  injury. 
It  is  a  dangerous  species,  the  more  so  because  it  has  l>een 
figured  as  an  edible  one. 

"Manv  of  the  Bildi  are  edible,  but  the  species  are  difll- 
cult  to"distinguish  by  a  description  ;  like  most  fungi  they 
have  distinctive  characters  by  which  they  may  certainly 
be  known  when  seen  and  the  "safest  guide  is  some  one 
already  familiar  with  the  species.  Once  learned  in  this 
way  the  species  of  mushrooms  are  as  easily  distinguished 
as  the  ordinarv  fruits  or  vegetables. 

3.  Hydnace.e.— Two  tvpes  of  edible  toothed  fungi 
are  found.     One  consists"  of  white  coral  like  masses  m 

•Concemine  the  nutrient  value  one  can  pn^Blably  consult  Dr. 
Mendel's  results  of  chemical  analysis  In  American  Journal  or  1  nysi- 
olrijo-.  1 :  '.iiVfflS.  1S9S.  ,  ,,      „,. 

■» Palmer's:  "Mushrooms"  as  Bo/ffiis  mbtomcntomt ,  its  true 
name  Is  B.  miniaUholiva'cus. 
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which  the  teeth  all  jwintdoirnward  wlicii  (jrowinR ;  all  the 
sprcies  are  found  on  tree  trunks.     They  are  easily  recog 


Fig.   2:i»«*i. -  .Sfi(i/Wi(i(i      yulux- 
ee/t--*.  One  of    the    PhuUoitl<4. 


no.  2365.— Ca<<i»(omn  rlrriimwixmiHi.  one  of  the  l.yooperdales. 
Natural  size.  a.  Shows  the  oi;ter  perliliiihi  ruplnrlncat  the  eqiiulor : 
b,  shows  the  upper  part  reinovfd  iind  ovcrturiieil  with  Iho  Inner 
peridlum  rupturlnir  with  a  shiu'le  i-raiiT  at  a  pohit  orlBlnahy  at  lis 
base:  and  c,  shows  tlii^  lower  half  of  the  outer  peridlum  left  as  a 
cup  in  the  earth  alUT  the  removal  of  h.    (After  Moriran.) 

nized  by  their  teeth,  and  the  three  common  species, 
Hl/tliitim  coiKlMdeii.  JI.  criiiiiee'is.  and  IJ.  c<ipiit-iir.n  are 
all  equally  edible. 

Two  pi'leate  species  are  also  edible;  Jl.  rrpnndiim  with 
j'ellowish  or  whitishvellow  piletisand  teeth  very  britUe. 
and  //.  imhi-iciitiim.  brown  with  overlapi)ing  scales  on 
the  pileiis  and  slavish  teeth. 

4.  C'LAV.vuiACK.E.— The  club-fungi  growing  in  the 
form  of  coral-like  masses  WM  the  bniiiehe^  p&fiiliiir/  )ij>- 
viiid  in  giwrth  contain  several  edible  species.  None  of 
them  are  dangerous,  and  they  foi""  a  ,i-'o<'<l  subject  for  ex- 
perimentation as  tliev  are  often  abundant  in  moist  woods. 
It  will  be  readily  seen  from  the  above  sketch  that  no 
hard  and  sharp  rules  can  be  given  tlmt  will  dislinguish 
eilible  species  of  mushrooms 
from  ]iois(inous.  Like  the 
liiglu'r  jdaiils  there  arc  good, 
bad,  and  iiidilferent  species, 
and  the  se))arate  species  can 
best  be  learned  as  good  or 
bad  V)y  intimate  acquaintiUicc 
with  them,  the  same  as  we 
liave  become  able  to  ilistin- 
guisli  apples  from  pears  and 
carrots  from  radishes  by 
learning  each  one  separately. 

The  G.vstishomtcetes. 

The  last  group  of  fungi  are 
represented  by  the  pulT  halls 
and  their  allies  that  in  some 
respects  represent  some  of  the 
highest  develojiments  among 
the  fungi.  It  is  scarcely  nee 
essiiry  to  call  attention  to  the 
peculiarities  o''  the  various 
orders  and  families,  but  at 
teution  can  b<' called  to  a  few 
typical  forms,  since  some  of 
them  are  abundant  and  ex- 
cellent articles  of  food. 
Among  these  is  the  giant 
putr  ball  (Ciilnitia  Biiriitta), 
which  sometimes  reaches  a 
prodigious  size  and  often  is 
large  enough  to  furnish  a 
meal  for  several  people. 
Smaller  speeiis  ranging  from 
three  to  six  inches  in  diam 
•ter  are  Ciilratia  nidthifurmiK 
In  life  the  stem  Is  reddish:  ami  Cillriitia  rriiiii'iloniiiK.  In 
I?aS\sT„'4Sf  i„"',;e?.;lp^  the  former  the  tnatur..  spores 
like  liase,  Uien  In  the  form  of  are  purplish,  in  the  latter  tliev 
an  egg.    (Alter  Gerard.)  ^K  olive  brown.     It  is  only 

when  the  llcsh  of  the  pult- 
ball  is  pure  white  and  much  the  consistence  of  cottage 
cheese  that  it  is  suitable  for  food,  and  any  indication  of 
darkening,  caused  by  the  ripening  of  the  spores,  should 
cause  the  plant  to  be  rejected. 


A  smaller  fungus  is  commonly  s<'en  in  linristii  pluiid/ea, 
which  is  only  an  inch  or  so  in  diami-ter,  but  is  considered 
a  delicacy  in  some  places.  The  nutmrous  smaller  species 
of  /.i/c'iu  iiltiii  sire  likewise  edible,  but  are  usually  too  small 
to  be  considered  available  for  food.  Allie<l  to  the  pufT 
balls  are  the  curious  earth  stars  of  which  no  less  than 
three  geneni  are  represented  in  America.  Fig.  2264 
represents  the  least  common  form.  (Ifuxter.  more  com- 
mon, dilfers  mainly  in  being  attached  to  the  outer 
peridium  at  one  point  an<l  opening  l)y  a  single  crater. 

AiKdher  |)uir  ball  with  the  curious  habit  of  overturn- 
ing and  opening  at  the  bottom  of  the  inner  peridiimi  is 
seen  in  CutuKloiiKi.  whose  life  history  was  first  studied  by 
M(.rgan  (Kii:.  22(i,-)). 

Till'  St  ink  horns  belong  to  an  order  (Phallalcs)  distinct 
from  the  putT  balls  (I^ycopcrdales).  These  well-known 
members  of  the  grouj)  are  reputed  poisonous  and  all 
doubtless  contain  plialliu  as  one  of  their  constituents. 
They  form  underground  in  the  shape  of  an  egg,  and  this 
bursting  allows  the  rapid  distention  of  the  stem  by  means 
of  which  the  s])ore  mass  is  carried  up  where  flies  may  be 
attracted  to  it  and  aid  in  their  dispersion.  Three  of  the 
larger  species  are  more  or  less  common  throughout  the 
country,  and  there  are  several  curious  forms  less  widely 
known,  one  of  which  is  represented  in  Fig.  2266.* 

Lucieii  31.  Underieood. 

FURUNCLE,     iycc  Boil. 

GAINESVILLE     (GA.)     MINERAL     SPRINGS.  —  The 

town  nl  CaiiK'Sville  is  located  in  Hall  (nunty  on  a  small 
talilelaiid  l.*HI  feet  above  the  sea-level,  and  lies  between 
(he  headwaters  of  the  (Sconce  Kiver,  which  flo>ys  into 
the  Atlantic,  and  those  of  the  Chattahoochee,  which  finds 
its  way  to  the  Gulf.  The  Alleghanies.  stretching  around 
the  place  to  the  north  and  west,  form  a  natural  bulwark 
which  breaks  the  force  of  the  northern  winds  of  winter. 
The  town  thus  enjoys  a  dry,  bracing  climate,  without 
extremes  of  either  hesit  or  cold.  Daily  observations 
made  for  the  United  States  Signal  Service  during  the 
jieriod  of  ten  years  showed  a  mean  winter  temperature 
of  44°  F.  and  a  mean  summer  lemperature  of  71'  F. 
The  health  tables  of  the  United  States  census  show  a 
lower  death  rate  in  this  portion  of  Georgia  than  in  any 
other  section  of  the  country.  White,  in  his  "Statistics 
of  Georgia,"  makes  the  statement  that  no  case  of  con- 
surajition  was  ever  known  to  originate  in  Hall  County. 
In  close  proximity  to  the  thriving  and  rapidly  growing 
little  city  are  numerous  mineral  springs,  simie  of  which 
have  come  into  use  as  health  resorts.  We  have  thought 
it  advisable  to  consider  these  springs  iu  the  following 
group: 

Goteer  Spriiif/s  form  one  of  the  chief  attractions  of  the 
city.  They  are  located  just  beyond  the  corporate  limits, 
and  are  connected  with  the  city  by  a  street-car  line. 
These  springs  arc  chalybeate  iu  character,  the  iron  being 
held  in  solution  by  carbonic  acid,  which  makes  it  readily 
assimilable.  The  following  ciualitative  analysis  was 
made  some  years  ago  by  Prof.  W.  .1.  Land,  of  Atlanta: 


Free  oarhonie  arid. 
Hydrosulpliuric  acid. 
Ii'iiii  carbonate. 
Mantranese  carbonate, 
lion  apocrenate. 
I'otassimn  sult>hate. 
Sodium  sulphate. 


Iron  crenate. 
Lithium  iihosphate. 
Calfium  sulphate. 
Matrncsiuui  suh»hate. 
Pota.ssium  bi-omide. 
Oxygen  gas. 
Nitrogen  gas. 


An  excelli'Ut  hotel  is  maintained  at  the  Springs,  and 
we  are  informed  that  an  increased  number  of  visitoi-s 
come  lo  the  resort  every  year.  The  watei"S  arc  recom- 
mended in  general  debility,  digestive  disorders,  and  kid- 
ney alTcctions. 

The  J><iil  Spriiiij.  located  two  miles  from  the  city. 
Wells  up  in  a  basin  of  solid  rock,  and  is  said  to  possess 
excellent  properties  in  the  treatment  of  indigestion  and 
dyspe|)sia  and  in  the  dentitiim  period  of  children. 

*  The  present  Illustrations  are  reproduced  from  a  series  used  to 
Illustrate  an  introductory  work  on  fungi,  by  the  author  of  this  article, 
"  Moulds,  Mililews.  and  .MushiX)onis,"  New  York,  Henry  Holt  t  Co. 
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HKKKKK.NC'E    IIANDlinoK    <il'    IMi;    MKIJKAK  S(iKM"K8 


I'liril  lli'lr, 
CallllK  lll;:4*^llr«. 


Tlif  \'ir  ll'iUiintl  S/iniii/n  iirciilsii  uilliiii  two  iiiilrs  nf 
OiiiiicHvillc,  on  till' Siiiitlii'ni  Uailnuiil,  uliicli  hitsii  Ktiition 
at  the  SpriiiKH.  Tln'  iiiipriivciiK'iii.M  ('iiiikjhI  nf  ii  Imlil 
anil  rollajri-s  f'>r  l»ii  liiinilrril  j;iii'>its  Tlic  siluutiim  is 
in  a  iH'iiiitiriil  anil  I'Mrrmivi-  (.'nucnf  native  niiks.  and  llir 
Sprincs  fimiisli  aluiut  Iwn  liiindrril  nallons  of  «alrr 
prr  niiiiiilc  Till'  waliT  is  rrconitnrnilrd  for  inijitfi'stiim 
anil  urnrnil  ilrlillily.  Imt  ur  an-  iinalilr  In  pnsi-nt  a 
cianplrtr  analysis  in  viTillculiim  of  its  claims.  An  old 
i|ualilativi'  I'xaniinutioii  showed  the  jirewnce  of  the  fol- 
lowinj;  inpriHlienl.s: 


riili'luin  I'lirtMiniili*. 
MRtfiiiwIuni  i*arlw>nato. 
I>ulaiBluiii  oarbunmo. 


Inm.  philmMv   ronililniil 

wlih  rurlMiiilr  lu-lU. 
SmIIuiii  I'hlniiili-. 
C'urtM>nl«'  iK'liI  tfnu. 

./>(»<>«  yi'.  Crook: 


GALACTAGOGUES.— (Gr.  y6>a.  milk,  nnil  i^eiv.  to 
lead  I  Till-  stTrelion  of  milk  is  normally  associali'd  with 
pn'jiimncy.  Imt  may  oicur  in  psi-udoryrsis,  and  in  ova- 
rian and  ulerini'  tumors.  It  is  oftrn  seen  iliiriiif:  tlir  lirsl 
week  of  lifr.  in  liolli  mall-  and  female  iliildren.  The  se- 
rrelion  of  milk  may  tie  estalilislud  and  miiinlained  liy  the 
appliealii'n  of  a  nursini.' eliilil  to  the  lireast  of  a  woman 
who  is  not  al  the  time  and  never  has  lieen  pre;;nant.  In 
one  ease  a  child  eiirht  years  old  nursed  her  mother's  in- 
fant for  some  months,  and  in  anolliera  woman,  fifty-nine 
years  old,  ten  years  after  the  cessation  of  meustruatiou, 
niirsid  a  child  for  some  time. 

The  lenirlhof  time  during  which  the  milk  may  con- 
tinue to  he  si-creted  varies  from  nine  to  sixteen  months, 
but  in  rare  ca.ses  this  period  may  be  prolonjrod  for  as 
lone  a  lime  as  live  years,  if  the  child  be  allowed  to 
nurse. 

The  causes  of  defective  lactation  are  various  in  <-har- 
acter.  Thus,  for  example,  there  may  be  some  mechanical 
interference  with  the  escape  of  the  milk,  as  when  the 
lactiferous  tubes  and  acini  are  not  developed,  or  the 
epithelial  cells  are  imperfect,  or  a  previous  injury  or 
disease  has  caused  total  destruction  of  I  lie  ^rlandular 
tissue.  These  conditions  are  not  amenable  to  treatment. 
On  the  other  hmiil,  when  there  is  simply  a  lack  of  devel- 
opment, or  the  gland  and  nipple  have  received  some  tri- 
fling injury,  the  condition  shotild  be  investigated  and 
treated  iH'fore  the  end  of  gestation.  The  breast  of  every 
pregnant  woman  should  lie  examined  by  her  physician 
three  or  four  months  before  the  expected  continement. 
and  if  the  breasts  are  found  to  be  small  and  poorly  de- 
veloped and  the  nipples  fissured  or  depressed,  appropri 
ate  treatment  should  be  instituted.  If  the  nipjiles  are 
hard,  the  application  of  some  bland  a,«eplic  oil  or  oint- 
ment— <•..'/.,  lanolin  and  boric  acid — will  be  found  useful 
as  a  means  of  softening  them.  The  breast  should  be 
massaged,  and  at  the  sjime  time  the  nipples  should  be 
drawn  out  by  grasping  them  between  the  thumb  and 
finger,  while  "with  the  other  hand  the  breast  is  stroked 
toward  the  nipple.  This  should  be  done  daily  for  five 
or  ten  minutes  at  a  time.  The  adoption  of  these  measures 
will  enabh- llie  child,  when  placed  at  the  breast  — which 
should  be  done  as  soon  after  labor  as  the  luother's 
strength  will  permit — to  gra.sp  the  nipple  effectively. 
After  this  first  attempt  at  nursing,  the  child  should  be 
placed  at  each  breast,  alternately,  every  four  hours. 
Should  the  child  lie  unable  to  grasp  the  nipple,  the  latter 
should  be  drawn  out  with  the  breast  pump  or  a  clay 
pipe.  and.  if  this  does  not  prove  siillicient,  a  glass  nipple 
shield,  with  rubber  nipple,  should  be  employed.  The 
sucking  of  the  child  is  the  best  stimtdus  to  the  flow  of 
milk,  and  should  always  be  obtained  if  possible;  but,  if 
tlie  child  cannot  he  made  to  niirsi",  then  suction  will, 
have  to  be  made  with  the  breast  pump  for  five  or  ten 
minutes  every  four  hours.  The  breast  at  the  birth  of  the 
child  contains  colostrum,  and  at  the  end  of  from  thirty- 
six  to  sixty  hours  ripe  milk.  During  the  first  period  the 
child  should  lie  nursed  every  four  hours,  but  afterward, 
on  the  appearance  of  ripe  milk.it  should  be  nursed  every 
two  liours. 

Another  cause  of  defective  lactation  is  a  plethoric  state 


of  the  body,  a  coMilition  which  readilv  nitponilii  to  Ireul 
meiii.  The  diel  Hhoidd  lie  oin-fullv  n-gululed.  iiilllc 
being  made  otie  of  ilx  chief  conKtitiieiilM,  niid  all  Ktimii 
hints  should  Ih- avoiiled.  The  exinwt  "f  iliyf.id  gland 
should  also  be  prewribed  In  llvi'  gniih  rnder  this 

plan  of  treaimeiil.  combined  with  iIj  .1  admin 

islralion  of  a  dose  of  castor  oil.  Mm '      i|||. 

flow  of  milk  should  soon  disappear      In  '  the 

use  of  the  thyroid  gland  extract  not  oiil_s  the 

How  of  milk,  hut  at  the  same  time  improve))  ita  niiirilivu 
qualily. 

Torpor  of  the  mammir  is  anotliercaiisi-  of  inaetiviiv  of 
tlieir  secretory  apparatus,  and  when  this  is  the  casi-  great 
benefit  may  be  derived  from  tlie  apjilication  of  i-lnlrie- 
ily.  Both  poles  having  been  inoislened,  the  pr»itlve  one 
is  placed  deep  in  the  axilla  or  on  the  hack,  while  the 
negative  one  is  applied  gently  over  the  nipple.  The 
current  employed  sliould  be  no  stronger  than  is  agree- 
able to  the  patient,  and  this  mode  of  applying  it  should 
he  conlinued  for  alioiii  two  minutes.  Afterward,  the 
negative  pole  should  he  glideil  along  llie  sides  of  the 
breast,  in  a  stroking  fashion,  for  another  two  minutes. 
Then,  finally,  the  poles  should  be  applied  to  the  sides  of 
the  breast  for  the  saiMi-  length  of  lime.  Electricity  may 
be  applied  in  this  manner  once  a  day  for  a  period  of  four 
or  live  days;  and  usually  il  will  he  found  that  a  single 
such  .seance  will  fill  the  breasts  after  the  milk  has  disap- 
peared for  some  days. 

Among  the  other  local  therapeuticmethods  which  have 
been  used  with  varying  success  may  be  mentioned  the 
application  of  warm  poultices  nuide  of  a  weak  mixture 
of  luustard  (not  strong  enough  to  burn)  or  fif  calabar 
bean,  or  of  the  leaves  of  the  castor-oil  plant.  Gentle 
massage  alone  will  often  sutlice  to  start  tlie  flow,  or  we 
may  combine  with  it  inunction  of  olive  oil  or  of  castor 
oil.  Repeated  applications  of  the  breast  pump  and  en- 
veloping tlie  breast  with  warm  cloths  are  also  very  effi- 
cient methods. 

The  internal  administration  of  drugs,  for  their  galac- 
tagogue  action,  has  not  proved  very  satisfactory,  .labo- 
randi  will,  it  is  true,  incrcasi;  the  flow  of  milk,  bur  its 
action  is  only  teiuporary  and  cannot  be  depended  upon 
when  a  prolonged  elTeet  is  needed.  It  is  best  given  in 
the  form  of  the  fluid  extract  of  pilocarpus,  in  half-drachm 
doses;  this  preparation  being  less  nauseating  than  the 
jaborandi  itself.  Or  the  effects  of  the  drug  may  be  ob- 
tained from  hypodermatic  injections  of  pilocarpine  hy- 
drochlorate,  in  gr.  -,'j  doses. 

Physostigmine  increases  temporarily  the  flow  of  milk. 
So  also  do  the  preparations  of  ammonia  — the  carbonate 
and  the  acetate — when  given  in  moderately  large  and 
continued  doses.  The  alcoholic  stimulants,  such  as  ale, 
porter,  and  beer,  and  the  mall  ]irej)aiations  possess  the 
power  of  increasing  the  quantity  of  milk  secreted,  but 
the  quality  is  thereby  deteriorated.  To  such  a  degree  is 
this  true  that  they  sliould  rarely  be  used  except  in  small 
quantities.  The  volatile  oils,  especially  the  oil  of  anise, 
impart  a  pleasant  flavor  to  the  milk,  and  in  consequence 
the  child  will  be  likely  to  draw  much  better.  In  this 
indirect  manner  they  inay  serve  to  increase  the  flow  of 
milk. 

The  mo!5t  usual  cause  of  defective  lactation  is  an:cmia. 
It  is  a  well-known  fact  that  the  funclional  activity  of  an 
organ  is  directly  proportional  to  the  supply  of  blood 
furnished  to  that  organ,  and  this  is  a  very  important  law 
to  remember  w  hen  we  are  dealing  with  such  a  gland  as 
the  mammary.  We  may  therefore  expect  to  secure  the 
greatest  improvement  in  the  secretion  of  milk  from  the 
taking  of  those  substances  and  the  adoption  of  flios*- 
hvgieiiic  measures  which  tend  to  increase  the  supplv  of 
biood  and  to  improve  its  nutritious  qualities.  The 
mother  should  be  in  the  best  po.s,siblc  condition  before 
and  after  the  arrival  of  the  child,  and  this  result  should 
be  secured  by  the  administration  of  tonics,  such  as  iron, 
arsenic,  nux  vomica,  and  quinine,  and  by  the  patient  s 
taking  proper  food  and  exercise.  The  diet  suitable  for 
a  nursing  mother  .should  be  nutritious  and  easily  di- 
gesU'd.     For  the  first  few  days  of  the  puerperal  period 
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the  niollior  should  have  milk,  niiimal  teas  and  lirollis, 
e^jrs,  jrriiel,  soups  of  beans  and  peas,  and  small  ainoiinls 
of  Ii'a,  cocoa,  orcolTfc.  willi  toast  andciacUcrs.  It  is  we'll 
to  avoid  llu'  limiti'd  did  of  lia  and  toast  which  so  many 
women  lake  at  this  time.  Later  on  in  this  jierioil  and 
duriiii;  that  of  lactation,  the  mother  should  liavi'  an  abun- 
dant supply  of  water,  soups,  meats,  nnlk,  eggs,  and  veg- 
clnbles.  (if  the  latter  turnips,  carrots.  beet.s.  potatoes, 
spinach,  asparagus,  and  lettuce  will  aid  in  the  forma- 
tion of  milk.  The  mothers  of  the  working  class  will  be 
found  to  give  milk  in  larger  quantity  and  of- a  better  (lual- 
ity  than  do  those  who  live  under  higher  social  conditions. 
This  is  due  to  their  simple  mode  of  living  and  to  their 
outdoor  life. 

Systematic  exercise  in  the  open  air  should  be  taken  as 
soon  after  coufincment  as  the  mother's  condition  will 
permit,  for  by  this  means  the  proteids  will  be  diminished 
in  amount  and  t\w  fat  increased,  thus  creating  a  nulk 
which  is  easily  digested  by  the  child. 

The  mother  should  at  the  same  time  avoid  those  drugs 
■which  decrease  the  milk  supply,  namely,  belladonna. 
when  taken  in  large  amounts  or  used  locally,  and  saline 
and  hydragogue  purgatives;  for  the  removal  of  large 
amounts  of  tluid  from  the  body  will  greatly  diminish  the 
supply  of  milk.  It  is  also  desirable  to  prevent,  as  far  as 
possible,  any  nervous  shock  or  worriment,  for  the  effect 
upon  the  mother  is  likely  to  be  such  that  her  milk  will 
be  rendered  until  for  the  child. 

The  pro])er  care  of  the  breast  during  lactation  is  im- 
portant. The  nipple  and  lireast  shcudd  be  washed  with 
a  saturated  solution  of  boric  acid  both  before  and  after 
nursing,  and  these  parts  should  be  kept  covered  with 
soft  sterile  liut  or  gauze  held  in  place  by  a  breast  binder 
which  gives  support  and  ease  to  the  breast.  If  this 
course  is  adopted  there  will  be  fewer  cracked  nipples 
and  ab.scpssos  of  the  breast.  lu  eases  in  which  fever 
occurs  during  lactation  it  is  often  possibles  to  retain  the 
secretion  of  milk  for  three  or  four  weeks,  if  the  breasts 
are  gently  massaged  and  emptied  three  or  four  times  a 
day  with  the  breast  pump.  Then,  when  the  tempera- 
ture returns  to  normal,  the  child  may  again  be  put  to  the 
breast.  In  those  cases  in  which  there  has  been  an  abscess 
of  the  breast  in  early  infancy,  or  during  a  former  lacta- 
tion, the  danger  of  the  formation  of  a  fresh  abscess  is 
onl_y  slightl}'  greater  than  it  is  in  a  perfectly  normal 
breast.  If  care  is  taken  to  keep  the  parts  thoroughly 
clean,  and  if  thej'  are  not  allowed  to  become  engorged, 
we  may  rightly  expect  that  such  a  breast  will  furnish  a 
sufficient  supply  of  good  milk.  Sliicker  Coles. 

GALANGA;  GALANGAL.  — Lesser  Galaugal.  The 
rhizome  of  Alphiin  opiciiinnnii  I  lance  (fam,  7.i  iirjihcru- 
ce<t).  a  perennial  herb  of  tiag-like  habit  and  the  floral 
peculiarities  of  ginger  and  cardamom  plants.  It  is  an 
inhabitant  of  Hainan  and  other  parts  of  Southern  China, 
where  it  is  also  cultivated  as  an  article  of  commerce. 
Galanga  has  been  long  known  in  Euroiie.  as  well  as  in 
Asia,  and  was  formerly  esteemed  as  a  domestic  spice  or 
flavor. 

The  dried  rhizome  is  cylindrical,  often  branched,  about 
as  large  as  the  little  linger,  and  in  jiieces  two  or  three 
inches  in  length.  The  nodes  are  clo.se  together  and  very 
prominent,  as  slender  annulations.  Texture  hard,  tough ; 
color  deep  brown;  odor  aromatic,  curcinna-like;  taste 
pungent.  It  contains  an  amcutiol  oil  to  which  its  odor  is 
due,  and  probably  some  pungent  re.sin.  The  oil  is  red- 
dish-yellow, with  the  odor  of  cajeiiut  and  the  taste  of 
camphor.  It  has  a  specific  gravity  of  0.921.  and  contains 
cineol.  Its  ipialities  as  a  medicine  are  essentially  those 
of  ginger.  As  a  medicine  galanga  is  obsolete  in  Kurop<'. 
and  nearly  so  as  a  spice,  although  it  is  .said  to  be  used 
with  other  things  in  llavoring  cordials,  in  veterinary 
mixtures,  etc.  Ikiirij  II.  Riisljy.  ' 

GALBANUM.— '•  A  gum-resin  obtained  from  Ferula 
g(dh,(i,ijlii,i  Uoiss.  et  I5idise(fam.  ViitheUifei-a).  and  iirob 
ably  from  other  species"  of  Feriihi  (H.  I'.;  no  longer  olli- 
ciai  in  the  United  Stales).     It  is  not  certain  whether  the 


product  of  the  "other  sjiccies"  always  comes  separately, 
as  it  certainly  sometimes  does,  or  whether  the  drug  is 
sometimes  a  mixed  product.  The  plants  arc  huge  per- 
ennial licrlis  of  I'ei'sia  and  the  a<ljacent  region. 

The  galbanum  exists,  like  oilier  gum  resins,  in  the 
plant  as  a  fragrant  creamy  late.x,  and  exudes  spontane- 
ously from  the  crown  and  stem,  or  flows  upon  puncture, 
ill  while  dro|is  that  soon  become  thick  and  sticky,  and 
finally  hard  and  britlle,  by  the  action  of  the  air.  As 
they  dry.  they  also  turn  to  a  light  yellow  brown  or  buH 
color.  These  drops  or  tears.  collecl<'d  when  nearly  dry 
and  not  sticking  logetlier,  compo.se  the  "Galbanum  in 
tears";  when  collected  in  a  softer  state,  and  running 
more  or  less  completely  into  a  granular  or  even  homo- 
geneous ma.ss,  they  are  the  more  common  "galbanum  in 
mass."  The  pharmacopfeial  description  was  as  follows: 
"  In  tears  from  the  size  of  a  pin's  head  to  that  of  a  i)ea, 
and  larger;  mostly  agglutinal<'d.  forming  a  more  or  less 
hard  mass;  externally  yellowish,  or  jiale  brown;  inter- 
nally milk  while,  biuish-w  liite,  or  yellowish,  with  a  waxy 
lustre;  odor  peculiar,  bal.samic;  taste  bitter  and  aeri(r. 
When  moistened  with  alcohol,  galbanum  ac(|uires  a  jiur- 
ple  color  on  the  addilifin  of  a  little  hydrochloric  acid." 

Like  other  substances  of  its  class,  galbanum  makes 
a  yellowish  emulsion  with  water,  and  contains  a  varying 
amount  of  cmi  iitiiil  oil  (six  percent.,  more  or  les.<;)  a<-cord- 
ing  to  its  freshness  and  softness.  It  consists,  besides,  of 
about  three-fourths  )r.s7'«  and  one-fourth  .'/";«,  excluding 
a  variable  amount  of  coarse  imiiurities.  The  oil  is  a  col- 
orless, pleasant-smelling  hydrocarbon  of  the  turpentiue 
type.  It  is  an  article  of  commerce,  and  described  by 
Scliimmel  as  having  a  normal  sjiecitic  gravity  of  0.930, 
boiling  between  \Q>'y  and  300'  C,  and  containing  oidi- 
neiie.  The  resin  is  a  yellowish-white  amorphous  sub- 
stance, soluble  in  alcohol,  and  remarkable  for  yielding  by 
dry  distillation  a  brilliant  W'd,  rather  thick  ,.i.i,  ntinl  oil 
(sec  German  Chamomile  for  similar  substance),  and  the 
crystalline  substance  called  UinhcUiferon,  which,  in  its 
turn,  melted  with  iiotash.  yields  the  derivative  resorcin. 

Gallianum  was  used  by  the  ancient  Hebrews  as  an  in- 
gredient of  some  incenses.  Along  with  other  gum  resins 
it  has  had.  in  its  daj',  some  reputation  as  an  emmenagogue 
and  antispasmodic,  and  it  is  still  occasionally  given  with 
these  qualities  in  view.  Somewhat  more  often  it  is  ad- 
ministered in  chronic  bronchitis  or  laryngitis  as  an  e.\- 
jiectorant.  Uarely  it  is  given  in  rheumatism,  with  prob- 
ably no  benefit.  The  principal  present  employment  of 
this  antiquated  medicine  is  as  an  ingredient  of  stimulat- 
ing plasters. 

It  should  be  heated  and  strained,  to  separate  dirt  and 
refuse,  before  cmidoyment  in  pharmacy.  1  gm.  (gr. 
x.-.\x.)  may  be  considered  a  full  dose,  and  can  be  admin- 
istered in  [lill  form  or  as  an  emulsion. 

Henry  H.  liiisby. 

GALBRAITH  SPRINGS. -Hawkins  County,  Tennes- 
see. 

Post-Office.— Galbraith  Springs.  Hotel  and  cot- 
tages. 

Access. — Via  Southern  Railroad  (formerly  East  Ten- 
nessee, Virginia,  and  Georgia)  to  Hussellville.  Hambleu 
County,  thence  9  miles  north  by  private  conveyance  to 
Springs. 

For  the  last  half-century  these  Springs  have  been 
known  and  resorted  to  by  the  inhabitants  of  the  sur- 
rounding districts.  In  tinte-lielhiin  days  they  were  fre- 
quented by  hundreds,  who  niadi'  their  temporary  abodes 
in  pole  cabins  around  the  Springs.  The  location  is  in  a 
broken,  mountainous  country,  l.-tOO  feet  above  the  sea- 
level.  The  iiumeiliate  surroundings  of  the  Sjirings  are 
uniquely  charming  in  their  wealth  of  vale  and  wood, 
brooks,  rivulets,  and  waterfalls,  and  other  features  to 
please  the  fancy.  The  situation  of  the  Springs  is  one  mile 
distant  from  the  Holston  River,  in  a  romantic  jlcn.  330 
feet  above  the  base  of  .Short  Mountain.  A  ])atli  leads  to 
the  United  States  Signal  Station  on  the  to|i  of  .Short 
Mountain,  which  is  L320  feet  above  the  Springs  and 
2.702  feet  above  the  sea  level.     From  this  point  one  of 
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I. II  111  ii^ii, 

t.ull   llluiltli  r. 


tlie  most  L'Xtendwl  iinil  rliiirmiiig  vii-wd  to  he  found 
amniiK  till-  iiHiiinlniiis  nf  VmsI  'IViiiifH.s<'<'  is  rrvniliMl  l<i 
Ui(- ryiv  Tlir  liiitcl  is  11  vrn  i-oiiifiiriiilili'  cstiililisliiiiciit. 
wluTi-  the  visitor  will  wmhi  learn  lliat  all  llir  riiiilfiil  ar 

miiK<'iiii'iitM  fur  hi iiifnrl   ami  <livir>.ic)ii  are  al  liaml 

Amcini.'  Ill"'  ainusiMiifiils  al  (ialbraith  .Springs  may  tir 
iiiiiitiiiiiiil  iHiwliiijr.  ilaiicinj;.  ami  music,  llunliiit;  iiml 
llsliiiii:  may  aUo  lir  iiiilultfril  in.  Tlir  spring's  an-  four 
ill  niiiiilH'r  All  analysis  wius  iiiaili'  in  IMH-l  hy  I'rnf.  W. 
A.  Nnyi's,  iif  111!'  riiivci-slly  i>f  Triincsscc.  willi  lliu  fol 
towing  results 

I.K.Iir    I   .Vl.<  II    I  IIAI.VIIK.MK 
(INK    IMTKn  STATKS  liAU.ON    InXT.llVS  : 

Solids.  tiraliu. 

mii'liim  nirl»iimle •  •'•![* 

rult'imii  sMl|i)iHli' -^ 

( iililiiin  nllnile T""""' 

1  all  iinri  pli.  .splmle I  race. 

Miiciii'sliiiii  <iirl"iiiBle ,^ •'' 

1.11  hliiiii . iirlHiiiiiii' ^™".^; 

^•-* siilpliali' •'5 

.  -111"'!'!"' S 

-iiiin  sutpliiile j" 

1:   :i  .  irliuimte ♦' 

A  luiiiiiiii IS 

Slllni ; iJf 

Touil *•<*♦ 

TeniperBtiin.'  of  water,  .■»•  F 

This  analysis  shows  a  very  light  mineralization,  yet 
the  water  seems  to  possess  considerable  merit  as  a  ferni- 
ginous  tonic,  and  can  be  lalien  in  large  i|Uanlities  It  is 
also  an  excellent  table  water.  Jniinn  K   Crook. 

GALLACETOPHENONE.  —  (VII,.ClI,CO,(()II)3  A 
derivativeof  pvroirallol.  ClIjlOlI)!,  oneatoin  of  H  being 
ri-plared  bv  an' acetyl  jrroup.  It  is  a  pale-yellow,  crys- 
talline powder,  almost  insoluble  in  cold  water,  very  sol- 
uble in  hot  water,  alcohol,  ether,  and  glycerin. 

It  was  introduced  as  u  substitute  for  pyrogallol  (Re- 
kowski;  Tliiini).  Mount.,  September.  ISilli.  the  iidvan- 
lusre  claimed  for  it  being  its  freedom  from  toxic  and 
irritating  action.  Pyrogallicacid  and  its  derivatives  owe 
their  therapeutic  properties  to  their  reducing  action 
which  is  tisuallv  too  r.ipid  and  causes  an  excessive  irri- 
tation. Gallacetophenone  posses.ses  this  redticing  action 
in  a  lesser  dc-gree  than  the  olher.s.  although  sulliciently 
strong  to  prove  an  ellicient  antiseptic.  A  further  advan 
tage  is  that  it  does  not  discolor  the  skin,  the  hair,  or  the 
linen  with  which  it  comes  in  contact.  It  also  is  devoid 
of  aiiv  iriilaling  or  toxic  action. 

It  was  reconimeiided  for  lh(^  treatment  of  skin  diseases, 
particularly  for  psoriasis.  In  this  condition  its  beneli- 
cent  elTect.s  were  sjiid  to  be  manifested  in  twelve  hours, 
the  patches  becoming  paler  and  thinner,  and  di.sappear 
ing  after  ten  or  twelve  days. 

This  drug  has  not  been  much  employed.  Dr.  Herman 
Soldeuburg  (New  York  .Vidinil  .Jour'iKil.  February  (ilh, 
]S!»3)  reports  his  success  with  it  in  seveml  cases  of  long 
dunition.  It  is  employed  in  the  form  of  a  solution  or  in 
that  of  an  ointment,  the  strength  in  either  case  being  ten 
percent.  licnumiiKt  SninU. 

GALLANOL— .sallic  acid  anilid,  gallanilid  [CcIIi.NH.- 
C'O CJhiOlb,]— is  obtained  by  boiling  together  tannic 
acid  and  anilin.  It  occurs  in  colorless  crystals  or  gray 
micaceous  scales,  slightly  soluble  in  cold  water,  soluble 
in  boiling  water,  alcohol,  and  ether,  ami  insoluble  in 
benzol.  It  is  bitter  and  astringent.  Having  found  this" 
tiinnin  compound  free  from  the  undesirable  properties 
of  pyrosrallol  ami  chrysophaiiic  acid,  yet  as  effective  in 
trealmeni,  C'azeneuve  and  Rollet  introduced  it  in  ISIK!  as 
a  remedy  in  psoriasis,  chronic  ec/.enia,  and  other  skin  dis 
eases.  JFor  eczema  it  is  employed  in  ointment  of  three 
to  twenty  per  cent,  strength,  or  with  tahum  as  a  dusting 
powder,"  For  favus,  ringworm,  psoriasis,  or  prurigo  it 
is  used  in  twenty-pcr-cent,-solution  in  alcohol  with  a 
Vol,  IV.— 19 


little  nmmonln.     Dcfore  iIiIh  n-medy  in  applied,  the  Rkln 
hIiouIiI  always  lie  cleansed  with  uii  iilkuline  wmp  wiliitlou. 

!»■   ,1    lUmUilo. 
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GALL    BLADDER    AND    GALL 

OF.— (/w■•"•/.■A"^ /I   (/./•   li.iiUuir,,/, 
liiliiiirm. ) 

I.    t'ATAllllll.M.    lM'I.,\MMATinN     OP    TIIK   O  M.t,    Rl.AII- 
l)KU     AND     OaI.L     I)|(TS, — (Cllliirrlllll   jnn  '    ■    rut 

nimiilfjr ;  Iflfrim  ciiUirrluili»  ;  Irtinin   iiiimI,  ,»  ; 

('iiliirrli  ihr  <liilU  iiitiii'  :  /ulliiiiiiinili"  ,«, ) 

Since   the  investigations  of  Wyss.   (  ,ii(| 

others,  a  broader  signilicame  lais  bcii.   ^ ,  .irrh 

of  the  bile  ducts  than  lormerly  ;  and  at  the  priscnt  lime 
pathologists  an-  wont  to  include  in  the  term  all  forms  of 
jaundice  save  that  clue  to  stenosis  and  iion  intlaniniatory 
(H'dusion  of  the  ducts  (by  foreign  bodies,  growths,  ex- 
ternal prcs,sure,  etc,),  or  to  a  narrowing  occurring  itH  a 
seipience  of  a  previous  inllammalion — i-atarrhal.  sup- 
ptirative,  or  exudative  (see  the  section  on  Stenosis,  etc, 
farlher  on).  For  a  full  disiussion  of  these  (|ueslions,  see 
letiniK  ;  sullice  it  In  say  that  to  a  catarrh  of  the  liner 
bill'  ducts  has  been  attributed  the  jaundice  of  acute  yel- 
low atrophy  of  Ihe  liver,  of  phosphorus  and  other  forms 
of  poisoning,  and  of  the  various  fevers,  thus  narrowing 
the  limits  of  hainatogenoiis  jaundice.  This  section  will 
be  devoted  oidy  to  an  ai-count  of  catarrhal  inllainination 
of  the  bile  duds  in  Ihe  common  acceptation  of  the  term. 
Ktioi.ogv.  —  .V  predisposition  lo  catarrh  of  the  bile 
duels  is  said  toexist  in  |>irsiins  of  a  bilious  lenipeRiment. 
Persons  liable  to  catarrh  of  other  mucous  membranes  are 
prone  to  this  affection.  It  arises  very  frequently  from 
an  exten.sion  of  catarrhal  inflammation  from  the  stomach 
and  duodenum,  and  the  causes  which  e.xcite  the  latter 
condition  are  prominent  in  the  etiology  of  the  former. 
Hence  an  allack  may  occur  as  the  result  of  exposure  to 
cold  and  ilam]iness,  of  checking  of  the  perspiration,  of 
errors  in  diet,  of  over  eating,  and  of  the  in.ireslion  of  rich 
or  fatly  food,  and  of  airid  substances,  as  well  as  of  cer- 
tain drugs  and  slinuilanls.  A  debauch  is  often  followe<l 
by  an  attack,  and  Ihe  inhalation  of  noxious  vapors  and 
foul  gases  has  been  known  to  excite  the  disease.  The 
soculled  "epidemic"  jaundice  is  thought  to  be  due  lo  a 
poison  introduced  from  without  through  the  food,  drink, 
or  air.  Some  epidemics,  however,  have  the  chamc- 
teristics  of  an  acute  infectious  dis<-ase  and  are  attended 
with  considerable  mortality.  .Meiinerfs  report  of  Ihe 
Saxony  epidemic  of  18t*9  includes  518  cases,  of  which 
73  per  cent,  were  in  children.  There  Avere  30  deaths. 
Weil's  disease  (infective  jaundice)  lias  been  considered  by- 
some  to  be  a  niodilied  typhoid  infection.  Several  cases 
of  typhoid  fever  with  marked  jaundice  at  the  onset  have 
been  reported  by  Dgilvie  (UritiKli  Mediad  .hninnd.  .Janu- 
ary r2th.  1901).  and  their  resemliUince  to  this  disciise 
noted.  The  Widal  reaction  should  be  of  great  value  in 
this  re.srard.  Dalgleish  '  speaks  of  an  extensive  epidemic 
of  catarrhal  jaundice,  at  Bloomfontein.  which  bore  a 
.strange  relation  to  Ihe  prevalent  typhoid  and  dysentery. 
■\Vhoie  families  might  be  attacked,  but  more  frci|uently 
it  was  seen  that  one  or  two  of  a  liouseholil  might  have 
jaundice  while  the  others  would  bealTected  with  typhoid 
or  dysentery.  The  disease  in  most  instances  nui  an 
afebrile  course,  was  attended  with  marked  gastric  syir.p- 
toms,  and  was  not  of  as  long  duration  as  .simple  catar- 
rhal jaundice.  The  pos.sibilily  of  this  epidemic  being  a 
modlhed  typhoid  infection  hasnol  escaped  notice. 

An  extensive  epidemic  occurred  in  Michi.iran  during  the 
summer  and  fall  of  1S9T.  Six  hundred  and  seventy-live 
cases  were  observed,  mostly  in  children.  The  affection 
was  commonlv  more  severe  in  adults.  Whole  families 
were  alt.acked."  Usually  after  a  few  days  of  indisposition, 
.slight  fever,  gastrointestinal  disturbances,  ami  jaundice, 
more  or  less  marked,  would  appear,  the  symptoms  then 
abating.  Jaundice  in  this  epidemic  was  always  of  short 
duratiim.     The  liver  was  nirely  enlarged,' 

In  addition  to  the  caus<'s  w"hich  s<a  up  the  catarrh  of 
the  bile  ducts,  either  co:!icidentlv  with,  or  secondarily- 
to,    the  gastro-duotienal   catarrh,"  there  are   other   local 

289 


<;nll 
Gull 


llla<l<lcr. 
KliKldi-r. 


KEFEHENC'E   IIANDHOOK    OF  Till',    MKDICAL   SCIENCES. 


causal  conditions  existing  in  disturbances  of  the  portal 
oinuliitiiin.  Olislriiclivi'  canliiic  disease  and  iin|i(ded 
puliunniiry  ciniilatiiiii  fnun  linii;  disease  or  feelilc  liiiiii 
lead  to  portal  conirislioii,  and  lienee  to  a  vcniiiis  stasis 
and  tonse(|iient  eatarili  of  tlie  niueous  membranes. 
Tumors  in  the  abdominal  cavity,  enlarjred  j;liinds.  or  t lie 
enlargement  t)f  any  of  the  orgads.  by  interfering  with 
the  portal  eireidation.  may  .set  ui>  a  catarrh,  button 
Steele  reports  a  ease  of  jaundice  apparently  <lMe  to  kink- 
ing and  ol)stniclion  of  tlie  bile  duct  from  extreme  gaslro- 
and  entero-ptosis. 

Catarrhal  inllammation  of  the  bile  ducts,  with  or  with- 
out gastroduodenal  catarrh,  is  fri'i|Uently  caused  by 
malaria,  by  syphilis  (in  the  seeon<iary  stage),  and  by 
gout  (Murehison).  Acute  iiliosphnrns-poisoning  and 
iead-poisimiiig  are  often  altendi'd  with  gastro-hepatic 
catarrh.  The  jaundice  thai  accompanies  cholera,  typhus, 
typhoid,  piieumoiua.  pyienua,  septicncmia,  and  other 
fevers,  is  due  to  a  eatarrii  nf  the  bile  ducts. 

Direct  irritation  of  the  mucous  membrane  of  Ihe  ducts 
by  mechaiucal  causes,  as  by  the  i>assage  of  gall  stones  or 
by  the  presence  of  parasites,  freqiu'ntly  causes  a  catarrh 
which  may  be  local  or  dilTuscd.  Finally,  it  is  said  that 
pathological  states  of  the  bile  itself  irritate  and  e.\cito  in- 
flammation of  the  ducts.  Jn  persons  who  are  starving, 
from  choice  or  necessity,  it  is  said  that  the  bile,  which  is 
retained  in  the  gall  bladder,  becomes  acrid  and  sets  up 
an  active  inllammation.  The  jainidice  lliat  in  rare  cases 
accompanies  cirrhosis,  amyloid  and  fatty  liver,  is  due  to 
a  catarrh  of  the  ducts. 

The  season  of  Ihe  year  is  believed  to  have  some  influ- 
ence on  the  production  of  biliary  catarrh, — spring  and 
autumn  being  Ihe  favorable  periods;  hence  the  terms 
icterus  vernalis.  autiunnalis.  etc.  Se.x  exercises  no  iis- 
fluence  on  Ihe  fri(|uencv  (Ewald.  von  Schi'ippel);  yet, 
in  our  eases,  excluiling  "eiiidemie"  jaundice,  the  males 
were  largely  in  preponderance.  The  disease  is  most  fre- 
quently seen  in  the  early  jieriod  of  life,  and  after  forty  a 
jaundice  is  not  likely  lo  be  due  to  primary  catarrh,  al- 
thougli  a  case  of  one  of  the  writers  was  seventy  years  of 
age.  Firemen,  jniddlers,  stokers,  and  laborers  who  are  ex- 
posed to  extremes  of  temiieralure  are  liable  to  the  affection. 

.\tt>rhiil  Aniitoiin/. — In  the  milder  forms  post-mortem 
inspection  reveals  nothing,  for.  as  we  often  find  in  a 
laryngitis  so  severe  as  to  cause  stenosis,  the  congestion 
and  crdema  subside  after  death.  In  the  more  severe 
varieties,  redness.  sw<'lling.  eneeulence,  and  often  ec- 
chymosis  of  the  mucous  membrane,  are  observed.  The 
lumen  of  the  ducts,  if  not  occluded  by  the  flaccid  lining 
membrane,  is  lilled  with  ju'dliferaled  epithelium  and 
mucus.  The  latter  may  be  bile  stained,  especially  at 
first,  or  may  be  clear  and  vi.seid.  A  idug  of  firm  mucus 
often  stops  the  orifice.  The  ]iaiiilla  stands  out  promi- 
nently on  the  duod<Tial  nuicous  membrane  and  is  red  and 
softened,  but  a  probe  readily  penetrates  the  duct,  and 
bile  may  be  forced  out  by  pressure  of  the  hand  on  the 
gall  bladder,  alllinugh  Ihe  feeble  "vis  a  tergo  "  of  the 
biliary  .secretion  durijig  life  is  not  sullicient  to  overcome 
the  obstruction.  The  duet,  beyond  the  seat  of  the 
catarrh,  is  stained  with  bile.  In  the  more  advanced  or 
prolonged  eases  the  duets  arc  completely  blocked  by  a 
somewhat  firm,  gray  mucus,  intermingled  with  prolifer- 
ated epithelium  and  leucocytes.  The  congestion  is  moi(^ 
intense,  ecehymoses  are  more  common,  and  a  more 
marked  thickening  of  the  mucous  membrane  is  observed, 
due  to  cellular  inliltralion.  Now  it  is  that  denudation 
of  tlx'  epitlK'iial  surface  takes  place,  ulcerations  develo)), 
and  the  terminal  ducts  luidergo  inttammaticm  and  dilata- 
tion from  rcteiitioM  (if.  ami  irritatiim  caused  by.  the  im- 
prisoned bile  Anatfimieally,  ealanhal  inllammation  of 
the  ducts  may  be  divided  info  an  acute  form  of  ten  days' 
duration  (no  lesions  after  death,  or  only  congestion  and 
o-demal,  a  subacute  form,  lasting  from  two  to  six  weeks 
(with  the  above  lesions,  cell  i)roiiferation  and  mucus  for- 
mation in  abundance^  and  a  chronic  form,  continuing 
from  two  to  six  or  eight  mnnths  (excessive  catarrh,  abra 
.siou,  ulceration,  dilatation,  .stricture,  and  retention  ab 
scesses  or  cysts).     Catarrlial  inllammation  residls  either 


in  the  return  of  the  parts  to  a  normal  condition,  or  in  a 
stricture  of  the  ducts  (see  the  section  on  Stenosis  of  the 
Ducts,  farther  on)  and  its  seiiuences.  or  in  a  "biliary  "  or 
"hypertrophic"  cirrhosis  of  Ihe  liver.'  Dropsy  of  llie 
gall  bladder  occurs  also  as  a  sequence  of  catarrh  of  the 
cystic  or  common  duct,  with  occlusion. 

The  seat  of  the  catarrhal  inllammation  may  be  limited 
to  the  finer  ducts,  to  the  common  duel,  or  to  the  cystic 
duct  and  gallbladder.  Thudichum  (IHflS)  ilescribes  a 
catarrhal  iidlanunatii>n  of  the  finer  duets  in  which  per- 
fect biliary  casts  are  formed.  Meckel  regards  such 
casts  as  frei|Uently  forming  the  nuclei  of  gall  stoni'S  and 
has  given  the  name  of  "  lithiatic  catarrh  "  to  thecimdition. 
Robson  suggests  the  term  "des()uamating  angio  cholitis." 
The  pars  intentindliH  was  formerly  considered  to  be  the 
only  portion  of  the  common  duit  involved  in  catarrhal 
icterus.  If  the  finer  ducts  are  the  seat  of  catarrh,  as  in 
phosphorus-poisoning,  the  larger  ducts  are  pale  and 
covercil  w  itii  a  film  of  nnicus  or  a  small  amount  of  thin 
bile.  If  the  gall  bladder  be  the  exclusive  seat,  its  mucous 
membrane  luidergoes  changes  similar  to  that  of  the  duct; 
its  contents  are  a  dark-colored  inspissated  bile,  and  mucus 
in  abundance,  or  a  thin,  watery  mucus  or  muco-pus  fills 
the  bladder.  According  to  Mayo  Hobson,  catarrhal 
eholecystitis.  or  chronic  catarrh  of  the  gall  bladder, 
without  jaiuidice,  forms  a  distinct  and  definite  disca.se 
frec|Uently  mistaken  for  cholelithiasis  and  only  recogniz- 
able at  oiieiaiion.  when  nothing  but  thick,  rnpy  mucus 
is  I'omid  in  the  bladder  or  ducts.  This  mucus,  often  in 
the  form  of  sjigo-like  plugs,  gives  rise,  in  its  passiige.  to 
the  gallstone-like  attacks.  In  these,  as  a  rule,  medical 
treatment  is  sufficient,  but  in  persistent  attacks,  in  which 
no  gall  stones  are  passed  in  the  fseces,  no  jaundice  de- 
velops and  no  tenderness  is  present  in  Ihe  gall  bladder 
region,  the  operation  of  opening  and  draining  the  gall 
bhuUU'r  is  urged.  Rob.son  reports  the  cure  of  several 
casi-s  by  this  ]irocedure. 

The  histological  changes  in  the  parenchyma  of  the 
liver  vary.  Either  the  appearances  of  a  liver  long  stained 
with  bile  are  found,  or  the  atrophic  and  degenerative 
alterations  seen  in  stenosis  of  the  ducts  are  observed,  or 
a  "  biliary  "  cirrhosis  dovelops  (consult  these  sections*. 

Si/nijitimiK,  Ciiiirse,  niid  Durnlinn. — These  depend  u]ion 
the  cause;  if  this  be  one  that  is  readily  removed  or  that 
passes  oir  quickly,  the  symptoms  are  nuld  and  the  dura- 
tion is  brief,  sis  in  the  catarrh  that  succeeds  the  passiige 
of  a  gall  stone.  If  the  affection  arise  from  obstructive 
heart  or  lung  diseases,  the  symptoms  ar<-inild,  but  the 
duration  is  long.  The  catarrh  that  accompanies  malarial 
disease  or  a  gaslro-duodenitis  is  the  most  .severe  and  pro- 
tracted. The  mode  of  onset  also  varies  with  the  cause. 
The  gastro  duodcno-hepatie  form  is  usually  preceded  by 
gastric  symptoms  for  three  or  four  days;  while  that  due 
to  other  causes  follows  the  usual  maiufestations  of  that 
cause. 

The  description  which  follows  is  that  of  a  catarrlial 
infianunalion  of  the  ducts  supervening  upon  duodenal 
catarrh,  which  may  be  regarded  as  a  type  of  the  disease 
under  consideration. 

The  affection  may  begin  in  any  of  several  different 
ways: 

The  gastro-duodenal  symptoms  may  precede  t  he  hepatic 
by  thrceor  fo\irdays;  or  the  first  observed  symptom  may 
be  jaundice;  or  the  attack  may  be  ushered  in  by  a  chill, 
followed  by  fever  with  gastric  symptoms  and.  in  a  few 
days,  by  jaundice.  Loss  of  appetite,  a  tongue  covered 
with  a  heavy  yellow  fur,  pasty  and  bitter  tniceal  secre- 
tions, and  an  offensive  breath,  are  prominent.  Xatisea 
in  Ihe  mornings,  or  at  the  sight  of  food,  and  vomiting  of 
a  glairy  mucus,  or.  early  in  the  attack,  of  a  bitter,  bile- 
slained.  acrid  lliud.  may  occur.  At  the  same  time  there 
ar<'  epigastric  distress,  weight  and  fulness,  some  tender- 
ness on  pressure,  soreness,  or  even  marked  jiain.  Later, 
therearepain  and  tenderness  in  the  right  hypoehondrium 
and  over  the  liver.  It  is  denied  by  some  authorities  that 
the  liver  and  gall  blsidder  are  enlargeil,  but  I  have  ob- 
served enlargement  of  the  former  constantly  in  chronic 
cases.     The  abdomen  is  usually  distended  with  gas,  and 
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ITUCtlktioilH  (if  KHHIIIIll  till-  itll|ll'rri-l-t   pHMllU'tMof  lliKI'Htloll 

iKiiir.  Till-  Imiwi'Is  iiri'  riinsii|mti'il.  nr  it  iliiirrlnni  from 
iiiili^'i-sliiiii  tiiiiy  incur  in  tin-  iiirly  slafTc  In  ii  fiw  cliiys 
jiilinilitr  itp|>riirs.  first  llir  ton jiini'tivii.  tliiMI  llic  faci'. 
itnil  in  u  sliiirt  tinif  llif  i-iitiri'  ImmIv  is  disccilnrril.  Tlic 
irtrruM  viirirs  III  cMciil  iiiiil  ili->;ri-r  Tlir  iniijiiiK'tivii 
iiliiui'  limy  III'  iilTiTtnl.  mill  il  may  Ik-  niiTrly  <if  ii  faint 
\'i*Ilii\v  tiller,  or.  in  rliruiiir  ras^'S.  of  a  ilrrp  iiron/.r  Tin* 
fcvrr.  wliirli  is  from  KM)  to  1(1!)  K  .  jiininilly  siilisiilis 
with  till'  ailvriit  of  llii'  jaiiiiilirr.  Iiiit  it  may  coiitiniir  for 
ti'ii  ilavH  or  two  wrcks  as  a  simpir  coniiniicil  frvir,  llir 
so  <-hI  It'll  ■•  >;iistrir '■  or  ralarrlial  fiver.  Tlir  well  knoxvii 
symptoms  anil  rlTiTts  of  nlistnutivr  jaiinilirr  arr  prrsi'iil 
(sec  artirli'  on  /i-Unim 

It  is  important.  Iiowcvir.  In  rrinark  the  uniform  pi  r 
sisliiui'  of  till'  jaiiniliir.  I'rolialily  tlir  most  rliaracliris 
tic  symplom  is  tlir  slow  pulse,  wliieli  often  ilisiin^cui.slies 
this  form  from  otlier  varieties  of  jaumliie  Kiiu'f.'''  lalls 
parliiiiliir  alleiition  to  this  symptom.  Ileinlailie  is  pres 
eiit  often  ill  the  liejjinninjr.  with  or  without  vertigo. 
After  the  jaiiniliie  lieidiiies  ilevelopeil.  the  usual  nervous 
symptoms  of  the  ilisease  are  manifested. 

If  the  case  lie  a  milil  one.  the  pislric  symptoms  tirsi 
siilisiile.  anil  then  the  jauniliee  gradiiallv  disappears, 
without  any  serious  disliirliauces  of  nutrition.  In  the 
more  iirotiiieted  eiLses.  however,  anii'inia,  emaciation, 
and  prostnilion  are  marked,  the  degree  depending  on  the 
duration  of  the  disease. 

Tlie  mild  idiopathic  cas«'s  riintiniie  for  from  ten  days 
to  three  week.s,  the  more  severe  ones  for  from  si.\  to  ten 
weeks,  and  the  more  iilistinate  cases  as  long  as  five  or  six 
months. 

Should  stricture  of  the  duct  take  place  as  a  sequence 
of  the  catarrh,  and  shoiilil  suppiinitiou  of  the  ducts  oc- 
cur, and  atiscessis  form,  fever  of  an  irregular  type,  often 
witli  chills,  and  with  exhaustive  sweats,  will  usually  be 
present.  A  similar  fever,  or  one  of  an  intermitting  char- 
acter, also  accompanies  the  development  of  secondary 
cirrhosis.  In  these  instances  the  liver  and  gall  bladder 
are  enlarged. 

Intlammation  of  the  gall  bladder  alone  is  characterized 
by  pain  and  tenderness  in  the  right  hypochondrium.  by 
enlargement  of  the  gall  liliidder.  and  by  slight  fever, 
with,  at  times,  naiist-a.  .Taiindice  may  not  be  present, 
but  in  many  cases  a  gall  stone  in  the  gall  bladder  or  cystic 
duct  may  give  rise  to  jaundice  from  an  inflammatory  oc- 
clusion of  the  common  bile  ducts  by  extension  Hiedel 
is  quoted  by  Gumprccht '  as  stating  that  two-fifths  of 
the  csi.ses  of  jaundice  in  cholelithiasis  arise  in  this  way 
(.Mayo  Hobson). 

Diiigiiom's. — The  presence  of  one  of  the  causes  or  ante- 
cedent pathological  conditions  just  noted,  the  early  age 
and  previous  good  health  of  the  patieut,  the  suihlen  and 
uniform  development  and  persistence  of  the  jaundice, 
and  the  absence  of  the  physical  signs  of  organic  disease 
of  the  liver,  clearly  indicate  simple  catarrhal  icterus. 
Care  must  be  taken  not  to  confound  it  with  the  jaundice 
of  acute  yellow  atrophy,  and  it  must  not  be  forgotten 
that,  in  apparently  the  most  simple  jaundice,  grave  cere- 
bral and  othersymptoms  due  to  aciiteatrophy  may  arise. 
Acute  yellow  atrophy  may  occur  at  an  early  age  in  the 
jiregnant  female:  the  more  marked  epigastric  pain,  the 
jaundice  of  the  upjier  portion  of  the  body,  the  vomiting 
of  Vilood.  the  cercliral  symptoms,  and  the  alterations  in 
the  size  of  the  liver  and  spleen  serve  to  distinguish  it. 

The  jaiindicedue  to  obstruction  by  gall  stonesdevelops 
quickly,  is  quite  marked,  and  varies  in  its  intensity  from 
time  to  time;  paroxysmal  and  persistent  pain  is  more 
]>ronounced  than  in  the  simple  form;  thi'  patient  is  usu- 
ally a  female,  and  the  attacks  occur  late  in  life.  The" 
diagnosis  must  be  made  between  jaundice  from  simple 
obstruction  and  that  caused  by  pressure  on  the  ducts. 
The  physical  signs  and  clinical  history  of  the  many  forms 
of  external  pressure  must  be  considered  (see  section  on 
Stenosis,  etc.).  Pain,  fever,  sweats,  increase  in  size  and 
tenderness  of  the  liver  and  gall  bladder,  with  prostration 
and  emaciation,  occurring  late  in  tlK'  (iisea.se.  indicate 
stricture  and  the  formation  of  abscesses,  or  purulent  in- 


llammatioii  of  the  diictH.  If  the  Jnundlce  continues 
loiiL'!  r  than  two  montliH,  If  the  pulM'  U  frequent  from 
the  llrst,  if  sweats  are  mnrki-d,  if  emuciiitioii  nipidly  en 
sues,  iinil  if  the  patient  is  over  thirty  years  of  age,'  it  in 
more  tliiiii  possible  that  some  iifTection  other  IIihii  Niiiiple 
catarrh,  ami  not  revealed  by  phyHical  sign*,  is  iireM-iil. 
An  important  observation  in  I  his  connect  Ion  in,  tlittl  fre- 
quently in  malignant  disease  of  the  liver  or  lille  dnctN, 
jauniliee  due  merely  to  an  iis..,,i  iai,  ,|  ,;,i-,irli  iiiii\  ilisiip 
pear  under  treatment,  tie-  ili...'>-.  in' .lu  .'.  liii<  {<>i-isilng 
and  progressing.  The  juumliie  ilu>  i..  piis-uie  or  ob- 
slruelion  will  be  little,  if  at  all,  inllueiirid  by  any  means 
(Mayo  Kobsoii).  It  has  occurred  to  the  writiihthut  the 
existence  of  a  diarrhiea  in  the  cour«<^  of  catarrh  of  the 
bile  ducts  would  indicate  closure  at  the  orifice;  for  then 
the  pancreatic  duet  would  likewise  be  occluded,  and 
diarrhii'ii,  a  well  known  .syin|)iom  of  pancreatic  diseaw. 
Would  ensue.  The  presence  of  fat  and  blood  in  ihi^sttKiIft 
would  also  point  to  this  conclusion. 

J'ri''/iiiiKiK. — This  is  usually  favorable,  but  depends 
more  or  less  on  the  cause.  Gaslro-hepalic  catarrh  ter- 
minates favorably.  The  presence  of  symptoms  indicating 
purulent  inflammation  of  the  duct  renders  the  prognosis 
grave.  I'rolonged  jaundice,  with  the  advent  of  marked 
cerebral  syiu])tonis.  is  very  .serious.  The  possibility  of 
the  development  of  icterus  gravis  should  not  be  forgotten. 
We  are  inclined  lo  think  that  the  prognosis  is  seriously 
modified  by  inactivity  of  the  kidneys,  and  that  cerebnd 
symptoms  are  not  .so  liable  to  occur  if  the  renal  secretion 
is  abundant.  Hemorrhage,  in  any  of  its  forms,  is  of 
bad  omen. 

Titiitiiifnt. — The  line  of  treatment  to  be  adopted  de- 
pends entirely  on  the  causeof  the  catarrhal  inflammation. 
If  it  arise  from  cold  and  exposure  and  is  seen  early,  a 
warm  bath  or  a  vapor  bath,  and  the  use  of  saline  catiiar- 
tics,  or  of  small  doses  of  tartar  emetic,  are  of  service. 
Full  doses  of  quinine  ami  Dover's  powder  at  bed-time, 
with  a  light  purge  in  the  morning,  will  often  relieve  the 
general  symptoms  of  "cold.''  and  exert  a  favorable  influ- 
ence upon  the  local  catarrh.  If  the  cause  of  the  disease 
is  a  coexisting  gastroduodenal  catarrh,  a  mechanical 
emetic,  repeated  twice  on  each  of  the  first  two  days,  is 
often  of  service.  Large  draughts  of  hot  water,  either  at 
bed  time  or  repeated  througliout  the  day.  are  grateful 
and  beneficial.  They  are  made  more  palatable  by  the 
addition  of  some  one  of  the  alkaline  citrates.  At  the 
same  time  an  alkaline  purgative,  largely  diluted,  should 
be  employed,  and  then  gastric  sedatives  or  the  mineral 
acids.  Patients  w  itii  catarrhal  jaundice  rarely  apply  for 
treatment  until  some  time  after  t  lie  jaundice  has  appeared, 
and  as  this  is  generally  due  to  a  ga.stro  intestinal  catarrh, 
a  system  of  treatment  that  has  usually  been  successful 
in  these  cases  may  here  be  presented.  First,  in  the  acute 
form:  a  mercurial  purgative  is  first  admiuistered.  AVe 
usually  prescribe  from  one-twelfth  to  one  third  of  a  grain 
of  cahimcl.  in  combination  with  from  three  to  ten  grains  of 
bicarbonate  of  soda  every  two  hours,  until  eight  or  twelve 
powdersare  taken.  If  the  bowels  are  not  acted  on  freely 
by  this  combination,  it  .should  be  followed  by  a  saline 
laxative.  At  the  same  time  light  sinapisms  are  applied 
to  the  epigastrium.  After  the  bowels  are  freely  opened, 
it  will  often  be  found  that  the  tongue  has  already  become 
somewhat  cleaner,  and  the  bad  taste,  the  nausea,  and  the 
vomiting  have  been  relieved.  If  this  happy  effect  has 
been  produced,  a  weak  acid  or  an  alkali  and  bitter 
may  be  used.  On  the  other  hand,  if  the  symptoms 
are  not  relieved,  and  the  tongue  is  clean,  denuded  of 
epithelium  or  pointed,  and  red  at  the  tip,  a  sedativ(! 
is  inilicaleil.  In  the  more  chronic  cases  in  which  the 
gastroduodenal  catarrh  has  subsided,  we  have  other 
conditions  to  deal  with,  and  the  indications  are  to  re- 
move the  obstructing  mucus  and  reduce  the  inflamma- 
tion and  thickening  of  the  ducts.  These  indic.itions 
may  be  met  by  remedies  that  in  a  measure  increase  the 
secretion  of  bile  and  thereby  drive  away  the  obstruc- 
tion, or  by  drugs  that  render  the  mucus  less  viscid  and 
that  relieve  the  congestion.  Among  the  remedies  of  this 
latter  class  the  alkalies  are  of  great  service,  and  may 
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be  given  in  the  form  nl'  llic  iilUiilinc  elTervcscinj;  waters, 
as  the  Carlsliad.  Vichy,  or  llalhcini  waters.  i>r  tlie  salts 
iif  anniiiiMiuin.  sdiliuiii.  nr  pdtassiiiiii  may  he  used.  Har- 
IhnldW  adviieales  llic  |)h<isphali-  (if  sudium  in  drachm 
(loses;  Guiteras,  iodide  of  |i(itassiinn  in  small  doses  freely 
diluted,  and  taken  fa.stin.c.  The  muriate  of  anuiionitim 
is  one  of  the  most  reliahle  alkalies;  it  may  he  driven  in 
ten-  or  twenty  jrniin  doses,  three  or  four  lim<s  daily, 
condiined  with  an  ei|Ual  i|U.uitity  of  jiowdercd  licoriee. 
and  dissolved  in  water.  Ipecmuaiilia  has  been  advocated 
ill  small  doses,  as  one  half  of  a  irrain  or  one  grain,  fre- 
quently repealed,  for  the  .same  purpose. 

To  increase  the  secretion,  nitro-hydrochloric  acid,  the 
vegetable  hepatic  stimulants,  henzoate  and  salicylate 
of  soda,  and  alkaline  waters  are  of  servici!.  The  alkalies 
should  be  taken  in  a  lars;-e  amount  of  water,  pnlVraljly 
hot,  on  an  empty  stomach,  and  by  slowly  sippinij  the 
fluid.  Emetics  are  also  used  for  their  meclianical  ell'cel, 
but  eare  must  be  observi'd  lest  their  too  free  use  incite  a 
fresh  catarrh  or  aggravate  the  one  already  existing, 

Mosler  and  afterward  Kr\dl  have  successfully  treated 
catjirrhal  jaundice  wit h  cnemata  of  cold  water.  They  in- 
ject, once  in  twenty-four  hours,  from  one  to  four  pints 
of  cold  water  (.59'  F.tslowly  into  the  nctuni,  and  re<iuire 
the  patient  to  retain  it  aslong  as  jiossible.  With  each 
injection  the  temperature  of  the  water  is  gradually 
raised,  otherwise  it  will  not  be  retained. 

By  prcssiue  on  the  fundus  of  the  gall  bladder,  if  it  be 
readily  grasped,  directing  the  force  toward  the  vertebral 
column,  Gerhardt  has  .succeeded  in  overcoming  the  ob- 
struction and  relieving  the  jaundice.  The  same  author 
reconuiiends  the  application  of  elect ricity,  A  strong  in- 
duced current  with  slow  interruptions  is  used;  one  elec- 
trode is  placed  over  the  gall  bladder,  the  other  on  the 
back  at  a  point  directly  opjtosite,  and  close  to  the  spinal 
colunni.  No  doubt  Kussmaul's  treatment  of  intestinal 
obstruction,  by  washing  out  the  stomach,  would  be  of 
service  in  this  affection. 

The  diet  should  be  bland  and  non-irritating.  Fats, 
sugars,  and,  as  a  rule,  starches,  should  be  excluded,  as 
well  as  spirituous  or  malt  liquors.  Light  broths,  beef- 
tea,  milk,  and  later,  meals,  tish,  eggs,  and  oysters  should 
he  the  chief  articlesof  diet.  Afterward  tomatoes,  lettuce, 
spinach,  celery,  and  the  like  may  he  used. 

The  troublesome,  and  at  times  serious,  effects  of  the 
jaundice  will   be  treated  of  under  that  heading,     (See 

II.  Pcnri,i;xT.  Ulceilvtivk,  and  Ckoitous  Infi,.\m- 

M.^TIOX  OP  THE  G.M.I.  I?I,.\nDF.l!  AND  GaLI,  DfCTS 
(Gholeey»titis  et  Choliinnitin  Siiiipin-iitirn.  ili/tlitliiricd,  e.i- 
tikeraiis,  amlciitii/itmi  (Sclii'ippeh  ;  Krsi/iJuthv  Eiitzi'iiHliniij 
der  Galknm'fic  (Frericlis) ;  C/n/Uri/xlitc  ct  Aiir/t'hic/ioleite). 

Etiology. — According  to  Bloch,  in  disease  of  the  gall 
bladder  and  bile  ducts  the  bile  soon  becomes  infected 
with  various  micro-organisms,  |)rineipally  B.  coli  com- 
munis, staphylococci,  and  slreptococci.  Any  condition 
obstructing  the  How  of  bile  invites  bacterial  infection 
(Charcot  et  Gonibault,  Arehires  de  Phiix.  et  Path.,  lST(i; 
Nctler,  Pniij.  .!/«/,,  188C;  Terrier,  Uiriie  de  C!iir>iiy.^ 
ISS.^).  Hence  foreign  bodies,  sueli  as  gall  stones  or  para- 
sites, in  the  biliary  passa.ges,  stenosis  and  occlusion  of  the 
ducts  in  any  part  of  their  course,  reailily  jiave  the  way 
for  any  infecting  agent, 

FUtterer  has  shown  that  in  a  very  few  minut<'s  after 
the  injection  of  organisms  into  the  circulation  they  aji- 
pear  in  the  bile,  Fle,\ner  and  ("hiari  have  demonstrated 
the  constaul  i]resence  of  tyjihoid  bacilli  in  the  bile  in  pa- 
tients dying  of  typhoid  fever,  I  he  latter  observer  describ- 
ing acute  inllanimatory  lesions  in  thirteen  of  nineteen 
such  cases  without  any  gro.ss  obstruction  in  the  biliary 
passages.  Camac  records  an  instance  of  acute  cholecysti- 
tis with  operation  in  the  first  few  days  of  ai\  attack  of 
typhoid  fever.  Cases  of  acute  cholecystitis  due  to  the 
Bacillus  typhosus  witho\it  ](revio>is  history  of  typhoid 
fever  arc  reported  by  Cushing  and  ^litchell.  Hunner 
describes  another  occurring  eighteen  years  after  an  at- 
tack of  typhoid,  with  opeiiition  and  isolation  of  the 
typhoid  bacillus.     It  can  safely  be  assumed  that  bacterial 


infection  exists  in  all  cases,  and  that  acute  inllanunatory 
infection  of  the  biliary  pas.sages  may  occur  without  ob- 
.struetion  in  nnuiy  of  the  acute  infecticms  diseases.  Cases 
of  acute  phlegmonous  cholecystitis  and  gangrenous 
cholecystitis  arc  |irobably  only  instances  of  very  severe 
infection,  which  may  spread  so  rapidly  that  general  peri- 
tonitis may  occur  in  a  few  days.  Pratt.''  in  his  recent 
article,  shows  the  freijuency  of  cholecystitis  due  to  the 
Bacillus  typhosus.  It  therefore  seems  probable  that 
cholecystitis  may  begin  as  a  primary  local  typhoid  infec- 
tion. IVaice'  has  described  an  instance  of  the  presence 
of  a  leptolhrix  in  an  acute  cholecystitis,  the  organism 
being  also  found  in  gall  stones  present  in  the  gall  bladder. 

rieerations  of  the  biliary  passage  are  most  frecjucntly 
due  to  gall  stones.  Carcinoma  is  a  common  cause,  and 
\dccrations  have  been  met  with  in  typhoid  fever  anil  in 
cholera.  The  sec(\U'l;e  of  idcerations,  stricture,  perfora- 
tion, tistula.  etc..  make  the  condition  more  serious  than 
it  might  <ithcrwise  be. 

Ciiiupous  or  membranous  inflammation  of  the  gall 
bladder  and  ducts  may  occur  as  the  result  of  irritation 
from  the  passage  of  a  gall  stone,  or  it  may  be  a  further 
stage  of  catarrhal  inflaiumation.  Powell  {.Med,  Trans. 
Coll,  Phys,,  1S29)  noted  that  membranous  etiterilis  was 
fre(|Uently  accoiupanied  by  gall-stone-like  attacks,  and  it 
has  been  suggested  that  gill-stone  colic  may  be  the  excit- 
ing cause  of  membranous  enteritis.  Robson  thinks  a 
membranous  or  croupous  formation  in  the  gall  bladder 
or  ducts,  with  passing  of  the  membrane  or  pieces  thereof, 
accounts  for  the  painful,  gall-stone-like  at  tacks.  Feu  wick 
{lit:  Mid.  Jotn-..  Aiuil  -iM.  1S91)  discovered  a  true  cast  of 
the  gall  bladder  in  the  f;eci'Stwenty  four  hours  after  a  very 
severe  attack  of  hi'patic  colic,  A  similar  cast  had  been 
found  two  weeks  previously  under  similar  conditions. 
In  all  suspected  gall-stone  attacks,  in  which  no  stones 
are  found  in  the  fa'Ces.  search  should  also  be  made  for 
fleshy,  tube-like  structures  or  fragments  thereof,  as  they 
alone  may  lie  responsible.  Robson  is  of  the  o|)inion  that 
the  gall-stone-like  attacks  seem  not  infreqviently.  in  svd)- 
jects  of  membranous  enteritis,  to  indicate  involvement  of 
the  biliary  passa.ses  in  a  similar  condition.  Extension  of 
|iuruleut  intlammalion  from  adjoining  veins  or  fi-om 
iK'patic  abscesses  appears  to  have  been  the  cause  in  some 
instances.  It  is  certainly  true  that  a  midtiform  intlam- 
malion of  the  ducts  may  occur  by  extension  of  iiillam- 
mation  from  some  one  localized  focus,  as  an  ulceration 
due  to  gall  stone.  This  form  of  biliary  inflammatiim  is 
usually  met  with  in  advanced  life.  Croupous  inflaimna- 
tion  of  the  biliary  passages  is  also  caused  by  gall  stones. 

yfiii-liid  .{iiiiidiinj. — The  eases  that  have  been  observed 
by  the  writers  jiresented  nearly  all  the  anatomical  ap- 
pearances that  occur  in  cholangitis  and  cholecystitis. 

There  are  observed  a  swollen,  thickened  mucous  mem- 
brane, of  a  pale  ashen  or  slate-gray  color;  uniform  or 
saccular  dilatation  of  the  duets;  and  abscesses  in  the  pe- 
riphery of  the  duct  or  along  its  course.  Often  a  gangre- 
nous ap|H'arauee  of  the  duct  wall  is  seen.  The  dilated 
canals  and  I  he  abscesses  contain  yellowish-green  bile  and 
pus,  sometimes  thick  and  ropy,  and  often  ichorous.  The 
dilatation  is  most  frequently  conlined  to.  or  most  marked 
in.  the  left  lobe  of  tlie  liver,  and  Legg  says  that  the  dilated 
])ouches  and  <luetsare  lined  with  coUuunar  epithelium, 
r  leers  are  often  found,  superlicial  in  character,  large 
and  iiTcguliir.  or  quite  dec])  and  small.  From  the  heal- 
ing of  the  ulcers  and  the  contraction  of  the  cicatrix,  the 
ducts  beyond  the  olisl ruction  are  obliterated.  This  nnty 
al.so  occur  after  I'xudative  luflanunation  ;  and  in  the  liver 
librous  bands,  the  remains  of  the  biliary  channels,  are 
often  seen.  The  tissue  of  the  liver  beyond  becomes 
sclerosed,  and  the  cells  proper  undergo  atrophy  and  de- 
generation. The  abscesses  of  the  liver  may  extend  into 
a  contiguous  vein,  or  may  ulcerate  toward  the  surface; 
hence  a  perihepatitis  is  often  seen.  Sometimes  one 
large  abscess  alone  is  foimd  ;  rarely  do  abscesses  become 
encapsidated.  The  ulcers  that  have  formed  are  often 
covered  with  a  gray,  gangrenous  detritus,  which  is  re- 
moved with  difliculty.  This  characterizes  the  diphthe- 
ritic form.     In  the  croupous  inflammation  of  the  ducts, 
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tiltrin  cvliiitliTu,  wi'll  iniiulilcd  iinil  ouhIIv  n-movi'd.  iir<> 

fiiimd.  " 'I'll!'  h(|>iilir  slrui'liirr  iiiiili  TiJiMK  SDiiir  rhiinnrH: 
in  till'  iiiilil  fiirins  rillicr  ii  ciiiiiicclivf  lissiic  ovfixrow  lli 
li);lil.t  up.  or  II  diiriisi'  licputilis  iiriscs;  in  llic  rlinmir 
fiirnis  Willi  Jii\inilicclli('  liviT  crllHiirc  irtiTic.  ii)Mi|in'ss<(l 
into  viirious  sliii|ii's,  iinil  prcs4'nl  tlir  iippinriini-cs  of  liiiv- 
in>t  unilcrffoMr  fnllv  or  irrimuliir  di  crririalion. 

As  It  si'i|Ui'ni'i' of  punilriii  or  rMKliilivc  iiiMiininiiitioM 
of  till'  L'lili  lilaililcr.  nmrUril  pliiiiiiniriiii  an-  ohsirviil. 
Tlic  liincous  iiiiinliranc'  iimli  r^rors  llic  usual  clian^Ts,  ihc 
walls  Iwconic  tliiikmi'il.  ami  llir  ravily  isrillid  with  pus. 
niuco  pus.  or  pus  ami  liili\  riccralions,  siinpli'  or  dipli- 
llicrilif  in  niiliirc.  iiic  fonncil,  anil  may  pcnelnile  to  llic 
pi'ritoni'iij  ciivilv. 

Adlifsions  lake  pliuc  ImIwitii  tlii-  f;iill  Iiladilcr  and 
ni'lfrliborinir  sirucluns,  llstulif  di'Vclop.  and  oficii  the 
udjiu'i'iit  lissuis  iirr  lillid  with  pus  'I'iic  ulnrs  an- 
sinjric  or  niulliforni.  In  inild  casis  a  lilirous  Ihirkinin;: 
of  the  walls  of  tlic  pill  liladdcr  and  its  surr<iunilin;:s 
takrs  pUicc.  folli>wi'd  \i\  contriiclion  and  olililcralioii  of 
the  orpin,  Twicr  tlic  w Titers  liavc  foiiiKl  llu'  pill  bladder 
tlniily  eontnieled  around  imprisoned  gall  slones,  and  in 
one  ease  numerous  saeeuli  liail  been  formed,  eaeli  .mic 
containini:  a  jrall  slone  surrounded  by  bainls  of  libroiis 
tissue.  On  I  lie  other  Imnd.  the  L'all  bladder  may  undergo 
exlreiiK-  dilatation  iind  enlargement,  prodneinij;  an  em- 
pyema. If  llie  pliligmonous  inllaniination  be  eonlined 
to  tile  walls.  Iliis  siruelure  may  undergo  culeareous  <le- 
gcnenition  (so-called  "osiiiriailion '"). 

Syiiiiiloiiin.  Cdiinw.  Diinitiini. — The  symptoms nrc  those 
of  the  causal  condition, — as  one  of  the  infective  fevers, 
gall  slones.  etc. .  —  combined  with  the  local  inllaniniatory 
manifestations.  (Iften  the  condition  is  not  recognized 
during  life,  or  there  may  be  |>reseiil  only  an  irregular 
fever,  with  rigors.  If,  after  an  allaek  of  hepatic  colic. 
fever  of  an  irregular  type,  chilly  sensations,  or  sliarp 
rigors,  occur,  ami  Jirostniliou  ensues,  independently 
of  any  imludal  alTection,  we  may  suspect  ulcerative  in- 
flamniation  of  the  bile  ducts.  In  these  cases,  the 
jaundice,  which  is  usually  jiresent.  deepens,  pains  in  the 
hepatic  region  are  marked,  and  a  fixed  local  pain  in  the 
right  liypocliondrium  is  comidained  of.  If  the  gall 
bladder  is  involved,  the  ))hysieal  signs  of  enlargement 
of  that  organ  are  observed  (see  the  section  on  Knlarge- 
ment  of  the  Gall  Bladder).  As  the  inllammalion  pro- 
ceeds, the  symptoms  of  perihepatitis,  local  or  general 
peritonitis,  occur.  In  addition  to  pain  in  the  region  of 
the  gall  bladder,  we  have  pain  and  tenderness  fre(|Uently 
in  liie  epigastrium.  Willi  or  without  this  local  inflam- 
mation, vomiling  is  freciucnt.  Iieniorrhages  occur  from 
the  sloniach  anil  bowel,  and  often  a  diarrhcva  is  started. 
Hudd  believed  that  many  cases  recovered.  If  so,  the 
burrowing  of  the  pus  must  have  been  in  the  direction  of 
the  stomach  or  duodenum.  An  increase  of  local  tender- 
ness, and  the  presence  of  ttimefaction  and  redness,  show 
that  the  direction  which  the  pus  is  taking  is  toward  the 
surface.  Discharge  of  the  abscess  in  this  position  leads 
to  the  formation  of  a  cutaneous  biliary  lislula.  If  this 
fortunate  lerminalion  does  not  occur,  and  in  a  cholan- 
gitis it  is  not  to  be  e.xiK-cted,  the  fever  continues,  the 
gasiro  intestinal  digestion  gives  way  completely,  a  ty- 
phoid stale  of  the  system  arises,  ehohemia  frequently 
occurs,  ami  finally  death.  A  fatal  result  may  occur  from 
exhaustion,  due  to  the  combined  inlluences  of  the  fever, 
the  suppuration,  the  gastro-inlestinal  disluibance.s,  and 
the  jaundice;  or  a  iierilonitis  from  perforation  or  rupture 
of  the  gall  duels,  or  a  pylephU'bilis.  may  hasten  the  fatal 
termination.  Hemorrhages  are  also  liable  to  occur  if  the 
jaundice  is  of  long  duration,  and  they  will  add  to  the  ex- 
treme debility.  Cholecystilis.  due  to  foreign  bodies  or 
to  obstruction  of  the  cystic  duct,  may  run  its  course,  and 
the  contents  of  the  bladder  be  discharged  into  the  neigh- 
boring hollow  viscera,  or  cxiernally.  without  the  super- 
vention of  grave  general  symptoms;  local  phenomena 
ami  ])liysical  signs  alone  indicating  its  presence.  The 
lodging  of  a  gall  slone  in  a  common  duct  is  often  and 
usually  a.s.sociateil  with  a  peculiar  fever  and  train  of 
symptoms,   the   so-called   hepatic   intermittent  fever  of 
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valve  iiclion  of  gall  sionc  k  lodged  in  lli>-  diverticulum  of 
Vater,  llie  bile  readily  Mowing  by  llie  slone  but  iH-eoniing 
easily  obstriicti'd  and  inb-ilid  undi-r  cerluiii  circum- 
stances, |inidiieing  the  ehanirleriKlie  ai;iie  like  parox- 
ysms which  may  lie  frei|uinlly  n  piatrii  (the  recurring 
Jaundice  deepi-ning  with  eiieli  ailuiUi.  or  niiiy  occur  at 
mtirvals  of  miiiiths  or  years.  Kiieh  aiiiuk  prolmbly 
represents  an  infeeiive  (cholangitis  which  may  ijiiickly 
subside  or  may  run  into  the  more  serioim  eondilionii 
already  mentioned  as  occurring  in  infeeiicm  of  the  bilinry 
passages.  I.eiieocylosis,  more  or  less  miirkecl,  ubsenceof 
the  malarial  parasite  in  the  IiIchhI,  resislaiice  to  c|uinine, 
the  irregiilarily  of  the  paroxysms,  and  the  dc-epeiiing 
jaundice  should  dislinguish  the  conditions  from  nialariu. 
There  is  usually  a  history  of  previous  gall  stone  colic. 
Hobson  stales  thai  in  his  e.vperience  scfvcral  impacleij 
slones  weic>  as  fri'iiuiMilly  found  as  a  single  stone,  freely 
movable,  and  acting  like  a  ball  valve. 

IHiii/iioiiiK  iiiid  i'ro'/iioKiK. — The  diagnosis  is  uncertain, 
and  wlien  thi^  symptoms  are  latent  it  is  mtinifeslly  im- 
possible to  make  a  diagnosis.  Pain  and  swelling  of  the 
liver,  with  lendernc'ss  on  prc-.ssiire,  irregular  chills  and 
fever  in  a  per.son  who  is  jaundiced,  or  who  has  had  an 
attack  of  gall  stones,  are  strong  evidences  of  exudalive 
iiillaniniation.  C'holicystilis  may  be  recognized  bv  local 
symiitoms  (see  section  on  Knlargemc'nt  of  the  fJall  Hlad- 
derl.  The  prognosis  is  very  unfavorable  on  account  of 
the  many  accidents  that  may  arise. 

TiealiiKiit. — Stimulants,  tonics,  (|iiinine,  medicines  to 
allay  gastrointestinal  irritation  and  dyspepsia,  and  mor- 
phine or  other  preparations  of  opium  to  rc-lieve  pain,  are 
the  only  means  at  cnir  command  for  combating  the  dis- 
ease, t'niess  the  disease  shows  signs  of  resolution  it  is 
now  generally  advised  to  ojien  and  drain  the  gall  bladder 
in  cases  of  cholecystitis.  In  infective  and  supimrativc 
cholangitis,  opening  of  the  gall  bladder  oilers  the  only 
chance  and  is  followed  in  many  cases  by  cure.  Terrier 
(lienie  cle  C/iiniiyie,  IHO."))  and  Robson  insist  upon  the 
value  of  this  proceeding.  Kenioval  of  slones  from  the 
common  duct  is  now  performed  and  is  indicated  in  per- 
sisting evidence  of  obstruclioii  and  infec-tion  (Ilalsled). 

III.  Stknosis  and  Occi.isio.v  ok  THK  (i.M.I.  DiCTS. 
— The  canal  is  occluded  when  it  is  completely  closed; 
partial  closure,  sufficient  to  cause  obstruction,  is  denomi- 
nated stenosis.  These  conditions  may  be  congenital  or 
aciiuired;  the  ac(|uired  forms  alone  are  treated  of  in  this 
connection.  The  causes  of  each  are  the  same,  and  the 
results  are  similar. 

The  obstruction  may  be  due  to  foreign  bodies  within 
the  duct,  to  diseases  of  the  duct  walls,  or  to  external 
pressure. 

1.  The  foreign  bodies  which  may  find  Icxlgment  within 
the  ducts  are  gall  stones,  parasites,  or,  in  rare  ca.se.s — if 
the  orifice  of  the  duct  is  very  patulous,  as  occurs  after 
the  pas.sage  of  a  gall  stone, — cherry  ]>ils.  plum  stones,  or 
raisin  seeds.  The  gall  slones  are  "generally  impacted  in 
the  cystic  duct,  oral  the  mouth  of  the  eommon  duct. 
The  common  round  worm  has  been  found  in  tlic'  lumen 
of  the  duct.  The  liver  tluke  also  causes  stenosis:  but 
complete  obtruction  is  not  etlecled  without  the  interven- 
tion of  local  intlammatory  symptoms.  The  rupture  of 
an  echinococcus  sac  into  the  ducts  and  the  discharge  of 
the  vesicles  cause  temporary  obstruclioii.  Complete 
closure  is  caused  by  multilocular  echinococcus  tumors, 
which  cause  infiltration,  thickening,  and  ulceration  of 
the  wall  of  the  duct.  The  hepatic  and  cystic  duds  are 
chiefiv  involved. 

•i.  the  obstruction  may  be  due  to  chronic  catarrhal 
inflammation,  to  puruleiii  and  ulcerative  infiammation, 
to  carcinoma  or  other  morbid  growths  of  the  ducts,  or 
to  a  perihepatitis  with  thickening  of  the  investing  mem- 
brane, leading  to  liviiertrophy  of  the  stibserous  connec- 
tive tissue  ai'ui  occhision  of  the  duel.  In  the  inflamms- 
tory  forms,  granulations  in  apposition  coalesce,  and  the 
foriiialion  of  a  stricture  c-nsues.  When  ulceration  has 
]iieviouslv  occurred,  the  stenosis  is  due  to  the  contrac- 
tion of  tlie  cicatrix,     flic  causes  mentioned  in  the  sec- 
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tions  treating  of  those  affections  arc  tlie  primary  causes, 
therefore,  of  the  stenosis.  The  hinwti  of  the  (iiiet  he- 
comes  al)sohitely  iinperfonile  in  the  inlliiinnialory  vari- 
eties, and  theoeelusion  may  e.xtenilovera  varialilr  ieiijitli, 
Ihoiiirh  it  most  fre(|uenlly  exists  in  the  coiiniion  duel. 
The  lumi'n  is  not  eoiniilelely  oechuhd  in  cicatrieial  slric- 
ture.  but  is  imperniealilc.  and  is  not  unlike  a  urethral 
stricture.  Local  or  e.Mended  thi<keniii;j;s  of  the  duel 
causing  stenosis  are  due  to  a  connectiveti.ssuc  liyper- 
plasia,  which  originates  in  a  previous  catarrhal  intlam- 
niation.  The  cicatri.\  of  a  duodenal  ulcer  sometimes  in- 
cludes in  its  grasp  the  duodenal  opening  of  the  conuuon 
bile  duct. 

Carcinoma  of  the  biliary  passages  will  be  treated  of  in 
a  separate  section.  The  perihepatitis,  which  includes  in 
itscoiu-sethe  investment  nienibraneof  the  ducts,  is  caused 
by  general  peiitointis.  by  right-sided  pleurisy,  by  alTec- 
tions  of  the  liver  an<l  adjacent  organs,  w  hicli  set  up  irri- 
tation (as,  fore.xample,  cancer,  cirrhosis,  ulceration,  etc.). 
As  the  peritoneal  thickening  and  the  new  inllanuuatoiy 
tissues  grow  in  age.  they  contract  and  thus  encroach  on 
the  lumen  of  the  ducts.  Sypliilis  is  said  to  be  a  cause  of 
this  local  inllainuiation. 

3.  K.xternal  pressure  is  caused  by  disease  or  displace- 
ment of  contiguous  organs.  Named  in  their  order  of 
frequency,  it  is  often  found  that  atfections  of  the  pan- 
creas, the  lymphatic  glands  in  the  hepatic  fissure,  the 
duodenum,  the  .stomach,  the  omentum,  and  the  kidney 
arc  the  sources  of  pn'ssure.  Carcinoma  or  liy])crlrophy 
of  the  pancreas,  carcinoma,  tuberculosis,  amyloid  disease 
or  lymphosju'coma  of  the  lymphatic  glands,  carcinoma 
of  tiie  stomach,  duodenum  and  omentum,  and  tumors  of 
the  kidney  (hydronephrosis  or  carcinoma)  are  the  essential 
pathological  conditions  which  lead  to  the  occlusion. 
Aneurisms  of  the  aorta  (Ilatton)  and  of  the  hepatic  artery 
(Gairdner)  cause  obstruction.  Very  rarely  tumors  of 
the  ovary  and  uterus,  and  fa'cal  tiunors,  are  the  cause  of 
occlusion. 

The  anatomical  sequences  of  occlusiou  and  stenosis  of 
the  biliary  passjiges  are  dilatation  of  the  ducts  or  gall 
bladder  behind  the  obstruction,  catarrhal  or  suppurative 
inrtammation  of  the  duels,  enlargement  of  the  liver,  at 
first  from  the  e.\c(^s.sive  dilatation  of  the  canals,  and  then 
from  a  hypertrophic!  or  biliary  cirrhosis,  and  subsequent 
atrophy  of  the  liver  from  pressure  of  the  ducts  on  the 
secreting  tissue,  or  destruction  of  the  cells  by  the  connec- 
tive-tissue overgrowth. 

The  dilatation  of  the  duct  is  often  extreme.  The  com- 
mon and  hepatic  ducts  may  be  as  large  as  the  intestine. 
and  their  walls  thin,  although  rujiture  nirely  takes  place. 
The  duets  in  the  liver  are  also  dilated  to  the  size  of  the 
finger  throughout  their  extent,  even  to  the  surface,  caus- 
ing it  to  have  a  vesicular  appearance.  The  walls  are  not 
greatly  thickened,  and  are  lined  with  colunuiar  epithe- 
lium. The  mucous  membrane  is  jiale  and  snuioth.  The 
duets  terminate  in  large  pouches,  and  numerous  recessi'S 
areseen  in  the  cour.seof  the  cylindrical  canal.  Uetention 
cysts  are  often  found.  At  tirst  the  biliary  channels  are 
filled  with  bile  only,  but  after  a  time  thistluid  is  replaced 
by  a  secretion  from  the  glands  of  th(!  mucous  membrane, 
xvhich  is  limpid,  viscid,  and  serous  in  character.  The 
chemical  anil  microscopical  exau\ination  of  the  tluid  gives 
no  indication  of  bile  constituents.  The  reaction  of  the 
tluid  is  neutral;  it  contains  alliumin.  \Vhen  this  fluid 
is  found  in  the  bile  ducts,  bile  is  not  secreted  in  Iliem, 
and  the  mucous  membrane  of  the  ducts  is  in  truth  a  cyst 
wall.     Whatever  bile  is  secreted  is  at  once  absorbed. 

The  liver  is  icteric  and  aiaemic;  flaccid  at  tirst.  cirrhotic 
afterward.  The  cells  undergo  atiopliy.  contain  bile 
pigment  and  miutili!  oil  globules;  while  cloudy  swelling 
of  the  protoplasm  is  observed.  The  changes  peculiar  to 
"hj']icrtrophic  "  cirrhosis  are  observed  later. 

A  description  of  the  changes  in  the  gall  bladder  is  re- 
served for  the  section  on  EnlargeinenI  of  the  (iall  Bladilcr. 

The  Si/iDploiiin  are  complex,  and  include  the  symptoms 
of  the  priinary  cause  an<l  those  of  biliary  obstruction. 
Aside  from  the  physical  signs  and  .symptoms  of  the 
causjil  disease,  jauudice  •  is  the  first  symptom.    As  a  rule, 


the  yellowish  tinge  graduallj-  changes  to  a  deep  olive- 
green  color,  and  with  it  the  changes  in  the  urine  take 
place;  gaslro  intestinal  dyspe|isia  is  developed,  and 
finally  a  veritable  catarrh  supirvenes,  with  its  full  train 
of  syin|)toms.  Early  in  the  disease  w(;ight  and  tension 
in  the  epigaslriiun  and  hypochondriac  region  are  coin- 
]ilained  of.  and  eiilargcmeut  of  the  liver  and  gall  bladder 
is  observed.  After  a  tiinc>  pruritus  comes  on,  and  iu 
from  two  to  four  months  hemorrhages  ensue.  Loss  of 
fiesh  and  strength  rapidly  takes  place.  Soon,  if  death 
has  not  in  the  mean  time  resulted  lioni  the  original  cause 
or  from  some  inten'urrent  disease,  the  symptoms  of  ehol- 
a'luic  intoxication  are  likely  to  arise,  and  death  results 
from  this  coinlition. 

One  cainiot.  within  the  limits  of  this  article,  discuss  in 
detail  all  the  forms  of  biliary  stenosis  and  occlu.sion,  and 
their  differential  diagnosis;  persistent  jaundice,  the 
absence  of  bile  in  the  stools  and  its  presence  in  the  urine, 
clearly  indicate  obstructive  jaundice.  There  are  some 
organic  diseases  of  the  liver,  however,  which  give  rise  to 
jaundice  in  some  other  way  than  by  means  fif  occlusion. 
They  should  be  distinguished  from  other  forms  of  ob- 
structive jamidiee  on  account  of  the  opposite  methodij 
adopted  for  their  treatment.  Heference  is  made  to  atro- 
phic and  hypertrophic  cirrhosis,  to  carcinoma,  to  simple 
and  multi])le  abscesses,  to  simple  and  multiform  hydatid 
disease,  and  to  amyloid  disease.  The  recognition  of  any 
of  these  is  notdifiiciilt.  The  at lophic  variety  of  cirrhosis 
is  easily  recognized  by  its  well  known  symptoms,  but 
not  so  theso called  liypertrophie  cirrhosis.  The  jaundice 
is  intense,  the  liver  enlarged  and  smooth,  ascites  is  ab- 
sent, paroxysmal  pains  occur,  and  irregular  fever  is  pres- 
ent." In  other  forms  of  obstruction  the  liver  is  not  so 
large  the  gall  bladder  is  enlarged,  while  a  distinct  cause 
for  the  jaundice — as,  for  example,  a  tumor — may  be  dis- 
covered. 

Having  discussed  the  question  of  occlusion  due  to  any 
one  of  the  etiological  factors  previously  noted,  we  may 
now  lie  perniitteil  to  refer  briefly,  for  diagnostic  purposes, 
to  these  causal  conditions. 

1.  FoREKiN  BoniES. — If  the  obstruction  be  due  to 
»{•«;■»(«,  the  latter  may  be  recognized  by  the  age  of  the 
patient,  and  by  the  presence  of  the  parasite  in  the  ejecta. 
Their  presence  is  further  indicated  by  an  attack  of  Iie- 
patic  colic,  but  an  absolute  diagnosis  cannot,  and  jiracti- 
cally  need  not.  lie  made.  This,  however,  is  not  so  iu  the 
case  of  hydatid  cysts,  which  burst  into  the  bile  ducts, 
with  symptoms  of  hepatic  colic.  The  diagnosis,  under 
these  circumstances,  can  be  more  readily  made;  first,  by 
the  previous  history  and  jihysical  signs  of  an  hydatid 
tumor;  second,  by  the  disapiiearance  of  the  tumor  after 
the  colic;  third,  by  the  subsequent  occurrence  of  fever 
and  local  inflammation;  and  lastly,  by  the  apiieanince 
of  sjics  or  hooklels  in  the  vomited  or  aspirated  matter. 

CiiII  SIriiiix. — It  is  of  llieulmo.st  imi>ortance  to  deter- 
mine the  presence  of  biliaiy  calculi.  To  accomplish  this, 
is  .sometimes  a  very  dillicult  matter;  in  fact,  it  is  often 
a  task  impossible  of  accom]ilishment  The  varying  .symp- 
toms of  cholelithiasis  are  so  many  that  it  is  not  ))ossible 
to  name  one  of  them,  or  to  ])resent  a  group  of  them,  for 
the  purpose  of  making  a  diagnosis,  without  being  able 
to  give  an  exception  to  each  aial  every  one.  The  only 
absolutely  definite  sign  is  to  s<-e  or  feel  the  caletdus.  If 
one  has  been  passed  by  the  reetimi,  it  probably  was  the 
cau.se  of  the  obstruction;  if  it  have  facets,  a  fellow- 
calculus  may  be  the  cause'  If  it  is  not  detected  in  the 
stools.  exi)loration  of  the  gall  bladderand  bile  duets  may 
be  resorted  to  by  opening  the  abdominal  cavity.  Martin- 
Solon  (Jour.  (Ifx  Coiiii.  .\fi'(l. Cliir.,  Paris,  1840.  xxxiii.) 
re|iorfs  a  case  in  which  the  stones  could  be  detected  on 
palpation  if  the  patieni  took  a  forcible  inspiration,  the 
lianil  being  on  the  gall  bladder.  He  considered  it  a  new 
mode  of  diagnosis. 

Asiile  from  these  ]>ositive  methods,  a  correct  conclusion 
cannot  be  arrived  at  without  a  study  of  the  ease  in  its 
entirety;  the  age  and  sex  of  the  patii-nt.  the  habits,  the 
family  history,  the  femjierament,  all  are  important  ele- 
ments to  be  considered.     If  these  circumstances  are  fa- 
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vnrablo,  anil  if.  In  udililion,  llic  pationt  Iiim  IiuiI  prcvi- 
oiiH  iiltni'ks  iif  lii'iHitic  ii^Wr,  fiillnirnl  liy  jiiiindiir  mill  llic 
HyiiipliiiiiMiir  iliiiulnml  riilnrrli ,  iT  i  ini^liputioii  iinil  piitly 
roliirril  stools  iii  roinpiiny  Itii'  jiiuiiilin-.  llii'  iliiiKiiosis  is 
vi'iy  protuililr.  'I'lii'ii  if.  iiflrr  imparl  ion  liiis  tnki'ii  pliiii', 
till'  iiiilrilion  of  llic  pitllriil  ri'iiiuiiis  );ooil  Torn  loii);  tiiiir, 
mill  till' livri  i'iiluri;rsoiily  slii;lilly,  wliili-  tlicgiill  IiIiuIiIit 
iiirri-iiscs  uppriTJalily  in  »i/.c,  it  is  .miirii-ly  possililr  lo 
iimiii'  any  oiIkt  alTt-ction  lis  tlif  priilNibIc  ciiiiso  of  tlio 
syniploiiis. 

'  ('miiplH'll  { Hf^ikh/ii  Aiititiln)  siiRgcsIs  lliiit  if,  aftrr 
iispiriilioii  of  till'  pill  lilaililrr.  bilious  stiHils  iirr  prisriit, 
calriili  may  br  iissiimril  to  br  llii'  caiisi'  of  llir  olislriic 
tioii.  Till'  ii'licf  of  tlK-  tension  allows  tlic  stone  to  recede 
and  tlie  bill-  lo  escape. 

■J.  DisKAsKs  OK  TiiK  DicTs. — ii  Congenital  closure. 
In  an  iiifaiil.  a  jaiindiii'  lliiit  continues  for  over  four 
weeks,  with  siiprrvcnin;,'  clioliiiiiia,  is  due  most  fre 
ipii'iitly  to  this  coiiililion  />  Closiiic  of  the  ducts  by 
cliroiiic  ealarrli  of  llic  duodenum,  by  adhesive  intlamma' 
tioii  of  the  ducts,  by  the  cicatrization  of  an  ulcer  in  the 
duct  or  at  the  diiodeiial  oritiee.  and  by  tibroiis  bands 
The  first  may  be  recoi;ni/.i'ii  partly  by  the  history  of  the 
ciLs<' and  partly  by  the  exiliision  of  altai  ks  of  catarrhal 
jaundice.  Adhesive  inllamiiiBtioii  of  the  duels  is  due 
either  to  the  passjine  of  biliary  calculi  or  to  a  previous 
ealarrli.  The  respeclive  symptoms  of  the  two  must  be 
eolisiili'i'i'd  ill  lacli  ease. 

I'leers  in  the  bile  duets  are  due  to  jrall  stones,  or  are 
.weondary  to  cancer  or  an  infectious  fever,  as  typhoid  or 
clioleni.  Ill  the  former  ea.se.  in  addition  to  the  symptoms 
of  gall  sloiiis.  we  have,  accompanying  the  ulceration, 
irregular  chills  and  fever  and  extreme  exhaustion,  condi- 
tions not  likely  to  be  present  in  the  early  stages,  at  least, 
of  simple  iuii>action  If  the  symptoms  of  occlusion 
beeonic  developed  after  such  phenomena  or  after  an 
infectious  fever,  the  exeiling  cause  is  probably  the 
eiealrization  of  an  uleer  in  the  duct  The  well  known 
symptoms  of  duodenal  ulceration  precede  for  a  long  time 
the  symptoms  of  obslriietioii  of  the  biliary  passages  from 
this  cause,  and  while  it  may  be  said  that  the  gall  bladder 
is  enlarged  under  such  ciicunistanees,  it  is  not  uece.ssjirily 
so  when  the  .seal  of  ulceration  is  in  the  duet  Closure 
of  the  duets  by  fibrous  bands  may  be  inferred,  if  the 
cause  (as  syphilis)  and  the  symptoms  indicate  a  peri- 
he|)alitis,  anil  if  other  evidence  of  previous  iiiHammatory 
trouble  be  present,  as  atrophy  of  the  liver,  or  a.scites, 
etc.,  due  to  pressure  on  the  portal  veins. 

8.  DisE.xsKsExTiiUN.M.  To  TiiK  Drcrs. — a.  Carcinoma 
and  other  iieoplasmsof  the  liver  and  surrounding  organs. 
A  recognition  of  these  alTections  can  be  obtained  by  the 
exclusion  of  other  causes  of  obsirintion.  liy  the  presence 
of  tumors  or  nodules,  and  by  the  ]>liysical  signs  discover- 
able on  palliation,  etc. ;  also,  when  these  are  present,  by 
the  allerations  of  the  funelions  of  adjacent  organs,  and 
by  the  presence  of  the  symptoms  of  malignant  disease  of 
these  organs;  and  finally  by  the  dumtion  of  the  disease, 
the  stenosis  from  earcinomata  being  of  shorter  course  than 
that  due  to  other  causes.  />.  Enlarged  lymphatic  glands. 
Obstruction  from  this  cause  is  probable,  if  there  be  else- 
where present  any  of  the  well-known  causes  of  hyper 
trophy  of  these  glands,  as  carcinoma,  tuberculosis,  amy- 
loid ilisea.s<>,  etc.  Amyloid  disea.se  but  rarely  causes 
jaundice,  except  in  this  way;  its  symptoms  are  too  well 
known  to  be  detailiil  in  this  article,  c  Aneurism.  This 
rare  form  of  occlusion  may  be  recognized  by  the  iiressure 
symptoms  of  a  tumor  located  in  the  region  of  the  duo 
deniim.  and  by  the  physical  signs  of  aneurism. 

The  CDiirne  of  the  disease,  in  occlusion  of  the  biliary 
duct,  is  a  chronic  and  most  frequently  a  progressive  one. ' 
It  is  a  gradual  march  to  death,  except  in  ca.ses  in  which 
foreign  bodies  cause  the  occlusion.  Lnder  these  circum- 
stances their  removal  by  ulceration  or  the  esc!ii>e  of  bile 
around  them  may  be  followed  by  recovery.  Death  is 
the  result  of  the  original  cause  of  the  disease  in  many 
ca.ses.  Exhaustion  or  choUemia  often  brings  about  a 
fatal  termination.  The  duration  varies  with  the  cause, 
and  is  luodilied  by  tlie  onset  of  accidental  complications. 


Complete  occliifilon  mav  terinlimie  In  recovery  even  HfUT 

a  lapsi'  of  six  years.     The   i  is  iinfiivonible,  de- 

pi'iiiliiigoiilhi'  imtiiri'iif  ih.  ,.„      llemorrhageti 

render  the  piognoslK  verj    ^ 1 1„.  supirveniion  of 

symploniH  of  eholeHti'ni'iiiia  is  wrlouH.  'Ilie  reliim  of 
color  to  the  stiHils  is  of  more  favorable  Import  lliuu  U  a 
change  in  the  skin  discoloration. 

The  treatment  is  mainly  directed  to  the  relief  of  iiymp- 
loins.  Medicinal  remediert  are  of  but  little  avail,  and  re- 
sort iiiiisl  be  had  to  surgical  mea.siircs  The  regulation 
of  the  diet  is  of  the  utmost  imporlancc  lo  the  cons/'rvu- 
tion  of  life  (SIC  seelicm  on  t'liliirr/ml  lnJlinniiKitiiui,  itc). 
Means  must  lie  taken  lo  overcome  the  gastro  iiitistinal 
symploms  that  result  from  the  absence  of  bile  in  the 
intestines  The  bowels  must  be  regulated,  the  wcrelion 
of  the  kidneys  kejit  active,  and  the  activity  of  the  ciila- 
ni'oiis  glands  promoted,  Cholecystolomy,"  with  the  es- 
lablishmcnt  of  a  permanent  fistula,  may  be  resorted  to, 
and  it  may,  by  relieving  pressure  in  some  ciLSes  of  gall 
stone  or  parasitic  obstruclion,  promote  a  cure  ('hole 
cysldiiodeiiostomy  has  resiiltid  in  success  in  some  in- 
stances and  the  advisability  of  resorting  to  it  should  be 
considered  in  a  case  of  complete  occlusion. 

IV.  Em..\ii<;kmknt  ok  tiik  G.\i.i.  Bi..\dder. — Under 
this  caption  all  forms  of  enlargement  of  the  gall  bladder 
will  be  described,  as  it  is  by  the  clinical  study  of  this 
manifestation  of  the  disease  that  we,  to  a  large  extent, 
determine  the  nature  of  the  ailment  and  the  indications 
for  treatment 

The  gall  bladder  is  enlarged  from  the  acciiniiilalion 
within  it  of  bile,  of  pus,  of  mucus,  and  of  gall  stones, 
and  from  di.sease  of  its  walls — carcinoma.  Increase  in 
size  from  bile,  pus,  or  serum  is  usually  styled  simple 
dilatation  Carcinoma  of  the  biliary  pa.ssages  will  be 
treated  of  in  a  separate  section  Accumulation  of  the 
fluids  just  indicated  is  due  either  to  obstruclion  of  the 
duct,  or,  in  rare  cases,  to  a  paralysis  of  the  muscular  coat 
of  the  gall  bhidder  from  overdistention.  The  dilatation 
from  bile  or  j)iis  may  be  tem))orary,  and  in  such  a  cjise  is 
caused  by  an  obstruclion  catarrhal  in  nature,  or  by  the 
presence  of  a  gull  stone,  which  acts  as  a  ball  valve  in  the 
lumen  of  the  ducts.  Enlargement  from  accumulation  of 
bile  is  not  common,  but  may  occur  with  a  concretion 
in  the  common  duct.  It  is  usually  of  short  duration,  the 
bile  being  absorbed  and  replaced  by  mucus. 

The  walls  of  the  gall  bladder  are  uniformly  distended 
and  thinner  than  normal,  the  mucous  membrane  is  smooth, 
and  there  are  no  adhesions  to  the  surrounding  parts. 
Sometimes  the  dilatation  is  extreme.  From  a  patient  of 
Babingtons,  three  wash-basinfuls  of  fluid  were  with- 
drawn, and  in  another  case  the  gall  bladder  was  so  dis- 
tended as  to  give  the  patient  the  appearance  of  having 
an  a,scites  (Coupland).  Lawson  Tail  and  Kocher  rei)ort 
cases  in  which  distended  gall  bladders  were  mistaken  for 
ovarian  cysts.  Waring  mentions  a  specimen  in  which 
the  lower  end  of  a  distended  gall  bladder  foinied  the 
contents  of  a  siic  of  a  femoral  hernia.  The  contents  may 
consist  at  first  of  bile,  but  as  the  obstruction  continues, 
tills  becomes  more  and  more  intermingled  w  ith  mucus. 

If  serum  accumulates,  causing  enlargement  (hydrops 
cystidis  fellea').  the  obstruction  is  usually  one  that  has 
existed  for  a  long  time.  The  inner  surface  of  the  mucous 
membrane  is  like  a  serous  membrane  in  appearance,  and 
the  acciimulaled  fluid  is  the  result  of  secretion  from  this 
membrane.  Adhesions  are  also  absent  in  drop.sy  of  the 
gall  bladder,  and  the  walls  of  this  organ  are  luuch  attenu- 
ated. It  is  usually  found  that  in  ca.ses  of  obstruction  by 
gall  stone  in  the  common  duct  the  gall  bladder  is  small 
and  contracted,  due  probably  to  repeated  irritations  from 
stones,  the  subsequent  libroid  changes  successfully  re- 
sisting distention.  Distention  of  the  gall  bladder  with 
marked  jaundice  is  more  frequently  met  with  iti  new 
growths  of  the  bile  ducts  or  of  the  head  of  the  pancreas. 
The  chemical  character  of  the  fluid  has  already  been 
described  in  .section  III. 

Empyema  or  abscess  of  the  gall  bladder  results  from 
an  infection  by  micro  organisms,  either  following  upon 
some  obstruction  or  irritation,  or  developing  spontane- 
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ously.  The  comlitioii  is  most  fivi|iu'ml_v  assdciiilcd  with 
gall  stone,  but  tuimnsDf  llio  l)iU' (liicl.  Ivplioiii  iind  other 
fevers  may  be  iireilisposin;:  fa<-tors.  liolison  considers 
that  "infeetion  by  iiyo-ienic  orpmisms  is  probably  in 
every  case  the  true  I'xeitin;;  cause."  The  sjime  anatomi- 
cal cbanses  are  jiresented  as  have  been  described  in  the 
section  oil  Purulent.  I'lcenitive.  and  Croupous  liitlamnia- 
tiou  of  the  Gall  Uladiler.  etc.  The  walls  of  the  orjian  are 
friable  and  easily  ruptured.  Adhesions  to  the  .surround- 
inj;  parts  are  usually  formed,  and  a  tislula  is  established. 
Pus.  or  pus  and  bile",  and  almost  always  gall  stones,  make 
up  the  contents.  The  accumulation  of  gall  stones  iu  the 
gall  bladder,  causing  eidargement.  is  not  uncommon. 

.Syiniil'imn. — The  juesence  of  a  tumor  in  the  region  of 
the  gall  bladder  is  common  to  all  forms  of  enlargement. 
The" nature  of  a  tumor  observed  in  lliis  region  is  deter- 
mined by  its  position,  si/e.  and  shape,  by  I lic' characters 
revealedbv  |ialpation,  and  by  the  nature  of  its  contents. 
The  trail  bladder  may  be  known  to  be  enlarged  when  it 
is  sitiiatcd  under  the"  free  border  of  the  ribs,  at  a  point 
where  it  is  crossed  by  a  line  drawn  from  the  tip  of  1  he  right 
shoulder  to  the  symphysis  jiubis  (.laneway).  As  enlarge 
menl  progresses,  the  direction  which  it  takes  is  usually 
toward  the  umbilicus,  or  into  the  iliac  fossa.  An  area  of 
resonance  intervenes  bet  ween  the  tumor  and  the  liver,  and 
the  intestines  are  never  in  front  of  the  organ.  The  tumor 
may  be  pvriform,  oval,  semiglobular,  reuiform,  or  heart- 
shaped.  The  size  of  the  tumor  varies  from  that  of  a 
walnut  to  that  of  a  child's  head;  it  may  even  distend  the 
ribs  on  both  sides  (Coupland).  On  palpation,  the  tumor 
mav  be  found  to  be  ti.\ed  or  movable,  tender  on  pressure, 
firm,  elastic,  and  flucluating.  If  enlarged  by  gall  stones, 
a  grating  sens;ilinn  may  be  experienced  on  palpation,  and 
the  mass  will  be  hard  and  lirm. 

The  general  condition  of  the  patient  and  the  symptoms 
presented  depend  on  the  cause  of  the  obstruction  (see 
the  section  on  Purulent  Intlammation,  etc.). 

Diiigiiosis. — A  dilTerential  diagnosis  must  be  made  be- 
tween enlargement  of  the  gall  bladder  and  many  forms 
of  abdominal  tumors— he])atic,  gastric,  duodenal,  pan- 
creatic, and  lymphatic  tumors  (see  section  on  Occlusion, 
etc.).  Abscess  of  tlie  liver  and  hydatid  disease  must  be 
e.veluded.  In  the  former,  the  cause,  the  general  and  local 
symptoms,  tlw  absence  of  jaiuidice,  the  induration,  and 
then  the  softening  and  fluctuation  of  the  swelling,  should 
be  noted.  The  paiidess,  slow  course  of  hydatid  disease, 
the  broad  base  of  the  cyst,  the  fremitus,  and  the  result 
of  tapping  will  serve,  if"  taken  with  the  negative  symp- 
toms of  enlargement  of  the  gall  bladder,  to  render  the 
recognition  of  this  disease  possible.  In  multilocular 
hydatid  disease  the  tumor  resembles  an  enlarged  gall 
bladder  containing  calculi;  like  the  latter,  it  is  nodu- 
lated, hard,  and  tender,  but  it  is  associated  with  early 
jaundice,  ascites,  an  enlarged  spleen,  a-demaof  the  lower 
eyelids,  great  emaciation  and  prostration,  w  ith  rapid  de 
ciine  of  the  patient's  general  health — conditions  which, 
excepting  jaundice,  are  not  likely  to  lie  present  in  gall 
stones.  Floating  kidney  and  renal  and  ovarian  tumors 
have  been  mistaken  for  enlargement  of  the  gall  bladder. 
Such  an  error  will  not  often  be  made  if  it  be  remembered 
that  the  enlarged  gall  bladder  is  more  movable  at  the 
lower  than  at  the  upper  portion;  that  one  end  is  larger 
and  more  rounded  than  the  other;  that  fluctuation  may  be 
present,  and  that  biliary  symptoms  generally  exist ; 
while  the  absolute  sign  of  floating  kidney,  an  abnormal 
area  of  resonance  in  the  renal  region,  is  absent.  Tapping 
would  also  be  invaluable  as  an  aid.  In  sarcoma  of  the 
kidnej',  in  hydronephrosis,  and  iu  pyonephrosis,  there  are 
changes  in  the  urine  to  call  attention  to  them.  Those 
renal  tumors  at  iirst  always  have  the  intestines  in  front  of 
them;  they  are  not  inllnenced  by  respiratory  movement, 
nor  is  Iheirarea  of  diilness  on  percussion  continuous  with 
that  of  the  liver,  in  hydronephrosisa  previous  renal  colic 
and  pos.sibly  frccpienl  discharges  of  urine  followed  l>y 
diminution  in  size  of  the  tumor  occur.  These  questions 
of  diagnosis  arose  in  the  study  of  the  case  of  Koclier. 
He  relied  much  on  the  results  of  exploratory  puncture,  as 
previously  discussed.     A  coDnection  between  the  lunu.r 


and  the  uterine  appendages  and  the  seat  of  origin  and 
direction  of  ilevelopment  of  the  growth  are  the  iioints  in 
favor  of  ovarian  tumor;  in  addition  to  which,  if  the  fluid 
be  characteristic,  the  diagnosis  of  such  a  tumor  would  be 
doubtless  correct.  A  recognition  of  the  various  forms  of 
enlargement  of  the  gall  bladrler  can  be  made  by  attention 
to  the  results  of  palpation  and  exploratory  puncture  and 
by  a  consideration  of  the  history  of  the  case.  A  cancer- 
ous tumor  of  the  gall  bladder  is  flxed.  painfid,  not  very 
large,  and  is  attended  by  ga.stric  symptoms  and  cachexia. 

Course,  Duratiiin.  Proguoiiig. — These  all  depend  upon 
the  cause.  Abscess  of  the  gall  bladder  is  manifested  by 
active  symptoms  and  runs  a  rapid  course.  It  may  ter- 
minate favorably  by  communituiting  with  the  exterior,  or 
the  stomach,  or  the  intestines,  although  long-continued 
discharge  from  the  fistula  might  be  serious.  The  prog- 
nosis of  this  condition  depends  on  the  direction  in  which 
the  pus  may  burrow.  Accumulations  of  bile  are  serious, 
on  account  of  the  cause  of  the  collection,  and  the  course 
and  prognosis  depend  upon  the  concomitant  pathological 
phenomena.  Dropsy  of  the  gall  bladder  is  latent  and 
chronic;  the  prognosis  is  not  unfavorable. 

Trentment. — Tapping  of  the  gall-bladder  is  indicated 
in  casesof  accumulation  of  bile  or  serum,  although  to-day 
a  surgeon  will  prefer  to  open  directly  into  the  gall  blad- 
der; purulent  collections  are  practically  always  to  be 
treated  in  this  maimer.  At  the  same  time  a  supporting 
and  stimulating  line  of  treatment  must  be  carried  out. 
The  same  indications  are  to  be  met  in  accumulations  of 
bile  in  the  gall  bladder  as  in  occlusion  of  the  biliary 
jiassages. 

V.  MonBiD  Growths  of  the  G.\i.t.  Bi..mii>f.r  and 
G.\Li^  Di'CT. — Here  and  there  may  be  found  an  isolated 
report  of  a  case  of  polypus,  fibroma  (submucous),  myx- 
oma, or  tuberculosis  of  the  biliary  channels,  but  they  are 
tmcommon.  Rolleston  reports  an  instance  in  which  a 
papilloma  of  the  bile  duct  in  intimate  association  with 
a  stone  was  removed;  some  months  later  the  patient  re- 
turned with  a  growth  in  the  same  region,  probably  malig- 
nant. Bishop  (Lani-et.  July  18th.  1901)  described' a  large, 
non-malignant,  cystic  growth  of  the  gall  bladder  and 
cystic  duct.  The  epithelial  lining  of  the  cavities  was 
regularly  formed  and  no  sign  of  cancerous  formation 
could  be  detected.  Kelynack  (JA-rf.  Chron..  November, 
1S97)  has  collected  instances  of  fibroma,  myxoma, 
adenoma,  and  papilloma,  though  he  considers  most  of  the 
latter  to  have  been  epitheliomata.  Primary  cancer  is 
more  frequent  than  is  generally  supposed,  the  secondary 
form  is  very  common.  One  of  the  writers  (Musseri  has 
tabulated  seventy  eight  cases  of  primary  cancer  of  the 
gall  bladder,  and  ten  cases  of  cancer  of  the  bile  ducts. 
Kelvnack  amongst  4,278  cases  of  cancer  finds  8  instances 
of  the  former  "and  2  of  the  latter.  FUtterer  (1897) 
and  Rolleston  {Clin.  Journ.,  1897)  have  reviewed  this 
(juestion. 

Pihtiiirt/  Cancer  of  the  Gall  Bladder.  (Musser:  "Can- 
cer of  Gall  Bladder  and  Bile  Ducts.")— .£;^('<)fo.73/.— The 
iige  was  nfit  recorded  in  8  cases.  Two  cases  occurred 
under  thirty;  13  between  forty  and  fifty;  19  between 
fifty  and  sixty;  14  between  sixty  and  seventy;  13  be- 
tween seventy  and  eighty,  and  1  in  a  patient  over 
eighty  years  of  age.  The  variety  of  carcinoma  was  not 
recorded  in  28  instances.  In  the  remainder,  at  no  period 
of  life  was  there  any  remarkable  tendency  to  one  variety 
rather  than  to  another.  The  extreme  age  at  which  the 
growths  were  foiuid  is  noteworthy.  The  w.r  was  re- 
corded in  7.5  cases,  of  which  61  were  in  females  and  14 
in  males.  The  varieties  were  equally  distributed  among 
the  men  Among  the  women.  18  had  encephaloid, 
8  scirrhus,  6  epithelioma,  Ti  colloid,  and  2  villous  carcino- 
mata;  2  others  had  sarcomata.  Occupation,  heredity, 
and  habits  played  no  ]>art  in  the  etiology.  Nor  did  pre- 
vious health,  mental  states,  or  accidents  in  any  way  pre- 
dispose to  the  disease.  Four  cases  were  recorded  with 
antecedent  history  of  gall  stones.  In  the  reports  of  the 
autopsies,  however,  it  is  noted  that  in  .52  of  the  78  cases 
gallstones  were  found.  Kelynack's  article  (.l/i-rf.  Chron., 
November.  1897)  includes  the  most  valuable  collections  of 
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t.nll    lllnilflrr. 
<.iill    liluiltlir. 


ciiM-Niip  totliis  tiiiii-;  very  i-iiin|ilcl('Stulii(tiriil  rrporUun; 
(jivrii. 

Si/niiitiniiii.  (MiiWMT.  "Ciinirr  iif  (Jiill  Itliiililir  uml  Hilr 
Durts") — .luiiiiclicc  wiiH  |iri'S('ii(  in  .M  niws.  Il  dcM'l 
(>|i('<l  nipidly  ill  I,  wiiSi  slii;iit  in  <l.  ri'curriiiK  in  I,  niiil 
ccinliiiilcil  fur  piTioiU  viiiyin;;  fripiii  one  week  to  lliri'c 
nioiilli.H.  TIk'  ciiiU'i'rciiiH  rticJK'xiii  was  iiliwrvi'd  in  Vi 
(iu<c».  I'liiii  WHS  pn'sriit  in  .'IH  insljinccs.  It  was  wutrd 
in  till'  ri^lit  liypiii'liciiMlriiini  in  'J'J  ctiM's.  Ninr  siiITitiiI 
fmiii  I'plKaslrii-  pain.  It  was  iIim  lilicd  as  riilicky  (H 
cavsi,  as  lanciniitiiiL'.  as  paroxysmal,  as  walidcrinv'.  us 
constanl,  and  as  scvcrr.  'rcndiTiHss  on  prrssiirc  was 
tliciti'd  in  II  few  instaiu'i'S.  Fi'vci  was  pri'scnl  in  n  lar^r 
niiinlMT.  viz,  in  i:i  nisi'S.  It  was  iiitL-niiitti-nt  in  2,  con- 
tinni'd  in  llif  otiiri's. 

Tin-  pistio  intestinal  syinplonis  wiTfiiiarUcd.  Nausea 
was  noted  in  5  rases,  and  voniiiini;  in  :«l.  Tlii' appetite 
was  lost  in  11;  omslipalion  was  pn  sint  in  ]!•  eases, 
diarrliiia  in  11.  Aseites  developed  ill  Hi  eases;  ledeina, 
appeariii);  late  in  llii'  disiase,  in  !l  Kxliaiistioii  ensued 
ill  l.'i,  einaiiatioii  eoiitiiiiieil  and  lieeaiiie  execssive  in  3(5 
inslanees.  Ileinorrliaires  oeeiiiied,  iali'  in  the  disease,  in 
5  eu-ses.  and  jinive  eeielinil  syniplonis  in  7.  Physical 
siirns:  A  tumor  was  oliserved  in  ;{4  instances;  hard 
and  tirm.  HI  times;  irreu'ular  and  nodular.  8'":  roiiiul. 
oval,  pyriform.  ivlindriial.  and  smooth,  were  the  terms 
used  lo  deserilie  il.  Ill  H  it  was  movable,  in  (i  li.xed. 
It  disa|>peared  on  (iressiire  in  1  instance.  It  varied 
ill  size  from  a  hazelnut  to  a  child  s  head.  Ten  limes 
n  record  of  pain  in  the  lumor  was  made;  4  times  the 
tenderness  was  marked.  The  tumor  was  said  to  be 
situated  in  the  nirion  of  the  j;all  bliiddcr  (1(1).  in  the  um- 
bilical region  (7i,  in  the  riulil  hypixliondrium  (HI),  or  in 
close  pro.ximity  to  these  situations.  The  liver  was  en- 
lariied  (il),  atrophiid  (1).  hard  i'i).  irre.i;iilnr  (2).  nodular 
(Hi.  or  tender  ("Jl.  The  veins  over  the  surface  were  en- 
larired  in  -  inslanees. 

In  line,  emaciation,  jaundice,  cachexia,  pain  in  the 
region  of  the  gall  bladder,  xvilh  fever,  nausea,  vomiting. 
and  loss  of  appetite,  with  or  without  diarrlia'a.  are  tlie 
prominent  symptoms  of  cancer  of  the  gall  bladder.  To 
corroborate  the  surmise  of  its  ])re.scnce,  a  tumor  in  the 
right  hypochondrium,  tender  on  pres.sure,  and  the  seat  of 
pain,  and  nodular  in  chanieter,  would  usually  be  founil. 

Mmliid  Aunlitiii)/. — The  eneephaloid  variety  is  found 
most  freiiiiently,  the  scirrhous  next,  and  Iheii  theepillie- 
liomatoiis,  colloid,  and  villous.  Kelynaek  gives  epilhe- 
lioniatous  growths  tlie  lirst  place  in  order  of  freiiueney, 
with  scirrhous  next.  The  growth  begins  at  the  junction 
of  the  cystic  duct  with  the  bladder  and  involves  the  en- 
tire organ,  leaving  scarcely  a  trace  of  it,  or  inlillrates  the 
coatsand  eiicroaciicson  the  cavity.  Again,  a  few  nodules 
are  sien  underneath  the  niiicous  membrane,  or  a  dense 
Ihickening  (vf  the  walls,  caused  by  new  formations,  takes 
place,  espi'clally  at  the  cystic  duel,  or  finally  the  gall  blad- 
der is  represented  by  a  nixhilarmass.  The  mucous  mem- 
brane is  destroyed  entirely  or  ulcerated  at  various  |ioints 
over  the  cancer,  or  is  the  scat  of  intense  intlanimation. 
Fungoiil  eaiilillinveror  villous  excrescences  grow  intothe 
cavity  of  the  bladdir,  or  the  surface  of  the  mass  may  be 
covered  with  jiapilla'  with  bulbous  extremities.  The 
tumor  may  be  ilense,  lirni,  without  juice,  or  a  Soft,  pulpy 
mass.  In  some  inst;iiices  the  gall  bladder  is  reduced  in 
size,  very  often  it  is  enlarged,  even  enormously  distended. 
The  peritoneal  investment  is  intimately  adherent  and 
thickened ;  subperitoneal  nodules  are  seen,  or  the  ex- 
ternal surface  in  the  colloid  variety  partakesof  its  peculiar 
characters.  Ailhcsions  arc  formed  between  the  disea,sed 
pill  bladder  and  the  adjacent  organs;  degeneration  of 
the  walls,  and  at  times  rupture.  tak<'  jilace.  Uleenilioi'i 
and  perforation  are  very  common.  Fistulouscommuiiiea 
lion  is  thus  established  between  the  gall  bladder  and  the 
iluodeniim.  the  colon,  or  the  stomach.  In  the  course  of 
the  disease  gall  stones  are  often  discharged  in  this  way. 
The  centre  of  the  carcinomatous  mass  is  made  up  of  soft, 
pulpy  detritus,  or  of  a  thick,  creamy  matter.  In  it  gall 
stones  are  also  found,  .sometimes  tirmly  encapsulated  by 
Uie  growth;  or,  if  the  cavity  of  the  gall  bladder  remains, 


it  Is  tilled  Willi  (jilculi,  with  piiH  bile  bl.KMl,  oruim-ui, 
singly  or  combined      In  .VJ  ii>  ii    of   T«     Kail- 

Hlones   were    prcMiit.      The   u  .on   hpreiKln  to 

contigiioim  Hiriietures,— 1|...-  |„n.  (.tonmcli, 

etc.,  iiiay  be  involved,      i  fnuiid  in  the  liver 

anil  in  the  duels,  due  t..  n  of  the  hirge  bile 

ducts.  (See  Sections  II.  and  111.,  for  dewiiption  ) 
I'eritoniliK  (local)  is  iisimlly  prewiit ;  an  ueiite  inlliimiiia- 

tion  is  set  up  by  riipliire.     S< ndary  ileposils  iiiiiy  aluo 

be  found  in  the  abdominal  lyiiiphalli-  gliiiKls,  the  onieu- 
tilin,  the  silpnirenal  bodies,  and  the  pleura. 

/>/V#yH,«iV  — The  marki'd  symptoinH  detailed  in  tlio 
clinical  history  are  to  be  borne  in  mind.  The  cliamctcr 
of  the  tumor,  its  seat,  its  mode  of  growth,  its  ininiobil- 
itv.  pain,  and  tenderness,  are  important.  Tlieoi-ciirri'iirc 
of  jaundice  and  vomiting,  the  passage  of  calculi  (bva  tlg- 
tida  leailiiig  to  the  colon)  jier  reetiim,  without  relief  to 
obslruction.  and  the  occurrence  of  eniaeiation,  make  a 
diagnosis  almost  positive.  The  age  and  Ihe  sex  are  ini- 
portanl  faetois,  and  ii  history  of  the  jaundice  is  of  aid  ia 
the  iliagnosis. 

lit /ill ion  of  Onll  Slniif«  to  Cnreinomu. — This  is  bi'lievcd 
to  be  caii.sal.  The  freiiuent  occurrence  of  this  disens<'  in 
the  same  sex  in  which  biliary  calculi  are  most  common, 
is  strong  evidence.  But  a  case  of  tjuetsch's  {/A^;7.  kUn. 
WiH-liDmrhrifl.  188.1,  No.  42,  \t.  672)  conlirnis  tliis  o|>inion 
more  decidedly  than  does  any  jirevioiis  clinical  evidence. 
The  patient,  a  female,  was  subject  to  biliary  calculi,  and  a 
biliary  cutaneous  fistula  had  been  formed.  Siib.se(|iieutly, 
a  carcinoma  of  the  gall  bladiler  developed  in  tlie  pres- 
ence of  the  calculi  whieli  did  not  pass.  and.  no  doubt, 
were  the  cause  of  the  local  irritation.  Zenker  found  gall 
stones  in  8.1  jier  cent,  of  cases  of  eaiuer  of  the  gall  blad- 
der, ."similarly  high  percentages  were  found  by  Coiir- 
voisier.  liiodowski,  (iayle,  Bertrand,  and  others;  Siegert, 
ill  !iri  per  cent,  of  primary  carcinoniasof  the  gall  bladder, 
found  stones  associated,  but  in  only  l.i  to  16  |ier  cent, 
of  secondary  carcinomas  was  this  the  case.  In  4  cases 
of  jirimary  carcinoma  of  the  liver,  reported  by  Beadles, 
stones  were  also  present,  while  none  were  seen  in  36 
secondary  hepatic  caicinoniatous  growths.  Olhers  be- 
lieve that  the  calculi  develop  secondarily  from  stagnation 
of  the  bile  and  precipitation  of  its  coustiliients. 

Ihirtiiiim. — This  has  been  placed  at  several  years  by 
Villard  ;  in  other  casesdealh  occurred  within  three  months 
after  the  lirst  symiitoms  developi'd. 

The  piiiji/ii/liidif  tinilineiit  consists  in  the  removal  or 
prevention  of  formation  of  the  calculi,  and  the  trmtnuiit 
of  the  di.sease,  after  il  is  once  manifested,  is  ])urely  .symp- 
tomatic. Robsoii,  hfiwever,  has  removed  the  gall  bladder 
and  part  of  the  liver  in  live  cases,  with  more  or  less  en- 
couraging results  in  four  of  them.  As  one  of  the  cases 
was  shown  at  operation  to  be  a  chronic  intlammatory 
condition  of  ducts,  gall  bladder,  and  adjoining  viscera  in- 
.stead  of  carcinoma,  the  value  of  an  exploratory  operation 
is  certainly  suggested. 

VI.  Prim.vkv  Cantkr  ok  the  G.\i.i.  Ducts. — It  may 
develop  within  the  liver  or  in  the  largerduets.  The  most 
coniinon  point  of  origin  is  at  the  mouth  of  the  common 
duct  or  at  the  junction  of  the  cystic  and  liejiatic  ducts. 
A  firm  mass  of  newly  formed  tissue  surrounds  the  duct 
or  invades  its  walls.  The  lumen  is  almost  or  completely 
obliterated:  its  inner  surface  is  the  seat  of  ulceration,  at 
certain  points,  or  of  papillary  growths.  A  fungous 
grow  til  projected  fnmi  the  mouth  of  the  common  duct  in 
a  case  reported  by  Stokes.  The  anatomical  changes  of 
occlusion  and  stenosis  are  seen  in  the  liver  and  ducts. 
Secondary  deposits  arc  found  generally  in  the  liver  only, 
along  the  ducts.  Kelynaek  "  discusses  priimiry  cancer 
of  the  ducts  and  has  collected  26  ca.ses.  A  dilTii.se  srow  th 
w  as  most  fretinently  met  with  post  mortem.  Kdes  '-  and 
Uolleston '^  are  more  recent  contributors  to  the  subject, 
dealing  particularly  with  cancer  of  the  extreme  end  of 
the  coniinon  bile  duet.  Ilalsted  '■*  has  removed  a  colum- 
nar celled  carcinonia  from  the  ampulla  of  Vater. 

The  symptoms  common  to  carcinonia  and  to  biliary 
obstruction  are  present.  Rarely  is  the  growth  large 
enough  to  be  recognized  by  palpation.     Death  is  rapid 
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ami  duo  to  occlusion  of  the  ducts,  leading  to  bile  intoxi- 
cation or  imrulcnt  intiiuiiniulion. 

VII.  I'oNiiKNiiAi.  Dkkkits  ok  Till-;  Gai.1.  r!i,.\nr>i:u 
AND  Gai.1,  UiCTS. — Tlic  ,i;aU  l)lu(lder  may  lie  absent  en- 
tirely, without  serious  inconvenience;  ii  shriveUeil  pouch 
or  11  contracted  lube  lakes  it.s  place.  In  atresia  of  the 
ducts,  jaundice,  umbilical  hemorrhage,  and  marasmus 
arc  present  during  life.  Tlie  jaundice  is  jiresent  at  birth, 
or  makes  its  appearance  a  few  days  afterward,  persists, 
and  deepens.  The  slixils  sliow  an  absence  of  bile;  the 
urine  is  bile-tinged.  Tliere  is  from  the  lirst  a  tendency 
to  hemorrhages,  and  Ibis  increases  ecchymosis  under  the 
skin;  bleedings  from  the  mouth,  nose,  or  bowels  take 
place. 

Umbilical  hemorrlmge,  occurring  after  the  separation 
of  the  cord,  is  especially  marked.  As  the  child  grows 
older  it  loses  in  llesh.  becomes  extremely  weakened,  and 
dies  of  chohemia  or  exhaustion,  in  spite  of  an  ability  to 
taUeiuurli  nourishment.  At  tirst  the  liver  is  normal,  but 
if  the  child  lives  it  l)ecomes  very  large,  and  the  spleen  is 
likewise  increased  in  size.  Ascites  may  develop.  If 
hemorrhages  do  not  occur,  the  child  lives  many  months. 
In  a  case  reijorted  by  Lotze,  the  child  lived  seven  mouths. 

K,  Lomer  "  reports  a  curious  case.  It  was  one  of  con- 
genital ol)litcratiou  of  the  right  hepatic  and  the  cystic 
duels.  The  whole  right  lobe  had  undergone  cystic  de- 
generation and  was  shnniken.  the  gall  bladder  was 
obliterated,  but  the  left  lobe  remained  normal.  He  an- 
alyzes a  series  of  cases,  anil,  from  the  fact  that  usually 
the  parenlsare  .syphilitic and  several  of  their  children  are 
similarly  diseased,  he  holds  that  an  intrauterine  hepatitis 
of  syphilitic  origin  is  the  cau.se  of  the  disease.  This  is 
the  usually  accepte<l  explanation  of  the  pathology  of 
congenitaldisease  of  th<'  ducts.  Tlu'  obstruction,  which 
is  fibrous,  may  be  in  a  main  duct  or  in  one  of  its  branches. 
The  gall  bladder  may  be  normal,  but  contains  a  serous 
fluid.  It  may  be  obliterated  or  remain  as  a  fibrous  cord. 
The  ducts  in  the  liver  may  be  dilated,  or  some  may  ap- 
pear like  fil)ro\is  cords.  Sometimes  the  portal  fissure  is 
the  seat  of  local  perihepatitis,  and  usiially  the  surface  of 
the  liver  is  involved.  The  liver  is  icteric,  the  seat  of 
connective-tissue  overgrowth,  or  atrophied.  Some  parts 
become  cystic.  Rolli-ston  and  Ilayne"  describe  a  con- 
genital obliteration  of  the  bile  duets  giving  rise  to  an  ad- 
vanced hepatic  cirrhosis;  Thompson  (Alllsutt's  "System 
of  Medicine  "  and  Thesis.  Edinburgh,  "Congenital  Ob- 
literation of  Bile  Ducts")  has  collected  fifty  such  cases. 
Ford  '•  givesca.ses  of  congenital  obstruction  producing  the 
so  called  biliary  cirrhosis. 

The  jaundice  due  to  congenital  defects  of  the  ducts  is 
to  bi!  distinguished  from  that  jaundice-like  discoloration 
of  the  integuments,  conjtmctiva.  etc.,  that  is  physio- 
logical. In  this  condition,  which  is  common  innewborn 
infants,  bile  is  present  in  the  stools.  .Taundiec  of  the 
simple  catarrhal  variety  also  occurs  in  infants.  It  usually 
responds  luomplly  to  treatment,  and  has  not  the  malig- 
nant aspect  of  disease  dependent  upon  deficiency  of  the 
ducts.  Then,  again,  a  pylephlebitis  occurs  sometimes  in 
infants.  In  this  case  fever  and  the  usual  evidences  of 
pyaemia  are  present. 

VIII.  I'ahasites. — They  may  develop  within  the 
biliary  pa.ssages  (distoma),  they  may  emigrate  from  the 
intestines  (round  worm),  or  they  may  find  their  way  into 
the  ducts  by  ulcerative  action  (echinococcus).  Rarely, 
the  latter  develop  within  the  ducts. 

1,  Diftoma  ht'jHitirhin  {lurr/e  liivr  fltil'e)  and  Di-itoiiKi 
lanceoliitiim  (siiuill  liivr  Jhi/,i). — Common  in  sheep  and 
cows,  rare  in  man.  The  large  fluke  is  found  in  the  gall 
bladder  or  large  bile  ducts;  the  small  one  generally  in 
the  finer  ducts.  Both  species  may  occur  in  the  same 
subject.  The  latter  variety  produces  the  most  notable 
changes  in  the  liver. 

The  i^resence  of  these  parasites  sets  up  a  chronic  catar- 
rhal and  suppurative  intlanunation  of  the  ducts.  En- 
largement of  the  gall  bladiler  and  duels  occurs  second- 
arily. A  fibrous  inllammalion  of  the  walls  takes  place, 
with  .secondarj-  calcareous  ilegeneration  of  the  products 
of  intlammatiou ;  the  ducts  become  nuich  enlarged  and 


thickened,  and  the  lumen  is  dilated.  Occlusion  of  the 
dticts  results  on  account  of  the  inflammatory  disease  and 
the  i)resence  of  the  ]mrasites  in  the  canal.  By  necessity, 
therefore,  we  have  the  sym|)toms,  previously  noted  in 
this  section,  of  the  above  anatomical  changes,  and  of  ob- 
structive jaundice.  In  addition,  nervous  symptoms  of  a 
reflex  nature — as  syncope,  convulsions,  or  aphonia — may 
be  present,  A  positive  diagnosis  can  be  made  only  l)y 
finding  the  parasites  in  the  vomited  matter,  or  in  the 
faces.  Death  o<eurs  somelimes  on  accoiml  of  the  in- 
flammatory complications,  or  from  exhaustion. 

3.  Jioiind  Wormn  (Afrarin  liiDihriroideii). — They  usually 
wander  from  the  intestines,  and  are  found  with  their  head 
toward  the  liver.  Rarely,  after  adhesive  inllammalion 
and  fistulous  communication  between  the  gall  bladder  or 
ducts  and  the  intestine,  worms  are  found  in  the  biliary 
passages.  The  nundjer  of  them  varies — from  one  to  three 
or  four,  ustndly.  They  are  often  found  alive  on  making  an 
autopsy,  or  have  died  before  the  death  of  the  patient,  and 
are  soft  and  macerated.  Their  presence  excites  caljirrhal 
inflammation,  causes  occlusion  and,  secondarily,  a  puru- 
lent cholangitis,  a  dilatation  of  the  ducts,  and  subsei|uent 
atrophy  of  the  liver,  or  the  formation  of  multiple  ab- 
scesses. When  limited  to  the  gall  bladder,  they  cause 
enlargement  and  inllammation  of  that  organ.  The  dila- 
tation of  the  <lucls  is  usually  geiH'nil;  sometimes  local 
sacculated  dilatations  are  observed,  in  which  worms  lie 
rolled  up. 

The  symptoms — if  the  worm  has  recently  migrated  into 
a  duct — are  like  those  of  hepatic  colic.  Later,  the  symp- 
toms and  signs  of  obstructive  jaundice  occur,  and  then 
those  of  purulent  cholangitis.  A  history  of  an  attack  of 
worms,  the  iiresence  of  the  parasite  in  the  ejects,  and  the 
age  of  the  patient  furnish  valuable  corroborative  evi- 
dence. Further,  intestinal  and  nervous  symptoms  due 
to  worms  are  said  to  be  present. 

3.  Echinorocciis  (Hydatid  Disea.ie  of  (he  Bile  Ducts). — 
Either  an  hydatid  cyst  may  press  upon  one  or  more  of 
the  ducts,  causing  occlusion  of  them,  orcompleteoblitera- 
tion  of  their  lumen,  or  entire  destruction  of  them  (Leroux) ; 
or  the  sac  may  ulcerate  into  the  ducts  or  bladder,  and  the 
vesicles  pass  by  this  route  into  the  intestines,  with  symp- 
toms of  hepatic  colic;  or,  finally,  it  may  cause  occlusion, 
dilatation,  and  inflununation  of  the  biliary  passages.  This 
process  may  terminate  in  supimration  and  gangrene  of 
the  cyst,  and  is  usually  fatal.  Thesymptomsof  obstruc- 
tive jaundice  of  a  high  degree,  and  of  the  local  inflam- 
matory changes,  indicate  this  pathological  condition. 
The  presence  of  hydatid  booklets  in  the  ejecta  from  the 
stomach  or  bowels,  a  )irevious  history  of  a  painless  en- 
largement of  the  liver,  and  the  results  of  tapping  or  ex- 
ploratory puncture,  would  confirm  one's  opinion  of  the 
presence  of  hydatid  disease.  Finally,  the  gall  duets  are 
seriously  invaded  in  that  rare  manifestation  of  hydatid 
disease  known  as  multilocular  echinococcus.  In  this  in- 
stjince  the  walls  of  the  ducts  are  thickened,  hard,  and  rigid, 
and  the  lumen  is  elfaeed,  by  the  jiresence  of  the  vesicles 
in  the  tissues.  Secondary  inflammation,  suppuration,  and 
dilatation,  etc.,  may  arise  in  these  cases.  The  symptoms 
of  this  nuuiilVstation  have  been  considered  in  the  section 
on  Occlusion  of  the  Ducts. 

It  is  interesting  to  note  that  the  bile,  some  authorities 
believe,  is  capable  of  killing  these  para.sites. 

John  II.  Musser. 
Norman  B.  Gityn. 

BlBLIOr.RAPHHAI.   liKFERK.SCKS. 

>  I-nnret,  AURUst  24tli.  1901. 

^  Boston  Med.  and  Surff.  Jour.,  Aiipust  tUi,  18i>8. 

3  See  Trans,  I'atli.  Soc.  vol.  viii..  and  Am.  Jour,  of  the  Med. 
Sciences.  Jul.v  and  Octolier,  1884,  for  cases  of  chronic  catarrhal  Jaun- 
dice hv  the  writer. 

'  Deutsih.  uied.  Wo<'hen..  189.'),  No.  I'l. 

*  .\nH'r.  Jonni.  of  the  Med.  Science.^  November.  1901. 

*  Bulletin  of  I'nlversily  <>f  IVnnsylvania,  September.  19(11. 

'  Jaundice  is  used  in  a  peneral  sense.  For  a  further  discussion  of 
symptoms  and  elTects.  sec  htt^vus. 

'  See  Patholoirical  SikIcIv's  Tninsactlons,  Philadelphia,  1877-78, 
Am.  Jour,  of  the  Med.  Sciences.  July,  1SS4. 

*  In  cases  of  cancer  of  the  gall  bladder  and  ducts,  calculi  are  often 
passed. 
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(.nil   lllnilili-r. 
<.ull. 


<•  Numlipn  rwonl  fn'qufiicy  of  Ui«  pnwtnre  of  ■  •UU<d  ficl  In  tbu 
•FVpntv^vlKliI  nu»«. 

"  /,!«■.  rif. 

"  llotnti  Mi'd.  anil  Sure.  J.ium..  Mnirh  7th,  IWIl. 

"  ijiiMvi.  Fi'hrimn-  Ulth.  IWH  :  M"!.  rhniii..  |i««. 

ojiihiM  llopklii''  nulli'tlii.  Jnnuiirv.  lun 

'•1<iiiiit;  1  fl»r  >lm'ii  Kull  mhi  nuiKi-nliiilir  iwrlli'lli-n  W)IIUtu- 
tlon  ilcr  (iiillfiit'ftiiiii'.     Vln-li(>«  •»  ,lnh..  lluiiil  l«l.  p.  lltU. 

I"  llrll.  Mill.  J.iiir..  Miinh  :«>th.  IWH. 

"  .MiHT.  Jiiiir.  "t  llii'  Mill.  Sli'iHi>!<,  Jaouun',  ll'il- 

GALLIC  ACID.  — Hy  ijcposiiri-,  to  llie  ntiiiiwpliirc,  of 

pM-i  ill  III!'  iiriHiiHi' (if  wiitir.  (•liriiiicnl  conversion  of 
III.' liiniiic- iiciil  of  111!'  pilU  liiliis  pliir.-,  ri'siilliii;;  in  llir 
fornmlion  of  iriillii-  iiiiil.  llClhOj.II,*  >  This  liodv  is 
otiliiiil  intlic  ('nitfd  Stiitcs  lMuirnm(oi»iiii  nnilcr  tlir  title 
Aridiim  tliilliniDi,  (itillic  .\(iil.  anil  presents  il.self  iis 
"white,  or  pah-  fawii-eolnml,  silky,  inlerhieecl  needles. 
or  trieliiiic  prisms;  odorless;  having'  an  astrin^'ent  or 
slinhtlv  aeidiihuis  taste;  permanent  in  the  air.  Solulile 
lit  !•")  C.  (."il*  V.I.  ill  1<"'  pans  of  water,  and  in  ."i  parts  of 
nieoliol;  in  :t  parts  of  boilini;  water,  and  in  1  pari  of 
lioilini:  alcohol.  Also  solulile"  in  411  parts  of  ether,  and 
in  12  parts  of  glvcerin.  Very  slightly  soliibh-  in  chloro- 
form, lieii/ol,  of  'iM-n/.in"  (('.  S.  R).  Oil  heatiiiL'.  the 
ncid  lirst  loses  its  water  of  cry.stullizniioii,  then  melts, 
and  linallv  isdectinipiwcd,  and  consumed  without  residue. 
Oallic  a'lid  is  purely  liut  feehly  aslrinirenl.  and  seems 
pnictieallv  di'void  of  any  othi-r  physiological  property. 
Taken  inlVrnally.  it  does  not  poison,  nor  constipate,  por 
even  ilisorder  l"lie  stomach  unless  in  excessive  dosjijre. 
It  does  not  coauiilale  albumin,  and  so,  when  swallowed, 
is  readily  absorbed.  Afterabsor|)tion  itai>pears  speedily 
in  the  imne.  as  is  demoiistmble  by  clieniical  tests.  Thti-n- 
j}futie<iU;i.  the  only  reputation  of  pillie  acid  is  for  inter- 
nal givins;  for  the  control  of  liemorrliaj:es  from  iiiacce.s.si- 
l)io  parts— for  which  puri>osi'  the  ellicacy  of  the  medicine 
is  esteemed  very  dilTereiitly  liy  dilTeniil  practitioners. 
t*ince.  in  the  application  in  question,  the  acid  must  act 
by  local  contact  as  presented  to  the  lileediiijr  vessel  in 
siilulion  ill  the  blood,  it  is  evidently  neees.sary  for  success 
that  the  eharire  of  acid  to  blood  shall  be  as  great  as  pos- 
sible. Full  and  fre(|uenl  doses,  therefore,  are  required 
by  the  indication.  Gallic  ai'id  has  been  given  without 
untoward  elTect  in  dosage  of  0.6,5  gm.  (gr.  .\.) every  three 
hours,  unremittingly,  for  three  weeks.  It  may  be  pre- 
scribed in  pill,  powder,  or  ini.\ture.        Editard  CiirtiK. 

GALLICIN  [C JIjCt^OCH.tOHl,]  is  prepared  by  heal- 
ing a  methyl  alcohol  solution  of  gallic  or  tannic  acid 
with  strong  sulphuric  acid,  or  by  passing  dry  liydrochloric 
acid  gas  through  the  solution,  "it  crystallizes  in  rhombic 
prisms  or  tine  needles,  wliich  are  freely  soluble  in  water 
and  alcohol.  It  is  used  as  an  antiseptic,  iion  toxic  du.st- 
inir  powder,  and,  in  solution,  in  conjunctivitis. 

If.  .1.  B<Jstedo. 

GALLOBROMOL— dibromogallic  acid  [C,Br,(0H)3- 
COOJI] — is  a  (olnrle.ss  or  slightly  grayish  red  powder, 
composed  of  liiw  acicular  crystals,  ami  obtained  by  the 
action  of  bromine  on  gallic  acid.  It  is  .slowly  soluble  up 
to  ten  per  cent,  in  cold  water  (Merck),  and  dissolves 
readily  in  boiling  water,  alcohol,  or  ether.  It  has  been 
used  as  a  bromide  in  neurotic  conditions  and  epilepsy, 
but  lias  been  found  by  Lepine  to  cause  in  a  dog  slowing 
of  the  heart,  depression  of  respiration,  fever,  lianioglo- 
binuria.  convulsions,  and  death.  It  isof  more  use  locally, 
as  an  antiseptic  and  astringent,  as  in  eczema,  or  in  gon- 
orrhiva.  cystitis,  or  epididymitis.  For  cystitis  it  is  used 
as  an  irrigation  in  two  to  four  per  cent,  solution :  for  ure- 
thritis as  an  injection  :  and  for  eczema  as  a  lotion,  oint.- 
nient,  or  dusting  powder  of  one  to  two  per  cent,  strength. 

H'.  .1.  liiistedo. 

GALLOFORMIN  [C.n,(OH),COOII(CH,),X,l  is  a  con- 
dens;iiioii  |ii.  iihii.t  of  gallic  acid  and  liexamethylene  tetra- 
mine.  It  forms  very  hard,  refractive,  acicular  crystals, 
soluble  with  ditliciilty  in  water,  alcohol,  ether,  and 
glycerin,  and  insoluble  in  benzol  and  li.xed  oils.  It  is 
very  unstable,  readily  yielding   formaldehyde  gas,  so  is 


iisrd  OH  an  antisi'pllc  Itotli  Intemnlly  and  oxtcrnully 
\n  decomposed  by  liiiit,  acIdH,  or  ulk'ulie*. 

W.  A.  lUiMtftlo. 


It 


GALL,  OX.— Fki,  Bovi;..  — "The  frvsh  bile  of  /tf 
7'iiiiniji  L,  (class  MainviitUn  ;  order  Jliiiiiniiititiit),"  (U. 
S.  R) 

A  brownish  green  or  dark  green.  Homewliut  vlicid 
liipiid.  having  a  pi-culiar.  iinpleaiiant  odor,  and  a  diia- 
greeable,  bitter  lasle. 

Speeitle  gravity:  t.OlU  to  1.028  ut  IS'  C.  (59"  F.). 

It  is  ni'utral.  or  has  a  faintly  alkaline  reaction  on 
litmus  paper. 

A  mixture  of  2  drops  of  o.\  gall  and  Kt  r.c.  of  water, 
when  treated,  first,  with  a  drop  of  a  freshly  preparwl 
solution  of  1  jiart  of  sugar  in  4  parts  of  water,  and  after- 
ward with  sulphuric  acid,  cautiously  added,  until  llio 
precipitate  tirst  formed  is  redissolved,  gradually  acquiroi 
a  brownislired  color,  elianging,  succeasively,  to  carmine, 
liurple.  and  violet. 

I'liiiffd  Ox  Onll.  Fel  Ihvu  PnrificaUim  (U.  S.  P.). 

Fresh  ox  gall,  three  hundred  etihieetntimetren. . .  .  300  c.c. 
Alcohol,  one  hundred  eiihir  eentimetreK 100  C.C. 

Evaporate  the  ox  gall,  in  a  tared  porcelain  capsule,  on 
a  water  bath,  to  about  one  hundred  (100)  ijram^.  then 
add  to  it  the  alcohol,  mix  the  whole  thoroughly,  and  set 
it  aside,  well  covered,  for  three  or  four  days.  Then  de- 
cant the  clear  solution,  filter  the  lemaindef,  and,  having 
mixed  the  lii|uiils  and  distilled  oil  the  alcohol,  evaporate 
the  remainder  to  a  |>ilular  consistence. 

A  yellowish-green,  soft  solid,  having  a  peculiar  otlor, 
and  a  partly  sweet  and  iiarlly  bitter  taste. 

Very  soluble  in  water  and  in  alcohol. 

A  solution  of  1  part  of  puritied  ox  gall  in  about  100 
parts  of  water  behaves  toward  sugar  and  sulphuric  acid 
in  the  same  manner  as  the  solution  mentioned  above. 

An  aqueous  solution  of  purified  ox  gall  should  be  dear, 
and  should  remain  transparent  upon  the  addition  of  an 
equal  volume  of  alcohol  (evidenceof  jiroper  purification). 

This  complex  substiince  in  its  crude  condition  consists 
of  about  ten  per  cent,  of  solids  and  ninety  of  water. 

The  most  important  solid  constituents  are  the  »»f7i wni 
KaltK  of  tauroeholic  ami  f/lyeorholie  neids.  and  several  not 
very  well  distingui.slied  coloring  matters  (biliruhiii.  hili- 
rertlin,  etc.).  Hesides  these  it  also  contains  a  number  of 
decomposition  products,  choksterin,  urea,  etc..  and  soiuc 
fiitu  and  mueun. 

Further  than  to  show  its  practical  identity  with  that  of 
the  human  subject,  the  study  of  the  specific  composition 
of  ox  gall  is  unimportant. 

For  the  same  rea.son  the  study  of  its  action  pertains 
wholly  to  ])liysiology.  AVe  know  that  bile  has  no  busi- 
ness in  the  stomach,  although  it  appears  that  itseiitrance 
there,  in  certain  morbid  conditions,  may  c.xert  a  stom- 
achic effect,  without  seriously  inhibiting  digestion,  and 
its  therapeutic  use  may  be  serviceable  in  this  way.  It 
must,  however,  be  remembered  that  the  properties  of  the 
bile  it.self  are  subject  to  change  in  the  stomach,  so  that 
suitable  measures  must  be  taken  in  its  administration 
(sec  below),  when  the  intestinal  action  is  desired. 

It  is  equally  well  established  that  bile  in  the  circula- 
tion acts  as  apoison.  although  there  are  some  facts  to 
sugirest  that  its  antitoxic  actfon  there  may  at  times  more 
than  counterbalance  such  objection. 

It  is  then  in  the  intestine  and  in  the  liver  that  we 
must  look  for  the  beneficial  effects  of  the  administration 
of  bile.  In  the  former  it  is  a  valuable  antiseptic,  pen- 
staltic  stimulant,  chemical  synergist  of  certain  purgatives, 
and  promoter  of  the  absorption  of  fat.  Xone  of  these 
processes  requires  discussion.  All  can  be  effected  by  ox 
gall,  pmpi'rlv  administered,  as  bv  the  natural  secretion. 
Upon  the  liver,  the  drug  has  the  effect  of  a  direct  cliola- 
gogue.  that  is.  an  asent  increasing  the  actual  secn'tion  of 
bile,  and  about  the  onlv  one  known.  Since  the  constit- 
uents of  the  bile  deconiposed  in  the  intestine  are  rcturui-d 
to  the  liver  to  be  again  recombined,  we  should  naturally 
expect  this  increase  to  be  pnxluced.     It  appears,  how- 
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ever,  that  the  increase  is  greater  than  tlie  ratio  thus  ac- 
counted for,  and  it  is  apjiarent  tliat  tlie  bile  salts  exert 
a  stimulatiu^  elTrcl  ii|iciii  the-  si<nliMi.'  niec  liaiiisin.  Tlie 
fdlhiwinj;  concerninir  llie  use  and  adrninlslnition  of  the 
drujf  may  well  be  reprinted  from  the  last  edition  ot  this 
work. 

The  action  of  ox  jrall  in  assisting  the  al)sorption  of  fats 
and  oils,  and  its  aid  in  maintaining  intestinal  antise|isis, 
has  suggested  its  use  as  a  proper  means  of  treating 
typhoid  fever.  Dr.  Adolph  Zea  reports  the  result  of  ten 
cases  in  his  own  ward.  an<i  fortyciglit  cases  treateil  by 
medical  friends,  as  very  gratifying.  Ilis  method  of  con 
ducting  the  case  is  as  follows:  If  the  case  is  seen  early,  a 
dose  of  calomel  is  given  to  relieve  thedigcstive  tract  of  its 
contents;  alcohol  in  the  form  of  whiskey  is  given  at  lirst 
as  a  stimulant,  and,  if  additional  stimulation  is  re(|uired, 
strychnine,  caffeine,  ammonia,  camphor,  or  small  doses 
of  (|uinine;  dilute  nuiriatie  acid  in  large  (|UiUitities  of 
water  as  a  l)everage.  and  fel  bovis  ])uriti(atum  sircum.  in 
doses  of  two  to  four  gniins.  three  to  si.\  times  a  day  in 
pill  form  or  capsule.     The  diet  consists  of  fluids — milk, 

fruel,  beef-tea  —  in  small  quantities  frequently  given, 
he  milk  should  always  be  boiled,  but  may  be  given  hot 
or  cohl  according  to  the  wish  of  the  jiatient.  Prepara- 
tions of  beef  extracts  and  juices  may  also  be  given. 

The  benefit  of  this  treatment  is  shown  in  a  reduction 
of  the  temperature  after  the  drug  has  been  given  for  a 
few  days,  and  a  freedom  from  all  distressing  abdominal 
symptoms  and  complications.  Convalescence  is  also 
thought  to  be  more  rapid  than  under  any  other  line  of 
treatment. 

It  has  been  very  projierly  pointed  out  that  the  enclos- 
ing of  the  dose  in  keratin  tends  to  prevent  changes  in  it 
by  the  acid  gastric  juice,  in  its  passage  through  the 
stomach. 

Its  injection  into  the  rectum,  in  twenty-grain  doses 
well  diluted,  tends  to  clear  that  organ  of  fajces. 

Ilenry  II.  litisby. 

GAMBOGE. — Camt!OGI.\. — ''  A  gum  resin  obtained  from 
Oarctiiiii  Ilanhurii  Hook.  f.  (fam.  Gnttifene)"  (U.  S.  P.). 
(The  family  is  now  called  Chiniiicca.)  This  genus  com- 
prises about  forty  sjiecies  of  Eastern  tropical  evergreen 
trees  with  yellow  juice.  Other  species  yield  the  Man- 
gosteen  fruit  and  bark,  and  the  Kokum  butter.  The 
gamboge  tree  is  a  native  of  C'ambogia,  Siam,  and  Cochin 
China,  whence  the  supply  of  the  gum  resin  for  European 
and  American  consumption  is  obtained;  but  there  are 
besides  several  other  species  of  Gairinia  in  India,  China, 
and  the  Asiatic  islands,  which  supply  similar  products. 
if  not  exactly  the  sjimc.  Gamboge  is  collected  by 
cutting  or  wounding  the  twigs  or  trunks,  when  the 
bright  yellow  latex  Hows  slowly  out.  and  is  collected  in 
vessels,  usually  bamboo  joints,  fastened  at  the  lowest 
part  of  the  incisions.  Ilere  it  slowly  hardens,  or  is 
perhaps  dried  over  a  fire,  imtil  a  solid  mass  results,  of 
the  shape,  usually  cylindrical,  of  the  containing  vessel. 
The  bamboo  is  then  split  olT.  and  the  gamboge  is  packed 
in  large  boxes  for  transportation. 

That  thus  collected  in  bamboo  joints  is  known  as 
"  l)ipe-gamboge."  Saigon,  or  "purse"  gamboge,  is  col- 
lected in  pockets  of  leaves  or  cloth,  six  or  eight  inches 
long  by  three  or  four  broad.  It  is  usually  a  little  darker 
than  the  former.  When  run  or  massed  into  large  blocks 
or  tubs,  it  is  called  "cake  gamboge,"  or  "gamboge  in 
sorts. " 

The  pipe  gamboge  is  preferred,  not  only  because  it 
represents  the  typical  <|uality.  but  because  it  is  almost 
invariably  pure  and  clean.  The  large  cakes  are  liable  to 
extensive  adulteration  with  stones  and  pieces  of  iron. 
Being  often  formed  in  tubs  or  boxes,  the  gamboge  is 
very  ai>t  to  come  into  contact  with  nails  or  other  metal, 
which  turns  it  dark  for  a  considerable  distance  from  the 
offending  body. 

Gamboge  hss  been  >isi>d  in  China  anil  India  as  a  pig- 
ment for  many  centuries,  and  appeared  as  a  purgative 
in  Europe  early  in  the  seventeenth  century.  Its  use  in 
medicine,  however,  has  always  been  insigniiicant  in  com- 


parison with  itsconsuinptionas  a  yellow  paint,  for  which 
use  it  is  hardly  excelled  by  any  pigment. 

The  best  of  that  which  reaches  us  is  in  cylindrical 
pieces,  usually  hollow  at  the  centre,  2  to  .'3  cm.  (1  to  2 
in.)  thick,  longitudinall.v  striate  on  the  surface;  fracture 
flattishcimchoidal,  smooth,  of  a  waxy  lustre,  orange- 
red;  inodorous;  taste  very  acrid ;  powder  bright  yellow, 
sternutatory,  free  from  starch. 

Gamboge  should  yield  not  less  than  seventy  per  cent, 
of  resin  and  not  over  three  per  cent,  of  ash. 

It  does  not  dissolve  in  water,  but  forms  a  very  fine, 
smooth,  yellow  emuLsion  with  it,  and  it  is  wholly  soluble 
in  potassa  solution. 

Gamboge  contains  about  seventy-two  (Christison)  per 
cent,  of  yellow  resin  called  yimili'if/ir  acid,  an  orange- 
yellow,  tasteless,  and  odorless  mass,  soluble  in  alcohol 
and  ether,  but  not  in  water,  having  the  purgative  prop- 
erties of  gamboge,  but  less  intensely  than  the  crude 
gum  resin  itself.  It  also  contains  fifteen  or  more  per 
cent,  of  uniii.  a  little  water,  and  some  impurities.  Its 
activity  is  proportional  to  the  percentage  of  resin  in  it. 

Action  .\nd  Use. — This  is  one  of  the  most  violent  of 
hydragogue  cathartics,  producing  abundant  watery 
stools  and  considerable  griping,  on  which  latter  account 
it  is  not  often  now  given  alone,  or  for  its  full  effect.  It 
is,  however,  frequently  added  in  small  doses  to  the  other 
cathartic  combinations,  and  experience  has  proved  its 
usefulness.  It  is  especially  valuable  in  siich  conditions 
as  lead  colic  and  seasickness,  where  the  bowel  .'cquires 
powerful  stimulation. 

The  full  dose  of  gamboge  is  about  0.3  gm.  (=  gr.  v.), 
but  less  is  advisable  in  compositions;  the  maximum 
daily  quantity  is  stated  by  the  German  Pharmacopneia  to 
be  1  gin.  It  is  an  ingredient  in  the  compound  cathartic 
pills  {Piliihv  Catliiirtica  Cumj/MtitiT,  I'.  S.  P.),  each  of 
which  contains  about  a  quarter  of  a  grain. 

W.  P.  Bolke. 

GANGLION.     See  Bursa.     (Surgical.) 

GANGRENE.  (PATHOLOGICAL.l— The  term  gan- 
grene is  liioscly  applied  liy  ilic  elinitian  to  any  form  of 
local  death  of  tissue  occurring  within  the  living  body,  in 
which  the  necrosed  area  becomes  discolored,  resembling 
more  or  less  tissues  which  have  been  burned.  By  the 
liathologist  it  is  used  to  indicate  a  necrosis  accompanied 
by  putrefactive  processes.  \  number  of  designations 
are  used  partly  as  synonyms  and  partly  to  express  differ- 
ent varieties  of  this  condition:  mortilication,  putrescence, 
putrefaction,  sjihacelation,  etc. ;  but  the  essential  idea  of 
gangrene  is  that  of  necrosis  accompanied  by  putrefaction. 
The  |)resence  of  putrefactive  or  saprophytic  bacteria  is, 
therefore,  to  be  regarded  as  the  most  distinctive  feature 
of  gangrene. 

Gangrene  may  be  either  primary  or  secondary.  In 
primary  gangrene  the  condition  is  due  directly  to  the 
infection  of  the  tissues  by  some  specific  bacterium  and  is 
to  be  regarded  as  a  specific  affection.  In  secondary  gan- 
grene there  is  first  a  necrosis  due  to  some  other  cause 
with  a  subse(|uent  infection  by  putrefactive  bacteria. 
According  to  its  mannerof  origin  gangrene  may  be  trau- 
matic or  inflammatory,  and  according  to  its  behavior  it 
may  be  circumscribed,  diffuse,  spreading,  pliagedenic.  etc. 
Clinically,  various  forms  occur:  thermal.  to.ric,  infectious, 
iieuropatliic.  dialielic.  senile,  hospital,  idiopathic,  etc. 

Pni.M.vHV  GAXoiii-.XE. — A  number  of  specific  infections 
may  be  included  under  this  head:  infection  with  the 
Bacillus  aCrogenes  cupsulatus.  B.  tedematis  maligni,  B. 
diphtheria',  B.  anthracis.  B.  coli  conununis  or  closely 
related  organisms,  and  probably  a  number  of,  other  im- 
perfectly known  bacteria.  Any  one  of  these  may  pro- 
duce severe  inllanunatory  processes  followed  immediately 
or  very  quickly  liy  gangrene,  which  is  apiiarently  due  to 
the  originally  infecting  bacterium,  though  in  some  cases 
there  nniy  be  a  secondary  infection  by  Siiprophytes. 

Si".(oxn.\uv  G.wiiiiEXE. — This  is  the  more  common 
form.  The  preceding  necrosis  may  be  caused  by  circu- 
latory changes,   pathological  conditions  of  the  blood- 
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vomcU.  burn*.  frw/Jiij;,  iiu-cliuiiicul  injury,  prifusiirt'. 
fiirrtisivc  |Hiis<inA.  liitoxicatiniis.  infcclliins.  elr. ;  tlit- 
MToniliirv  iiifcrlioii  (if  ihr  iliuil  li»-.>n-  Immiih  cuum-iI  by 
viirioiis  I'lii'ins  of  sii|ir<i|iliylit'  liintiTiii. 

Winn  f;iiiij:n'ncius  lissurs  arc  r\|»osr<l  ti>  the  air  llirir 
lliiiits  may  Ih-  Inst  liy  fva|>onitiiin  ami  bi'ciiini'  Imnl  ami 
dry  {iiiiiiiimifii-iitinii,  till/  yii Ill/If iir.  i/,iiii/i(Hiii  firrii).  If 
(■VH|iiinili<>ii  iliH'S  not  occur  ami  tlii'  ilcail  |iart.s  remain 
moist,  llii'ciimlilion  is  known  as //i..iW.i/.;/i,v)r/i»(«<i;(;/;if<i<( 
humiilii.  tiJi'irihit).  Ilitwccn  llic  minsl  ami  ilry  forms 
tlitrr  is  no  liaril  ami  fast  Um-;  ilry  pinj;rrm- may  dcvcloii 
from  a  nmisl  i;ani;rcnc  tlir^iii;;li  siilis<i|Uinl  r\a|)onilion . 
or  liv  1  tic  absorption  of  tluiils  from  tlir  surroiinilin^;  tissues 
a  ilrv  pmjircnc  may  be  converteil  into  tlie  moist  form. 
If  tile  piiifrrene  is  very  foul  siuellliig  it  is  usually  spoken 
of  as  jiiitriil  or  Mjilir  ijn iiijrriif .  The  formation  of  >tas  in 
);an)fn'nous  parts  j^ives  rise  to  the  condition  kni>\vn  as 
fiiili/<!/Miiiiili'iiii;iiiiiffrthf.  If  the  I  issues  alTecled  conliiined 
much  bloiMl  l)efore  death,  they  become  black  or  greenish 
ill  color  |W<;<'/l'.'/<i'','/'"<''ic);  if  amcinic.  they  may  remain  li;;ht 
ill  color  tlioU);h  always  discolored  to  some  extent  (irA//.' 
yiiniin III).  Clinically  ititriii  and  O'lil  ffiiiii/tviie  corri'S|iond 
(o  these  forms  rcsiwctively.  the  presen<e  of  heat  depend 
ing  upon  the  How  of  IiIimhI  in  the  neijihboring  tissue,  the 
warmth  bciiii;  most  markeil  when  there  is  a  severe  reac 
live  intlammation  abimt  tlu'  pin.i;renous  area.  Black 
panitreiie  may  become  a  cold  form  liy  the  complete  shvit- 
tini:  oil  of  the  bliMid  supply. 

/>;■//  diini/niii. — The  evaporation  of  fluids  from  the 
surface  of  piiii;reiious  tissues  e.\pos<(l  to  the  air  gives  to 
the  dead  part  an  appcaninee  somewlial  resiMiibliiig  that 
of  mummy  tissue.  The  drying  of  the  umbilical  cord 
may  be  taken  as  a  physiological  prototype  of  this  proc- 
ess." Piilrefa<"lioii  g«x'S  on  very  slowly  in  the  dried  mass 
ami  may  cease  entirely.  Only  rarely,  however,  does 
niummitlcation  of  necrosed  tissues  occur  without  some 
putrefiiclive  changes.  TImic  is  almost  always  an  odor 
about  I  he  parts  involved  in  dry  gangrene  anil  this  is  in 
itself  an  evidence  of  the  occurrence  of  putrefactive  proc- 
es-ses.  The  («lor,  however,  is  always  much  less  marked 
than  in  thecasi'of  moist  gangrene.  Dry  gangrene octuis 
most  fricpieiitly  in  the  parts  of  the  body  most  exposed  to 
eva|>or.ition ;  gangrene  of  the  lips  of  the  cars,  nose, 
lingers,  and  t(H's  is  almost  always  of  this  variety.  The 
loss  of  the  epidermis  is  a  favoring  factor. 

In  the  great  majority  of  ca.ses  dry  gangrene  is  due  to 
arterial  or  venous  obstruction  through  embolism  or 
thrombosis,  whenever  the  collateral  circulation  is  insulli- 
cient  to  keep  up  the  nutrition  of  the  afrected  part.  It 
occurs  freipienlly  after  freezing,  the  peripheral  vessels 
being  occludeil  by  tlirombi.  Severe  burns,  as  well  as  the 
efTecis  of  strong  corrosives,  are  fie(|uently  followed  by 
dry  gangrene.  It  is  as  a  rule  fotiiid  in  ergotism  and  the 
svminetrical  gangrene  of  liayiiaud's  disease,  aud  occurs 
frei|Ueiitly  in  diabetes  and  in  cases  of  senility  with  vas- 
cular changes,  especially  in  indivi<luals  whose  general 
nutrition  is  lowered.  The  fcetus  papyraceus  is  considered 
by  some  authors  to  be  an  example  of  dry  gangrene,  the 
niiimmilication  of  the  dead  fiettis  being  caused  by  pre- 
mature loss  of  the  amniotic  fluid  and  the  pressure  exerted 
upon  the  former  by  its  living  twin.  In  the  absence  of 
putrefactive  changes  this  condition  can  hardly  be  re- 
garded as  being  of  the  nature  of  gangrene. 

Moist  Giiiiijiiiie. — This  form  (Mciirs  very  fretjuently 
after  s<-vere  traumatism  to  Hie  extremities,  especially 
contusions  and  crushing  with  n'sulting  .great  injury  to 
the  bloml- Vessels.  It  follows  obstruction  of  the  venous 
circulation  more  quii-kly  than  that  of  the  arterial.  Dia- 
betic gangrene  is  n<it  infreciucntly  of  this  form,  senile 
more  rarely  so.  It  may  occur  in  the  course  of  the  acute 
infectious  fevers,  either  in  the  skin  or  in  the  mucous  mem- 
bnines.  It  forms  a  feature  also  of  certain  skin  diseases. 
Pecubilus  (bed  sores),  malum  perforans,  hy.sterical  gan- 
grene, noma  of  the  mouth  and  genitals  are  varieties  of 
moist  gangrene  The  internal  and  external  female  genitals 
may  suffer  moist  g;ingrene  from  mechanical  injury  re- 
ceived during  severe  labor  or  as  the  result  of  infection  fol 
lowing  childbirth.     Of  the  internal  organs  the  lungs  are 
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abs<-ess.  ateleetu-i- 
I'ressiire  upon  > 
branches  of  the  \ 
or  aneurisms  not  inln  i|i.<  ullt 
followeil  by  iiioiHl  gaiigreiii'  \.' 
the  mesenteric  arteriis  with  iiitnK  ti  .i,  .| 
is  always  followed  by  moist  giiugnne. 
structioii.  intussusception,  stningulali  d  li 
lion  or  stningiilation  of  the  iippi  nilix  i. 
inoisi  gangrene  of  the  alTecied  parts  Tr  ^ 
to  the  pancreas  or  iiillammatioii  of  ' 
known  causes  may  give  risi'  to  ni'.. 
grciioiis  pancreatitis).  Torsion  of  the  piiliile  ol  new- 
growths,  floating  spleen,  kidney,  etc.,  may  by  Khiilling 
olT  the  bloiHl  supply  caus<'  a  necnisis  which  through 
secondary  infection  often  beci>nies  gangrenous.  Inliltru- 
lion  of  the  perineal  tissues  with  urine,  excessive  (ideinn. 
extreme  pius.sive  congestion,  are  also  conditions  leading 
to  moist  gangrene.  Gangrenous  inflammation  of  thi-  uri- 
nary bladder  may  Im-  caused  by  loog-coDliuucd  rclenlion 
of  urine. 

<lii»ii  Apiienrnnetii. — Dry  gangrene  is  usually  circuni- 
scrilx'd.  The  alTecled  part  becomes  discolored,  yellow, 
brown  or  black,  though  in  rare  cases  the  dead  tissues  may 
appear  bloodless  an(l  pale.  The  consistence  of  the  part 
may  be  hard  and  tough.  In  advanced  stages  the  necrotic 
area  resembles  leather  or  mummy  skin.  An  rnlor  of  pu- 
trefaction is  usually  present  in  the  early  stages,  but  is 
never  very  marked.  The  process  of  mummitiaition  may 
be  preceded  by  the  formation  of  vesicles  or  blebs  which 
rupture  leaving  the  coiium  denuded.  Evaporation  is  in 
this  way  greatly  aided.  In  many  cases  the  skin  remains 
intact,  and  in  this  event  the  amount  of  putrefactive 
change  may  be  very  slight. 

Jloist  gangrene  is  characterized  particularly  by  a  foul 
odor  and  progressive  softening  of  the  affected  area.  The 
color  is  usually  redilish  purjile  in  the  early  stages,  but 
later  becomes  dark  brown  or  black  from  the  changes  oc- 
curring in  the  blood  pigment.  If  hydrogen  sulphide  is 
formed,  the  color  becomes  greenish  from  the  formation 
of  a  hydrogen-sulphide  compound  with  the  iron-contain- 
ing blood  pigment  (pscudomelanfisis).  Blelis  are  usu- 
ally formed  in  the  skin ;  these  contain  dirty-brown  fluid 
which  derives  its  color  from  broken-dow  n  blood  pigment. 
Ultimately  the  entire  part  alTected  becomes  very  soft  and 
partially  "liquefied.  Willi  the  growth  of  putrefactive 
bacteria  in  the  dead  tissues  the  various  phenomena  of 
putrefaction  are  presented  exactly  as  in  the  cadaver. 
Hydrogen  sulphide,  anmionia.  iiidol.  skatol.  fatty  acids, 
amins.  carbonic  acid,  and  other  gases  which  give  rise  to 
the  very  marked  fa'tid  odors  chai-.icteristic  of  this  process 
are  formed,  and  as  the  result  of  gas  formation  a  local  or 
widespread  emphysema  may  occur.  The  fluids  arising 
from  the  liquefaction  of  the  dead  tissues  or  from  the  in- 
filtration  of  lymph  are  also  discolored  by  the  destruction 
of  the  blood  pigment. 

Between  the  living  and  dead  tissues  in  both  dry  and 
nioi.st  gangrene  there  is  usually  a  more  or  less  sharply 
marked  line  of  demarcation  which  represents  the  point  at 
which  necrosis  and  juitrefaction  cease.  At  this  boundary 
line  there  is  very  frequently  present  a  zone  of  inflam- 
matory reaction,  "particularly  in  dry  gangrene  and  those 
forms  of  moist  gangrene  due  to  vascular  changes.  In 
other  varieties  ofmoist  gangrene,  particularly  in  that  oc- 
curring in  diabetes,  ncitlierthe  inflammatory  zone  nor  a 
sharp  demarcating  line  is  present.  In  advanced  stages  of 
moist  gangrene  sequestration  of  the  dead  tissues  from  the 
living  may  occur,  and  the  former  either  be  cast  olT.  ah 
sorbed,  organized,  or  calcified,  etc.  When  internal  the 
gangrcnovrs  area  usually  becomes  encysto<l.  In  liard 
parts,  cartilage,  bone.  etc..  the  process  of  sequestration 
is  much  slower  than  in  softer  tissues. 

Micrnwopicnl  Ap}ienr<inct.i.—ThQ  diflTerential  diagnosis 
of  moist  gangrene  from  other  forms  of  necrosis  by  means 
of  the  microscope  depends  entirely  upon  the  presence  of 
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putrefactive  bacteria  and  tlie  cliemical  i>ro(lucts  of  pii- 
trefiiction.  Seclions  of  tissues  in  ii  state  nf  iliy  tranjrnnc 
sliow  a  inarkid  sliriiikiii!;  iif  tlie  (ills  ami  ilisiippiaraiKe 
of  llie  luielei,  the  cliaiij;es  n'scmliliiii:  very  imiili  those 
occurring:  in  tlu'  limny  layer  of  tin'  cpideiiiiis.  If  putre- 
factive eliau_i;es  have  lieeii  slight.  Uu'  nuclei  may  stain 
faiutly,  even  for  some  lenjrtli  of  time  after  the  advent  of 
necrosis:  ami  the  outlines  of  the  cells,  tliowfih  preatly 
slirunken.  may  still  show.  In  ailvaneed  stajres  of  evap 
oration  the  dry  tissues  liecome  hyaline  and  hornlike,  re 
sistinj;  cutting.  In  the  blocMl-vessels  dlsintegniled  red 
blood  cells  are  found,  often  forming  brownish  or  yellow 
hyaline  clumps.  If  moist  gangrene  preceded  the  evapo- 
ration, the  chemical  pro<lucts  of  decomposition  as  well  as 
evidences  of  greater  disorganization  of  the  tissues  will  be 
presi-nt. 

In  moist  gangrene  the  tissues  show  either  a  simi)lc, 
cheesy,  coagulation,  or  liquefaction  necrosis;  or,  as  is 
usually  the  ease,  all  of  these  forms  of  necrosis  may  be 
present  in  different  parts  of  the  sections.  Necrosis  of  the 
parenchymatous  cells  tirst  takes  place,  the  nuclei  disap- 
pear, and  the  cells  become  liuid  or  granular.  Fatty  de- 
generation of  an  extensive  degree  is  often  present.  Mus- 
cle cells  lose  their  striations,  swell,  and  tiually  fragment 
or  lifpiefy.  Zenker's  necrosis  is  usually  present  to  a 
greater  or  less  degree.  Adipose  tissue  and  nerve  sheaths 
break  up  into  free  fat  or  fatty  acids.  A.\is  cylinders 
may  either  fra.gment  or  librillale.  Connective  ti.ssue.  yel- 
low elastic  tissue,  fascia,  cartila.src  and  bone  are  changed 
more  slowly,  but  all  tissues  may  ultimately  become  liipie- 
fied.  Hemorrhages  are  preseni  in  the  earlv^  stages,  usu- 
ally by  diapedesis  from  the  early  degenerative  changes 
in  the  vessel  walls.  Rupture  of  the  damaged  vessels 
may  also  occur.  Disintegration  of  the  extravasated 
blood  takes  place,  and  brown  or  yellowish  granules  of 
ha'matoidiu  and  h.-emosiderin  are  formed  from  the  diffused 
luemogloljin.  If  hydrogen  suliibide  is  jireseut,  black 
granules  of  hydrogen  suliihide-bainosideriu  are  formed 
(pseudomelauin).  Crystalline  pigments  derived  from 
ha-moglobin  may  also  be  present.  Fatty-acid  crystals, 
tyrosin.  leucin.  eliolesterin,  crystalline  aud  amorphous 
phosphates  and  carbon.ates  may  be  formed  as  interme- 
diate or  end  products  of  the  putrefactive  process.  The 
coffin-lid  crystals  of  calcium  phosphate  are  often  abun- 
dant. Hy  means  of  proper  staining  methods  the  pres- 
ence of  ])utrefaclive  organisms  in  large  numbers  may  be 
demonstrated.  If  the  process  has  advanced  slowlj' aud 
the  reactive  inflammation  is  markeil.  the  dead  tissues 
maj'  contain  large  luunbers  of  leucocytes  which  also  ne- 
crose ultimately,  but  retain  their  staining  power  nuich 
longer  than  the  tissue  elements.  At  the  line  of  demarca- 
tion there  is  often  an  extensive  formation  of  tibrin  in  the 
lymiih  spaces  and  also  coagvdation  of  the  blood  in  the 
blood-vessels.  Beyond  this,  toward  the  living  tissue 
there  is  a  more  or  less  well-marked  zone  of  inlhimmalion. 
If  the  gangrenous  process  comes  to  a  standstill,  granula- 
tion tissue  may  be  formed  at  the  line  of  demarcation 
gradually  encapsulating  the  dead  area.  The  latter  may 
shrink  away  from  the  border  and  be  east  off  as  a  sphac- 
elus or  slough,  or  it  may  be  gradually  disposed  of  in  the 
slow  pr<icess  of  healing  by  organization.  If  internal,  the 
encapsulated  mass  of  dead  tissue  may  imdergo  calcitica- 
tion  or  li(piefy.  in  the  latter  case  forming  a  cyst. 

V.vuiF.TiEs  OK  G.\N<MtKN-E. — In  the  circiunscribed  form 
the  line  of  demarcation  shows  a  zone  of  marked  iutlam- 
matory  reaction,  and  the  necrosed  part  is  either  cast  off 
as  a  slough  or  encysted.  In  the  diffusely  spreading 
forms  there  is  no  limitation,  and  the  process  advances 
until  the  deal h  of  the  individual  occurs  or  the  necrosed 
portion,  together  with  the  cause  of  the  gangrene,  is  re- 
moved from  the  body  by  surgical  operation.  In  these 
ca.ses  the  tissue  resistance  is  either  greatlv  lowered  or  the 
poisons  produce<i  by  the  infecting  bacteria  infiltrate  the 
surrounding  lymph  spaces  causing  a  spread  of  the  necro- 
tic process,  or  the  bacteiia  have  the  ]iower  of  invading 
and  destroying  tissue  not  previously  damagi^d.  In  the 
circumscribed  form  the  infection  is  less  virulent  or  the 
surrounding  normal  tissues  are  able  to  resist  the  spread 


of  infection.  In  metastatic  gangrene  bacteria  are  carried 
through  the  blood  or  lymph  anilset  up  secondary  foci  of 
intlammatiou  and  gangrenous  necrosis.  This  can"  happen 
<iiily  in  the  case  of  primary  gangrene,  dua  to  infection 
with  a  s]ic-cific  organism. 

Siiile  dunlin  III . — This  is  usually  of  the  dry.  circum- 
scribed form,  and  is  due  almost  wholly  to  disturbed 
circulation  from  arterio.sclerotic  changes,  thrombosis, 
embolism,  etc.  Chronic  wasting  di.seases,  poor  nutriti<m, 
weakened  heart's  action,  exposure  to  cold,  etc.,  are 
favoring  factors.  The  lower  extremities,  more  often  the 
left,  are  chiefly  affected. 

Diiibitic  (riiiigiriii'. — The  gangrenous  processes  which 
occur  nither  frequently  in  comuclion  with  diabetes  are 
more  probably  the  result  of  arterial  disease  than  of  some 
more  obscure  cause  dependent  upon  or  associated  with 
the  altered  metabolism  existing  in  this  disease.  Wallace 
(St.  James'  Ilosjutal)  examined  twenty-four  cases,  in 
twenty-three  of  which  he  foimd  decided  atheroma.  The 
views  most  commoidy  held  at  luesent  incline  toward  the 
belief  that  gan,grene  never  occurs  in  diabetes  without  the 
presence  of  arterial  changes  sufficient  in  themselves  to 
have  caused  it.  The  extremities  are  chiefly  afTected  and 
the  dry  form  is  more  common,  but  moist  gangrene  is  not 
iufre(juent.  It  has  been  stated  that  diabetic  gangrene 
dilTered  from  other  forms  in  that  no  sharp  line  of  demar- 
cation or  zone  of  inflammatory  reaction  is  present.  Re- 
cent observations  show  no  essential  differences  between 
diabetic  gangrene  and  any  other  form  due  to  arterial  ob- 
struction. Cutaueous  .gangrene,  moist  .gan.grene  of  the 
lungs,  etc.,  have  also  been  observed  in  association  with 
diabetes,  but  must  be  regarded  as  coincidences.  Favor- 
ing factors,  such  as  disturbed  nutrition,  central  nervous 
disturbances,  etc.,  no  doubt  exist  in  diabetes,  but  the 
primary  cause  of  the  gangrene  which  occurs  in  this 
disease  is  to  be  sought  in  other  conditions  than  the 
distiu'bed  metaljolism. 

<fiiiii/i-t)ie  irilh  Acute  Infectionx. — Gangrene  may  occur 
as  a  rare  complication  of  any  one  of  the  acute  infections, 
particularly  in  measles,  varicella,  scarlatina,  diphtheria, 
typhus,  typhoid  fever,  and  malaria.  In  varicella  and 
scarlatina  it  usually  occurs  several  weeks  after  the  at- 
tack. The  .gangrene  is  usually  multiple  but  not  sym- 
metrical. The  skin  aud  adjacent  structures  are  more 
frequently  affected  than  the  extremities,  and  usually 
no  previims  vascular  disturbance  is  noticed.  It  occurs 
more  frequently  in  cachectic  children,  but  also  in  those 
ai)parently  in  .good  nutrition.  The  gangrenous  process 
may  affect  the  eyelids,  c(raiunetiva,  ears,  mucosa  of 
mcnith,  lijis,  and  adjacent  structures  (noma,  canerum 
oris),  external  genitalia,  particularly  those  of  the  female. 
The  term  noma  has  come  to  be  applied  to  all  of  these 
forms,  as  well  as  to  spontaneous  ,gan.greiie  of  these  re- 
gions occinring  without  any  relation  to  the  acute  infec- 
tious fevers.  It  is  undoubtedly  a  specific  infection  and 
a  number  of  micro  organisms  liave  been  described,  but 
the  diphtheria  bacillus  seems  to  be  the  one  most  con- 
stantly present. 

Spontaneovis  gangrene  is  reported  also  as  occurring  in 
pertussis,  acute  rheiuuatism  without  apparent  cardiac 
involvement,  beri  beii.  influenza,  croupous  pneumonia, 
erysipelas,  catarrhal  jaundice,  and  in  association  with  in- 
fantile syphilis.  In  the  majority  of  these  cases  no  bac- 
teriological examination  was  made,  and  the  exact  nature 
of  the  process  renuiins  unknown.  In  the  case  of  erysip- 
elas, a  number  of  instances  are  reported  in  which  gan- 
grene was  caused  by  long-contintied  application  of  cold 
to  the  affected  parts.  Under  these  circumstances  the  re- 
sulting throml)osis  of  the  ))eripheral  vessels  is  sufficient 
to  account  for  the  gangrene. 

Miiltip}e  Giingrenc. — There  are  three classesof  multiple 
gan.grene : 

1.  Raynaud's  Disease.  In  this  condition  there  are  pre- 
viouslv  well  marked  vascular  disturbances  in  the  extrem- 
ities as  shown  by  syncope,  asphyxia,  or  hyperemia.  The 
.gangrene  is  often  symmetrical,  and  is  ustially  slight  in 
extent,  being  confined  to  the  lingers  or  toes,  more  rarely 
to  the  tips  of  the  ears  or  nose  tip.     The  disease  occurs 
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clik-fl.v  ill  iiciirotir  and  poorly  noiirUliMl  inil!%'idi|ulii  of 
early  iiiliilt  life.  It  him  Im'Cii  rcpinlril  iis  u  (rmiv'ri'nc  dm- 
to  iropliii'  (lisHirl«iii(i'H  of  ci-iitrul  iirixiii.  Imt  llu'  ih'itokIh 
JN  III  Ih'  liMiki'tl  iipiiii  IIS  m'ciiiidury  to  viuwiilur  pliciioiiiuiiii 
of  viiso  iniitor  orij;iii 

'i    Multiple  Spiiiiliiii IS  (fiiiifrrciic  OcnirTini;  in  Yoiiiifi 

anil  .Mlilcllr  Ai;i'il  liiillviiluuls  witlmiii  Olivimis  Cuiist'. 
TluS4'  casis  iif  s<i  cnllril  idii>jiallii>'  >raii>;rriir  liiivc  lifcli 
n'portiil  ill  liircc  iiiiinlicrs.  In  very  fi'W  of  tliciii  was  u 
bai't<'i'ii>li>i;i('al  or  piiliiolii;^riral  study  curried  out,  uiid  it 
is  very  proliatilr  tliat  tlir  majority  were  due  lo  vusculur 
filistruclioii  or  spiiitir  ilifcrtioli. 

;i  Mwlliplr  Spontaneous  (iaii):r<'ne  with  Acute  Infec- 
tions. Miillipli'  patrlies  of  L;aiii.'iriii'.  mil  syininetrical. 
occur  as  complications  of  acute  infictions.  measles,  ty- 
phoid, lypliiis.  scarlatina,  diphtheria,  anil  malaria.  The 
skill  and  adjuccnl  tissues  are  mure  frei|iiently  alTected 
than  the  extremities.  No  |irivioiis  vas<-ular  disturbances 
have  lieen  observed.  In  typhoid  fever  the  complication 
of  i,'ani;rene  occurs  most  often  in  the  male,  ami  is  found 
in  order  of  its  occurrence  in  the  left  le;;.  carotid  re/;ion. 
niiseniiry.  and  cheek.  Ill  Ine  niajnrily  of  these  cases  an 
enilarterilis  is  fmind  at  autii|i>y.  while  in  other  cjuses  the 
);ani;ieiie  siems  to  result  from  the  to.\ic  action  of  the 
products  of  the  typhoid  bacillus.  Weakened  circulation 
und  impaired  nutrition  are  favoring  factors. 

Miun'/Hit/iic  (liiiiiiiiiK . — III  pans  of  the  body  afTecled 
by  sensory  or  motor  paralysis  sli.ulil  injury,  such  as  lonj;- 
contiiiueil  pressure,  very  frei)uently  produces  iran.irreiie. 
This  occurrence  has  been  explained  as  beiiiL'  due  to  the 
removal  of  trophic  lurve  inlliieiice,  but  it  has  not  yet 
been  conclusively  prnved  that  the  complete  cuttini;  oil' 
of  the  nervous  supply  of  a  part  is  in  itsilf  siiHicient  to 
cause  gan.irrene.  The  cause  is  much  rather  to  be  sought 
in  circulatory  disturbances  and  secondary  infections. 
Raynaud's  disease  anil  other  forms  of  symmetrical  gan- 
grene have  been  regarded  as  neuropathic  alTections.  but 
are  probably  ilepeiideiit  upon  vascular  disturbances. 

More  properly  to  be  regarileil  as  niuinpathic  are  those 
cases  of  hysterical  gangrene  in  which  iiniler  mental  ex- 
citement, liysierical  crises,  or  apparently  under  the  con- 
trol of  the  will  gangrenous  areas  are  lormed  in  tlio  skin. 
These  arc  usually  sharply  circumscribed,  and  are  pre- 
ceded by  various  vascular  phenomena  which  make  it 
evident  that  vasomotor  disturbances  ])lay  the  chief  role 
in  their  prinliiction.  In  many  of  these  ca.ses  there  have 
been,  however,  undoubted  evidences  of  fraud  on  the  part 
of  the  patient,  and  it  has  been  shown  that  the  gangre- 
nous areas  were  self  iiitlicted  and  were  produced  by  ap- 
plications of  hydrochloric  acid,  acetic  acid.  Paris  green, 
caustic  i>olash,  green  soa]).  concentrated  brine,  or  by 
methods  unknown.  The  gangrenous  areas  in  these  cases 
are  irregular,  of  varying  depth  of  loss  of  tissue,  and  do 
not  concsiiond  lo  tlie  course  of  either  ves,scls  or  nerves. 
The  existence  of  true  hysterical  gangrene  cannot  be  re- 
garded as  an  impossibility,  but  it  is  lo  be  explained  on 
the  hypothesisof  vaso  imitor  disturbances  and  not  as  evi- 
dence of  reiiinval  of  trophic  inliueiice. 

Lepra  mutilans,  noma,  acute  decubitus,  etc.  have  also 
Iwen  regarded  as  examples  of  neuropathic  gangrene,  but 
the  majority  of  conditions  so  considered  have  been  found 
to  depend  upon  vascular  and  nutritive  changes  or  spe- 
cific infection.  Multiple  gan,i.'reiie  of  the  .skin  is  also  said 
to  occur  in  excessive  iodism,  and  it  is  probable  that  some 
of  the  suppo.si'd  hysterical  cases  may  be  explained  by 
this  fact. 

Trniimntic  Oaugrene. — This  is  frequently  produced  by 
nipture  of  the  inner  arterial  coats.  Simple  contusion 
over  an  artery  without  injury  to  the  skin  may  cause  rup- 
ture of  the  inner  coat  witli  resulting  thrombosis  and  gan 
grene.  Circumscribed  rupture  of  the  inner  coat  occurs 
especially  in  the  case  of  fractures.  The  intima  may  be 
rolled  up  within  the  ves.sel  blocking  the  lumen.  Dislo- 
cations, especially  those  of  the  shoulder  joint,  through 
injury  or  compression  of  the  vessels  may  cause  gangrene 
secondary  to  thrombosis.  In  severe  trauma  wiih  result- 
iiiic  disorganization  of  the  tissue  gangrene  results  from 
secondary  iufection  of  the  dead  part.    In  the  case  of  open 


wouiKJR  without  clestnictlnn  of  tliwue  primurr  gHngrt-ne 
inav  be  caused  by  direct  infection  with  Niwclflc  Imcleriu. 

//otliitiil  Oiiiii/riiif. — This  form  of  wound  gnngnne.  ho 
common  iiiid  so  disastrous  in  its  reMilts  diirlng  the  Civil 
War.  has  practically  disappiareil  It  r.  pnsciited  a  H|>e- 
cillc  infectiim.  Ihe  cause  of  whiili  is  umI  known. 

/■,'H^/lA.vw»/<l^/'/^  (iiiiii/ri  III  ((iaiigrini-  I'liudroyantc, 
C!iis<-oiiH Cellulitis.  Oas  I'lilegmon.  Infii  live  Kni|ihvM'iiiu, 
etc.).  In  gangrene  with  gas  formation  the  liucilliM 
aPro^enes  capsulalus  is  the  most  coiiiiiionly  occurrinK 
specilh-  causi-.  The  colon  and  proleiiH  bacilli  iire  doubt  fill 
factors,  Facultulive  anaerobic  bacilli  resembling  colon 
bacilli  may  produce  the  condition,  and  olliir  forms  of 
bacteria  have  biiii  described  as  causal  agents,  but  their 
exact  relation  lo  the  priK-e.ss  is  not  clear.  The  H.  aProgene* 
capsulaliis  is  widely  distributed  in  soils,  dust.  etc.  and 
is  present  in  Ihe  intestine  and  probably  in  other  parts  of 
the  normal  living  body.  Ga.seoiis  gangrene  may  also  Ixj 
producrd  by  infeiiion  with  anthrax  and  malignant 
ledinia,  but  it  is  probable  that  some  of  the  cases  regarded 
as  malignant  leilema  in  the  human  body  were  in  reality 
cases  of  infection  by  the  1$.  aCrogeiies  capsulatns. 

The  organism  cnli  is  through  open  wounds,  particu- 
larly those  associaliil  with  contusion;  but  may  follow 
ligation  of  arieries.  or  Ihe  avenue  of  infection  may  be 
through  Ihe  uterus  after  abortion  or  delivery.  The  in- 
fection is  verj'  virulent  ;  at  the  point  of  cntnince  there  ig 
a  rapid  necrosis  with  gas  fornialion.  The  entire  surface  of 
Ihe  body  may  become  emphysematous.  At  autopsy  the 
internal  organs  have  a  characteristic  sponge  like  apjicar- 
ance  from  Ihe  formaiiim  of  numerous  small  gas  buliblcs 
Ihroughout  the  tissues.  In  these  numerous  bacilli  may 
be  found.  The  blood  in  the  heart  and  great  vessels  is 
foamy.  It  is  probable  that  some  of  the  cases  of  supposed 
air  embolism  are  due  to  infection  with  this  organism. 
The  presence  of  gas  cysts  or  foamy  blood  in  the  cadaver 
several  hours  after  death  cannot  be  regarded  as  of  great 
palhologiial  sigiiiliiaiice,  inasmuch  as  this  organi.sm, 
which  is  probably  frequently  iireseni  in  the  normal  body, 
may  develop  under  favorable  conditions  with  great 
rapidity  in  the  dead  body. 

J'i>.)ie  iimi/jmif. — The  most  familiar  fornt  of  gangrene 
due  to  poisons  is  that  produced  by  ergot.  The  ends  of 
the  extremities  are  cliielly  affected,  the  gangrene  is  usu- 
ally' of  the  dry  form,  and  is  caused  by  the  action  of  the 
ergot  in  producing  contraction  of  Ihe  peripheral  vessels 
with  tliroinbosis.  .Sloughing  gangrene  of  Ihe  cndo 
metriuni.  bladiler,  and  skin  may  also  be  produced  by 
long  (oiiliiuicd  medicinal  use  of  ergot. 

li'itiitinn-Iiiii/  diDii/iiiw. — Gangrenotis  dermatitis  has 
followed  prolonged  exposure  to  j-rays.  The  condition 
develops  several  weeks  after  exposure  and  is  slow  in 
healing.  The  exact  relation  of  these  cases  to  the  alleged 
cause  is  not  yet  apparent. 

CiirlmUcAcid  (ranf/reiie. — Dry  gangrene  lias  been  pro- 
duced in  a  number  of  cases  by  prolonged  application  of 
curbolii-acid  dressings,  even  when  weak  solutions  were 
used.  The  lingers  and  toes  were  the  parts  affected  in  the 
majority  of  cases;  in  one  instance  the  eyelids  were  in- 
jured. 

Giniffiriie  of  Pidicrcnx. — Traumatic  injuries  of  the  pan- 
creas or  inflamniatory  conditions  of  this  organ  may  lead 
to  gangrene.  Self-digestion  by  the  pancreatic  juices  is 
probably  the  first  step  in  the  process,  infection  from  the 
intestine  the  second.     Fat  necrosis  is  usually  i>resent. 

Iili'i/xitliir  Giiiir/reiie. — According  to  recent  observers  the 
,so  called  idiopathic  gangrene  occurring  in  children  is  al- 
ways secondary  to  arterial  thrombosis.  In  the  new-bom 
it  is  frequently  a.ssociated  with  congenital  syphilis.  Gan- 
grene of  penis  and  scrotum  in  the  new-born  has  been  ob- 
st'rved  a  number  of  times  in  connection  with  thrombosis 
of  the  renal  and  spermatic  veins.  The  cause  is  unknown. 
In  the  adult  gangrene  of  the  .same  region  occurs  from 
primary  infection,  or  rarely  as  the  result  of  emliolism  or 
throinliosis.  The  gangrene  of  the  extremities  observe<I 
in  cases  of  premaliiie  labor  is  probably  due  to  thrombosis 
or  pos.sible  primary  infection. 

i^iieUf. — Besides  the  eid  products  of  decomposition 
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mentioned  above,  ptomiiYns  are  produced  in  tlie  gangre- 
nous area.  These  are  for  I  lie  fiic^aler  pari  (lilTusitile  and 
readily  absorbed  into  Ihe  eireulalioii,  piodiieiiii:  tliesys- 
tenne  elTeels  of  ganjirene.  Tlie  iiiteiisily  of  llie  general 
svinploiiis  in  any  ease  will  depend  upon  tlie  aniouni  and 
character  of  llie  poisons  produced  in  the  gangrenous  tis- 
sues, the  amount  and  rapidity  of  the  al)sorption,  and  the 
resistance  of  the  jiatienl.  The  intoxication  may  be  so 
severe  as  to  cause  death,  or  the  gangrene  may  progress 
until  deatli  is  brought  about  by  the  involvement  of  vital 
parts,  or  the  gangrenous  area  may  become  einumscribed, 
be  cast  olT  as  a  slough,  or  organized,  ealeiti(Ml.  or  en<'vsled. 
Portions  of  dead  e.vlremities  may  drop  olf  spontaneously, 
or  through  operative  procedures  the  gangrenous  portion 
may  be  removed.  Aldrcd  Smtt  Waithiii. 

GANGRENE.  .SUrtGICAL.)— The  term  gangrene,  and 
its  synonyms,  moriilieation  and  sphacelus,  are  employed 
by  the  surgeon  to  denote  the  death  and,  in  most  eases, 
the  subse(|uent  decomposition  of  a  circumscribed  portion 
of  tis.sue  on  some  exposed  ]iart  of  Ihe  body.  Necrosis  is 
a  term  extensively  used  by  surgeons  to  denote  the  death 
of  a  cireumscribe<l  portion  of  bone,  whilst  pathologists 
employ  it  to  express  the  deatli  of  a  portion  of  tissue,  be- 
longing to  some  inlernal  organ,  that  lias  been  cut  off  from 

its  necessary  bl 1  su|)ply.     Such  necrosis  is  unaeeom- 

panied  by  bacterial  decomposition ;  it  is  absorbed  and 
replaced  by  the  formalion  of  blood-vessels  and  new 
tissue. 

Etioi.ocy  axu  P.\Tnoi,o(!Y. — A  general  division  of  the 
ttiuses  of  gangrene  into  traumatic,  physical,  and  infec- 
tious may  be  made,  but  it  is  evident  that,  whether  the 
local  fieath  of  a  part  is  iiroduced  by  mechanical  violence 
or  by  other  causes,  the  result  must  be  the  same — namely, 
an  interference  or  arn-st  of  the  nutrition  of  the  part  due 
to  otistruction  of  the  circulation.  Nutrition  is  interfered 
with,  or  arrested,  by  o/iKlrnclioii  in  I/h'  artcricfi.  such  as 
occurs  in  cases  of  gunshot  wounds;  by  ruptures  due  to 
mechanical  violence;  liy  compression  or  ligature;  liy  dis- 
ease of  the  artel ial  coats;  by  pressure  of  a  tumor  in  the 
adjacent  tissues,  or  l)y  a  thrombus;  by  olMnirtion  in  the 
cnpilliiries.  which  may  luoduce  complete  ana;mia  of  the 
part,  and  which  is  due  to  pressure  upon  the  capillary 
walls  l)y  tumors,  by  extiavasated  blood  or  tilirin,  or  by 
superficial  pressure  from  bandaging.  The  observation 
tliat  tight  bandaging  would  occasionally  produce  gan- 
grene is  as  old  as  Hippocrates,  who  dislinclly  refers  to 
it.  Anything,  therefore,  which  will  produce  long-con- 
tinued stasis  in  the  capillary-  circidaiion  of  a  part, — 
whether  it  Ije  medianical  violence,  intlammatorv  change. 
the  internal  administration  of  certain  drugs,  the  action  of 
chemicals,  or  some  obstruction  in  the  veins  sutlieienlly 
pronounced  to  prevent  conipletcly  the  return  circulation, 
— must  neccssiirily  result  in  gangrene  of  that  part. 

Li't  us  now  examine  thes('  causative  states  .somewhat 
in  detail.  Obstruction  to  the  arterial  circulation  occurs 
in  consequence  of  gunshot,  lacerated,  and  incised  wounds, 
whenever  the  artery  is  torn  or  cut,  and  this  obstruction 
results  in  gangrene  whenever  the  collateral  circulation 
fails  to  become  established.  The  plates  accompanying 
this  article,  from  the  "^Medical  and  Surgical  History  of 
the  War  of  the  I{<'bellion,"  show  cases  of  tliis  kind  with 
great  distinctness.  Pressure  upon  arteries  during  the 
treatment  for  aneurism  has  also  proiluced  gangrene. 
Surgeon  Fessemlen.  of  the  Marine  Hospital  Service,  has 
reporlcd  a  case*  in  which  compression  was  applied  to  the 
popliteal  artery,  .just  above  an  aneurism  of  that  vessel, 
for  (UK-  hour,  when  pulsation  cea.sed  in  the  tumor;  three 
days  later,  it  was  noticed  that  sensibility  was  lost  in  the 
foot  and  leg,  which  became  very  much  discolored,  and 
there  occurred  blebs  on  the  foot;  a  day  later  the  entire 
foot  an<l  leg  were  gangrenous,  and  amputation  was  per 
formed. 

Coagula  {thrombi)  may  form  in  the  arteries  as  a  result 
of  chronic  endocarditis  or  endarteritis.  Obstruction  to 
the  capillaries  is  a  prolific  source  of  gangrene      It  is 

•  U.  S.  Marine  Hospital  Reports,  1882,  pp.  160-162. 


in  them  tlwt  the  effect  of  diminished  cardiac  power  is 

most  manifest,  especially  in  the  i)arts  remote  from  the 
heart.  Chronic  exhaustive  disciLses,  senile  and  giiu'ial 
debility,  therefore,  ari'  important  factors  in  the  produc 
lion  of  gangrene.  Gangicin'  from  the  administration  of 
ergot  is  produced  by  the  elfeet  of  th<;  drug  on  the  ar- 
terioles through  llie  vasomotor  nerves,  whereby  these 
ves.sels  are  permanently  diminished  in  calilire.  The  ex- 
periments of  Holmes  (bSTU)  showed  the  etTect  of  ergot 
upon  animals  to  be  manifested  in  the  capillaries,  as  wit- 
nessed in  frogs,  and  Peton  (IHTH)  ob.served  the  con- 
traction of  the  retinal  vessels  in  man  I'eton  bi-lieves 
that  this  (fleet  is  i)roduced,  indeiaiidently  of  any  in- 
fluence upon  file  vasomotor  system,  by  the  direct  action 
of  the  drug  upon  the  muscular  fibres.  N'ikit,  however, 
in  IHT.S,  denied  this,  and  his  investigations  have  led  him 
to  confirm  the  usually  accepted  theory.  In  recent  years 
we  have  learned  to  distinguish  .some  infectious  c;uises  of 
gangrene,  and  also  to  recognize  the  fact  that  carbolic-acid 
solutions  are,  in  certain  cases,  competent  to  induce  this 
condition.  Farther  on,  we  will  consider  these  matters 
more  in  detail. 

Ergotism,  as  a  cause  of  cerfjiin  ejiidemics  of  gangrene 
in  man,  was  first  described  by  Dodard  in  1G7<!,  then  by 
Saviard  in  1004,  ami  by  Noel  in  1710.  The  disease  ap- 
peared in  Switzerland  in  1076,  according  to  Langius  and 
Quas.soud.  It  also  appeared  in  Dauphine  in  17119. 
Duhamel,  in  the  "Memoires  dc  IWeademic  Hoyale  de 
Paris"  for  1748,  states  that  the  disease  was  accompanied 
by  very  great  mortality,  "not  more  than  four  or  five  out 
of  one  hundred  and  twentv  who  bad  been  attacked 
escaped  with  life."  Pereira"(1840)  thinks  that  this  af- 
fection was  known  at  a  still  earlier  period,  and  he  quotes 
a  passa,ge  from  Sigebert  to  sujjporl  his  views  (South): 
■'  l<t89,  a  pestilential  year,  especially  in  the  western  parts 
of  Loraine,  where  many  persons  became  putrid  in  con- 
sequence of  their  inward  jiarls  bi-ing  consumed  by  St. 
.Vnthony's  tire.  Their  limbs  were  rotten  and  became 
coal-black,  they  either  perished  miserably  or,  deju-ived 
of  ineir  hands  and  feet,  were  reserved  for  a  more  miser- 
able life."  It  is  stated  that  "the  bread  which  was  eaten 
at  this  period  was  remarkable  fur  its  deep  violet  color." 

Notwithstanding  the  general  concurrence  of  opinion  as 
to  the  elTecls  of  ergotism  on  man,  it  has  often  bei'ii  denied 
that  it  produced  any  such  etTect  u]ion  animals.  I!l<ick, 
in  1811,  fed  nine  jiounds  of  ergot  daily  to  twenty  sheep 
for  four  weeks  without  any  visible  effect,  and  twenty 
sheep  of  another  lot  ate  thirteen  and  a  half  pounds  ilaily 
for  two  mouths  without  injury.  Thirty  cows  took 
twenty  seven  pounds  daily  for  three  mouths,  and  the  only 
apparent  effect  was  to  injure  the  quality  of  the  cream 
(Pereira).  Tessier,  however,  in  1770,  visited  those  coun- 
tries in  w  liich  the  epidemic  bad  prevailed,  or  was  then 
present,  and  found  that,  although  th(^  quantity  iu'ces.sarily 
varied,  yet  it  linally  produced  the  gangrenous  atTeetiou 
("Memoires  de  la  Societe  Hoyale  de  .Mede<iue,  '  1776, 
1777-78).  Instances  are  not  wanting  of  the  prevalence  of 
gangrene  as  an  epideiuic  among  animals  in  the  rnited 
States.  Dr.  Salmon,  Chief  of  the  Hurcavi  of  Animal  In- 
dustry of  the  .Vgricultural  Department,  in  a  recent  report 
on  this  subject  (IS.s.j),  has  shown  conclusively  that  many 
so-called  epidemics  of  the  "  hoof  and  nioulli  disease"  of 
cattle  are  really  epidemics  of  ergotism.  He  found  nuich 
ergot  in  the  heads  of  "red-top  "  gr5is.s.  in  timothy,  and  in 
the  che.ssor  "cheat,"  as  well  as  in  rye;  and  in  the  |)arlicu- 
lar  epidemic  in  Kansas  which  calleil  out  the  in(|uirv,  the 
ergot  wasfoimil  in  the  hay  fed  to  the  diseased  animals  in 
the  proportion  of  about  one  to  every  sevcnty-tive  iiounds. 
In  these  eases  there  were  sloughing  ulcers  of  the  imuitli, 
ulcers  in  the  rectum,  with  diarrluea,  a  temperature  of  |(H° 
to  104  F  ,  and  a  line  of  demarcation  above  the  hoof  in 
some  cases  as  high  as  the  middle  of  the  li-,ir,  anil  not  iu 
freciucntly  the  ends  of  the  tails  became  gangrenous  and 
dropped  olT  In  an  exhaustive  review  of  the  histiuy  of 
epidemics  of  gangrene  from  ergotism,  Dr  Salmon  cites 
many  instances  to  show  that  nearly  all  the  domesticated 
animals  have  suffered  fnun  the  effects  of  this  poison.  As 
beariug  upon  the  question  of  treatment,  it  is  interesting 


304 


Rf-FERENCE  Handbook 

or     7Ml 

Ml  a  ..  CES. 


PLATE  XXIX 


lUO.    I     AND    o      onuvviiiu     crrnjio     u\      n 

-,,-       -^       ^.^^,r:D^Mr      ,1  r      rnOT      AFTER      SHC,.,^o 

_    HISTORY    OF  THE   WAR   OF   THE 


REFERENCE  HANDBOOK  OF  THE  MKDIC'AL  SCIENCES. 


f  ■Miiurt-iif. 


to  noti'  lliiit  Dr.  Salmiin  ciiimiili'rH  tliut  crKot  in  liiiy  iiu'V 
Ih'  |iri'Vi-iitr(l  liy  ('lilting  tlic  khuw  iK-fort'  tliu  iW'itU  liiive 
(oriiKMl. 

Till'  llrsl  cfToct  iif  I'xtrcini'  mlil  upon  the  li*mn-s  Ih  tin- 
contmctioii  ot  tlir  rti|>illitrii'H  (<■  tlic  Hiiiiillt'Nt.  priicticiilili' 
(li'grci'.  A  ciTIiiiii  iiiiinuiit  iif  liliioil  KiTuiii  ii  iK'tiiiilly 
fro/i'ii  1111(1  till'  caiiilliiry  is  nipliiri'd.  llic  circiiliition  is 
not  n'siiiiiiil  wlicii  liic  purls  arc  lliiiwcd.  iiiiil  fiaiiffrcnc 
results  (iaii>;ri'iu'  lliiis  pphIiiciiI  is  usually  of  llic  dry 
variety,  allliiiiiuli,  wlnii  tlic  vciiiulcsur  llic  Ijirycr  venous 
trunks  arc  frozen,  by  niisiiii  of  tiie  failure  of  the  return 
circulation,  moist  fjanjtrenc  is  priidiu'cd.  Direct  deslriic- 
tioii  of  cells  liy  caiisiic  clicniicals  may  prixliicc  Ki't'^rciiL' 
of  distal  parts.  Iliniu^li  failure  of  liolli  supply  and  re 
turn  of  blood,  (fan.u'rcnc  of  llic  perineum  may  occur 
from  exiravasaled  urine  ((irecn.  I^M).  as  even  normal 
tirine  is  liijrldy  irrilaiini;:  but  in  such  cases  there  nnisl 
have  been  local  iiitlanimalion  ami  consci|Uent  death  of 
the  adjacent  O'lls  Iriiie  which  has  undergone  pulicfac 
tion.  beiiif;  loaded  with  the  ])Utrclactive  liacti'ria.  is  often 
very  speedy  in  its  action,  especially  as  thi'  tissues  them- 
selves are  weak  in  their  power  of  resistance;  while  not 
absolutely  devitalized,  they  are  yet  in  a  state  of  e.vlrcnio 
im-rtia.  It  is  well  known  that  tlie  power  of  resistance  to 
the  entnincc  and  sulisc(|ucnt  development  of  the  patho- 
genic bacteria  is  variable,  and  that,  forinstance,  incasesof 
convalescence  from  such  exhaustive  diseases  as  typhoid, 
typhus,  and  the  severer  oxalithemata,  fatal  forms  of  so-  ' 
called  blood  poisoning  are  apt  to  make  their  appeanince;  ] 
this  condition,  while  perhaps  immediately  dependent 
upon  diminished  canliac  power,  is  oiu?  of  delicient  inner- 
vation: lor  insulVicient  nutrition  of  the  nerve  centres  is 
neces-sjirily  manifested  in  weakness  of  muscular  tissues 
throiisrliout  the  body. 

Obstruction  of  the  veins,  it  will  be  seen,  is  very  rarely 
a  direct  cause  of  gangrene;  pressure  or  occlusion  of  the 
siipcrlicial  veins  alone  will  scarcely  produce  it,  unless 
there  is  constitutional  predisposition,  as  above  set  forth, 
for  the  deep  veins  will  still  carry  away  a  large  share  of 
the  return  blood  current.  When  gangrene  does  result 
from  compression  or  ligature  of  superticial  veins,  it  is  by 
the  production  of  stasis  in  the  capillaries:  to  this  cause 
we  must  refer  the  ca.scs  produced  by  tight  bandaging, 
and.  indeed,  all  of  similar  character,  except  those  of 
venous  thrombi. 

JIoisT  0.\X(iHKXi:. — This  form  of  gangrene,  also  called 
acute  gangrene,  hot  ganirrene,  inllammatory  gangrene, 
is  always  preceded  by  intlamniation.  The  pari  is  at  tirst 
swollen  and  painful,  there  is  almost  always  intlammation 
of  the  veins  (phlebitis),  and  the  moist  condition  depends 
upon  the  obstruction  to  the  return  circulation,  by  which 
the  water  is  left  in  the  tissues. 

Si/iniitoiiis. — There  will  be  a  history  of  an  injury  and 
of  antecedent  intlammation,  and  there  will  be  an  absence 
of  pain  in  the  inirt  that  is  actually  gangrenous,  although 
the  adjacent  parts,  where  the  intlammatory  blush  is  pres- 
ent, will  be  the  seat  of  acute  pain.  Characteristic  changes 
in  color  will  take  place:  the  part  will  be  at  tirst  livid, 
then  bluish,  and  tiiially  completely  black.  Then,  again, 
there  will  be  swelling  of  a  boggy  characler  ((edematous), 
sometimes  accompanied  by  emphyscmalous  crackling. 
It  is  sometimes  said  that  sens;ilion  is  not  destroyed:  but 
this,  when  seemingly  present,  is  only  the  well-known  phe- 
nomenon of  a  person's  experiencing,  in  a  wounded  or 
severed  nerve,  sensations  which  he  refers  to  the  periplie- 
ral  area  of  distribution  of  that  nerve.  In  the  beginning 
the  odor  is  ini|>erccptible.  but  as  the  putrefactive  change 
progres.ses  the  odor  becomes  "sweetish. "and  tinally  slink- 
ing in  the  highest  degree.  Constitutional  symploms  of 
toxainia  arc  usually  present,  and  in  advanced  stages  of 
this  condition  great  jirostration  is  noted,  even  collapse; 
diarrhiea  may  be  present,  and  in  exact  proportion  to  the 
degree  of  fever  there  will  be  the  profound  rigoi-s  and  pro 
fuse  sweatings  of  pyivmia:  but  if  the  gangrene  is  not 
extensive  and  is  well  localized,  there  may  be  little  gen- 
eral disturbance.  In  cases  in  which  the  disease  is  pro- 
tract ed.  the  septic  fever  pursues  its  usual  course,  and  the 
well  known  typhoid  condition  of  the  system  will  be  pres 
Vol."  IV.— -.iO 


ent.  the  variouN  Hymptonm  of  which  need  not  be  here 
described 

There  is  little  dilllcully  in  the  (li.i'/iunii  of  lliii.  uffec- 
tion,  but  in  the  la\  coiidilion  of  the  skin  of  the  aged,  with 
its  enfeebled  circulation  and  diniiiiihhed  vilulity,  there  In 
somelimcK  doubt  whether  the  blackncHS  of  ihcKUrface  i* 
due  simply  to  ecchymosis  or  to  gangri'lie.  When  the 
gangrene  ceases  to  advance  there  is  usually  seen,  euclr- 
ding  the  part,  a  series  of  vesicles,  or  KomeiimcH  a  mere 
line  of  redness.  This  redness  becomes  deeper,  the  epi- 
dermis over  it  falls  olT,  the  dead  part  lM-;;iii-  t..  ^I.rink 
away,  and  nature  commences,  by  tlie  nipid  ■  u 

of  till-  inllaniniatory  exudate,  to  prevent   fm  p- 

lion  of  any  sepiic  material  by  the  lymphatii-s.  lliit.  lines 
of  reilness  (termed  the  "line  of  demarcation")  is  a  nar- 
row band  of  gi-aniilatioii  tissue,  which,  like  all  gniniila- 
lion  tissue,  ischaraclerized  by  the  absence  of  lymphatics, 
and  hence  is  incapable  of  absorbing  septic  material.  The 
line  of  demarcation  gradually  extends  entirely  to  the  bone, 
in  case  an  extremity  is  involved,  and  the  dead  soft  part 
linally  drops  olf.  So  long  a  time  is  re(|uired  for  the  bones 
to  undergo  this  process  that  they  are  usually  seen  |)ro- 
truding,  and  the  case  is  seldom  left  to  nature  beyond  this 
point. 

Tirntiiioit. — When  gangrene  is  threatened  the  treat- 
ment should  be  directed  toward  its  iirevenlion  ;  i.e.,  the 
inllammation  sliould  be  combated,  and  the  return  circula- 
tion favored  by  massage  and  external  heat.  Tlii're  is  no 
single  remedy  .so  generally  applicable  and  so  prompt  in 
its  elTeets  as  external  heat.  The  part,  after  gentle  fric- 
tion, may  be  enveloped  in  hot  llannel,  which  should  be 
changed  frecpiently,  or  iMJttlcs  of  hot  water  may  be  ap- 
plied. Anotlier  ])lan.  which  is  preferred  by  some,  is  to 
irrigate  the  threatened  part  with  hot  water.  But  if  this 
plan  is  ado])ted.  it  is  necessary,  if  any  good  is  to  be  ac- 
complished, that  the  water  used  shall  be  as  hot  as  can  lie 
borne.  Thus  the  feeblest  circulation  may  often  be  en- 
couraged so  that  it  once  more  becomes  strong,  and  the 
effect  of  these  measures  in  keeping  alive  the  collateral 
circulation  in  case.s  in  which  the  main  artery  is  occluded 
from  injury,  operation,  or  disease  is  often  benelicial  in 
the  highest  degree.  The  old  axiom  that  "  heat  is  life, 
and  cold  is  death"  is  nowhere  more  applicable  than  in 
these  cases.  When  stasis  is  manifest  by  the  presence  of 
(rdema,  and  by  the  boggy  feel  of  the  tissues,  broad  punc- 
tures, made  deeply  through  the  tis.sues,  are  of  great  ser- 
vice. The  patient  should  be  supported  with  tonic  and 
stimulant  remedies  according  to  individual  judgment. 
When  the  gangrene  has  become  complete,  local  remedies 
are  of  noavail  except  to  favor  the  jirodiiclion  of  sloughs, 
to  hasten  their  separation,  and  to  render  the  odor  less 
ofTensivc.  Among  these  may  be  mentioned  solutiiins  of 
bromine,  Labwraiiue's  solution  of  chlorinati'd  soda,  and 
solution  of  the  bichloiide  of  mercury.  The  mass  can  be 
rendered  quite  innocuous  by  deep  injictions  of  the  bro- 
mine solution.  When  the  line  of  demarcation  is  fully 
established,  operative  interference  is  then  demanded. 

Dnv  Ganguknb. — In  this  form  of  gangrene  there  is 
neither  venous  obstruction  nor  failure  of  tlie  lymphatics, 
and  the  fluidsof  the  pari  arc  carried  back  into  the  system 
as  fast  as  formed.  As  the  arterial  su|iply  is  gradually 
cut  off.  a  drying  or  mummitication  of  tlic  tissues  results. 
This  condition  freiiucntly  occurs  in  those  who  are  suf- 
fering from  starvation  or  who  are  subject  to  gotit  (Che- 
lius):  it  also  occurs  in  those  who  have  exhausted  them- 
.selves  by  exces.sive  debauchery.  There  is  frequently  an 
absence" of  inflammatory  symptoms,  and  the  gangrene 
may  develop  suddenly  without  jireinonition.  There  is 
usually  organic  disease  of  the  heart  and  arteries.  This  is 
the  chronic  gangrene  of  Travels  (South). 

i>i/iHj)t'>ms. — Corrugation  and  shrinking  of  the  soft 
parts,  and  gradually  deepening  color,  tintil  the  whole 
mass  is  of  a  coal  black  :  pains  of  varying  severity  usually 
precede  the  discoloration,  sometimes  lasting  for  .several 
weeks.  Occasionally  i)ain  is  absent,  and  the  patient 
simply  experiences  a  sensjition  of  coldness  and  numbness 
in  the  part.  As  the  gangrene  progresses,  constitutional 
symptoms  are  iiianifesteii.  there  are  great  mental  depres- 
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sioii,  uiiqiiict  sleep,  piilpitatioii  of  the  heart,  epigastric 
pain,  ami  occasionally  an  intense  internal  cold  (Chelius). 
Sometimes  the  distinctive  cliariuinisiics  lietween  div 
and  moist  gangrene  are  so  obscure  that  it  is  dilHcult  to 
plai'c  the  case  in  one  class  or  the  other  (Moore:  "  Interna- 
tional Encyclopedia  of  Surgery,"  1MH2). 

The  IrentiKiiit  is  essentially  tli<'  same  as  that  already 
recommended  for  the  moist  form  of  the  disesiso. 

The  jiriit/iiDsin  is  unfavorahle. 

Skxii.e  Ganoueni:. — This  gangrene,  which  is  usually 
of  the  dry  variety,  is  almost  wholly  due  to  arterial  oh- 
Slruction,  the  paihology  of  which  has  already  been  dis- 
cussed;   but  the  obstruction  is  long  in  forming,  and  the 


Fig.  2267.— Dr.  Hamilton's  Case  of  Senile  Gangrene. 

progress  of  the  disease  is  slow.  The  description  which 
Percival  Pott  gave  of  the  affection,  as  it  occurs  in  the 
foot,  was  so  striking  that  for  a  long  time  it  was  known 
as  Pott's  disease  of  tlu'  toe;  but,  as  the  disease  occasion- 
ally attacks  tli('  hanils,  the  name  was  manifestly  inap- 
propriate. The  conilition  of  the  arteries  in  these  cases  is 
one  of  "ossiticalion."  or,  rather,  of  calcitication,  which 
results  in  a  complete  lo.ss  of  elasticity  of  their  walls,  and 
consequent  diminution  of  the  blood  supply.  The  bead- 
like feel  of  the  radial  pulse,  in  the  aged,  gives  the  ob- 
server a  palpable  object-lesson  in  senile  calcification. 
The  statement  has  been  made  that  certain  seasons  spe- 
cially predispose  to  senile  gangrene,  and  the  winter  is  al- 
leged to  be  the  season  most  favorable  to  its  production, 
owing  to  the  astringent  cfTect  of  the  cold ;  but  there  are 
no  statistics  to  bear  out  this  assertion,  and  the  writer  con- 
siders the  case  by  no  means  made  out. 

Si/iiiplomx. — .\fter  some  months  or  weeks  of  pain  or 
otherwise  \inpleasjint  scnsjitions  in  the  part,  a  small  bluish 
spot  appears  on  one  of  the  toes,  frequently  at  the  root  of 
the  nail,  and  the  spot  becomes  black;  from  this  point  the 
discoloration  slowly  spreads  to  the  ad.joiniiig  toes,  and 
finally,  if  the  patient  survive  long  enough,  the  whole 
foot  and  leg  become  involved.  Sometimes  the  line  of 
demarcation  is  fornu'd  near  the  centre  of  the  foot,  but 
more  often  the  patient  succumbs  under  the  combined  in- 
fluence of  the  nervous  exhaustion  produced  by  the  pain 


and  of  the  failure  of  tlu'  digestion.  The  pain  accompany- 
ing the  disease  is  a  prominent  symplum,  and  gives  the 
patient  more  immediate  concern  than  the  fear  of  losing 
the  limb,  or  even  life  it.self.  The  accompanying  figure, 
taken  from  a  |ihotograpli  of  a  patient  under  the  care  of 
Dr.  .Jdlin  li.  Hamilton,  at  the  Providence  Hospital,  shows 
the  stage  of  the  disease  at  the  time  of  herileath.  The 
notes  are  as  follows:  Elizabeth  B— — ,  aged  eighty  tive, 
admitted  to  hosi)ital  April  llitli.  for  a  contusion  of  the 
knee,  wbiili,  however,  had  left  no  tnice:  the  jiain  in  the 
toes  and  foot  had  been  constant  and  hamssing.  Three 
weeks  later,  a  blue  spot  was  U(Jticed  on  the  dorsum  of 
the  second  toe.  The  spot  gradually  spread  until  it  in- 
cluded the  i^reat  toe.  as  .shown  in  the  photograph,  and 
the  jiatient  died  .July  2()th.  188.5. 

Trent  men/. — This  has  been  well  formidated  by  Van 
Buren.  "The  treatment  of  senile  gangrene  is  limited  to 
a  .judicious  husbanding  of  the  |iatient's  vital  resources, 
looking  to  a  possible  self-limitation  of  the  disea.se,  after 
which  a  cure  may  be  completed  by  anq)utation."  To 
husband  the  patient's  resources  it  is  neccssjiry.  ahmg  with 
stinudaling  and  supporting  measures,  to  control  thejiain; 
here  there  is  nothin.g  more  philosophical  in  itsaction  than 
the  hydrochlorate  of  cocaine  iiij<'cted  into  the  painful 
tissue.  In  these  cases,  as  in  the  foregoing  varieties  of 
gangrene,  external  heat  will  be  found  a<lvantageous. 

Symmethic.vi^  G.vncuene  (liehijisinri  diingrene). — This 
affection,  probably  lirst  accurately  described  by  Raynaud 
("  De  lAsphyxic  locale  et  de  la  Gangrj:-ne  symmetri(iue 
des  Extremities,"  1862),  is  exceedingly  rare.  According  to 
Kavnaud,  the  disease  occurs  chielly  in  chlorotic  and  ner- 
vous indivi(lu:ds  of  early  adult  life,  patients  in  convales- 
cence from  typlidiil  fever  and  similar  exhausting  disease. 
^loorc  ("Intel-national  Kncyclopcilia  of  Surgery";  has 
seen  a  case  presumably  dependent  >i|)on  this  cause,  and 
the  appearance  of  the  parts  affected  is  shown  in  the 
plate  which  accompanies  the  doctor's  article. 

"The  disease  most  frequently  attacks  the  fingers — 
rarely  the  toes,  tip  of  the  nose,  and  external  ear;  often, 
for  months  beforehand,  the  atfeeted  jiarts  suddenly  be- 
come white,  bloodless,  without  feeling,  dead :  the  skin  is 
strongly  wrinkled  and  shrunken,  the  ends  of  the  lingers 
appear  thin  and  conical.  The  tempcraliue  of  the  parts 
is  sunken,  and  the  muscular  movement  is  as  though 
paralyzed.  If  this  state  extend  over  a  whole  extremity, 
the  pulse  becomes  imperceptible.  After  a  variable  time 
there  follows  a  painful  reaction;  itching  arises,  and  the 
feeling  of  overfilling  of  blood ;  the  skin  becomes  bluish- 
red.  Severe  pains  iireeede  the  projier  outbreak  of  gan- 
grene. The  extremities  become  bluish-white,  violet, 
daik.  livid,  marbled;  they  are  insensible  but  very  pain- 
ful, and  icy  cold ;  then  small  vesicles  apjiear  whieii  fill 
with  sero-puruli'Ut  liquid,  and  are  usually  destroyed,  so 
that  the  cutis  becomes  laid  bare.  Even  now,  the  part 
may  be  restored:  but  for  the  most  part,  after  a  time  the 
attack  returns,  and  then  the  fingers  show  niunerous  small, 
white,  depressed,  and  hard  cicatrices  on  their  extremities, 
which  are  found  specially  in  front  of  and  beneath  the 
nails,  and  form  conical  callosities.  If  the  isch;emia  is  of 
longer  duration,  there  follows  from  the  con,secutive  hy- 
perainia  a  true  nuunmificatiim,  which  terminates  with 
the  falling  off  of  the  last  phalanx  "  ('Wagner). 

Dr.viiETic  G.\.V(iHEXE. — The  impoverished  condition  of 
the  blood  in  cases  of  diabetes  mellitus  favors  the  produc- 
tion of  gangrene,  and  it  has  been  specifically  named  as 
a  variety,  although  without  any  very  good  reason.  As 
well  might  gangrene  occurring  in  the  progress  of  any 
chronic  disease  be  sejiarately  named,  and  in  most  articles 
on  the  subject  of  diabetes  the  occurrence  of  gangrene  is 
mentioned  as  amon.u  the  complications  of  that  disease. 

"Spontaneous  gangrene  of  the  lower  extremities,  with 
obstruction  of  one  or  more  arteries  of  the  limb,  is  not 
infrequent  in  diabetes"  (Marchal  de  Calvi).  "Ulcerated 
surfaces  are  slow  to  heal,  and  gangrene  supervenes  some- 
times spontaneously,  but  more  often  as  the  result  of  some 
trifling  injury  "(T.vson:  "  Pepper's  System  of  Medicine," 
vol.  ii.).  The  treatment  of  gangrene,  when  it  occui-s  as 
a  complication  of  diabetes,  does  not  differ  in  any  striking 
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(•uiiurt*  nr« 

4an  ti^rciif*. 


rcHpiH't  fniiii  tlitil  wliicli  is  Hiiitiililc  fur  otlirr  lypcK  of 
KUli);r<'iK-  or  for  iliubi'tcs  wlieu  uot  uccuniimiiicil  liy  thiH 
complication. 

Ganuuknk  Di  k  to  iNKicmofs  Cai'seb. 

Dii'irriiKHiTU'  (}a.miiiknk. — Tlii-*  fi>rni  j-i  iisiiiillv 
liaini'il  IIS  oMi'  of  till'  varii'tli'S.  bill,  likr  lln-  liisl  ini'iitioiirii. 
it  liii.t  MO  viiliil  (liiiiii  to  III'  I'liiislilcrril  u  iliMlliirt  iilTii' 
liiiii.  Hy  soiiir.  iiiilnil,  il  is  rryiinli'il  us  ^'iiii^'riiioiis 
illplitlii'riu,  liv  otliri's  ii.s  II  viirii'ly  of  hospilal  ifiiiiKniii'. 
Diplillicritir  piitrlii'S  ri'Siiltlii):  in  piiiijrt'iii'  iiri'  soiiu-iiiiii'S 
m'cii  III  tlirnl^rsof  tlii'sorc  rrsiiltiiiK  from  the  incision 
in  tniclirotoniy  ;  iinil  w  lien  hospital  (jruiitjrcnc  Is  picsciil 
ill  a  liospllal  wiiril,  woiimls  arc  frci|iiciitly  .seen  h  illi  the 
tonsil.  Illiriiious  cllplillicrllic  palcli  spilnjriiii;  tlicnfroin. 
In  these  cases  the  consllliilloiial  pi>isonlnjr  seems  more 
wvele.  This  form  of  piinrreiie  Is  iliielo  inl'ecliiiii  hy  the 
Klelis  I.i'illlir  li.icilliis,  which  Is  known  1o  he  the  spedlic 
cause  of  iliphtheria ;  anil  the  coiistiiiitioiial  ilisliirhaiice 
which  is  rcfcrrcil  to  as  a  rliaraclcristlc  feature  in  these 
cases  Is,  iloiihtlcss,  the  result  of  the  profound  lo.xainia 
thill  always  accompanies  illphlheria. 

'I'he  ti;  lit  nil  III  of  illphthcritlc  iranjrrene  is  the  sjime  as 
that  of  liospllal  gaiigrciie.  which  will  he  mentioned  in 
iletall. 

NiiM.v.— This  Is  a  iraiijfieiie  alTecting  the  pudenda  and 
cheeks  of  youii;;ihililrcii  fioin  the  a^eof  weaiiinir  to  that 
of  iiuherty.  Nuisliiii;s  siem  to  have  an  Immunity  from 
it.  When  coiitined  to  the  cheeks  and  mouth,  it  is  vari- 
ously lernied  gniinrenniiK  ntniiiiitlth,  r/iiii;/rieiiii  oriK.  ciiii- 
cniin  orin.  fliiiiffn  iiiipiiiiinloiiiiili'-iiirroKiii,  iitrniniK  iiifiiiitilis, 
biienil  iiiil/irii-r.  irnlir  i\iiihr.  Klmii/liiiif/  /i/iiii/tiliiiid  of  the 
mouth,  and  hy  the  Germans  .Vwwif  ami  Wasserkrelis;  by 
the  I-'iciich  i/iiiii/riiii'  ilr  In  /miie/if.  The  disease  has  been 
known  for  a  loni;  period,  and  was  lirst  described  by  Caro- 
liis  Hattiis.  of  Amsterdam.  Van  Swicten  ( l(!i)!l)  recoiinizcd 
t lie  (lisea.se  as  graiij;renc.  Wiseman  (1GT6)  menlions  the 
disease  as  noma,  which  he  describes  as  "a  dee|i  llcer  that 
cats  and  spreads  without  Tumor,  but  hatha  I{otteiiiiess 
and  Putrefaction  joineil  with  It." 

The  dlsea.se  is  attended  by  great  mortality,  but  as  it 
usually  comes  on  while  Hie  patient  is  sutterins  from 
some  otheralTeetion.  it  is  dlHicult  to  determine  ilsrclalive 
fatality  with  precision.  The  alTection.  whether  it  appear 
on  the  cheek  or  on  the  vulva,  is  almost  invariably  uni- 
lateral. It  begins  as  an  inflammation  attended  by  great 
exudation,  tilcemtloii  Is  set  up,  the  exudate  dies,  aiul  the 
general  appearances  of  circumscribed  gangrene  due  to 
obstruction  of  the  arterioles  are  present.  In  the  mouth 
the  disease  usually  liegins  at  the  freniini  of  the  lip,  but 
rarely  on  the  outside  of  the  cheek  (Chelius).  and  as  the 
<edeiiialoiis  liillamniation  extends  the  ulcerative  process 
is  carried  down  to  the  bone  and  alongside  of  the  nose, 
and  frequently  involves  the  whole  Sclmeiileriaii  mem- 
braue.  Occasionally  the  disease  begins  on  the  gums  at 
the  alveolar  border  (Cohen).  At  the  |iudenila  the  disease 
usually  commences  at  the  labial  margin,  and  extends  to 
the  clitoris,  nympha'  and  hymen,  and  somelinies  to  the 
urethra  when  the  pain  on  inietiirition  is  acute;  the  iii- 
flami...ill<in  is  rapid,  and  the  tissues  speedily  fall  out  by 
sloughing,  I  he  disease  sjireads  to  I  he  perineum,  to  the  anus, 
the  thigh,  and  tothemons  veneris,  and,  as  is  the  case  when 
the  di.sease  afTects  the  nioulli.  the  sloughing  is  deep  and 
frequently  extends  quite  to  the  bone.  Sometimes  tlie  af- 
fection beginning  at  the  mouth  is  later  on  developed  at  the 
vulva,  and  frequently  the  noma  is  ushered  In  with  gen- 
enil  constitutional  symiiloms,  such  as  rigors  with  fever; 
but  more  commonly  Its  onset  is  masked  by  the  jiarticu- 
laralTection  from  which  the  child  has  been  siilfcrlng;  but 
always.  In  the  later  stage  of  the  afTection,  there  is  great 
prostration,  with  feeble  jiidse  and  chlorotic  countenance. 
AVIieii  the  afTection  Is  on  the  pudenda,  there  is  great  pain 
in  all  movements  of  the  lower  extremities,  and  the  child 
usually  assumes  of  its  own  accord  the  dorsal  decubitus, 
and  the  legs  are  widely  separated.  There  are  retention 
of  urine,  owing  to  the  severity  of  the  urethritis,  and  con- 
stipation.    There  is  rapid  emaciation,  and  the  patient 


sinks  under  the  "typhoid  conillthin  "  no  conHlatitly  pres- 
ent In  the  later  stageH  of  the  other  fonim  of  gangrene. 
Cohen  remiirkH  that  In  noma  of  the  mouth  piiliiioiiary 
gangrene  is  often  olinerved  as  a  eonipliealion,  us  in  hImi 
enteiiH'olltis.  When  noma  affects  the  mouth  alone,  iheru 
Is  great  variability  in  the  degree  of  eonKlltiitlonal  HVin- 
pathy.  some  patients  being  able  to  Kit  up  and  play,  while 
111  hers  are  hopelcHsly  comatoKe  from  the  outwt  'lleiiior- 
rhage  from  the  fallal  or  from  the  pinhndiil  bniii<ln'H  of 
the  pubic  may  occur;  but  in  this  variety,  us  hi  other 
forms  of  gangrene,  the  arteries  ari'  plugged  bv  wptlc 
thrombi  long  in  advance  of  the  loss  of  tissue,  I'he  iIIk- 
ease  in  most  cases  is  more  tliiiii  likely  due  to  a  long  Ihruid- 
like  organism  of  the  leptothrix  type  which  has  so  far 
resisted  cultivation  on  ordinary  media. 

The  Iniiliiii  III  of  noma  is  both  local  and  coiistlliillonal. 
For  the  local  treatment  such  measures  should  be  adopted 
as  are  likely  to  arrest  tlii'  advance  of  the  disease  into 
sound  tissue,  and  to  this  end  nothing  siillices  but  the  ap- 
plicallon  of  the  niosl  decisive  cseharotics  like  the  I'aqiie- 
lin  cautery  or  fuming  nitric  acid.  (Quinine  and  Iron, 
stimulants  in  the  form  of  milk  punch  and  liquid  foiHl  are 
always  Indicated;  when  the  stomach  becomes  irritable, 
nutritive  enemata  should  he  employed. 

IIosi'iT.\t.(!.\Noiii'.Ni;. — '1  his  form  of  gangrene,  known 
also  under  the  various  names  of  /hikjiiIiiI  ii/iiii/iiliiiiti,  ynn- 
f/ririiii  iiii!u>niiiii,i/i«,  inn/  jmiirriliiir  i/m  /iniiiliiiij-.  was  the 
scourge  of  military  hospitals  in  the  preantiseptic  era. 
To-day  it  is  alisohitely  unknown,  the  vast  majority  of 
living  surgeons havlnghad  no  clinical  experii-nce  with  it. 
Whether  Its  spread  was  due  to  the  agency  of  a  specific 
microorganism,  or  to  an  acipiired  virulence  of  the  well- 
known  ]iathogcnicmierolii'S  In  victims  rendered  specially 
siisceplilile  by  lowered  vital  resistance,  remains  a  matter 
for  speculation.  Because  of  its  great  rarity  we  in  list  turn 
to  the  writings  of  the  older  authors  for  a  clinical  picture 
of  the  ili.seasc.  Mr.  fJuihric  graphically  describes  it  as 
follows:  "A  wound  attacked  by  hospitai  gangrene  in  its 
most  concentrated  and  active  form  presents  a  horrible 
aspect  after  the  tirst  forty-eight  hours.  The  whole  sur- 
face has  become  of  a  dark  red  color,  of  a  ragged  appear- 
ance, with  blood  ]iartly  coagulated,  and  apparently  half 
putrid,  adhering  at  every  point.  The  edges  are  everted, 
tlic  cuticle  ''-epiiratiiig  from  half  to  three  I'ourtlis  of  an 
inch  around,  with  a  conccnlric  circle  of  inliainmation  ex- 
tending an  inch  or  two  beyond  it ;  the  limli  is  usually 
swollen  for  some  distance,  of  a  while,  shining  color,  not 
peculiarly  sensible  except  in  spots,  the  whole  of  it  being 
(vdcniutous  and  pasty.  The  pain  is  burning  and  unbear- 
able in  the  ])art  itself,  while  the  extension  of  the  disease, 
generally  in  a  circular  direction,  may  be  marked  from 
iiiuir  to  hour;  so  th.it  in  from  another  twenty-four  to 
forty  eight  hours  nearly  the  whole  of  a  calf  of  a  leg,  or 
the  muscle  of  a  buttock,  or  even  the  wall  of  the  abdomen 
may  dlsa|)pear,  leaving  a  deep  great  hollow  or  hiatus  of 
the  most  destructive  character,  exhaling  a  peculiar  stench 
which  can  never  be  mistaken,  and  spreading  with  a  rap- 
idity quite  awful  to  contemplate.  The  great  nerves  and 
arteries  ajijiear  to  resist  its  inlliience  longer  than  the  mus- 
cular structures,  but  these  at  last  yield;  the  largest  nerves 
are  destroyed,  and  the  arteries  give  way,  frequently  clos- 
ing the  scene,  after  repeated  hemorrhages,  by  one  which 
proves  the  last  solace  of  the  unfortunate  sulTerer.  .  .  . 
The  joints  offer  little  resistance;  the  capsular  and  sj-no- 
vial  membranes  are  soon  invaded,  and  the  ends  of  the 
bones  laid  bare.  The  extension  of  this  disease  is  in  the 
first  in.slance  through  the  cellular  structures.  The  skin 
is  undermined  and  falls  in.  or  a  painful  red  and  soon  black 
patili  is  perceived  at  some  distance  from  the  original  mis- 
chief, iiieparatory  to  the  whole  becoming  one  mass  of 
putridity,  while  the  sufferings  of  the  patient  are  ex- 
treme." 

The  surface  of  the  wound  soon  becomes  a  sticky,  pul- 
py mass  of  a  grayish  color.  This  substance  cannot  be 
wiped  off.  and  it  resists  the  usual  washings.  If.  at  this 
stage,  the  further  progress  of  the  disease  be  not  arrested, 
the  patient  succumbs.'asfrom  a  fatal  form  of  septicemia. 
The  disease  was  very  prevalent  in  the  military  hospitals 
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of  our  Civil  War:  an  oxli'iulixl  account  of  it  may  Ix' 
found  ill  Ihc  surjrical  volumes  of  liu'  "Medical  and  Sur- 
gical History  of  the  War  of  the  UebcUiou."  by  Otis 
(see  Plate  XXIX.,  Figs.  1  and  3). 

Trent  III  I  lit. — The  treatment  should  be  prophvlactie, 
conslitutioual.  and  local.  Tlje  lirsl  of  these  should  have 
reference  to  the  rules  of  aiiliseptie  anil  aseptic  wound 
treatment  and  to  the  rides  of  hyiricne  thai  bear  on  llie 
subject  of  ovcrciow<lin!r;  and  when  the  disease  first  ap- 
pears in  tlie  wards  conlainiiiL;  otiier  wounded,  it  is  im- 
portant pidmptly  tu  isijjate  those  w  ho  are  alfei  led  The 
constitutidual  treatment  shoidd  lie  directed  to  the  free 
use  of  stimulants  and  };ood  nutritious  food.  The  local 
treatment  directed  to  the  iraiiirrene  when  it  inva<lesthe 
wounds  should  be  of  the  nicist  radical  kind.  Tlie  slouirh- 
ing  tissues  shi mid  be  removed  by  means  of  the  curetle 
anil  .scissors,  and  tlie  acliiid  cautery  should  be  applied 
freely.  Bromine,  fuminj;  nitric  acid,  and  subnitmte  of 
merc'iny  were  extensively  and  successfully  used  by  the 
older  surgeons. 

M.vi.i(;x.\XT  0-;i)F.M.\  is  one  of  the  forms  of  gangre- 
nous inflammation  due  to  the  invasion  of  a  wound  by 
the  bacillus  of  malignant  ledema.  The  organism  mor- 
phologically resemlilcs  the  Bacillus  anthracis.  ihougli  it 
differs  from  it  in  being  motile,  and  in  that  it  is  strictly 
anaerobic.  It  is  mostly  found  in  rich  garden  soil,  from 
whicli  it  is  isolated  by  inoculation  into  animals.  It  is  apt 
to  invade  all  kinds  of  wounds — incised,  lacerated.  ]iiinc- 
tured.  Instances  are  given  of  tlu^  disease  following  the 
sting  of  insects  and  penelration  from  a  hypodermic  nee- 
dle. -Malignant  O'dema  is  regarded  as  one  of  the  most 
fatal  forms  of  gangrene.  The  changes  in  the  tissues  are 
very  nipid.  a  circumstance  that  led  French  writers  to 
adopt  the  name  gangrene  foudroyante.  The  changes  in 
the  tissues  are  marked  by  an  abundant  exudate  and  by 
the  formation  of  gas,  both  of  which  exert  pressure  upon 
the  surrounding  blood-vessels,  and  thus  favor  the  devel- 
opment of  gangrene.  The  clinical  picture  is  best  dc 
scribed  by  Park  as  follows:  "'  .Malignant  oedema  is  known 
by  the  browuLsh  discoloration  of  the  overlying  skin. 
which  is  streaked  with  blue  where  the  ovcrtilled  veins 
show  through  it.  while  the  underlying  tissues  are  .sod- 
den with  fluid  and  more  or  less  blown  up  by  the  gaseous 
products  of  decomposition,  so  that  the  finger  detects  a 
firm  crepitus,  as  is  common  in  subcutaneous  emphysema. 
From  the  wound,  if  one  there  be,  flows  a  thin,  foul- 
smelling  secretion,  which  may  also  be  expressed  from 
the  deeper  layers.  That  the  neighboring  lymph  spaces 
and  nodes  are  actively  involved  is  evident  from  the  enor- 
mous swelling  of  the  latter,  as  well  as  from  the  general 
condition  of  the  jialient.  The  rapid  elevation  of  tem- 
perature with  but  trifling  remissions  remains  constant 
until  shortly  before  death.  The  tongue  early  becomes 
dry  and  cleaves  to  the  palate,  its  surface  being  covered 
with  a  thick,  fold  fur.  Patients  early  become  ajiathetic. 
complaining  only  of  pain  and  burning  thirst.  I)elirium 
and  coma  usually  ]ireciMle  death,  which  may  occur  in 
even  .so  short  a  lime  as  from  fifteen  to  tlnrly  liinirs. 
After  death  the  cadaver  bloats  i|uickl}'  and  putrefaction 
goes  on  with  ama/ing  rajudity." 

Tnntiiiiiit. — The  treatment  of  this  decisive  form  of  gan- 
grene should  be  of  the  most  radical  character.  When  the 
disease  is  recognized  in  a  wound  on  a  limb,  the  member 
should  be  amputated  at  once  well  above  the  limits  of  the 
disease.  In  situations  where  am])Utation  cannot  be  juac- 
tised,  excision  of  the  alTected  tissues  should  be  pracliscd 
at  once  and  the  wound  dressed  with  antiseptics.  The 
strength  of  the  patient  should  be  maintained  by  stimu- 
lants, nutritious  diet,  and  supporting  treatment. 

SPUK.\i)iX(i  Ti{.\t'M.\Tic  G.\.NOKKNK. — The  last  of  the 
infectious  forms  of  gangrene  to  be  noted  is  known  under 
the  names  of  spreading  traumatic  gangrene,  fidniinating 
gangrene,  or  gangrenous  emphysema.  It  results  most 
generally  in  casisof  ruptuie  of  the  ]>rincipal  vessels  sup- 
plying a  part  of  a  limb,  with  sudden  arrest  of  the  blood 
.supply  ;  or  in  those  cases  of  Iraumatism  in  which  intinsi', 
rapidly  spreading  inflammation  appears.  In  either  con- 
dition the  rapid  death  of  the  part  and  the  spread  of  tlie 


disease  ]>rocess  to  contiguous  healthy  structures  are  due 
to  the  sudden  development  of  a  mixed  infection  by  mi- 
crococci and  bacilli.  Tlie  putrefaction  set  up  by  these 
micro-organisms  is  often  accompanied  by  tlie  libera- 
tion of  gas,  the  presence  of  wliiili  is  noted  by  emphy- 
.sematous  crackling  in  the  subcutaneous  tissues  as  the 
process  spreads  beyond  the  diseased  area.  As  a  result  of 
the  sudden  developmiiil  of  hacleiial  decomposilion,  poi- 
soning by  ]itoniains,  with  lonsliliitional  syinptonis  of  pro- 
found loxainia,  is  early  noticed.  The  treatment  in  such 
cases  demands  prompt  amputaliim  of  the  limb  implicated, 
at  a  safe  distance  within  the  sound  ti.ssues;  or  rapid  and 
thorough  destruction  of  all  gangrenous  parts  with  the 
cunlliMind  actual  cautery,  in  those  situations  which  do 
not  admit  of  ampulation.  (Sei'  Plate  XXIX.,  Fig.  2, 
and  Plate  XXX.) 

AiNiitM. — This  is  a  form  of  gangrene  of  unknown  ori- 
gin, more  ficiiuently  seen  in  men  tlian  in  women.  It  has 
been  met  with  in  the  East  and  West  Indies,  but  it  is  more 
frequently  observed  among  negrfies  on  the  west  coast  of 
Africa.  The  alTeclion  is  usually  limited  to  the  little  toe, 
although  it  has  occasionally  been  observed  in  the  little 
finger.  It  begins  by  the  occurrence,  on  the  plantar  sur- 
face, of  a  fissure  which  encircles  the  toe  near  the  web. 
As  the  fissure  deepens,  gangrene  of  the  soft  parts  occurs, 
with  a  rarefying  osteitis  of  the  bones.  The  disease  is 
very  gradual,  the  process  lasting  as  much  as  ten  years 
in  some  instances.  It  usually  ends  in  spontaneous  am- 
putation. 

C.VRBOi.ic-AoiD  G.VSGREXE. — The  watery  solutions  of 
this  antiseptic  drug  used  in  surgical  jjiactice  have  been 
known  to  cause  gangrene  when  persistently  ai>i)lied,  es- 
pecially to  tiiigers  and  toes.  The  evaporation  of  the 
water,  in  the  solution,  which  takes  place  during  the  pro- 
longed application  of  compresses  so  saturated,  tends  to 
concentrate  the  agent  in  tlie  dressings:  hence  the  well- 
known  effects  of  the  strong  solutions,  such  as  blanching, 
numbing,  etc.,  which  lead  ultimately  to  gangrene.  So 
many  cases  of  gangrene  from  this  source  have  been  re- 
ported in  recent  medical  literature  that  topical  applica- 
tions of  the  drug  to  the  parts  mentioned  should  be  prac- 
tised with  extreme  caution.  John  B.  Uamilton. 
Revised  by  Louis  A.  La  Garde. 

GARLIC. — -Vi.i.ii'.M.     ••  The  bulb  of  Allium  sativum  L., 

fani.  Liliiiceip"  (U.  S.  P.). 

Garlic  is  a  compound  bulb,  globose-ovoid,  an  inch  or 
two  in  diameter,  of  a  white  or  red-brown  color  and  a 
very  strong  alliaceous  odor  and  ta.ste.  The  drug  proceeds 
wholly  from  cultivated  plants. 

Garlic  contains  as  its  active  principle — either  already 
formed  or  produced,  as  in  mustard,  etc.,  by  the  addition 
of  water — a  very  irritating,  pungent,  and  volatile  oil, 
Kiilphide  of  iiUi/l.  similar  to  that  of  the  onion  and  others 
of  the  genus  and  belonging  to  the  same  group  with  the 
oils  of  mustard  and  other  Crun'/erir. 

It  is  now  and  then  given  with  some  advantage,  as  an 
aiitispasnioilic.  and  sometinies  as  an  exjiectoraut  in 
chronic  bronchitis  and  pharyngeal  or  laryngeal  catarrh, 
Inlernally  taken,  garlic,  like  the  onion,  etc.,  is  an  aro- 
matic and  carminative,  and  scents  the  breath  with  sul- 
phur compounds  during  elimination. 

There  is  anollicial  syrup,  of  t  wenty-per-cent.  strength, 
which  is  to  be  made  from  the  fresh  bulbs.  Of  this  the 
dose  is  a  halfounce.  The  fresh  juice  is  also  often  given 
in  half  ilraclim  doses.  Tlie  fresh  bulb  is  sometimes 
crushed  and  ajiplied  lo  the  chest  as  a  rubefacient. 

Garlic  is  likely  to  be  dropped  from  the  next  edition  of 
the  Pharmacopu'ia.  Henry  U.  Runby. 

GASSERIAN    GANGLION,    OPERATIVE     REMOVAL 

OF  THE. --Till'  (ias^iiiiiii  ganglion  is  assmi.uiil  with 
the  large  sensory  root  of  the  flftli  cranial  nerve.  It  is 
situated  in  a  depression  near  the  apex  of  the  petrous 
portion  of  the  temjioral  bone.  The  sensory  root  of  the 
fifth  nerve  enters  it  from  behind,  while  1  he  smaller  motor 
root  of  the  nerve  passes  under  it.  without  having  any 
connection  with  it.  to  join  the  inferior  maxillary  nerve. 
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Tliri-c  lirnnchi'M  priKf*^!  fniiii  the  niitorlor  iKinU-r  of  tlip 

piiiV'lii>ii  tile  i>|>lilliiiliiii('.  the  Kii|ii'rii>r  iniixilliiry,  iiiul 
llic  iiifirinr  iiuixilliirv.  'I'licv  li-uvi'  the  Hkiill  tliri>ii);li 
llir  split'iiiiiilul  tlnKiirr.  the  fiiniimii  niluiiilillii.  iiikI  iIic 
fomiiu'ii  oviilc  respect iviOy.  All  lliree  liniiulii-s  ure 
nerves  of  iteiistiliiiii .  the  inferior  niiivillary  is  in  iiil<lili<>n 
II  nerve  of  motion  sinee  it  rieeives  tlie  motor  root  ol  the 
llfth  nerve  IIS  Htnliil  iiIhivc  It  Hiipplles  with  motor  tilires 
the  niiis.seler.  ilerp  ti  iii|ionil.  Imeeiil,  anil  inlerniil  unil 
externiil  plery(;oiil  iinisiiis 

Till'  ili^lrihntion  of  the  sensory  tiniiw  lies  of  the  /;iin 
i;lioii  is  us  follows:  The  ophthiilniie  linineh  supplies  llie 
eyeliall.  tlie  liieliry mill  ;.'liinil.  the  eoiijiinetiviil  mucous 
n'lemlinine  anil  that  of  the  nasal  fossa,  ami  the  iiiteirnment 
anil  niuschs  of  tlie  eyelirow.  fonheiiil.  anil  nose-  The 
superior  maxillary  supplies  the  inle>;iiment  of  the  liinple 
anil  part  of  the  cheek,  anil  the  L;ums  anil  teeth  of  the 
upper  jaw  The  inferior  maxillary  supplies  I  he  inte;ru 
mint  of  the  temple,  external  ear,  lower  part  of  the  face, 
itiiil  lower  lip.  the  teeth  anil  f;ums  of  the  lower  jaw.  anil 
a  part  of  the  lonifiie.  It  also  has  a  motor  function  as 
tlliovc  mentionetl. 

The  (iasserian  ^anu'lion  has  lieen  of  anatomical  impnr- 
tunec  ever  sinee  its  nature  was  reeofinizeil  liy  llirsch  in 
17(15,  The  very  j;ri  at  surirical  interest  which  is  now  fell 
in  this  structure,  ami  which  is  less  than  ten  years  olil.  is 
line  to  three  facts.  The  liftli  or  tritreniinal  nerve  is  af- 
fectcil  ill  luunil.nia  more  often  than  any  other  nerve. 
The  attacks  of  pain  recur  after  operations  upon  the  three 
ilivisions  of  the  nerve,  whether  tlie  opcnilion  be  a  simple 
nerve-strelcliing.  or  a  division  of  the  nerve,  or  a  resection 
of  a  portion  of  the  nerve,  or  a  tearing  out  of  as  much  of 
the  alTccteil  nerve  as  luissihle.  as  ailviseil  liy  Thiersch. 
The  removal  of  the  fiasserian  gan,i,'lion.  first  performeil 
by  Hosi-  in  isitu.  alforils  the  i>alicnl  permanent  relief 
from  his  iieiir.iljria.  It  seems  like  a  wanton  act  to  open 
the  skull,  burrow  in  at  the  base  of  the  brain,  anil  tear  out 
this  great  ganglion,  but  ik-sperate  conilitions  ilemainl 
(lespcnite  remeities.  Rose  removed  the  superior  maxilla 
and  trephined  the  skull,  putting  the  pin  of  the  trephine 
in  the  foramen  ovale.  His  patient  recovered  witli  the 
subseiiucnt  loss  of  an  eye.  and  eountid  herself  happy  to 
be  free  from  the  neuralgia  even  at  that  jirice. 

Other  surgeons  soon  improved  the  techniiiue  of  the 
operation.  Hartley  in  America,  and  Kniuse  in  Germany, 
working  independcnily.  showed  that  the  skull  can  be 
opened,  and  the  ganglion  reinoveil  by  turning  downward 
a  flap  of  skin  and  bone  from  the  temporal  re.irion.  In  a 
recent  article  iii>oii  this  subject.  Krause  thus  details  the 
steps  of  the  operation  as  ]ierformed  by  himself: 

The  patient  is  in  a  half  reclining  position,  with  the 
head  held  exactly  forward  or  turned  a  little  toward  the 
alTecteil  side,  so  that  the  blood  may  flow  from  the  wound. 
Chloroform  is  used,  if  the  patient's  couditiim  permits. 
Only  dry  sponires  are  employed.  A  flap  of  skin,  fascia, 
muscle,  periosteum,  and  bone  is  cut  from  the  temporal 
region,  and  reflected  downward.  The  base  of  this  flaii 
is  about  1..5  inches  wide  and  overlies  the  zygomatic  proc- 
ess. Its  height  is  2..^  inches,  and  its  greatest  breadth  is 
2  inches.  The  dura  inaler  is  not  opened.  When  all 
bleeding  has  been  stopped  by  comprcs.sion  and  ligalurc, 
and  the  flap,  wrapped  with  gauze,  has  been  reflected 
dow  nward  on  the  cheek,  well  out  of  the  way.  the  dura 
is  scpanited  from  the  skull  down  to  the  bottom  of  the 
middle  fos.sii.  and  the  middle  meningeal  artery  is  ex- 
pi^sedand  ligalcd  in  two  places  and  then  divided.  There 
is  usually  considerable  venous  hemorrhage  due  to  the 
separation  of  the  diiia  from  the  base  of  the  skull.  This 
can  be  controlled  by  pres,sure.  The  next  step  in  the" 
operation  is  the  lifting  up  of  the  brain  by  means  of  a  long 
retractor,  and  the  dissection  of  the  second  and  third 
branches  of  the  fifth  nerve  from  their  origin  in  the  Gas- 
serian  ganglion  to  their  exit  from  the  skull  through  the. 
foramen  rotiindum  and  the  foramen  ovale.  Then  the 
ganglion  itself  is  freed,  at  lea.st  above  and  below  and 
iiftckward,  uniil  the  tiflh  nerve  comes  into  view.  The 
first  division  of  the  tiflh  nerve,  the  ophthalmic  nerve,  is 
then  cut  oil  dose  to  the  ganglion,  no  attempt  being  made 


1«  iliHsorl  It   free,  on  Horoiinl  of  the  dnnccr  of  injury  lo 

the  third  and  fourth  cniniiil  nerviH,  whiili  ure  inlliiiulely 
assoiiated  with  it.  As  these  n.-rveK  Hiipply  the  iiiUNcleK 
of  the  eye  their  injury  would  Im;  u  KeriouK  caliiinily. 
The  fifth  nerve  Is  next  seized  with  a  pair  of  elumpx  eli>«f 
bi'hind  the  (iu,s,si'riiiii  ganglion.  Tin:  s<-r-onil  and  third 
ilivisions  are  ciil  olf  close  to  thi-ir  foramina  of  exit.  The 
gaiiL'lion  and  as  much  of  the  root  of  the  fifth  nerve  iiK 
can  be  twisted  out  with  it.  is  torn  from  ihi'  brain.  The 
slumps  of  the  Hi'cond  and  third  divisions  are  piisheil 
oulward  llirough  the  foramina  soaslo  prevent  any  unlua 
of  divided  nerve  llbrcs.  Inspection  of  tin- ciivilV  im-cu- 
pied  by  the  ganglion  should  iirove  to  the  operator  (hut 
the  removal  has  been  a  complete  one.  All  bleeding  is 
then  III  be  controlled,  and  the  flap  of  bone  and  soft  purt» 
replaced.  The  operatio'i  lasts  usually  from  one  and  oue- 
lialf  lo  three  hours.  In  a  favorable  ca.se  the  putieiU  can 
gel  up  in  one  or  two  weeks  and  be  discharged  from  (he 
hospital  in  three  weeks. 

The  (wo  chii'f  dangers  of  the  operation  arc  hemorrhage 
and  prolonged  pressure  of  (he  brain.  The  nior(ali(y  of 
the  operation  is  variously  reckoned  a(  from  ten  (o  twenty 
per  cent.  The  patient  awaki-s  from  his  narcosis  abso- 
lutely free  from  neuralgia.  This  is  in  striking  contrast 
to  the  recovery  after  o]>erations  upon  the  jieripheral 
nerves,  since  after  these  operations  the  attacks  of  paiu 
recur  for  a  few  days  in  gradually  diminishing  intensity. 

So  far  as  is  known  removal  of  the  Gasserian  ganglion 
invariably  gives  permanent  relief  from  the  neuralgic  at- 
tacks, although  as  the  operation  has  been  performed  only 
in  (he  las(  few  years,  one  must  not  speak  (oo  posilively. 
The  numbness  and  partial  ))aralysis  of  (he  muscles  of 
mastication  of  the  side  operated  upon  are  a  small  price 
to  pay  for  relief  from  the  fearful  attacks  of  pain  which 
these  patients  have  been  compelled  to  endure, 

Edicard  Milton  Foote. 

GASTEIN. — A  picturesque  valley  in  the  Duchy  of 
Salzbuig,  Austria,  famous  for  its  mineral  springs.  It 
is  an  arm  of  the  Salzbach  Valley,  and  is  about  twenU'- 
fivc  miles  long  by  a  little  more  than  a  mile  wide.  Its 
sides  are  formed  by  two  ranges  of  mountains  which  ex- 
tend lo  the  right  and  left  from  the  two  peaks.  Xassfeld- 
Tanern.  7,820  feet  liigli.  and  the  Ankogel,  of  10.700  feet. 
The  sitviiition  is  romantic,  near  the  region  of  the  glaciers, 
and  at  an  elevation  of  about  3.0(K)  feet.  In  the  midst  of 
(he  valley  flows  the  dashing  litde  river  Ache,  wliicli 
forms  two  beautiful  waterfalls  near  the  village  of  Wild- 
bailGastein.  now  the  principal  resort.  The  climate  is 
mild  and  uniform,  the  variations  in  (cnipcra(ure  being 
slight.  It  is  claimed  that  the  thermometer  has  never 
risen  above  .SO  F.  in  summer  and  seldom  above  70  .  The 
barometric  ehangesarc  also  slight,  averaging  29. 50  inches 
pressure  for  the  year.  Rainy  days  are,  however,  rather 
numerous  in  the  summer. 

The  thermal  si^rings  are  eighteen  or  twenty  in  number, 
and  iire  said  to  have  been  known  as  early  as  the  seventh 
century.  Many  of  them  are  designated  by  such  naim>s 
as  the  Fursteufinelle.  the  Ilauptipielle.  the  Doctor's- 
IJuclle,  and  the  Spitalquelle,  Seven  of  the  springs  issue 
from  tiic  solid  granite  rock  or  from  artificial  clefts;  the 
others  flow  from  stratified  beds  of  feldspar,  gneiss,  and 
mica.  Their  deep  origin  is  probably  in  the  heart  of  the 
great  Ankogel,  The  temperature  of  (he  springs  ranges 
from  87'  to  100'  F..  with  but  slight  variation  at  any 
season.  The  waters  are  rich  in  (he  variety  of  their  min- 
eral sjdts.  but  they  are  very  dilute.  Of  sodium  sulphate, 
the  most  abundant  ingredient,  there  is  but  1.51  grains  iu 
a  pint,  while  of  calcium  carbonate  and  sodium  chloride, 
the  next  most  abundant  ingredients,  there  is  only  0.3G 
grain  each.  O.xygen  is  found  in  30.89  per  cent,  and  ni- 
trogen in  69.11  per  cent. 

The  waters  are  employed  almost  entirely  for  bathing, 
for  which  purpose  many  ]>ublic  and  private  institutions 
have  been  erected.  Their  fame  is  said  to  haveorigiua(ed 
from  the  cure  of  Duke  Frederick,  of  Austria,  in  1-136. 
Much  of  the  eflicacy  attributed  to  them  belongs  no  doubt 
to  the  bracing  mountain  atmosphere. 
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The  baths  are  recommended  chiefly  for  nervous  dis- 
orders, especially  in  cases  not  lunenalile  to  more  vi^rorous 
treatment.  Their  benelieial  cITccts  in  senile  niarasnuis 
have  given  them  the  name  of  "  liallisof  tlir  ajreil."  Hys- 
teria, hyjiochondnasis.  spinal  iirilatinn,  inipolenee,  tabes 
dorsalis.  par.ilysis.  neiiraliria,  liieiiinatisni,  disDrders  of 
nutrilion  or  nf  ilii'  iilooil  niakinir  functions,  as  will  as 
pelvic  ixudations  and  wastinir  diseases,  are  in  tin-  cate- 
gory of  especial  indiialions.  Gastein  isalso  reciminiendid 
as  an  after-trealnunt  lo  a  course  at  C'arlsl>ad,  ^larienbad. 
and  other  springs.  Jiiniin  M.  Frcncli. 

GASTRECTOMY.  ETC.      >mf^hiiiuii-h,;^iiiyi'ryofi/ic. 

GASTRIC  JUICE.  NOlhing  was  known  about  the 
gastric  juice  until  the  middle  of  the  last  century.  By 
some  physiologists  g.istric  digestion  was  supposed  to  be 
merely  a  mechanical  process,  the  food  being  Iriluiatcd  l\v 
the  contraction  of  the  muscular  walls  of  the  stomach,  as 
had  l)een  obsiTved  in  the  gizzards  of  fowls.  I!y  others 
the  food  was  sujiposed  to  be  reduced  to  a  fluid  state  by 
maceration  tuider  the  influence  of  the  warmth  of  the 
stomach.  By  still  others  the  vague  and  iiiditiiiite  term 
fermentation  was  ii.sed  to  describe  the  luikuowii  jirocess 
going  on  within  the  stomach.  Reaumur  (1T.")2)  demon- 
strated sjitisfactorily  by  his  e.vperimeiits  on  a  tame  buz- 
zard that  meat  was  dissolved  in  the  stomach  under  the 
influence  of  an  acid  fluid  possessing  anti.septic  cpialities. 
Stevens  (ITTT)  came  to  essentially  the  sjime  conclusions 
by  e.vperimentiiig  on  a  human  being  who  pos.sessed  the 
power  of  regurgitation;  and  he  was  the  first  to  carry  on 
digestion  oui.siile  the  body  tiy  means  of  the  gastric  juice 
of  a  dog.  Spallaiizani  (17TT-s:j)  deserves  credit  for  hav- 
ing established  beyond  reasonable  doubt  that  tligestion 
is  performed  by  a  fluid  in  the  stomach,  and  to  this  fluid, 
whose  aciility  and  antisejitic  pro|)erties  be  likewise  recog- 
nized, he  gave  the  name  gastric  juice.  At  the  beginning 
of  the  present  century  this  view  was  accepted  and  taught 
by  nearly  all  pliy>icilogists. 

The  ne.\t  great  addition  to  our  knowledge  was  made 
by  Beaumont  (is:!:)!,  and  his  contribution  may  justly  be 
called  the  most  important  one  ever  made  to  the  science 
of  gastric  digestion.  His  observations  were  made  upon 
a  Canadian,  Alexis  St.  JIartin,  in  whom  a  iicrinanent 
gastric  fistula  remained  after  a  gunshot  wound.  As  a 
result  of  these  observations  he  described  the  gastric  juice 
"as  a  clear.  trans]>areiil  fluid,  inodorous,  a  little  saltish, 
and  very  percejitibly  acid.  Its  taste  when  applied  to 
the  tongue  is  similar  lo  thin  mucilaginous  water  slightly 
acidulated  with  nuiriatic  acid.  "  He  further  described  it 
as  powerfulh'  antiseptic,  and  an  effectual  solvent  of 
food. 

In  the  winter  of  1833-33  he  submitted  a  sample  of  gas- 
tric juice  contaminated  with  a  little  mucus  to  Professor 
Dtinglison  for  examination.  Dr.  Dunglison  reported 
that,  in  collaboration  with  Professor  Enunet  of  the  Vir- 
ginia I'nivcrsity.  he  had  found  the  gastric  juice  to  con- 
tain "  free  muriatic  and  acetic  acid,  iihosidiatcs  and  muri- 
ates, with  bases  of  i)otass!i.  soda,  magnesia,  and  lime, 
and  an  animal  matter  soluble  in  cold  water,  but  insoluble 
in  hot."  Ileexpressed  astonishment  at  the  large  amount 
of  free  muriatic  acid  jiresent. 

Prout  in  1824  had  already  declared  that  the  aciditj'  of 
the  gastric  juice  was  due  to  free  hydrochloric  acid. 

In  1836  Schwann  concluded  that  the  digestive  power 
of  the  gastric  juice  was  due  to  some  unknown  active 
principle  which  he  called  pep.sin,  though  he  coidd  not 
isolate  it  as  a  distinct  chemical  sid)stance.  This  was 
done  by  Wassmann  (1839)  who  prepared  an  impure  pep- 
sin as  a  yellowish  powder  soluble  in  water. 

I.ab  ferment  was  discovered  and  isolated  (also  in  an 
impure  state)  by  Hammarsten  in  1872. 

During  the  past  two  decades  experiments. on  animals 
and  direct  observations  of  the  gastric  juice  of  man,  by 
means  of  gastric  listuhe  and  the  st<imach  tube,  have  eii- 
abled  us  to  gain  more  accurate  information  concerning 
the  physical  and  chemical  properties  of  gastric  juice. 
It  is  iirobable  that  the  chemical  composition  of  the  gas- 


tric juice  varies  somewhat  under  different  conditions,  and 
that  the  secreti<m  adajjts  itself  in  a  measure  to  the  phys- 
iological task  to  be  ]>erformcd.  The  gastric  jiuce  se- 
creted reflexly  as  a  result  of  the  nii/Zit  or  siklII  of  ssivory 
food  seems  to  dilTer  slightly  from  that  secreted  after  the 
iiiffiKtiiin  of  food:  and  it  is  jirobable  that  dilTerciit  foods 
lall  forth  variations  in  the  chemical  coiuposilioii  of  the 
secreted  fluid.  Beaumont  had  noticed  that  the  gastiic 
juice  was  by  no  means  always  the  same.  He  notc(l  that 
exerci.se  leading  to  i)erspira1ion  increased  the  secretion 
from  the  gastric  cavity  ;  that  the  fluid  poured  out  under 
these  conditions  was  only  slightly  aciil,  and  that  it  had 
inferior  solvent  ])roperties.  The  ingestion  of  alcohol  in 
strong  solution  is  known  to  cause  a  transudation  from 
the  gastric  mucosjt,  the  resulting  flind  having  but  little 
resemblance  to  gastric  juice.  Our  knowledge,  however, 
of  these  ])hysiological  and  pathological  variations  from 
the  normal  is  as  yet  very  fragmentary.  The  (piantity 
of  gastric  juice  secreted  in  twenty-four  hours  has  never 
been  even  approximately  determined  and  estimates  range 
from  180  gm.  to  ()..5  kgm.  The  gastric  contents  as 
usually  removed  are  made  up  of  food,  swallowed  sidiva, 
mucus,  and  gastric  juice  As  this  mixture  is  being  pro- 
pelled constantly  in  small  quantities  into  the  duodenum 
throughout  the  whole  process  of  digestion,  any  estimate 
of  the  totill  quantity  of  gastric  juice  must  be  subject  to 
very  great  inaccuracies  and  no  reliable  data  are  at  hand. 

Human  gastric  juice  contains  about  five  per  cent,  of 
.solids.  Its  specific  gravity  varies  from  1.001  to  1.010; 
the  averaee  in  the  human  being  is  between  1.002  and 
1.003. 

The  mineral  salts  are  chiefly  the  chlorides  of  sodium, 
potassium,  and  calcium,  and  the  phosphates  of  magne- 
sium, calcium,  and  iron.  Together  they  constitute  only 
two  per  cent,  of  the  gastric  juice. 

The  gastric  juice  is  not  rendered  tinbid  by  boiling,  and 
is  la;vo-rotatory.  It  contains  a  trace  of  proteid  (proba- 
bly a  peptone)  and  some  mucin.  Lactic  acid,  which  until 
recently  was  considered  a  component  part  of  normal 
gastric  juice,  is  not  present  in  the  pure  secretion,  but 
occurs  as  a  result  of  the  fermentation  of  ingested  carbo- 
hydrates. The  active  elements  of  the  gastric  juice  are 
hydrochloric  acid,  pepsin,  and  lab  ferment. 

Neither  the  pepsin  nor  the  lab  ferment  has  ever  been 
isolated  in  a  chemically  pure  state. 

Hammarsten  separateil  lab  ferment  (rennin)  from  pep- 
sin by  fractional  precipitation  with  lead  acetate.  Gamgee 
has  sumiuari/.iMl  the  qualities  of  an  approximately  jnire 
solution  of  rennin  as  follows:  It  is  not  coagulated  by 
heat ;  it  is  not  precipitated  by  alcohol,  nitric  acid,  tannin, 
iodine,  nor  by  sugar  of  lead,  but  by  basic  lead  acetate. 

Lab  ferment  is  not  diffusible.  It  is  destroyed  by  0.5  to 
1  per  cent.  NajCOj. 

Its  chief  characteristic  is  its  power  to  clot  solutions  of 
casein.  This  it  accomplishes  by  splitting  up  the  casein 
into  two  forms  of  proteid,  one  of  which  remains  in  solu- 
tion, while  the  other  coagulates  in  the  presence  of  lime 
salts. 

Pepsin  is  probably  not  a  proteid.  It  is  soluble  in  water 
and  glycerin.  It  is  non-dilTusible.  In  the  presence  of 
free  mineml  acid  (especially  hydrochloric)  it  has  the 
property  of  changing  albumin  into  pc|)tone.  It  is  ren- 
dered inert  by  alkalies. 

The  hydrochloric  acid  in  the  ga.stric  juice  exists  partly 
in  the  free  state  and  partly  combined  with  some  of  the 
organic  and  inorganic  constituents  of  the  juice.  In  man 
the  free  acid  constitutes  from  1  to  2  pro  mille  of  the 
pine  gastric  juice.  In  dogs  the  acidity  is  higher;  in 
herbivorous  animals  it  is  less.  When  food  is  ingested 
the  gastric  mucous  membrane  secretes  hydrochloric  acid 
until  the  chemical  atlinity  of  the  food  for  hydrochloric  is 
satisfied,  and  then  it  continues  to  secrete  acid  until  the 
atiiount  of  free  acid  ]ii('scnt  has  reached  a  certain  norm 
for  that  individual,  usually  0.12  to  0.18  per  cent.  After 
the  norm  has  been  reached  the  secretion  of  acid  comes  to 
a  standstill,  and  by  this  refle.x  mechanism  the  overpro- 
duction of  hydrochloric  acid  is  prevented  in  the  healthy 
stomach.  Ilcnry  Wald  licttmann. 
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GASTRULA.— (Rlm-of  L. ff'w/fir from  llic Orct-k  yami/i), 
lii'llv,  siiiiiijirli  )  The  r/imtriilii  JHii  HtiiK>'  in  tlicciiibryonic 
(lrvrlii|iliirMl  of  nl  least  oiii'  ri'|«rfwiiliilivc (if  iiriirly  cviTy 
grcal  >;riiu|i  iif  aiiiiiials  iilmvi'  ilif  I'lnin/im      Mun-ovcr, 


4>MM|  rffliiiii) . 

4*  U  hi  I'll  III, 


,f/=^ 


Flo.  saw.— s«.,t|,iii  (if  a  fiiusinilii  cif  a  Scii-I'mliln.  Tiirii/xiiiicffn 
lli'Miiji.  (AlliT  Scli-nka.i  HiKlilv  iimirnllli'il.  >t,  EctiKlrnn ;  <ii, 
eiiiliMliTin :  hm*^,  iia-wntenii :  .U.  bIiLsi<i|Hin\ 

those  foniis  which  do  not  possess iitypieal  gastrula  staire 
are  fomul  on  careful  exaniinalimi  to  exhiliit.  with  few 
exceptions,  stiuctincs  or  ino(h's  of  development  wliich 
may  he  interpreted  as  vestiues  of  this  stage. 

In  holobhistic  eggs  with  equal  cleavage  (see  article 
fy</iii(iit<iti'i>i  i>f  till  Oniiii)  the  cleavage  results  in  the 
formation  of  a  tvjiical  hlnxtiila.  This  is  a  rounded  bmly 
composed  of  cells,  \\\v  hlimliniieres,  forming  a  continuous 
meinlinme,  the  hUiMnderm,  which  encloses  a  cavity,  the 
btnutifiil. 

The  next  stage  is  the  r/nitniln.  which  is  formed  from 
the  blaslida  \isually  h.v  the  invagination  of  its  wall  on  one 
side.  Hy  this  process  tlie  lilastoderm  becomes  ditTeienti- 
ated  into  the  two  primary  germ  layers.  The  part  which 
remains  on  the  outside  is  the  ectoderm,  antl  the  part 
which  is  invaginated  is  the  i  iiiioilerm.  fSee  Germ  Lai/ers.) 
In  most  animals  the  c<'lls  of  the  blastida  are  not  all  alike, 
those  on  one  side,  the  animal  pole,  being  smaller  and 
contjiiiiing  less  deutoplasm  (yolk  giaiudes)  than  those  on 
the  other  side,  the  vegetative  pole,  which  are  in  many 
cases  very  large  and  heavily  laden  with  deutoplasm. 
AVhen  such  dilTi'rentiation  obtains  it  is  always  the  cells 
of  the  vegetative  pole  that  are  invaginated  to  form  the 
endoderm. 

The  nearly  typical  gastnda  of  a  sea-urchin  is  rejirc- 
sented  in  longitudinal  section  in  Fig.  2268.  This  embryo 
conlainstwo  cavities, — oneaclosed  cavity,  the  blastoccel. 
lying  between  the  ectoderm  («•)  and  the  endoderm  (t/i). 
and  the  otlii'r,  the  primitive  stomach,  or  archenteron,  a 
cavity  entirely  surrounded  by  endoderm,  except  at  one 
side,  where  it  opens  to  the  exterior  by  the  primitive 
mouth,  or  hliislo/mre  (.V).  At  the  lips  of  the  blastupoir 
the  ectoderm  ami  endoderm  are  continuous.  This<'mbryo 
is  not  <|uite  a  typical  gaslrulaon  account  of  the  presence 
in  the  bla.stociel  of  mesenchyme  cells  (im-n).  which  in 
most  animals  appear  at  a  somew  hat  later  stage. 

Gastridas  of  this  same  general  tyjie  are  to  be  met 
with  in  the  sponges,  c<elenterales,  ecliinoderms,  nemer- 
tians,  annelids  (Kupomalus),  sipunculids,  cha'tognaths, 
Crustacea  (Lucifer).  moUusks,  and  chordata (tunicates and 
Amphioxus). 

Of  these  vaiioiis  forms,  the  one  of  most  interest  to  us 
is  the  gastrula  of  Amphioxus.  If  one  were  to  draw  a 
diagram  to  show  the  essential  structures  of  a  verlebrate 
r<'diiced  to  their  .simplest  forms,  the  drawing  with  slight 
alterations  c<Mdd  be  maile  to  represent  an  amphioxus. 
This  is  a  little  lish  like  animal  an  inch  or  two  in  length, 
that  lives  in  the  sand  in  shallow  arms  of  the  sea  in  vari- 
ous parts  of  the  world.  It  is  found  in  the  (.'he.siipeake 
Bav,  in  the  lagoons  of  the  Bahamas,  and  the  writer  has 


guthered  IniiidredH  of  HpccliiieiiR  on  tlio  Kami  (lalii  by  tlio 
milroad  wharf  at  Port  Tampa.  Florida.  The  AmpliioxiiH, 
having  little  mure  than  a  noiiiehiiid  bv  way  of  Kkeleton, 
has  lell  no  fiiHsil  remains,  but  lln  habitat  iKi'xaetly  hiinilur 
l<illiat  in  which  counlless  geiienilioim  of  Mnguhi  have 
dwelt  with  piaclically  no  change  of  Ntrucluii'.  wi  far  iiN 
we  can  see,  since  lower  Siluriai'i  limes.  So  ll  Ih  not  im- 
possible that  we  may  be  right  if  we  infer  from  lis  stnic- 
ture  that  .\mphioxus  isalso  of  a  very  ancient  type,  and  U 
a  living  n  pre.senialive  of  our  ancestors,  that  ll"ve<l  befoD! 
the  appearanceof  the  earliest  llshes.  For  this  reawiii  llio 
eiidiryology  of  this  form  Is  of  speeiid  intereKl.  This 
proves  to  be  just  as  diagrammaticaljy  primitive  as  the 
structure  and  conUnns  our  inference  from  conipanilivo 
anatomy. 

The  gastrula  of  Amphioxus  (Fig.  2201))  is  u  typical  one 
of  the  iiiiIhiHc  tyjie.  That  is,  the  archenteron  is  formed, 
as  in  Ihesea mchin,  by  Ihe  invagination  of  theendoderm. 
This  is  contrasted  with  Ihe  iiu'lmlii;  type  of  gastnda  in 
which,  owing  to  the  large  size  of  the  slowly  dividing 
endodermal  cells,  heavily  laden  with  yolk,  an  invaginu- 
tion  is  impos-sible,  and  the  smaller  and  more  active  ecto- 
dermal cells  form  the  gastnda  by  growing  over  and 
around  the  large  and  lessactive  endodermal  cells.  These 
types  of  gastnda  grade  into  one  another,  so  that  in  some 
cases  it  is  ditlicidt  to  tell  to  which  type  the  gastrula 
belongs. 

Fig.  2269  represents  a  vertical  longitudinal  section  of 
a  gastrula  of  Amphioxus.  The  archenteron  is  large  and 
the  endoderm  is  so  clo.sely  pre.sseii  against  the  ectodenn 
that  the  blastoco'l  is  obliterateil  except  in  a  small  space 
near  each  lip  of  the  blastopore,  which  at  this  stage  is 
widely  open.  The  development  of  the  gastnda  of  this 
species  is  represented  in  Fig.  2270. 

The  eggs  of  Amphioxus  are  laid,  according  to  Wilson, 
as  a  rule,  between  live  anil  six  in  the  afternoon.  Cleav- 
age residts  in  the  formation  of  a  globtilar  blastula;  and 
about  inidnighl,  according  to  .Morgan,  gastrulation  he- 
gins  by  the  flattening  of  one  side  of  the  blastula.  This 
side  may  be  distinguished  from  the  other  by  the  presence 
of  larger  cells  more  completely  tilled  with  yolk  granules. 


Fig.  22ljfl.— Saprlttal  Section  of  a  Gastrula  of  Ampliloxiis  at  i  a.m.  o. 
Anterior  poltf :  r/.  dorsal  lip  of  I  lie  blastopore;  r,  ventral  lip.  Re- 
duced from  caiiu'ni  dniwliiu  made  with  Zeiss  4,  oil  linnierslon  2  mm. 
(.Vflcr  .Morgan  and  llu»-n.) 

About  two  hours  later  the  flattened  side  has  pushed  in- 
ward until  the  endoderm  nearly  touches  the  ectodenn 
and  the  embryo  has  become  Siiucer-sliaped  (Rg.  2270,  a). 
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Irom  thistime  on  there  isagmdual  closing  of  the  blaslo- 
f  ore  accompnnicd  by  the  gniwtli  of  its  lips,  until,  when 
till"  liliistiiporc  is  nearly  clnscd, 
llic  I'inliivii  1ms  llii;  sliupc  "(  a 
focilliall  (Vig.  •2-2'H).  ih.  the  small 
iipcniiig  licing  a  slight  distance 
from  the  ]iiisteri<)r  end  of  the  long 
a.xis  of  the  embryo  and  on  the 
dorsal  side  of  it.  The  end  of  the 
gastrula  stage  is  marked  by  the 
elosnre  of  the  blastopore  from 
direct  coiniMUiiicalion  with  the 
exterior.  Hut  for  a  long  lime  the 
inner  part  of  it  I'ornis  a  passage- 
way from  the  arelienteron  into 
I  lie  devclo|)iiig  neural  tube,  it  is 
llien  called  the  neiiiri(ten'f  canal. 

The  simplest  fVjrm  of  gastrula 
to  be  found  in  the  true  vertebrates 
is  of  the  type  observed  in  the  cy- 
clnsliimes,  ganoids  (Fig.  2271).  and 
.•imphibians  (Fig.s.  2272  and  2273). 
In  the  eggs  of  these  forms  the 
cleavage  is  always  unecjual  and 
may  be  holoblastic  as  in  the  frog 
or  Ineroblastie  as  in  tlu'  gar-|)ike. 
In  eilher  case  it  results  in  the  for- 
mation of  a  blastula  in  which  the 
blastoco'l  is  exceutric,  lying  near 
the  upper  pole.  In  either  case  the 
roof  of  the  blastoca'l  is  composed 
of  one  or  more  layers  of  small 
cells,  while  its  floor  is  composed 
of  large  cells  or  imperfectly  di- 
vided yolk.  The  formation  of  the 
gastrula  begins  by  the  develop- 
ment of  a  slight  groove  on  one 
side  near  the  edge  of  the  area  of 
small  cells.  The  uppei-  edge  of 
this  groove  is  the  dorsal  lip  of 
the  blastopore.  The  ends  of  the 
groove  extend  in  a  circle  until  they  meet,  completing 
the  blastopore  at  its  vcniral  lip.  Within  the  blastoi)ore 
there  is  a  mass  of  large  eiidodermal  cells,  the  so-called 
yolkplny.  The  formation  of  the  blastopore  has  been  ob- 
served in   living  eggs  of  a  number  of  amphibians  by 


Fio. -.'TO.  Four  stapes  in 
tlie  I)evel«tpiiieiil  of  the 
G:i¥triila  and  I'losure  of 
Blnstopure  ot  Anipllt- 
oxiis.  Satriltal  sections. 
a,  Veutr.il  lij)  of  biasto- 
pore:  /i.  anterior  pole: 
c,  rtorsal  lip.  (AfttT 
Morgan  and  Hazeu.) 


. — « 


Si/ 


Flii.  £T1.    SiiBllIal  Section  of  a  (iastrula  of  Forty  Hours  of  tlie  Gar- 
pike.  Lepidostcus.    c,  Endinlenn  ;   »;.  dorsal  lip  of  hliusto|xire ;   s, 
blasts K'lEl ;   •  *,   Innermost  limit  of  arclieiileron.      (.Vfter  Dean.) 
X  30. 

several  investigators.  The  observations  of  II  V.  Wilson 
upon  a  tree  frog  (('/lorojiliiliiK  fi riorum) arc  of  special  in- 
terest because  by  the  skilful  use  of  an  inverted  microscope 
he  was  able  to  watch  the  changes  in  uninjured  eggs  in 


tlieir  normal  position.  He  finds  that  all  parts  of  the  edge 
of  the  blastopore,  as  soon  as  they  are  formed,  begin  to 
t;rnw  liver  the  yolk  cells.  During  this  ])iiicess.  nut  only 
the  yolk  cells  disappear  under  the  advancing  edge  of  the 
blastopore,  but  cells  outside  of  the  blastojiore  are  seen  to 
move  to  the  edge  and  then  to  roll   ivir  and  disa])pear  be- 
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Fio.  2272.  -  Sajrittal  Section  of  the  Gastrula  of  a  Tree-toad,  Choroph- 
ilus.  (i)c)i,  Archenteron;  a-h,  "  tongue  "of  uncleft  yolk  In  front 
of  archentenin  ;  il.l.,  dorsal  lip ;  v.l,  ventral  Up,  s.c,  blastocoel ;  x, 
space  pri>duced  artlUcialty.  (After  H.  V.  Wilson. I  Camera  draw- 
ing, Zeiss  A ,  2. 

ncath  it,  so  that  there  is  here  a  combination  of  over- 
growth (cjiibiily)  and  invagination  (imbo/i/).  The  dorsal 
lip  being  the  tirst  to  fonn,  Wilson  liuds  that  it  grows 
over  an  angular  distance  of  2.")'  before  the  ventral  lip 
starts,  at  wiiich  lime  the  width  of  the  blastopore  is  95°. 
After  that  the  rate  of  closure  is  equal  on  all  sides, 

\Vlien  the  blastopore  has  been  reduced  to  a  very  small 
opening,  the  overgrowth  stops  at  the  dorsal  and  ventral 


FIG.  227.'i.  -  Sntrilial  Se<iion  of  the  Gastrula  of  a  Tree-toad.  Clioroph- 
ilus.  Later  staire  tliiui  that  shown  in  Fig.  2272.  Reference  letters 
the  same.     (After  H.  V.  Wilson).    Zeiss  A,  2. 

sides,  but  continues  laterally,  so  that  the  blastopore 
linally  becomes  a  mere  slit  and  at  length  the  lips  fuse  in 
the  middle,  leaving  a  minute  opening  at  each  end.  Thu 
doi'sal  one  is  the  neuropore,  or  neurenterie  canid,  and  the 
ventral  (me  may  or  ma}'  not  persist  as  the  permanent 
anus. 

Figs.  2271,  2272,  and  2273  represent  sagittal  sections  of 
•rastiulas  of  the  gar-pike  and  the  tree  frog.  Comparing 
these  with  Fig.  22(59  we  see  that  they  are  similar  to  the 
gastrula  of  Amphioxus,  except  that  in  these  forms  the 
cndoderm  forming  the  ventral  and  auteiior  wall  of  the 
archenteron  is  greatly  thickened  so  as  nearly  to  fill  the 
cavity  of  the  arelienteron  and  to  protrude  through  the 
blastopore. 
In  the  Sauropsida,  reptiles  and  birds,  we  find  an  enor- 
I  mous  increase   in  the  proportion  of  yolk  in   the  egg. 
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NcvtTllirUfgs,  tla-ri'  is  n  ulago  in  tliu  d«vul(ipiiieiit  of 
tlw'.i-  fiiriiis  llmt  limy  lir  ri'diinlcil  as  ii  ifastnilii  Tlir 
lull's  rt;i;  iiiiiv  lir  tJikrn  lis  llii'  Ivpf  "f  lliis  cliiss  Clcav 
ani-  lii'^iiiH  uiiil  till-  I'KK  I'lis-scs  tiir<ni^;li  tin-  liliistiila  ma>;i' 
wliili'  ill  till-  iiviiliirl.  'I'lii'  ^'I'l'iiiiiial  area  in  tlir  lila.stiila 
stafjr  cniisists  of  I  wo  layiTs  nf  i'<'lls.  Tlii'  imliT  liivrr 
foiiiis  a  iiuriiiliniiii'  of  roiiiiilclcly  iliviiliil  iiIIn  ami  is 
8('|iarati'il  by  a  sliallow  <-avity.  tin-  lilaslocu-l.  from  tlic 
lowi  r  lawr  of  cills,  in  uliicli  llic  iill  iKniniliirirs  arc  in 
<iini|il('lr.  so  tliat  (lie  rills  iirr  iiol  s>'|iiinitril  from  llio 
wliilr  yolk  liclow.  At  i lie  margin  of  llic  f;rriiiinal  area 
thr  Iwo  layirs  arr  uuitiil  and  all  tlic  cell  boiiiiilarii'.s  art' 
iiu(im|ilrlr  liilow. 

At  alioiii  till'  time  that  tlic  eg);  is  laid  the  poslerior 
Ixirdcr  of  (lie  (;ermiiial  disc  lieconics  sliarply  dcllncil  by 
tlic  a|i|icanince  of  a  crcscciitic  groove,  wliicli  fjnidiially 
cxtciiils  around  toward  the  anterior  side.  Inside  of  the 
groovi-  the  disc  becomes  thicker  anil  more  oimiiue.  The 
gastnila  state  begins  with  the  foriiuilioii  of  this  jiroovo 
and  I  lids  with  the  com- 
plelioii  of  the  primitive 
streak. 

The  blastoeiel  i|iiickly 
disappears  and  the 
groove  opens  into  a  new 
cavity  lying  between  the 
gcniiiiial  disc  and  the 
yolk,  the  siibL'eniiinal 
cavity  or  archciilcron. 
Fig.  2271  represents  a 
sagittal  section  throiiirli 
a  late  gastnila  stage  of 
the  hen's  egg  and  may 
be  compared  with  the 
doisjil  half  of  the  pis- 
iriila  of  the  frog.  Fig. 
•2'->73.  At  the  anterioi 
end  of  the  section  llic 
ectoderm  is  seen  to  be 
growing  over  the  yolk 
while  the  ciKliulerm  be- 
low is  continuous  with 
the  yolk  (/.-ir).  while  at 
tlie  posterior  end  the  en- 

dodcrm  and  ectoderm  are  continuous  with  one  another 
and  separated  from  the  yolk  by  a  slit  {/ih,  wliicli  con- 
nects with  the  aicheiiteroii  ami  may  be  regarded  as 
homologous  with  the  blastopore  of  the  frog.  As  in  the 
frog  the  blastopore  begins  as  a  cresceiitic  groove  and  tlu' 
ilorsid  lip  proceeds  to  grow  backward  over  the  yolk. 
Hut.  unlike  the  frog's  egg.  the  egg  of  the  lieu  contains 
so  much  yolk  that  the  ends  of  the  crescent  are  unable  to 
meet  around  the  yolk  jilug.  So  the  closure  of  the  blasto 
pore  is  elTccteil  in  another  way.  — by  the  progressive 
separation  of  the  ectoderm  from  the  eiidodiMin.  beginning 
at  the  ends  of  the  crescent,  and  the  growth  of  the  ecto 
derm  as  a  distinct  layer  over  the  yolk,  as  described  in  the 
article  on  the  Ared  einhn/oiitilin  (see  Vol.  i.,  pp.  441.  44'2|. 

In  the  mammalia,  although  the  egg  is  minute  and 
undergoes  a  lioloblastic  cleavage,  the  development  of  the 
embryo  is  a  very  coniple-\  process,  to  be  explained  prob- 
ably by  the  supposition  I  hat  the  anccstoi's  of  the  inanuuals 
had  eggs  with  a  large  amount  of  yolk.  In  this  group  the 
gaslniia  stage  has  almost  entirely  disappeared,  the  stage 
tigiired  by  Ilaeckel  as  such  not  being  a  gastrula  at  all. 
Ilubrecht.  however,  described  structures  in  the  primitive 
streak  of  the  slircw  (Sorex)  that  resemble  what  is  found 
at  the  lip  of  the  blastopore  of  the  frog,  and  he  linds  there 
a  minute  canal  that  he  regards  as  a  vestige  of  the  neu- 
rcnteric  canal. 

The  gastrula  has  been  a  stage  of  more  than  ordinary 
interest  to  eiubryologists  because  of  the  importance  at- 
tributed to  it  in  the  GiLiima  Tluin-y  of  Ilaeckel.  This 
theory  is  ba.seil  i>rimarily  upon  the  discovery  made  by 
Huxley  in  lt<49:  "That  a  Medusa  consists  essentially  of 
two  membranes  enclosing  a  variously-shaped  cavity,  in- 
asmuch as  its  various  organs  are  so  composed";  and  that 
"a  complete  identity  of  structure  connects  the  foundation 


nicmbruneH  of  the  MciluNn  with  oorn*ii|>niiillng  ortraD*  in 

the  ri'st  of  the  series;  and  It  Is  ciirloiiN  to  remark,  timl 
throughout  the  outer  and  inner  iiieiiibranesiippear  to  liiiir 
the  sanii-  piiysioli.gical  ndalion  to  one  anolher  axilolhu 
serous  anil  miK-oiis  layers  of  the  giriii .  the  outer  lN-<-oni 
ing  developed  into  the  muscular  system  and  giving  ride* 
to  the  organs  of  olTenee  and  defence;  the  inner,  on  the 
other  hand,  appearing  to  be  more  eloHcly  HiiliHervienl  to 
the  piirposesof  niilrilion and  generation'"  To  Ihew  Iwo 
layers  Allmiin  in  IN.VI  gave  the  iiaiiieH  eclodenii  ami 
eiidoderni.  respectively.  Ijitrr,  Alexiinder  Kowalevsky, 
beginning  in  Isiit'i.  made  a  brilliant  s<-ries  of  obiu'rvatioiiH 
upon  the  embryonic  development  of  a  large  iiiiiiiber  of 
invertebrates,  conils.  hydromediisje.  MyphoniediiHif, 
etenophores.  worms,  I'horonis.  braihiopods.  echinodernm, 
molliisks.  and  insects,  and  also  upon  various  lower  chor- 
data.  including  tiiiiicates.  AmphioxuM.  and  llshew  He 
concluded  that  in  all  the  invertebrates  that  he  had  studied, 
two  genu  layers  are  formed  at  the  begiuuiug  of  develop- 
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Kiii.  2.T4.  SiiBlUal  Sei-Uiin  throiiKli  l\\v  UiiLstuilerm  nf  a  Heirs  Eire  Iiiiuliatcil  Six  Hours.  Arh.  Anlienteron ; 
W,  ilorsiil  ll|i  "f  lilnsto|xire:  Ec,  erlodenii :  Ei\.  eiiiloileriii ;  /iic.  (rerminiil  wall ;  imx,  iiiarirliial  rim;  VU 
Yolk.     (After  Daval,  fixuu  .Mliiot.)     D,  X  about  10;  -1,  B.  C,  UeUills  of  L)  uiore  highly  niapiUleU. 

nient,  and  that  in  most  cases  there  is  formed  at  first  a 
vesicle  of  cells,  one  side  of  which  becomes  invagiiiated, 
forming  a  double  cup  with  a  central  cavity  opening  to 
the  cxierior.  He  found  a  similar  condition  in  tiinicates 
and  Amphioxus  and  by  comparison  of  their  subsequent 
stages  of  development  demonstrated  the  affinity  of  the 
tiinicates  with  Amphioxus  and,  through  that  form,  with 
the  true  vertebrates. 

In  1873  Haeckil  published  a  description  of  the  two- 
layered,  cup-shaped  larva  of  the  calcareous  sjiongcs,  and 
asserted  that  this  stage,  to  which  he  gave  the  name 
Gnutrnhi.  is  a  fundamental  one  for  all  mctazoa. 

In  1M74  and  187.">  he  elaborated  more  fully  the  theory 
that  the  gastrula  represents  the  type  of  the  most  primi- 
tive metazoan.  the  common  ancestor  of  the  whole  great 
group  of  animals  above  the  protozoa.  To  this  hypo- 
thetical ancestor  he  gave  the  name  (laxlrmi.  As  already 
indicated,  this  generalization  of  Ilaeckel  has  been,  in  the 
main,  conlinnecl  by  subsequent  investigations. 

Robert  Payne  Bigeloic. 
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GAYLORD     AND     GULICK    MINERAL    SPRINGS.— 

tFiinii.il.v   l}los.sljiirg  .Mim-iiil  Springs.)     Tioga  C'lHiuly, 
Poniisvlvaiiiii. 

Post  Of  KICK.— Blossburg.     Hotels  in  the  villafic. 

Access. — Via  Tioga  bniucli  of  Krii'  HailroaU  to  Bloss 
biirg;  also  via  Northern  Central  l{ailroa(l  to  Roaring 
Braiuli.  and  tlieneo  liy  stage  line  over  the  niduntains. 

These  springs  are  'located  in  a  pieturesiiue  mountain 
region  L.-idO  feet  aliove  the  sea  level.  Tluy  are  sur 
rounded  bya  eliarining  tiwt  of  woodland  containing  213 
acres,  froiii  wliieli  a  line  view  of  the  valley  of  the  Tioga 
may  he  ohtained.  The  jilace  otters  many  attractions  as 
a  siimnier  resort,  but  is  not  fully  developed  as  yet.  The 
springs  are  two  in  number,  and  flow  about  1.800  gallons 
of  water  per  hour.  The  following  analysis  was  made 
by  Prof.  F.  A.  Genth  in  1879 : 

Sui.PHATED  Acid  Chalybeate. 

ONE  Unitkd  States  Gallon  Contains: 
Solids.  Grains. 

Mafmesinm  sulphate 1;|- j" 

Cah'iuiM  sulphate ^.13 

Lit  ti  in  111  sulphate 12 

S"iliuin  sulphate 27 

Potjussiuiii  .sulphate 24 

Siidiuiu  .hU.ri.le 10 

Mani^n.'se  sulphate I-*^3 

Cnbalt  sulphate 03 

Nickel  sulphate 'tB 

Aluiuiituui  .sulphate ^  fi.[>8 

Iron  sulphate 31.31 

Imn  phosphate _.32 

Snlphuri.-  acid 5.'>* 

Siliiie  aiid 2.15 

Total &5.18 

This  analysis  shows  a  sulphatcd  acid  chalybeate  water 
of  great  potency.  It  is  remarkably  rich  in  ferruginous 
ingredients,  and  contains  a  considerable  proportion  of  the 
sulphate  of  magnesia  or  Epsom  salt.  The  analysis  also 
shows  appreciable  (luantities  of  the  rare  ingredients 
manganese,  nickel,  and  cobalt.  The  water  possesses  ex- 
cellent ])i-operties  as  a  tonic  and  reconstructive,  and  has 
been  found  very  useful  in  conditions  characterized  by 
ana-mia  and  general  debility.  It  is  also  used  in  dyspep- 
sia and  intestinal  disorders.  Locally  it  has  decided 
astringent  and  stiinuUmt  elTects,  and  as  such  is  recom- 
mended as  a  douche,  spray,  gargle,  or  lotion.  ,  The  water 
is  used  commercially.  A  mineral  water  fif  this  strength 
should  always  be  taken  under  the  direction  of  a  physi- 
cian. Jdincn  K.  Crook. 

GEISSOSPERMUM.— Poo  Pereira  Bark.  The  bark  of 
one  or  more  species  of  Geissospermian  (fam.  Apori/iKirra'), 
6.  litre  Miers  being  the  important  one,  used  in  Brazil  as 
a  febrifuge.  Three  alkaloids  have  been  reported,  gcix- 
so/tpermiiie.  pereirine  (this  is  not  the  only  alkaloid  of  this 
name),  and  vellosine  (from  G.  Vellonii  Allem.).  The 
drug  and  its  alkaloids  have  been  used  experimentally, 
especially  in  Europe,  but  have  found  no  accepted  posi- 
tion in  medicine.  Henry  II.  liuslii/. 

GELATIN. — GKi.ATixt'M.  Gelatin  has  been  defined 
by  the  British  Pliarmacopfcia  as  "  the  air-dried  product 
of  the  action  of  boiling  water  upon  such  animal  tissues 
as  skin,  ti'ndons,  ligaments,  and  bones."  It  appears  in  a 
variety  of  forms.  That  which  has  not  been  purified, 
made  usually  from  animal  matter  which  has  partly  de- 
composed, is  ffliii .  When  |)urilii(i  by  special  processes 
it  becomes  x/OT )•/•/('»'/■  It  usually  occurs  in  sheets  which 
liave  been  dried  upon  coarse  malting,  but  frei|uently  in 
narrow  strips  cut  from  such  sheets  (n/treddeel  geliitin). 
Gelatin  should  be  almost  or  (luite  colorless  and  trans- 
parent, without  odor,  and  nearly  tasteless.  Dissolved  in 
50  parts  of  hot  water,  it  should  yield  a  firm  jelly  on  cool- 


ing. The  aiiueous  .solution  is  precipitated  by  tannin, 
but  not  by  alum,  subaeetjite  of  lead,  or  ferric  chloride 
T.  S.  Gelatin  is  soluble  in  acetic  acid,  but  not  in  strong 
alcohol  or  ether.  It  has  no  medicinal  activity,  but  is  a 
nutrient  of  the  albuminoid  class,  used  in  the  diet  of  in- 
valids and  in  the  kilehen  generally.  Its  chief  use  in 
medicine  is,  strictly  speaking,  pharmaceutical,  for  the 
mainifiictiire  of  the  well-known  soft  and  hard  gelatin 
capsules  and  for  the  coating  of  pills. 

Geliilose  is  gelatin  which,  asa  result  of  certain  changes, 
especially  those  of  bacterial  causation,  can  no  longer  be 
gelatinized.  Henry  JI.  Itudty. 

GELSEMIUM. — Yellow  Jasmine,  Yellow  Jess.*.- 
MiNK.  "  'I'lie  dried  rhizome  and  roots  of  Gelnemimu  utm- 
pcreirciis  (h.)  Ait.   f.  (fam.  Loganiaeeti-}."  U.  S.  P.     The 

yellow  jessamine  of  the 
Southern  States  is  a 
pretly  climbing  shrub, 
with  a  large  woody 
rhizome,  and  numer- 
ous fine  roots,  and 
slender,  smooth,  twin- 
ing, purplish  stems. 
It  has  dark  green, 
glossy,  lanceolate,  en- 
tire, e  vergreen 
leaves,  growing  op- 
posite to  each 
other,  and 
b  e  a  r  i  n  g  i  n 
their  a.xilssolilary 
or  clustered  Mow- 
ers. The  lalliT 
are  large,  sweet- 
scented,  bright 
y  e  1 1  o  w,  a  n  d 
slightly  irregular. 
Calyx  small,  of 
five  -  pointeil  se- 
pals: corolla  fun- 
nel-shaped, with 
a  slightly  oblique, 
five  lobed  border; 
stamens  five,  peri- 
gynotis.  Fruit 
an  oblong,  flattened,  drooping  pod;  seeds  margined. 
This  is  one  of  the  most  attractive  flowers  in  the  Southern 
States.  It  grows  abundantly  from  Virginia  southward, 
in  woods,  and  mounts  to  the  tops  of  tall  trees.  The 
flowers,  which  appear  in  the  spring,  load  the  air  with 
their  sweet  odor. 

Of  course,  so  conspicuous  a  plant  was  early  noticed; 
in  fact,  it  was  carried  to  England  as  an  ornament  in  the 
first  half  of  the  seventeenth  century.  Its  poisonous 
properties  were  also  early  known,  but  its  medicinal  em- 
ployment is  of  rather  recent  date. 

Deschiptiux. — Rhizome  cylindrical,  short-fle.xuous, 
elongated  or  cut  in  sections  of  variable  length,  mostly 
from  0.5  to  1.5  cm.  (1  to  f  in.)  and  occasionally  3  cm.  (a 
little  more  than  an  inch)  in  diameter,  the  roots  much 
thinner,  a  few  elongated,  unbranched.  coarsely  hair-like 
tough  rootlets  usually  attached;  externally  of  a  light 
yellowish-brown,  commonly  with  .some  purple  or  pur- 
plishbi'own  loni;itii(liiiul  liiu's  lu  patches,  or  oei-isioiially 
deep  purple-bi'own  with  yellowish-brown,  fine  ridges; 
heavy,  hard,  and  tough;  internally  yellowish-white; 
fracture  of  the  rhizome  splintery,  the  roots  breaking  with 
half  the  fracture  tiansverse,  the  other  obliiiue  or  short- 
splintery ;  bark  thin,  closely  adhering,  that  of  the  rhi- 
zome with  fine,  silky  bast  fibres,  the  wood  porous,  with 
numerous  fine  medullary  rays;  odor  peculiar;  taste 
slightly  aromatic,  bitter. 

Composition. — It  contains  two  alkaloids,  Gelseinhic 
(ColIosNsOn),  crystalline,  but  inert  upon  the  human 
subject,  and  GclKeminirie  (CialTuNOj),  which,  like  its 
salts,  is  amorphous,  occurring  as  a  white  powder,  .soluble 
in  alcohol,  not  in  water,  and  which  is  the  active  constit- 
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Ilftll.  (Irlwliiiliif  iiciil  Im  II  Kii|iiiiiiii  like  silliHtiiliri'. 
A  little  rt-siii  mill  volitlik-  oil,  with  slarcli,  urc  iilso  pri's 
nif. 

AiTios  AM)  Use.— (it'lwmiiim  is  iiii  active  immly/.iiif; 
IHiisim,  <-ii|ialilc  of  killing;  Imtli  iiiiiiiiaU  ami  tiiaii  in  hiiiiiII 
tloscs.  i'\|iriuli!iK  its  ui'tii>ii  iipiiii  till'  ncrvoiiH  syNti'iii.  It 
tliifH  not  iifTi'Ct  roiiscioiisiii'.ss  iinlil  near  llii' i-nil  of  fatal 
niscs:  Hotiictinii'S,  Imt  not  always,  it  proiluci's  conviil 
sions,  iliH'  u|>|iarriilly  to  rcspinilory  iiilcrfrrriKi'.  Krllrx 
I'M'ilaliillly  is  iiirna-^ril  i>\  liist.  aflrrwaril  iliiiiinislit'il. 
w  liilr  iis  |ianily/inx<'lTi'('t  ii|ioii  the  niolorculuiniisstrail' 
ily  iiirn-asi's  to  llir  ciiil.     Dcalli  lakes  pliK'e  liy  aspliyxia, 

filoeeciliiij;  frniii  reiilnil  |uiiiilysis,  II  ilepressesor  panl' 
vz^s  the  luTVreliilili;.'s  lou  li'Ssexlent.  and  less  proniptly 
tlian  the  eeiilie*.  Locally,  anil  to  a  less  extent  systenial- 
ically,  it  ililates  tlie  pupil  anil  panily/.eg  the  power  of 
acconiinoilation  precisely  liki'  atropine.  The  followinj; 
syinptonis  are  ohserveil  in  man  after  inoilerate  doses: 
hiiii;iior.  deliility.  di/.^iness.  disliirlianees  of  vision,  ilila- 
tat  ion  of  the  pupils,  paresis,  espeeially  of  the  llexoi-s  of 
the  arm.  and  drowsiness.  The  poison  appears  to  be 
(piiekly  alisorlied  and  promptly  eliminated.  This  root, 
whose  medicinal  value  is  said  to  have  been  discovered  liy 
accident,  has  been  considerably  used  in  the  Smtli  anil 
West  in  the  treatment  of  malarial  and  other  fevers.  It 
is  oeeasioiially  employed  in  pneumonia  and  pleuri.sy  as 
a  depres.sanl ;  in  a'^ibniM.  wlioopini;  eoiii^h.  etc..  it  is  also 
indicated,  but  is  not.  in  the  KasI  ai  least,  very  frei|uently 
,i;iveii.  In  neurali;ias  it  holds,  perhaps,  its  place  most 
lirmly.  It  has  also  been  useful  when  dilatation  of  the 
pupil  is  desirable.  dilTering  from  atrojiine  in  the  tran- 
sielilness  of  its  elTects. 

Apmimsth-Vtion.— From  25  to  30  cgm.  (0.25  to  0.30 
pm.  =  jrr.  iv.  ad  gr.  v.)  of  tin-  powder,  or  the  same 
nieasiiles  of  the  llilid  exlnict  (h'jlnirliiin  tnlivmii 
Fliiii/iiiii.  I".  S.  I'.)  are  suitable  do.ses.  The  oMicial  1.")- 
percent,  tincture  is  given  in  doses  of  1-4  c.c.  ^ll.  ;  i-i. ). 
It  has  been  observed  ijuickly  to  counleracl  mild  dis- 
turbances due  to  overdoses  of  strychnine,  and  might  be 
found  ellicacious  as  an  antidote  to  that  poison. 

ir.  /'.  BolUs. 

GELSEMIUM.  POISONING  BY.— In  Gelsemium  sem- 
pervireiis  ari'  fowml  an  acid  and  two  alkaloids.  The 
alkaloids  are  gelsemiue  and  gelseminine.  Gelsemine  has 
a  tetanizing  action,  and  causes  in  the  frog  violent  spinal 
excitement  with  increased  rcHcxes  followed  by  iiara'lysis 
due  to  the  action  tipon  the  nerve  endings.  (Jelseminiiie  is 
tlio  morencliveof  thetwo.  producing  a  paraly.sis  by  direct 
action  upon  the  spinal  centres,  and  having  a  curare  like 
pandytic  inlluence  uiion  the  nerve  trunks.  The  acid, 
gclseminic  acid,  was  by  Hobbins  regarded  as  identical 
with  a'sculin.  the  ghicoside  of  the  horse  chestnut ;  Dra- 
gendorf  and  Schwartz  arrived  at  similar  results,  but  Pro- 
fessor Wormley  in  re-investigating  the  subject  jiroved 
that  gel.seminic  acid  is  not  identical  with  aesculin.  Ac- 
cording to  Kunkel.  the  acid  is  of  no  toxicological  impor- 
tance. Xottage  says  that  commercially  the  alkaloids  are 
found  as  a  crystalline  alkaloid  and  an  amorphous  alkaloid 
of  which  the  former  has  about  ten  times  the  potency  of 
the  latter.  From  the  amorphous  alkaloid  the  dosimetric 
granules  are  commonly  made.  The  pariilyzing  alkaloid 
is  the  more  potent  and  causes  the  characteristic  .symptoms 
in  poisoning  from  preparations  of  the  whole  plant,  such 
as  the  tincture  or  fluid  extract.  The  symptoms  come  on 
usually  within  a  half  hour,  but  in  some'ca.ses  the  action  is 
imnieiiiatc.  A  full  dose  gives  rise  to  languor,  muscular 
relaxation,  and  weakness,  drooping  of  the  eyelids,  double 
vision,  and  dilated  pupils.  When  a  poisonous  dose  is 
taken  the  muscular  relaxation  is  more  pronounced,  the 
jaw  usually  drops,  the  skin  becomes  cidil  and  cyanotic, 
the  respiration  sliallow  and  weak,  the  heart  is  weakened. 
and  at  times  the  patient  has  such  paroxysms  of  dyspncea 
as  to  clutch  at  the  throat  for  air.  Sensjition  is  not  so 
early  impaired  as  motion,  and  intellection  is  preserved  in 
most  instances  until  the  impaired  respiration  poisons  the 
brain 

The   fatal    dose  is    diflicult    to  determine.      Twelve 


ininiiiiHof  the  Iliiid  extnict  liavc  pmvMi  fatal  to  a  tioy 
of  three  yearn;  thiri-  "•  !•  pHof  the  tinctiin-  of  llio 
bark   have  n-sulled  m   hour  and  a  half      In 

one  instance  known   i  ■■  r  a  dnicliiii  of  il,.   tii„i 

lire  taken  by  mistake  proved  fatal  toayonn 
one-half  hour.  Dr.  Mart  well  has  known  twil 
of  the  resi-noid  to  result  fatally.  Heeoverii»  lime  in- 
curred after  the  ini^cstion  of  conMiIinibli-  sized  iliiwii. 
I>r.  .Main  recovereil  in  somewhat  over  an  hour  after  luk- 
iiig  by  mistake  a  drachm  of  the  Iliiid  ixiracl.  lilake's  pa- 
tieiit  recovered  after  taking  two  dmchmsof  the  tiiuiure. 
although  the  depression  was  most  profound,  and  there 
was  inli'iiM- cyanosis  with  fearful  paroxysnisof  dyspniia. 
In  my  own  case  of  fatal  poisoning  the'palienl.  w  ho  hiid 
taken  small  dosis  of  the  tincture  ut  intervals  after  u 
debauch  without  any  marked  effect,  took  probalily  a  half 
ounce  of  the  tliiid  extract,  and  when  found  a  hiilf  hour 
later  w  as  intensely  cyanosed,  piijiils  dilated,  jaw  dri>ppiil, 
lids  drooped,  muscles  completely  relaxed,  with  weak 
heart  and  shallow  and  weak  respiration.  The  patient 
was  soinnoleni,  but  could  be  arous<^'d.  Despite  all  ef- 
forts death  resulted  in  seven  and  one-half  hours.  Tlio 
lioi.son  seems  to  be  a  spinal  depressant,  as  is  show  n  by 
its  late  involvement  of  the  higher  intellectual  centres, 
and  the  fact  that  the  poison  acts  upon  the  pithed  frog 
anil  when  the  main  artery  of  an  extremity  is  tied.  It 
seems  to  be  particularly  a  respiratory  poison.  After 
death  no  distinctive  pathological  changes  are  found. 
There  arc  no  true  chemical  or  physiological  antidotes. 
Morphine,  which  has  bei'n  extolled  as  an  antidote  and 
which  appeared  in  lilake's  and  C'ourtwrighl's  cases  to 
lane  rendered  excellent  .service,  has  been  shown  by  Heli- 
fuss  in  his  experiments  to  be  in  no  sense  an  antidote, 
only  slightly  retarding  the  effects  of  gelsemium  and  not 
acting  in  Ibis  way  as  elliiienlly  as  atropine. 

The  treatment  of  gelsemium  poi.soiiing  must  be  con- 
ducted upon  general  priiicijdes.  The  stomach  should  be 
evacuated,  and  the  respiration  maintained  by  strychnine, 
atropine,  artificial  respiration,  and  faradisni  of  the 
respiratory  mu.sclcs.  Tlie  heart  suffers  secondarily,  and 
nitroglycerin  and  digitalis  will  be  of  service  in  maintain- 
ing its  action.  Hehfuss.  as  a  result  of  his  experimental 
studies,  recommends  emetics,  ammonium  carbonate, 
brandy,  and  the  early  and  repeated  use  of  small  doses  of 
atropine  to  sustain  respiration;  in  addition  sinapisms, 
faradic  current,  and  artilicial  respiration.  Jepson  used 
hypiHlermics  of  strychnine  successfully  in  one  case.  In 
my  own  fatal  case  there  was  very  marked  improvement 
following  the  administration  of  atropine  and  nitroglyce- 
rin combined  with  artilicial  respiration  and  faradism  of 
the  respiratory  muscles.  The  pulse,  which  bad  been  very 
feeble,  increased  in  strength,  the  cyanosis  disiippeared; 
the  respirations,  which  had  been  shallow,  feeble,  and  ir- 
regular, became  full  and  deei),  .so  that  the  lips  pieviously 
blue  became  rosy.  The  patient  was  lyin.s  uiton  a  blan- 
ket before  an  open  fire  in  a  rapidly  chilling  room.  The 
improvement  was  so  marked  that  we  felt  the  worst  had 
been  averted,  and  we  then  attempted  to  move  him  nearer 
the  tire  by  lifting  him  by  the  corners  of  the  blanket.  By 
this  his  diaphragm  was  cramped,  and  he  died  instantly 
^a  warning  regarding  the  care  wbicli  .should  be  used  in 
moving  patients  tmder  these  circumstances.  Were  the 
writer  to  be  again  confronted  with  a  case  of  gelsemium 
poi.soniiig  he  would  rely  upon  repeated  hypodermics  of 
atropine  and  .strychnine,  and  would,  if  the  Fells  ajipara- 
tus,  which  has  proved  so  successful  in  opium  poisoning, 
were  at  hand,  maintain  artificial  respiration  by  the  aid 
of  this  instrument.  Faradism  of  the  respiratory  mus- 
cles is  a  powerful  adjuvant,  but  that  its  ajiplication  to 
the  hands  should  have  bad  the  result  of  banishing  all 
symptoms  "instantaneously  and  pemianently "  in  Dr. 
Main's  own  case  seems  remarkable. 

William  Wolkyns  iipymoi/r. 
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Wormicv :  Ctiemfstrr  and  Mlcro-riiemlsIrT  of  Poisons. 
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Till'  wi'lMiiiowii  Griicva  lit  Ilia  water  is  obtaiiK'il  from 
an  artesian  well  over  eii^lit  Immlreii  feet  deep,  whieli  was 
bored  in  18«6.  Issuing  from  a  stratum  of  pervionsrnck 
defined  by  a  layer  of  mediieval  sandstone  si.xty  feet  tbick 
and  a  deep  substratum  of  hard  slate,  tbe  water  is  forced 
up  by  an  internal  pressure  of  one  hundred  and  twent}- 
potinds  to  the  s(iuare  ineli.  iind.  if  unimpeded  at  the  sur- 
face, would  form  a  founlaiii  eighty  feet  bigli.  The 
water  is  bright,  clear,  and  sparkling,  being  agreeable 
to  the  paUite  and  e.\eellently  adapted  for  table  use.  The 
following  analysis  was  made  by  Prof.  A.  Aucbie  Cun- 
niogbam,  F.C.S. : 

0,VE  Unitep  States  Gallon  Contai.ns: 

Solids.  Grains. 

Maimesiuin  sulphate 83.13 

Ma^^noiuiit  carbonate 16.00 

r..la,s.sluin  rhliinde 13.40 

Sortiuni  ihli nlile 21.54 

Sodium  sulphate 17.64 

Aluminuiii  suliihate 8.7.5 

Lithium  iui-ari>onute 10.03 

Lithium  sulphate 4.10 

Inm  '■arltonat)' 2.15 

Calcium  sulfthate 18.75 

Calcium  caiixjnate 35.84 

Phosphoilc  acid Trace. 

Total 234.33 

There  is  an  entire  absence  of  organic  matter.  The 
analysis  shows  a  Valuable  lithia  water,  which  possesses 
many  excellent  qualities.  It  may  be  classed  as  belong- 
ing to  the  lithiated-saline  chalybeate  variety.  Aside 
from  its  strong  impregnation  with  the  bicarbonate  and 
sulphate  of  lithia.  it  possesses  enough  of  the  sulphates 
of  magnesium  and  sodium  to  give  it  laxative  pioperties, 
and  enough  iron  to  make  it  a  valuable  ferruginous  tonic 
when  taken  continuously.  The  water  is  used  eomnier- 
cially.  and  lias  an  extensive  sale.  It  has  the  indoi'semeut 
of  many  prominent  physiciiinsof  the  great  Eastern  cities. 
Tlie  water  resembles  that  of  a  spring  at  Rippoldsaii,  in  the 
Duchy  of  Baden,  but  is  more  heavily  charged  with  iron 
and  free  phosphoric  acid.  It  is  extensively  employed 
in  anscmic  states  and  general  debility,  and  in  many  of  the 
conditions  resulting  from  the  uric-aeid  diathesis,  viz., 
gout,  dyspepsia,  rheumatism,  renal  and  vesical  calculus, 
Blight's  disease,  etc.  James  K.  Crook. 

GENITAL  ORGANS,  FEMALE.     See   Sexual  Organs, 

Fan:  1 1. . 

GENITAL  ORGANS.  MALE,— EMBitvoLooy  of  the 
Genitai,  (liti.ANs. — Inonkr  to  have  a  proper  knowledge 
of  the  normal  ami  at  times  abnormal  anatomy  of  the  hu- 
man male  genital  organs,  it  is  essential  that  a  brief  review 
of  the  main  factsof  their  embryology  should  be  incsented. 

That  the  higher  types  of  vertebrates,  during  their  de- 
velopment, pass  tlirough  stages  the  es.sentials  of  which 
are  permanent  in  s<mie  of  the  forms  below  them,  is  par- 
ticularly well  exemplitied  by  a  study  of  the  embryology 
of  the  genital  organs. 

In  the  light  of  the  theory  of  develojjment  niauj-  cases 
of  anomaly  of  the  genital  organs  will  furnish  striking 


evidence  of  either  atavism  or  arrested  derelopmeitt.  In  the- 
growth  of  the  embryo  there  is  at  first  a  jieriod  during 
whiib  Ihere  is  no  indiiaticm  of  any  provision  either  for  a 
urinary  or  a  generative  function.  A  little  later  the  rudi- 
ments of  a  urogenital  apparatus  are  developed,  but  as 
yet  there  is  no  evidence  of  sexual  diflcrentiation. 

In  the  course  of  enibryological  changes  it  will  be  ob- 
served that  cei'tain  of  the  structures  concerned  appear 
and  assume  their  permaiKiit  chiiracters.  Gradually  and 
without  modification  of  plan  other  structures,  at  liist 
employed  for  purposes  unrelated  to  the  urogenital  aj.- 
paratus,  become  atlapted.  secondarily,  for  special  pur- 
poses in  this  systeiu;  others,  though  belonging  to  this 
system  from  the  first  and  attaining  to  a  condition  of 
functional  activity  in  one  direction,  are  later  adapted  to 
altogether  different  activiliesin  another  direction;  lastly, 
other  rudiments,  according  to  the  sex  developed,  either 
become  elaborated  into  elliciciit  and  iniporlant  jiarts  of 
the  reproductive  organs,  or  dwindle  into  usiOess  vistigeS- 
that  never  take  any  part  in  the  nornial  work  tjf  tbe  body. 

In  order  that  the  reader  may  a|ii)reciate,  to  some  ex- 
tent, the  significance  of  references  to  the  lower  animals, 
it  tuay  be  well  to  state  here  that  Tunicates  are  the  lowest 
vertebrates  known.  Then,  according  to  the  grade  of  or- 
ganization and  from  the  simpler  to  the  higher,  come,  in 
order,  the  Acrania  ( Atuphioxus),  Cyelostomes.  Fishes, 
Amidiibians.  Ki'iitiles  jitid  Birds,  ami.  highest  of  all.  the 
JIammals.  The  Maiuiuals  are  further  subdivided,  ac- 
cording to  grade  of  organization,  into  the  ilouotremes, 
3Iarsupials.  and  Plaeentals. 

The  common  embiyonic  foundations  of  the  sexual  or- 
gans, male  and  female,  are  as  follows,  viz. :  for  the 
internal  organs  of  generation  they  are  thu  ijermiiial  g/mul, 
the  Woljh'iiii  Olid,  the  mesonephros.  the  Mi/lliriait  duet,  a 
part  of  the  intrc-eiithri/onie  /ilhuitoiK,  a  part  of  the  ehiaca. 
and  a  jiart  of  thv  procliideum  (Figs.  227"  and  2378). 

For  the  external  organs  of  generation  they  are  the 
qenital  enihwiice.  (jenitnl  qroore,  genitol  folds,  and  genital 
ridge.i  (Figs.  2281  and  2282). 

In  intiniiite  relation  with  the  Wolflian  duct  arise,  in 
orderly  sequence,  three  important  structures — viz..  the 
proiiep/iroa  or  head  kidney,  mesonephros  or  'Wolffian  body 
(midkidnev),  and  the  metanephros  or  hind  (permanent) 
kidney  (Fig.  2277). 

These  nephrie  structures  all  lie  in  the  dorsal  wall  of 
the  embryo's  abdominal  cavity  (coelom)  near  the  point 
where  the  .somatic  and  splanchnic  layers  join  (Fig.  2276); 
they  extend,  on  either  side  of  the  notochord  (primitive 
vertebral  column),  from  the  neighborhood  of  the  heart 
to  the  tail  cud  of  the  eniluyo,  one  behind  the  other  in  the 
order  indicated  by  their  names. 

The  intestinal,  urinary,  and  reproductive  organs  are 
not  only  intimately  related  in  the  adult,  but  they  are  still 
more  intimately  related  in  the  embryo  (Fig.  22TT),  and 
therefore   they  must  be  ^ 

referred  to,  in  varying 
degrees,  in  describing 
the  development  of  the 
male   sexual  ajiparatus. 

At  an  early  stage  ot 
the  embryo  an  evagina- 
tion  occui's  from  the 
ventral  surface  of  the 
hind  gut  near  its  caudal 
end  to  form  the  (illantoin 
(Fig.  2277,  .1).  The  part 
of  the  hind  .gut  caudad 
of  the  allaiitois  is  the 
eloiicn  (CI).  The  <loaca 
is  pi-esent  i>crnianently 
in  all  vertebrates  from 
Fishes  to  Jlonolremes. 

Derehpmint  of  the  In- 
ternal (renitid  Organs. — The  pronephros  and  Wolffian 
duct  are  evolved  as  follows:  the  mesotbelial  cells  of 
the  somatir  mesiideriii  (Fig.  227(i,  No.  (!)  near  the  mid- 
dle plate  (Xo.  r>)  evaginate  on  both  siiles.  ami  form  a 
cord  of  cells  parallel  with  the  notochord;    at  several 


FtG.  2276.— Transverse  Section  of  a 
Seventeen-Day  sheep  F.iuliryo.  Dla- 
t-TTimnialic.  1.  Cocloin  (pleuro- 
peritoneal  cavityi :  2.  entoderm  :  3. 
notocliord  :  4,  splanchnic  lucsoderm 
or  lucsoblast ;  5.  middle  plate ;  tl.  st>- 
luatlc  mesoderm  or  mesoblasl ;  7, 
ectoderm  :  S,  neural  canul :  9,  par- 
axial mesoblast. 
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poliitfi  uloiiK  till-  rcphiilic  cxtri'inity  of  tliix  IniiKitiiiliniil 
ciinl  of  rclm  it  ri'tiiiiiH  lis  loMin'riinii  with  tlir  liiiiiij; 
ccIIh  i>r  llir  I'li'loiii  (iiliildiiiiiml  ciivilv)  l<v  sliiirl  triiiiN 
vrix-  ciirds  (if  rills.  Siioli  llic  it'll  riirils  lire  liollciwiil 
ciiil,  mill  tliu.Hiiri'  fiiriiii'il  tlii'  Hi');iiii'iit.'il  iir  Wnlllliiii  iliiit 
(Kin.  'i'i''.  11),  wliirli  piisMs  riiiiiliiil  anil  finiitirM  into 
the  c/<«/<-ii  {('I),  mill  wvmil  slunl  IniiisviTw  liilniitA  (Niis. 
1,  I,  I),  rijii'iiin);  iit  niu'  I'liil  iiitn  tin'  ciiliiiii  iiiiil  at  the 
otliiT  rxtri-iiiily  into  tlir  WnlHian  ilinl      Tlir  tniiisvi'isr 

tilhilli'S  ill  till'  iliiiiiriliatr  iii'li:liliiirl I  nf  llirir  ciiliiliiir 

C'xirriiiilirs  arr  i'vii;;iimtril  liv  ii  tiifl  uf  ra|iillai_v  lilnoil 

Vcssi'ls  friiiii  II  liniiirll  i>f  till'  ailjai  rill  axiiii  lil I  vrssrl 

(iiiirta).  SI)  tliat  a  srrirsiif, '//"'""'"'' arr  ri>riiii'il.  'I'linnifxli 
till'  |ili_vsii>lii^'iral  arlivily  of  tlir  ci-lls  of  tlir  jiliiiin  riili 
till'  urinary  ruiistiliiiiitK  ari'  rliiiiinatril  in  tlir  Aniiinnia 
from  till' liliHul  iinil  passi'il  almii;  Ilir  iiiuisVitsc  liilnili's 
into  till-  Wolllian  iliirt  iiinl  I'loara  ami  tlicnci'  fvaciialiil 
fniiii  till' lioily.  It  is  Iliiissi  Til  that  llir  tninsvirsc  liiliiilis 
anil  llirir  frlmiirnili  iiuislitiili'  a  si');iiiiiilal  priiiillivi'  Uiii 
ncy  {priiiii'|iliriis).  This  piiiiirphrns  ( l'"ii;.  'i'i".  Niis.  1. 
1.  II.  Iliiiii;,'li  fiinclinnal  in  Cyrliistniiirs,  Tilrosls,  anil 
larval  Aiiipliiliiiins.  is  V('sli;.'iai  in  Si'larhians,  Hrplih's. 
Birds,  anil  Mainnials.  anil  iirvcr  fiiiictiniiatis  as  a  urinary 
orfTiiM  ;  il  soon  jrivrs  plari' to  tlir  iiiori-  iniportaiit  »/<w/ 
n<7</(»v«  (Fin.  2277.  Xos.  2.  2.  2,  2). 

Siniiiltanroiisly  with  thr  sc^nu'ntation  of  the  paraxial 
nu'SoiliTMi  (F'ij;.  227ti.  No.  !t)  into  thr  somites,  tlie  ttiiildir 
;)/./^'iiiiili'rgiH'K.s(';;iiH'iilatiiin.  ami  each  .si'L'iiient  is  ealliil 
a  iiiiiliii'I'iiiif.  In  the  lower  vertiliiales  caih  niphrolonie 
is  hollow  anil  is  foiineil  l>y  evajrinatioii  of  the  lolomie 
mesotheliiiin :  Init  in  Kepliles.  Birils.  ami  Mainnials  the 
niphrotomi'S  are  at  first  solid  cords  of  cells  w  hich  suhse 
iliiinlly  lieconii'  hollowed  out  and  converted  into  a  .series 
of  tmnsverse,  short  canals  situaled  tiehiml,  caiidad  of, 
the  pronephros.  They  soon  aeiiiiire  coiimclioii  with  the 
previously  forincil  Wolllian  duel.  Collectively  tiny  con- 
slitiilc  the  Wolllian  lioily  or  iiutmn iilimH.  At  the  ce- 
phalic end  of  the  Wolllian  dwcl,  the  now  atrophied  trans- 
verse tiiliules  and  frlonienili  of  the  iironephrosare  still  in 
connection  with  il.  Knihryolojiisls  usually  compare  the 
mesonephros  with  its  Wolllian  duct  to  a  comli,  the  duct 
correspondiii;;  to  the  hack  of  the  conil),  and  llie  short 
transverse  tulnilcs  rcpi'csciilinK  the  teeth. 

In  the  further  development  of  the  mesonephros  each 
transverse  tubule  liecomes  somewhat  saccular  midway 
lietween  its  two  extremilies.  and  then  the  sacculated  por- 
tion is  iiivai;inaled  by  a  tuft  of  capillary  blood  vessels 
derived  from  an  arterial  branch  of  the  aorta.  The  in 
vn.tfinatinjr  tuft  of  capillaries  is  known  as  a  Malpiirhian 
tuft,  while  the  invaiiiiiated  ])orlioii  of  the  transver.se 
tubule  iscalled  the  Malpiu'liiancai)siilc;  the  two  tojretlier 
constitute  a  primitive  Malpijrhiaii  body,  aiialoiroiis  with 
the  Malpighiaii  bodies  of  the  penuaneiil  kidney  or  mela 
ncphros.  By  the  development  ol  .si'condary  tiibidcs  and 
Mali>i.i:liian  bodies  the  complexity  of  the  mesonephros  is 
greatly  increa.sed. 

In  those  vertebrates  in  whiih  the  pronejihros  attains 
to  a  teniponiry  functional  activity,  as  in  Cycloslomcs. 
Teleosts.  and  Amphibians,  the  mesonephros  appears  rela- 
tively late;  on  the  contrary,  in  those  animals  in  which 
the  pronephros  remains  rudimentary,  as  in  Sharks.  Rep- 
tiles. Birds,  and  Mammals,  the  mesonephros  is  develo|)ed 
early. 

In  the  Anamnia  (Fishes  and  Amphibians)  the  mesone- 
phros not  only  ac<iuires  relations  with  the  sexual  appa- 
ratus, but  also  functionates  as  a  urinary  organ.  Hence 
in  these  animals  there  is  no  metanephro.s.  In  the  Amnia 
(Reptiles.  Birds,  and  Mammals)  the  mesonephros  func- 
tionates as  a  urinary  organ  only  a  .short  i>eriod  during 
embryonic  life;  il  undergoes  profound  retrograde  and 
adaptive  changes  soon  after  its  formation  and  enters  into 
the  exclusive  service  of  the  sexual  apparalus.  serving 
as  channels  to  conduct  the  sexual  cells  from  the  germinal 
glands  in  the  male,  and  becoming  entirely  vestigial  in  the 
female  (parovarium  anil  paroophoron). 

The  transverse  lubnles  of  the  mesonephros  are  divis- 
ible, in  man.  into  an  anterior  or  cephalic  si'n'es  and  a  pos- 
terior or  caudal  set.     The  former  are  the  sc-ri/rt/ set,  and 


the  latter  become  veNligliil  tut  the  pumiliilymU  anil  van 
aberraim  (honiologoiiH  with  the  paronplioniii  of  wimiiiD) 
(Fig.  22711). 

Ill  the  Amnia  the  permani'iil  urinary  orgiin  Ih  the  iiietu 
nepliros.  While  the  ine<«om  phroH  aiid  ilx  Wolllian  duet 
are  lempimirily  functional iiii:  as  ii  kidmy.  an  eviiginii- 
lion  occurs  from  the  caudal  extri'inily  of  llie  duct. 

This  evaginalioii  soon  lengtlieiiH  into  a  tube  (  Fig  2277. 
\[il).  whieji  exiendH  ceplialail.  toward  the  I'uiiilal  part  of 
the  mesonephros.     The  eepliiilic  end  of  ihe  rudiiiieiitary 
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FIc.  2277.— Early  Embryonic  Condition  of  tlie  llroppnllal  SysK-m. 
DiagniminatU'.  Sex  iiiulilTerentlated.  A.,  Allanlol.s;  (1.,  rloaca; 
H.  (!..  hind  irut :  )f..  Wolllian  duel :  .V..  Mulli-rlan  diiii :  I.  1,  1, 
pronephros;  S.2.2.i.  inesomphros  (Wolllian  iKidyi:  .Vi(.,  tneta- 
nephnis  (rudiineiitarv  peniiani'nl  kldncyl  :  <l.<i..  ireniiliial  inland  ; 
D.  L.,  diaphrajtmntic  llsanii'nt ;  /.  L.,  Inguinal  ligament. 

melanephros  branches  freely  to  form  a  number  of  smaller 
tubes.  The  surrounding  undiirerenlialed  mesodeiinic 
cells  form  enveloping  counective  and  vascular  tissue.  The 
blind  end  of  each  little  tube  becomes  dilated  and  then 
invaginaled  by  a  tuft  of  capillary  blood-ves-sels  so  tliat 
Malpighian  bodies  are  formed  analogous  to  those  in  the 
pro-  and  mesonephros.  The  tubules,  owing  to  excessive 
grow  111  in  ieiiglh.  become  tortuous  and  convoluted.  The 
stalk  of  the  diverlieulum  becomes  the  iiirlir.  while  the 
dilated  part  from  which  the  branches  are  given  olT  differ- 
enliates  into  the  pelvis  of  the  kidney  with  its  infiindibiila 
and  calyces. 

Shortly  after  the  formation  of  the  niesonephnis  another 
tube (.l/H7/(?c/««f/»cOappeai-s (Fig.  2277.  ^f,).  It  liesclosc 
to  the  outer  side  of  the  Wolllian  duet  and  parallel  with 
it.  It  arises  by  evaginalioii  of  the  mesotheliiiin  of  the 
civlom  in  the  form  of  a  solid  cord  of  cells  and  later  ac- 
iliiires  a  liimeu.  The  cephalic  end  of  the  duel,  ne.'ir  the 
pronephros,  maintains  a  communication  with  lliecielom 
bv  means  of  an  expanded  funnel-shaped  mouth,  while  the 
caudal  part  empties  into  the  cloaca.  Its  lower  segment 
becomes  closely  associated  with  its  fellow  of  the  oppo- 
site side  and  with  the  two  Wolffian  duets,  thus  forming 
t\\Q!)(iiitfil  cm-il.  The  cloacal  segments  of  the  Miillerian 
duels  fuse  early  into  a  common  tube,  except  in  the  .Mono- 
tremes.  wliere"  they  remain  iicrmanently  separate  and 
empty  into  the  urogenital  sinus  (Fig.  227^,  J/.).       In  all 
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other  Mammals  tliey  fuse  to  a  greater  and  greater  degree 
in  the  nsocnilini;  mammalian  scale.     Varying  degrees  of 
reversion  to  liii-  ninic  priinitivc  types  occur  as  instruc- 
tive anomalies  in  human  anatomy. 
In  the  ascending  vertebrate  scale,  the  Wolffiau  duct 
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Fig.  2278.— Embrvonlc  rondltion  of  the  Irotrcnital  S.vstem  Later  than 
that  Represented  in  Fig.  2277.  Diaprainiimlic.  Tlie  allantols  has 
dilTenMitiated  into  the  unichus  (f.).  liladiler  ij{.).  and  urocrenital 
sinu^  '  r.  fi.i.  The  prfwtodeiim  has  appeared  .'md.  with  the  clnaca, 
is  HiideTvointr  siilxiivision  1)V  the  furiiiatinn  of  the  perineuiu  (5.1. 
v.  ni  (■(..  rnijrenital  part  of  the  cloaca ;  C.  of  P..  unigenital  part 
of  tile  piwtodeiirri ;  A.  "I  P..  anal  part  of  the  proctodeum :  .1.  rif 
CI.  anal  part  of  the  cloa<-a  ;  H.  G..  hind  gut;  G.  E..  genital  emi- 
nence ;  Met.,  nietanepliros  (pennanent  kidney  1;  TT'.,  caudal  part 
of  the  WoltHan  duct :  M..  caudal  part  of  the  Miillerian  duct. 

fii'St  appears  in  Cydostomes,  the  Mulleriau  dtiet  in  Elas- 
mobranchs,  and  the  metanephric  ureter  iu  Reptiles. 

This  is  a  convenient  place  to  state  that  the  intra  embry- 
onic portion  of  the  allantois — in  other  words,  that  portion 
extending  from  the  umbilicus  to  the  cloaca — becomes  dif- 
ferentiated into  three  .se.irments  as  follows:  The  middle 
part  dilates  to  form  Xbc  Madder  (Fig.  2278,  B.).  the  um- 
bilical portion  becomes  the  urachiis(U.),  and  the  doacal 
segment  differenliiitcs  into  the  uroijenititl  ^ii(iii<  (  C.  C). 

Tliroiiijh  uneiiiial  iriowth  of  the  parts  the  Woltiian  and 
Miillerian  duels  shift  their  positions  from  the  cloaca  to  the 
urogenital  sinus  (Figs.  2277  and  227S),  and  also  the  duct 
(ureter)  of  the  nietanepliros  (permanent  kidney)  shifts  its 
position  from  the  AVolltian  duct,  first,  to  the  urogenital  si- 
nus (Fig.  2278,  .!/</.),  and,  tinally,  to  the  base  of  the 
blailder'(Fig.  2279,  .)/<•/.).  Only  in  the  Jlouotremes, 
among  Mammals,  do  the  ureters  open  permanently  into 
the  urogenital  sinus. 

In  the  twelfth  week  of  the  embryo  the  urogenital  sinus 
actiuires  thick  muscular  walls,  and  the  lining  epithelial 
tube  evaginates  into  the  muscular  tissue  in  the  form  of 
little  sacs,  the  lining  cells  of  which  dilTereutiale  into  se- 
creting epithelium.  Thus  is  formed  the  pro!<t(ite  i/Uiml 
enveloping  the  urogenital  sinus  or,  as  it  is  now  desig- 
uated.  the  jn-DHtntic  nnthni.  The  i)rostatic  urethra  is 
homologous  with  the  urethra  and  the  ]ir().\imal  part  of 
the  iiiteriii/iiifilKt!  t/jxiee  of  the  adull  female  (Fig.  2280). 
The  musculo-glandular  part  of  the  prostate  is  possibly 
homologous  with  the  mti.sculo-glandular  part  of  the  ute- 
rus. In  this  connection  it  is  interesting  to  note  that 
castration  leads  to  atrophy  of  the  prostate  and  removal 
of  the  ovaries  induces  atrophy  of  the  uterus. 

While  the  Miillerian  duct  is  developing,  a  thickening 
of  the  mesothelial  cells  of  the  cadom  occurs  close  to  the 
ventroniesial  portion  of  the  mesonephros,  thus  forming 


an  elongated  swelling  (germinal  ridge)  on  the  wall  of  the 
co'lom.  By  the  pnilifi'ration  of  the  mesoblastic  tissue 
briiiath  the  luesotlielial  cells  the  germinal  ridge  is  still 
fiirllier  enlarged,  ullimately  forming  \\n-  ijeniiinal gland 
(Fig.  2277,  O.G.).  The  gland  becomes  gradually  iiiiiched 
iilT  from  the  mesonephros  as  the  embryo  grows,  tlmugh 
still  maintaining  a  connection  with  the  vestige  of  this 
bo<ly  by  a  fold  of  peritoneum  (mesorchium  or  mesova- 
rium). 

In  the  differentiation  of  the  male  from  the  above- 
mentioned  indiirerent  fundiments  the  following  changes 
take  ])laee,  viz. :  columns  of  mesothelial  cells  of  the  ger- 
minal gland  aie  evaginated  into  the  mesoblastic  tissue  as 
gjierm  tiiben,  or  sexual  cords.  By  growths  of  the  meso- 
blastic tissue  the  sexual  cords  aie  divided  into  roundish, 
follielelike  masses,  which  become  hollowed  out  to  con- 
stitute the  «';«!'"«<  ampullce.  These,  by  further  growth, 
are  transformed  intow-wf/iiJov/iM^HAKfeHlFig.  2288,  No.  6), 
coiilniiiing,  among  many  smaller  cells,  a  less  number  of 
large  sperm  celh  (spermatogones)  which  develop  into 
spermatozoa.  By  further  transformations  the  character- 
istics of  the  adult  testicle  proper,  or  didymis  (Fig.  2287, 
Tindca  rag.  Yin.),  are  developed.  At  the  same  time 
marked  clianges  occur  in  the  menonephros,  for  from  the 
sexual  series  of  the  transverse  tubules  of  this  organ 
cords  of  cells  penetrate  the  germinal  glands  and  fuse  with 
the  seminiferous  tubules.  The  conversion  of  the  cell 
cords  into  lulies  produces  the <•"»«'  raxetilimof  the  /lead  or 
globus  major  (Fig.  2288,  No.  2;  Fig.  2279,  No.  8:  Fig. 
2287)  of  the  ejiididyniis.  which  are  homologous  with  the 
jiarovarium  of  the  female;  the  ra.ta  efferentia  (Fig.  2288, 
No.  3);  the  rete  tcMh  (No.  9);  and  tli"e  ram  reeta  (No.  7). 
The  cephalic  part  of  the  AVoltlian  duct  (from  the  mesone- 
]ihros.  Fig.  2277)  develops  into  the  l«td)/  (Fig.  2288,  No. 
10)  and  ^//.' or  globus  minor  (Fig.  2288.  No.  10;  Fig. 
2279,  Nos.  4,  4,  4.  4)  of  the  epididymis,  while  the 
caudal  portion  becomes  the  raa  deferens  (Fig.  2288,  No. 
12;  Fig.  2279,  W.)  (homologous -n-'ith  the  duct  of  Gart- 
ner of  the  female).  Near  the  extreme  caudal  portion  of 
the  Wollliau  duct  an  evaginated  pouch  ajipears  which 
develops  into  the  »fwi/«ai  bladder  (Fig.  2279,  1',)  and  its 
duct.  Caudad  of  this  evagination  the  Wolffian  duct 
liecomes  the  ejaeiilatory  duet. 

The  pronephros  degenerates  in  both  sexes  into  a  ves- 
tige, tlie  xtalh-ed  hydatid,  or  hydatid  of  Jlorgagni,  a  little 
]iedunctdated  sac  attached  to  the  upper  part  of  the  epi- 
didymis in  the  male  (Fig.  2279,  No.  7:  Fig.  2287).  The 
non-sexual,  caudal  series  of  mesonephric  tul)iiles  likewise 
give  rise  to  a  vestigial  structure,  the  paradidymis  (Fig. 
2279,  Nos.  3,  3.  3).  or  organ  of  Giraldes,  homologous  with 
the  paroi'iphoron  in  the  female,  lying  among  the  convolu- 
tions of  the  tail  of  the  adult  epididymis.  Primitively  the 
germinal  glands  were  arranged  segmeutally  and  extended 
along  a  greater  number  of  somites  as  in  Am|diio.\us  at 
present.  Each  .segment  discharged  its  germ  cells  into  an 
atrium  and  thence  Ijy  an  atriopore  to  the  external  water 
where  impregnation  took  place;  or,  as  iu  the  higher  Cy- 
dostomes, the  spermatozoa  were  discharged  inio  thecoe- 
loin  and  made  their  way  through  the  urogenital  pores 
into  the  uiogcp.ilal  sinus  and  thence  to  the  water.  Then 
in  EUismobiaiichs  the  advance  took  place  by  which  the 
spermatozoa  are  discharged  idong  the  Woltiian  duct,  a 
condition  which  jiersists  in  all  the  higher  vertebrates. 

In  the  male  the  Miillerian  duct  becomes  vestigial 
throughout  nearly  its  whole  extent.  Its  cephalic  ex- 
trenuty  persists  as  the  sessile  or  tinstalked  hyiiatid  (Fig. 
2279.  No.  (i).  and  is  homologous  willi  the  fimbriated  ex- 
tremity of  the  Fallopian  tube  in  the  female.  It  is  a  small 
vesicle  attached  to  the  cephalic  jiart  of  the  testicle.  The 
caudal  part  of  the  duct  becomes  the  uterus  masriilinus 
(Fig.  2279,  .1/!),  and  is  homologous  with  the  vagina  and 
uterus.  Should  the  intervening  part  of  the  duct  per- 
sist in  a  patulous  condition  it  is  known  as  the  duet 
of  Ixiithkc  and  is  homologous  with  the  oviduct  of  the 
female. 

Testes.  The  testes  in  some  ^lammals.  as  in  Manis 
among  the  Edentates,  are«ubintegumentaland  lie  in  the 
inguinal  canal.     They  rem  lin  normally  in  the  abdomen 
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in  iniiiiy  Miimiimls,  aa  In  Mouotrpmcs,  most  E<li*ntaU.'«, 
ami  till'  Eli'pliiiiit. 

iMiriiiK'  iiiiloKi'ii.V  llif  ti'Htos  ariitf  in  llie  siiiiu'  relative 
iiosltiiiii  as  till'  civaVies  in  Maininals.  Wlierea.i  norTiiallv. 
in  man,  llie  ovary  iievir  passis  further  lauilail  lliiiii  the 
pelvis,  the  testis  usually  passis  (.ul  «(  the  aliilnnieii 
thli>\i);h  the  iiiijiiiiiiil  i-iiiint  into  an  evat'inalidli  nf  the  ah- 
(loininal  wall  («T«^i/ wi<-)  lined  liy  evatfinateil  peritoneum 
{tunicti  t<iffiiiiiliii).  In  some  of  the  lower  Mammals  llii' 
two  MTotal  snes continue  s<-panite.  luit  in  man  they  unite 
liy  a  mediau  raphe  into  a  single  scrotum.     In   man  and 


Flo.  2279.— Diairmiiiniiille  neinvspiitatlon  of  (he  .\dult  Male  rroften- 
Itnl  Svsleni.  Illiisinitliiii  rsiHi-iallv  the  enihrymiie  i-lcmenls  that  en- 
ter Into  the  foriiiatlon  of  the  male  un-thra.  the  epiiliilvmis,  aii<l  ttic 
niliiiu.  The  totlcle  («.  fr.l  and  lt,s  rehited  hut  mui  li  nioclilled 
iiiesionephnis  (a.  .t.  3.  i.  4.  4,  4,  .">.  S)  have  descended  (nun  ihe  alidoin- 
inal  cavity  into  the  scrolnin.  riii/i.,  l'nit)illc\is  :  l'..  unichus  :  It., 
hlailder :  {'.  <!..  pnwiallc  uri-thni  (umtrenltal  sinusi :  C.  of  CI..  t»>- 
t'4ther  vrtth  r.  Ill  I'.,  fonn  tlie  meinhninoiis  urethra  (J;.  "/  (7.  Is 
the  iiiotrenltal  part  of  Ihe  chiaiii,  and  /'.  nf  I',  is  the  uro(reiillal  part 
of  Ihe  pnKtxIeuini ;  C.  of'  *;.  K..  simnirv  urethra  (canal  of  tlie  tren- 
iuil  eminence) ;  .V<t.,  permanent  iiiilncy  i  meianephrosi  and  ureter: 
1'..  veslciihl  s<Mniualls:  .If.,  ulerns  nia.^culinus  idistal  vestiire  of 
Mnllerianducli  :  If.,  vas  deferens  iWolillan  duct  i :  K.r(. -l/i..  ex- 
ternal ahdominal  rlne  :  ti.  sessile  livdalid  i  proximal  vestliie  of  Mi'il- 
lerlan  iliict ) :  7.  stalked  hydatid  (vestiRe  of  pnmephios) ;  S,  globus 
major  of  the  epididvmis :  4.  4.  4.  4.  IkhIv  and  globus  minor  of  Ihe 
epididvmis  conilnued  into  the  viis  deferens  ( II  .1  ;  S.  4.  4.  4,  4.  sex- 
ual aiia|iialions  of  the  mesonephr.w:  .'>.  vas  aberrans  (vestige  ot 
niesonephnis) :  :i,  ;t.  3,  paradidymis  (non-sexual  vestlRe  of  inesrt- 
nephnisi ;  O.  G..  testicle  or  dldyniis  (terminal  Bland  i ;  -t.  nf  1'.. 
anal  part  of  priKtodeuni ;  -Lot  C7.,  anal  part  of  cloaca:  H.  O'.. 
bind  put. 

fompare  the  male  un-tlira  with  the  female  urethro-intemymphal 
channel  (Vig.  22!<(l.  1,  2,  4.  5.  6). 

most  ^lanimals  the  testes  remain  pcnnancntly  in  the  scro- 
tum l>v  reason  of  the  great  redtictiou  in  size  of  the  in- 
guinal canal.      Through  arrest   of   development  man's 


testirleH  iniiy  iirewnl  all  deirr«>ii  of  rcveniloii  in  ptmitlon 

to  that  of  more  piimii 

The  descent  of  lie  jnti-  tlcvelopinenl  pecul- 

iar to  .Mammals.  I'm,,,....  ,<  ,1  wiiH  a  p<'riiHlje  plirnom- 
eiion  oeeurrin;;  in  the  adult.  At  present,  in  the  h>-<lKe- 
hog.  the  testes  retidn  their  primitive  ciiloiiiie  |>ohition  ii|> 
to  the  rutting  period;  hut  iih  the  rut  iipproaclieH  Ihey 
come  to  lie  in  evaginable  portioim  of  the  ahiloininal  wiiil 
in  the  iiiifuiiial  re;:ion.  After  the  ruttiug  iiettMin  they  re- 
turn to  their  ahdomiiial  position. 

In  their  descent  the  testiiles  neees.sarlly  drair  after 
them  their  attached  struelure,..  such  as  the 
spirnijilic  artery  and  veins,  thi'  vasileferens,  lym- 
phatics, luid  nerves,  all  hound  loKelher  liy  con- 
nective tissue,  and  thus  constiliiting  the  Kjiermit- 
tie  coril  (V'lii.  2287.  Fiiiiirutim  Sjicriii.). 

Mode  iif  diKcent  nf  the  ttnticlf.     The  dewent  <if 
the  testicle  is  a  striking  feature  of  its  develop- 
ment.    From   Ihe   mode  of  development  of  the 
me.sonephros    and     its     venlro-merliaii      genital 
gland,  they  lioth  are  situatjil  liehind    the   peri- 
toneal sac.     Increasing  in  size  they   iiivaginate 
the    Site   and    apparently    i)roject    into   the  uh- 
dominal  cavity,  lieiiig  helil  in   position  by  peri- 
toneum (mcsorchium).     Since  tlie  mid  kidney  is 
the   most   conspicuous   part   of    the    projecting 
mass,  the  portion  of  the  mcsorchium  extending 
to   the   (liapliniirni   is   called    the  iliiifiUnnjiiinlic. 
ligamfnt  (Fig.  22T7,  D.  L.)  of  the  kidney  and  the 
segment  extending  to  the  inguinal  r<'gion  is  des- 
iguated   its   iuijitinidliijiitmiit  (Fig.  2277,  1.  L.). 
When  the  primitive  ki<iney  has  become  incorpo- 
rated with  the  testicle  as  a  part  of  its  excretory 
apparatus,  the  inguinal  ligament  connect.s exclus- 
ively the  testicle  with  the  inguinal  region.     The 
inguinal   ligament  contains  lielween  its  pcriloneal    folds 
connective  tissue  and  unstriped  muscular  fibres,  which 
become  thvffiiberntii-ii/inii  (extix.     Itis through  pioces.ses of 
unef|ual  growth  of  the  body  of  the  fa-tus  and  the  tissues 
of  the  ligament  that  the  testicle  is  displaced  from  the  side 
of  the  lumbar  sjii  net  o  the  false  pelvis  and  thence  through 
the  inguinal  canal  into  the  scrotum.     The  most  primitive 
modeof  descent  is  that  observed  in  Insectivorcs,  where  it 
is  accomplished  through  tlic  agency  of  the  cremasteric 
muscle. 

Ikrclopmentofthe  Ej-!eniiil  Genital  Orgnm. — While  the 
allantois  is  growing  there  is  formed,  near  the  caudal  ex- 
tremity of  "the  embryo,  a  «"(/rti:<;  depremon  extending 
toward  the  cloaca.  This  depression  is  known  as  the  tnml 
pit.  or  proelodeii III.  The  anal  ]»t.  though  communicating 
with  the  surface,  is  partitioned  off  from  the  cloaca  by  the 
anal  membrane.  This  membrane  has  its  mesoblast 
crowdecl  aside  by  the  anal  cpiblast  and  the  cloacal 
hypoblast  growing  together.  Hy  the  breaking  down  of 
the  anal  membrane  the  cloaca  is  enlarged  and  communi- 
Ciitcs  with  the  surface.  Should  the  membrane  fail  of 
normal  absorption  a  child  would  be  born  with  imperforate 
anus. 

In  Fishes,  Amphibians,  Reptiles,  Birds,  and  the  lowest 
Mammals  {MniKiln  ines),  the  cloaca  is  a  permanent  struct- 
ure through  which  the  intestinal,  urinary,  and  testicular 
secrctions'are  voided.  Man  evolves  tirst  to  and  then 
beyond  the  cloacal  state.  In  all  luammals  above  Mono- 
tremes.  and  therefore  in  man.  the  enlarged  clamor  (eloaca- 
proctodcum)  umlergoes  division  about  the  eighth  week 
into  adorsjil  or  anoreetal  cloaca  (rectum  and  canal  of  the 
anus)  and  a  ventral  or  un/genital  cloaca  (Fig.  227.S,  ('.  '/ 
CI..  A.  of  VI..  I'.ofP..  A. of  P.).  Thisdivisicmisaccom 
plished  by  the  growth  and  fusion  of  three  ridges,  one  of 
which  appeai-s  at  the  point  of  union  of  the  gut  and  the 
uroiienital  sinus,  while  the  other  two  extend,  one  from 
eacli  lateral  wall  of  the  cloaca.  The  septum  formed  by 
the  irrowth  and  fusiim  of  the  three  ridges  continues  to 
thicken,  especiallv  near  the  surface,  until  it  forms  a 
pvramidal  mass  of  tLssiie,  called  the  perineum,  or,  prcf- 
eniblv,  inrineal  hodi/ (Fis.'ii'S.  .S.),  since  the  urogenital 
portilin  of  the  outlet  of  the  pelvis  has  been  designated  as 
the   perineum.     The  urogenital   portion  of   the   cloaca- 
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priKldili'iim  develops  into  llie  membranous  urethra  of  the 
adult  male. 

Just  ventral  to  the  aperture  of  the  cloaca  (cloaca-pro- 
todeuni).  about  the  si.xtli  week,  appears  the  r/iiiiliil  cmi- 
nencf  (Fig.  2278.  (I.  A'.,  Figs.  22S1  and  2282).  and  soon 
both  eloacal  aperture  and  the  eminence  are  surrt)unded  hy 


Flo.  22SO.  SiiglltalSiTtiim  thrMUt'liIlie  Ailull  Vulva,  Vafinn.  t'rettira, 
etp.  .Meilinlsiirfai'e.  Dlacraraniatic.  1, 1'rethru  (pnixiuiiil  purt  of 
the  umifciilial  sinus) ;  2.  distal  part  of  tlie  uroBenitiil  sinus  or  prox- 
imal pai'i  of  Die  lnleniyui|iluil  iMi'tl ;  4,  stratum  of  llip  internymplial 
cleft  corresponilinfrto  ilit-  urosjeiiiial  cloju-a  ;  ."»,  stratum  of  the  eleft 
convsiK)n(llnir  lothetiro^M'niial  pioctodeuni :  ti.  stnitiim  correspond- 
inf?  to  the  genital  prr>ove  of  the  genual  eminence ;  *.i.  4. ."»,  ti.  mesial 
surface  of  the  ripht  boundary  of  tin*  inlernyniphal  eleft ;  T,  glans 
elltorldls  :  S.  fourchette;  V),  tdadder  :  In.  duet  of  (iartner  (persistent 
Wollilan  duct ) :  ;J.  vagina  leniarired  Miillerian  duct):  11. rectum;  1. 
2,  4,5,6.  urethro-interriyniplial  iliannel  and  homologous  with  the  en- 
tire male  urethra.    Compare  with  Fij,'.  2271). 

the  genital  rttlgex.  About  the  eighth  week  a  groove 
{genital  groove)  appears  on  the  under  or  chsacal  surface  of 
the  genital  emineuce  in  eontiiuiily  with  the  urogenital 
oloaca-proctodeiim.  and  therefore  with  the  urogenital 
sinus  (Figs.  2279.  22SI,  and  2282).  The  groove  becoming 
decjier  is  bounded  laterullv  bv  projecting  folds  (Figs. 
2281  and  2282)  of  skin  (fn'iiititl  fnhh).  For  descriptive 
purposes,  later,  the  genital  folds  may  be  divided  into 
intra- and  e.xtniperineal  portions.  It  isduetothe  growth 
of  the  perineal  body  that  the  anus  is  pushed  entirely 
out  of  the  field  of  the  developed  genital  ridges  (scrotum). 
The  external  geiiilal  organs  of  the  male  re|iresent  a 
fiu'ther  stage  of  (levelo)imcnt  than  the  corresponding 
female  parts.  The  genilal  euiineiict^  early  ac(|uires  a 
knob-like  extremity  which  develops  into  \\w  iildim  penis 
(homologous  with  glans  clitoridis)  and  its  enveloping 
prepuce  The  rest  of  the  genital  eminence,  exclusive  of 
the  genital  groove  and  genital  folds,  becomes  developed 
into  the  corpora  cavernosa  of  the  ditoi-is  or  jienis,  and 
their  enveloping  tissues.  The  penis  has  well-marked 
intra   and  exti'aperincal  segments. 

In  both  s<'Xes,  by  further  growth,  the  genital  folds  are 
extended  along  the  sides  of  the  outlet  of  the  urogenital 
portion  of  the  pri)Ctodeimi  doisad  toward  the  perineal 
body,  so  that  a  large  part  of  the  groove  is  caiidad  fiom. 
but  continuous  with,  the  outlet  of  the  proctodeum  (Fig. 
2282).  This  portion  of  the  genital  folds  may  be  spoken  of 
as  the  intni/ii  riiieal  ])arts  By  veiitiad  extension  of  the 
genital  eminence  and  its  glans  penis,  the  e-rtrapi  i-imul 
parts  of  the  |ienis  ai'e  formed.  The  ext)-apeiineal 
development  of  the  genital  eminence  in  the  female  is 
so  slight  that  it  scarcely  exists, — in  her  the  eminence  is 
essentially  intraperineal.  In  the  female,  thiough  lack  of 
fusion  of  the  segments,  the  intraperineal  parts  form  the 
nymphie  with  their  contained  hnWi  rextihiili  and  pars  inter- 
viedia  as  the  lateral  boundaries  of  the  genital  groove,  the 
jourchetic  as  the  dorsal  boundary,  and  the  glanx  clitoridis 
as  the  ventral  boundary  of  \\w  genttal  (/roore.  The  geni- 
tal groove,  caudiid  finiii  the  jiroctodeum.  becomes  in  the 
adidt  the  most  caudal  morphological  elemi'Ut  ot  the  in- 
terny mphal  cleft  |  Figs  22sO.  2282).  In  t  he  male  develop- 
ment pi'oce<(ls  further  than  the  stage  represented  in  Fig. 
2282.    The  genital  folds  borderingtheoiitletof  the  procto- 


deum fuse  at  their  flee  niiiiginsand  form  the  intrapcrinml 
portions  of  the  corpus  spongiosum  (bidb  and  portion  of 
the  body),  the  intiaperineal  uielhra.  anil  the  cnvclo])iiig 
skin.  This  intraperineal  jxirtion  of  the  corpus  spongio- 
sum is  homologous  with  tlie  bulbi  vestibuli  ami  pais  iii- 
teriiicdia  of  the  female.  I5y  veiitrad  extension  of  the 
genital  eminence  and  its  genital  folds  and  groove,  and 
fusion  of  the  fold  margins,  the  exiraperiiieal  (pemliiloiis) 
portion  of  the  corpus  spongiosum  and  its  urethra  are 
formed.  The  distal  opening  of  the  urethra  is  the  mtatiit 
iirinaritis.  It  is  generally  staled  in  works  on  embryolo- 
gy, to  the  confusion  of  students  of  Inimology.  that  the 
urogenital  sinus  of  the  .sexually  unditferentiated  embryo 
is  homologous  with  the  |iri)static  and  membranous  ure- 
thra of  the  male  and  with  the  veslibiile  of  the  female. 
But  this  certainly  is  incorrect.  It  seems  to  us  far  more 
in  conformity  with  the  facts  to  .say  that  the  einbrijiinie 
nrogenitiil  sihun  (Figs.  2278  and  2270.  U.  O.),  plus  tiie 
urogenital  chiiica  ( ( '.  of  01. ).  plus  I  he  urogenital  proctodeum 
(U.  of  I'.),  and  plus  the  .9(«(V((/.//(w)r<;  (^f'.  K.,  or  C.  of  O. 
E.),  differentiate  into  the  mule  mrt/ira  from  the  neck  of 
the  bladder  to  the  meatus  urinarius  on  the  one  hand,  or 
into  the  f  ntnle  uretiirn  and  intiriiiimiihiil  cleft  on  the 
othi'r  hiiiid  (Fig.  2280).  So  that  the  male  tirethra  is 
homologous  with  the  urethro-internymphal  space  of  the 
female. 

The  vestibule  in  human  anatomy  is  described  as  the 
space  extending  from  the  glans  clitoi-idis  to  the  ostium 
vagintE  anil  betwiten  the  nympha\  The  vestibule  as  thus 
defined  is  useless  for  studying  homologies.  The  ir/iole 
space  between  the  uvmpha;  extending  from  the  glans 
clitoridis  (Fig.  2280,  Xo.  7)  to  the  fourchelte  (Fig.  2280. 
No.  8)  must  be  ccjusiflered.  This  internymphal  space  of 
the  female  is  formed  from  several  (four)  dislinct  morpho- 
logical elements,  as  follows — viz..  a  part  of  the  urogenital 
sinus  of  the  embryo  (Fig.  2280.  No.  2),  urogenital  cloaca 
(4),  urogenital  proctodeum  (.">),  and  genital  groove  ((i). 

That  the  most  caudal  part  of  the  internymphal  space 
corresponds  to  the  spongy  urethra  is  illustrated,  among 
other  things,  by  the  fact  that  the  ducts  of  LJarlholin's 
glands  open  on  the  mesial  surfaces  of  tlienymplue  exter- 
nal to  the  hymen,  just  as  the  ducts  of  Cowper's  glands 
open  into  the  spongj'  urethra.  The  genital  ridge  diller- 
cutiates  into  the  mons  veneris,  and  into  two  prominent 


penital  emi-  * 

nence        i  

genital  rid^Ttt  — '--  - 
(genital  fold 
genital  groove 


Fifi.  2281.— rndlfTerentiatert  Stace  in  the  Development  of  the  E.\ternal 
Genluil  Organs.  Drawn  from  Zlegler  wn.v  model  in  fnited  States 
Army  Medical  Musemn.  The  genital  groove  is  continuous  with  the 
undivideti  cloaca-prt)ctodeal  cavity. 

pouches  on  either  side  of  the  penis,  which  become  fused, 
by  a  median  raphe,  into  the  scrotum  (homologous  with 
labia  mujora  of  female). 

By  conseijucnce  of  evaginations  from  the  genital 
groove  there  are  formed  the  glands  of  Cowper  (homolo- 
gous with  the  glands  of  Bartholin). 

T*ie  dilTirentiatiou  of  the  genital  ridges  in  the  female 
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111!"  till-  I'll'iii  m'Uorii  ciiliirKi'S  tlii-  iiitiiiiym|ilml  s|incf 
ililn  Ihc  iiitiTliililiil  Kpiicc.  Ill  iiiliilt  liiiinaii  iiiiiiloiiiv  the 
nilail  fltj't  usimllv  iiuiiiis  llic  uliulf  iiilcrliiliiiil  H|m<'<'. 
Fn>in  till"  furl  lliiii  llir  cMcriml  fiimliiiiriiis  of  llic  Kcxiiiil 
iiririiiis  iin- i-Mirlly  iilikr  ill  Imlli  wxrs,  it  is  rviili'iit  wliv, 
tliriiiiKli  iilmoriiml  (iiituKiiiy.  fiTiiw  cdihc  iiiulrr  oliwrvii- 

ti M-ntsiuimlly  wliirli  miikf  it  viry  ililllciilt   In  ili-cidc 

wlictlii-r  Iliiy  arc  iiiiilc  i>r  fciimlc  Tliisr  iirc  llu-  km- 
nillril  ciiscs  c'lf  /urm-iii/iimlitiKiii.  Tliry  iirisr  ritliiT  fmiii 
tlir  ixii'ssivr  (lcvi|ii|iiniiil  of  ccrlain  fiiiicliininls  or  tin- 
iiiltrrii|iti(l  ilrvrlM|.iiiriit  of  ollirr  |mrls,  in  liolli  llic  nmlr 
mill  fciniili'.  Till' iimlo  in  most  siilijrct  lo  lliosr  iimlfor- 
iiiiilioiis  wliicli  Imvr  Ifil  to  tlie  siiiiiiositioii  that  llnTriiiay 
lie  liciina|iliii><lilism  in  iimn.  Tlii'V  arc  iluc  lo  tlic  fait 
tliat  llic  iioriiml  |iroccss4'S  of  fusion  arc  iiilcrruplcil  in 
nssoiiation  witli  llic  iiilcrrii|itc(l  ilcvclopiiuiil  of  oilier 
parts  For  example,  ilic  >;ciiilal  liilfics  (Kijr-  2'JX-')  iiiiiy 
fail  to  viiiilc  into  a  scrotum  mill  will  .simiiliitc  the  liiliia 
niajoniof  Ihc  female;  the  resciiililance  may  lie  hcijihlcncil 
liy  the  failure  of  the  testes  to  leave  the  aliilomiiml  cavity; 
iiiiil.  fiirlher,  the  penis  may  lie  so  riidimcnlary  as  closely 
to  reseinlile  a  clitoris.  Apiin.  as  I  have  seen,  there  may 
be  a  verv  notieealile  ilcpicssioii  lietween  what  seem  to  lie 
incompletely  fiisi'ii  iicnilal  folils(Fi,!r.  22'<'.i)  ami  every  suj;- 
j;estionof  a  riiilimeiiliiry  r.«/(/../.  'riicinilividiial.  lliouj;h 
an  mliill.  may  he  lueUinjrin  a  ^.'loHth  of  hair  on  Ihc  face; 
anil,  lastlv,  the  mammary  u'lainls.  as  I  have  seen,  may 
he  as  well  ilcvcloped  as  a"  Wdiiian's.  But  in  spile  of  all 
these  misleading  features,  the  iircscnce  of  tintin  in  the  ab- 
dominal cavity  would  slump  the  individual  as  a  man. 
In  a  case  of  this  kind,  unless  a  microscopic  examination 
should  reveal  a  seminal  discharge,  it  wotild  require  an 
autopsv  to  ascertain  whether  testes  or  ovaries  were  in 
the  abdomen. 

Lack  of  fusion  of  the  genital  folds  leads  to  various  de- 
grees of  a  pathological  condition  known  as  hiijtoKjviitiiix. 

Copulalory  organs  of  various  forms  occur  amongst 
the  verlebraies,  often  morphologically  distinct  from  one 
another. 

A  specially  modified  portion  of  each  pelvic  fin  (clasper) 
occurs  in  male  Sharks.  Amongst  the  Telcost.s  the  male 
Ginirdinus  has  the  terminal  portion  of  the  anal  tin  modi- 
tied  for  hiOding  the  female,  and  in  many  Cyprinoids  the 
anal  tin  has  moditieations  for  a  similar  function.  A 
marked  swelling  of  the  lips  of  thccloaea  oecursin  certain 
Ampl'''''""*'.  '»'*  theUrodelcs,  during  the  breeding  season, 
by  which  iiilernal  impregnation  may  lake  place,  but  only 
in  lualeUymnophioiia  is  a  delinilccopulatory  organ  pres- 
ent in  the  form  of  an  eversible  cloaca,  which  is  regulated 
bv  a  well-developed  musculature.  Among  Hcpliles  two 
kinds  of  copulalory  organs  exist,  the  one  being  seen  in 
Crocodiles  and  C'heloiiian!-.  and  the  other  in  Snakes  and 
Lizards.  In  the  fomier  theorgan  is  single  and  is  a  thick 
ened  portion  of  the  ventral  wall  of  the  cloaca  which  is 
regulated  by  nius<des  and  is  ))rotrusiblc.  It  consists  of 
erectile  tissue  and  lias  its  dorsal  surface  grooved  for  the 
reception  of  the  seminal  lluid  from  the  seminal  duels. 

In  Snakes  and  Li/ards  two  copulalory  s;ics  lie  under 
the  skin  at  the  root  of  the  tail  and  outsiile  of  the  cloaca. 
which  are  regulated  by  a  nell  developed  musculature 
aud  can  be  protruded  through  the  cloacal  oi)cning  and 
withdrawn.  A  spiral  groove,  for  the  transmission  of 
semen,  extends  along  each  everted  sac. 

In  most  Birds  the  semen  is  expelled  through  a  non- 
eversible  cloaca,  but  in  many,  copulalory  organs  are 
present  similar  to  those  of  Crocodiles  and  C'helonians. 

In  the  males  of  all  Mammals  except  the  Monotremes. 
Marsupials,  and  some  Edentates  the  jvnh  consists  of  two 
corfmrn  ctirfrii'imi  attached  proximally  to  the  ixrliiii.  and 
a  central  portion,  \\\c  c-rpim nikingiitioim.  perforated  by  the 
urethral  canal  and  exinmded  at  the  extremity  to  form 
the  glans.  The  penis  of  Monotremes.  decidedly  reptilian, 
is  situated  in  the  cloaca  and  is  indirectly  in  relation  with 
the  seminal  ducts  through  the  urogenital  sinus.  It  con- 
sists of  an  unpaired  corpus  cavernosum  (there  is  no  cor- 
pus spongiosum')  i)erforatcd  with  a  canal  in  continuity 
with  the  iirogenital  sinus  and  the  seminal  ducts.  It  is 
only  loosely  surnmnded  by  the  mucous  membrane  of  the 
Vol.  IV.— 21 


cloaca,  has  a  well  devclopiil  iiiUHCiiliilure,  and  i  an  Im- 
protruded  through  the  cloacul  ii|HTtiire. 

The  penis  Nlicalh,  in  .MarsiipialH,  upt'im  dircclly  on  tha 
surface  of  the  liiuly  veiilial  to  the  unuK,  on  iiccouiit  of 
the  growlli  of  the  perineum.  The  two  o|H.-niiigM  iirc  mir- 
roiinded  liy  a  conimon  Hphincler  niiiM'le.  Tlie  ercclllv 
li.vsiie  is  paired  (I  wo  corpora  cavernosu),  but  uncoiiiic<'U'd 
with  the  iv'liia. 

The  penis  of  Insectivorcsand  RodentH.  among  Phicenliil 
Mammals,  approaches  nearest  iliai  of  MarsiiplalH.  In 
the  ascending  st'ale  of  Mammals  the  opening  of  the  peiiU 
sheath  is  separated  more  and  more  from  the  anus  and  the 


glans  penLi 

pcntlul  rltlire 

frt'iiltal  i^HMPve 

Ifeiiltal  fold 

perineal  Ixxly 
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Fin.  22S2.— Early  Embryonic  Stace  of  Male  Exiimnl  f;erlial  Ortrans. 
Drawn  frttni  Ziepler  wax  iiMKlel  In  I'niled  Slaii-s  .\miy  .>Ie<ltntl  Mu- 
seum, r.enital  eminence  [irnjects  .si»  far  dnrsail  and  i-audad  as  to 
ciinceal  the  Kenltal  folds  and  ifenllal  u'HHive.  which  an-  cunliliued 
to  the  under  surface  of  the  (flans  ix'nls.  The  iieriheal  lK«ly  has 
formed  and  sepaniles  the  cloaca-priM-nMleal  cavity  Into  a  ilorsal  part 
havinir  it.s  outlet  at  ihe  anus,  and  a  ventral  part  havinc  ouilei  at 
the  (Tciiitiil  (rrxive.  In  virtue  of  the  fact  that  the  eenital  folds  have 
extendiil  ilorsad  and  united  to  form  the  foim'helte  Just  venlnid  of 
the  perineal  l)odv.  It  will  thus  Im-  ohsened  that  the  trenltal  folils 
and  ifenltal  srroove  an>  pracliially  divlsihle.  even  at  this  early  staKe, 
into  intraperineal  croot  of  [lenisi  and  extraperineal  ipenduluus  [wrt 
of  penis)  segments. 

]ienis  comes  more  and  more  to  a  ventral  position,  attain- 
ing a  hoii/.onlal  and  lixed  iiositinn  along  the  abdomen. 
In  the  Apes  theorgan  becomes  more  or  less  free  from  Ihe 
body  wail  at  its  distal  end.  while  in  Man  the  whole  of 
the  distal  end  is  free  and  the  penis  sheath  forms  a  double 
integumentary  tube-like  investment  (prepuce)  over  the 
glans. 

During  ontogeny,  in  Mai"supials  and  Placental  Mam- 
mals, the  penis  pas.scs  through  stages  that  resemble  suc- 
cessively those  which  are  permanent  in  Crocodiles  and 
Monotremes. 

ClIItONOLOGY   OF  UROGEXrTAT.   DE^•EI.OPME^■T.  — TVllVrf 

11  ><./(-. —About  this  time  the  Wolftian  duct  and  pronephros 
are  recognizable.  Ihc  ncphrotomcs  begin  to  develop  and 
also  the  allantoic  stalk  appears. 

Fifth  lIVfA-.— The  germinal  ridges  and  the  MUllerian 
(luctappearand  the  faHus  is  two-fifths  of  an  inch  (1  cm.) 
long. 

Siith  Week.— The  genital  eminence,  folds,  groove,  and 
ridse  appear. 

Sniil/i  Week.— The  meson  ephros  reaches  its  maximum 
development. 

Kir/lit/i  Week.— The  caudal  portions  of  the  Mnllenan 
duel's  fuse,  and  the  allantois  i)rescnts  a  spindle-shaped 
dilatation  in  its  middle  forming  the  bladder. 

yiii(/i  liV/^A-.— The  cloaca  is  divided  into  two  parts. 
The  permanent  kidney  has  characteristic  features.  The 
testes  are  distinguishable  from  ovaries.  The  fundiraents 
of  the  external  genitals  begin  to  show  distinctions  of  sex. 
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Tlic  fd'lus  is  one  inch  long  (25  mm.)  iiiul  weigh.s  iiboiil 
16  frill,  (half  ounce). 

Tliiril  Miinth.  —  Prostntc  glami  bciriiis  to  develop.  The 
union  of  the  testes  with  tlie  euniils  of  llie  Wolfiian  body 
is  compU'tc.  The  testes  are  in  the  false  pelvis.  Fcptus 
is  2j  inches  long  (7  cm.)  and  weighs  Vi'>  gni.  (four 
ounces). 

t'oiiitli  }f>iit!i. — Sexual  distinctions  in  external  genitals 
are  well  marked.  The  genital  groove  is  closed.  The 
scrotum  is  formed,  as  also  the  prepuce.  The  prostate  is 
well  formed.  Fu'lusisa  inches  (13  em.)  long  and  weighs 
240  gm..  or  7|  ounces. 

Seienth  Month. — The  testesare  at  the  internal  abdomi- 
nal ring.  Foetus  14  inches  (36  cm.)  long  and  weighs 
3  pounds  (about  l..">  kgm.). 

Kiyhth  Month. — The  testes  are  in  the  inguinal  canal. 
Fa-tus  16  inches  (41  cm.)  long.  Weighs  4  to  5  pounds 
(about  2  to  2.5  kgm.). 

yinth  Month. — The  testes  are  in  the  scrotum.  Foetus 
20  inches  (50  cm.)  long.  AVeighs  6  to  7  pounds  (about 
3  to  3.5  kgm.). 

Ai>L"i.T  Genit.\i,  Organs. — The  male  vretJtra  is  the 
urogenital  canal  extending  from  the  bladder  to  the  ex- 
tremity of  the  penis  (Figs.  2279  and  22.S3).  In  the  tiacciii 
state  it  forms  a  double  curve,  but  when  erect  it  presents  a 
single  curve  with  the  concavity  ventrad.  It  is  about  7 
inches  (19  cm.)  in  length  when  Haecid,  but  during  erec- 
tions greatlj'  elongated.  It  is  divided  in  a  jirostatic  iior- 
tion  (li  in.  or  32  mm.  long),  niembranous  part  (three- 
quarters  of  an  inch  or  20  mm.  long),  and  a  spongy  portion 
(5  in.  or  14  cm.  long).  The  urethra,  excejit  {luring  the 
passage  of  urine  or  semen,  has  the  ventral  and  dorsal 
surfaces  in  contact.     The  prostatic  portion  (Fig.  2283,  No. 


FIG.  22S3.— Saorillal  Section  of  Male 
Urethra.  Dinjrrn'nriiatic.  1,  1,  1, 
Superficial  perineal  cavlry  con- 
t^iinint^  the  intrai)erinpal  sepments 
of  (he  corpora  cavernosji.  corims 
sponjfinsum,  etc. :  2.  deep  perineal 
Kivilycontaininp  thi-  niemitnin<>us 
urethra  antl  tioinnleil  bv  tin-  two 
layers  of  the  ci4-ep  iierineal  fascia 
(thanpular  liL'anieiK  of  the  ure- 
thra ;  ;l,  prostate  phind  transinlt- 
thiK  the  prostatic  uieihra  ;  4.  ves- 
Icula  seminalis  ami  vas  (lefen*ns 
emptylnE  thnniKh  the  ejaculatory  duct  Into  prostatic  iiretlira;  .5, 
site  of  perineal  lioily  :  r>,  anal  portion  of  rectum  1 11 1  passiiiL'  tlii-ou^'h 
the  sphincter  ani  muscle  (It)  ;  7,  centnil  tenilon  of  perineum  «  hence 
starts  Colles'  fa.s<-ia  to  continue  into  the  daiios  '.s,  ,,f  ti,,.  scrntum; 
HI,  coccy.x  :  1-,  Madder;  l.'J,  symphysis  puhis  ;  l.'»,  extniiterineal  por- 
tion (»f  corpus  sp4.inpl<_«um ;  the  sfjonpy  un*thni  is  seen  traversinir 
the  corijus  sponirlosuni  an<l  lenninaiini;  at  the  meatus  urinaiius  in 
the  irlans  penis  '14i  ;  the  bulb  of  the  coqius  spongiosum  is  seen  in 
the  sui>erncial  perineal  cavity,  restlnp  aK:iinst  Uie  perineal  layer  of 
triangular  llpiniieiii;  the  prostate  is  In  llie  pelvic  cavity,  resting 
apalnst  the  ih'IvIc  layer  of  triangular  lli^imenl :  Iti.  e.\lraperineal 
portion  of  corpus  cavemosum ;  extending  Iwtweon  the  symphysis 
and  corpus  cavemosum  Is  seen  the  suspensory  ligament  of  the 
penis. 

3)  is  spindle  shaped  and  is  the  most  dilatable  and  widest 
part  of  the  canal.  A  narrow  longitudinal  ridge  (terumon- 
taniitn),  three-quarters  of  an  inch  (20  mm.)  in  length,  ex- 
ists upon  the  dorsal  wall.     It  is  formed  by  the  projecting 


mucous  membrane  and  contains  niusciitar  and  erectile 
tissue.  It  serves,  when  distended,  to  prevent  the  semen 
jHUssing  back  into  the  bladder.  There  is  a  slightly  de- 
pressed fossa  {primtntie  tinu»)  on  either  side  of  the  veru- 
iiioiitanum.  A  de]iression  (ntirux  miixciilinuii)  exists  at  its 
distal  part  (Fig.  2279,  M).  It  is  a  etiltU-Kiif  about  a 
(lutirlcr  of  an  inch  (6  mm.)  in  length  extending  dorso- 
cephalad  in  the  substance  of  an  organ  (/irostutf  f/lnnil), 
which  envelops  th(^  prostatic  urethra  (Fig.  2283,  No.  3). 
Its  walls  are  composed  of  mucous,  connective,  and  muscu- 
lar tissue,  and  the  ducts  of  numerous  small  glands  open 
upon  its  mucous  surface.  The  uterus  masculinus  is 
homologous  with  the  vagina  and  uterus  of  the  female. 
The  niembraiioiis  urethra  (Fig.  22S3,  No.  2)  is  the  narrow- 
est jiart  of  tbi-  (anal  except  at  its  termination  in  the  penis, 
lis  veiilral  surface  is  concave  and  is  placed  about  an  inch 
dorso-caudad  from  the  suhpuliic  arch.  Ilsdorsjil  surface 
is  sepanited  from  the  rectum  by  the  perineal  body  (Fig. 
2283,  No.  5). 

The  spongy  urethra  (Fig.  2283,  No.  15)  is  the  longest. 
Its  calibre  is  intermediate  between  the  other  segments, 
and  uniform  ex<e]il  at  eitlier  extremity.  For  half  an 
incli  (13  mill.)  behind  the  terminal  opening  it  is  dilated 
and  forms  thi-foxsii  imricuhirin.  while  behind,  for  an  inch 
(25  mm),  it  widens  in  every  direction  and  is  called  the 
pars  bulbosa. 

The  urethra  is  composed  of  three  coats:  mucous,  areo- 
lar, and  muscular.  The  inner,  or  mucous,  coat  is  cou- 
timious  at  its  proximal  end  with  the  mucous  coat  of  the 
bladder  and  at  its  dislal  end  with  the  integument  of  the 
piiiis.  It  is  also  continuous  with  llie  ducts  of  the  seve- 
ral glands  opening  into  it.  Its  epithelial  lining  consists 
of  columnar  cells,  except  at  the  distal  opening,  where 
the  cells  are  squamous.  The  luucous  coat  is  arrangeil  in 
longitudinal  folds  in  the  membranous  and  spongy  por- 
tions when  the  urethra  is  eiupty.  The  oriticcs  of  nume- 
rous mucous  glands  occur  on  the  surface  of  the  mucous 
coat,  especially  on  the  spongy  portion,  while  the  glands 
themselves  (glands  of  Littre)  are  situated  in  the  submu- 
cous connective  tissue.  The  orifices  are  directeil  dislally 
and  vary  in  size,  and  some  may  easily  intercept  the  jioint 
of  a  small  instrument.  One  of  these  orifices,  much 
larger  than  the  rest  (inciina  magna),  is  situated  in  the  fossa 
iiavicularis  on  its  dorsjil  surface,  about  half  an  inch  (13 
mm.)  or  so  from  the  outlet. 

The  areolar  coat  is  rich  in  elastic  fibres,  and  its  inter- 
stices are  plentifully  supplied  with  convoluted  vessels 
which  serve  the  purpo.se  of  erectile  tissue.  The  outer  or 
muscular  coat  con.sists  of  two  layers  of  unstriped  muscu- 
lar fibres,  the  outer  being  longitudinal  and  the  inner  cir- 
cular. 

The  Perineum  and  Penis. — The  male  perineum  (Fig. 
2284),  or  urogenital  region  of  the  outlet  of  the  pelvis,  is 
bounded  by  the  subpubic  arch  (Nos.  1.  1).  the  pubo- 
•  ischiatie  rami  (No.  4).  the  ischial  tuberosities  (No.  7),  and 
the  Iraiisveisus  perinei  muscles.  The  arch  and  ninii 
])resent  two  lips  and  an  intermediate  space.  The  tnins- 
versus  perinei  muscles,  one  on  either  side,  arise  latenilly 
from  the  ischial  tuberosities  and  are  inserted  medianly 
into  the  central  tendinous  point  (No.  6)  of  the  perineum. 
Each  is  innervated  by  the  perineal  branch  of  the  internal 
piidic  nerve.  Their  action  is  to  tix  the  central  tendinous 
point  of  the  ))erineum. 

Extending  from  fixed  attachments — viz.,  from  the  dor- 
sal (posterior)  border  of  the  iiniseles  and  the  central  ten- 
don, along  their  deep  (pelvic)  surfaces,  and  thence  along 
the  deep  I  pelvic)  lips  of  the  jiubo-ischiatic  raiui,  and  sub- 
pubic arch — is  a  Iriangularshapeil  fascia  (Fig.  22S4,  No. 
5).  At  the  iioiiits  of  attachment  the  fascia  is  single,  but 
across  the  triangular  interval  which  it  occupies  it  divides 
into  two  layers,  a  superficial  or  perineal  layer  and  a  deep 
or  pelvic  one.  lietween  the  two  layers,  therefore,  exists 
a  space  called  iW  <lirji  jtirinral  oirili/  t,Fig.  2283.  No.  2), 
which  contains  a  number  of  structures,  viz.,  the  mem- 
branous [lortion  of  tlieurethra  (whence  Ihenameof  trian- 
gular ligament  of  urethra  for  the  double  layered  fa.s(ia), 
Cowper's  glands,  the  compres.sor  urethra-  muscle,  sub- 
pubic ligament,   the  internal  pudic  vessels,  the  dorsal 
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nrrvc  niiil  vein  of  ihr  penis,  I  In-  iirtiry  imil  iii-rvr  of  the 
Imlli.  Hiiil  II  pli'XHH  of  VfiiiH,  ull  bouiitl  to(;rlliiT  by  vi-ry 
dt'lii'iiti'  roimrrtivr  lissuf. 

Till'  (Imp  or  pilvii-  liiycr  of  llic  triiingiiliir  liKiinx-nl  U 
continuous  willi  llir  pelvic  fiis<iii.  The  superllciiil  liiyer 
Is  llie  ilfr/i  fiwir  of  ii  s<ci>n(l  iierini-al  cii\  ily.  I>if  miiMrjinnl 
IH-rihf,it  r.intt/  (Kic.  •.'•.'S'l,  Nos.  1.  1.  1)  "  The  perineum 
luisiiMollier  imporUinl  fiisciii  (superlhiiil  perineiil  fiis<im 
whiili.  like  the  iriiiMKulur  liniinieiil  or  ileep  perineiil  fiis 
(ill,  is  (livisilile  into  two  layers.  The  ileepir  layer  is  the 
fiif^iit  iif  I'lillm.  It  is  (diili'nuoiis.  iit  tin-  posterior  lionlcr 
of  the  tmnsversus  perini'i  inusclcs.  with  the  triiint;uliir 
lipiiiient  (Kin.  •i'iX'-i.  No.  ')■  It  piis.scs  superlieiiil  to  the 
muscles  itiiil  is  iiltiielieil  tiriiily  to  the  superlieiiil  lips  of 
the  piilK)  ischiiitic  mini  ami  llie  iidjiicent  ischial  luberos 
ilies.  Init  is  iwt  nll-iehxl  to  the  superlicial  lip  of  the  suli 
piiliic  arch,  for  the  corporii  cavernosa  iiml  the  corpus 
spongiosum  intervene  (V\\l.  i'lM,  Nos.  1,  1).  Colics' 
fascia,  ill  this  region,  is  i-onliniious  with  the  ilartos  of  the 
scrotum  (Fie.  --'^•'.  Nos.  7,  H). 

This  iii/>rr/iVi-(/ /KTi'm 'i/ "■ririV.i/ is  boiinileil  thus  on  the 
pelvic  side  liy  the  triangular  ligament  (Fij:.  22i<3.  No.  "J). 
on  the  cutaneous  side  with  the  fascia  of  Colics  (Nos.  7, 
8),  latcnillv  bv  the  intermedialc  siirfnce  of  ciich  pubo- 
ischiatic  riinuis  [V\^.  -'•.'.'<4,  No  -ti.  and  dorsally  (pns- 
tcriorlvi  bv  the  line  of  junction  of  Colics'  fascia  and  llie 
triantfiilar'lipimcnt  (Fi).'.  -JSWl.  No.  7).  The  superlicial 
perineal  space  is  lontinuous  ventnilly  with  the  K(ili-tiiirl'iK 
space  of  the  .scrotum  and  penis  (Fig 'i'.'.SJ.  No.  8;  Fig. 
2i*<4.  Nos.  1.  1). 

It  is  in  the  supprficinl  perincid  cavity  that  extmvasa- 
tioii  of  urine  most  frcipiently  takes  place  in  cases  of  rup- 
ture of  the  tiretlira.  From  the  nature  of  the  fascial  at 
tachnK^nls.  it  is  clear  that  Iheinily  direction  in  which  the 
tluiil  can  make  its  way  is  veiitnid  aloni:  the  sirotum  and 
penis  and  thence  on  tiie  veiitnil  part  of  the  abdomen. 

This  superlicial  perineal  space  contains  the  followin;: 
iuti-iiitfriiuiil  segments  of  the  penis,  viz. :  the  crura  penis 
(Fig.  ai'M.  No.  2:  Fig.  •2'i'^'i)  partly  covered  by  theerector 
penis  muscle,  the  bulb  and  |)art  of  the  body  of  the  cor- 
pus siiongiosum  (Fig.  2'3.Si.  Nos.  1.  1.  1;  Fig.  -i'iXA.  No.  3) 
hidden  by  the  accelemtor  uriniv  muscle,  the  tnuisversus 
perinei  muscles,  and  the  superlicial  perineal  blood- vessi'ls 
and  nerves. 

The  crura  penis  (homologous  with  the  crura  clitoridis 
of  the  female)  are  the  intiapeiineal  and  diverging  parts 
of  two  fibrous  cylindrical  tubes  callet.  the  corpora  caver- 
nosa. The  latter  are  placed  side  by  side  and  iiitimalely 
connected  by  the  septum  pcctiniforme  along  the  median 
plane  for  their  anterior  (extraperineal)  three  fourths 
(Fics.  2284  and  2"2.S"));  tlie  posterior  (intraperineal)  fourth 
of  each  corpus  cavcrnosum  diverges  from  its  fellow  to 
form  a  stronij  tapering  tibrous  process  timily  connected 
to  the  puboischiatic "ramus.  In  many  mammals  (e.ff., 
lemurs  and  apes),  a  bone,  the  os  jyenix,  is  developed  in  the 
septum  between  the  corpora  cavernosa. 

The  corpus  spongiosum,  a  single,  bilaterally  symmet- 
rical structure,  is  composed  also  of  two  parts,  an  intra- 
and  an  extraperineal  portion. 

The  intraperineal  portion  commences  between  the  di- 
verging crura  penis,  w  here  it  forms  an  enlargement,  the 
hi/l/',  and  then  narrowing  forms  a  part  of  the  body  (Fig. 
22.'*3.  Nos.  1,  1,  1:  Fig.  22.M.  No.  '.i\.  The  extmpeiineal 
part  is  composed  of  two  segments,  the  remaining  portion 
of  the  body  (Fig.  22.S3,  No.  1.5)  and  the  glanx penin  {So. 
1-1).  The  body  is  cylindrical  and  situated  in  a  groove  on 
the  ventral  surface  of  the  corpora  cavernosa  (Fig.  228.'«. 
No.  10).  The  glans  penis  overlaps  the  rounded  extremities 
of  the  corpora  cavernosa  and  presents  llie  form  of  an  ob- 
tus<>  cone  flattened  dorso-venlrally  (Fig.  2'2.'^3,  No.  141 
At  its  summit  is  a  vertical  opening,  the  meatus  urinariiis. 
The  base  forms  a  projecting  rounded  border  (corona),  be- 
hind which  is  a  constriction  (neck).  Both  these  parts 
have  numerous  sebaceous  glands  secreting  a  cheesy  mat- 
ter of  peculiar  odor. 

The  three  tibroelastic  tubes  (viz.,  the  corpus  spongi- 
osum and  the  corpora  cavernosa)  enclose  a  fibrous  ttabec- 
ular  structure  wliose  meshes  lodge   the  erectile  tissue. 


The  tnilwuhr  are  iiinru  dellcnto  und  the  liieHhen  hhialler 
in  the  corpiiH  Hponginsuin.  The  incHhiit  or  iiri'<ilti>  of  the 
corpus  HpongioNiiiu  fns'ly  coniiiiuniiiite  with  one  another. 
The  areola-  of  the  corpora  inveriioKii  freely  conimiinicjitc' 
with  one  another  on  each  side,  and  iiImi  with  thoHc  of  tbe 


Km.  ia4.— Male  P( rineuiii.  SliiiHlnK  Triunirular  LlKBmcnt  and  Iho 
Intra- anil  Exlnii>iTlni'al  Pnrtliins  "f  llie  I'eiils.  OiIIpm"  tawlu  and 
the  sii[M'rJaceiiI  pans  have  Im-ch  r»'niiivi.<I.  1,  I.  Ueffinn  of  hiiti|iutilc 
an'h  liiiMeii  liv  iienis;  4,  niciil  !■(  pciU-s  and  JMlilnm  ipiit»>-iwhlatlr 
ninill  :  T.  UiIkti'sIIV  ef  Isihluiri  lilnmn  liiuiil  ti"i  far  dorsadi  :  11, 
cenlnil  lendmi  uf  llie  ixTlneiiin,  lMUM..n  « lijili  and  the  tiil»-p«lileii 
ef  the  iMhluin  exteiiil  the  Ininsvep-us  |»Tln'-l  imiscles  (cmiHI'-d  In 
llie  dniu  IliEi  :  .■>.  thank'Ular  Htnilin'llt  nr  di.<  p  in-rlneal  fawla,  nn  llie 
suihTlli'lal  er  perineal  layer  of  whleli  ai-e  slunvn  the  follewlnir  sinir- 
tun-s,  viz.:  3.  llie  ball)  iif  llie  enri'iis  sixmirl'isuin  fnmi  whlih  Ilie 
envi'loplnir  aei-eleralor  arlnie  nius'-li?  has  Ui-n  removed  ;  -.  rruii 
l»nls  nt  the  eorpiis  caveniosnni.  from  which  on  ellher  side  the  en- 
vi'l"|pinir  ereeior  |M'nis  nniM-le  has  iK'en  riMnovi-il.  s,  siihim  ler  anl ; 
!'.  levaloranl.  The  dorsal  lioundarv  of  ihe  trIanEiilar  llfanienl  Is 
swn  In  the  llinire  to  extend  iw  far  liiuk as  Ihe eeninil  teni|on.  where 
It  is  (onllniioiis  with  Colli-s'  fascia.  The  trianiriilar  Hiramenl  Is 
shown  lo  1h.  allached  In  the  deep  or  pelvic  lip  of  the  putvi-lwhiallc 
rimil  anil  subpulile  anh  ;  I'olles'  fascia  has  l»'en  removeil  from  Ihe 
snperllclal  lip  of  the  rami.  The  portions  of  ihe  penis  dorsad  from 
Ihe  .snhpiiblc  arch  are  Inlraix'nneal  portlon.ii,  while  Ihe  pans  ven- 
trad  of  the  anh  are  extraperineal. 

opposite  side  through  fissures  in  the  filirous  scjitum  be- 
tween them.  The  areolie  arc  lined  with  epithelial  cells 
and  are  comparable  to  widely  dilated  capillaries.  At 
several  jioints  in  their  walls  arteries  communicate  with 
them :  tljey  give  origin  to  the  veins.  Blood  rushing  into, 
and  beingrelained  in  the,  areola;  causes  erection  of  the 
penis. 

The  corpus  spongiosum  and  the  corpora  cavernosa, 
with  their  envelopes,  constitute  the  penis.  The  intra- 
perineal segments  of  the  penis  converge  at  the  apex 
(ventral  part)  of  the  superficial  perineal  cavity  and,  pass- 
ing out  of  the  cavity  beneath  the  symphysis  pubis  (Figs. 
22f:<3  and  22.S4,  Nos,  1.  1),  form"  the  pendulous  body 
(extraperineal  portion)  of  the  penis.  A  strong  band  of 
fibrous  tissue  (the  susiiensory  ligament  of  the  penis) 
passes  downward  from  the  symphysis  and  blends  with 
the  fibrous  cylinders  of  the  corpora  lavernosa  (Fig.  22t>3). 

The  urethra  (spongy  portion)  extends  throughout  the 
length  of  the  corpus  spongiosum  and  terminates  at  the 
meatus  urinarius. 

The  erector  penis  muscle  (homologous  with  the  erector 
clitoridis)  embraces  the  cms  penis  and  arises  from  the  in- 
termediate space  of  the  pulm-ischiatic  ramus  and  the 
iscliial  tuberosity.  It  is  inserted  into  the  sides  and  ven- 
tral surface  of  the  cms.  By  comiire.s-siug  the  cms  it  as- 
sists in  causing  and  maintaining  erection.  The  accelera- 
tor uriniE  muscle  is  bilaterally  symmetrical.  It  is  also 
called  the  ejaculator  seminis.  Itis  homologous  with  the 
siihincter  vagina-  or  bulbo-cavernosus  of  the  female.  It 
ari.scs  from  the  central  tendinous  point  and  from  the  me- 
dian raphe  in  front.  From  these  points  its  fibres  diverge 
like  the  plumes  of  a  feather.  The  greater  numbercourse 
around  the  sides  ami  are  inserted  int<i  the  dorsum  of  the 
intraperineal  part  of  the  corpus  spongiosum,  while  the 
foremost  fibres  extend  around  the  lateral  part  of  each 
corpus  cavernosum  and  are  inserted  Into  tbe  midline  of 
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corpus  .     ^ 

In   corpus    sjKinpiosuni ;     11.    bntnrh    of 

artery  of  liulli  suppl.vlnt'  i"niiis  cavcrno- 

8uni ;  1-.  cylindrirHl  inrnibnin mUiin- 

IDK  erwtile  tissue  of  corpus  sponRlosuni ; 
surroundiog  tbe  latter  are  several  blood- 
vessels. 


tlic  (lor^iiiii  i.f  tho  l\v(i  bodii'S,  covering  tlicdorsiil  vpssels. 
By  tiiiMprcssiiiu'  the  latter  it  liclps  to  cmisc  iiiul  iimintiiin 
crectiou.     The  superficial  layer  of  lli<'  siip(itiii:il  pciiiual 

faseia  aci|iiiics    no 
~  3  bony     attaeliineiils 

and  is  continuous 
with  the  corre- 
spondini^  fascia'  of 
the  secroluni, 
tliifrlis,  and  ischiu 
rectal  fos.sii'. 

Tlic  common  cn- 
vplo])es  of   the   c.\- 
traperineal     penis 
are  the  skin,  super- 
ficial    fascia    (con- 
taining the  dartos), 
and     dec])     fascia. 
The    darlos    is   the 
FiO.  22W.--Transv.TMS.rii.mof  thePcnLs.    superficial  layer  of 
Dlaimimniaii.-.     1.  imrsul  uncry :  3,  deep    the  superficial   fas- 
d.iniiil  vein ;  :t.  superll.-lnl  .lorsul  vein :  i.      ■         j  contains  un- 
skin :  .-1.  .laru.s  isuiierll.-inl  laver  ..f  supi-r-    '^'"  a""  Louuinis  uu 
Bcial  fascia):  ti.  deep  layer  (areolar  ti.ssuei    striped    muscular 
of  the  superllcial  fascia:  7,  .i.-ep  fas.  ui:  s,    Jiljres,    and   is   con- 
cylindrical  membrane  containiii).'  ereitile    t:,,,,,.,,a     ,vith     the 
tLs.sue  of  corpus  cavern..sum  :  !t,  artery  of    tmuoi'S     "  "U     t"»^ 
corpus  cavemosum;   111.  si«>ng:y  urethra    dartos  ot   tlie  scro- 
tum.     When    con- 
tracted, it    com- 
presses the  veins  of 
the   penis   and    fa- 
vors erection.     The 
skin  is  remarkably 
thin,  is  loosely  connected  with  the  deeper  parts,  is  dark 
iir color,  and  free  from  adipose  tissue. 

Theerectile  structures  receive  sympathetic  nerves  from 
the  pelvic  jile-Xiis  and  spinal  nerves  from  the  superficial 
perineal  and  the  dorsid  nerve  of  the  penis.  The  coverings 
of  the  iieiiis  receive  nerves  from  the  inferior  iierineal  of 
the  internal  pudic  and  from  the  genital  branch  of  the 
genito  crural  nerve.  They  receive  Wood  from  the  exter- 
nal ]iubic  artery,  anil  from  the  superficial  perineal  and 
dorsiil  artery  of  the  penis,  branches  of  the  internal  ptidic. 
The  bulb  and  body  of  the  corpus  spongiosum  are  sup- 
plied by  a  liraiieli  (urleiy  of  the  bidb)  of  the  internal 
pudie.  "  Kacli  e.irpus  cavernosum  receives  the  cavernous 
branch  of  the  inienial  iiudie.  The  glans  is  mostly  sup- 
plied by  the  d.irsal  arteiy  of  the  penis  (Fig.  228.5). 

The  h'iiiK  from  the  <Mivelopes  of  the  penis  converge  to 
the  dorsum  of  the  organ  and  empty  into  the  supei-ficial 
dorsal  vein,  lying  in  thi'  areolar  tissue  beneath  the  dartos 
along  the  median  line  and  cm|ilying  into  the  obturator 
and  external  piidie  veins.  The  veins  from  the  glans 
emerge  at  its  neck  and  form  the  deep  dorsal  vein  which 
runs  in  the  median  gi'oove  on  the  cavernous  bodies  be- 
neath the  deep  fascia  (Fig.  228.5).  It  perforates  the  trian- 
gular ligament  and  empties  into  the  prostatic  plexus. 
Those  from  the  body  and  bulb  enter  the  sjime  plexus  or 
the  internal  pudie  vein.  Small  veins  emerge  from  the 
ventral  and  dorsal  surfaces  of  the  corpora  cavernosa. 
They  empty  iiilo  the  deep  dorsal  vein,  the  former  cir- 
cling around  the  sides  of  the  bodies.  The  princijial  vein 
comes  front  the  iiosterior  part  of  each  cavernous  body, 
and,  perforating  the  triangular  ligament,  enters  the  lu-os- 
tatic  plexus. 

The  superficial  lymphatics  of  the  ))eiiis  empty  into  the 
superficial  inguinal  glands,  while  the  deep  lymphatics 
empty  into  the  ])elvic  glaiuls  about  the  internal  iliac  ar- 
tery. 

Tlie  Tenticle,  Spermntir,  Cord,  and  their  Enrdopen. — The 
testicle  is  the  gland  that  secretes  the  male  germ  cells 
or  spermatozoa  (Figs.  228()  and  2287).  It  is  supplied 
with  arteries,  veins,  lymidiaties,  nerves,  and  an  excretory 
duct  (vas  deferens).  In  inigiating,  during  development, 
from  the  abdomen  it  cvaginates  a  iiortion  of  the  perito- 
neum (visceral  and  |iarietal  layers,  which  subsequently 
become  innched  olT  and  form  the  tiinirn  nir/iihilis)  and 
all  the  layers  of  the  abdominid  wall  in  the  inguinal  re- 
gion.    It  pushes  in  fronc  of  it,  hernia  like,  the  following 


layers  in  addition  to  the  peritoneum — viz.,  first,  the  sulj- 
jti'nlnntid  coniKriire  tiMut.  and  then,  in  order,  the  iiifun 
ililniliJ'urmfiiKciit  (portion  of  transversalis  fascial,  sonic  of 
the  lower  fibres  of  the  internal  obliipie  muscle  thus  form 
iiig  the  cremiisliric  fiiM-ia,  the  intercolummtr  fnnrin,  the 
(liirlos  (sup<'rficial  fascia  rich  in  unstrijicd  muscular 
fibres),  and,  finally,  the  *X/n  (Fig.  22.86).  The  l>alli  of 
the  testicle  through  the  abilominal  wall  is  the  iiKjuiiuil 
ciiiKil  ;  tlie  evaginaled,  many  layered  iiouch  is  lhe»c/V(/<(/ 
sac,  one  on  either  side.  By  fusion  the  skin  forms  a  com- 
mon covering  forbolh  testicles,  the  line  of  fusion  being 
indicated  by  the  raphe:  but  the  remaining  layers  meet 
in  the  median  plane  to  form  the  sejil'iin  nrrcti.  All  the 
envelopes  of  the  two  glands  together  form  the  fcrotum. 
The  deep  "opening"  of  the  inguinal  canal  is  the  interiuil 
fiMoiiiiiiiil  riiiff ;  the  suiierficial  or  subcutaneous  end  is 
ihK  crteniid  iihihiiiii nut  ring  {V'ta..  22T9,  K.rt.  .Vk). 

The  inguinal  canal  is  oblique  and  runs  jiarallel  with 
P(ni])art's  ligament.  It  is  about  an  inch  and  a  half  in 
length.  It  conunences  near  the  middleof  Poupart's  liga- 
ment and  half  an  inch  cephalad  from  it,  and  extends  to 
the  spine  of  the  pubis.  Its  cephalic  boundary  is  the 
arched  fibres  of  the  internal  oblique  and  transversalis 
muscles;  its  caudal  boundary  is  formed  by  the  union  of 
Poupart's  ligament  with  the  transversalis  fascia:  the 
ventral  boundary  is  the  skin,  superficial  fascia,  aponeu- 
rosis of  the  external  obliijue,  and  partly  by  the  internal 
obliiiue;  the  dorsal  boundary  is  the  triangular  fascia,  the 
conjoined  tendon  of  the  internal  oblique  and  transversalis 
muscles,  the  subperitoneal  connective  tissue,  and  peri- 
toneum. 

The  testicle,  in  migrating  from  the  abdomen  into  the 
distal  part  of  the  scrotum,  carries  with  it  its  tributarj- 
striKitures.  such  as  the  vas  deferens,  arteries,  veins,  lym- 
phatics, and  nerves,  all  bound  together  with  connective 
tissue  into  a  spermatic  cord  (Fig.  2287).  The  spermatic 
cord  extends  from  the  testicle  to  the  internal  abdominal 
ring,  and  is  therefore  divisible  into  a  scrotal  and  an  in- 
guinal portion. 

Tin'  '/'(xlides.  Each  testicle  consists  of  two  separate 
b\it  closely   related  jiarts,   viz.,   the  testicle  proper,   or 


Fin.  2286.— Transverse  Section  of  the  Testicle  and  Its  Scrotum.  Dla- 
eniminatic.  For  the  sake  of  clearness  the  individual  layen*  of  the 
scr.)tuin  are  represented  a-s  widely  separated.  1.  Skin  :  2,  ilartos 
(supertlciul  fa.scia  I :  ;i,  liitercoluuinar  fa.scia  :  4,  rreniasteric  fascia : 
,■>.  infundibuliform  fascia  ;  6,  subperitoneal  fa-scia  :  7.  parietal  layer 
of  the  tunli'a  va^rinalis ;  8,  cavity  of  the  tunica  vaginalis ;  »,  visceral 
laver  of  the  tunica  vaginalis  connected  by  subserous  areolar  tissue 
lo'tlie  tunica  albuirlnea  1 101 :  11,  the  niwliaslinum  giving  olT  trabec- 
ula'  to  the  tunica  albuginea :  12,  epididymis. 

didymis  (Fig.  2287,  Tunicn  rag.  T'lV),  and  an  epitlidy- 
mis"(^/<>ft»»  major,  gMun  minor).  Each  didymis  is  com- 
pressed laterally  and  is  oval  in  form.     It  is  one  and  a  half 
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I.I  iiliiil  or::niis. 


to  two  InrlicH  liint;  (<IH  to  Ad  tiiiii.),  an  Inch  and  n  (|(iurliT 
(:i()  mill.)  tlorxo  vciunillv.  iiikI  niic  iiiili  12'")  iniii  )  in 
linmltli  II  wi'iglis  iiliiiiit  Ki\  ilnicliiiis  r.'l  i;i»  )■  II  Iiiin 
II  lali'iiil.  coiivi'X  Kiirfiii'i'  liHikini;  oulwiinl  iiiiil  ii  little 
liiu'kuiinh  Ik  iiu'diiiii,  Hat  siirftid'  limkiii^'  iuwiinl  unil  it 
lilllr  fcirwiinl  'I'lic  (Inrsiil  iKinlcr.  Miail\  strai>;lil,  is  di 
nc'tc'd  lia<  kwaril  ami  iipwanl  iiikI  lias  iillarlud  iipiiii  its 
t'litiri'  Irii^Mli.  marrr  its  latiMil  lliaii  its  iiiciliaii  part,  a 
Hlnictiirc  ('<iiii|iiis('il  (if  ciiiiviiliili'il  liiliiiks  uikI  rallitl  IIk- 
fliiiliiti/iiiin.  Thf  vi'iitriil  ImrdiT  -if  llif  tistiilr  looks  for- 
ward and  slinlilly  downward.  'I'lir  iiifi-rior  or  ciiwdal 
ixiniiiity  is  poinlrd  and  o<'('ii|iii  s  II  planr  posterointer- 
nal to  tlie  more  rounded  iippir  or  e<'plialir  extremity 
The  epididymis  consists  of  an  eiilarj;iil  ((pliiille  /wnl 
(j/li-Ziim  iiiiijni),  a  eeiilral  portion  or  /xw/i/.  iiikI  a  caudal, 
pointed  Uiil  (i/lnhiiii  niiiinr).  '\'\w  liiliiiles  of  the  ^'loliiis 
miijor  are  coiitiimoiis  direclly  with  those  of  the  testicle 
(Ft);.  22KS,  >,'().  ;t),  Init  the  liody  and  gloliiis  minor  are 
connected  to  the  testicle  liy  the  tunica  va);iiialis  and  its 
Ruhseroiis  connective  tissue.  In  hori/.ontui  section  the 
iMwly  resembles  ii  conimii.  and  therefore  it  shows  it  to 
pos.sessa  ventral  ami  dorsal  surface,  as  well  as  lateral  and 
median  liorders.  'I'lie  dorsal  surface  is  i-onvex.  the  veil 
Iral  is  concavi-.  Hetwceii  the  concave  surface  and  thi' 
testicle  is  a  blinil  depression  {ilitjitnl  fdmi)  opeiiini;  later 
ally.  The  meiliaii  border  corresponds  to  the  tiiil  of  tlii' 
com  inn. 

There  are  found  connected  with  the  friolius  major  and 
ni'iirliboriniipiirt  of  the  testicle  twosnmll  \\in\\vs{li!iiliitiih 
of'  )fiin/ii!/iii),  one  of  which  is  sessile  and  the  other  pediin- 
(•iilale(l  (Ki.i;.  22-'<7).  The  former,  one  eii;hlli  to  onelliird 
of  an  inch  (i!  to  S  mm.  I  in  leiiirth.  is  Haiti  iied  or  niunded. 
and  situated  veiilrally  cither  on  the  gliibus  miijor,  the 
adjacent  part  of  the  testicle,  or  between  the  two;  the 
hitler,  about  the  .same  size,  is  attached  to  the  globus  ma- 
jor.    The  hydatids  are  fietal  vestiges. 

The  testicle  jiroper  (ilidymis),  as  distinguished  from  its 
epididymis,  is  a  tibro  glandular  structure  (Fi,g.  2288). 
The  outermost  part  [tnidi-ii  iilliiii/i imi)  is  a  dense  connec- 
tive-tissue membrane,  which  at  the  dorsal  border  is  re- 
tlected  veiitrally  into  the  gland  and  forms  an  incomplete 
vertical  si'ptum  (innliiiiiliKiiiii).  From  the  sides  and  front 
of  the  mediastinum  niimenmsconnectivc  tissue  cords  and 
laminiu  {trii/nriilii)  radiate  to  the  inner  surface  of  the  tu- 
nica albuginea.  Thus  the  interior  of  the  gland  is  divided 
into  a  number  (about  two  hundred)  of  incomplete  cone- 
shaped  spaces (/<iri;//i,  w  liich  have  theirbases  at  the  inner 
surface  of  the  tunica  albugiiua  and  their  apices  at  the 
mediastinum.  In  the  cone  shaped  loeiili  niid  lining  the 
tunica  albugineaaiid  tnibecuhe  is  a  vascular  layer  {lunira 
r<i*ri//'«</)  consisting  of  a  network  of  minute  blood-ves- 
si'ls  held  together  by  delicate  connective  tissue.  The 
true  glandular  ti.ssiie  (seminiferous  tubules)  occupies  the 
loculi.  Kach  loculus  contains  two  or  three  s<ininifcroiis 
tubules  (/»/)»/(' «'"(i//i7'''''),  commencing  at  the  base  of  the 
space  by  blind  extremities  and  taking  a  very  convoluted 
course  to  the  apex  of  the  loculus.  In  their  course  toward 
the  mediastinum  they  give  olT  two  or  three  blind  imucli- 
cs.  and  not  only  make  anastomoses  with  one  another, 
but  also  with  tiie  tubnlis  in  adjacent  loculi.  The  tu- 
bules of  each  loculus,  near  its  apc.x.  unite  together  and 
form  a  single,  stniight,  excretory  tube  (l)ihubis  reHiis) 
which  enters  the  mediastinum.  The  tubules  of  a  single 
loculus  are  bound  together  by  a  delicate  interstitial  con- 
nective tissue,  rich  in  minute  blood  vessels,  and  make  a 
conc-sliaped  body  (hJnil,)  with  the  apex  at  llii'  mediasti- 
num. F.ach  little  tube  in  a  lobule  is  about  f J,,  in.  (J 
mm.)  in  diameter,  and  when  uncoiled  its  length  is  in 
creased  about  thirty  tiinis  (about  2  ft.  or  62  cm. ).  The 
tiibiili  recti,  forined  as  already  described  at  the  apices  of 
the  lobules,  are  smaller  in  diamiler  than  the  convoluted 
tubules  of  the  lobules.  They  enter  the  mediastinum  and 
form  throughout  that  structure  a  network  of  anastomos- 
ing tubules  ()v7<'  tinlix)  of  varying  diameter,  but  always 
larger  than  the  tubiili  recti  or  convoluteil  tubules  of  a 
lobule.  They  have  no  proiier  wall,  but  are  excavations 
in  the  mediastinum  lined  by  epithelium  of  varying  char- 
acter.    At  the  dorso-cephalic  part  of  the  testicle  these 


channels  flnallv  tinltc  to  form  iiboiit  twelve  tul»eii  (rata 
rffrrriiliii).  which  ewape  alinoHt  iiiiinediniely  tliDnigh  tlio 
tunica  nihuginea  and  enter  into  the  glolnm  major  of  ihn 
epididymis.     The  vatia  elTereutla,  Kliortly  after  piercing 
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Fio.  22S7.-Late™i  Surface  of  llip  I^>tt  Testicle.  (ModlDed  from  Re- 
ffcnlmur.l  .\Il  tlie  liiyei>j  <if  tlie  siTntuiii  down  to  mid  Including  the 
piiricfjil  liiyiTof  itie  tuiiicii  viikfjnuli^.  cut  thnmi^ti  and  turned  aside, 
ttiiis '■x;»">ini:  the  ravliy  mid  itie  viscenil  layer  of  Uie  tunica  vaffi- 
imlls  :  [lie  IjitiiT  envel-'itiiaf  tile  liidvinLs  Chiiiica  rrt(/.  l'i>.),  the 
epldidyiiiis  tCi/,t/*ii.s  ntitjin;  (iUtintu  iiiimiri.  and  tlie  hydatid. 

the  tunica  albuginea,  become  greatly  convoluted  and 
form  about  twelve  cone  shaped  bodies  (e<mi  raKCiilosi) 
with  their  bases  turned  aw.ny  from  the  tunica  albuginea. 
They  are  each  about  one  third  of  an  iiu  h  (or  8mm.)  long 
and  enter  a  common  duct  and  logether  constitute  the 
globus  major.  This  common  duct  extends  downward, 
as  the  tul/e  of  the  efiidiilijtniii,  and,  greallj'  convoluted. 
forms  the  body  and  globus  minor.  The  coils  are  held 
togellier  by  conneclive  tissue.  The  length  of  the  tube 
wiicn  uncoiled  is  about  1.")  ft.,  or4.."i  metres.  Its  diameter 
above  is  about  ,,'^  in.,  or  ^  mm.,  but  gradually  decreases 
toward  the  globus  minor  and  then  enlarges  beyond  that 
structure.  The  tube  consists  of  an  inner  mucous  coat 
lined  with  ciliated  columnar  cells,  and  an  outer  coat  of 
nnstriped  muscular  fibres.  The  tulie  of  the  epididymis 
emerges  from  the  globus  minor  as  a  constituent  (rn*  def- 
erinsi)  of  the  spermatic  cord  (Figs.  227'.>  and  2288). 

SptniKit'Xjpiiiiiis. — The  male  germ  <ells  ari'  formed  only 
in  the  convoluted  tubes  of  tin-  lobules  of  the  testis.  The 
process  is  homologous  with  oogenesis  (maturation  of  the 
ovum)  in  the  female.  If  a  section  of  a  seminiferous  tu- 
bule be  examined,  the  following  arrangement  will  be  ob- 
served: Each  tubule  presents  several  layers  of  cells. 
The  layer  furthest  from  the  lumen  of  the  tube  is  formed 
luincipally  by  a  number  of  cells  called  sfu-rriiiitiirjimti'. 
Kach  of  these",  from  timeto  time,  dividesinto  twodaugli- 
tiT  cells,  one  of  which  persists  as  a  spermatogone,  while 
the  other  ditTerentiates  into  a  primari/  ii}>efmnt"ryle,  thus 
forming  a  layer  nearer  the  lumen.  Tliis  latter  cell  di- 
vides into  two  cells,   the   secondary   spcrmatocyUi,  thus 
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forminj;  11  layer  still  neiucr  tlic  luiiion.  Tlicsp  undtTjri)- 
iug  division  present  n  layer  of  i<jhriii(itid.i.  each  one  of 
wliirli  develops  into  a  npiriinitozniin.  In  addition  to  tlie 
preeedini;  cells  there  are  otliers,  found  in  all  llie  layers, 
which  serve  the  purposes  of  supporliriL' and  miurishini; 
cells  (Sertoli  cells).  The  s|iernialozoa  form  the  layer  of 
cells  next  to  the  hniien.  Each  spirnialid.  in  ililTcrcnti- 
atinf;  into  a  spermatozoon,  i;railually  eloiijrates;  its  nu- 
cleus becomes  the  lii'a<l  of  the  spermatozoon  enveloped 
by  a  very  thin  lilni  of  protoplasm;  the  centrosome  lies 
behind  the  nucleus  in  the  middle  piece  or  neck ;  the  tail 
develops  behind  the  neck;  an  axial  lilaincnt  nmsthrouj^h 
the  neck  and  tail  extendiui;  beyonil  the  sheath  of  the  lat- 
ter as  the  end  piece.  The  head  is  from  '2  to  'A  ii  in  brcadtli 
and  from  3  to  5 /i  in  lenirth;  the  neck  is  (> // Ions  and 
1  ,"  (isJffiT '"'''i)  i"  breadth;  the  tail  is  from  40  to  (!0 // 
loMii;  the  end-piece  is  (i //  long.  In  profile  view  the  head 
is  narrow  and  pointed  at  its  free  end.  hut  on  surface  view 
it  appears  oval  in  shape. 

The  rate  of  progression  of  a  s)iermatozoon  is  about  0.05 
mm.  jicr  second. 

Spermatozoa  possess  remarkable  vitality.  When 
mounted  on  a  slide  and  jirotcctcd  I'lom  evaporation  (hey 
have  exhibited  motility  for  nine  days.  They  have  l)een 
found  alive  in  the  male  genital  tract  four  days  after 
death.  They  may  retain  their  activity  in  the  female 
genital  tract  for  several  weeks. 

Weak  acid  solutions  kill  them. 

Sinii-tiire  of  the  S;><'r)iiiilic  Cord.  The  rds  (hferens 
forms  the  axis  of  the  cord  and  is  about  eighteen  inches 
(46  cm.)  in  length.  It  is  in  the  dorsiil  i)art  of  the  cord 
and  is  recognizable  from  its  cord-like  resistance  to  press- 
ure. 

The  spermniic  arteri/ is.  ventral  to  the  vas.  and  near  the 
testicle  becomes  tortuous  and  divides  into  several 
branches,  two  or  three  of  which  accompany  the  vas  and 
supply  the  epididymis;  others  pierce  the  tunica  albuginca 
and  supjily  the  testicle  pntyfr  {(li(l;/iiiix).  'I'hf  (hfiftntinl 
iirtin/ \A  a  long,  slender  vessel  atcompanying  and  sup- 
plying the  vas  on  its  dorsal  .side  and  anastomosing  with 
tlie  spermatic  near  the  testis.  The  ormaiitcnc  artery 
courses  along  the  cord  supplying  the  cremasteric  and 
other  coverings.  Seven  or  eight  Kpernuitic  reins  emerge 
from  the  dorsal  surface  of  the  testis  median  to  the  epidid- 
ymis, and  unite  to  form  thct  pni/iiniii/onn  ple.rtis  passing 
mostly  along  the  ventral  plane  of  the  vas  and  constitut- 
ing the  bulk  of  the  cord.  Farther  up  the  cord  they  are 
reduced  to  two  or  three  in  nvimber;  at  the  internal  ab- 
dominal ring  they  have  united  into  one  or  two  spermatic 
veins.  Lt/iiip/mtic  ve>ii<eli<aL-com\Kn\y  the  veins.  Plexuses 
of  »i/>njyttfu  tic  «<■)•(■<■«  accompany  the  arteries. 

Except  for  a  short  distance  above  the  testicle,  the  scro- 
tal portion  of  the  spermatic  cord  is  lacking  in  the  serous 
envelope;  otherwise  the  coverings  are  identical  with 
those  of  the  testis.  The  inguinal  i)art  of  the  cord  has 
only  the  following  coverings,  viz..  the  subserous  con- 
nective tissue,  the  infiuidibuliform  fascia,  and  cremasteric 
fascia. 

At  the  internal  abdominal  ring  the  constituents  of  the 
spermatic  cord  separate  and  course  in  ditTcient  directions. 
The  vas  deferens,  after  winding  around  the  outer  side  of 
the  deep  epigastric'  artery,  and  crossing  the  external  iliac 
vessels,  descends  at  the  side  of  the  bladder  into  the  pel- 
vis. It  arclK'S  downward  and  backward  to  its  base,  cross- 
ing the  vestigial  hypogastric  artery  to  reach  the  median 
side  of  the  ur<'ter.  At  this  point  it  is  s;u-culated  and  en- 
larged, forming  the  nitipiilln.  which  extends  to  the  base 
of  the  iirostale  gland  (Fig.  2283,  No.  3).  The  ampulla- 
are  median  from  the  vesiculit"  seminales.  and  are  between 
the  bladder  and  the  second  part  of  the  rectum.  They 
constitute  the  lateral  boundaries  of  the  external  trigone 
of  the  bladiler.  At  the  liiise  of  the  prostate  gland  the  vas 
deferens  becomes  narrowed  and.  luiiliiig  here  with  the 
duct  from  the  seminal  bladder,  forms  \hr  ijiiridutor!/  iliirt 
(Fig.  2283).  The  vas  deferens  is  about  two  feet  (Gl  cm.) 
in  h-ngth  and  about  a  line  and  a  (piarler  (3  mm.)  in 
diameter.  The  spermatic  artery  can  be  traced  crossing 
obliquely  the  external  iliac  artery  and  ureter  to  the  aorta 


a  little  below  the  renal  artery.     It  rests  on  the  psoas  mug- 
nus  muscle  behind  the  |)eritoneum.     The  right  one  pas-ses 

across  the  inferior  vena  cava. 

Oncitlier  side   two   s|)crmatic  veins  generally  accom 
l>any  each  spciniatic  artery  for  a  distance  and  then  fuse 

into  a '^iiiL'ii-  \  (ill.      The  riL'ht   one  (i|\<'iis  olili(|iiily  into 


Fig.  22SS.— Diuirniiii  of  lesticu'ur  tulmle.s.  1.  t'olleotlriK  tube  of  the 
i'pidtdyinis ;  ~,  ouni  vaseulosl ;  3.  vnsa  etTereuIia;  1.  2.  and  3  form 
ttie  Klolius  iiuijor;  4,  tunica  alluicini'ii :  .^>.  l«M-iilns  containhitf  a  lul>- 
ule :  tl.  lobuie :  7,  one  of  the  v:isa  rerla  :  s,  ir.iln'cula ;  9.  n-le  tes- 
tis in  tlie  mediasiiuuuL :  111.  tut f  iln-  i-pididymis  toriuinff  tlie  body 

and  .crlobus  minor ;   11,  vasaberrans;  12,  vas  deferens. 

the  inferior  vena  cava,  the  left  one  into  the  left  renal  vein 
at  a  right  angle.  The  left  s|iermatie  veins  jiass  behind 
the  sigmoid  colon  with  their  artery.  The  deferential  ar- 
tery can  be  traced  to  the  superior  vesical  artery  at  the 
side  of  the  bladder.  The  cremasteric  is  a  branch  of  the 
deep  epigastric  artery.  The  lymjihatic  vessels  terminate 
in  the  lumbar  glands.  The  sympathetic  nerves  are  the 
spermatic  plexus  derived  mostly  from  the  renal,  but 
partly  from  the  aortic  plexus.  Tiic  plexus  is  re-enforced 
thiiiugb  tlie  deferc'iitiul  from  the  jielvic  plexus. 

Dorsal  to  the  spernuitic  cord  is  the  internal  branch  of 
the  genito-erural  nerve  from  the  lumbar  jdexus.  It  in- 
nervates the  cremaster  muscle.  The  ilioinguinal  nerve 
from  the  hnnliar  plexus  enters  the  inguinal  canal  at  vary- 
ing points  and  appears  at  the  external  abdominal  ring 
ventral  to  the  cord.      It  gives  sensibility  to  the  scrotum. 

TmiicH  Viif/iiiii/iK  (Fig.  2287).  As  already  stated,  the 
tunica  vaginalis  is  the  innermost  of  the  scrotal  coats  of 
the  testis,  dei'ived  fiom  the  iieritoncum  during  the  de- 
scent of  the  testis.  At  birth  the  cavity  of  the  tunica  is 
directly  continuous  with  tiiat  of  the  iieritoneum.  so  that 
the  tunica  consistsof  inguinal,  scrotal,  and  testicular  seg- 
ments. But.  usually,  a  short  time  after  birth,  the  ingui- 
nal and  upjicr  scrotal  jiarts  are  reduced  to  a  tibrocellnlar 
thread  lying  in  thi'  loose  connective  tissue  around  the 
spermatic  cord  ;  so  that  the  tunica  vaginalis  is  reduced  to 
a  testicular  |ioriioii.  There  are  alt  grades  of  variation 
between  a  tunica  va.iiiiialis  whose  cavity  is  freely  contin- 
uous with  the  cavity  of  the  abdominal  iieriloneum  and 
one  whose  cavity  is  absolutely  shut  olT  fi-om  that  of  the 
abilomen.  and  without  even  the  presence  of  a  vestigial 
connective-tissue  thread. 

The  ri.irintl  /iii/i  r  of  the  tunica  is  closely  adherent  to 
the  testicle  jiroper,  and  to  the  globus  major  and  lateral 
])art  of  the  body  of  the  epididymis,  and  is  prolonged  up- 
ward upon  the  spermatic  cord  for  half  an  inch  (12  n\m.). 
It  extends  into  the  digital  fossa  between  the  epididymis 
and  testicle.  It  leaves  uncoven'd  nearly  all  thi'  postero- 
internal liart  of  the  body  and  the  globus  minor  of  the  epi- 
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(lidyiiiix.  It  is  ill  tliiiM-  iiiicovcrrci  purls  ilm(  cxlnixivf 
viisriiliir  ('olliMltlliinitiiiii  Is  I'Stiililislinl  In'Iwciii  (In-  tcsti 
lie  1111(1  its  ciivcriiiKH  iiiiil  llircnril  'l"lir  ;«(/•/<  f<i/  tiiyrr  \m 
('iiiiliniiiius  witli  ilic  vjiu'cnil  layer  iil  llii'  pciiiil  (if  nMi'i'- 
tioii  fnim  tlic  siM-riimtlf  conl.  iitiil  at  tin-  piislcrn  liifrrinr 
parts  (if  llic  testicle.  It  is  l(M>s<Oy  <-<iiille<te(l  witli  llie 
infdiuiiliiiliforiii  fiiseia  liy  llic  siiliscndis  ('(iiiiicctive  lis- 
Hile.  Tlie  two  liivers  are  ill  colitiict  Manually  except  for 
a  very  tliiii  lilni  of  si'nms  tliiid  secreted  liy  the  ciulutliv- 
lial  cells  (if  (lie  tunica. 

Tlif  S  mi  It'll  \,Ki<l,K  (V\\i.  22n:I,  No.  -H,  Tliesi-  rost-r- 
voirs  for  the  seiiicii.  to  which  they  add  their  own  st'cre- 
tioii.  arc  siliialed  lietweeii  the  liladdcr  and  the  rertiini. 
They  arc  loliiilaled  pouches  of  pyramidal  shape  placed 
one  on  either  side  external  to  the  ampulla'  of  the  vasa 
ilcfcreiitia,  and  are  t  wo  inches  (.'ill  inni.  I  loiii;  and  a  half 
inclu  I'i  mm.)  w  ide  at  the  base  They  present  rccliil  and 
Madder  surfaces,  inidiaii  and  lateral  linrders,  a  liase  and 
an  apex.  The  venlial  surface  is  altaclicd  Id  the  liase  of 
the  liladdcr  overlappiiif;  the  ureter.  The  recliil  surface 
is  covered  ahove  by  the  reclo-vesical  pouch  of  llie  perilo- 
ncuiii.  hut  lielow  is  separaled  from  the  rectum  only  liv 
till'  recto-vcsiail  fascia.  The  liases  arc  widely  separated, 
but  till' apices converire  and  narrnwin;;  into  siraiirlit  ducts 
tinite.  near  the  base  of  the  iiroslale  sriand.  wilh  tliccor- 
respiiiidini;  vasa  defcrcntia  lo  form  the  cjaciilatory  ducts. 

1-jicli  vesicle  consists  of  a  sinirle  tube  coiled  upon  itself 
and  jriviiiiTolT  many  blind  diverticula,  all  bound  tojrellier 
liiinly  by  librous  tissue.  When  uncoiled  the  main  tube 
is  about  live  inches  (125  mm.)  in  length  and  of  the  diame- 
ter of  a  (|uill. 

Each  ejaculatory  duct  is  about  three  (|uarlers  of  an 
inch  (19  mm.)  Ion;:,  and  commencing  at  the  base  of  the 
]irostale  it  runs  downward  and  forward  between  the  lat 
end  and  middle  lobes  lo  empty  into  the  urethra,  near  or 
throuirh  the  uterus  masculiniis.  The  seminal  vesicles 
and  ejaculatory  ducts  have  three  coat,s:  an  inner  or  mu- 
cous one.  a  middle  or  muscular  one,  and  an  outer  or  areo- 
lar one. 

The  nerves  of  the  vesicles  and  ducts  arc  derived  from 
the  pelvic  plexus.  The  middle  hemorrhoidal  and  the 
vesical  arteries  supply  the  vesicles  and  the  extraprostatic 
portion  of  the  duct.  The  intrai>rostatic  portion  receives 
its  nutriment  from  the  prostatic  vessels.  Veins  and 
lym))liatics  accompany  the  arteries,  emptying  into  the 
vcsico-prostatic  plexus. 

Prosliile  (iUiiid  (Fig.  2283,  No.  3).  Tlie  )irostate  is  a 
musculo-glaiidular  body  surrounding  the  proximal  ure- 
thra and  the  neck  of  the  bladder.  It  is  in  the  pelvic  cav- 
ity behind  the  lower  part  of  the  symphysis  pubis.  It  is 
cephalad  from  the  deeii  layer  of  the  triangular  ligament 
of  the  urethra  (deep  perineal  fascia).  It  is  about  the 
shape  and  si/e  of  a  large  clieslnut.  It  develops  at  jiu- 
berty  and  atrophies  after  castration.  It  ]iiesenls  a  base, 
an  apex,  a  ventral,  a  dorsjil.  and  two  lateral  surfaces. 
The  lia.se  is  situated  immediately  below  the  bladder:  the 
apex  rests  upon  the  pelvic  side  of  the  triangular  ligament ; 
the  dorsjil  surface  rests  on  the  rectum,  distant  about  one 
inch  and  a  half  (37  mm.)  from  the  anus;  the  ventral  sur- 
face, about  three  (luarlei's  of  an  inch  (1!)  mm.)  behind  the 
symphysis,  has  .some  loose  fat  and  a  |ilexus  of  veins  in 
front  of  it,  and  is  connected  on  either  side  to  the  (iiibic 
bone  by  the  puboprostatic  ligaments;  the  lateral  surfaces 
are  in  relation  with  the  anterior  porti(}ns  of  the  levator 
ani  muscles,  the  vcsico-prostatic  plexus  of  veins  interven- 
ing. The  juo.state  consists  of  n  median  and  two  lateral 
lobes.  The  lateral  lobes  are  separated  by  a  deep  notch 
at  the  base  and  by  a  slight  furrow  on  tne  ventral  and 
dorsal  surfaces.  The  middle  lobe,  variable  in  shape,  is  a 
small  transverse  band,  placed  between  the  two  lobes  at 
the  posterior  part  of  the  gland,  behind  the  proximal 
urethra.  The  ejaculatory  duels  jrnss  between  the  middle 
and  lateral  lobes.  The  prostate  is  enveloped  by  a  thin 
but  tirm  fibrous  capsule  continuous  with  the  pelvic  layer 
of  the  triangular  ligament  and  the  rectovesical  fascia. 
It  consists  of  stroma  (mostly  muscular)  and  glandular 
tissue.  Immediately  lieneath  the  librous  capsule  is  a 
thick  muscular  layer,  and  around  the  jirostatic  urethra  is 


iinoiher  »lron>?,  circular,  niimcular  liiycr;  exUiMlini;  In-- 

t  ween  the  two  are"  ^.  .;.^..i  .leciiKHBllnp  minuiilar  tnilM-<- 

Ilia-,  forming  inl'  i  tain  llie  t'lmididar  tiMtue 

The  tubular  glaii.;  ./((I  around  the  urethra  in  tt 

nidialing  manner,  and  iliiir  duels  (ulxnit  thirty  in  iiuiii- 
ber)  coinmiinicale  by  minute  orillcex  w  llli  the' pruMatic 
sinus  on  eilher  side.  They  are  lined  w  ith  coluiiiiiur  epi- 
thelium and  s<'crclc  a  milky  lltiid.  which  is  addetl  to  the 
seininal  lliiid  at  the  moment  of  ejaculation. 

The  proslale  is  supplied  by  the  internal  piidic,  vcfiical, 
and  hemorrboidal  arteries.  The  veins  empty  into  Iho 
vi'sico-proslatic  plexus  surrounding  the  organ,  and  thence 
into  tlie  internal  iliac  vein.  The  nerves  an;  derived  from 
the  pelvic  plexus. 

VoirjHr'ii  (iliiiiilii.  These  glands  ore  two  firm  lobiiluled 
bodies  about  the  sixe  of  |ieas  and  situated,  one  on  either 
side  of  the  membranous  urelbra.  between  the  two  layeni 
of  the  Iriangular  ligament  (Fig.  22.'<3.  No.  2).  They  lie 
dose  alujve  the  bulb  among  the  fibres  of  the  com|ires.sor 
iirethne  muscle.  Each  body  is  a  compound  racemose 
gland,  and  its  duct,  lined  by  columnar  epithelium, 
pierces  the  perineal  layer  of  the  triangular  ligament  and 
runs  forward  forabout  an  inch  (25  mm.)  under  the  mucous 
membrane,  tinally  eniplying  into  the  spongy  urethra. 
The  viscid,  albuminoid,  transparent  secretion  of  these 
glands  is  mixed  with  the  seminal  Iliiid  at  the  moment  of 
ejaculalion.  Daniel  Kcrfiiot  S/iuU. 

GENTIAN. — Gentian.v.  "Thedried  rhi/.omeand  root 
of  (iiiitiiiiia  Infill  L.  (fani.  Oi iitinuaeeii).^  V .'6.  P.  This, 
the  yellow  gentian,  is  one  of  the  largest  and  .showiest 
species  of  the  genus.  It  is  a  tall,  sturdy,  mountain  per- 
ennial, arising  from  a  thick,  lleshy,  slightly  branching  or 
sim]ile,  and  sometimes  very  long  (from  half  a  metre  to 
one  metre  or  more),  yellowish  brown  root,  and  is  a  yard 
or  more  high.  It  grows  abundantly  in  the  elevated  and 
mountainous  ])arts  of  ^^outhe^l  and  .Mirldle  Europe,  Asia 
Minor,  etc.  In  ^Switzerland,  Southern  France,  and  the 
hilly  parts  of  Germany,  it  is  collected  for  use.  Al- 
though sometimes  cultivated  for  ornament,  it  does  not 
thrive  well,  and  rarely  (lowers  e.\cept  in  its  native  pa.s- 
tures. 

Desckiitiox. — In  cylindraceous,  usually  slightly  flat- 
tened, curved  or  crooked  pieces  of  indelinite  length,  and 
from  0.5  to  3.5  cm.  (i  to  nearly  li  in.)  thick,  or  in  longi- 
tudinal slices  of  the  same  thickness;  externally  yellowish- 
brown  to  dark  brown,  strongly  and  crookedly  longitudi- 
nally wrinkled,  and  marked  wilh  lighter-colored  circular 
root  scars,  the  rhizome  finely  or  heavily  annulate;  some- 
what lough  and  tlexible  when  dam|i,  rather  brittle  when 
dry.  the  fractureshort  but  uneven,  tlie  bark  thick,  reddish- 
brown,  separaled  by  a  dark  brown  line  from  the  yellow- 
ish or  reddish  yellow  inner  portion;  free  from  starch; 
odor  strong,  characteristic;  taste  very  bitter,  slightly 
sweetish.  The  njots  of  other  species  are  distinguished 
by  their  smaller  size  and  tendency  to  divide  into  numer- 
ous branches  at  the  top.  Their  introduction  is  to  be 
regarded  as  only  technically  an  adulteration,  as  their 
properties  are  identical  with  those  of  the  otlicial  root. 

t'oMi'osiTiox. — The  iirincipal  constituent  of  this  and 
other  gentians  is  the  iieculiar,  intensely  bitter,  crystalline 
glucoside,  giiitiopirriii,  lirst  obtained  in  a  state  of  ])urit\' 
ill  1868,  by  Kromeyer,  from  fresh  gentian  root.  It  can- 
not, so  it  is  said,  be  made  to  crystjilli/.e  from  that  which 
has  been  dried.  It  forms  clear,  radiate,  or  clustere<I 
needles;  is  soluble  in  water  and  diliiled  alcohol,  but  not 
in  ether;  and  by  means  of  diluted  acids  it  is  sejiarated 
into  sugar  and  gentioqeniii.  a  yellow,  bitter,  neutral 
powder.  TheyieUl  isalxiut  one  and  t  wo- thirds /xrwiV//'. 
(Initixir  ncitl  is  more  abundant.  It  is  in  large  needle- 
shaped  crystals,  tasteless,  and  almost  insoluble  in  water 
and  ether,  but  slightly  soluble  in  alcohol.  It  is  not  an 
active  substance.  The  root  also  contains  a  good  deal  of 
pectic  matters,  sugar  (gentianose),  etc.,  but  no  starch, 
and  probably  no  tannic'acid,  unless  the  gentisic  acid  be 
con.sidered  a  form  of  tannin. 

Action  and  Use. — Gentian  is  therao.st  perfect  type  at 
our  command  of  the  class  of  medicines  called  "simple  bit- 
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ters."  In  tlic  purity  of  its  bitter  tiisti-.  the  pnimplness 
of  itsaetiiin  upim  the  iissimilutiiij:  (iisrans,  ami  tlie  ab- 
sence of  Dllier  ([Ualities  even  in  eonsideralily  laifrer  llian 
medicinal  (loses,  it  has  no  equal,  t'onccrnint;  its  physi 
ological  action  in  a  ilctinite  way — that  is.  as  shown  by 
experiments  in  laboratories — we  know  but  little,  the 
more  strikiiii;  elTecIs  of  active  |>oisons  bavins^  j;reater 
fascination  for  pliysiolofjists.  (lintiKir  nn'il,  when  taken 
even  to  the  extent  of  sevenil  grams,  has  no  special  action. 
Gentiopicriii  has  not  been  tested,  to  the  writer's  knowl- 
edge, in  a  pure  stale;  but  the  o\t\n  ijeiitianiiiK,  etc.,  con- 
sisting of  mixtures  of  the  aliove  two  substances,  have 
never  shown  themselves  jjoisonous.  In  excessive  quan- 
tities gentian  and  its  preparations  disturb  the  stomach 
and  bowels,  and  may  occasion  nausea  and  vomiting. 
Sometimes  it  appears  "to  be  slightly  laxative.  Gentian  is 
employed  in  medicine  almost  exclusively  for  the  purpose 
of  obtaining  its  slim\ilaling  elTect  upon  the  appetite,  gas- 
tric secretion,  and  assimilating  fiuictions.  Under  its  in- 
fluence the  appetite  improves,  the  feeling  of  weiglit  or 
discomfort  felt  in  the  stomach  or  bowels  after  eating — if 
due  to  deliility  of  those  or.irans — di.saii])cars,  more  food  is 
taken,  and  probably  more  of  what  is  taken  is  assimilated. 
It  must  be  borne  ill  mind  that  it  proliably,  like  other 
bitters,  has  a  slight  iidiibitory  action  upon  the  digestive 
process  by  its  i>resence  in  t  he  mass  of  food.  The  secondary 
effect — viz...  the  improved  nutrition  of  all  the  organs, 
and  their  conse(iuently  better  performance  of  their  vari- 
ous functions— is  what  is  known  as  a  tonic  effect. 
Strength,  weight,  color,  firmness  of  tissue,  are  all  im- 
proved, and  better  health  results.  This  drug  is,  then, 
indicated  in  debility,  with  poor  appetite,  of  a  more  or 
less  chronic  character.  Of  course,  acute  and  sudden  de- 
pression, such  as  collapse  or  shock,  or  the  weakness  of 
fevers  during  the  stage  of  high  temperatures,  are  to  be 
treated  by  stimulants,  and  are  not  suitable  ones  for  tonics 
alone;  but,  on  the  other  hand,  during  the  recovery  from 
all  severe  illnesses  gentian  may  be  of  great  value.  It  is 
often  of  service  in  dvspepsia,  and,  in  combination  with 
iron,  in  simple  aiiicmia.  As  an  autiperiodic  it  has  been 
completely  superseded  by  quinine;  as  a  substitute  for 
tobacco  and  opium  in  the  treatmentof  those  habits  it  has 
no  special  value. 

Administk.vtiox. — Gentian,  in  the  form  of  the  whole 
root,  is  sometimeschewed,  arai  the  siilivary  extract  swal- 
lowed ;  the  method,  although  troublesome,  is  an  excellent 
one.  The  dose  is  not  particularly  important,  but  2  or 
3  gm.  will  probably  do  as  much  good  as  a  larger 
quantity.  There  are  several  widel}-  used  preparations. 
all  good.  The  extract  (Kxtnirtntii  (TOitiiuia,  U.  S.  P.), 
an  infusion  evaporated  to  a  pillular  consistence,  is  a  near- 
ly black,  pleasjint-smelling,  but  very  bitter,  soft  solid, 
scarcely  firm  enough  to  make  pennauent  pills.  Dose,  a 
gram  or  less.  The  fluid  extract  {Ej-ti-dctum  Gentianm 
Fl'iiduin,  U.  S.  P.).  made  with  diluted  alcohol,  is  less 
used  than  the  other  prejiarations,  but  represents  the  root 
■well.  The  compound  infusion  {I/ifiisum  Ginliiinip  Com- 
jmxitiim,  B.  P.),  although  not  now  officinal  here,  is  coii- 
siderabl}'  used;  its  strength  is  12. .5  gm.  to  1,1)00  c.c. 
with  orange  and  lemon  ])eel.  Dose,  a  wineglassful  or 
two.  But  the  most  conmuiidy  used  of  all,  and  probably 
the  most  iierfect  bitter  tonic  ever  made,  is  the  compoimd 
t\ncX\\vii(Tii)ctura  (ieiitimin-  t'ompoKitd,  U.  S.  P.),  which 
has  the  following  composition :  GiTitian,  10  parts;  bitter 
orange  peel.  4  parts;  cardamom,  1  part;  percolated  with 
diluted  alcohol  until  100  iiarts  of  tincture  are  obtained. 
The  a<ldition  of  aromatics  in  the  last  two  preiiarations 
greatly  cidianci's  their  value.  11'.  /'.  Jin/Us. 

GENTIANACEyt.— (rA«  Gentian  Family.)  The  great 
size  and  widedislribiilion  of  this  family,  and  the  singular 
uniformity  of  its  species  in  agreeing  with  the  general 
composition  and  properties  of  the  drug  la-St  discussed, 
render  it  of  great  inq>orlaii<e  that  army  surgions  and 
travellers  generally  should  be  able  to  recognize  them  when 
seen.  There  are  no  poisonous  jilants  among  them.  A 
very  few  are  slightly  or  not  at  all  bitter  and  their  roots 
or  leaves  are  edible.     Several  Couloubeas  are  used  as  an- 


thelmintics. AVitli  these  exceptions,  all  the  others  in  use, 
to  the  number  of  a  hundre<l  or  more,  have  the  i)roperties 
of  the  oflicial  (leiitinit  and  ChiretUi.  Among  these  are 
a  large  nmiiber  in  the  genera  Oentiana,  Sirciiia.  IJnian- 
thiix.  I'hurogyiK.  Kri/thnni  (the  "Centaurys"),  Silmttia, 
Aj-iicum,  etc.  All  show  a  distinct  t«udency  toward  laxa- 
tive properties,  and  in  some  this  tendency  is  marked. 
The  family  contains  upward  of  sixty  genera  and  nearly  a 
thousand  species,  Gentiana  being  the  largest  genus,  with 
about  three  hundred  species.  The  family  is  represented 
mostly  in  the  temperate  zones  and  in  trripical  mountains 
with  a  temperate  climate.  They  may  be  known  by  the 
following  family  characteristics:  They  are  mostly  liVrb.s, 
smooth,  with  opposite,  entire,  extipulate  leaves,  these 
usually  nerved  or  ribbed.  The  flowers  are  solitary  or 
cymose  in  the  axils,  or  at  the  summit,  the  cymes  often 
panicled.  The  flowers  are  regular,  rarely  a  little  obli(|Ue, 
perfect,  4-.Vmennis,  the  corolla  gamopetalous.  The 
stamens  are  of  the  same  numberas  the  corolla  lobes,  alter- 
nate with  them  and  affixed  to  the  corolla  tube  or  throat. 
The  disc,  if  any,  is  inconspicuous.  The  ovary  is  superior, 
one-celled,  or  rarely  two-celled  by  the  union  of  the  two 
pariital  placcntse.  The  ovules  are  numerous,  analropous 
or  ampliitiopous.  The  fruit  is  usually  a  two-valved, 
dehiscent  capsule,  rarely  indchiscent,  still  more  rarely 
fleshy.  The  embryo  is  small,  in  copious  albumen,  the 
radicle,  if  its  direction  is  distinct,  ascending. 

Henry  II.  Rusby. 

GEOFORM,  or  gaiaform,  prepared  by  the  action  of 
form.ildchyde  on  guaiacol,  is  a  yellow,  non-irritant  pow- 
der, w  itliout  odoror  taste.  It  is  soluble  in  alcohol,  ether, 
hot  benzol,  and  solutions  of  soda  or  potassa,  and  is  in- 
soluble in  water,  petroleum  ether,  and  benzin.  Heated 
for  several  days  it  acquires  an  odor  of  vanilla.  Used  by 
Brissonet  and  others,  it  is  claimed  to  be  non-toxic,  as 
much  as  1.5  gm.  (  3  ss.)  a  day  having  been  administered, 
without  inconvenience,  to  a  dog  weighin.g  16  k.gm.  (3.5 
pounds).  It  is  given  in  capsule  in  tuberculosis,  the  dose 
being  that  of  guaiacol. 

Tinuw-.ieofiirm,  its  compound  with  taimin,  is  preferred 
for  intestinal  tuberculosis  and  night  sweats,  and  for  other 
sweating  processes,  such  as  hvperidrosis. 

W.  A.  Dastedo. 

GERANIUIVI.— Cn.vNESBiLL.  Wild  Geranixim.  "The 
driiil  rlii/omeof  Oiniitiiim  ynacildliim  h.  {dun.  Gernui- 
iica)."  U.  .S.  P.  This  plant  is  exceedingly  abundant  in 
woodlandsabout  Xew  York,  and  elsewhere  ineasternand 
central  North  America,  and  is  represented  farther  west 
by  other  species,  with  similar  properties.  It  is  a  peren- 
nial slender  herb,  a  foot  or  two  high,  with  palmatcly 
lobed,  roundish  leaves,  from  two  to  six  inches  in  diameter, 
and  numerous  lilac  jiurple  flowers,  something  over  an 
inch  in  breadth.  The  rhizome  is  of  horizontal  ,irrowth,  5 
to  10  cm.  (2  to  4  in.)  long  and  0..5  to  1.5  cm.  (1  to  J  in.) 
thick,  more  or  less  crooked,  cylindraceous  but  somewhat 
verli(  ally  liattened,  brown  :  roughly  and  shortly  wrinkled 
and  strongly,  rather  sharply  tul)erculate;  fracture  short, 
purple,  the  bark  thin,  a  few  short  and  broad  yellowish 
wood-wedges  scattered  near  the  dark  cambium;  inodor- 
ous; taste  strongly  astringent. 

Besides  inert  miieilar/e,  remn,  coUtn'ng  jnatters.  etc., 
geranium  contains  from  ten  to  twent,v-tive  per  cent,  or 
more  of  tannin,  to  which  itsmedicinal  vahu'isowing.  It 
is  a  mild,  rather  pleasimt,  vegetable  astringent,  and  con- 
siderably employed  in  diarrhiea.  chronic  dysentery,  etc., 
and  .'IS  a  wash,  gargle,  or  injection,  in  catarrhs  of  the 
|)harynx,  vagina,  or  urethra.  A  fluid  extract  is  official 
and  represents  it  well  for  internal  use.  Dose,  1  to  2  c.c. 
(  nt  XV.  ad  xxx.).  For  washes  and  gargles  a  ten-per-ci-nt. 
decoction  may  be  made  in  the  usual  way.  f'ranesbill  is 
often  selected,  when  an  astringent  is  needed  for  a  child, 
on  account  of  its  comparatively  easy  administration. 

Geranium  will  probably  be  dropped  from  the  next  edi- 
tion of  the  Pharmaeopa-ia.  Henry  H.  liunby. 

GERMANDER.     See  Labiata. 
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GERMAN   MEASLES.     Svv  Ji-elMii. 

'GERMICIDES  —Mixlrrn  sciciuc  huvini;  cKtiibllsliiil  llic 
fiii't  tliiil  ci'iliiiii  iiirri'ticiiiH  <lis<'ii.s<-s  (if  iiiiiii  iiliil  iif  till' 
liiui-r  iiiiiiimis  arc  iliir  In  iiiliiiili-  iiiicni  iir),itiHs[iiH.  |in|iii' 
liirlv  H|«ikin  iif  II.H  "j;irnis."  the  ti-nii  i/itmifi'ilm  Iiils  liii-rt 
ililrcKluci'il  til  ilrslniiiitr  tliiiw  ii^riils  w  liiili  Imvr  llir 
|i(i\\ir  (if  (Icslniyiiif!  the  viliil  activity  «(  siicli  (ir^'iiiiisiiis. 

Strictly  s|iiakiiii:.  u  tjcnn  is  tlic  |iriiuilivc  r(|iriK!iictivc 
clciiiciit  (if  an  aiiiiniil  iir  vc;;('lalilc  iir;,'anlsiii  Hut  incd' 
ical  aullidrs.  in  advance  nf  exact  kiKiwIedfje.  have  l(in>; 
liccn  in  tlic  haliit  (if  spcakiiij;  of  the  "  f;ernis  (if  disease"; 
and  since  it  has  been  sliiiwnthat  in  certiiiii  instances  these 
diseas*'  fjerrns  uri'  mimite  veiriUililc  (irpmisnis,  lieldn/irint; 
to  the  iKirttrin.  a  more  dctinite  idea  is  attached  to  the 
word  jierin,  and  the  term  ^rcrinicide  is  iinderslood  as  re- 
ferring loan  airent  which  ha.s  the  [imver  todestmy  orpiu- 
istns  of  this  class — tnicrococci.  Iiaciili.  and  spirilla. 

It  is  evident  that  an  e.\act  knowlcdjreof  the  prinicidal 
power  of  various  sulistances  is  desinilile  with  a  view  to 
thenipewtic  possibilities,  and  especially  with  reference  to 
the  destruction  of  di.sea.st?  jfenns  external  to  the  bodies 
of  infected  individuals — ditiiij'irtion.  As  methods  have 
been  perfected  by  which  orpnnisnis  of  tliisclas.s — patho- 
(rcnic  or  nun  iiathogenic — may  be  isolated  and  cultivated 
throutrh  successive  gener!it ions  in  sterilized  media — "  pure 
cultures" — it  has  become  possible  to  delennine  in  an  ex- 
act manner  the  ),'enui(  idal  power  of  a  irivcn  airent  as  re- 
gards a  particular )jerin:  and  in  a  jreneral  way  to  da.ssify 
chemical  ajfeuts  with  reference  to  their  power  to  destroy 
bacterial  orftanisnis.  Already  much  work  has  been  done 
in  this  direction,  and  it  is  the  object  of  the  present  article 
to  place  upon  record  the  results  of  the  (letermiuations 
which  have  been  made  up  to  the  present  date. 

Hut  before  nferrinir  in  dctiiil  to  the  experiinental  data, 
it  will  be  desirable  to  give  an  account  of  the  methods  of 
rewarcli,  and  to  call  attention  to  the  various  circumstances 
which  inMiU'nce  the  result,  and  wliicli  must  be  taken  into 
consideration  if  we  attempt  to  compare  the  data  obtained 
by  different  exiierimenters. 

In  the  case  of  pathogenic  organisms  tiro  iiict/imlii  of  dc- 
leniiiiKitioii  are  available:  (<;)  the  inoculation  of  germs 
which  have  been  exposed  to  the  action  of  a  supposed 
gcnnicide  into  a  susceptible  aiiinuil;  ('<)  the  attempt  to 
cultivate  germs  exjioscd  in  the  sjiine  way  in  suitable  cul- 
ture media.  In  the  one  case  failure  to  multiply  in  the 
body  of  the  test  animal,  and  in  the  other  failure  to  multi- 
ply under  favorable  conditions  in  a  culture  medium  is 
taken  as  evidence  of  the  germicidal  power  of  the  agent 
tested. 

E.xtcnded  experiments  by  the  method  of  inoculation 
have  been  maile  upon  the  anthrax  bacillus  (Davaine. 
Kochl,  upon  the  ttibercle  bacillus  (Scliill  nn(}  Fischer), 
and  upon  the  inicr(ic(Xcus  of  rabbit  septicaemia  (Davaine, 
StemlKTg).  Experiments  have  al.so  been  made  upon  the 
virus  of  glanders  (Heynal.  Peuch,  Vallin),  upon  that  of 
symptomatic  anthrax  (Arloing,  C'ornevin,  and  Thomas), 
and  upon  the  micrococcus  of  fowl  cholera  (Salmon). 

This  method  is  very  definite  and  sjitisfactory  so  far  as 
the  negative  results  are  concerned — that  is  to  sjiy,  wlien 
the  agent  under  tiHal  fails  to  exercise  any  germicidal 
ixiwcr.  In  this  case  the  death  of  the  test  animal,  and  the 
fact  that  the  pathogenic  organism  to  which  this  result  is 
due  is  found  in  its  blood  or  tissues,  is  suflicient  evidence 
of  the  failure  of  the  agent  under  trial  to  destroy  the 
vitality  of  the  germ.  But  thcs\irvival  of  the  test  animal 
cannot  be  taken  as  positive  jiroof  that  the  agent  to  the 
action  of  which  the  test  organism  was  submitted  has 
completely  destroyed  the  vitality  of  this  organism.  This 
for  two  rea.sons: /IV.•<^  tiic  inoculated  animal  may  suffer 
from  a  moditied  and  non-fatal  attack  of  the  infectious 
diseast',  the  germ  of  which  is  used  in  the  test:  neroixl.  in 
the  case  of  a  chemical  agent  which  has  been  mixed  in  a 
given  amount  with  a  pure  culture  of  the  test  organism, 
or  with  blood  from  an  infected  animal  containing  this 
organism,  the  agent  is  neces.sarily  injected  into  the  test 
animal  along  with  the  germs  which  have  been  subjected 
to  its  action,  and  may  exercise  a  restraining  inlluence 


upon  the  develuntnenl  of  tliew  g.  niiH  without  dralruying 
their  vitality.  This  would  give  time  forlli.lrdeKtiuetlon 
in  the  bodv  of  the  aniiual  liy  thow  iiieiinH  uhidi  hnvu 
tieeii  provided  by  nature.  The  writer  hun  elwwhere  nujf 
gestcd  thai  this  is  probably  ime  of  the  fuiietionn  of  the 
white  lilood  corpUKcleo,  and  that,  when  the  developing 
power  of  pathogenic  organisms  is  rcHtraiiied  In  any  way, 
iM-forc  or  after  their  ininMluction  into  llnr  Ixnly  of  n  huh- 
ceptible  jinirnal.  this  provision  of  iinture  may  Hufllcc  to 
prevent  an  attack  of  the  disease,  or  at  leuMt'tu  iiKMlify 
its  severity. 

The  mroiid  mit/unl  pcrinils  of  a  more  acciinite  deter- 
mination when  the  experimenlsare  conduett-d  with  a  duo 
regard  to  the  possible  restraining  intluence  of  the  gemil- 
cidc  agent,  wlii(  h  by  preventing  growth  might  lead  to 
the  iidslaken  inference  thai  the  vitality  of  the  test  organ- 
isms had  been  destroyed.  This  error  is  to  b<^  avoided  by 
diluting  the  germicide  agent  so  largely  with  thesterilized 
culture  tluid  into  which  it  is  introduced,  along  with  tho 
test  orgainsms  which  have  been  exposed  to  its  action, 
that  its  restraiinng  intluence  is  rendered  nit.  Suppose, 
for  example,  that  wi;  mix  with  a  culture  of  the  anthrux 
bacilluscontaining  spores  ane(iual  (|uantity  of  a  solution 
of  mercuric  chlorideof  the  strength  of  1  to  I.IMMI,  making 
the  proportion  of  thesjilt  in  the  mixture  I  to2,0<m.  Now, 
if  we  lake  one  part  of  this  mixture  and  add  it  to  ten  parts 
of  sterili/ed  Imiiilloii.  we  shall  have  the  mercuric  chloride 
present  in  the  proportion  of  1  to  '2ll.(KI((.  Kxpcriments 
upon  the  restraining  power  of  thissjdt  sliowthat  anthra.x 
spores  will  not  grow  in  culture  solutions  containing  1  to 
3(Xl,(K)0,  and  that  their  development  is  retarded  by  solu- 
tions of  1  to  6(>0,(W0.  Failure  to  develop  in  this  case 
would  therefore  be  no  proof  that  the  growing  power  of 
the  anthrax  spores  had  been  destroyed.  This  proof  is 
only  to  be  allained  by  adding  sullicient  culture  tluid  to 
dilute  the  mercuric  chloride  beyond  its  restraining  iiower. 
The  use  of  a  comjiaratively  large  amimnt  of  the  culture 
fluid,  and  of  an  extremely  small  tiuantily  of  tlie  muterial 
containing  the  test  organisms,  peniiits  us  to  exclude  this 
source  of  error,  for  a  few  germs  serve  as  well  for  the  test 
as  a  large  number.  Or  we  may  wash  the  test  organisms 
in  a  solution  which  has  no  germicidal  action  but  which 
is  capable  of  neutralizing  chemically  the  agent  which  is 
being  tested  as  to  its  germicidal  power — (.rj..  a  solution 
of  anunonium  sidphide  for  corrosive  sublimate. 

For  the  reason  stated  fluid  culture  media  arc  more  suit- 
able for  experiments  of  this  nature  than  solids.  If  we 
bring  a  little  of  our  material  containing  mercuric  chloride 
in  the  proportion  of  1  to  '2,000  upon  the  surface  of  a 
cooked  potato,  or  introduce  it  with  a  needle  into  a  gela- 
tin culture  medium,  the  salt  will  not  be  diluted,  and 
would  exercise  its  restraining  influence  upon  the  germs 
if  they  had  not  already  been  destroyed  by  its  actiiin.  On 
the  other  hand,  if  we  add  1  part  of  the  material  to  100 
parts  of  boiiiUon  and  mix  thoroughly  by  shaking,  the 
mercuric  chloride  will  be  diluted  to  1  to  2IHI.00I):  this 
being  still  within  the  limits  of  its  restraining  action,  we 
may  take  one  part  of  the  mixture  and  add  it  to  10  parts 
of  the  sterile  bouillon.  The  mercuric  chloride  will  now 
be  diluted  to  1  to  2.000.000.  a  projiortion  quite  Ix'vond 
the  limitsof  restraining  action.  But  there  will  beasuffi- 
cicnt  number  of  anthrax  spores  in  the  culture  inedi\im  to 
test  the  ((uestiou  as  to  whether  the  growing  power  of 
these  particular  "germs"  is  destroyed  by  mercuric  chlo- 
ride in  the  proportion  named. 

This  .source  of  error  has  not  been  kept  sufficiently  in 
view  in  some  of  the  experiments  heretofore  made.  Again, 
it  often  happens  that  no  development  occurs  for  a  time, 
bvit  that  after  several  days  the  germs  which  have  been 
exp(jsed  to  the  action  of  a  chemical  agent  conunence  to 
grow,  and  finally  pivxluce  an  abundant  and  vigorous 
progeny.  In  this  case  mistakes  are  likely  to  arise  from 
terminating  the  experiment  t<K>  soon.  Anthrax  spores, 
for  example,  develop,  in  a  suitable  culture  medium,  at 
a  temperature  of  80=  to  100  F. .  within  Aventy-four  hours, 
and  give  rise  to  numerous  characteristic  tlocculi.  made 
up  of  long  filaments,  which  are  readily  distinguished  by 
the  naked  eye.     But  after  exposure  toa  germicide  agent 
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in  less  amount  tliiiii  is  lU'Ccssary  romplctclv  to  destroy 
their  vitnlily.  tliev  may  fiiil  to  dcvclo))  iimiir  the  same 
eirciinisiuiicis  in  i'orly cijilit  or  s<'vcMty  two  liours,  and 
yet  liiiiilly  iin>(hi(<'  an  atnindant  crop  of  lilamcnts. 

Bearing  in  mind  llicsc  sonrccs  of  error,  the  irermicidiil 
value  of  a  fjivcnagenl  uiay  be  determined apl>roximat(ly 
by  a  series  of  experiments,  in  wliirh  tlie  quantity  of  the 
agent  und<T  trial  is  increased  or  diminished  accordintr  as 
it  fails  or  is  successful  in  destroying  the  vitality  of  the 
test  organism,  Hnl  the  data  olitained  by  e.\|)eriments 
upon  a  sin,!;le  organism  can  be  applied  only  in  a  general 
way  to  olliirsof  the  siune  class,  for  e.vperiments  wliieh 
liave  been  made  show  thai  wilhincertain  limits  there  are 
manifest  ditTerences  in  resisting  |)ower,  and  especially 
that  there  is  a  wide  dilTerenee  in  this  regard  between  or- 
ganisms in  aeli\c'  growth — micrococci,  si>irilla.  or  bacilli 
— and  the  reproductive  bodies,  called  s|iores,  which  are 
developed  in  the  inleiior(d'  the  bacilli  at  a  cerlaiu  period 
in  their  life  history. 

It  will  be  seen  from  what  has  been  said,  that  the  gernn- 
cidal  power  of  a  chemical  agent  can  be  stated  in  a  deti- 
nite  manner  only  when  reference  is  made  to  a  ])arlicnlar 
germ.  It  is  also  necessary  to  take  into  account  certain 
circumstances  relating  to  "the  test  organism  and  the  me- 
dium in  which  il  is  |(laced,  and,  especially,  to  consider 
the  time  during  which  this  has  been  exposed  to  Ihi' action 
of  the  gcrmicidi'.  Thus  we  may,  by  our  experiments, 
determine  how  long  a  time  will  be  required  for  the  de- 
struction of  a  given  geiin  by  means  of  a  standard  solu- 
tion of  a  certain  chemical  agent.  Or,  on  the  other  hand, 
we  may  determine  the  proportion  in  which  this  agent 
mtist  lie  used  in  order  to  be  effective  in  a  given  time. 
In  Dr.  Koch's  elaborate  ex|)erimeuts,  published  iu  the 
first  volume  of  the  "  Mittheilungen  aus  deiu  Kaiscrlicheu 
Gesundheitsamte."  the  time  is  made  the  variable  (piantity. 
In  the  writer's  numerous  experiments  a  standard  time 
was  adopted — two  hours  in  the  more  recent  experiments 
— and  the  object  in  view  was  to  determine  the  minimum 
quantity  of  the  agent  under  (rial  which  is  effective  in 
this  time. 

Evidently,  a  comjiarLson  of  the  results  reported  by 
dilTereiU  cxpi'rimenters  rei|uires  a  consideration  of  this 
essential  condition.  I5ut  in  addition  to  this  we  must 
consider  the  following  circumstances: 

((()  The  presence  or  alisence  (d'  spores. 

(/')  The  physical  condition  of  the  test  organism — 
whether  it  is  dry  or  moist,  whether  suspended  iu  fluid  or 
embedded  in  masses  id'  allnnniuous  material,  etc. 

(c)  The  chendcal  |iroperlies  and  mode  of  action  of  the 
agent  which  is  being  tested. 

(il)  The  tcm|ieralure  at  the  time  the  experiment  is 
made.  As  a  general  ruh'  the  higher  the  temperature  the 
more  promjitly  the  germicidal  action  of  a  chemical  agent 
is  matufesled. 

(<;)  As  already  remarked,  spores  are  far  more  resistant 
than  bacteria  in  active  growth.  Thus  the  spores  of  the 
anthrax  bacillus  rei|uire  for  theii'  destruction  a  boiling 
temperature,  while  the  bacillus  itself  is  quickly  destroyed 
by  a  temperature  of  140  V.  The  same  spores  are  not 
destroyed  by  being  immersed  for  one  month  in  a  five-|ier- 
cent.  .solution  of  chloride  of  zinc,  or  for  three  months  in 
absolute  alcohol,  or  one  hundred  and  ten  days  in  a  tivc- 
per-cent.  solution  of  carbolic  acid  in  oil ;  the  last-men- 
tioned solution,  however,  destroys  the  bacilli,  in  the  ab 
sence  of  spores,  in  six  days  (Koch), 

(/})  The  germicidal  power  of  formaldehyd,  sulphur 
dioxide,  and  of  other  gases  is  largely  influenced  by  the 
physical  condition  of  the  test  organisms — as  to  whether 
they  are  dry  or  moist,  whetherthev  are  exposed  in  masses 
or  in  thin  films,  etc.  And  the  same  circumstances  influ 
ence  the  result,  to  n  less  extent,  in  experiments  with 
nqtieous  solutions  of  various  agents.  This  is  esiiecially 
true  as  regards  those  agents  which  entiT  into  combina- 
tion with  albuminous  material;  thus  Sehill  aiul  Fischer 
founil  thai  the  tubercle  bacillus  was  not  destroye<l  in 
tuberculous  sputum  exposiil  for  twenty-four  hours  to 
the  action  of  mercuric  chloride  in  solution  in  the  propor- 
tion of  1  to  2,000,  while  diied  sputum  exposed  to  a  solu- 


tion of  1  to  5,000  failed  to  produce  tuberculosis  when  in- 
oculated into  guinea  pigs.  The  difference  was  no  dou^jt 
due  to  the  fact  that  in  the  moist  sputum  the  bacilli  in  the 
interior  of  the  ma.sswere  protected  from  the  action  of  the 
gerndcide  agent.  The  result  is  also  largely  influenced 
in  certain  cases  by  the  amount  of  non  living  organic 
nuiterial  associated  with  Ihc  germs  to  be  destroyed.  This 
is  especially  true  as  regards  the  oxidizing  <lisinfectants. 
If,  for  exanqde,  we  subject  a  given  (Unmtity  of  germs 
suspended  in  i)ure  water  to  the  action  of  potassium  per- 
manganate or  of  hypochlorite  of  lime,  these  agents  will 
be  effective  iu  dilute  sohitions.  But  if  the  germs  are 
suspended  in  a  rich  culture  medium,  or  embedded  in 
masses  of  orgaiuc  material,  this  material  will  be  quickly 
oxidized,  and  in  the  chemical  reaction  which  occurs  an 
amount  of  the  reagent  will  be  decomposed  corresponding 
with  the  amount  of  organic  material  (ircsent  in  the  solu- 
tion ;  and  oidy  the  excess  of  the  oxidizing  agent  will  be 
available  for  the  destruction  of  such  germs  as  nniy  have 
escaped  immediate  destruction  by  rea,son  of  their  resist- 
ing iiower,  or  because  they  were  protected  by  being  em- 
bedded in  mas.ses  of  material. 

It  will  be  desirable  to  extend  the  experimental  re- 
searches in  this  direction  as  new  i)atliogeiuc  organisms 
are  discovered,  and  to  determine  in  an  exact  manner  the 
Vidue  of  each  agent  which  has  Ijeen  shown  to  jio.ssess 
germicidal  power  for  each  organism  of  this  class.  In 
many  of  the  experiments  which  have  been  made  test 
organisms  have  been  used  which  are  known  to  be  non- 
pathogenic, but  which,  belonging  to  the  same  cla.ss.  give 
valuable  data  for  the  determination  in  a  general  way 
of  the  comiiarative  germicidal  value  of  various  chenucal 
agents.  Thus,  in  many  of  the  writer's  ex])eriments  the 
bacteria  of  putrefaction,  as  found  in  "liroken  down  " 
beef-tea  freely  exposed  to  the  air,  have  served  as  the 
test.  As  a  variety  of  bacterial  organisms  are  jiresent  in 
such  material,  including  one  or  more  species  of  spore- 
bearing  bacilli,  this  serves  as  a  general  test,  and  there  is 
reason  to  believe  that  all  known  pathogenic  organisms 
would  be  destroyed  by  an  agent  capable  of  destroying 
all  germs  found  in  such  material.  These  experiments, 
therefore,  furnish  reliable  data  U]ion  wliich  to  base  ]irac- 
tical  measures  of  disinfection.  In  practice  it  will  be  best 
to  select  such  agents  as  stand  the  most  rigid  tests,  and  to 
use  them  in  amounts  somewhat  in  excess  of  what  is  .shown 
bv  such  tests  to  be  necessary.  (See  article  on  Disinfect- 
(I'niK.) 

For  convenience  of  reference  we  have  arranged  the  fol- 
lowing snmniary  of  the  experimental  data  in  alphabetical 
order: 

Acetone. — Anthrax  spores  grow  freely  after  two  days' 
exposure  to  the  action  of  this  agent;  after  five  days  the 
development  is  feeble  (Koch). 

Arelic  AriiJ. — -A  five-percent,  solution  did  not  prevent 
the  development  of  anthrax  spores  after  five  days'  ex- 
])osure  (Koch).  In  experiments  made  by  Abbott,  glacial 
acetic  acid  in  the  proportion  of  fifty  per  cent,  failed  to 
destroy  anthrax  sjiores  in  two  hours,  but  twenty  piT 
cent,  was  efTective  with  the  spores  of  />.  xiilililh.  and  with 
the  mixed  organisms  in  broken-down  beef  tea  ;  and  micro- 
cix-ci  were  destroyed  in  the  same  time  by  a  one-per  cent, 
solution. 

Aleriliol. — In  the  writer's  experiments  it  was  found  thai 
ninety-five-per  cent,  alcohol  did  not  destroy  the  vitality 
of  the  organisms  iu  broken  down  beef-tea  in  forty-eight 
Inmrs.  The  micrococcus  of  jvneumonia  was  destroyed 
by  two  hours' exposure  to  a  twenty-four-inr  cent,  solu- 
tion. A  micrococcus  obtained  from  gonorrlueal  jnis  re- 
quired a  forty-percent,  solution.  Koch  found  that  ab 
solute  alcohol  had  no  effect  upon  the  vitality  of  antlmtx 
spores  which  were  immersed  in  it  for  one  Inmdred  and 
ten  days.  When  saturated  with  camphor,  alcohol  does 
not  destroy  the  virus  of  symptomatic  anthrax  (.\rloing, 
Cornevin,  and  Thomas).  In  the  iirojiorlion  of  1  to  1..^  it 
destroys  the  bacteria  which  cause  the  aciil  fermentation 
of  miik  iMolkeV  Sehill  and  Fischer  found  th;il  when 
tuberculous  sputum  was  nuxed  with  an  equal  quantity 
of  absolute  alcohol,  its  infecting  power  was  not  destroyed 
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iifruiti  ltl«-». 


(ill  twenty  four  liiiiira),  liiit  llml,  In  llio  pro|)ortlon  of  S 
piirtH  III  1  iif  spiilutii.  llii.H  ii^i'iit  wax  i-fTiTlivi-  in  di-Htriiy- 
tun  III''  lotHTcli'  liiirilliis.  lis  provi'il  liy  iniKiiliitidn  ex- 
lirrinit'iitx. 

Ycrtin  r('|ii>rtH  timl  tin-  tulx-rclr  luirilliis  In  puri-  cult 
iircs  Is  ilt'slroyi'il  liv  iitisuliili'  iiIchIikI  In  live  niinulis. 
Tli('t'\|>('rlnirnlsiir  lirlnii'ki'.  Aliirclil.  Kpsii'ln.  iinilotlirrs 
hIiiiw  tiint  liactrrlii  in  ii  moist  conililinn  iirc  iinlckly  <ii' 
slroyfil  liy  a  tlflyiMr'Ci'nt.  soliiiinn  of  alcohol  nnil  timt 
Hucli  a  soliilion  is  niorr  poicnl  as  a  ffiriniciili'  tlian  alisd 
liiti-  alcohol,  which  has  coinpanilivi'ly  little  f;criniciihil 
power.  For  the  disinfection  nf  ihe  Imiulsu  li fly  per  cent, 
solntion  is  reconiinendc.l  liy  Kpslein. 

Soluliims  iif  mercuric  chlnride.  eiirliolic  acid,  thymol 
and  lysiil  in  lifly  per  cent,  alcohol  were  fnund  liy  Kp.stein 
til  Ih-  more  active  than  aipieous  sulullons  of  the  sanu' 
stren>;lli.  .Vlcoholic  solutions  liave  the  ailvantafce  of 
dis.s<ilvin);  oils  and  con.seijuently  of  aelini;  more  promptly 
when  the  object  in  view  is  t<i  disinfect  the  hands. 

A  III  nil)  II  i<i. — The  experiments  (if  Km  li  show  that  am- 
monia diwa  not  destroy  the  spores  of  Ihe  anllira\  lia<il 
Ills;  but.  aceordin;;  to  Helirini,'.  ammonia  in  solution  in 
Ihe  proportion  of  1  to  417  inhiliits  the  i;rowth  of  the  an- 
thrax bacillus.  Cfotlbnchl  also  found  that  both  ammonia 
and  carbonate  of  ammonia  have  decided  ant  ise|ilic  proper- 
ties. Hiirler  has  proposed  to  us<-  ammonia  gas  for  the 
disinfection  of  rooms,  and  concluded  from  hisexperimi'nts 
that  it  is  a  rcliabli'  disinfectant  when  iisc<l  in  the  propor- 
tion of  1  ksim.  of  aipia  ammonia,  exposed  in  shallow 
ves.sels.  for  every  one  hundred  cubic  feel  of  space. 
Moreno,  who  conducted  a  series  of  experiments  in  the 
lalKiratory  of  the  rniversily  of  Tiuin.  was  not  able  to 
confirm  liijrier  as  to  the  value  of  this  airent  for  practical 
use  in  infected  apartmcnis.  and  it  is  no  doubt  much 
inferior  to  fonualdehyd  ami  |uobably  of  less  value  than 
sulphur  dioxid. 

Aiiiiii'iiiiniii  Cliloride. — A  five-per-cent.  solution  failed 
in  twenlv  five  days  to  destroy  the  vitality  of  anthra.x 
spores  (Ixoch). 

Aniiii'iiiiinii  Sulphate. — A  five-per-cent.  solution  was 
effecliv<-  in  five  days,  but  failed  in  two  days  to  destroy 
antlirax  spores  (Koch). 

Aroniiitir  I'nxhirts  of  Demiiiimm'tinii. — Klein  lias  tested 
the  jrerniicidal  power  of  pheni/t  jiroprionir  and  of  phenyl 
aatie  acid.  Hi-  finds  that  anlhrax  spores  resist  both  of 
these  acids  in  the  proportion  of  1  to  4(Ht  after  two  days' 
exposure;  but  antlinix  bacilli,  in  the  absence  of  spores. 
are  (piickly  killed  by  a  solution  of  thisstrengtli  Certain 
non  pathogenic  microciK ci  were  not  kilh'd  by  exposure 
for  twenty-five  minutes  to  a  solution  of  1  to  20(1.  Ex- 
posure for  ninety-six  hours  to  these  acids,  in  the  propor- 
tion of  1  to  201I,  did  not  |)revent  the  ca.seous  matter  of 
pulmonary  IuIktcuIosIs  from  infecting  guinea  pigs;  1  to 
8(K)  was  cffeclive  in  destroying  the  virulence  of  swine- 
j)lague  virus. 

AriKniiiiiK  Arid. — A  one-per  cent,  solution  destroyed 
the  vitality  of  anthrax  spores  in  ten  days,  but  failed  to 
do  so  in  .six  days  (Kochi.  The  infective  jiower  of  tuber- 
culous sputum,  as  shown  by  inoculation  into  guinea- 
pigs,  is  not  destroyed  by  twenty  hours'  exposure  to  a 
one-per  cent,  solution. 

Benzol. — Exposure  for  twenty  days  failed  to  destroy 
the  vitality  of  anthrax  spores  (Koch). 

Benzoic  Ariil. — This  agent  was  found  by  De  la  Croix 
to  destroy  the  bacteria  of  broken  down  beef-tea  in  the 
proportion  of  1  to  77.  while  1  to  121  failed.  A  sjituratcd 
acpieous  solution  failed  to  destroy  anlhrax  spores  in 
seventy  days  (Koch). 

Borir  Aril]  (boracic  acid). — In  Ihe  writer's  experiments 
a  saturated  solution  failed  to  destroy  any  of  the  test  or- 
ganisms— two  species  of  micrococci  and  B.  trrmo.  A 
five-percent,  solution  failed  in  ten  days  to  destroy  an- 
thrax spores  (Koch).  According  to  Arloing.  Cornevin. 
and  Thomas,  the  activity  of  tin'  /■;•<.•</(  virus  of  sympto- 
matic anthrax  is  destroyed  by  1  in  o  (twenty  percent.), 
the  time  of  exposure  being  forty  eight  hours. 

The  experimenls  of  Pome  and  of  Hideal  show,  also, 
that  boric  acid  has  no  value  as  a  irermicide. 


linimine.—A  two-percent.  ai|U<>ouii  iiolutiun  deHror* 

Ihe  vitality  of  anthra.x  Kiiores  In  twenty  four  hoiirH(K<>rl'i). 
Fisi-herand  I'mskaiier  inivr  siurli.d  tiieiution  of  liroiiiirie 
vapor  upon  various  micro  orgamsnis  They  tlml  ihul 
exposure  for  three  hourn,  in  a  dry  alniohiihere.  to  threi' 
per  cent,  does  not  destroy  the  lulnfcle  ImiilliiH  in  hpiituni, 
or  Ihe  spores  of  aiithmx.  IJul  when  the  alnioKphere  In 
saturated  with  moisture  1  part  in  .MM)  |h  elTeetive,  and 
whin  the  tiiin'  of  exposure  is  exUMided  to  Iwenly-four 
hours.  I  part  in  8,5110.  liroinine  vapor  is  Ihe  most  iictfve 
agent  for  the  destruction  of  the  virus  of  svniptonmtic 
anthrax  (.\rloing,  Cornevin,  and  Thomas).  It  deslroyH  " 
the  ferment  of  sour  milk  {/Inehriinn  hirlin)  in  Ihe  p^lp(lr- 
tioil  of  1  to  :MH  {.Moike).  The  bacteria  of  broken-down 
beef-lea  are  deslroved  by  1  to  '.VM\  (I)e  la  Croix). 

liiilyrie  Aeiil. — Five  days'  immersion  in  this  acid  failed 
to  destroy  the  vitality  of  anlhrax  spores  (Koch). 

(.'iilr.ium  Chloride. — A  s;iturated  solution  haM  no  de- 
structive action  on  alltllra^  spores  (Koch.) 

Ciileiiiin  IIi/ilroTiile. — Aeconling  to  Kilasfito,  the  ly- 
plioiil  bacillus  and  the  choli-ra  spiiillum.  in  bouillon 
cultures,  are  killed  in  four  or  five  hours  by  the  addition 
of  K.l  pcTCcnl.of  calcium  oxide.  Liborius  hail  previ- 
ously reported  still  more  favorable  results,  but  his  bouil- 
lon cultures  were  largely  diluted  with  distilled  water. 
From  a  practical  point  of  view  the  experiments  of  I'fuld 
are  more  valuable.  Calcium  hydrate  was  added  to  the 
dcji'clions  of  typhoid  patients.  When  adiled  in  the  jiro- 
porlion  of  three  per  cent,  sterilization  was  elTected  in  six 
iiours.  and  by  six  per  cent,  in  two  hours.  AVhen  milk  of 
lime  containing  twenty  per  cent,  of  calcium  hydrate  was 
used  the  results  were  still  more  favorable,  the  typhoid 
bacillus  and  cholera  spirillum  being  killed  in  fine  hour 
by  tliea<idilioii  of  two  ])ercent.  of  the  disinfectant.  The 
germicidal  value  of  lime  wash  applied  to  walls  has  been 
determined  by  Jilgcr,  silk  threads  soaked  in  cultures  of 
various  i)athogenic  bacteria  were  attached  to  boards  and 
Ihe  lime  wash  was  applied  with  a  camel's-hair  brush. 
Anthrax  bacilli  (without  spores),  the  glanders  bacillus, 
Jstapliylococcus  jiyogenes  aureus,  and  several  other  path- 
ogenic bacteria,  were  killed  by  a  single  application  in 
twenty-four  hours,  but  Ihe  tubercle  bacillus  wa-s  not  killed 
bj'  three  successive  applications.  In  the  writer's  experi- 
ments (1885)  the  typhoid  bacillus  and  Staphylococcus 
Jiyogenes  aureus  were  killed  in  two  hours  by  a  solution 
containing  1  to  40  of  calcium  oxide  and  1  to  80  failed. 
Spores  of  the  anthrax  bacillus,  and  of  several  other  species 
forming  spores,  were  not  killed  by  two  hours'  exposure 
to  a  milk  of  lime  containing  twenty  per  cent,  of  calcium 
oxide. 

Camphor. — Alcohol  ssiturated  with  camphor  has  no 
effect  upon  the  fresh  virus  of  symptomatic  anthrax  (Ar- 
loing, Cornevin,  and  Thomas), 

Cailxilie  Acid. — Testeil  ui)on  anthrax  spores,  Koch 
found  a  one-per-cent,  solution  to  be  without  cfTecl  after 
fifteen  days'  expo.sure:  a  two-iH-r-cent,  solution  retarded 
the  develojinient  of  spores,  but  did  not  completely  destroy 
their  vitality  in  seven  days;  a  three-percent,  solution 
was  elTective  in  two  days.  In  the  absence  of  spores, 
Koch  found  that  a  one-percent,  solution  quickly  destroys 
the  vitality  of  anlhrax  bacilli.  The  siinie  author  recom- 
mends a  five  percent,  sijution  for  the  destruction  of  the 
"comma  bacillus"  in  the  discharges  of  cholera  patients, 
and  a  two  percent,  solution  for  Ihe  disinfection  of  sur- 
faces and  articles  soiled  by  such  discharges.  The 
writer  has  found  that,  in  the  proportion  of  1  to  200  this 
agent  destroys  B.  terino  and  a  .septic  micrococcus  (.1/. 
Panteiin)  in  active  growth,  while  1  to  25  failed  to  destroy 
the  bacteria  in  broken-down  beef-tea.  A  micrococcus 
obtained  from  the  pus  of  an  acute  abscess  was  destroyed 
by  0.8  per  cent.,  while  0.5  per  cent,  failed.  In  all  of 
these  ex|)eriments  the  time  of  exposure  was  two  hours. 
According  to  Salmon,  the  micrococcus  of  swine  plague 
multiplies  abundantly  in  urine  containing  one  per  cent, 
of  carbolic  acid,  while  the  micrococcus  of  fowl  cholera 
is  destroyed  by  six  hours'  exposure  in  a  solution  of  this 
strength  (one-percent.).  A  two-percent,  solution  de- 
stroys the  bacterium  of  symptomatic  anthrax  (dried  virus) 
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in  forty-eij;ht  hours  (Arloiiig,  Corucvin.  and  Tliomns). 
Tlip  bnrtcriii  in  brniicn  linwii  lu'cften  nrc  uot  destroyed 

by  II  Ifii  piT-cciit.  siilutii'ii  (Dc  la  Croix). 

Diivaiiif  sliowid.  liy  iiiix  illation  cxpcrinu'iits,  tlmt  an- 
tlinix  bacilli  in  fresh  lilood  are  (le.slroycd  by  being  ex- 
posed to  tlie  j^etion  of  a  one  perei^iit.  solution  for  one 
liour.  Solutions  in  oil  and  in  aleohol  have  been  shown 
by  Kocli  to  be  less  elTeetive  than  iKpieoiis  solutions. 
Tlius  a  livepereent.  solution  in  oil  failed  to  destroy  the 
vitality  of  anthrax  spores  in  one  hundieil  and  ten  days, 
and  the  same  solution  did  not  destroy  the  liacilli  in  the 
absence  of  spores  in  less  than  six  days.  A  control  ex- 
periment showed  that  olive  oil  alone  was  eflective  in  tlie 
siinie  time.  A  live-per-cent.  solution  in  aleohol  did  not 
destroy  anthrax  spores  in  seventy  days.  Schill  and 
FiscluT  found  that  the  infeetinj;  i)ower  of  tuberculous 
sputum,  as  shown  by  ino<ulation  into  jruinea-iiifis,  is  de- 
stroyed by  twenty-four  Ikiuis'  exposure  to  a  live  per- 
cent", solution.  The  same  result  was  obtained  with  a 
three-percent,  solution,  while  one  and  two-percent, 
solutions  failed. 

Behring  (1890)  reports  tliat  the  bacillus  of  typhoid 
fever,  of  diphtheria,  and  of  glanders,  the  spirilium  of 
cholera  and  streptococci  are  destroyed  in  a  few  Iiours  by 
a  0.5-percent,  solution  and  in  one  minute  by  a  l.")-per- 
cent,  solution.  Stapliylococci  are  more  resistant  and  re- 
quire a  solution  of  from  two  to  three  per  cent.  Tlie 
germicidal  value  of  carbolic  acid  is  increased  by  tlie  ad- 
dition of  mineral  acids  to  disinfecting  solutions  (Laplace), 
by  sodium  cliloride  (S<heurlen).  and  l\y  heat. 

Carbonic  Oxide. — Tliis  gas  has  no  effect  upon  bacteria, 
whicli  freely  develop  in  it  (Hamlet). 

C/ilond  Ili/drale. — In  the  writer's  experiments  this 
agent  was  found  to  destroy  micrococci  in  the  proportion 
of  twenty  per  cent.,  and  to  fail  in  ten-per-cent.  solution, 
the  time  of  exposure  being  two  hours. 

Chlorine. — Fisclier  and  Proskauer  have  made  an  elabo- 
rate research  with  referi'iice  to  the  germicidal  power  of 
this  agent,  as  tested  by  a  variety  of  micro-organisms.  In 
the  absence  of  moisture  these  experimenters  found  that 
desiccated  antlirax  spores  were  not  destroj'ed  by  ex- 
posure for  an  lunir  in  an  atmosphere  containing  44.7  per 
cent,  of  this  gas.  When,  however,  the  spores  were  moist- 
ened, an  exposure  for  one  hour  in  a  moist  atmosphere 
containing  fourpercent.  of  chlorine  was  effective,  and  by 
extending  the  time  to  three  hours  one  per  cent,  sufficed 
to  destroy  the  vitality  of  the  spores.  The  anthrax  bacil- 
lus, in  the  absence  of  spores,  was  killed  by  exposure  in  a 
moist  atmosphere  containing  1  part  in  2,.")00,  the  time  of 
exposure  being  twenty  four  hours,  and  tlie  same  amount 
was  effective  for  .MicrnfumiK  titnir/eniin :  while  the 
micrococcus  of  erysipelas  and  the  micrococcus  of  fowl 
cholera  were  killed  liy  1  to  25,000  in  twenty-four  hours, 
and  1  to  2,500  in  three  hours.  Tlie  bacillus  of  mouse 
septictemia  was  destroyed  in  one  liour  by  1  to  200,  and 
the  same  proportion  was  effective  for  the  tubercle  bacillus 
in  sputum.  In  the  writer's  experiments,  made  in  1880,  tlie 
bacteria  present  in  urine  whi<li  had  been  freely  exposed 
to  the  air  and  had  become  ]v.itrid  were  destroyed  by  ex- 
posure forone  hour  in  an  atmosphere  containing  1  to  400. 
Koch  found  that  after  immersion  for  twenty-four  hours 
in  chlorine  water,  anthrax  spores  do  not  develop  in  a 
suitable  culture  medium.  Clilorine  destroys  the  fresh 
virus  of  synxptomatic  anihrax,  but  is  powerless  against 
that  wliich  ha.s  been  dried  (Arloing,  Cornevin,  and 
Thoma.s).  Tho  bacteria  of  broken-down  beef-tea  are  de- 
stroyed by  1  to  1,001  (I)e  la  Croix). 

Chloride  of  Lime. — (See  Ihiix^chloritex). 

Chloroform. — Immersion  for  one  hundred  days  in  chloro- 
form doesuot  destroy  anthnix  spores  (Koch).  Thisagent 
is  without  effect  upon  the  virus  of  symptomatic  antlirax 
(Arloing,  Cornevin,  and  Thomas).  One  part  to  1.22  failed 
to  destroy  the  bacteria  of  broken-down  beef-tea  (De  la 
Croix). 

The  more  recent  (1804)  experiments  of  Behring  show 
that  in  the  absence  of  spores  this  agent  (piickly  destroys 
bacilli  and  micrococci.  He  reports  that  in  his  experiments 
the  cholera  spirillum  was  destroyed  by  a  one-percent. 


solution  in  less  tlian  a  minute  and  the  typhoid  bacillus  liy 
a  one-halfper-cent.  solution  in  an  hour. 

Chromic  Aeid. — An  aciueons  solution  of  1  to  100  does 
not  destroy  tlie  spores  of  anthrax  in  two  days  (Koch). 

Citric  Acid. — In  the  writer's  experiments  u|)on  micro- 
cocci from  the  pus  of  an  acute  abscess,  twelve  per  cent, 
was  effective  and  ten  per  cent,  failed.  Abbott  reports 
that  twenty  live  per  cent,  failed  to  destroy  the  organisms 
in  broken  down  beef-tea,  and  the  spores  of  B.  Kiibtiliii  luul 
JJ.  iiiithnicii,.  but  that  1.25  per  cent,  was  active  in  the 
case  of  micrococci. 

Creolin. — This  is  a  mixture  of  the  cresols  emulsified 
with  hard  soap.  According  to  Behring  its  germiciilal 
value  is  eonsideralily  greater  than  that  of  carbolic  acid, 
except  when  albumen  is  present  in  the  material  to  be 
disinfected. 

Crdis'ite. — Thisagent  was  found  by  the  writer  to  be 
fatal  to  micrococci  in  the  proportion  of  1  to  200.  In  the 
pro|)ortion  of  one  per  cent,  it  failed,  after  twenty  hours' 
exposure,  to  destroy  the  tubercle  bacillus  in  sputum 
(Schill  and  Fischer). 

A(  cording  to  Yersin  a  saturated  aqueous  solution  does 
not  destroy  the  tubercle  bacillus  in  cultures  in  twelve 
hours.  Guttman  in  extended  experiments  upon  various 
pathogenic  organisms  foimd  that  a  solution  of  1  to  300 
is  fatal  to  Bacillus  pyoeyaneus  and  to  B.  antliracis  in 
one  minute,  and  that  1  to  600  destroys  the  Finkler-Prior 
spirillum  in  the  same  time. 

CrcKol. — This  is  a  coal-tar  product  obtained  by  the  frac- 
tional distillation  of  crude  carbolic  acid.  There  are  three 
forms,  kninvn  as  ortho-,  meta-.  and  paracresol.  A  mixture 
of  these  is  largely  used  for  disinfecting  purposes  under 
the  name  of  tricresol.  A  solution  of  cresol  of  0.5  per 
cent,  is  said  to  be  as  efficient  as  a  germicide  as  a  two-  or 
three-percent,  solution  of  carbolic  acid  ( llamnnrt.  Neu- 
tral solutions  are  non-irritating.  According  totiruberthe 
germicidal  value  of  the  cresols  is  but  little  intlnenced  by 
the  presence  of  albumen.  He  found  cresol  to  be  three 
times  as  potent  as  carbolic  acid  for  the  destruction  of 
Staphylococcus  pyogenes  aureus.  The  cresols  are  con- 
siderably less  toxic  than  carbolic  acid. 

Ciijiric  Siiliihiile. — This  Siilt  failed,  in  the  writer's  ex- 
periments, to  destroy  the  spores  of  B.  iinthniciK  and  of 
B.  nithtilix  in  two  hours'  time  in  a  twenty-percent,  solu- 
tion. Arloing,  Cornevin,  and  Thomas  report  that  the 
dried  virus  of  symptomatic  anthrax  is  destroyed  in  forty- 
eight  hours  by  a  twenty-percent,  solution.  In  Koch's 
experiments  a  live-percent,  solution  failed  to  destroy 
anthrax  spores  in  ten  days.  The  writer  has  found,  how- 
ever, that  this  sjilt  is  effective  in  the  proportion  of  1  to 
200  for  the  destruction  of  micrococci,  the  time  of  exposure 
beiug  two  hours. 

Ether. — Anthrax  spores  may  germinate  after  being  im- 
mersed in  ether  for  eight  days,  but  thirty  days'  exjiosure 
is  effective  for  the  destruction  of  these  spores  (Koch). 

Eiicali/jit'il. — The  bacteria  in  broken-down  beeftea  are 
not  destroyed  by  1  to  14  (De  la  Croix). 

Ferroni  ■'^n/jihntc. — In  the  writer's  experiments,  re- 
ported in  the  AiiuricKh  Jonrmil  of  the  Medical  Seieiicen 
(A|iril,  1SS8),  a  solution  of  twenty  per  cent,  of  this  salt 
failed  to  destroy  micrococci  and  the  bacteria  in  broken- 
down  beef-tea.  In  more  recent  experiments  a  ten-per- 
cent, solution  was  found  to  be  fatal  to  Micrococcus 
tetnirjeniis.  but  failed  in  the  case  of  another  micrococcus 
obtained  from  the  jius  of  an  acute  abscess.  Koch  found 
that  a  live-jier-eent.  solution  did  not  destroy  anthrax 
spores  in  six  days.  According  to  Arloing.  Cornevin, 
and  Thomas,  exposure  to  a  tweuty-per-cent.  solution  for 
forly-eight  hours  does  not  destroy'  the  virus  of  symp- 
tomatic anthrax. 

Ferri  Chloridi  Tinci. — In  the  writer's  experiments  a 
four-percent,  soluticm  was  fatal  to  micrococci,  and  a  two- 
per  cent,  solution  failed. 

Ferric  Chl<iride. — A  flve-per-cent.  solution  failed  in 
two  days  to  destroy  anthrax  spores,  but  was  effective  in 
six  days  (Koch). 

ForinnUUhi/d. — The  experiments  of  Aronson  (1892), 
Lehmanu  (1894),  Philipp  (1895),  Rosenberg  (1897),  and 
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faiTltllrlcIra, 
(•<-riill«  Idea, 


otlicrx  Imvrilt'iiiiiiislnilcil  tlir  ^.Tiiiiiiiiliil  viiliirnf  foriiiiil 
<luli\<l.     A  furl  V  |irr  iciil.  snltiiicin  of  lliis  nun  in  wiitir  m 
kiiiiwii  iiiiilrr  llir  iiaiiii'cif  riiriiiiilin      Aci'ciriliii^' In  AmdII 
(|Mt)'iiiiiillini\  liiii'illi  urr  killc'<l  in  tlftt-in  niiniilcs  liy  ii  lin 
|ii'r  ciMil.  sdlution  nf  (ornmlin  iin<l  iintlini.v  sixirrs  in  llvr 
iiciurs  liy  llir  siiinr  siiliilinii       A  tivc  piT  cinl.  Kuliilinn  i\r 
sli'oycil  tlircli|>litlii'ria  Inn  illiis  in  tin  niinutrs  and  Slapliv 
liii'iH  ( IIS  iiiircns  in  lliiilv  niiniilis      FnrnialililiMl  >;as  in 
III)'  |iri>|ii>rlii>ii  i>r   I  to  liNl  ill  ilir  uir  of  ii  llnsjv  was  fouiiil 
to  (Irslioy  Sta|ilivloro(  Ills  aureus  in   forty  live  minutes, 
anil  till'  inirroriKTiis  of   |iii)'iinionia  in   liflrrn   ininiitis. 
Wilson  (ISHTl  unit  ollii-rs  liavr  shown  that  the  );erinieiiliil 
ai'tion  of  rorinalilehyil  is  coiisiilenibly  greater  at  a  lein 
penitiire  of  ;t7    (.'.  and  above  than   it   is  at  a  low  tein- 
peniture. 

Fiiriiiir  Arid. — This  iicul,  of  the  .Hpeeillc  gmvily  of 
1  rill,  faiiiil  ill  two  days  to  dostroy  antlira.v  si>ores,  but 
wa.s  elTeetive  in  four  days. 

(iiillir  Ariil. — .\liliott  linds  this  aeiil  to  be  elTeetive  for 
the  (lestrtietion  of  the  orpmisnis  in  broken  down  beef- 
lea  in  till-  proportion  of  'J  HT."i  jier  cent.  ;  tested  upon  the 
spores  of  the  anthrax  baeillus  and  of  U.  mihlilii'.  it  failed 
ill  this  proportion,  the  tinieof  e.vposiire  beini;  two  hours. 
Mieroeoeei  were  destroyed  by  0.7  Jier  cent  .  while  0,4  per 
rent,  il  lo  '.'."illl  failed 

(ilflfirin  has  iioaelion  upon  the  fresh  virus  of  synip- 
toinatie  anthnix  (.\rloinj;.  C'ornevin.  and  Thomas);  and 
is  inert  as  regards  the  spores  of  Imeilli  (K<H'h). 

Ilfiil. —  {ii)  l>ry  heat.  Werner,  in  1879.  found  that 
putrefaetive  baeteria  enveloped  in  dry  I'olton  were  de- 
stroyed by  exposure  for  one  hour  to  a  tempeniture  of 
Vi't  (',  (■J.">7  v.).  Wernieh  also  experiniiiited  upon  the 
baeteria  of  putrefaction,  and  found  that  ex]iosure  for 
live  minutes  to  a  tempeniture  of  r.J."i  to  l.-il)  V.  secured 
thiir  destruetion.  The  virulence  of  dried  tuberculous 
sputum  is  not  destroyed  with  certainty  by  e.xposuic  for 
one  hour  to  1(H)    ('.  (Schill  and  Fischer). 

Koch  and  WollThUgel,  as  the  result  of  an  elaborate 
series  of  experiments,  arriveat  the  followinir  conclusions: 

1.  A  temperature  of  llHI  ('.  (012  F..  dry  heat),  niain- 
lained  for  an  hour  and  an  half,  will  destroy  organisms 
which  do  not  contain  s]iores. 

-.  [spores  of  mould  fungi  require  for  their  destruction 
in  hot  air  a  temperature  of  from  110'  to  ll.'j"  C.  (230°  to 
23!)    F.).  maintaineil  for  an  hour  and  a  half. 

3.  Bacillus  spores  rct|uire  for  their  destruction  in  hot 
air  a  tempemlure  of  141)'  C.  (2s4'  F.),  maintained  for 
three  hours. 

(Il)  Moist  Ileal.  Davainc,  in  1873,  showed  that  the 
virulence  of  fresh  anthrax  ))lood  which  does  not  contain 
spores  is  destroyed  by  a  temperature  of  ."lo  C.  (131  F.), 
maintained  for  live  minutes:  or  by  .50  ('.  (122  F. )  for 
ten  minutes;  or  by  48  C.  (118  F.)  for  tifteen  minutes. 
The  writer  has  fixed  tlie  thermal  death  iioint  of  .several 
species  of  bacilli  and  micrococci  at  60°  C.  (140  F.).  the 
time  of  exposure  being  ten  minutes.  Tliis  temperatiiie 
is  als<i  fatal  to  the  micrococcus  of  swine  plague,  while 
tlie  micrococcusof  fowl  cliolem  is  destroyed  liy  exposure 
for  fifteen  minutes  to  a  temperature  of  132  F.  (Salmon). 
The  destruction  of  spores  is  a  very  difTerent  matter,  and 
requires  a  boiling  temperature,  maintained,  in  the  case 
of  some  of  these  reproductive  bodies,  for  several  hours. 
But  a  temperature  of  5^  C.  above  the  boiling  point 
tiuickly  destroys  the  most  refractory  spores,  Tims  the 
writer  has  found,  as  the  result  of  repeated  experiments, 
that  this  temperature — 10.">^  C.  (221'  F.) — maintained  for 
ten  minutes,  is  fatal  ti^  the  spores  of  B.  mi/ili/iK.  and  that 
the  s;inie  temiieratiire  intwo  minutes'  time  destroyed  the 
vitality  of  anthrax  spores.  Koch.  GalTky,  and  Locffler 
nlso  report  that  a  temperature  of  10.5'  C.  and  upward, 
maintained  for  ten  minutes,  is  fatal  to  all  spores,  as 
shown  by  their  failure  to  develop  in  culture  solutions. 
Where  a  temperature  of  110  C.  was  reached,  the  experi- 
ment could  be  stopped,  as  no  spores  were  capable  of 
germinating  after  exposure  to  this  temperature. 

The  tubercle  bacillus  is  destroyed  by  a  temperature  of 
'70   C.  maintained  for  ten  minutes. 

Ilydrochlorie  Acid. — In  experiments  upon  broken-down 


beef  t.a.  the  writer  found  tliiit  aehl  to  be  itTective  in  the 
proportion  of  llftci'n  per  cent.,  and  lo  fall  at  ten  iht  cent, 
(twci  hours' exposure).  One  part  In  two  liuii<lred  »n« 
foiiiiil  to  destroy  the  virulence  of  wptic  blixxl  (ralibil 
septiciemiai.  as  proved  by  iniMiilation  evperimenlN.  An- 
thrax Kiiores  are  destroyed  in  ten  duvs  by  a  Iwo-jier- 
cenl    Koliilion.  but  not  iii  live  da\  s  (  Ki.eli  i 

In  the  experiments  of  Kilasat.'i  Ibis  acid  in  the  pni|Hir- 
tioiiof  0.2  jier  cent,  destroyed  the  typhi. !•!  i...iii..„  |n 
live  hours.      Hoer  found   that   the  lyplioi.l  moi 

destroyed  by  1  to  300  intwo  hours,  thediplii,  ;1uh 

by  1  to  7(Hi,  and  the  cholera  spirillum  by  1  to  l,a.i*(, 

////(//•'(</, /I.  — Hacteiia  may  develop  in  an  atmosphere  of 
hydrogen  (ilamlet). 

Hydrogin  I'lroride. — In  the  writer's  experiments,  a  so- 
lution containing  3.1)8  jht  cent,  of  H,(),  was  found  to 
destroy  the  organisms  in  broken  down  lieef-tea  in  the 
proportion  of  thirty  percent.  The  same  solution  failed 
in  twenty  per  cent.  Tested  upon  a  pure  culture  of  B. 
(niMi-i;r-i'<i  containing  spores,  the  same  solution  was  effec- 
tive at  twenty  per  cent.  (0.8  i)er  cent.  II,0,  =  1  lo  125), 
and  failed  at  ten  percent.  Tested  upon  microciH'ci,  ten 
per  cent,  was  elTeetive,  and  live  jier  cent,  failed.  The 
solution  used  in  these  experinieiitscontiiined  live  |«-r  cent. 
of  sulphuric  acid,  and  the  germicidal  power  of  this  agent 
must  be  considered  in  estimating  their  value  as  deter- 
mining the  effect  of  lIjOj  upon  the  vitality  of  the  test 
organisms. 

Gibier  (1890)  reports  that  solutions  containing  1.5  per 
cent,  of  hydrogen  peroxide  destroy  the  anthrax  bacillus, 
the  bacillus  of  typhoid  fever.  Streptococcus  pyogenes,  and 
various  other  bacteria  in  a  few  minutes.  Pave  found 
that  this  agent  in  a  one  lier-cent.  solution  destroys  spores 
ill  one  hour  and  staphylococci  in  from  ten  to  tifteen 
minutes. 

llil)u>chh>riUs  of  Lime  and  of  Soda. — Commercial  chlo- 
ride of  lime  contains  from  twenty  to  thirty  per  cent,  of 
available  chlorine,  and  Labarraque's  solution  of  good 
quality  from  two  to  three  percent.  According  to  Dug- 
gan,  a  solution  containing  0.25  of  one  per  cent.  ( 1  to  4(W) 
of  chlorine  as  liypoihlorite  is  an  effective  germicide, 
even  when  allowed  to  act  onlv  one  or  two  minutes,  while 
0,00  of  one  per  cent.  (0  to  l("l.O(MI)  will  kill  spores  of  IS. 
anthraeis  and  Ii.  unbtiliK  in  two  hours.  These  results  are 
not  in  accord  with  those  of  Koch,  who  reports  that  a  five- 
lier-cent.  solution  of  chloride  of  lime  (value  in  available 
chlorine  not  given)  failed  in  two  days  to  destroy  the 
vitality  of  anthrax  spores,  but  was  effective  in  five  days. 
The  development  of  the  spores  was,  liowever,  retarded 
by  one  day's  ex]iosure. 

Iiid'il.  —  When  added  to  water  in  excess,  failed  in  eighty 
days  to  destroy  anthrax  spores  (Koch). 

Iodine. — In  the  writer's  experiments,  itxline  in  aijucous 
solution  with  potassium  iodide  was  found  to  be  fatal  to 
the  micrococcus  of  rabbit  septica-mia  in  the  jiroportion 
of  1  to  1,000,  and  to  a  micrococcus  obtained  from  the  pus 
of  an  acute  abscess  in  1  to  ,500.  I)e  la  Croix  reports  that 
1  to  410  destroys  the  bacteria  of  broken  down  lieef-tea. 
Salmon  found  1  to  1,000  lobe  fatal  to  the  micrococcus 
of  fowl  cholera.  "Iodine  water"  was  found  by  Koch  to 
destroy  the  vitality  of  anthrax  spores  in  twenty-four 
hours.  The  sjime  author  reports  that  exposure  for  forty- 
eight  hours  to  a  two-percent.  s<dution  of  iixline  in  alcohol 
failed  to  destroy  anthrax  spores,  but  that  exposure  in 
such  a  solution  for  five  days  was  effective.  In  the  ex- 
periments of  Schill  and  Fischer,  twenty  hours'  contact 
with  a  .solution  of  the  strength  of  1  to  .500  failed  to  ih'Stroy 
the  virulence  of  tuberculous  sputum,  as  tested  by  inocu- 
lation experiments. 

Mine  TricMnride. — The  germicidal  value  of  this  agent 
has  been  established  bv  the  experiments  of  Riedel  (1W7). 
of  Bchring  (1890),  andof  Traugott  (1893),  The  last-men- 
tioned bacteriologist  reports  that  a  one-percent,  solution 
will  destroy  in  one  minute  the  bacillus  of  typhoid  fever 
and  of  diphtheria,  the  cholera  spirillum,  Streptococcus 
pyogenes  and  stai>hylococci. 

"/(x/u/orai.— Dissolved  in  oil,  in  the  proportion  of  five 
per  cent.,  iodoform  failed  in  an  hour  and  a  half  to  destroy 
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tiilHTch'  Imcilli  in  ficsli  sputum.  A  siituriitcd  S()lu1i<in 
in  water  also  failed  after  Iweiityfour  hours'  coiilact;  as 
(lid  also  a  tivc-per-eent.  solution  in  oil  of  turpentine  (an 
hour  and  a  half's  exposure).  No  better  results  were  ob- 
tained in  an  experiment  in  which  the  material  was<'.\- 
posed  for  twenty  hours  to  dry  iodoform  vapor,  but  in  the 
preseriei'  of  moisture  ilried  sputum  was  disinfeeled  in  two 
lioiirs.  MixiuiT  the'  sputum  with  moistened  iodofoiiu  was 
also  ellective  after  twenty  four  hours' contact  (Schill  and 
Fischer). 

Mol.—Thc  writer  has  made  experiments  which  show- 
that  bacteria  arc  not  destroy<'d  by  addin;;  iodol  in  ex- 
cess to  culture  solutions— probably  because  it  is  quite 
insolul)le. 

Liiliiirraqiie's  Solution. — (See  Ilyjmi-hhiritex.) 

Liiclic  Arid. — A  five-percent,  solution  failed  in  five 
days  to  destroy  anthrax  spores  (Koch).  Abbott  reports 
that  a  tweutyper  cent,  solution  of  concentrated  lactic 
acid  (spccilic  gravity  1.21)  was  efTective  for  the  destruc- 
tion of  the  bacteria  in  broken-down  beef-tea  and  the 
spores  of  n.  x'iMilix.  while  tifteen  iier  cent,  faileii.  I'pon 
anthrax  spores  lactic  acid  of  the  same  strenjrth  failed  in 
the  proportion  of  fifty  per  cent.  Micrococci  were  de- 
stroyed by  a  one-percent,  solution,  while  d.")  per  cent, 
failed;  time  of  exposure  in  these  experiments,  two  hours. 
The  bacillus  of  typhoid  fever  is  killed  in  live  hours  by 
0.4  pereeut.,  the  "cholera  spirillum  by  0.3  percent.  (Kita- 
sato). 

Mercuric  Chloride. — Koch's  experiments  (1881)  gave  the 
following  results:  A  solution  of  1  to  1,000  destroys  an- 
thrax spores  in  a  few  minutes,  and  1  to  10.000  is  efTec- 
tive after  a  more  prolonged  exposure.  The  writer  (1884) 
obtained  similar  results— 1  to  Id. 000  destroyed  the  spores 
of  Bacillus  anthracis  and  of  Bacillus  subtilis  in  two  hours. 
More  recent  experiments  indicate  that  failure  to  grow  in 
culture  solutions  cannot  be  accepted  as  evidence  of  the 
destruction  of  vitality  in  the  case  of  spores  exposed  to 
the  action  of  this  agent,  unless  due  precautions  are  taken 
to  exclude  the  restraining  influence  of  the  small  amotuit 
of  mercuric  chloride  wliicli  remains  attached  to  the 
spores.  Koch  had  ascertained  (hat  the  development  of 
spores  is  restrained  by  the  [iresence  of  1  to  300,000  in  a 
culture  medium,  and  Geppert  has  shown  that  even  so 
small  an  amount  as  1  to  2,000,000  will  ]ircvent  the  de 
velopment  of  spores,  the  vitjdity  of  which  has  been  re- 
duced by  the  action  of  a  strong  solution  (1  to  1,000). 
When  this  restraining  action  i.s  entirely  neutralized  by 
washing  the  s-jiores  in  a  solution  containing  anuiionium 
sulphide  it  ivciuires.  according  to  Geppert,  a  .solution  of 
1  to  1,000  acting  for  one  hour  completely  to  destroy  the 
vitality  of  anthrax  spores.  Friinkel  found  that  a  solu- 
tion of  1  to  1,000  was  efTective  in  half  an  hour.  The 
typhoid  bacillus,  the  bacillus  of  mouse  septica'iiiia,  and 
the  cholera  spirillum,  in  bouillon  cvdtures  and  in  cul 
turcs  in  tiesh-peptone-gehitin,  are  destroyed  in  two  hours 
by  1  to  10.000;  but  in  a  bouillon  culture  to  which  ten 
per  cent,  of  dried  egg  albumen  was  added  a  oneper-ccnt. 
solution  was  reipiired  to  destroy  the  typhoid  bacillus  in 
the  same  time  (Bolton).  According  to  Van  Krnu-ngem. 
cultures  of  the  cholera  spiriUum  in  bouillon  are  sterilized 
in  half  an  hour  by  1  to  (in. 000,  but  cultures  in  blood 
seriuu  rei|uire  1  to  SOO  to  1  to  1.000.  In  experiments 
upon  tuberculous  sputum.  Schill  and  Fischer  fotmd  that 
exposure  of  fresh  s])ulum  to  an  eipial  amount  of  a  1  to 
2,000  solution  for  twenty  four  hours  failed  to  disinfect  it, 
a.s  shown  by  inoculation  experiments  in  guinea-pigs. 
The  anti.septie  power  of  mercuric  chloride  is  given  by 
Mi(|uel  as  1  to  14,300.  In  the  writer's  experiments  1  to 
33,000  was  found  to  prevent  the  devehipment  of  putre- 
factive l)acteria  in  bouillon,  but  a  nn'nute  bacillus  c<m- 
taineci  in  l)roken  down  beef  infusion  midliplied,  after 
several  days,  in  1  to  '.iO.OOO  The  pus  cocci  were  re- 
strained in  their  development  by  1  to  30.000. 

In  Bihring's  experiments  tlie  anthrax  l)acillus  and 
cholera  spirillum  were  killed  in  one  hour  by  1  to  100,000 
when  the  temperature  was  3(i  C,  but  at  u  temperature 
of  3"  C.  the  proportion  rc(|uire<l  was  1  to  2.5, 000.  The 
same  author  states  that  at  22'  C.  Staphylococcus  aureus 


in  bouillon  is  not  always  killed  in  twenty -five  minutes 
by  1  to  l.ftOO. 

Abbott  (1801)  has  shown  that  a  1  to  1,000  solution  does 
not  always  destroy  Staphylococcus  ]iyogenes  aureus  in 
five  minutes.  He  s;iys:  "  Freiiuenlly  all  the  organisms 
wcjuld  b<'  destroyed  after  live  minutes'  exposure,  but 
almost  as  often  a  certain  few  would  resist  for  that  length 
of  time,  and  even  longer,  going  in  some  cases  to  ten, 
twenty,  and  even  thirty  nunutes." 

According  to  Yersin,  a  solution  of  1  to  1,000  kills  the 
tubercle  ba<illus  in  one  minute 

The  albuminate  of  mercury,  as  has  been  shown  by 
Lister,  is  soluble  in  an  excess  of  albumin,  and,  according 
to  Behring,  is  just  as  elTeelive  as  an  aijueous  solution 
containing  llie  same  amount  of  sublimate  when  dissolved 
in  an  albuminous  li(|ui(l  like  blood  serum  ('/). 

In  practice  the  addition  of  a  mineral  acid  to  sublimate 
solutions,  or  of  soiliuni.  jiotassium.  or  ammonium  chlo- 
ride, is  to  be  recommended,  to  prevent  the  (irecipitation 
of  the  mercuric  chloride  by  albumin  in  fluids  containing 
it.  Behring  reconunends  the  addition  of  five  parts  of 
sodium  or  potassium  chloride  to  one  of  the  sublimate. 
Such  a  solution  is  more  stable  than  a  simple  solution  of 
sublimate,  anil  no  precipitate  is  formed  by  the  addition 
of  alkalies  or  by  albunun. 

The  same  result  is  obtained,  according  to  La  Place,  by 
tlie  addition  of  five  parts  of  hydrochloric  or  tartaric  acid 
to  one  part  of  sulilimate  in  aqtieous  solution, 

Viquerat  (1880)  has  made  a  comiiarative  study  of  the 
germicidal  value  of  mercuric  chloride  ;ind  mercuric  iodide. 
The  last-mentioned  salt  was  found  to  be  least  efiicient. 
A  .solution  of  1  to  1,000  of  liichloride  killed  the  anthrax 
bacillus  and  the  typhoid  bacillus  in  five  minutes:  the 
same  proportion  of  tlie  biniodide  required  fifteen  minutes 
to  destroy  these  bacilli. 

Mercuric  Ci/iniiile,  HgCCN),.  and  the  oryrj/rtHi<fe  of  mer- 
cury have  been  tested,  with  the  following  results :  Staphy- 
lococcus aureus  is  destroyed  in  five  minutes  by  1  to  100. 
in  one  hour  by  1  to  l.OOO,  in  two  hours  by  1  to  l,.'jOO 
(Chibret).  The  development  of  Bacillus  anthracis  in 
culture  solutions  is  prevented  by  the  presence  of  cyanide 
of  mercury  in  the  pro|)or1ion  of  1  to  2.5,000,  and  by  the 
oxycyanide  by  1  to  16,000  (Behring). 

Boer  obtained  the  following  results  with  the  oxycyanide 
— cultures  in  bouillon,  twenty-four  hours  in  incubating 
oven,  time  of  exposure  two  hours- 


Antbnix  bacillus. . , 
Diphtheria  barilliis 
(tlanders  bacillus  . 
Typhoid  bacillus. . . 
Cliolera  spirilluiu  . 


Restrained 
development. 

1  III  SII.IKUl 
I  to.SII,l««l 
1  to  lill,lkll) 
1  to  lUUXM 
1  to  90,000 


Destroyed 
vitality. 


1  to  411.000 
1  to  40,000 
1  to  3IP.00O 
1  to  30,000 
ltol3U.000 


Xitric  Aril/. — Tl:is  acid,  in  the  proportion  of  1  to  400, 
was  found  by  the  writer  to  neutralize  the  vindence  of 
septic  blood  (rabbit  septica'mia).  In  the  proporti(m  of 
eight  per  cent,  it  destroys  the  organisms  iu  broken-down 
beef-tea.  but  failed  at  live  percent. 

Kitasato  reports  that  in  the  proportion  of  0.2  per  cent, 
the  vitality  of  the  typhoid  bacillus  ami  of  the  cholera 
spirillum  is  destroyed  in  four  or  five  hours. 

KilrDii.s  .{rill.  —  Kxact  experiments  to  determine  the 
germicide  value  of  this  agent  are  wanting.  The  writer 
has  tested  if  upon  vaccine  viriis.  and  found  that  expo.sure 
for  six  hoiii-s.  in  an  atmosphere  containing  one  per  cent., 
destroys  the  vindence  of  this  material  dried  upon  ivory 
points. 

Oil. — Anthrax  spores  germinate  after  having  been  im- 
mersed for  ninety  days  in  pure  olive  oil  (Koeli). 

Oil  iif  Viiihiiiniiii. — According  to  Behring,  oil  of  cin- 
namon is  about  three  limes  as  |iolent  a  germicide  as 
carbolic  acid.  Omallschenko  (1891)  has  made  extended 
experiments  to  determine  the  germicidal  value  of  essen- 
tial oilsand  places  oil  of  cinnamon  at  the  head  of  the  list. 

Oil  of  Mustard. — According  to  De  la  Croix,   1  to  40 
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(UtitroyH  llii'  liiirtcriit  of  liroki'ii  ilciwn  l>ii-r  ten.  Korli 
fniiiicl  Hint  It'll  (Iiivh'  iiiiiiii'rHJciii  in  iiii  ui|iii'<ius  Hnliiiidii 
(if  tliJH  oil  IH  nut  riiliil  loiinllimx  spori's.  Iiiit  llial  in  tin- 
proporliiiii  i>f  1  lo  :i;i,iMMl  ii  ri'stmiiiH  ihrir  ilrM'io|inii'iil 

Ih'l  i>/  l'ri>l>frmiiit. — A  llvi'  |mt  t-cnl,  solulinn  iniilcoliol 
fiiilrd  in  twelve  duyn  to  ileslroy  anlliniv  H|iciris.  Iml  llie 
ilevelopniciil  of  these  spores  is  restniineil  liy  1  lo  BII.IHM) 
(KchIii. 

Oili'J  T'l/r/r/i/i'/ij- destroys  iiiillinix  spores  in  five  days, 
but  fiiiled  lo  do  so  in  one  iliiy  (Koeli).  Turpenlinc  liiis 
no  iielion  ii|K>ii  Die  virus  of  syinptoiniilie  anllintx  (Ar- 
loin*;,  (.'oriu-vin,  iind  Tliomas).  Koeli  lias  shown  that 
the  developnienl  of  aiitlirax  spores  is  retarded  liy  1  to 
"ri.lKKK 

IHiie  Aeiil. — A  solution  of  live  per  cent,  in  other  docs 
not  destroy  anthrax  spores  in  live  days  (Koi-h). 

Oitiiiii-  Acid. — A  solution  of  one  |>ereent.  destroys  an- 
thrax spores  in  one  (lay  (Koch).  No  reiioil  with  refer- 
ence to  wiaker  solutions. 

Ojratif  Afid. — This  acid  in  satumtcd  solution  destroys 
the  virulence  of  the  fresh  virus  of  syiniitoniatic  anthrax, 
hut  has  no  elTecl  upon  ilricd  virii.s  ( Arloiuf;.  Cornevin. 
and  Thomas).  Abbott  reports  that  this  acid  in  live  per- 
cent, solution  failed,  ill  two  hours,  to  destroy  anihrax 
spores.  Bui  the  spores  of  />.  itii/ililis  were  killeci  by  a 
one-percent,  solution,  ami  the  oriianisnis  in  hrokin-down 
Ix'cf  U-a  by  !..">  per  cent.  Micrococ<'i  rc.sisted  exposure 
for  two  hours  lo  1  lo  1.(1(1(1,  but  were  destroyed  bv  1  to 
400. 

Oxyijeii. — Till"  experinieiilsof  I'asleur  upon  the  attenu- 
ation of  virus  show  that  lonj;  exposure  to  the  oxy>ren  of 
the  atmosphere  reduces  the  reproductive  aclivily  of  the 
micrococcus  of  fowl  chnleni  and  of  the  anthrax  liacilhis, 
and  that  after  a  time  the  vilalily  of  these  orsranisnis  is 
destroyed.  The  sjiores  of  llie  anthrax  bacillus  are,  how- 
ever, iinatTected  by  prolonired  exposure.  Paul  Bert  has 
sliown  that  oxycen  under  pressure  is  fatal  to  bacteria. 

(hoiif. — The  experiments  of  C'happiusshow  that  atmos- 
plieric  orjianisms,  collected  upon  a  cotton  tiller,  are  de- 
stroyed by  passing  throuirh  this  cotton  tilt<r.  placed  in  a 
tulle,  a  current  of  ozonized  air. 

Lukascliewils<li  found  in  his  experiments  that  1  gm. 
in  ft  cubic  metre  of  air  failed  to  kill  anthrax  spores  in 
twenty-four  hours.  The  cholera  spirillum  in  a  moist 
state  was  killed  by  Ihisaniount  in  twenty  four  liours,  but 
not  in  lifleen  hours.  Somitajr,  in  carefully  conducted 
experiments,  found  that  ozonized  air  passed  over  silU 
threads  lo  which  various  patlioiienic  bacteria  were  at- 
tached failed  to  destroy  these  liacteria  in  twenty-four 
hours  when  the  luoportion  of  ozone  was  4.1  miini.  per 
litre:  when  the  amount  was  increased  to  Vi.'t'A  m;;m.  per 
litre  the  anthrax  bacillus  and  Staphylococcus  pyogenes 
albiis  failed  to  grow  after  twenty  f<iiir  hours'  exposure. 

Picric  Acid. — The  liacteria  of  brokcn-dowu  beef-tea  are 
destroyed  by  1  to  100  (Do  la  C'roi.x). 

J'oliinnium. — In  the  writer'sexperiments,  caustic  potash 
in  the  proportion  of  two  per  cent,  was  fatal  lo  the  micro- 
coccus of  rabbit  seplicteniia  iu  one  experiment,  and  failed 
in  a  second;  eight  per  cent,  failed  lo  kill  a  micrococcus 
fr<im  pus,  while  ten  per  cent,  was  successful;  ten  ]ier 
cent,  failed  to  destroy  Ihe  bacteria  in  brokendown  beef- 
tea,  and  twenty  per  cent,  was  successful.  Exjiosure  to 
the  action  of  a  ten  per  cent,  solution  for  twenty-four 
hours  failed  to  destroy  the  tubercle  bacillus  in  fresh 
sputum  (Scliill  and  Fischer). 

According  lo  .liiger  0.  IS  per  cent,  of  potassium  hy- 
droxide kills  the  typhoid  bacillus  in  four  or  live  hours. 
The  cholera  spirillum  is  destroyed  by  0.237  per  cent, 
added  to  cultures  (  Kita.sjito). 

Pidinmiinit  Acelnte. — A  .saturated  solution  of  this  salt 
failed  to  destroy  anthrax  spores  in  ten  days  (Koch). 

PolnxKiiim  Ancnite  (Fowler's  solution  of). — In  the 
TViiter's  experiments  this  solution,  in  the  proportion  of 
forty  percent.,  failed  to  destroy  micrococci  from  pus. 

PutaMiiim  liichroiiiiite. — A  five-percent,  solution  failed 
in  two  days  to  destroy  anihrax  spores  (Koch). 

Pnliingium  liromide  is  without  germicidal  power. 

Potassium  Chlorate  has  no  germicidal  power.     In  the 


writer's  e.xperimenlii  ii  four  per  <enl.  Miliition  fuilc-d  lo 
destroy  the  iiiii  roeiMcim  of  mlibit  iicptlciiniljt.  A  Jive 
percent,  solution  fulled  in  hIx  dsyii  to  dtwtroy  Hiitlirax 

spores  (K(K-h), 

PiiliiMiiim  C/iri/iiiiile.—X  flvepi-r  cent,  Holution  wiut 
willKiut  elTect  upon  anthrax  Hpores  inunenM-<|  in  it  for 
two  days  (Koch), 

Putiiimiuiit  Iixlidf.—X  solution  of  five  per  cent,  do<;«  not 
destroy  anihrax  spores  in  eighty  rinys  (KfH-h).  In  tin- 
writer's  experiments,  exposun'  for  two  hours  to  the  Me- 
llon of  a  saliiraled  solulioii  diil  not  prevent  the  subse- 
(|uciit  development  of  I  In;  organisms  In  broken-down 
beef  lea. 

The  cholera  spirilluni  ami  Ihe  lyjihoid  baiillus  are  de- 
stroyed by  five  houi-s'  exposure  in  a  solution  containing 
9.2:t  per  c(nl.  (Kilasalo). 

Pi,t4iK4<iinii  yUriili. — .\  four  per  cent,  solution  was 
found  by  the  writer  to  be  without  elTeet  upon  the  micro- 
coccus of  rabbit  septicirmia  in  fresh  blood. 

PfdiiHuiiii/i  Pi rmiiiir/aiiiilc. — The  writer,  in  experiments 
with  this  agent,  found  that  a  two  percent,  solulioii  was 
rei|uire(l  to  destroy  .lA  {''iKlcuri  m  the  blood  of  a  rubliil. 
but  that  a  micrococcus  from  pus  was  killed  by  I  lo  H;i3 
— lime  of  ex]iosiire  two  hours.  This  dilTerenco  depends 
iigion  the  fact  lljal  the  permanganate  is  ijiiickly  decom- 
posed by  Ilie  large  amount  of  organic  material  in  Ihe 
iilooil  ii.sed  in  the  first  expiriments,  and  not  upon  a  dif- 
ference in  resisting  power  in  the  two  test  organisms. 

Further  experiments  showed  that,  in  Ihe  absence  of 
organic  mailer,  micrococci  are  destroyed  in  two  hours 
by  solutions  conlaining  1  to  1,000.  Equal  parts  of  a 
solution  of  1  lo  S.'iO  and  of  broken-down  beef  infusion, 
proved  lo  be  williout  elfect.  Anihrax  spores  were  not 
destroyed  by  the  sjime  solution  (1  lo  •.J.'iO)  in  four  hours, 
Viut  in  another  experiment,  in  which  the  time  was  ex- 
tended to  four  days,  they  failed  to  geiminale.  The 
spores  of  P.  siihtilis,  however,  were  destroyed  in  two 
hours  by  a  solution  of  110  250.  According  to  Arloing, 
Cornevin,  and  Thomas,  a  five-percent,  solution  destroys 
the  fresh  virus  of  symptomatic  anthrax,  but  has  no  effect 
upon  tluMlried  virus.  One  per  cent,  was  found  by  Koch 
not  to  ileslroy  anthrax  spores  in  two  days,  but  live  per 
cent,  was  clTeclive  in  one  day. 

The  glanders  bacillus  is  destroyed  in  two  minutes  by 
a  one-percent,  solution  (Loffler).  The  experiments  of 
.lilger  show  that  a  one-percent,  solution  cannot  be  re- 
lied upon  for  the  destruction  of  various  pathogenic  bac- 
teria used  as  a  test,  but  a  five  percent,  solution  was 
elTective  for  all  except  the  tubercle  bacillus. 

Quinine. — One  ]ier  cent.,  disnohed  irith  muriatic  acid, 
destroys  the  spores  of  anthrax  in  ten  days'  time  (Koch). 
A  ten-percent,  solution  of  sulphate  of  quinine  has  no 
action  upon  the  bacterium  of  symptomatic  anthrax  (Ar- 
loing, Cornevin.  and  Thomas).  The  writer  has  found 
that  in  the  proportion  of  1  to  800  to  1  to  1,000  quinine 
prevents  the  development  of  bacilli  and  micrococci,  but 
its  exact  germiciiial  power  for  organisms  of  this  kind,  in 
the  absence  of  spores,  has  not  been  determined. 

Sfilic;/lic  Acid. — In  the  writer'sexperiments  this  reagent 
was  dissolved  liy  means  of  sodium  biborale.  which  by 
itself  has  no  germicidal  power.  A  two-per  cent,  .solution 
was  found  to  destroy  a  micrococcus  from  pus  and  B. 
termo  \n  active  growth;  four  per  cent  failed  to  destroy 
the  bacteria  in  broken-down  beef  infusion.  The  virus  of 
.symptomatic  anthrax  is  destroyed  by  forty-eight  hours' 
exposure  to  a  solution  of  salicylic  acid  of  1  t"  1,000,  and 
by  a  sjitunated  .solution  in  alcohol  (Arloing,  Cornevin, 
and  Thomas).  Salicylic  acid  dissolved  in  oil  and  in  al- 
cohol, in  five-percent,  solution,  does  not  destroy  anthrax 
spores  (Koch):  1  to  200  destroys  the  bacteria  of  sour 
milk  (Molke);  1  lo  343  destroys  "the  bacteria  in  broken- 
down  beef  infusion  (Dc  la  Croix). 

A  solution  of  2..1  per  cent,  kills  the  tubercle  bacillus  in 
six  liours  (Yensin),  In  the  proportion  of  1  to  :!(W)  it  de- 
stroys the  cholera  spirillum  in  half  an  hour  (Van  Ermcn- 
gem"). 

S/.iitol  in  excess  in  water  has  no  germicidal  action  as 
tested  upon  anthrax  spores  (Koch). 
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Sodti. — Caustic  soda  ili'Stniys  the  freali  virus  of  syiii]i- 
tomatic  anthrax  in  tlie  proportion  of  1  to  "i.  but  lias  no 
olTcil  ujion  (Iricil  virus  (Arloini;,  Corncvin,  ami  Thomas). 
A  tcnptTri'Ul.  sohition  (h'stroys  l\\r  tutirn-lc  liacillus  in 
(trii'd sputum  afltrlwcnlv  four  liours'  contact (Schill  and 
Fisclicr). 

ThiMXpirinunts  of  .lilirirsliow  lliat  sodium  hydroxide 
has  about  tlic  same  {.'crmiciilal  value  as  caustic  potash. 
Boer  obtained  the  followinir  results,  the  time  of  ex|)osure 
beinir  two  ho\irs:  anthrax  bacillus  1  to  -l."!!!;  diphtheria 
bacillus  1  to  'MM.  j;landers  bacillus  1  to  150,  typhoid 
bacillus  1  to  1!)0,  cholera  spirillum  1  to  150. 

SuiUum  Diljonile. — In  the  writer's  cx]>eriments  a  satu- 
rated solution  was  fomid  to  have  no  j^ermicidal  power. 
A  twenty-percent,  solution  does  not  destroy  the  virus 
of  sympiomalic  anthrax,  as  ]iroved  by  inoculation  ex- 
periments (Arloinir,  t'ornevin.  and  Thomas);  1  to  12 
failed  to  kill  the  bacteria  in  broken-down  beef  infu- 
sion (I)e  la  Croix).  A  tive-i)er-cent.  sobition  failed  in 
lifteeu  days  to  destroy  the  vitality  of  anthrax  sporifs 
(Koch). 

Sodium  CMoi-ide.— In  the  writer's  experiments  a  fivc- 
per-cent.  solution  faih'dto  destroy  the  virulence  of  septi- 
csvmic  blood.  A  s;ilurated  solution  failed  in  forty-eight 
Lours  to  destroy  thi>  virus  of  symptomatic  anthrax  (Ar- 
loinir. ("ornevin.  and  TliomasY  A  sat\inited  solution 
failed,  in  forty  days,  to  destroy  the  vitality  of  anthrax 
spores  (Koch)".  A"  sjiturated  solution  faileil,  in  twenty 
hours,  to  destroy  the  tubercle  bacillus  iu  fresh  sputum 
(Schill  and  Fischer). 

Sodiniii  lli/jMiitiilp/iite. — The  writer's  experiments  show 
this  salt  to  ije  withotit  cermicidal  power.  In  saturated 
solution  it  failed,  in  two  hours'  time,  to  destroy  any  of 
the  test  orfranisms.  Exposure  for  forty -eight  hours  to 
a  fiftv  percent,  solution  does  not  destroy  the  virus  of 
symptomatic  anthrax  (Arloing,  Cornevin,  and  Thomas). 

Smliiiiii  Siilp/iife. — The  results  obtained  by  the  writer 
correspond  with  those  reported  in  the  case  of  sodium  hy- 
posulphite, bein.g  entiiely  negative. 

Sta>uiou»  C/ihn'tlf. —Abhoh  reports  that  this  agent  is 
active  in  the  lu'oportion  of  one  per  cent,  and  failed  in  0.8 
percent.,  the  test  being  the  organisms  in  broken-down 
beef  infusion,  and  linie  of  exposure  two  hours. 

S'llp/i'iric  Add. — In  the  writer's  expeiimcnts  this  acid 
■was  found  to  be  fatal  to  micrococci  in  the  proportion  of 
1  to  200;  but  a  four  percent,  solution  failed  to  destroy 
the  bacteria  in  broken-down  beef  infusion,  doubtless  on 
account  of  the  iireseuce  of  reproductive  spores.  An 
eight-percent,  solution  was.  however,  found  to  be  effec- 
tive (strength  of  acid,  1.4.'^0  gm.  IIjSO,  in  each  cubic 
centimetre).  Salmon  has  found  that  a  solution  of  1  to 
200  is  fatal  to  the  micrococcus  of  fowl  cholera.  A  solu- 
tion of  one  iier  cent,  failed  to  destroy  anthrax  spores  in 
forty  days  ( Koch). 

The  experiinc'Utsof  Boershow  a  considerable  difference 
in  the  resisting  power  of  various  ])athogenic  bacteria. 
The  time  of  I'Xjiosure  being  two  liouis,  the  anthrax  bacil- 
lus was  destroyed  by  1  to  l.^iOO,  the  diphtliei'ia  liaiilhis  1 
to  500.  the  glaiiders  bacillus  !  to2ll(l,  the  typhoid  bacillus 
1  to  50b.  tlie  cholera  s|>irillum  1  to  l.HOO.  " 

,St/lj>/iiir  Dio.riilf.  —  NVernich.  in  1877,  found  that  the 
bacteria  of  putrefaction  are  not  destroyed  by  the  jiresence 
of  3.3  volumes  of  sulphur  dioxide  in  one  hundred  of  air, 
jN'hen  exposed  upon  strips  of  cotton  or  woollen  goods 
saturated  with  iiutrid  li(|uids.  liut  four  to  seven  jier 
cent,  was  elTeetive  in  six  ho))rs'  tinu'.  Scliotte  and 
Gilrtner,  in  ISSi),  found  that  siripsof  thick  wooll<-n  goods 
soaked  in  culture  lii|uids<-ontaiiuti.g  the  bacteriaof  putre- 
faction were  not  disinfected  by  I'xposure  in  a  chamber  in 
which  sidphur  was  luinied  in  the  proportion  of  !I2  gin.  per 
cubic  metre  (about  six  volumes  percent,  of  SOj).  Koch 
exposed  various  species  of  bacilli  cont;iinin.g  sjiores  in  a 
disinfection  chamber  for  ninety-six  hours,  the  amotint  of 
SOj  at  the  outset  of  the  experiment  being  (1.13  volumes 
per  cent.,  and  at  the  end  of  ninety-six  houis  3.3  per 
cent.  The  results  were  entirely  negative.  'I'he  w  )iler 
has  also  made  luimerous  experiments  which  .show  that 
this  agent  is  without  power  for  the  destruction  of  spores. 


Kven  when  licpiid  SOj  is  pouri-d  uiion  the  spores  of  an- 
thrax or  of  II  siilitHin.  they  germinate  freely  when  trans- 
feried  to  a  suitable  culture  nieditim.  But  this  agent, 
especially  in  theiuesenceof  moisture,  destroys  micrococci 
and  bacilli  which  do  not  contain  sporis.  Thus,  Koch 
found  that  theanlhi-ax  bacillus  obtained  from  the  spleen 
of  a  mouse  reecDlly  ihad.  and  exposed,  while  still  moist, 
upon  a  silk  thread,  in  an  atmosphere  containing  one  vol- 
umi'  per  cent,  of  SOj,  was  destroyed  in  thirty  minutes. 
In  one  of  Koch's  experiments  the  amount  of  SOj  in  the 
disinfection  chamber  was  at  the  outset  0.84  per  cent., 
and  at  the  end  of  twenty-four  hours  0..55  per  cent.  An 
exposure  of  one  hour,  in  this  experiment,  destroyed  an- 
thrax bacilli  (still  moist)  upon  silk  thread.  Four  hours' 
ex])os)ire  failed  to  destroy  the  vitality  of  MirrorticruK pro- 
(lii/i,i.t)i.s  gi-owing  ujion  potato,  but  twenty-four  hours' 
exjiosure  was  successful.  The  Siuue  result  was  obtained 
with  the  bacteria  of  blue  pus.  In  exjierimeuts  with  an 
aciucous  solution  of  SO.^,  Koch  found  that  live  days' 
immersion  in  a  solution  containing  5.718  per  cent,  by 
weight  was  required  to  destroy  the  vitality  of  anthrax 
spores.  A  solution  containing  11.436  per  cent,  by  weight 
failed  to  kill  anthrax  spores  in  twenty-fmu-  hours,  but 
was  successful  in  forty-eight  hours.  According  to  Ar- 
loing, ("ornevin.  and  "f  homas.  sidjihur  dioxide  does  not 
destroy  the  bacteria  of  symptomatic  anthrax  which  con- 
tain spores.  The  writer's  experiments  show  that  micro- 
cocci are  destroyed,  even  in  the  absence  of  moisture, 
when  they  are  exposed  for  eighteen  hours  in  a  bell  jar 
containing  twenty  voliunes  per  cent,  of  SOj.  When  the 
|)ro])orlion  was  reduced  to  four  volumes  per  cent,  the 
result  was  not  luiiform.  the  test  organisms — micrococci 
— were  destroyed  in  some  cases,  and  in  others  were  not. 
In  experiments  with  an  aqueous  .sobition  of  SO2  the  fol- 
lowing results  were  obtained:  The  presence  of  1  to 
2.000,  by  weight,  destroyed  a  micrococcus  obtained  from 
the  lilood  of  a  patient  with  vaccinal  ervsi))elas,  and  1  to 
4,000  failed;  the  same  residt  was  obtained  with  micro- 
cocci obtained  from  a  vaccine  vesicle,  and  with  another 
species  obtained  from  the  blood  of  a  patient  having  puer- 
peral septicaemia. 

Thoinot  (IsiKl)  as  a  result  of  numerous  experiments 
arrives  at  the  eoiielusion  that  the  bacillus  of  tuberculosis, 
of  glanders,  of  diphtheria,  of  typhoid  fever,  and  the  spiril- 
lum of  cholera  are  all  destroyed  by  exposure  for  twenty- 
four  hours  in  an  atmosphere  containing  SO1,  developed  by 
the  combustion  of  sixty  grains  of  sulphur  per  cubic  metre 
of  air  space. 

Sii!ji/iiinted  Ihjdrogev . — Bacteria  develop  readily  in 
the  ]u-esence  of  sulphureted  hydrogen  (Hamlet). 

Siilpho-rarhiihilex.  ■ — In  experiments  upon  anthrax 
spores,  Koch  found  that  a  live-percent,  sohition  of 
sulpho-carbolafe  of  zinc  was  effective  in  five  days,  while 
suljiho  carbolate  of  soda  failed  in  five  percent,  solution 
to  destroy  these  spores  after  ten  days'  contact. 

Tniniie,  Arid. — The  writer  found,  in  his  experiments, 
that  a  soluticm  of  one  per  cent,  in  half  an  hour  is  fatal  to 
,)/.  Piistiiiri  in  the  blood  of  a  rabbit.  A  tweutvper-cent. 
solution  has  no  elTect  vipou  the  virus  of  syin|itomatie  an- 
thrax (Arloing,  ('ornevin.  and  Thomas).  A  live-jier- 
cent.  solution  failed  in  ten  days  to  destroy  anthrax  sjiores 
(Koch).  A  twenty-percent,  solution  failed  iu  two  hours 
to  destroy  the  spores  of  B.  nnthracix  or  of  />'.  mihtiUK.  but 
was  ellective  upon  the  organisms  in  broken  down  beef- 
tea.  Micrococci  aredestroved  bv  1  to  400,  while  1  to  800 
failed  (Abbott). 

Tiirtiti-ii'  Arid. — A  twenty-percent.  sohJtion  was  found 
by  Abbott  to  be  effective,  in  two  hotirs.  for  the  destruc- 
tion of  organisms  in  broken-down  beef  infusion,  but  the 
same  proportion  failed  with  anthrax  spores  and  with 
those  of  li.  s>ilitili».  ^Micrococci  did  not  multiply  in 
culture  solutions,  after  exposure  to  0.25  per  cent.,  but 
one  half  this  amount  (1  to  800)  failed. 

ThjiiKdl. — An  alcoholic  solution  of  1  to  400  was  found 
by  the  writer  to  destroy  i[.  I'nati'in-i  in  fresh  blooil.  One 
]iart  in  twenty  is  fatal  to  the  bacteria  in  broken  down 
beef  infusion  (De  la  Croix).  A  five  percent,  solution  in 
alcohol  does  not  destroy  anthrax  spores  iu  fifteen  days, 
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<«fTllili'l«lfa. 
(;rriii    1,11)  I- r« 


)iu(   I  III'  ilcvclopiiii-iil  of  tli<-M-  fi|iiir('H  in  ri-turili'd   hv  ii 

Hullltinll  of  1   toHO.IMNXKlH'll). 

'I'lii-    tulirnli'   luii'illiiH   is   ili'Striiyiil    hv   rmilai't   willi 

lliyinnl  fur  tlirri'  liiiiirs( Yrrsiiil.     'fliyiiicil  IiiisiiIhuiI  fmir 

liiiii'i  li'SM  fiiTliiii'iiliil  iiiiwir  lliiiii  ciirluilir  iirlil  (lirliriiiK). 

Villi riiiiii)-  Aeiil. — A  llvr  |irr(riil,  ii   snliiliiiii    ill  I'lluT 

fiillril  ill  live  (liivs  111  (Icstriiy  iiiitlini\  spurrs  (  Ki«c-li). 

y.iiir  Clitiiride. — III  llir  wriUTHixprriiiinim.  \[.  I'lmteuri 
fiiilril  to  (lrvilo|i  iiflir  <X|iosiir<'  for  two  lioiirs  lo  1  to 
'JIHI.  \\  hill' a  iiiiiToroi  (IIS  olitaiiinl  from  ffoiiorrho'iil  piis 
rr(|iiiri'il  for  its  ili'slnu  lion  a  solution  of  two  iirr  ci'iil. 
Tlu'  s|iorcs  of  II.  iiiil/iiiii-iK  arc  not  drstroycil  liy  two 
hours' cxposiiri' in  a  Ini  percent,  soliilion.  A  live  per 
<i'nl.  solution  wius,  liowevir,  found  to  he  elTeelive  in  the 
same  time  in  the  ease  of  II.  «>///^V(>  spores,  and  u|ion  Die 
oriranisiiis  in  putrid  beef  peptone  solulion.  Koeli's  ex- 
periments are  in  areord  with  the  above,  in  showiiif;  the 
superior  resistiii);  powir  of  anihnix  spores.  He  found 
that  after  biini;  inimeised  in  a  live  per  leiil.  solution  for 
thirty  days,  tiiesi'  spores  slill  perniiiiated  freely.  The 
devi'li'pnieiit  of  ,1/.  iinxligi'iHim  was  found  by  the  same 
author  to  be  only  sli^rlitly  retarded  by  exposure  for  more 
I  ban  six  teen  hours  to  the  action  of  a  onc|H'r  cent,  solulion. 

/('«<•  Sulji/iiitf. — In  the  writer's  tirst  cxpcriniciits  with 
Ibis  aircnl,  a  solution  of  twenty  per  cent,  failed  in  two 
hours  to  destroy  micrococci  obtained  from  the  jms  of  an 
acute  ab.sce.ss,  In  later  cxperiiueiits  u  micrococcus  from 
the  same  source  resisted  exposure  for  the  sjiiiie  time  to  a 
ten-percent,  solution,  while  .1/.  Ulnif/i  mis  was  destroyed 
by  a  1  to  ID.solulion.  Hrokeii  down  beef  infusion,  mixed 
with  an  c(|ual  (|iiantily  of  a  forty-percent,  solution,  wa.s 
not  sterilized  after  two  hours'  contad.  In  Koch's  ix- 
perimenls  antlinix  spores  were  found  to  germinate  after 
liavinc  been  immersed  for  ten  days  in  a  live-percent, 
solution.  George  M.  Sti'Dibcrff. 

GERM  LAYERS.— It  lias  Ions  been  known  lliat  the 
bodies  <•(  eiuliryos  consist  of  distinct  layers,  which  in 
many  cases  arc  separable  from  one  iinolher,  so  us  to  be 
recognized  in  gross  as  discrete  membranes.  It  is  now 
known  that  all  such  layers  may  be  reduced  to  three 
primitive  ones,  named  the  ectfiilerm.  mesoderm,  and  en- 
toderm (by  certain  writers,  epiblast,  mesoblast.  and  hy- 
poblast). The  ecloderni  is  a  layer  of  epithelium  ;  so  also 
is  the  entoderm  ;  the  mesoderm  is  more  complex.  In  the 
lower  animals,  llie'ine.soderm  is  less  developed  than  in 
the  higher  forms;  in  the  hydroids  the  body  is  constituted 
mainly  by  the  two  epithelial  layers,  the  ectoderm  cover- 
ing the  outside  of  the  body,  and  the  entoderm  lining  the 
digestive  cavity  ;  there  is  very  little  space  between  them, 
the  space  being  occupied  by  the  slightly  developed 
mesoderm.  As  we  ascend  the  scale  the  mesoderm  in- 
creases gradually,  conslantly  aci|uiring  a  greater  pre- 
domiiiunce.  until  in  mammals  nearly  the  whole  bulk  con- 
sists of  mesoderm.  But,  in  spile  of  thischange,  the  three 
layers  are  preserved  throughout,  and  their  essential  rela- 
tions are  not  altered,  so  that  we  are  able  to  assert  the 
unity  of  organization  throughout  the  whole  series  of 
multicellular  animals,  without  which  it  would  be  impo.s- 
sible  to  accept  the  doctrine  of  evolution.  Tlieileinonstra- 
tion.  therefore,  of  the  homologies  of  the  germ  layers,  is 
the  most  imporlanl  morphological  generalization  since 
the  establislinieiit  of  the  cell  doctrine.  As  these  homol- 
ogies have  already  been  discussed  under  Gaxtrula,  and 
also  the  metamorphoses  of  the  layers  under  Fntus.  it 
only  remains  for  us  to  review,  with  precision  anil  brevity, 
the  role  of  the  layers  in  the  construction  iif  the  human 
body. 

The  ectoderm  covers  the  external  surface  of  the  body, 
and  persists  in  adult  life  as  the  slnititied  epithelium 
(epidermisi  i>f  the  skin;  it  forms,  of  course,  all  the  so- 
called  epidermal  structures — hairs,  nails,  sebaceous  and 
sweat  glands,  lens,  cornea,  etc.  It  also  lines  part  of  the 
buccal  cavity;  and  the  buccal  portion  gives  rise  to  the 
hypophysis  cerebri,  to  the  enamel  organs  of  teeth,  and 
probably  to  all  the  salivary  elands.  It  forms  a  small  in 
vaginalion  to  meet  the  reel u in,  so  that  it  also  lines  the 
anus.  It  ,cives  rise  to  the  entire  nervous  system  by  pro- 
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ilucing  the  niedulliirv  canal,   which  nuiken  the  cfulral 

iiervoiiH  system,  and  from  which  grow  out  all  the  nerve*, 
and  probably  all  the  peripheral  ganglia.  iiikI  from  which 
also  grows  out  the  evaginatioii  which  maken  the  optic 
nerve,  the  retina,  the  choroid,  and  the  epithelial  porlloiiH 
of  llie  iris,  ll  forms  the  epilheliuiii  of  Ihe  olfactorv  and 
nasal  cavities,  and  Ihu  epithelium  of  the  audiUjrv'labv- 
riiith.  '        ' 

The  enlodcrm  [also  spelled  "endodirm  ")  foriim  the 
epithelium  which  lilies  the  digestive  tract,  ineliiding  the 
surface  of  the  tongue;  also  Ihe  epithelium  of  the  tmcheii 
anil  lungs,  and  of  all  the  glands  appended  to  Ihe  respira- 
tory passages,  and  to  Ihe  digestive  tract.  Including  the 
thyroid,  piincreas,  ami  liver.  The  liver  ccUh,  ll  sliould  be 
remembered,  constitute  a  true  I  hough  niiieli  mollified  epi 
thelium.    Thenotochord  is  developed  from  the  entoderm. 

The  mesoderm  may  be  conveniently  dividi-d  into  three 
portions — the  niesenchynia.  the  mesamiiboids,  and  Ihe 
niesol  helium  (<;/".  CinVnii).  1.  The  iium  nr/ii/inii  iiroiluces 
all  the  connective  tissues  of  the  body,  and  inclmlis  there- 
fore the  cutis,  the  uon-epillielia!  walls  of  the  alinienl«ry 
tract,  etc.;  tendons,  cartilage,  and  bone,  the  marrow  of 
bones,  lymph  glands,  and  spleen;  it  produces  also  the 
hlood-ves.sels  and  blood,  Ihe  entire  Ivmphalie  system 
jiropcr.  and  Ihe  heart.  Pigment  cells,  fat  cells,  and 
sinoolh  muscles  are  derived  from  the  niesenchynia  also. 
'i.  The  mcjiiiiiiiiliiiids  include  the  leucocytesand  wandering 
cells,  and  perhaps  the  cmbryonii'  red  blood  cells,  and  the 
marrow  cells.  3.  1']\i;  iiiiMil/iilhini  is  the  epithelium  of 
Ihe  cieloni;  it  produces  the  iicritoneal  and  jileural  epi- 
thelia,  the  striated  muscles  (myotomes),  except  those  of 
the  heart,  and  all  the  non  niesi'iiihymal  tissues  of  the  en- 
lire  urogenital  aiipaiiilus,  cxcejil.  of  course,  the  external 
genitalia.     (Spec  traces  Ihe  Wolllian  duct  lolheectodenu.) 

Now,  in  cla.ssifying  organs,  it  is  best  to  rank  tlieni  as 
belonging  to  that  layer  from  which  their  fiinciionally 
essential  and  characteristic  part  is  derived.  Thus,  al- 
though the  pancreas,  ovary,  and  spinal  cord  all  contain 
connective  tissue,  we  do  not  call  lliem  mesodermal,  but 
respectively  entodermal,  inesothelial,  and  cctodemial. 
The  gland  cells  of  the  jKincreascome  from  the  enlodenn; 
the  ova  and  the  Graaliau  follicles  come  from  the  meso- 
Ihelium;  the  ganglion  cells  and  nerve  fibres  (axis  cylin- 
di'rs)  from  the  ectoderm.  Adopting  this  jirinciple.  we 
may  classify  the  organs  of  the  human  body  as  follows: 

Mksodermal. 
1.  Mesenehynia: 
Connective  tissue: 

Cutis,  elc. 

Tendons, 

CartllttKe, 

Bone, 

Marrfiw. 
Lviiiiili  Kliinils. 
SpliH-n. 
BkMHt-ve.s.sels : 

lilood  I  in  pun  I . 
I..viiiplia(ie  systi-iii. 
Fat  cells. 
SiiifioUi  muscle. 
-.  MesamoL'lioids : 
J.eudM'ytes, 
Eniliryonic  red  blood 

cells. 
(Marrow  cells?). 
;i.  Mev.ili.-llum: 
rerlioneuiii. 
Pleiine. 
Vro^nltals : 

Woinian  body. 

Kidney, 

Testis, 

Ovary. 

Oviduet : 
I*  terns, 
VaRlna. 
Striated  muscles. 

The  human  body  may  be  defined  as  two  tubes  of  epi- 
thelium, one  inside  Ihe  other;  the  outer  tube,  epidermal 
or  ectodermal,  is  very  irregular  in  its  form;  Ihe  inner 
tube,  entodermal,  is  much  smaller  in  diameter,  but  much 
longer  than  the  outer,  and  has  a  number  of  branches 
(lung,  pancreas,  etc. ),  and  is  placed  within  the  ectodermal 
tube^     Between  these  two  tubes  is  the  very  bulky  mcso- 
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ECTODERMAL. 

Skin  (epidermisi. 
Eiildermiit  stnietures : 
Hair. 
Nails, 
lilands: 
Sebaceous, 
Sudiirlllc, 
(Salivary  ?), 
iThyimis?). 
Corneal  epithelium. 
Lens  of  eye. 
Central    ner^'ous 
tem : 
Nen'es, 
GanKlla. 
Kye.  optic  vesicle 
opiic  ner\'e, 
Uelina,  etc. 
olfactor)'  orjran. 
Aiidliory  oi-pan. 
I.iiiini?  ot  iitnutb  : 

t'eelh, 

Hypciphysls. 

.\IU1S. 

ib"rlim: 

Placenta. 
Amnion  : 
(Wolllian  duct  7). 


Entodermal. 
Epithelium    (of  diges- 
tive tract) : 

Thyroid, 

Trachea  and  lung9, 

tKsopba^iu, 

Stomacli, 

l.iv.T. 

Pancreas, 

Inti'sllne, 

Vnlk  sac, 

('tecum, 

Vermix, 

Colon, 

Ilw'tiim, 

AllantoLs: 
(Bladder). 
Nolochord. 
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derm,  wliicli  is  ilividcd  liy  liiijic  ciivitics  (iilHloiniiiid  iiikI 
thi)riu'i(')  into  two  main  layers,  one  of  which  is  (loscly 
iissocialcd  with  the  cpidiiiiiis  and  fninis  thr  Imdy  wall, 
till' sonialoplriirc  of  ciidnyolniiisls ;  the  other  joins  willi 
the  entoderm  to  coMiplcte  the  walls  of  the  siilanehnie 
viscera,  and  couslil\ite  the  splanchnoplenrc  of  inihiy 
oh>gisls.  The  inesodiMin  is  permeated  liy  two  sets  of 
cavities:  (1)  the  licjirt  and  blood-vessels;  ('."jthc  lyniidiatic 
sj'stem.  It  is  also  dilTen  ntiated  into  nunierons  tissues, 
muscle,  tendon,  bone,  etc.,  and  oriians,  iirof^enital  system. 
The  nervous  system.  allhoni;li  developed  from  the  eeto 
derm,  is  found  separated  from  its  site  of  orijriii.  and  eom- 
plelely  encased  in  mesoderm. 

As  we  ascend  the  animal  scale,  wc  discover  in  all  parts 
an  increasing  complexity ;  especially  in  the  ncrvou.s 
system  is  this  marked,  but  it  is  even  more  strikingly 
shown  liy  the  evoluti<m  of  the  mesoderm  in  relative  size 
and  differentiation.  This  important  correspondence  be- 
tween the  organization  of  the  mesoderm  and  the  degree 
of  evolution  of  animals  has  not,  to  my  knowledge,  hitli- 
erto  attracted  express  attention. 

Charles  Sedgwick  Minot. 

GESTATION.— The  word  is  derived  from  the  Latin 
verb  .'/i.>^'/(  to  curry,  and  therefore  <leseribes  the  function 
performed  l>v  the  pregnant  woman  from  the  time  of  the 
fecundation  of  tlie  ovum  to  that  of  delivery.  Gestation 
and  jiregnancy  are  synonymous,  but  most  authors  do  not 
apply  either  ierm  to  those  pathologic  conditions  charac- 
terized by  prolonged  releutiou  of  a  dead  ftetus  or  secun- 
dines. 

Tlie  German  synonym  Sehwangersc7iaft  expresses  this 
same  idea  of  carrying  something;  the  French  grossesse 
refers  to  the  increase  in  the  size  of  the  abdomen  during 
pregnancy ;  the  Italian  griiriilanzn,  like  the  English  terms 
grmid  and  ffniriditi/,  imply  an  increase  in  the  weight  of 
the  uterus  (,'/'V(Crt.  to  weigh  down). 

\\'lien  more  than  one  f(etus  is  present  tlie  gestation  is 
designated  as  multiple,  in  distinction  from  a  single  or 
simple  pregnancy.  Normally  the  ovum  should  develop 
witliin  the  uterine  cavity,  and  all  other  formsof  gestation 
are  known  us  eclopie,  viz..  out  of  place.  In  this  article 
the  subject  of  ectopic  gestation  will  not  be  considered. 

MoDtFic.vTioNs  CwsKi)  nv  Gest.\tion. — The  presence 
of  the  fecundated  <ivum  at  once  stimtdates  the  maternal 
organism,  and  a  sc'ries  of  changes  take  place  in  order  to 


Fig.  2289.— j1,  Mnsclc-elPinents  from  N'on-pn'Kiiunt  lUerus;  B,  cells 
fnirii  tiKnis  sliortly  after  (lellvory.    (Sappoy.) 

meet  the  following  rei|uirements:  \.  A  jilace  must  lie 
provided  in  which  the  I'o'tus  can  develop  and  lie  protected. 
2.  There  luust  be  a  jihysiologic  hyperlroidiy  of  all  organs 


concerned  in  the  processes  of  nutrition  and  excretion. 
'A.  There  must  be  jirejiaralions  for  labor  and  subseipient 
nourishment  of  the  child.  I'nder  these  lieadswill  fall  all 
the  local  and  general  changes  iniliieed  by  gestation,  but 
as  tli<' genital  system  is  the  centre  of  physiologic  disturb- 
ance it  is  there  we  expect  to  find  tlie  most  striking 
moditi  cations. 

L'teruH — .W'ldifinitioiis  nfitii  linly. — Increase  in  the  size 
of  the  womb  in  order  to  keep  pace  with  the  growing  de- 
mandsof  the  fo'tus constitutes  oneof  the  most  prominent 
features  of  gi'stalion.  The  volume  of  Ww  uterus  aiig- 
inerils  gra<lnally,  but  not  regularly,  the  growth  during 
the  later  months  being  more  rapid  than  at  first.  Of 
course  tlu;  size  of  the  uterus  at  term  varies  somewhat, 
depending  ujion  tlie  size  of  the  f(etus,  the  number  of 
children  in  utero.  and  tlie  amount  of  liquor  amnii ;  but  the 
following  figures  give  a  general  idea  of  the  extent  of 
uterine  enlargement: 

Before  imiiregnation  the  uterus  weighsabout  an  ounce, 
its  capacity  is  about  one  cubic  inch,  and  the  length  of  the 
cavity  is  two  and  one  half  inches.  At  term  the  uterus 
weighs  two  pounds,  has  a  cjipacity  of  four  hundred  cubic 
inches,  and  its  cavity  measures  fifteen  by  ten  by  nine 
inclies. 

The  increase  in  size  is  duecliielly  to  hypertrophy  of  all 
the  constituents  of  the  organ,  and  occurs,  although  in  a 
less  degree,  even  when  the  ovum  develops  outside  of  the 
uterine  cavity.  During  the  latter  jiart  of  pregnancy  dis- 
tention undoubtedly  plays  a  role  in  producing  the  uterine 
tumor. 

Changes  in  the  Furm.  Positinn,  and  Dinction  of  the 
Uterine  Bndy. — At  first  the  uterus  preserves  its  pyriform 
shape,  but  the  gradual  increa.se  in  its  anteroposterior 
diameter  gives  it  a  spherical  outline  during  the  third  and 
fourth  iTionths.  From  the  fifth  month  onward  the  ex- 
pansion of  the  fundus  and  lower  uterine  s<'gnieiit  alters 
the  sphere  into  an  ovoid  with  the  larger  end  up.  Ilerr- 
gott  ("Essais  sur  les  dilferentes  varietes  de  forme  de  ma- 
trice  pendant  la  gestation  et  raccouchemen  t. ''  !>trasbourg, 
1S;!!»)  found  that  the  fundus  of  the  uterus  rarely  took  on 
a  .symmetrical  develo]iment,  but  that  the  right  half  usu- 
ally contained  the  breech  and  was  more  elevated  than 
the  left.  The  anterior  portion  of  the  lower  segment  is 
more  developed  than  the  posterior  so  that  the  axis  of  the 
uterine  body  passes  in  front  of  the  cervix. 

The  enlargement  of  the  uterus  necessitates  a  change 
of  position,  especially  as  the  organ  soon  becomes  too 
large  for  the  pelvic  cavity.  Many  books  describe  a 
descent  during  the  early  weeks  of  gestation,  but  Tarnier 
and  Pinard  never  have  noted  this  downward  movement 
exce]it  as  a  jiart  of  that  pathologic  condition  l^nown  as 
prolapse.  During  the  first  inonthsof  gestation  the  gravid 
state  of  the  uterus  tends  to  exaggerate  the  normal  aii- 
Ictlexiun,  and  alter  the  fourth  month,  when  the  fiiiidus 
emerges  from  the  pelvis,  the  degree  of  antetlexiou  is 
regulated  by  the  ])osilion  of  the  woman  and  tlie  tonicity 
of  the  abdominal  walls. 

It  usually  is  stated  that  by  the  liftli  month  the  funiliis 
has  reached  half-way  to  the  umbilicus;  by  the  sixth  that 
it  ison  the  level  of  the  mnbili<-us,  and  thai  by  theeighth. 
or  eight  and  a  half,  the  fundus  lies  under  the  ensiform 
cartilage.  Pinard.  however,  says  that  the  fundus  usually 
is  much  higher  than  is  described  by  most  authors,  and 
that  he  never  fmind  a  uterus  whose  fundus  was  not 
above  the  umbilicus  at  the  liftli  month  of  gestation.  On 
the  other  hand,  Hibemont-Dessaignes  mentions  a  case  in 
which,  at  the  sixth  month,  he  found  the  fundus  below 
the  level  of  the  umbilicus,  the  child  weighing  over  s<'V<'n 
pounds  at  birth.  A  jiossible  explanation  of  these  dis- 
crepancies may  lie  in  the  fact  lli:it  the  unibilicus  is  not  a 
fixed  ]ioin1.  At  some  time  during  the  last  two  weeks  of 
gestation  the  presenting  part  slips  into  the  lirini  of  the 
pelvis  and  the  fuiidussinks.  In  midliparie  Ihisreadjust- 
nieiit  may  be  (piite  sudden  and  give  rise  to  a  sensation 
of  "lightening,"  but  it  is  much  more  gradual  in  primiparie 
owing  to  greater  rigidity  of  the  abiloniiiial  walls. 

The  fundus  of  the  iilerns  seliloin  lies  in  the  median  line 
of  the  abdomen.     On  examining  H)(l  women  at  the  ninth 
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iiiiiiitli  iif  |)ri-^'imiii  y  IV  Miilmis  uml  I'lijul  fi.iiiiil  ii  ii>;lil 
iatrnil  ilc'viiiliiiii  iiiTd.  a  lift  in  t :  in  lli>' i-i'iiiiiiiiiiii; '.'<>  ilir 
fliiiilus  liiv  inllie  iiiimUiiii  linr.  Neil  milv  clews  llir  fundus 
tenil  to  fiilltotlifritrlil.  Iiut  llir  ImkIv  of'llir  uIitusmIiiIis 

so  lllllt   llir  Irfl  siclr  is 

lunii'il  to  till'  from. 
I'roliiilily  IhiIIiiIkmIi' 
viiilion  itnil  tlir  tor 
sion  |iro<ciil  from  the 
Hiiini'  ('iiiis<';  till-  (lis- 
Irnilril  sifjinoiil  iinil 
ri'ctuui  |invrnl  tlic 
uterus  from  biiliinr 
iii^  upon  llir  proni- 
incnt  vrrlcliral  I'ol- 
uinn  anil  push  tlu' 
orjtii"  tiiwanl  the 
■■K'liiiiH •■     "iiflil;  as  tlir    utiTUS 

cavity  at  tlii'  rijrlit  of 
llir  spinr  tlir  rij.'lil 
fair  liiioinrs  poslrr- 
ior,  liilrss  this  pliys- 
iolosric  torsion  of  the 
uterus  is  reinembereil 
at  tlie  lime  of  |>cr- 
forniinj;  llie  opem- 
lion  of  Cesjirian  soc- 
lion.  Ilic  sursri'on  is 
in  ilanser  of  making 
his  inrision  inio  the 
left  bonier  of  the 
uterus  and  severing 
some  of  the  large 
vaseular  tr\iuks  lying 
in  that  region. 

C7(  II  n  ges  in  the 
Stniftitrc  itf  the  I'tfr- 
iig. — All  theconstilu- 
i-nts  of  the  uterus 
are  involved  in  the 
process  of  develop- 
in  e  n  t.  There  is 
marked  iiyperijlasia 
of  the  serous  coat, 
allowing  the  peri- 
toneum to  cover  the 
uterus  III  llie  ilifTerent  stages  of  enlargement.  Tlic  mus 
rular  tibiis  in  llic  walls  are  greatly  ininased  in  si/e.  but 
it  is  mil  proved  that  a  Iruehyperplasia  occurs.  In  the 
pre.i^nant  womb  three  layers'of  nuiscular  tibres  can  be  de- 
moiistnilcd.  The  siipertieial  layer  is  made  up  of  longi- 
tudinal and  transverse  fibres,  which  are  contiuiious  willi 
those  upon  the  surfacesof  the  tubes  and  round  ligaments. 
The  median  layer  forms  the  bulk  of  the  uterine  walls  and 
contains  interlacing  fibres  running  in  all  direclions.  This 
layer  is  traversed  liy  numerous  vascular  trunks  around 
which  the  muscular  fibres  lake  an  arciform  ilirictiou.  In 
the  ca.se  of  the  veins,  the  external  and  miildle  coats  of  the 
ve.s.sels  disappear  so  that  the  blmul  is  conveyed  in  mus- 
cular channels  lined  by  endothelial  cells  and  known  as 
sinuses.  By  the  constricting  action  of  these  arciform 
fibres,  which  Pinard  calls  lir/ntureit  rirantes,  hemorrhage 
is  prevenled  after  labor.  The  internal  muscular  layer  is 
very  thin  and  best  marked  by  ciri'ular  fibres  at  the  orifices 
of  the  tubes,  allhough  a  set  of  longitudinal  and  transverse 
fibres  may  be  found  just  beneath  the  mucous  membrane. 
In  the  lower  uterine  segment  there  is  a  predominance  of 
longitudinal  nuiscular  fibres. 

The  advent  of  ])regiiancy  stimulates  the  mucous  inem- 
brane  of  the  uterus  so  that  it  becomes  congested,  thick- 
ened, and  thrown  up  into  folds.  The  hypertrophy  is  Ihe 
result  of  an  increase  in  the  interglandular  ti.ssue  and  a 
growth  of  the  cellular  layer  in  which  may  be  found  ilii- 
large  decidual  cells  of "  Friedlander.  The  superficial, 
or  eoiufHirt  hn/er.  of  the  deciihia  veni  is  in  contact  with 
the  ovular  decidua  by  the  third  month  and  then  ra- 
pidly   atrophies ;   it   is"  through   the   deeper,  or   fpongy. 


Si'i-llon  of  Wall  of  Prpfmant 
Ulrrus.    (Hofmeler.) 


Uiyrr  that  the  line  of  M'panillnii  rum  when  the  difidim 
Ih  cast  off. 

All  Ihe  bloml  vtssiin  i.f  tlif  ulenis  iM-coinr  much  en- 
larged, anilal  llii  plm  •  nlnl  sii,  iIm  arti  Tli-i.iiiiply  direrlly 
into  the  lacunie,  Ihe  IiIikmI  npueeH  peui'truti.-<l  by'  llie  villi. 
The  veins  form  the 
uterine  Kimises  as  «le- 
scrilH'd  above  and  con- 
stitute an  e.Melisivi- 
plexus.  The  lymplia 
ties  are  increased  both 
in  si/.e  and  in  number, 
coniniunicatiiig  freely 
with  lliose  of  Ihe  peri- 
loneiini  and  ailnexa,  an 
arrangement  whii'h 
ix'ttdily  explains  the 
seriousness  of  piier- 
pend  infeclion  and  the 
easi-  with  which  it  oc- 
curs. Nerve  cells  and 
trunks  take  part  in 
the  general  hvpertro- 
phy .  KeilTer  ( tjaz.  heb- 
tliim.  <le  Med.  ct  de 
C'/iir.,  June  7th.  llKKi) 
claims  that  the  uterus 
has  a  set  of  indepen- 
dent nerve  cells  which  arc  found  along  the  ves.scls  and 
can  be  detected  by  Golgi's  method  of  staining.  Thi.se 
local  ganglia  have  sensory,  motor,  .secritory.  and  glan- 
dular "functions,  giving  to  the  uterus  an  independence 
similar  to  that  of  the  heart. 

During  the  first  part  of  gestation  the  general  hyper- 
trophy of  the  tissues  gives  the  uterine  walls  a  thickness 
of  five-eighths  of  an  inch,  but  laler  distention  reduces  this 
measurement  to  one-quarter  of  an  inch.  Instead  of  being 
firm  and  unyielding,  as  are  the  walls  of  the  virgin  uterus, 
the  ti.ssucs  of  the  gravid  womb  are  elastic  and  peniiit 
the  fietal  moveinenis,  or  a  chan.ire  in  the  woman's  posi- 
tion, to  alter  the  outline  of  Ihe  organ. 

Modifieations  of  the  Cerrix. — The  liyi)ertroiiliy  of  the 
cervix  is  much  less  marked  than  is  that  of  the  body  of 
the  uterus  and  is  mostly  completed  by  the  fiflh  month  of 
gestation.  The  mucous  membrane  of  the  cervi.x  takes  no 
part  in  the  formation  of  the  decidua.  but  the  glands  secrete 
a  quantity  of  mucus  which  securely  plugs  tlie  canal  fiom 
the  beginning  of  gcstjition.  In  primipani;  the  form  of 
the  cervix  is  that  of  a  cone  with  its  apex  down ;  in  mul- 


Fio. 


»!.    I>nlx  In  IhP  FItlli  Month 
lit  I'reinmnry.     (Lwpolil.i 


FIG.  2292.— Cervix  in  ihe  Seventh  Month.     iLeopoId.) 

tiparoe  the  cone  has  its  base  down.  In  priniiptira?,  dur- 
ing the  latter  months  of  gestation  when  the  presenting 
part  lies  low  down  and  against  the  anterior  w  uU  of  the 
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lower  ulcrino  segment,  the  external  us  nniv  be  ciirrinl  si) 
higli  into  the  liollow  i>f  the  sacrum  that  stucU-nis  tind  it 
diflicult  to  reach  the  cervical  opening.  The  increased 
vas<-ularity  leads  to  a  progressive  softening  of  the  cervix 
beginning  at  its  most  de|>endent  portion;  the  softening 
is  more  marked  and  develops  more  rapidly  in  multipara' 
than  in  ])riniipara'. 

I'liymnliigic  Modification  of  t/ie  UUrtm. — As.sociated 
with  these  anatomic  changes  certain  physiologic  proper- 
ties appear.  The  irritability  of  the  uKtus  increases. 
so  that  contractions  are  morf  lusilv  evrikcd;  this  prop- 
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FIG.  229;>.— Cervix  Id  Nintb  Month.     (Leopold.) 

erty  is  particularly  marked  at  the  menstrual  epochs,  so 
that  at  these  times  the  danger  of  abortion  is  much  in- 
creased. As  the  musculature  of  the  uterus  increases  con- 
tractions become  evident ;  during  the  latt*r  months  of 
gestation  these  contractions  take  place  every  twenty  or 
thirty  minutes:  they  are  involuntary,  slow  and  intermit- 
tent.differing  from  the  contractions  of  labor  in  that  they 
cause  the  woman  no  siifTering  nor  have  any  effect  upon 
the  cervix.  This  systematic  exercise  of  the  uteiine  mus- 
cle serves  to  keep  the  organ  in  training  for  the  exertions 
of  labor.  Retractility  is  a  property  more  conspicuous 
during  labor  than  during  gestation  ;  it  enables  the  mus- 
cular fibre  to  hold  a  small  portion  of  its  contraction  and 
remain  permanently  shortened.  Retraction  is  thus  de- 
pendent upon  contraction  and  is  seen  at  its  best  in  the 
third  stage  of  labor  when  the  uterine  sinuses  are  held 
securely  closed  after  the  contractions  have  ceased. 

ModificntioiiK  of  the  Adiuxa. — As  the  fundus  rises  into 
the  abdominal  cavity  it  necessjirily  elevates  the  uterine 
attachments  of  the  round  ligaments,  broad  ligaments, 
ovarian  ligaments  and  tubes,  bringing  these  structures 
into  closer  relation  to  the  sides  of  the  uterus  and  causing 
them  to  run  in  a  more  vertical  direction.  The  round 
ligaments,  tubes,  and  ovarian  ligaments,  liaving  muscular 
fibres  continuous  with  those  of  the  uterus,  take  part  to 
some  extent  in  the  general  hypertrophy  of  the  sexual 
organs.  The  foldsof  the  broad  ligaments  become  widely 
separated  by  the  increased  thickness  of  the  uterine  body. 

Modificittioimof  the  Var/irui  and  ]'iilira. — The  congestion 
of  the  vaginal  walls  results  in  their  hypertrophy  and  the 
mucous  membrane  becomes  rciluplieated  and  softened, 
favoring  subsei|Uent  dilatation  of  this  portion  of  the 
genital  ranal.  There  is  often  so  little  contrast  between 
the  feel  of  the  soflene<l  vaginal  wall  and  that  of  the  cervix 
that  the  inexperienced  student  finds  it  very  difticult  to 
distinguish  the  one  from  the  other.  The  engorgement  of 
the  vaginal  ves.sels  leads  to  an  tinusual  amount  of  glandu- 
lar .secretion  and  proihues  a  bluish  coloration.  There  is 
relaxation  and  gaping  of  the  vulva  together  with  dilata- 
tion <f  the  veins  and  increased  secretion  front  tlie  glands. 

yfintificatiiiiiH  of  the  Pdrie  .hiihti'. — During  pregnancy 
theinterarticular  (artilages  of  the  pelvis  become  vascular 
and  softened  and  allow  a  limited  amount  of  motion  in  the 
joints,  thus  slightly  facilitating  the  passage  of  the  bead 


during  labor.     The  sacrococcygeal  and  symphysis  pubis 
are  the  joints  having  the  greatest  degree  of  motility. 

Mudificati'iiig  Produced  Mechanically  by  the  Enlarged 
Uttrns. — The  pres.sure  of  the  growing  uterus  is  apt  to 
interfere  with  the  functions  of  the  bladder  and  rectum  so 
that  vesical  irritation  and  constipation  are  often  features 
of  gestation.  Owing  to  the  diminished  space  within  the 
ab<fomen  a  full  bliulder  will  oiuse  a  decided  prominence 
of  theanteriorabdominal  wall.  Interference  with  venous 
return  may  produce  or  aggravate  varicosities  of  the  veins 
of  the  rectum,  vulva,  and  lower  extremities.  When  the 
fundus  has  reached  the  ensiform  cartilage  pressure  u|)on 
the  diaphragm  interferes  with  respiration,  particularly  at 
times  of  exertion :  as  a  compensation  the  thorai  increases 
in  width.  The  distention  of  the  abdominal  walls  results  in 
the  formation  of  utriergraridanim.  which  are  bluish  or  red- 
dish lines  caused  by  tlie  stretching  and  atrophy  of  some  of 
the  connective-tis.sue  fibres  in  the  skin.  In  time  these 
striie  become  pearly  white  in  api>earance  so  that  there  is  a 
marked  contrast  between  the  scars  of  an  earlier  and  those 
of  a  recent  pregnancy.  In  severecases  of  distention  the 
recti  muscles  may  separate  and  allow  the  fundus  to  fall 
forward  and  be  covered  only  by  the  skin  and  peritoneum. 
By  the  seventh  month  of  gestation  the  umbilical  de- 
pression is  obliterated,  and  during  the  last  weeks  of  preg- 
nancy there  may  be  a  protrusion  of  the  navel.  As  the 
uterine  tumor  becomes  large  the  woman  can  maintain 
her  equilibrium  in  the  upright  position  only  by  bending 
backward  the  upper  portion  of  her  tnnik  in  order  to 
bring  the  centre  of  gravity  in  a  vertical  line  passing 
through  the  pelvis:  hence  her  characteristic  gait  and 
posture. 

Modifications  of  the  Breastn. — The  close  relationship 
between  the  pelvic  organs  and  the  mammarj-  glands  ex- 
plains the  early  and  prominent  changes  found  in  the 
breasts:  even  in  the  second  month  there  is  an  increase  in 
size  from  the  deposit  of  fat  and  growth  of  glandular 
tissue  The  enlarged  lobules  give  a  nodular  feel  on 
palpation,  and  when  the  tension  of  the  skin  is  pronounced 
striae  form  similar  to  those  on  the  abdomen.  The  super- 
ficial veins  are  conspicuous  and  the  areola,  particularly 
in  primipane  and  brunettes,  becomes  pigmented  and 
shows  elevations  marking  the  sites  of  fifteen  or  eighteen 
sebaceous  glands,  known  as  Jlonlgomery's  follicles.  By 
the  fifth  month  the  breast  changesare  at  their  height  and 
a  secondarj'  areola  may  form  having  the  api>earance  of  a 
network  of  pigment  containing  numerous  lighter  spots. 
The  nipple  is  hypertrophied,  more  sensitive  and  erectile; 
after  the  third  month  stroking  the  brea.st  from  the  periph- 
ery inward  may  express  a  fe)v  drops  of  colostrum. 

Modifications  of  tlie  Circulatory  Sygtem. — In  ortier  to 
carry  out  the  new  requirements  laid  U|)on  the  organism 
the  quantity  of  blood  is  augmented  during  pregnancy 
and  the  increase  is  more  marked  in  the  watery  constitu- 
ents of  the  blood  so  that  the  red  corpuscles  are  relatively 
diminislied.  The  white  corpuscles  are  said  to  be  both 
relatively  and  actually  increased  in  nimiber.  Many  ob- 
servers report  an  hypertrophy  of  the  left  side  of  the 
heart,  accounted  {<ir  by  the  increased  labor  of  driving  a 
greater  amount  of  bUwd  over  a  more  extensive  area,  but 
recently  this  cardiac  alteration  has  been  questioned  and 
deemed  the  exception  rather  than  the  rule.  According 
to  the  studies  of  P.  Longc  the  pvdse  during  gestation 
has  more  tension  and  on  the  average  shows  a  rate  of  86 
beats  per  minute. 

Modificati"ns  of  the  Diffestice  System. — Xausca  and 
vomitingare  not  uncommon  during  the  first  three  months 
of  gestation  ami  the  appetite  may  l>ecome  capricious; 
later  both  the  appetite  and  power  of  digestion  are  increastnl 
with  the  result  that  by  the  end  of  gestation  the  pregnant 
woman  makes  a  gain  equal,  on  the  average,  to  one-thir 
teenth  of  her  body  weight.  There  is  an  increase  of  tlie 
amount  of  adipose  tissue  causing  the  figure  to  become 
fuller  and  rounder  and  serving  as  a  reserve  store  of  poten- 
tial energy.  This  activity  in  metabolism  entails  greater 
activity  in  the  excretory"  functions  of  the  liver,  lungs, 
skin,  kidneys,  and  bowels. 

Pigmentation  of  the  skin  is  a  common  occurrence  in 
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pri>),'niini'v ;  l)csi(lis  tlif  ilnrki'iiliiK  i>f  llii-  iiri'olii  tlirm 
limy  Ih-  irn-tjuliir  spuis  ii|mim  ilii-  fiicr  iiiiil  iiliiiiihi  iiiviiri 
ulilv  llicrr  is  II  pinmriilril  liiw  rxtimliriK  frmii  tin' hjim- 
|iliv«is  |iiilii.s  1(1  llir  imvcl.  kiiiiu'ii  as  tlii'  liiifi  niijrti. 

(■pull  till'  iiiiiiT  Hiirfiuv  (if  tlic  skull  itrc  funned  the 
'■  piicrpcntl  uslcopliyli-s,"  (•(insislinKof  ilcpusils  of  carbo- 
iiiiti'  (if  ciiliiuiii.  pliospliiitcfi.  mill  (irKiiiiic  iihiIUt. 

Tlic  iKTVdiis  Hvslciii  iif  llic  prciriiiiiit  wiiiiiiin  is  ex- 
Irciiicly  iiiiprfssiiiimlilc  hihI  uficii  cuiidiii'iiisiif  ficl  fulness 
ur  iriilaliilily  ili'Vclup.  In  nire  iiisluniis  tliu  fiiliru  dis 
piisllidii  ('linii||;ca  and  tliu  patient  sliows  iiuu8ual  likrs  and 
dislikes. 

Mll.Tlfl.K  FiKTATldN. — Wlieii  tlie  iileriis  ediitniiis  two 
or  mure  fi-eundiiled  ova  the  luefiiiuney  is  ilesi;,'iiiited  as 
niiiltiple  or  pliiriparoiis. 

Statistics  as  to  the  frei|ui'ncy  of  multiple  n<'slati(in  vary 
considenitily  aiiumj;  dilTercnt  writers.  A  fair  slnleiiieiil 
wiiiilil  ^'ivetlie  piiipiirlion  almut  as  fullows:  twins  nine 
in  I'JO  preu'iiaiicies;  triplets  oiiee  in  T.iMHi;  (iiiadriii>lets 
(luee  ill  ;tTO.(l(MJ. 

AiiKiii);  I  lie  factors  predisposing  to  niiilliple  jircgnnncy 
heredity  and  niiiltiparily  are  important,  liiit  ;;reat  slatinc, 
niee,  aiiil  llie  si/.e  of  the  ovaries  also  are  meiilioiied  among 
the  causes. 

Usually  the  fecundation  of  the  ovules  occurs  as  the  re- 
sult of  a  sinjrlecoilus.  lull  Iheinstaneesoii  record  in  which 
a  neiiress  has  j;iven  liirlh  to  one  lilackaiid  one  white  twin 
prove  that  the  ovules  discharged  at  the  same  ineiislrual 
epoch  may  he  fecundated  successively;  to  such  ca.ses  the 
term  siiperfeciindalion  is  applied.  By  superfcelation  is 
meant  the  fecundation  of  ovules  belonginj;  to  dilTereiit 
periods  and.  theoretically,  this  form  of  superiiiipicfriia 
tion  would  seem  lo  he  iiiipos.sil)lc  both  lieeaiise  ovnlalion 
is  a.s,sunie(l  to  lie  suspended  durins:  preiriiaiicy  and  tie- 
canst-  in  the  third  nionlli  the  ovular  and  uterine  decidua 
come  into  eonlact.  llieieby  preventinir  the  access  of  the 
spermatozoon  to  the  ovum.  On  the  other  hand,  a  few 
instances  are  reported  in  which  women  have  given  birth 
toapparently  full-term  eliililren  with  a  live-month  interval 
separating  ilie  two.  In  the  demonstrated  absence  of 
bitidity  of  the  uterus  such  facts  are  dillicult  to  explain 
on  any  other  ground  than  siiperfa'talion. 

In  twill  conception  the  ova  may  have  been  discharged 
from  different  ovaries  or  both  from  the  sjime  ovary  and 
even  from  the  sjjme  ovisac.  When  twins  develop  from 
one  ovum  it  must  contain  two  germinating  vesicles.  In 
about  si.vty  si.\  per  cent,  twins  are  of  the  same  se.\. 

In  all  cases  of  multiple  fo'talion  there  is  at  lirst  a  sepa- 
rate amnion  for  each  child,  although  later  the  partition 
may  become  absorbed  or  rupture,  so  that  the  children 
are  found  in  the  same  Siic  at  the  time  of  lalior;  there  are 
as  many  chorions  as  ova.  The  placenta'  are  originally 
distinct,  but  later  the  contiguous  borders  may  fuse  and 
an  anastomosis  of  vessels  occur;  if  one  f(ctal  heart  be 
much  stronger  than  the  other  there  is  a  disproiiortion  in 
the  amount  of  placental  tissue  at  the  disposal  of  the  two 
children.  The  weaker  fanus  may  die  and  be  so  pressed 
upon  by  the  survivor  that  it  is  tiatteucd  out  against  the 
walls  of  the  uterus  and  forms  what  is  known  as  a  "fu'tus 
papyniceoiis."  The  weight  and  si/.e  of  twins  usually  are 
under  the  average  and  iliey  are  less  likely  to  livi'  than 
single  children.  Also  the  distention  of  the  uterus  makes 
premature  labor  more  likely  to  occur  in  multiple  preg- 
nancies, and  the  distention  is  all  the  greater  from  the  fact 
that  liydramnios  fre(|uently  is as.sociated  with  twin  preg- 
nancy. According  to  Pinard's  statistics  out  of  150  twin 
cii-ses  there  were  1(18  iiremalure  deliveries. 

Di.\(iN()sis  OK  Piti-.iiNANCv. — The  diagnosis  of  preg- 
nancy rests  upon  maternal  and  fo'lal  signs;  these  an^ob- 
tained  by  <|uestioning  and  by  inspection,  palpation,  and 
auscultation. 

Stilrjeetire  Sif/nj>. — Absence  of  menstruation  usually  is 
the  lirst  symptom  noticed  by  the  woman  herself,  and  this 
sign  is  particularly  valuable  iu  those  patients  who  always 
have  been  regular  and  in  whom  there  is  no  evidence  of 
general  disease.  Of  course,  amenorrha^a  has  no  signifi- 
cance before  puberty,  after  the  menopause  and  during 
lactation.     It  also  must  be  remembered  that  the  fear  of 


conception  nometlmeH  priMliiceii  a  "pKychlcnl  uinenor- 
rliiea.  and  that  in  other  inNlaiiceH  the  patient  piirpoM-ly 
has  made  false  slatementH  in  the  hope  that  an  abortion 
will  be  acciilenlally  induced.  The  aiiieiiorrliii'a  often 
a.HHociated  with  obesity  has  led  the  physician  into  embar- 
rassing errors  as  the  increase  in  the  patieiit's  si/.e  seeinH 
to  contlrm  liisdiagnosiH.  Although  I'iimrd  Kays  he  never 
yet  has  observed  a  case  of  gestation  in  which  meiiKtriui- 
lion  pelsisled,  a  few  instances  have  been  reported  in  which 
a  regular  monllily  tlow  occurred  throiigiiout  a  portion 
or  the  whole  of  pregnancy.  Usually  such  periodic  llow- 
ing  does  not  have  the  features  of  normal  menstruation, 
and  is  found  lo  have  its  origin  in  cervical  diwa.s<!  or 
ectopic  pregnancy.  It  is  not  at  all  uncommon  for  a 
woiiian  to  have  one  period  of  diminislied  How  even  after 
feeimdation  has  taken  place  and  the  history  of  such  a 
scanty  disiharge  is  almost  as  signilii  ant  as  amenorrlifea. 

.\iiiiiuii  and  Ttmiiting  on  rising  in  the  morning  are  men- 
tioned as  classic  signsof  early  gestation,  and  certain  mul- 
tiparie  can  make  a  positive  diagnosis  on  these  symptoms 
alone;  s;ilivalion  and  heartburn  may  be  associateil  with 
this  gastric  disturbance.  Before  allowing  "morning 
sickness"  to  carry  much  weight  the  physi<-ian  must 
eliminate  all  other  reflex  causes.  The  absence  of  gastric 
symplonis  is  of  no  value  in  excluding  the  possibility  of 
pregnancy. 

After  tiie  third  month  the  patient  notices  a  progres,sive 
increase  in  the  .size  of  her  abdomen;  the  alleged  pre- 
liminary Hattcning  of  the  hypogastric  region  rests  on  no 
clinical  basis.  During  the  last  two  weeks  multipanc  ex- 
perience " lig/iti)(iiif/"  or  the  feeling  of  relief  produced 
by  the  marked  sinking  of  the  fundus. 

Qiiir/,;iiiii</  is  the  term  used  to  describe  the  sensations 
imparted  to  the  muther  by  llie  fietal  movements  and  ap- 
pears at  variable  times  according  to  the  experience  and 
aciiteness  of  feeling  on  the  part  of  the  patient.  In  some 
women  the  foetal  movements  seem  to  be  absent  or  un- 
noticed and  in  a  few  fpiickening  occurs  as  early  as  the 
third  month,  but  on  the  average  the  symptoms  app(?ar 
at  the  eighteenth  or  twentieth  week.  It  is  possible  for 
even  experienced  matrons  to  be  deluded  and  mistake 
muscular  contract  ions  or  the  passjigeof  gas  in  the  bowels 
for  movements  of  the  f(etus.  A  woman  who  once  starts 
with  the  assumption  of  pregnancy  is  quite  apt  to  experi- 
en(X'  all  the  contirinatory  subjective  si,gns  and  may  suc- 
ceed in  leading  her  physician  to  a  wrong  conclu.sion. 

Other  less  important  signs  which  should  not  be  passed 
over  are:  a  sense  of  enlargement  and  tingling  in  the 
breasts,  a  feeling  of  heat  in  the  pelvis  with  more  or  less 
leucorrheal  discharge,  irritability  of  the  bladder,  and  con- 
stipation, also  nervous  disturbances  such  as  neuralgia, 
dizziness,  and  change  of  disposition. 

Ohjtctire  Sir/as. — Pigmentation  of  the  face,  enlarge- 
ment of  the  abdomen,  and  the  peculiar  carriage  or  gait 
may  be  noticed  by  the  physician  in  the  first  few  moments 
of  the  interview. 

AMtrmiiml  Examuiation. — After  having  obtained  the 
history  of  the  case  it  is  best  to  proceed  next  to  the  ex- 
amination of  the  abdomen;  by  adopting  this  order  we 
can  make  the  investigation  of  the  breasts  and  pelvic 
organs  less  of  a  sluxk  to  su.sceplible  patients.  For  the 
abdominal  examination  the  woman  should  be  in  the  dorsal 
position  with  the  knees  drawn  up  and  the  surface  of  the 
body  exposed  fromtlie  ensiform  to  thesyniphysis;  corsets 
and  all  constricting  bands  must  be  loosened  and  the 
bladder  and  rectum  empty. 

I iiapfcl ion. —On  inspection  there  should  be  noticed  the 
size  and  shape  of  the  abdominal  luiiior  which  usually 
extends  more  to  the  right  than  the  left  of  the  median  line: 
during  a  uterine  contraction  the  tumor  becomes  more 
prominent.  If  the  fielal  movements  are  vigorous  a  scries 
of  irregular  and  temporary  elevations  are  visible  at  times 
over  the  surface  of  the  distended  alxioniinal  wall.  Dur- 
ing the  latter  half  of  gestation  the  umbilicus  may  be  level 
with  the  surface  or  protruded.  Pigmentation,  in  spots 
or  along  the  median  line,  together  with  stria'  :ire  the  other 
signs  noted  on  inspection. 

P,ilp,iti„ii. — For  palpation  the  hands  should  be  warmed 
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and  laiil  lliil  upon  llic  surface  of  the  abdomen  ;  the  liest 
results  will  be  obtained  b_v  a  series  of  cirrlin;.' motions 
punctuated  by  deeper  [iressure.  Violent  and  sudden 
thrusts  Hill  cause  a  rellex  contraction  of  the  muscles  and 
defeat  the  ends  of  the  examination.  The  edj;e  of  the 
hand  should  be  i)ressed  down  above  the  apparent  site 
of  the  fun<lus  and  carried  toward  the  symphysis  in  order 
to  map  out  the  tijiper  limits  of  the  uterus  and  obtain 
some  idea  of  the  period  of  gestation.  The  fundus  is  at 
the  umbilicus  at  tlie  si.Mh  month;  three  finirers'  breadth 
above  at  the  seventh;  half-way  to  tin-  eiisiform  at  the 
next  month,  and  under  theensiforin  at  the  last  month. 
If  the  fundus  is  slightly  below  the  ensiform  there  may 
be  several  weeksof  pregnancy  remaining  or  "  lightening  " 
may  have  taken  place  ami  the  labor  be  imminent.  The 
peculiar  doughy,  semi-elastic  feel  of  the  uterus  should 
be  noted,  and  its  increased  tirnuiess  during  a  contraction 
constitutes  Bnuioii  Hickn'  si(/ii,  which  can  be  obtaiiu'd  as 
soon  as  the  organ  is  large  enough  to  grasji.  liy  the  sixth 
month  the  fa>tal  parts  can  be  paljiatcd  and  the  smooth 
back,  as  well  as  the  irregular  bo.s.ses  forming  the  shoulders, 
knees,  or  elbows,  located.  By  pressing  the  lingers  deej) 
down  at  the  .sides  of  thesuperior  .strait  the  head  can  often 
be  grasped  between  the  two  hands,  or  it  may  be  felt  as  a 
hard,  globular  body  lying  at  the  fundus  to  the  right  of 
the  median  line.  The  breech  is  softer,  less  movable,  and 
bears  no  relation  to  the  shoulders.  In  thin  women  a  hand 
or  a  foot  can  be  gias|ied.  During  the  course  of  palpation 
the  physician  usually  feels  upon  the  ]ialins  of  his  hands 
several  distinct  taps  which  are  caused  by  the  movements 
of  the  fretal  extreinitii's;  sometimes  the  entire  body  of 
the  child  will  change  its  position  under  his  hands. 

Exit  null  baUotteiiieiit  is  obtained  by  placing  a  hand  on 
either  side  of  the  abdomen  and  attempting  to  throw  the 
fcElus.  as  it  were,  from  one  side  to  the  other;  or,  in  a 
breech  presentalion,  the  hea<l  will  rebound  from  one  hand 
to  the  other.  If  the  woman  he  turned  upon  her  side  so 
that  the  prominent  abdomen  projects  over  the  edge  of 
the  tat)le  the  fo'tus  may  be  pushed  up  l)y  a  hand  under- 
neath and  then  fall  again  against  the  lingers.  Ballotte- 
ment  depends  upon  the  amount  of  fluid  within  the  uterus 
and  is  best  marked  in  cases  of  hydranmion,  provided  the 
foetus  be  large  enough  to  detect.  In  normal  circumstances 
it  is  a  sign  belonging  to  the  fifth  an<l  sixth  months  as 
previous  to  these  times  the  child  is  too  small,  and  in  the 
latter  months  of  gestation  the  liquor  aniuii,  relative  to 
the  l)ulk  of  the  fa'tus,  is  not  sufficient  to  allow  of  free 
motility. 

Auscultation. — Percussion  belongs  tinder  this  head. 
Over  the  mass  of  the  tumor  there  is  dulness,  while  above 
and  to  the  sides  the  coils  of  intestines  give  rise  to  tym- 
jianitie  resonance.  I'sually  the  fcetal  heart-sounds  can- 
not be  heard  before  the  fifth  month,  except  in  favorable 
cases  when  experienced  observers  have  detected  them  as 
early  as  the  fourth.  The  rate  of  i)ulsation  varies  be- 
tween 120  and  Itil).  the  so\ind  being  compared  to  that  of 
a  watch  ticking  under  a  pillow.  The  idea  that  a  slow 
rate  indicates  a  male  and  a  rapiil  a  female  does  not.  hold 
good  in  i)ractice.  In  the  most  frecpient  presentations  the 
head  occupies  the  pelvis  with  oeci]iut  to  the  front,  there- 
fore the  maximum  intensity  of  the  heart -sounds  usually 
is  found  below  the  uml)ilicus  and  more  often  on  the  left 
side  than  the  right ;  in  posterior  positions  of  the  occiput 
the  sounds  are  heard  further  round  on  tlie  flank.  When 
the  head  is  at  the  fundus  the  focus  of  intensity  is  above 
and  to  one  or  the  other  side  of  the  umbilicus. 

In  ])erforming  auscidtation  it  is  well  to  begin  by  ap- 
plying the  ear  direct  to  the  abdomen,  using  a  thin  towel 
for  covering  the  skin,  and  examine  systematically  the 
four  regionsabout  the  umbilicus.  Many  observers  can  do 
better  by  this  immediate  method  of  auscultation,  besides 
which  ii  is  well  to  train  the  ear.  The  stethoscope  should 
be  used  in  those  eases  in  which  it  is  more  convenient 
and  plea.sant  or  wlien  the  ear  alone  does  not  give  satisfac- 
tory results.  In  order  to  hear  distinctly  the  room  must 
be  Very  (luiet.  the  ))hysician's  jiosture  nuist  be  comfort- 
able and  not  be  such  as  to  cause  <omiue.ssiou  of  the 
veins  of  his  neck.     A  rapid  maternal  pulse  may  be  mis- 


leading initil  its  rate  is  compared  with  that  of  the  i)ulsa- 
tion  in  the  radial  artery;  in  some  cases  the  observer  will 
becoineconsciousof  hisow  II  heartbeats,  which,  of  course, 
are  much  slower  than  thos<'  of  the  lo'tal  heart. 

The  uterine  S'liiJI,  is  heard  over  the  left  border  of  tlie 
uterus,  which  has  been  brought  to  the  front  by  the  torsion 
of  the  organ.  It  is  a  blow  ing  sound  like  that  of  an  ana'- 
mie  murmurand  is  synchnjiious  w  itli  the  maternal  puls<'. 
The  uterine  iiouffle  ur  hruit  may  be  heard  as  early  as  the 
fourteenth  week  and  is  cau.sed  by  the  blood  flowing 
through  the  enlargid  uterine  ves.sels;  it  is  not  peculiar  to 
pregnancy  and  is  often  noted  over  large  tumors. 

The  funie  Kuujfle  is  caused  by  some  obstruction  in  the 
vessels  of  the  umbilical  cord,  as  from  coiling  about  the 
neck.  This  sound  is  .synchronous  with  the  fatal  heart; 
it  is  not  present  in  the  majority  of  cases  and  appears 
during  the  latter  half  of  gestation. 

Sometimes  the  movements  of  the  foetus  can  be  heard 
on  auscultation  as  early  as  the  fourth  month  of  pregnane}' 
as  a  succession  of  faint  thuds  or  slight  rubbing  sounds. 
Gas  in  the  bowel  will  closely  simulate  f(etal  shock. 

E.viiriiiii(ition  of  the  Breiixtx. — The  clothing  already  be- 
ing well  loosened  it  is  ea.sy  to  ])ass  next  to  the  search  for 
mamillary  signs.  On  iin<]'frlii>n  the  presence  of  stn'u', 
enlarged  veins,  and  pigmented  areohe  are  noted.  J'tilpa- 
tiiiii  detects  the  knotty  feel,  and  by  a  little  manipulation 
a  drop  or  two  of  colostrum  may  be  pressed  from  tlie 
nipple. 

Kriiminiitioii  of  the  External  and  Internal  GeuitaU. — 
For  the  vaginal  examination  the  patient  is  drawn  down 
to  the  edge  of  the  table,  her  clothing  well  pulled  \\\t  and 
replaced  by  a  sheet.  For  internal  examination  an  em])ty 
bladder  and  rectum  are  more  essential  conditions  than  for 
abdominal  palpation.  In  obscure  cases  and  when  the 
patient  is  very  nervous  an  aiuesthctic  is  iiulispeusiible. 
Disinfection  of  the  examining  hand  must  be  a  preliminary 
step  before  its  introduction,  and  with  the  other  hand  the 
vulva  should  be  held  ajiart  so  that  no  contamination  can 
be  carried  u]i  from  below. 

Vaginal  Ttmeh. — As  the  linger  passes  up  the  vagina 
the  velvety  feel  and  moisture  of  the  walls  are  noted. 
Next,  the  shajie  of  the  cervix  and  the  iiiesenee  or  absence 
of  .softening  must  be  determined.  Goodell  says  that  if 
the  tip  of  the  cervix  feels  like  the  end  of  one's  no.se  the 
patient  jjrobably  is  not  pregnant ;  if  it  feels  as  soft  as 
one's  lips  there  probably  is  a  faHus  in  utero.  By  bi- 
manual examination  the  position,  shape,  size,  and  con- 
sistence of  the  uterus  are  discovered.  During  the  fifth  and 
sixth  months  internal  lialh>ttenient  can  be  obtained,  espe- 
cially in  those  cases  in  which  the  head  presents.  To  de- 
velop this  sign  the  internal  finger  is  ]>laced  in  front  of 
the  cervix  and  a  (luick  push  given  to  the  fa<tus;  the  phy- 
sician will  be  sensible  of  the  upward  movement  and  sub- 
seiiuent  return  of  the  presenting  part.  By  conjoined 
manipulation  the  uterine  contractions  may  be  detected  as 
early  as  the  third  month. 

Besides  the  softening  of  the  cervix  there  are  two  valu- 
able signs  belonging  to  the  tirst  part  of  gestation.  One 
is  the  marked  angle  formed  by  the  corpus  and  cervix 
and  easily  note<l  on  internal  cxaininatiou ;  the  other  is 
known  as  llegar's  sign  and  consists  in  the  compressibility 
of  the  lower  uterine  segment.  To  obtain  this  sign  the 
outside  and  internal  lingers  should  compress  the  uterus 
just  above  the  cervix.  In  well  marked  cases  there  will 
seem  to  be  no  tissue  at  this  point  and  the  fundus  and 
cervix  will  give  an  impression  of  being  two  disconnected 
bodies.  Another  way  of  bringing  out  llegar's  sign  is 
to  introduce  the  foietinger  into  the  rectum  and  the 
thumb  of  the  sjune  hand  into  the  vagina;  while  the  out 
side  hand  ])resses  down  the  uterus  the  internal  thumb 
anil  finger  grasp  the  organ  just  above  the  cervix.  H. 
von  Braun  Fernwald  (lIVi;).  klin.  Wnclien»eh rif I.  y\iirt\\ 
9tli.  1890)  describes  a  sign  which  he  has  found  to  be  valu- 
able in  the  diagnosis  of  early  pregnancy.  It  consists  in 
an  asymmetry  of  uterine  development  detected  by  the 
bimanual  examination.  The  ovum  very  rarely  lies  ex- 
actly in  the  centre  of  the  uterine  cavity  at  lirst  and  eon- 
si'quently  the  anteroposterior  diameter  of  one  horn  is 
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Kmilor  timn  tliiit  of  tlip  oilier;  often  ii  groove  In  in-rcep- 
tililr  iK'twci'ii  till'  Iwo  villi's  (if  llu-  iKcriis. 

Iiis/ifrliiin. — As  till-  llin;iT  in  witliilniwn  from  tlif  viiKiiiii 
till'  purls  an-  lirM  ci|M'n  fur  it  iiiiniicnl  iiiiil  llic  <'iiliir  nf 
till'  viilvit  iiiiil  lowir  vii^'iiml  uiill  is  oliservi'il.  A  purl 
uiiiu  I'olor  of  llic  iiiiiriiiis  iiii'iiiliniiir  iiiiiy  lie  iiiilcil,  bill 
in  iiiit  u  piisilivi'  siKii  of  pri'^'iiiiiu  V  :  llii'  siiiik'  rolnr  may 
1)1'  sci'ii  Mil  till'  rrrvi.x  if  a  spiTiiliiiii  lir  iiitriNliiciMl. 

Willi,  I'f  till  Ih'jti  nut  Sii/im  mill  Si/miiliiiiiii  <<;  llmtiitioii. 
— Nil  mil'  of  llir  iiialrriial  sinus  or  synipluiiis  is  positive, 
but  till-  pri-si-iii'i' of  II  iiiimlier  of  tliiiii  furiiis  a  strong; 
cliiiiii  of  rirciimstiiiitial  rv  iilriin-.  Il  is  will  known  that 
all  till-  bri-asi  si^'iis  may  lie  present  in  a  casi' of  uterine 
(lisi'iise  anil  tliat  iilerini'  or  aliiloiiiinal  enliiri;enii'nt  may 
be  line  to  tile  presi-iire  of  a  tumor.  Itefore  tlie  sixth 
week  a  ilia>riiosis  of  piejiimiuy  is  nirely  |)ositive.  but 
stroll;;  opinion  ean  lie  based  upon  ilie  assoiialiini  of  the 
follow  iiii:  si!;iis:  ameiiorrlioa  in  a  licallliy  inarriril  woman 
who  has  always  bei-ii  iei;ular.  ainnlaij;ril  pyiilonii  uterus 
of  iIoU);liy  eonsisleney  with  a  markeil  angle  between 
corpus  anil  lervix,  softeninii;  of  the  eervix  with  com- 
pressibility of  the  lower  si'i;inent.  The  piithognonioiiic 
sinus  of  preirnamv  eoiiie  from  the  fietiis  anil  are  fielal 
heart  soimiis.  liallotleiiieiit.  anil  fielal  movements;  pro- 
viiliil  fallaeiis  be  exelinliil  any  one  of  these  sitrns  estab- 
lishes the  iliiii;nosis.  The  Hdiilirin  rays  are  of  no  use  for 
early  diagnosis.  allhoui;h  late  in  mesial  ion  lliey  have  j;iveii 
informalion  eoinerninj;  the  presentation  anil  the  condi- 
tion of  the  mother's  pelvis. 

DiKKKKKNTi.vi.  Di.MiNosis. — Early  gestation  must  be 
dilTi'ieiitiated  from  those  conditions  which  cause  uterine 
eiiliirsrenient ;  advanced  pri'iinancy  from  those  i>roduciii}; 
abdominal  dislenlion.  h'iliruiil  eiilnrijiiin  iit  usually  fails 
to  irive  the  uterus  the  shape  and  consistency  beloniriii!; 
to  pre^;nancy  ;  the  rate  of  incri-asi-  in  .size  does  not  corre- 
spond with  that  shown  by  the  jiravid  uterus;  there  is 
menorrliagia  nitlier  llian  amenorrlioni.  Chronic  mctriliH 
pres<-nls  many  of  the  .sjime  dilTerential  ]>oints.  Ilmnntn- 
metrii  is  a  rare  condilion  causi'd  by  the  retention  of  men- 
strual blood  within  the  uterus.  Symptoms  denotin.!; 
pain  and  disturbance  appear  at  puberty  and  are  repeated 
each  month  but  are  unalteiided  by  llowiug:  an  examina- 
tion often  disiloses  an  obstructed  vagina.  The  abdominal 
enlargements  with  which  pregnancy  has  been  confounded 
are  those  produced  by  fat,  tympanites,  ascites,  ovarian 
ani\  fliroiii  tumors. 

Flit. — TheamenorrlKca  of  obesity  must  be  remembered. 
The  thickness  of  the  abdominal  wall  may  lie  estimated 
by  lifting  a  fold  of  tissue  and  also  by  observing  the  gen- 
cnil  fat  deposit  of  the  patient.  There  are  no  uterine 
signs  of  pregnancy.  As  an  adipose  condition  greatly 
interferes  with  bimanual  cxaminalinn  il  may  be  necessary 
to  administer  an  auasthetic  in  order  to  detect  intra-ab- 
dominal conditions. 

T;/mjtauit(s. — Thorough  cleansing  of  the  bowels  will 
diminish  the  size  of  the  tumor  which  is  resonant  instead 
of  dull. 

Am-ilin. — 'When  the  patient  lies  in  the  dorsal  position 
the  tumor  has  a  characteristic  shape,  namely,  flattened 
on  top  and  bulging  at  the  sides.  Fluctuation  is  marked 
and  the  change  of  position  on  the  jiart  of  the  patient 
changes  the  physical  relations  of  flatness  and  resonance. 

Oniriiin  ('i/»t. — An  ovarian  tumor  may  cause  sym- 
metrical enlargement  of  the  abdomen  but  usually  is  un- 
accompanied by  amenorrhiea;  Braxton  Hicks'  sign  is 
absent  and  fluctuation  may  be  obtained.  Of  course  no 
fo^al  signs  are  present  and  the  uterus  usually  is  found  to 
be  displaced  and  not  enlarged. 

Fi/iiiiiil  Tmii'ir  iif  t/ie  I'tn-nx. — A  large  fibroid  usually" 
is  very  irregular  in  outline  and  has  a  history  of  longer 
duration  than  that  of  pregnancy;  menorrhagia usually  is 
a  prominent  symptom. 

It  is  important  to  remember  that  although  various 
pathologic  conditions  may  be  present  pregnanc.v  is  not 
necessarily  excluded.  There  are  many  instances  in  which 
an  operator  has  found  gravidity  associated  with  a  fibroid 
or  ovarian  tumor. 

Pseuilocyms. — Spurious  pregnancy,  or  phantom  tumor, 


Is  II  romlitlon  met  with  In  (wiiiie  women  who  ore  very  de- 
sirous of  having  children  liH  well  uk  In  iIium- who  ilri-ad 
iiialernily.  There  are  liisljince.s  in  which  woiiieii  after 
the  menopause  have  delinli  d  Ihemselvi-s  with  the  idea  of 
iiregnancy  and  miide  all  llie  pripanitions  forcoiiMneiiient. 
In  these  eases  the  physician  can  obtain  uii  ulmoiil  coin- 
plele  subjective  history  in  which  he  iiuiy  place  undue 
relianie  if  Ihepalieiil  already  has  hiidexpiriiiice  in  bi-ar- 
irig  ihildrin.  Abilomiiml  ilisiinlioii  usually  is  pn-si-nt 
but  due  to  tlieaiiumiilalioiiof  gas  or  fat.  It  is  wiid  that 
ofti'ii  under  an  ana'slhetic  the  tumor  of  pseudoi  yesis  will 
disjippear  and  the  test  shoiilil  be  niaile  in  doubtful  casi-s. 
I'lider  no  circum.stnnces  should  a  pliysielan  make  u  diag- 
nosis of  pregnancy  on  the  stnlemi'iils  of  the  patient,  nor 
must  he  allow  them  to  give  his  mind  a  bias;  in  fact  lie 
slionld  never  given  positive  opinion  until  signs  from  the 
fiiliis  are  dearly  manifest,  although,  liifoie  this  time, 
he  may  feel  jusliliid  in  advaming  a  probable  iliagnosis. 

1)1  voNosis  OK  Mii.TiiM.K  I'hkonamv. — Having  estub- 
lished  the  existence  of  pregnancy  the  presence  of  more 
than  one  fietiis  in  utero  is  indicated  by  the  following 
signs:  the  uterus  is  larger  than  it  shoulil  be  for  the  esti- 
mated period  of  gestation;  it  is  broader  in  proportion  to 
its  liiiglh  than  is  the  case  in  a  single  pregnancy  ;  a  niul- 
liplicily  of  filial  parts  is  prcsinl ;  two  hiaris  are  heard, 
having  dilfereiit  rales  of  pulsjition  and  foci  of  intensity. 

Di.MiNosis  111-  Dk.vtii  of  the  Fiktis. — When  the  death 
of  the  fietus  occurs  in  utero  usually  the  contractions  of 
the  organ  expel  its  contents,  but  there  are  cases  in  which 
the  dead  products  of  conception  are  retained  and  undergo 
saponification,  miimmitication,  putrefaction,  or  even  be- 
come totally  absorbed.  The  diagnosis  of  fielal  death 
may  be  very  diflicult  and  the  signs  vary  according  to  the 
|ierioil  of  gestation  at  which  it  occurs.  Lactalion  may 
Ix- present  for  a  few  days  and  the  subjective  symptoms 
of  gestation  usually  disjipiiear.  Except  when  there  are 
profound  disturbances  following  putrefaction  there  are 
no  general  symptoms  distinctive  of  fulal  death  and  the 
diagnosis  rests  upon  the  results  of  physical  examination. 
During  the  first  half  of  gestation  palpation,  performed 
at  intervals,  reveals  no  increase  in  the  size  of  the  uleriis 
and  often  a  diminution;  the  softening  of  the  cervix  dis- 
ap])iais.  AVbile  com])arisons  are  valuable,  if  the  cast-  is 
not  seen  until  some  time  after  the  death  of  the  fo-tus. 
there  niaj'  be  great  ditficully  in  making  a  diagnosis  of 
pregnane}-.  During  the  second  half  of  gestation  the 
absence  of  certain  fa?tal  signs,  especially  if  they  have 
been  jMcsent.  is  most  valuable.  The  patient  no  longer 
feels  the  movements  of  the  child,  nor  can  the  physician 
detect  tliefa>tal  heart-sound;  the  absorption  of  the  liipior 
amnii  leads  to  iliminiition  in  the  size  of  the  uterus.  If 
the  head  of  tliefielus  can  be  jialpaled.  either  in  the  lower 
uterine  segment  or  at  the  fundus,  crepitus  may  be  ob- 
tained owing  to  the  moiility  of  the  loosened  bones  of  the 
skull.  It  is  claimed  that  in  all  eases  the  urine  of  the 
woman  contains  acetone. 

Care  must  be  taken  not  to  make  an  error  in  concluding 
that  the  fo-tus  is  dead,  for  the  fietal  movements  may  be 
absent  liecausc  the  intra-uterini-  space  has  become  so 
limited  and  the  heart-sounds  may  appear  to  be  wanting 
miicly  because  the  jihysician  is  unable  to  find  them. 
Usually  considerable  study  of  the  case  is  required  before 
any  positive  opinion  can  be  formed.  In  a  case  of  multiple 
pregnancy  the  diagnosis  of  the  death  of  one  child  alone 
usually  is  impossible. 

Dm-iitioii  of  Oistation. — Even  when  the  dale  of  the 
fruitful  coitus  is  known  the  duration  of  the  pregnancy 
is  found  to  vary  from  two  hundred  and  sixty  to  two 
hundred  and  ninety-four  days;  in  the  majority  of  ca.scs, 
however,  confinement  takes  place  at  the  end  of  two  hun- 
dred and  seventy-one  days.  For  jiractical  purposes  il  is 
found  convenient  to  estimate  the  duration  of  iiregnancy 
as  two  hundred  and  eighty  days  and  count  from  the  be- 
ginning of  the  la.st  menstrual  flow.  This  method  is  fairly 
reliable  except  when  llu-  conception  occiirn-d  just  pre- 
vious to  the  first  missed  menstrual  jieriod.  L;ibor  is  apt 
to  take  place  on  or  near  the  tenth  menstrual  epoch,  and 
to  estimafc  this  date  we  count  back  three  months  from 
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the  dale  of  the  first  day  of  tlie  last  period  and  add  seven 
days.  Every  vi.sitinj;  list  i;inenilly  eontainsji  tnhle  whicli 
enables  the  physiciaii  to  make  liis  iimlictioii  in  a  )L,'iven 
ease.  If  the  (hile  of  the  last  inenstnial  peridil  is  not 
available  other  data  are  the  time  of  fniickeninj;  and  inen- 
sunition  of  the  uterus.  The  period  of  (piiekeiiiii.!.'  is 
not  at  all  a  fixed  one  but  an  approximate  estimate  of  the 
day  of  confinement  can  be  made  by  addinj;  twenty-lwo 
weeks  to  the  date  of  quiekenin!;.  Mensuration  of  the 
titerus  is  very  uncertain,  as  the  size  and  number  of  tli(> 
fa-tuses  vary  and  the  amount  of  liipior  amnii  is  not  al- 
ways the  siime.  The  position  of  the  fundus  at  the  differ- 
ent months  has  been  stated. 

Hygikne  and  M.\N.\(iKMi-;NT. — Gestation  being  a  phys- 
iologic condition  a  pregnant  woman  needs  to  do  little 
more  than  observe  the  rules  for  normal  living,  but  as 
derangements  readily  occur  she  should  be  tinder  the 
supervision  of  her  physician  from  the  beginning  to  the 
end  of  gestation. 

Diit. — No  rules  can  be  given  fordiet  during  pregnancy 
as,  in  normal  ca.ses.  the  patient  may  be  allowed  to  follow 
her  inclinations,  (irovided  she  takes  a  sullicient  quantity 
of  nutritious  food  and  avoids  what  is  indigestible.  Dur- 
ing the  early  months  \\  hen  nausea  and  vomiting  are  pres- 
ent the  diet  should  be  simpler  than  usual.  Breakfasting 
in  bed  and  the  use  of  some  alkaline  gastric  sedative  are 
sutlicient  for  the  ordinary  case  of  stomach  disturbance. 

Clothing. — In  order  to  avoid  all  pressure  upon  the 
growing  uterus  the  clothing  should  be  quite  loose  and 
the  corset  omitted;  garters  constricting  the  veins  of  the 
legs  are  objectionable.  If  the  abdominal  walls  are  re- 
laxed so  that  the  uterus  drops  too  far  forward  a  light 
well-fitting  supporter  should  be  worn. 

ExerriDt. — Walking  in  the  fresh  air  is  the  best  form 
of  exercise;  horseback  riding  or  any  form  of  activity 
which  entails  straining  or  jolting  should  be  forbidden. 
Long  journeys  in  the  cars  are  liable  to  induce  abortion, 
especially  if  taken  at  the  menstrual  ejiochs.  Those  woiuen 
who  are  accustomed  to  work  hard  for  a  living  seem  less 
easily  disturbed  and  pass  through  the  period  of  gestation 
without  making  any  change  in  their  daily  life  until  the 
abdominal  lumor  acts  as  a  mechanical  hindrance.  The 
pregnant  woman  re(|uircs  a  large  supply  of  oxygen,  so 
she  should  remain  in  the  open  air  as  much  as  possible 
and  avoid  all  crowded  or  ill-ventilated  rooms. 

Jitxl. — An  abundance  of  sleep  is  essential  for  the  wel- 
fare of  the  gravid  woman,  and  during  the  last  part  of 
gestation  she  shoidd  take  a  large  amount  of  rest.  Pinard's 
observations  show  that  those  patients  who  work  close  up 
to  the  time  of  their  confinement  bring  forth  children  of 
less  weight  and  vigor  tli!in  do  those  woman  who  enter 
the  hospital  a  month  or  six  weeks  previous  to  labor. 

Biit/iiiii/. — The  gravid  state  does  not  prevent  the  woman 
from  taking  her  daily  bath,  but  on  the  contrary  is  an  ail- 
ditional  reason  why  she  should  kee])  the  function  of  the 
skin  as  active  as  possible.  Care,  however,  nuist  be  taken 
not  to  have  the  water  at  so  low  a  temperature  as  to  pro- 
duce shock. 

Uyr/iene  of  the  Pclric  Orr/inin. — On  account  of  the  in- 
creased .secretion  frequent  bathing  of  the  external  genitals 
is  required.  If  there  be  any  alleclion  of  the  vagina  or 
cervix,  so  that  Ieucorrh(ea  is  troublesome,  warm  vagfnal 
irrigations  are  indicated,  care  being  taken  not  to  inject 
the  water  with  too  much  force.  Gonorrha'al  infiammation 
calls  for  active  treatment  on  account  of  the  danger  to 
the  child'scyesduring  (hdivery  and  the  risk  to  the  mother 
should  the  infectitm  ascend.  Sexual  intercoiirse  (hiring 
pregnancy  is  an  abnormality  and  by  producing  conges- 
tion may  lead  to  an  abortion. 

Our  of  thr  llriiint  oiut  AippleA. — During  the  last  three 
monthsof  gestation  the  nipples  should  be  gently  scrubbed 
daily  with  a  soft  nail-brush,  water,  and  ca.stile  soap,  after 
which  a  little  albolene  or  cocoa  butter  should  be  applied. 
This  course  of  treatment  will  toughen  the  nipples  and  at 
the  same  time  keep  them  pliable.  Exposure  to  the  air, 
as  bv  leaving  the  nightdress  open,  also  is  siijiposed  to 
render  the  nipples  less  sensitive.  If  they  are  flattened  or 
retracted  they  should  be  drawn  out  dailj'  by  means  of 


the  thumb  and  finger  or  by  applying  a  brea,st-punip. 
Careful  prepar.itions  for  the  funciinn  c^f  lactation  do  much 
to  add  to  the  comfcjrt  of  the  woman  after  confinement. 

Attention  has  been  called  to  the  fact  that  the  nervous 
system  of  the  pregnant  wcjiuan  is  in  a  most  susceptible 
state.  Without  entering  into  the  much  debated  subject 
of  the  influence  of  maternal  emotions  upon  the  f(etus,  it 
is  (luite  certain  that  scmie  nervous  impressions  of  the 
mother  have  an  unfavorable  effect  upon  the  child  as  well 
as  upon  her  own  well-being.  Therefore  it  is  wise  to 
make  every  effort  to  surround  the  patient  with  a  jileasing 
environment  and  to  remove,  as  far  as  possible,  all  sources 
of  irritation. 

UuiN.vuv  Ex.VMiNATioNs. — From  the  beginning  of 
pregnancy  it  is  the  duty  of  the  physician  to  keep  himself 
informed  as  to  the  state  of  the  woman's  urine.  At  first 
the  examination  should  be  made  every  fortnight,  but  dur- 
ing the  last  two  months  of  pregnancy  eveiy  week;  any 
abnonuality  will  call  for  more  frequent  attention.  The 
examination  should  be  based  on  the  twenty-four-hour 
sample,  and  th(^  estimation  of  the  urea  and  total  .solids  is 
of  the  utmost  importance.  A  great  many  pregnant 
women  are  troubled  with  leucorrluea  suflicient  to  con- 
taminate the  urine  and  give  the  test  for  albumin;  there- 
fore it  is  well  to  direct  the  patient  to  take  a  vaginal 
douche  and  introduce  a  tampon  of  absorbent  cotton  just 
before  urinating;  a  string  tied  to  the  tampon  makes 
removal  easy. 

OnsTKTiiic  ExA-MiN.VTiON.— As  soon  as  the  foHus  is 
viable,  the  physician  should  make  an  examination  of  the 
uterus  and  pelvis;  the  diameters  of  the  superior  and  in- 
ferior straits  should  be  measured;  the  size  of  the  foetus 
estimated  and  note  taken  whether  the  uterine  enlarge- 
ment corresponds  to  the  supposed  period  of  gestation. 
Some  time  during  the  last  month  of  gestation  a  .second 
examination  should  be  carried  out  in  order  that  the  phy- 
sician may  be  thoroughly  informed  as  to  the  presentation 
and  condition  of  the  birth  canal  at  the  time  of  labor. 

Patiiolooy  of  Gest.\tiox. — Under  this  head  will  be 
con.sidered  the  important  pathologic  conditions  brought 
about  by  the  gravid  state  itself  and  not  the  effect  of 
gestation  upon  disease  already  existing. 

Tii.ivnu'a  of  Pivr/minri/. — Gestation  is  a  time  of  increased 
metabolism,  for  the  woman  must  build  up  the  uterine 
structures  as  well  as  nourish  the  fietus,  hence  the  greater 
the  amount  of  waste-products  to  be  eliminated.  During 
pregnancy  the  excretory  organs  of  the  patient,  particu- 
larly the  bowels,  liver,  and  kidney,  undergo  a  physiologic 
hypertrophy  and  the  poisonous  substances  of  retrograde 
metamorphosis  are  removed  before  a  dangerous  degree  of 
accumulation  takes  place.  What  is  known  as  the  tox- 
a'lniaof  pregnancy  isanauto-inloxicalion  due  to  deficient 
elimination  and  may  arise  in  sevend  ways. 

The  presstire  of  the  enlarging  uterus  may  hinder  the 
proper  performance  of  the  functions  of  the  eliminating 
organs,  the  waste-products  being  prepared  for  excretion 
and  yet  remaining  locked  up  within  the  body.  In  other 
cases  the  intoxication  occurs  through  the  fault  of  the 
transforming  organs,  particularly  the  liver,  whicli  fail  to 
reduce  the  waste  matter  to  a  cheiuical  stniclure  ajipro- 
priate  to  the  cellular  activities  of  the  eliminating  ti.ssues. 
Piiiard  looks  upon  the  auto-intoxication  of  pregnancy  as 
hepato-toxa'niia,  and  BoulTe  de  Sainte  Blaise  (.!/<■(/.  l}ei>. 
of  llfi:,  June,  18!)U)  mentions  the  following  as  diagnostic 
features  of  deficient  hepatic  action:  progressive  decrea.se 
in  the  (luantity  of  urea  with  increase  in  the  proportion  of 
uric  acid  and  such  intermc<liate  substances  as  leticin  an<l 
tyrosin;  alimentaiy  glycosuria. /.<'..  if  the  woman  ingests 
a  fixed  amount  of  ghici>se  a  jiorlion  will  appear  in  the 
urine  owing  to  the  impairment  of  the  glycogenic  func- 
tion; there  is  urobilinuria  and  the  toxicity  of  the  blood 
serum  is  increased.  The  chemistry  of  auto  intoxication 
is  not  yet  elucidated,  but  it  is  apjiarent  that,  whatever 
the  source  of  the  toxins,  their  presence  irritates  the  tissues 
and  establishes  a  eirculus  vitiosus. 

I'lvdisjxm'nij  Causes. — "Women  who  suffer  from  insuffi- 
ciency of  elimination  while  in  the  non-pregnant  state 
may  not  be  able  to  meet  the  added  demands  of  gestation. 
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8iirli  ronilitiniiH  us  liyilniiiinloii,  iniiltiploprrgnnnry,  and 

priniipiirity  lire  atti'iiiliil  with  tlii'  Kr<°i>(<'''<t  aiiiiniiil  of 
liilni  iilMloiiiiiml  |)r("<.siirc  iiml  thuH  iiilcrfcrc  li>  Ilii'  >;rrut 
(Ml  cIc^riT  » itii  llic  iii'lioii  iif  llii'  liviT.  iiili'Hiiiii'H.  iir  ki<l 
licvs;  iiiiiltipli'  prrKiiiiiicy  III  llii' siiiiii' liiiir  aiMs  II  lari;i' 
aiiiiiiinl  iif  wasli' iiiatrrial.  I(  isiliiriii^  Ilic  liillir  miiiiiiIih 
uf  K<'!*l'>t<i'i>  llii't  llx'  iiiira  iiliiloiiiinal  iinssiirr  is  most 
iiutrKcil  aiiit  tlii-iiiiioiitil  of  waste  liialirr  roiiiiii);  from  llic 
fd'tiis  at  ils  maxiiiiiim. 

Si/iiiiiliiiiin  iniit  Diiigiuuiii. — Tin-  clrriilalioM  of  iiii  in 
crnisiil  amoiiiil  of  loxiiis  alTnls  particularly  tin'  iirrvc 
(•••iilri'S  ami  ijivis  risr  to  swi  li  symptoms  as  iK'ailaclii', 
(li//lniss.  irritaliilily,  iiinl  ilisturliaiiccs  of  vision;  vomit 
iii^'  iiikI  iliiirrliira  iiri'  not  iiiii'ominiui  anil  rrprrscnl  rITorts 
Hi  rliniiniilion.  Auto  inlovicalion  ronslitulcs  llic  pro- 
ilromal  stale  of  eclampsia  anil  the  majority  of  the  so- 
oilleil  (lisonlers  of  |irei;niiiicy  belong  to  ils  symploma- 
tolopy. 

The  iiKMliliciUioiisof  the  urine  in  toxipmin  urecxtremely 
important.  The  total  iimount  passed  in  the  twenty  four 
hours  usually  is  much  iliminisheil  ami  tlw  elimination  of 
urea  lessened.  Allhoii;;!)  urea  prolialily  is  not  the  iiiost 
important  poison  coiieerned  iiitlii'  production  of  the  toxic 
Diiiililioii.  the  amount  |>re.sent  in  llic  urine  alTords  us  ii 
valutilile  index  of  elimination.  In  a  normal  quantity  of 
urine  the  urea,  according  to  Davis,  should  W-  from  1.4  to 
2  Jicr  cent.;  below  one  iierccnt.  lies  the  danger  v.mw. 
.Tewett  has  pointed  out  the  fact  that  eclaiupsia  very 
rarely  develops  when  the  daily  amount  of  urine  is  over 
three  pints  and  that  a  largeamouiil  of  urine,  .say  seventy 
ounces  in  the  Iweiityfour  hours,  will  eliminalc  the  poi- 
sons even  when  the  tests  show  a  diminished  ([uantity  of 
urea.  The.sc  facts  conlirm  the  importjince  of  making 
(luantitativeestimalionsof  the  urine  in  all  cases  of  gesta- 
tion. In  normal  jiregnancy  the  toxicity  of  the  urine  in 
relation  to  that  of  the  blood  serum  is  much  increased,  but 
when  syniptoius  of  loxieniia  appear  the  toxicity  of  the 
blooil  serum  is  heightened  while  that  of  the  urine  is 
diminished. 

Alliiiiiiiiiuria. — This  is  a  common  symptom  of  toxaemia, 
but  it  must  also  bo  remembered  that  albumin  is  present 
in  live  per  cent,  of  all  cases  of  i)rignaiuy,  as  a  rule  not 
api)eariiig  until  the  latter  months  of  gestation.  Allbutt 
does  not  believe  that  ]>ressure  is  an  imiiortant  cause  of 
albuminuria,  as  the  renal  veins  are  not  easily  pressed  ujioii 
anil  albumin  often  is  absent  when  the  pressure  is  greatest ; 
he  thinks  that  the  poisons  absorbed  from  the  intestinal 
canal  are  responsible  for  the  kidney  disturbance.  Under 
all  lireumslaneesalbiiminuria  calls  for  treatment,  as  there 
has  been  established  a  delinite  relation  between  this  con- 
dition auda  les-seiieddi'velopiuent  of  the  fietus;  albumin- 
uria freiiuently  has  been  found  associated  with  hemor- 
rhages into  the  jilacentu,  Vallois  (L'Olitlitriqne,  No.  6. 
November  l.'ith,  isitil)  reports  two  cases  of  albuminuria 
during  pregnancy  which  were  not  severe  nor  permanent 
and  were  treated  by  a  milk  diet,  yet  were  followed  by  fu-tal 
death  and  expulsion.  In  both  these  cases  the  placenta' 
were  foinul  to  be  the  seals  of  niuneroils  hemorrhages. 
According  to  .Tewett  albuminuria  is  present  in  from  eighty 
to  ninety  percent,  of  eclamptic  patients  jirevious  to  the 
first  convulsion. 

Tnntiiunt  of  ToTttmia. — The  plain  indications  are  to 
diminish  the  amount  of  waste  and  stimulate  elimination. 
Till' diet  should  be  simplitied:  in  mild  cases  it  is  sufli- 
cient  to  cut  olT  all  meal  and  heavy  articles  of  food.  In 
the  severe  cases  and  whenever  there  is  marked  albumin- 
uria, the  i>atient  must  conline  herself  to  an  exclusive  milk 
diet.  It  is  very  uncommon  for  women  to  become 
eclamptic  who  have  been  upon  a  milk  diet  for  two  or 
three  weeks.  The  milk  may  be  taken  hot  or  cold,  and 
the  addition  of  a  little  salt,  a  few  dropsof  coffee,  or  some 
effervescing  niimnil  water  will  suit  some  tastes. 

All  the  emunctorics  should  be  culled  into  play  to  in- 
crease elimination,  and  one  of  the  advantages  of  the  milk 
diet  is  its  diuretic  action.  Water  should  be  given  freely 
either  by  mouth  or  per  rectum:  irrigations  of  the  bowel 
with  saline  solution  have  a  valuable  effect  upon  the 
kidney  and  at  the  same  time  cleanse  the  intestinal  canal. 


Tho  use  orHiilineHcnch  mornin);,  with  omuiioniil  donciof 
calomel  at  night,  will  Hliiuulate  the  iK-lion  of  Ihe  iMiwelii. 
and  the  skin  nIioiiIiI  be  madi'  active  by  the  uiw  of  hot  air 
biillis,  massage,  and  the  ailnplion  of  lliinml  underclotlieH, 
The  energy  of  the  treatment  must  be  proporlionati-  lo 
the  .severity  of  the  Hyniplonis.  .Vbuudaiici'  of  fresh  ulr  In 
a  neeeH.siiry  part  of  the  treatmint  and  the  inliulutioDH  of 
o.vvgen  seem  lo  do  good  in  many  cases. 

If,  in  spite  of  the  preventive  ireiitment,  the  RymptomH 
continue  and  the  condition  of  the  urine  does  not  improve 
Ihe  artillcial  induction  of  uborliun  or  premature  labor  is 
iudiciiled. 

Viniiiliiiij. — X  certain  amount  of  gastric  disturbance 
during  Ihe  first  mouths  of  pregnancy  is  so  common  thai 
"morning  sickness"  has  become  one  of  the  presumplive 
signs  of  the  gravid  slate.  What  is  ilesignated  as  iri'm;»fe 
r«Hi(7(/i,</ appears  very  early  in  gestation,  perhaps  during 
the  Hrst  week  or  two,  and  ci-ascs  about  the  end  of  Ihe  third 
month.  The  patient  may  beconie  nauseated  and  vomit 
on  tirsi  arising  in  the  mnrning  or  the  stomach  may  re- 
main i[uiescenl  until  fooil  is  taken ;  in  a  few  ca.si-s  the 
vomiting  takes  place  only  at  night ;  in  others  the  attacks 
of  eiucsis  are  scattered  irregularly  throughout  the  day, 
thevoniilcd  matter  consistingof  mucus,  bile,  ami  ingested 
food.  The  distinctive  feature  of  simple  vomiting  is  that 
the  patient's  general  nutrition  suffers  little  or  not  at  all 
and  the  affection  cea.ses  spontaneously,  having  had  no 
intluencc  upon  the  course  of  the  pregnancy. 

I'miiri'iiiK  or  I'nroiitrnUiilih'  ]'niiiitiii;/ — IIi/]wrfiii(>ii». — 
Whenever  the  gastric  disturbance  becomes  so  severe  that 
the  health  of  mother  and  child  is  threatened  it  may  be 
classed  as  jteniiriouK.  Simple  vomiting  may  merge  into 
the  uncontrollable  form  by  the  symptoms  becoming 
more  and  more  inten.se.  The  patient  rejects  the  simplest 
form  of  food  or  drink  and  in  consequence  makes  fewer 
and  fewer  attempts  at  ingesting  food.  In  the  classic 
description  of  the  disea.se  by  Dubois  three  stages  are 
dcscrilied,  but  il  is  very  rare  that  the  divisions  are  as 
distinct  as  he  would  make  us  suppose. 

First  Stage:  The  vomiting  immediately  follows  the 
swallowing  of  food  and  there  are  attacks  even  when  the 
stomach  is  emi)ty,  the  ejected  mucus  and  bile  often  being 
streaked  with  blood.  There  are  epigastric  pain  and  tender- 
ness on  pressure  over  the  region  of  the  stomach.  Emacia- 
tion soon  becomes  evident,  associated  with  increasing 
weakness:  i)lyalism  and  diarrhcea  may  appear  as  com- 
piicalions. 

Second  Stage:  In  this  stage  there  may  be  an  elevation 
of  temperature  caused  by  auto  intoxication,  but  more  seri- 
ous is  the  rapid  and  weak  pulse  ranging  from  120  to  l-fO. 
The  general  condition  of  the  patient  is  very  bad :  the  skin 
is  dry,  the  faci'  is  emaciated,  and  the  eyes  arc  sunken; 
sordesappear  im  the  teeth  and  the  breath  has  an  offensive 
odor:  the  mouth  and  throat  are  dry.  The  urine  is  scanty 
in  amount  and  of  ln\'li  sjiecilic  gravity  and  fietid  odor; 
it  nuiv  contain  iilbuniin  and  casts.  The  increasing  weak- 
ness of  the  patient  is  apparent  in  the  att^icks  of  syncope, 
so  that  she  is  obliged  to  remain  in  bed. 

Third  Stage:  In  this  stage  the  vomiting  ccjises  and 
there  is  the  advent  of  nervous  symptoms  such  asdisturb- 
ances  of  vision,  delirium,  and  hallucination:  coma  usually 
precedes  death. 

Pinard  h:is  pointed  out  that  in  ca.ses  of  pernicious 
vomiting  the  mrvous  symptoms  may  be  detected  in  the 
early  .stage,  and  that  Duboisdrew  his  conclusions  regard- 
ing the  febrile  stage  from  the  pulse  and  not  from  the 
thermometer,  as  that  instrument  was  not  used  in  medi- 
cine at  the  time  he  wrote.  All  of  the  cases  do  not  end 
fatally,  but  the  physician  must  not  be  deceived  by  the 
sudden  remissions  which  occur  even  in  the  most  serious 
cases  and  which  do  not  indicate  any  permanent  im- 
provement. 

The  pathologic  lesions  are  variable  and  more  often  in- 
dicate that  pregnancy  has  supervened  upon  some  disea.sed 
condition  than  that  gestation  is  a  direct  cause:  frequently 
there  is  no  demonstrable  lesion  at  all.  Such  conditions 
as  disease  of  the  decidiiaand  ccrvi.x,  tumors  of  the  uterus 
and  ovaries  are  looked   upon  by  Pinard  as  accidental 
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accoiiipuiiinK'ats  in  those  cases  in  which  siicli  lesions  are 
present. 

(iiiiMition. — The  two  important  elements  in  the  vomit- 
ing of  pregiiiuicv  arc  the  cundilioii  of  ilie  irtvdiis  system 
and  retiex  stiiiuililion.  'I'lie  iiiipHssiunalile  state  of  the 
nerve  centres  which  is  a  fcaliireof  lici^iniiiii^  ;;istation, 
may  permit  tlie  u;riiwini;  ulcriis  In  have  a  more  profound 
effect  during  early  pngnaiicy  than  hiter  wlicn  nervous 
equililiriuni  is  attained;  or,  tlie  relle.x  from  the  jiilvis 
may  lie  heiglitened  by  tile  existence  of  some  almormality. 
sucli  as  a  displacenunl.  lacenition.  inlianunation  of  the 
cervix,  or  new  growth.  Such  conditions  as  lliese  may 
account  for  the  xim/ili  iinnili'ti/  of  pregnancy,  liut  for 
tlie  explanation  of  hyperemisis  they  an-  not  fully  satis- 
factory. Pinard  considers  that  hyperemesis  is  a  jiart  of 
the  symptomatology  of  auto  intoxication  and  it  seems 
reasonable  to  su]>])ose  that  toxins  circulating  in  the  blood 
may  be  the  sole  cau.ses  except  in  such  casesin  which  their 
action  is  reinforced  by  some  abnormal  stimulus  coming 
from  the  pelvis.  It  is  a  striking  fact  that  even  the 
simple  form  of  vomiting  is  absent  or  slightly  marked  in 
those  women  whose  excretions  are  naturally  sufficient, 
or  have  been  made  .so  by  apiirojiriate  treat ment. 

Praijiimtis. — The  disease  is  serious  in  the  lirst  stage, 
more  so  in  the  second,  and  almost  always  fatal  in  the 
thinl.  Death  of  the  fcetus,  or  abortion  improves  the  out- 
look for  the  patient.  Gueniot  found  that  in  118  patients 
recovery  took  place  in  72  and  4(!  died;  of  the  "I'i  who  re- 
covered. 43  either  spontaneously  aborted  or  else  abortion 
or  prematuH'  labor  was  induced.  Of  the  46  who  died,  28 
did  not  abort,  and  IS  had  abortion  or  premature  labor  in- 
duced, or  miscarriage  was  spontaneous. 

Diiigiionin. — In  a  case  of  severe  vomiting  the  question 
of  pregnancy  must  lirst  be  established  and  then  it  must 
be  decided  whether  or  not  the  gastric  di.sturbauce  is  due 
to  some  intercurrent  or  jire-existing  aftectiou.  If  the  case 
undoubtedly  is  hy])ereinesis  of  gestation  the  stage  of  the 
disease  must  be  determined. 

'J'l-etitiiiKitt. — Every  case  of  simple  vomiting  calls  for 
investigation,  as  the  physician  cannot  know  whether  or 
not  it  is  the  beginning  of  serious  disturbance.  The 
adoption  of  Pinard'stheoiy  of  hcpato-toxa'mia entails  the 
examination  of  the  urinary  excretion  and  those  medicinal, 
dietetic,  and  hygienic  measures  described  under  the  head- 
ing of  toxiemia.  Large  do.ses  of  chloral  and  sodium 
bromide  per  rectvuu  may  diminish  the  reflex  action  of  the 
centres  after  the  tox.emia  has  been  overcome;  in  this 
same  connection  may  be  mentioned  such  measures  as 
spinal  douches  and  blisters  or  stimulating  liniments  ap- 
plied over  the  region  of  the  fourth  and  fifth  dorsal 
vertebriB. 

The  local  treatment  consists  in  the  correction  of  any 
abnormality  discovered  in  the  pelvis.  Dilatation  of  the 
cervical  canal,  by  means  of  the  si  eel  branching  dilators, 
has  been  performed  with  the  idea  that  some  cicatricial 
contraction  of  the  cervix  might  originate  the  rellex  irrita- 
tion. Morcau  and  Grailly  Hewitt  consider  uterine  dis- 
placements to  be  the  most  frecpicnt  cau.ses  of  irritation; 
of  course  if  any  malposition  of  the  uterus  be  discovered 
it  should  be  corrected.  Iiitiainmation  of  the  vagina  or 
cervix  shouhl  receive  appropriate  local  treatment,  but  no 
local  applications  nor  mani]iulalion  must  i)ass  the  internal 
OS  and  strict  asi'psis  must  be  observed. 

In.  those  cases  in  which  vomiting  has  continued  forsome 
time  the  stomach  becomes  so  irritable  that  complete  rest 
must  be  given  it,  therefore  rectal  feeding  may  be  em- 
ployed to  advantage.  The  long  list  of  drugs  which  are 
advised  as  gastric  sedatives  is  an  evidence  of  the  unsatis- 
factory results  obtained  before  the  mechanism  of  the  dis- 
order was  understood ;  the  list  comprises  all  tho.se  drugs 
mentioned  in  the  textbooks  on  general  medicine  for 
treatment  of  slouiach  diseases. 

If,  in  sjiite  of  treatment  addressed  to  local  and  general 
conditions,  the  hyperemesis  continues,  artiticial  abortion 
is  the  last  resort  and  it  is  wise  to  adopt  this  measure  be- 
fore the  patient  has  advanced  so  far  in  the  second  stage 
of  the  disease  that  the  shock  of  the  operation  uses  uj)  her 
remaining  strength. 


/¥//«/(■»;«.— When   this  affection  develops    it   usually 

begins  c>arly  in  gestation  and  lasts  until  the  fourth  ilr 
lifth  month.  The  discharge  of  sjiliva  may  be  so  profuse 
that  the  iiaticnt  is  obliged  to  wear  a  napkin  or  use  a  cup 
for  the  recejition  of  the  secretion  whieli  may  amount  to 
as  much  as  three  (juarls  in  the  twenty-four  liours. 

The  cause  of  the  disease  is  not  clear;  in  some  ca.ses  it 
seem.s  to  be  merely  sympalhetic;  in  others  there  is  auto- 
intoxication, the  poison  acting  ujion  and  being  eliminated 
through  the  salivary  glands. 

The  treatment  of  i)tyalism  is  luisjitisfactory,  except 
when  it  is  relieved  by  overcoming  the  toxa-niia."  Henetit 
is  sometimes  deriveii  from  the  use  of  a.stringent  mouth- 
washes, by  the  ailininistralioii  of  tincture  of  belladonna 
or  pilocarpine,  and  by  the  application  of  a  weak  galvanic 
current  to  the  glands. 

Dintnl  Ciirien. — There  is  a  popular  saying  that  each 
pregnancy  costs  the  woman  a  tooth,  and  it  certainly  is  a 
fact  that  gravid  women  are  apt  to  suffer  from  dental 
caries,  due  either  to  alteration  in  the  buccal  .secretions  or 
to  the  demand  on  the  part  of  the  fcetus  for  lime  sjdts. 
At  the  beginning  of  gestation  the  woman  should  have 
her  teeth  put  in  order,  l)Ut  all  extensive  or  painful  o|ierat- 
ing  should  be  postponed  until  after  ih'livery  on  account 
of  the  nervous  irritation.  Temporary  lillings,  the  use  of 
dental  floss  and  antiseptic  moutli  washes  after  meals,  and 
the  administration  of  syrup  of  lactophosphate  of  lime 
will  do  much  to  preserve  the  teeth  during  the  term  of 
gestation, 

Gingiritis.— During  gestation  the  gums  may  become 
red,  swollen,  and  bleed  easily.  The  disturbance  comes 
on  about  the  fourth  month'and  may  not  disapjiear  for 
one  or  two  months  after  confinement.  The  treatment 
consists  in  keeping  the  mouth  clean  and  disinfected  by 
the  use  of  a  solution  of  chlorate  of  potassium  and  apply- 
ing tincture  of  iodine  to  the  gum.s. 

Constipation  and  Diarrhaa. — On  account  of  the  pressure 
of  the  growing  uterus  the  majorily  of  pregnant  women 
suffer  from  constipation  which  is  a  potent  element  in  the 
production  of  toxa'mia.  Furthermore  the  loaded  rectum 
tends  to  promote  pelvic  congestion  and  develop  hemor- 
rhoids. There  is  nothing  peculiar  about  the  treatment 
of  constipation  during  pregnancy,  except  to  uttera  warn- 
ing a.gainst  the  use  of  irritant  cathartics  which  .sometimes 
will  produce  uterine  contractions.  In  a  limited  number 
of  cases  the  patient  suffers  from  diarrh(ea  instead  of  from 
constipation  and  under  such  circumstances  the  physician 
should  investigate  the  case  with  the  view  of  discovering 
a  possible  toxtemia  of  which  the  diarrhiea  is  but  a 
.symptom. 

Disorders  of  the  Circulator;/  Syst^'.m. — Attacks  of  palpi- 
tation and  syncope  are  not  uncommon  during  gestation 
and  are  apt  to  occur  in  nervous,  ana-mic  women  from  a 
niunber  of  reflex  causes.  In  the  last  few  months  of  Jireg- 
nancy,  especially  when  there  is  overdistention  of  tjie 
uterus,  the  pressure  of  the  fundus  against  the  diaphragm 
may  be  the  ciiuse  of  the  disturbance.  The  treatment  is 
the  same  as  in  the  nonpregnant. 

Ilemorrlioids  and  Varices. — Hemorrhoids  may  become 
very  troublesome  during  the  latter  half  of  juegnancy.  and 
varices  of  the  legs  or  vulva,  accompanied  by  more  or  less 
a'deina,  may  be  present.  As  the  cause  is  the  |)rcssure  of 
the  gravid  uterus  interfering  with  the  return  flow 
through  the  veins,  treatment  should  be  palliative.  Con- 
stipation should  be  iireventcd.  elastic  bandages  ajiplied 
to  the  lower  extremities,  and  the  i>atient  kc])!  in  the  re- 
cumbent position  as  much  as  is  feasible.  There  is  .some 
danger  of  rupture  of  enlarged  veins  in  the  leg  or  vulva, 
so  the  patient  should  be  taught  how  to  aiiply  a  pad  in 
order  to  control  the  hemorrhage  pending  the  arrival  of 
the  physician. 

Anamia. — Unless  the  blood  hypertro])hies  to  meet  the 
demands  of  the  i>rcgnant  slate  lh<'  woman  will  suffer 
from  ana;mia.  >Iany  women  are  temporarily  an.-emic 
during  the  early  months  until  llu'  richness  of  the  bloiMl 
is  established.  If  the  blood  remains  imjioverished,  or 
becomes  so,  the  usual  symiitonisof  ana'mia  appearand 
there  are  a  few  cases  on  record  in  which  the  disease  took 
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the  |Hriilrlo«»  form.  Tlio  nmtlix'  m-iiliurnt  by  illot, 
oxyKt'i'.  iniii.  iiikI  iinu'iiic  is  iiidiriiti'il.  mid  in  ^nivc  ciim-h 
ll  iiiiiy  III'  ri('('i's.siti'y  to  \tri\\\i  (lie  iiri'Kiiiiiiiy  In  an  I'liil. 

IHiuinlfin  iij  llfniiiriitiim. — ('iiiikIi  anil  (lyK|iiui'a  wiiiif 
liiiirs  iir<'  IriiiililrMiini-  tn  llii-  pri'KHaiit  wuiniin  ami  (lie 
<iiiis<' may  lir  rctlrx  or  iiii  rliaiiiial.  Fur  llmii'  rases  uf 
•<yiii|iatlirtir  iiiit;in  valrriaii  ami  linitiiiilcs  ari'  iisi'fiil.  Iiiit 
liii'  iiiiM'liaiiiial  rlriiiriil  caiiiKii  In-  rriniivi'il  until  tlir  inil 
<if  |>ni;naii<\ .  allliiiiiiili  till-  |ialirnl  may  j;rl  sonic  rclirf 
by  avdiiliiij;  fxcrtion  ami  wearing  rxlrrnicly  louse  j-lnlli 

IHnnrilfrt  <if  tlitt  yfrroim  f^i/nlem . — Nfurnlgin. — The 
pre^inanl  woiiiaii  ofleii  sulTers  from  allaeks  of  neimiltfia 
in  various  parts  of  tin- boily.  The  Krowinjr  uterus  may 
press  upon  the  pelvie  nerves.  I'spi'eiailv  if  there  be  in 
llaiiiatorv  cleposits  arouml  the  uterus.  In  oilier  eases  the 
pain  is  due  to  eonstipatimi  wliieh  permils  hardened  fu'ees 
to  act  as  irritants  or  produces  toxaniia.  In  priniipara'. 
durinj;  the  latter  moiilhs.  tin'  distention  of  the  alidoininal 
tissui'S  may  cause  sulTcrinj;.  The  face  and  breasts  arc 
regions  often  alTected. 

The  treatment  consists  in  removal  of  the  cause  when- 
ever possible;  irrigations  of  the  bowels  will  remove  the 
hardened  faeis  ami  elevation  of  the  fundus  will  relieve 
the  pressure  upon  the  pelvic  ni-rvcs.  In  facial  neuralgia 
the  teeth  should  be  examined  for  caries.  The  genend 
treatment  lies  in  overcoming  loxa'mia.  in  administering 
iron  and  arsenic  as  well  as  employing  the  usual  hygienic 
means  for  the  cure  of  aiuemia.  For  the  relief  of  Jiain  the 
coal  tar  prtMluct.s  should  l>e  [ircferred  to  opium  or  nior- 
pliiue. 

//<•/•/«■*. — This  is  one  of  the  most  unpleasant  nervous 
disorders  to  which  the  pregnant  woman  is  liable,  but  for- 
tunatelv  it  is  not  very  common.  The  disease  usually 
has  appeared  between  the  third  and  lifth  months  ami  in 
certain  patients  has  recurred  iu  successive  pregnancies. 
The  disorder  presents  no  peculiarities  during  gestation 
nor  does  it  seem  to  affect  its  course.  Herpes  is  included 
among  the  various  manifestations  of  to.\;eniia. 

The  treatment  consists  in  attention  to  general  hygienic 
conditions  together  with  the  adniinistnition  of  hypophos 
phales.  arsenic,  and  iron.  As  local  applications  carbolized 
vasi'line.  dusting  powders,  and  soothing  lotions  are 
recommendeil. 

The  Mental  Dint ii i-tMi iicei*  of  Gatation. — It  is  stated  that 
eight  per  cent,  of  the  eases  of  insanity  among  women 
ori''inate  during  pregnancy,  labor,  or  the  lying-in-period, 
and  we  can  understand  how  such  may  be  the  case  when 
we  recall  the  frci|uent  alterations  in  the  mental  character- 
istics of  gravid  patients.  Mental  disorder  is  less  apt  to 
develop  during  ])regnancy  than  during  or  subseiiuent  to 
labor,  but  the  peculiar  irritability  or  depres.sion  present 
during  gestation  may  be  but  the  prodromal  symptoms  of 
marked  melancholia  with  suicidal  tendencies.  In  some 
ca.ses  there  is  merely  mental  confusion  or  stupor,  and 
mania  isnmcli  less  common  than  melancholia.  Occasion- 
ally, instead  of  depres.sion.  there  is  mental  exaltation  and 
the  patient  becomes  very  talkative,  showing  great  activ- 
ity both  of  body  ami  mind. 

Heredity  is  an  important  predisposing  factor  in  the 
ins:inity  of  pregnancy  and  renders  the  patient  extremely 
susceptible  to  such  influences  as  toxaemia,  fear  of  the  ap- 
proaching confinement,  or  remorse  for  an  illegitimate 
conception. 

The  prognosis  is  not  soliad  as  among  the  non-pregnant. 
In  19  cases  collected  by  Marce  the  results  were  as  follows : 

riire<I  after  ileltvery 7 

Worse  after  delivery 1 

Ciiretl  ilurinir  preifniiney 2     • 

Ileeame  chronic 9 

The  insi\nity  is  said  to  have  no  eflect  upon  the  course 
of  the  pregnancy,  although  in  five  cases  out  of  eleven 
Marce  reports  the  children  as  born  dead  or  dying  shortly 
after  delivery. 

The  jiiopiiy lactic  treatment  is  very  important;  the 
physician  should  recogni/e  the  signs  of  irritability  and 
depression  and  see  that,  as  far  as  possible,  all  disturbing 
influences  are  eliminated.     At  the  same  time  he  should 


ImpreKSiipon  the  fuudly  the  niTewiity  forennxtant  wutch 
fiihiessand  anticipate 'any  attempt  at   Hiiicide      The  In 
sanity  itself   is   nmiiaged   by  niaiiilainitig   the   putieiil  iu 
peaceful  siirroumliiigs,  by  attention  to  the  noiiriHlimenl 
and  excretions,  by  (he  use  of  sedatives  and   Ihow  drugH 
employed  for  the  relief  of  ananiie  coiiditlonK. 

(h'llfiiiii  (Iiii  ill!/  (lintiiliiiii.  —  hx  the  last  two  or  three 
months  it  is  not  imcommon  for  the  pregnant  woman  to 
suffer  from  o'deimi  of  the  lowiT  exlreiiiiliis  ami  vulva. 
as.sociated  with  albuminuria,  imreased  intra  abdominal 
pressure,  and  varicosities.  I'inard  hits  called  attention  t« 
a  more  or  less  generalized  form  of  redeiiia  which  he  con- 
siders to  be  due  to  toxiemia  and  in  which  such  causes  uN 
pressure,  varices,  and  renal  disturbanc(!are  absent.  Stolz 
designated  this  oilemaas  mroiinriirhiTiii  ;  the  inllltration 
of  the  tissues  may  be  (piite  as  well  marked  ill  the  ab- 
ilomiiial  wall  above  the  symphvsis  as  in  the  lower  ex- 
tremities; in  rare  instances  there  lacfTusion  into  the  scrouH 
cavitiis  of  the  body. 

The  treatment  consists  in  regulating  the  elimination, 
rest  in  bed,  and  a  milk  diet,  together  with  the  administra- 
tion of  iron  and  arsenic.  In  severe  n'l)elliousca.ses  pun<- 
ture  of  the  labia  may  be  necessary,  but  it  is  to  be  remem- 
bered that  tlieii-  is  some  danger  of  stimulating  uterine 
contractions  and  thai  the  low  vitality  of  the  tissues  pre- 
disposes to  gangrene  and  infection.  The  use  of  the  trocar 
may  be  required  to  evacuate  fluid  from  the  chest  or 
abdomen. 

Dimrdertnif  t/ie  Genitnl  App<iriitun. — I'niritus  Vulrir. — 
Some  gravid  women  suffer  from  an  intolerable  itching  <if 
the  vulva  ami  the  constant  scratching  soon  produces  local 
lesions  which  intensify  the  irritation.  The  causes  of 
the  pruritus  arc  either  the  local  action  of  vaginal  dis- 
charges or  an  irritable  condition  of  the  nerves  or  both 
combined.  In  bad  cases  the  woman  is  prevented  from 
sleeping  and  the  constant  torture  brings  about  deteriora- 
tion of  the  general  health.  Treatment  lies  in  the  use  of 
warm  vaginal  irrigations,  togelherwith  hotsitz-bathsand 
the  application  of  soothing  lotions.  A  tampon  of  ab- 
sorbent cotton  introduced  within  the  vagina  and  fre- 
quently changeil  will  iirevent  the  discharge  from  reach- 
ing the  external  parts.  When  the  nervous  element  is 
prominent,  tonic  and  general  hygienic  measures  are  in- 
dicated in  combination  with  the  local  applications. 

Vegetations  vjion  the  Vulrti. — The  increased  vascularity 
of  pregnancy  stimulates  the  growth  of  warty  inas.ses 
upon  and  around  the  vulva.  These  growths  may  be- 
come as  large  as  the  fietal  head;  they  are  of  a  rosy  or 
livid  color  and,  except  upon  the  surface,  are  moist  and 
exude  a  foul  discharge.  These  so-called  renenal  imrtu 
or  comlyloiiiiitii  nruininnta  are  often  associated  with  a 
gonorrha'al  intlammation,  but  there  are  cases  in  which  no 
venereal  element  seems  to  be  present,  the  cause  being 
dependent  upon  pregnancy  alone.  Sometimes  the  tumors 
are  sources  of  obstruction  to  the  delivery  of  the  fuptal 
head. 

Treatment. — The  extreme  vascularitj'  of  the  parts 
makes  the  removal  of  the  masses  during  pregnancy  rather 
a  dangerous  operation  and  also  exposes  the  patient  to  the 
ri.sks  of  abortion.  AVheii  possible  the  treatment  during 
gestation  should  be  palliative  by  the  application  of  anti- 
septic washes  orastringent  dusting  powders.  Successive 
portions  of  the  giowths  may  be  touched  with  a  glass  rod 
dipped  in  nitric  or  pure  carbolic  acid.  After  the  confine- 
ment the  warts  may  spontaneously  disappear  or  their 
vascularity  be  so  lessened  that  surgical  treatment  is  a 
simple  matter. 

Dinplartmeiitji  of  the  Pregnant  Clerus. — The  gravid 
uterus  may  be  found  disiilaced  forward,  backward,  side- 
ways, or  downward.  The  most  frequent  uterine  dis- 
placement complicating  pregnancy  is  retroversion. 

Jietrorersion . — In  24,(H)0  cases  "of  i)regiiancy  JIartin 
found  retroversion  or  retroflexion  121  times.  The  cause 
of  the  displacement  usually  antedates  the  pregnancy,  ex- 
cept in  those  cases  of  acute  dislocation  of  the  organ  from 
a  fall  or  blow,  and  from  the  muscular  exertions  of  lifting, 
vomiting,  or  defecating.  When  pregnancy  develops  in  a 
I  retroverted  uterus  the  organ  usually  becomes  elevated  as 
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the  increase  in  size  takes  place  and.  by  tlieliftli  month,  is 
too  large  to  occupy  a  posterior  position.  Certain  condi- 
tions, liowevi'r,  luiiy  liinder  the  ilcMilioM  of  tin-  fiiiidiis: 
the  uterus  may  lie  adherent  and  unable  to  break  away  ;  an 
over-prominent  sacral  promontory  may  not  givesullicient 
space  for  the  fundus  to  swing  upward;  a  tumor  in  the 
posterior  uterine  wall,  or  one  supcrimpost'd,  may  in\- 
prison  the  organ.  No  vloubt  retention  of  urine,  with  the 
conse<iuenl  distention  of  the  liladdir.  is  a  mechanical  hin- 
dranceat  times.  If  the  utirus  is  unable  to  risealiove  the 
pelvic  brim  either  abortion  takes  place  or  the  symptoms 
of  iiiniiTfnitioii  show  themselves.  There  are  two  varie- 
ties of  incarceration,  w»(;)/<7<'  and  jhii-IihI  :  in  the  com- 
plete form  the  entire  organ  is  held  beneath  the  pelvic 
brim;  in  the  partial  the  uterus  becomes  saccidated.  a  por 
tion,  made  up  of  the  posterior  wall,  remains  in  the  pelvis, 
while  the  fu'tus  develops  in  the  anterior  free  jKjrtion. 

Si/itijitoiiin. — Symptoms  rarely  appear  b<  fnre  the  third 
norafter  the  lift'li  month;  after  the  laller  date  the  uterus 
is  too  large  to  become  retroverted  and  before  the  third  it 
is  too  small  to  give  rise  to  signs  of  compression.  At 
first,  owing  to  the  increased  weight  of  the  gravid  womb, 
the  symptoms  are  merely  an  intensiticiition  of  the  com- 
mon signs  of  backward  displacement.  There  are  back- 
ache, dragging  sensations,  feeling  of  weight  in  the  pelvis, 
irritation  of  tlie  bladder  and  rectum,  and,  at  the  same 
time,  there  may  be  considerable  dilliculty  in  emptying 
those  reservoirs.  When  the  displacement  occurs  .sud- 
denly there  are  no  prodromal  symptoms;  the  patient 
e.xperiences  a  sudden  pain  in  the  lowerabdomcn  followed 
by  signs  of  pressure.  After  the  incarceration  has  de- 
veloped the  prominent  symptoms  come  from  the  urinary 
organs.  The  cervi.x  ]iresses  upon  the  urethra  and  a  c\stitis 
results  which  may  |iass  into  a  gangrenous  form,  the  urine 
becoming  foul  and  containing  pus,  blood,  iind  broken- 
down  tissue.  The  patient  may  have  chillsand  fever,  an<i 
the  infection  ascend  to  the  kidney,  causing  death  by 
unrmia.  In  some  cases  the  liladder  cannot  empty  itself 
and  rupture  occurs.  If  the  incarceration  continues  the 
])elvic  pain  becomes  very  intense  and  the  uterine  wall  may 
become  gangrenous,  leading  to  a  termination  of  tlie  case 
through  septic  peritonitis.  In  rare  cases  the  fundus  has 
been  expelled  through  a  ruptured  vaginal  wall  and 
perineum. 

Prognmis. — In  retroversion  of  the  pregnant  uterus  the 
prognosis  is  very  serious  unless  the  condition  relieves 
itself  or  is  promjitly  treated.  Unless  abortion  occurs  in- 
carceration is  always  fatal  if  left  to  itself.  Gottschalk's 
statistics,  based  \ipon  (i7  fatal  cases  of  backward  displace- 
ment, give  the  causes  of  deatli  as  follows;  uraemia  and 
Colla|)se.  Ifi;  septicemia  from  the  bladder.  4;  gangrene 
of  the  bladder.  3;  rupture  of  the  bladder,  11;  peritonitis 
from  injury  of  the  bladder.  IT.  The  other  causes  of  death 
were  peritonitis,  pyaemia,  and  gangrene  of  the  intestine. 
The.se  tigures  illustrate  the  frequency  with  which  the 
urinary  organs  are  involved. 

Diiif/iionia. — In  addition  to  the  presence  of  pressure 
symptoms  there  are  certain  important  physical  signs. 
On  digital  examination  the  linger  detects  an  elastic 
rounded  borly  lying  in  Douglas'  pouch  and  tilling  mcjrc 
or  less  of  the  pelvic  cavity;  the  cervix  may  be  hard  to 
reach  or  found  directly  beliind  the  symphysis,  the  ex- 
ternal OS  looking  ujiward  in  cases  of  retroversion  or 
more  or  less  downward  in  flexion.  On  feeling  above  the 
pubes  the  fundus  of  the  uterus  is  missing  from  its  normal 
position  and  its  place  may  be  occuiiied  by  a  cystic  tumor 
formed  by  the  distended  bladder  unless  catheterization 
has  been  performed  in  advance.  Per  rectum  more  of  the 
tumor  is  accessible  to  the  linger.  A  retroversion  must 
be  difTerentiated  from  all  those  tumors  which  may  lie  in 
Douglas'  pouch,  such  as  an  ovarian  cyst,  ectopic  gesta- 
tion, or  a  libroid ;  a  combination  of  tumor  and  normal 
pregnancy  is  particularly  difficult  to  diagnosticate  unless 
an  anicsthetic  be  administered. 

Trfiilmrnt. — As  soon  as  retroversion  of  the  gravid 
uterus  is  discovered  elToi-ts  at  reposition  nnist  be  made. 
The  woman  should  be  placed  in  the  knee-chest  position, 
a  Sims  speculum  introduced,  and  the  fundus  pushed  up- 


ward while  the  cervix  is  drawn  down  by  means  of  a 
tenaculum,  sometimes  the  upward  pressure  can  be  made 
to  better  advantage  through  the  rectum.  In  ditlicult 
cases  an  ana'sthetic  should  be  administered,  the  jiatient 
put  in  the  lithotomy  position,  and,  by  means  of  bimanual 
manipulation,  the  fundus  swung  iiruiiml  the  promontory 
to  the  front.  As  soon  as  the  uterus  is  in  jiroper  ixisition 
tampons  or  a  pessary  must  be  employed  until  its  growth 
has  rendered  it  too  large  to  enter  the  ])elvisa.gain.  When 
adhesions  exist  three  courses  of  treatment  are  at  the  dis- 
po.sal  of  the  physician;  1.  Repeated  tamjionade  of  the 
vagina  with  cotton  or  wool  soaked  in  boroglyceride  ami 
ichthyol  with  the  hope  of  causing  gradual  absorption  of 
the  restraining  bands  and  elevation  of  the  fundus.  This 
method  of  treatment  can  be  carried  out  only  in  those 
cases  in  which  there  are  as  yet  no  urgent  symptoms.  2. 
Posterior  vaginal  section  followed  by  manual  separation 
of  the  adhesions  and  replacemint  of'the  uterus.  3.  Ab- 
domiual  section  and  manual  replacement. 

The  choice  of  methods  will  depend  upon  the  urgency 
of  the  case.  When  incarceration  hasdevelojied  attention 
must  first  be  paid  to  the  bladder,  and  if  careful  attempts 
atcatheteri/.atifin  fail  the  urine  must  Im- evacuated  through 
a  suprapubic  puncture.  If  maniimlations  through  the 
vagina  fail  the  abdomen  should  be  opened  and  the  fundus 
lifted  into  position.  Abdondual  section  for  the  relief  of 
incarceration  has  been  performed  twice  by  M.  I).  Mann, 
twice  by  Jlouchet.  and  eleven  times  by  Jacops;  all  the 
cases  weie  successful  except  one  of  Jacops'  which 
aborted.  Artitieial  abortion  needs  to  be  iierformed  but 
very  seldom  and  the  difticultiesand  dangers  of  emptying 
and  draining  the  incarcerated  uterus  are  much  greater 
than  those  connected  with  the  intraabdondnal  method 
of  treatment  if  the  case  is  in  skilled  han<ls.  Vaginal 
hysterectomy  would  be  proper  for  those  cases  in  which 
the  uterine  walls  have  become  inflamed  and  damaged  bi' 
the  compression. 

Anterior  DiaplncemenU  nf  the  Pregnant  Uterus. — These 
may  occur  in  the  first  or  last  part  of  pregnancy.  When 
the  ovum  develops  in  an  anieflexed  uterus  usually  the 
fundus  elevates  itself  without  trouble  unless  the  uterus 
is  bound  down  by  intlanimatorv  deposits,  pressure  from 
above,  or  the  operation  of  ventral  tixation  has  been  per- 
formed. If  the  organ  does  not  right  itself  there  are  more 
or  less  pain  and  disturbance  of  the  bladder  followed  by 
abortion. 

The  diagnosis  is  made  by  bimanual  examination,  and 
treatment  consists  in  elevating  the  fundus  by  the  use  of 
tampons  and  mas.sage.  If  the  uterus  is  fixed  on  account 
of  adhesions  or  previous  operation  aUhimiual  section 
would  be  justiliable.  In  the  latter  monlhs  of  gestation 
an  anieversion  may  take  place  from  weakness  of  the  ab- 
dominal muscles  and  especially  from  a  scjiaration  of  the 
recti.  ]\Iultiparity.  contmeted  pelvis.  Unubar  lordosis, 
and  excessive  distention  of  the  uterus  are  all  predi.spos- 
iug  causes. 

The  symptoms  are  marked  when  the  patient  is  upon 
her  feet;  she  exp<'rien(es  discomfort  and  dilli<ulty  in 
locomotion.  When  the  jiatii'iit  is  standing  orsitting  the 
uterine  tumor  is  very  prominent,  the  fundus  may  incline 
directly  forward  and  the  external  os  look  backward;  in 
exaggerated  cases  the  uterus  is  inverted  so  that  its  an- 
terior surface  rests  a.gainst  the  thighs.  On  external  pal- 
pation the  fcetal  parts  may  be  easily  felt,  as  the  uterus  is 
covered  only  by  a  layer  of  skin  and  iieritoneum.  The 
cervix  may  be  inaccessible  unless  the  entire  hand  be  in- 
troduced within  the  vagina.  In  the  dorsjd  position  both 
the  signs  and  symptoms  dis;ippear. 

The  treatment  is  to  keep  the  jiatient  upon  her  back  as 
much  as  possible  and  order  her  to  wear  a  well-fitting  ab- 
dominal supporter.  During  the  last  weeks  of  gestation 
it  is  important  to  keep  the  uterus  in  the  correct  axis  of 
the  superior  strait  so  as  to  insure  proper  engagement  of 
the  presenting  part. 

Priittiyini  iif  llir  Prifiimiit  Uterun. — This  displacement  is 
an  unconnnon  complication  of  pregnancy.  The  increase 
in  weight  is  likely  to  produce  a  recurrence  in  those  pa- 
tients who  already"  have  suffered  from  this  form  of  uterine 
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Uraiml 

M^lldu   S|irllltca. 


ilisliHiitiKii :  ill  nirc  iiiHtiiiK-fS  IiIowh,  fiillM,  or  HiniiiiH  Imvi! 
|iriHlui'i'il  II  Hiulilrii  ili'Hi'ciil  (if  11  iitiTiis  wliirli  licri'tiiforf 
(M'rii|iir(l  its  noriiiiil  pnsitinii.  Ah  prc^iiiiiu'N'  ailviitu-rs 
iisiiiillv  III)'  |iri>lii|is<<l  orKiiii  licfDiiifS  K|iciiiliiii(iiiisl_v  re- 
pliiicil,  lull  if  Niirli  Ih' nut  till- nisc  I'itliiT  iilMirlioii  liiki-s 
pliu-f  or  till- syriipliiiiiM  of  iiinirrcniliiui  iippriir  A  few 
iiiilhiii'si'ltiiiii  thill  il  is  pii<v<<ililc  fiu'Ki'sliilioii  |i>Kii  totiTiii 
ill  II  iiirriis  pri'liipHi'd  IhIwi'i'Ii  tlii'  llii;;lis  (if  the  piiticiil. 

Till'  iri'iitiiii'iit  ('(insists  in  npliiciii;,'  iind  rdaiiiiii^'  llic 
(■ri;iiii  wiilil  (liin^'cr  (if  rcpclilidii  of  the  (lispliiccniciil  is 
prcvi'iiti'd  liy  the  si/c  (if  the  iilrriis.  If  rcpliicciiK  nt  is 
iiiip(is.silili' iiikI  thcn-iiri'  si^ns  of  iiutirccnilion  iilxirlidii 
shdiild  lit' iiiiliircil :  rcnioviil  nf  the  utiTiis  is  JiisliMalilc 
ill  st'plic  (iisi'S, 

Ijitrnit  lUHjitiieetnrnt  of  the  Prtgnnnt  I'lrriit. — Pallio- 
hiific  latrnil  drviatidiis  of  the  ulcriis  arc  rare  diirini; 
Kcslalidii.  the  ini'linatidii  df  the  fundus  td  the  ri;;hl  IxiiiK 
rcjiardcd  as  pliysidlniiic.  Kxccssivc  lateral  tleximi  «ill 
priHliicc  syinpldins  iif  prewiire,  such  as  (iileina  and  pain 
III  the  h'K  cdrrcspoiidiiii;  to  I  he  side  tdward  which  the 
avis  inclines.  The  chief  iinpdrtanee  of  latenil  deviations 
is  their  inllueiice  in  pnHliiciiig  faulty  piescnlutious  or 
positions  al  the  time  of  lalxir. 

Hiliij-iilioii  ,if  tif  I'llrii-  JiiiiitK. — In  certain  cases  tlic 
physiologic  soflcnini,'  of  the  iiitenirticiilar  cartilajres  is 
carrii'd  to  excess  and  an  ahnnrniiil  anioiint  of  iiioveiiieiit 
in  the  joints  is  pciinitled.  The  synijitonis  come  on  dur- 
iiii;  the  hisl  two  moiilhs  of  gestation  and  consisl  of  pain 
in  the  region  of  the  symphysis,  groin,  and  liiinliar  region  ; 
walking  liccomes  ditlicult  or  impossible  both  on  account 
of  the  pain  and  from  the  elTorl  required  to  maintain 
the  proper  Imlancc  of  the  lioiiy.  Pressure  over  the 
symphysis  is  iiainfiil.  The  patient  should  be  examined 
ill  the  standing  ]>oslure  by  introducing  a  linger  into  the 
vagina  and  iiressing  against  the  inner  surface  of  the 
symphysis  while  the  patient  supporls  her  weight  first 
upon  one  leg  and  then  upon  the  other;  in  this  way  tile 
movement  in  the  joint  will  be  aplireciable  to  the  examin- 
ing finger.  The  same  result  will  be  attained  when  the 
woman  is  lying  down,  by  directing  her  to  Ilex  the  thighs 
alternately. 

Treatment. — During  pregnancy  a  snug  bandage  about 
the  pelvis  will  give  some  relief,  excep.t  in  bad  cases  when 
the  iiatieiit  must  remain  in  bed.  General  tonics  are 
sometimes  beneficial.  The  condition  usually  cures  itself 
in  a  month  or  two  after  labor,  and  during  the  interval  a 
Iianiess  to  immobilize  the  pelvis  should  be  worn. 

Tniuiiialiiiiii  niiil  Siiiyirnl  0/)enitioiix  tlnring  deitntion. 
— There  are  instances  in  whicli  a  gravid  woman  has  suf- 
fered from  severe  injuries  without  interruption  of  the 
pregnancy  and  yet  sometimes  triHing  accident-s  will 
cause  abortion.  The  irritability  of  the  uterus,  the  seat 
of  the  injury,  and  the  amount  of  blood  lost  are  important 
factors  in  alTcdiiig  the  result.  According  to  Cohnslein 
penetrating  wounds  of  the  abdomen,  without  injury  to  the 
uterus,  are  apt  to  arrest  gestation;  but  Harris  has  reported 
a  ca.se  in  which  the  abdomen  of  the  woman,  six  months 
pregnant,  was  lacerated  by  the  horn  of  a  bull  so  that  the 
omentum  and  intestines  iirotrudcd,  yet  the  pregnancy 
went  to  term.  The  existence  of  jMegnancv  seems  to 
have  no  intluence  upon  the  healing  of  wounds,  although 
there  is  evidence  that  the  gravid  state  may  cause  retarda- 
tion in  the  union  of  fniclures. 

Major  surgical  operations,  such  as  amputation  at  the 
hip- joint,  the  removal  of  ovarian  tumors  and  even  fibroids 
from  the  uterus,  do  not  necessarily  interrupt  the  preg- 
nancy. Sir  .James  Paget  summed  the  matter  ui>  by  say- 
ing that  it  would  be  mere  recklessness  to  operate  upon  a 
pregnant  woman  without  goml  cause;  yet,  if  good  cause 
exisLs,  she  may  be  treated  very  successfully.  Operations 
upon  the  rceliini  seem  to  be  particularly  dangerous  as 
regards  the  risk  of  inducing  abortionand.toa  l<!ss  extent, 
do  those  upon  the  vulva.  Pregnancy  is  not  a  contra- 
indication to  removal  of  the  breast  for  cancer.  When 
fixing  the  date  of  an  operation  upon  a  gravid  woman  the 
time  of  the  menstrual  epoch  should  lie  avoided,  and  in 
all  cases  particular  care  should  betaken  to  diminish  shock 
and  hemorrhage. 


J/eniiii  of  the  I'regiiiiiit  i'teru* — The  Kmviil  uleruH  ia 
very  rarely  found  occupying  the  inguinal  cjiiml.  unit 
when  such  is  the  ciLse  the  dviini  iisiiiillv  is  in  one  horn  of 
a  uterus  bicornin.  In  ihe  .l/rA.  y,  Klin  chir  ,  xlix..  -1. 
\V.  KosanolT  has  reported  ii  cane  (if  inguinal  liernla  of  the 
gravid  uterus  in  which  the  tumor  readied  alniosl  In  the 
knee;  its  largest  circumference  measiiri'd  HO  cm.  After 
delivery  he  reduced  tlieuteriis  into  tlieabdoniinnl  mvltv, 
the  left  ovary  and  a  part  of  the  left  tube  renmining  in  the 
canal  until  an  openitioii  for  radical  cure  was  performed 
Hosanoir  considered  lliat  in  the  beginning  the  canal  van 
(Kciipied  by  the  ovarv.  left  tube,  and  conn  of  intentiue, 
the  uterus  gradually  following. 

Montgomery  A.  Cruekett. 

GETTYSBURG  SPRINGS.— Adams  County.  Penn- 
sylvania 

PostOkkkk — (Htiv  slnirg.  Hotels.  Gettysburg  is 
reached  by  the  Philadelphia  and  Ueiiding  and  by  the 
Western  .Maryland  Kailroads  (separate  depots).  The 
springs  are  I'asily  accessible  liy  street  car  or  omnibus. 
Two  prominent  springs,  known  as  the  Gettysburg 
"Katalysine"  and  the  (Jdtysbiirg  "Litliia"  Springs,  are 
reported  by  the  Government  Geological  Survey,  The 
following  remarks  refer  to  the  former,  as  we  have  not 
been  able  to  gain  any  recent  information  concerning  the 
Litliia  springs.  The  Katalysine  Springs  arc  located  in  a, 
picliiresiiue  valley  a  short  distance  west  of  the  town.  It 
is  said  that  the  great  battle  of  (iettysbiirg  began  in  the 
ininieiliate  vicinity  (Walton).  The  following  analysis  of 
the  Katalysine  water  was  made  by  Professor  Geuth,  of 
Philadelphia: 

o.v'K  UNiTKD  States  Gallox  Contains: 


Solids. 

Sodium  rarlxinate 

Miiiniesiuiii  carlKinale. 
Iron  curlwtnaU'.. 


Grains. 

0.22 

33 

02 

Manminese  cartionale Trac«. 

Calcium  I'ariK  mate 5.02 

Sodium  ilil.iridc 66 

I.tthium  ihlnride Trace. 

Pdtji.-isium  .'^ulpiiate J2I 

SiKiiuiti  sulptmtc .25 

Magnesium  .'^ulphate 6.78 

Calcium  .'(ulplmte .S3 

Calcium  ph'isphate Trace. 

Calcium  lluoriile Trace. 

MafTtiesium  Iwirate 03 

Slliclcacid .20 

lirirunic  mailer,  with  trace  of  nitric  acid,  etc 70 

Impurities  sus|iended  Id  water,  like  clay,  etc 1.10 

ToUil 16.a5 

In  addition,  traces  of  carbonate  of  copper,  sulphate  of 
strontium,  alumina,  carbonate  of  nickel,  carbonate  of 
cobalt,  and  sulplialc  of  baryta  have  been  found.  This 
w:iter  is  said  to  be  efiicient  in  gout  and  rheumatism, 
and  has  proved  of  value  in  gravel,  catarrh  of  the 
stomach,  and  dyspepsia.  The  combination  of  an  alkali 
with  the  salts  of  lime,  as  observed  in  this  spring,  isa  very 
valuable  one.     The  water  is  used  commercially. 

Jame»  A".  Crook. 

GEUDA  SPRINGS.— Cowley  County.  Kansjis. 

Post  tJn  ic  h.  -U'-uda  Springs.  Hotel  and  boarding- 
houses. 

The  Geuda  Mineral  Springs  are  located  on  the  St. 
Louis  and  San  Francisco  Railroad,  one  mile  di.stant  from 
the  Arkansiis  Hiverand  eight  miles  north  of  Indian  Terri- 
tory. The  town  of  Geuda  Springs,  which  has  about  SOO 
inhiibitants  and  is  rapidly  growing,  is  pleasantly  situated 
at  the  edge  of  a  beautiful  and  undulating  plateau,  which 
is  everywhere  dotted  with  fine  farms  and  neat  farm- 
houses. The  elevation  above  the  sea  is  about  1.400  feet, 
and  the  atmosphere  is  pure  and  wholesome.  The  winters 
are  short  and  open,  making  constant  outdoor  exercise 
possible.  There  are  very  few  hot  days  in  the  summer, 
the  therinonieter  rarely  extending  above  100'  F.,  but,  as 
a  rule,  the  days  are  balmy  and  Uic  nights  cool  and  re- 
freshing.    The  springs  are  seven  in  number,  and  bubble 
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up  in  II  space  loss  tlinii  twenty  feet  siiimre.  Near  the 
spriiiirs  is  !i  beautiful  lake  of  salt  water,  with  an  aiea 
e.xtemlinir  In  the  w<'slwai(l  nearly  two  miles,  anil  another 
to  the  soulhwanl  nearly  lialf  that  dislance.  The  evapo 
ration  of  the  water  causes  the  lieaeh  lo  lie  covered  with 
l)uro.  crystallizable  salt.  This  i>ictiires(|iie  body  of  salt 
water,  constantly  fed  by  salt  springs,  furnishes  tine  ad 
vantages  for  batliinj;.  The  lake  bottom  is  hard  and 
Siiiidy.  and  bathers  can  secure  any  depth  of  water  desired. 
A  eommoilious  balh-house  in  connection  with  the  springs 
affords  opportimiliis  for  any  variety  of  bath  which  may 
be  desire<l.  Following  is  a  detaile<i  analysis  of  the  seven 
springs  by  Profes.sor  Bailey,  of  the  Kansas  State  Uni- 
versity: 

N'tMHKR  OF  (iKAINS   IN   EACH   I'.VITED  STATES  GALLON 
OF  231  Cl'BtC  I.S'CIIKS. 


^~i 

M^ 

o  — 

c" 

=  " 

[:-•■       D-" 

c  = 

a>- 

r  -■ 

r  3 

■Co 

■Ed 

■So 

^2 

i;^^' 

.-== 

^      ,&Z 

ig-z 

x^: 

8o<lfiiin  chloridH 

l(«ii.!i:i 

10.V1.2K 

81.5.68 

»71.7B!:i.i7.05'4;!2.2n 

.T04.21 

Calcium  sulphato... 

Illil.lU 

2IM.T:! 

167. .W 

158.29  14.i.,xS;I47.33 

lti0.17 

Maciipsiiim  sulphate 

Si.-'Hi 

24.24 

28.. W 

2ti.t«   24.!ks 

27.43 

22.86 

MaLMu-siiiiri  clhuridp 

11). .w 

lit. no 

10.01 

7.90      S.4.i 

4.9.i 

9.66 

Caloiurn  bii-arb.»rmU.' 

:),70 

S.iXl 

a.m 

(i.Sti,  1U.B7 

12.50 

5..51 

Potassium  sulphate.. 

12.13 

l.Bfl 

l.'Jd 

1.90 

.82 

.54 

.47 

SoiJiiMU  ptiosphate.. 

.02 

.02 

.02 

.(fi 

.01 

.08 

.08 

Sodium  bnmiidc 

.02 

.02 

.01, Trace 

Sodium  imiide 

Traoc 

Trace  1 

Sodium  biborale 

.16 

.io 

.16       .08 

.12 

.12 

.25 

Sodium  nitrite  

..38 

.40 

.18    .... 

.02 

.03 

.03 

Sodium  birarNinale. 

.41 

..■SJ 

.39,      .69 

.49 

.31 

.60 

Sodium  sulphide 

1  .... 

.65 

Lithium  chl..ridi-.. ., 

Traoc 

Trace 

Trace  Trace 

Trace 

Trace 

Trace 

Iron  tti(*arb»inute 

.W 

.1!)         .07       .0.1 

.03 

.06 

.08 

Alumina 

.06 

.67 

Trace 

.011  1       .01 

.861         .81        .79 
Trace    Trace  Trace 

.01 

.92 

Trace 

"'.7i 
Trace 

.01 

Silica 

.79 

Oii?anic  matter 

Trace 

Total 

1380.29 

1314.781031.14  874.99 

.549.48 

628.92 

704.  ?2 

Free    carlK^nic   acid 

pas  in  cubic  (n 

34.96 

27.69     18.32 

17.64 

23.98 

22.16 

29.03 

Sulphureted     hydro- 

pen  pas 

Trace 

Trace 

Specific  pravltv 

1.018 

i.oie     i.ciis  i.»i2 

l.rifis 

l.(XI9 

1.U09 

Temperature. 

03°  F. 

<S.V  F.    63°  F.  |63°  F. 

63°  F. 

63°  F.  63°  F. 

These  waters  may  lie  classed  as  belonging  to  the  muri- 
ated  and  sulpliated-saline  variety  (carbonated).  They 
have  found  their  most  suitable  application  in  liver,  ki(f- 
ney.  and  stomach  disorders,  general  debiiity,  ana?mia. 
and  rheumatism.  Some  of  the  springs  have  gained  con- 
siderable celebrity  in  the  local  treatment  of  conjuncti- 
vitis, indolent  ulcers,  leucorrhiea,  etc. 

James  K.  Crook. 

GEUM.     See  Mens. 

GIANT  CELLS. — These  are  very  large  cells  of  mesen- 
chymal origin,  often  many  times  as  large  as  other  cells 
with  which  they  are  associated.  They  frequently  have 
many  nuclei — sometimes  as  many  as  two  hundred, — or 
a  single  nucleus  which  may  be  deeply  lobulated  or 
"beaded,"  that  is,  broken  U[)  into  a  number  of  portions 

coimecled  by  threads  of 
nuclear  material.  Hut  the 
giant  cell  is  soiuctimes 
distinctly  inouonu  clear 
and  on  the  other  hand 
there  are  in  the  body 
many  polyuuclear  cells, 
such  as  the  ordinary 
polymorphonuclear  leti- 
cocyles  and  the  ^striated 
muscle  fibres,  which  can- 
not be  classed  as  giant 
cells.  Therefore  the  im- 
portant point  in  the  defi- 
nition is  the  size  rather 
than   the   number  of  nu- 

Fio.  2294.— Bone  Marrow,  SbowlDg         \-  , 

Giant  Cells.    X  830.  As  to  tueir  origin,  it  is 


~^ 
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I'lo.  2293.— From  Section  of 
Snout  of  Knibryo  I'le,  Show- 
IDK  Osteocliiet.     X  410. 


not  probable,  as  has  been  believed,  that  they  ever  arise 
by  the  fusion  of  small  mononuclear  cells.  Occasionall)', 
under  artificial  conditions,  cells  without  cell  walls  may 
fuse,  but  the  formal  ion  of  a 
true  syncytium  is  rare  and  the 
aiipeanince  is  generally  due  to 
faulty  technique  (Henncguy). 
It  is  more  probable  that  each 
giant  cell  begins  as  a  single 
mesenchymal  cell  in  which 
growth  continues  while  the 
process  of  division  fails  or  is 
not  completed.  Xuclear  di- 
vision, when  it  occurs,  usually 
follows  the  direct  or  amitotic 
method,  though  the  indirect  or 
karyokinetic  may  be  seen. 
Jsedjelsky,  wlio studied  chiefly 
cell  divisi<m  in  malignant 
growths,  describes  dilTerent 
varieties  of  amitosis  in  which 
the  separation,  partial  or  com- 
plete, usually  began  in  the  nucleolus,  and  later  often 
failed  to  involve  the  rest  of  the  nucleus  or  the  proto- 
plasm. A  multinuclear  giant  cell  may  subsequently 
divide  into  a  number  of  small  mononuclear  cells. 

Without  attempting  to  ascribe  a  common  function  to 
all  giant  cells  we  may  safely  assert  that  there  is  often 
evidence  of  phagocytosis.  Thus  in  tuberculosis  the 
giant  cells  often  contain  bacilli:  in  tumors  degenerating 
elastic  fibres  may  be  seen  in  them:  and  in  the  case  of  the 
osteoclasts  they  undoubtedly  play  an  important  part  in 
the  removal  of  lime  salts  in  developing  and  growing 
bone.  Phagocytosis  is  even  more  clearly  seen  in  the 
giant  cells  which  are  found  in  the  neighborhood  of  for- 
eign bodies. 

Giant  cells  occur  most  commonly  in  connection  with 
reticular  and  related  tissues  and  in  the   blood  forming 

organs.  Normally 
they  are  ]ieihaps 
most  familiar  in  mar- 
row. Here,  away 
from  the  bone,  are 
large  giant  cells  with 
partially  divided  and 
irregularly  lobulated 
nuclei,  and  also  large 
masses  of  nuclear 
matter  having  an  ob- 
scurely reticulated 
structure  and  not  ap- 
pearing to  be  sur- 
rounded by  proto- 
plasmic bodies.  Close 
to  the  bone  are  osteo- 
clasts, large  cells 
with  few  or  many 
nuclei,  apparently  completely  divided.  They  lie  in  shal- 
low excavations  in  the  bone,  Ilowshiji's  lacunje.  Their 
action  leads  to  the  destruction  or  dissolution  of  the 
adjacent  calcareous  matrix. 

in  the  spleen  we  can  recognize  large  mononuclear  celLs, 
in  which  the  ]u'csence  of  red  corpuscles  suggests  iihago- 
cytosis.  These  cannot  properly  be  calleci  giant  cells; 
but  in  the  young  of  many  animals  and  in  the  embryo  the 
spleen  contains  larger  cells  w  ith  lobulated  nuclei  ("niega- 
caryocytes) — not  as  a  rule  to  be  found  in  the  adult. 
Giant  cells  are  also  described  as  occurring  in  haniolymph 
glands  and  in  the  embryonic  liver. 

Patholngieally.  giant  cells  are  more  widely  distributed. 
They  arise  from  lixed  tissue  cells  of  the  diseased  part, 
couneciivc-tissue  cells,  or  endothelial  cells  of  blood  and 
lymph  capillaries — not, as  some  have  believed,  from  letico- 
cytcs.  JIultinucleated  forms  are  seen  in  hyperplastic  and 
regenerative  growth  of  connective  tissue.  They  occur 
in  tumors,  especially  in  sarcomata  originating  in  the 
marrow  or  jieriostcum.  Large  polyiuiclear  forms  may 
also  be  seen  in  the  vicinity  of  foreign  bodies,  which  tliev 


Fib.  2296.— Portion  of  a  Tubercle,  Show- 
ing a  Giant  Cell  Containing  Bacilli,  x 
410. 


350 


KKFEUKNCE  HAMJHOUK   OK  THE  MLUICAL  SCIENCES. 


i.<  II III. 

<aliiu«-r. 


cnrliisi'  ill  tlii-iriiriitciiilasiii  if  mimll,  iiml  wliotuMllwuilullnii 
(lii'V  iiliirrwlsi'  Iciiil  III  liriii^' itliiiiit 

l^'rliii|is  tlii'ir  must  rmiiiliiii' iiriiirriiirc  Ih  in  tiilHTcii 
liisis  lliTc.  Iliiiiii;li  iii.t  iil«ii\s  iiicMiil.  Iliij  iiri'  nfliii 
liirt;r  anil  |iri>iniiirnl  iiinl  iirr  iiiiiinrlnnt  luniliniiiks  iu  llic 

iilnilillnili f  Ilir  ilisiasr.     '1  In-y  iM(ii|>y  tlic  centres 

i)f  millarv  liilicnles  Tlieir  niielei  are  very  niiiiierniis. 
('i>iii|>li'tely  (liviiled  anil  riiniininily  iirniiiKeil  iiIkhiI  (lie 
lioriler  iif  the  fell  or  Kalliereil  iiilii  iiiiei|iial  iir  irre^'ilar 
ffrouin  at  the  |uileH,  Tliey  often  have  |iriitiiplasiiiie  (iine- 
esses,  «  h<is<'  relation  to  the  relieiililiii  is  not  at  |ires<-iit 
clear.  They  may  have  necrotic  centres  and  con- 
tain tubercle  liaeilli.  Unlii/i  C  Liirnilife. 

HIsIkIiiiO',  Ainerliiin  iillilnii,  lliilier. 


ghiffcr.  mill  the  |iroi|iict  of  newly  cleiin-d  land  IioIiIh  a 
Hpecial  plaie  in  eommerec.  It  Is"  imilmlily  n  iiutlve  of 
Soiitliern  .\siii,  hut  is  iml  known  wild,  having;  iM-en 
cultivated  lor  many  hundred  yiius  It  huh  also  lieen 
lraiis|>laiited  to  tropical  .Vfricii  and  the  Went  Indies, 
Ill-sides  iiiuiiy  other  pliicex,  where  It  In  exti-nHU'cjy  rul- 
tivated. 

It  has  been  used  as  it  spice,  even  In  Kiiroi«-,  alinosl 
since  the  hejtiniiinj;  of  this  em,  haviii);  Im-cii  iinport<-(l 
from  the  Kiisl  by  way  of  the  Hed  .Sii.  The  plant  wiw 
carried  to  the  West  linlies  tUKUi  after  the  discovery  of  the 


ll-ihiii  anil   DaviilnIT  : 

IM*I. 
lli-iini'ituy  :  iJi  ri-liule.  Purls.  ISIHI. 

Ki«-lllker:   llull.lli   iliTliewi-lK-lelin-, 
Miinhiinil:  Vlnimw's  .Mililv.  Mil. 
.Nitlji-lsky  :  lli'llr.  z.  inilli.  .Mml.  I 

xxvll. 

Ilniui:  llellr.  ?..  imlli.  .\niil.  ii. /.  iillir.  I'litli.,  Il»l,  Iltl.  xxvil. 
Wiirtlilii :  .hiiiniul  lit  Mi'Oli'iil  Itiwanli,  July.  UKU. 
ZIciiIit:  lii'iienil  I'allinliiiry.  lUUI. 


Il.l.  III.,  iwm. 

illl.,  |i.  .'.IS. 

z.  ullk'.  l-ulh.,  Il««).  Bd. 


GIGANTISM. 

Fih'Jt  IS.  t  ^^ 


See  Acromegali/.  and  Hand  mid 


GILROY  HOT  SPRINGS.— Santa  Clara  County. 

Calili'iiiiii. 

Fost-Okkick. — Gilroy  Springs.  Hotel.  These 
springs  are  located  on  the  Coyote  Hiver,  nine 
miles  northeast  of  the  town  of  Gilroy.  in  the 
Santa  Clam  Mounlains.  They  are  reached  by 
the  .Southern  I'acilic  Itjiilroad  to  Gilroy.  and 
from  thence  by  slUKe  over  a  pictiircsi|iie  inoiiii- 
tnin  road.  The  springs  lie  nestled  in  among  the 
mountains,  siirrouiiilid  by  frairnint  forest.s  of 
spruce  and  pine.  The  atmosphere  is  rich  in 
ozone,  and  the  climate  very  genial.  There  is  one 
main  sprin;;.  which  flows  in  great  abundance. 
The  teinpemture  of  the  water  varies  from  lOS'  to 
115'  F.     Anderson's  analysis: 

Onk  IJmted  States  Gallon  Co.vtains: 

Solids.  Grains. 

SiKliuni  chloride 31.7.1 

Soijliiin  rarlionati* 1.42 

S'lliiiiii  sulphate 7.5 

IVitiis-uiui  lodiiie Trace. 

roULsstuiu  sulphate 2.16 

Mairni-siuui  rarlioniite 2.4.5 

Ma^li-stuin  sulphate 9.04 

Cnli-iiiiTi  rhliirlde  S..in 

(  iilriuiii  siilphaie 2.711 

KiTP'iis  i-iirhonale .2ii 

Fen>ius  oxide  Tmc**. 

Arsenic Tra(T. 

Silica :i.ai 

Organic  matter .i2 

Total  solids 62.86 

Cia-ses.  Cuhic  Inches. 

Free  oarlionic  ncid  pis 12.17 

Free  sulphureted  hydrogen 9.25 


The  analysis  shows  a  light.ilkaline  sulpliuietcd 
water.  It  is  usi-il  with  cimsiderable  beiietit  in 
syphilis,  rheumalism.  and  tuberculosis,  in  glan- 
dular swellings,  in  chronic  skin  oriiplions,  etc. 
The  water  is  also  used  for  bathing,  for  which  excellent 
facilities  have  been  constructed.  Jamet  K.  Crook. 

GINGER.— Zi.nciheu.  The  rhizome  of  Zinr/iher  Zin- 
gilnr  (L.  )Uusby  {Z.  offieiimk  Roscoe.  U.  S.  P.)  (fam. 
Ziiifiiln  nii-iii ) .  This  plant  belongs  to  a  remarkable  order 
of  tropical  pennnial  lii-rbs  with  horizontal,  fleshy,  often 
lobed  and  branched  rhizomes,  more  or  less  developed 
upright  stems,  with  two-mnked,  alternate,  ]iandlel 
nerved,  sheathing  leaves,  and,  Iheoretically.  triineroiis, 
irregular  flowers  in  various  clusters. 

The  flowers  vary  greatly  in  color,  from  nearly  white 
to  a  purplish-blue".     The  richer  the  soil,  the  better  the 


Fio.  2297.— Ginger  Plant  about  Onc-thlnl  Natural  Size.    (Balllon.  i 

Xew  World,  and  a  few  years  later  ginger  was  exported 
from  St.  Domingo  back  to  Kurope. 

Description. — Ginger  is  either  coated,  that  is.  simply 
washed  and  dried  without  removing  the  cuticle,  or  else 
scraped,  when  the  outer  surface  is  peeled  or  scraped 
away.  When  the  bark  is  stripped  from  the  two  flat 
sides,  it  is  known  as  "half-coated."  It  is  in  pieces  tech- 
nically called  "hands."  "about  three  liftlis  of  an  inch 
broad,  flatfish  on  one  side,  lobed  or  clavately  liranched; 
depiived  of  the  corky  layer  (peeled  ginger),  pale  bulT- 
colored,  striate,  breaking"  with  a  mejily,  rather  fibrous 
fracture,  showing  numerous  small,  scattered  resin  cells 
and    fibrovascular    bundles,    the    latter  enclosed    by   a 
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nucleus  slipatl) ;  iipncably  nromatic.  anil  of  a  iiunucni. 
warm  taste."  When  giiifier  is  not  peeled  it  liasa  j;rayisli 
or  brownish  wrinkled  surfaee.  Inferior  and  dark-colored 
gtudes  arc  soinetin\es  bleached  with  sulphur,  chlorinated 
lime,  etc..  or  are  even  "whitewashed"  wilh  chalk  and 
water,  or  some  such  mixture,  to  jrive  them  a  whiter  and 
more  salable  ajipearance.  This  treatment  also  protects 
them  apiinst  the  attacks  of  insects.  The  relative  com 
mercial  and  medicinal  values  of  ginger  do  not  agree. 
For  medicinal  purposi-s  it  is  better  with  the  very  active 
rind  left  upon  it.  but  its  commercial  value  depends  more 
upon  its  ability  to  yield  a  clear,  light  colored  j>reparation. 
which  is  true  of  the  peeled  articles.  Tlie  principal  vari- 
eties in  the  order  of  their  estimation  are  Jamaica,  Cochin, 
and  African.  The  last,  though  thecheapest,  contains  the 
largest  amount  of  active  constituents,  and  is  to  be  pre- 
ferred for  medicinal  use. 

CoMrosiTiox.— Ciingcr  contains  a  pale  yellow  tolatih' 
oil  to  the  e.xtent  of  about  one  or  two  per  cent.,  having 
its  odor  and  taste  without  its  pungency.  The  remaining 
constituents  are  a  composite  reirin,  besides  the  real  source 
of  its  pungency,  giugcrol,  which,  liowever,  is  not  volatile 
or  aromatic.  Twenty  iH-r  cent,  of  starch,  fat,  gum.  and 
various  amorphous  and  uninteresting  substances  make 
up  the  rest.  The  oil  and  resins  are  contained  in  cells 
resembling  those  of  the  parenchyma,  and  irregularly 
scattered  among  them.  The  ethereal  extract  {Oleoresina 
Zingibevu,  U.  S.  P.)  is  composed  of  these  resins  in  com- 
bination with  the  essential  oil,  fat,  etc.,  and  is  yielded  by 
different  varieties  to  the  extent  of  five  to  ten  per  cent. 

Actios  akd  Use. — Ginger  is  a  spice  more  aromatic 
and  less  pungent  than  pcjiper.  anil,  like  others  of  its 
clas.s,  in  suitable  dose  is  gently  .stinuilating  to  the  stom- 
ach and  intestines,  and  in  its  way  a  carminative  tonic. 
In  large  doses  it  is  irritating;  locally  applied  to  the  skin 
it  is  rubefacient  to  a  less  degree  than  mustard,  and  use- 
ful where  a  mild  counter-irritation  is  desired.  It  is  used 
in  colics,  atonic  dyspepsia,  flatulence,  etc.,  and  is  a 
favorite  flavor  for  cakes,  drinks,  and  preserves. 

Administk.vtiox. — In  powder  the  dose  may  be  taken 
as  from  0.5  gm.  to  1  gm.,  usually  mixed  with  other 
aromatics.  An  infusion,  under  the  name  of  "ginger 
tea,"  is  a  favorite  preparation  in  the  country.  A  fluid 
extnicl  is  official  (Extniciiim  Zingiherig  Fliiidum,  U.  S. 
P.),  but  not  much  used.  The  tincture  (Tinctura  Zingi- 
beris,  U.  S.  P.)  is  in  universal  employment;  its  strength 
in  this  country  is  twenty  per  cent.  The  "koreitin  or 
ethereal  ej-tract  {Olenreinna  Zingibn-is,  U.  S.  P.)  is  a  very 
concentrated  form  suitable  to  add  to  pills  and  boluses. 
Dose,  a  decigram  or  so.  The  official  syrup  contains  three 
per  cent,  of  the  fluid  extract,  and  the  troches  each  about 
three  minims  of  the  tincture,  with  a  little  of  the  syrup. 
Ginger  also  enters  into  the  compound  rhubarb  powder 
and  the  aromatic  powder,  both  official. 

A  little  of  the  preserved  ginger  of  the  shops  makes  a 
delicious  and  wholesome  addition  to  the  meal. 

The  alcoholic  ])reparation  popularly  sold  under  the 
name  of  ".Jamaica  Ginger"  is  used  to  some  extent,  esjie- 
cially  in  mining  communities,  as  an  intoxicant.  The 
cerebral  effects  liave  not  been  suitably  studied,  but  are 
markedly-  distinct  from  those  of  ordinary  alcoholism, 
there  being  narcotic  effects  apparently  due  to  the  ginger 
itself.  A  nundjir  of  cases  of  blindness  may  be  due  to  the 
employment  of  methyl  alcohol.  JJeiiry  II.  Rusby. 

GINGER,  OIL  OF. — This  is  an  article  of  commerce. 
pos.sessing  the  odor  and  flavor,  but  not  the  pungency  nor 
full  physiological  elTects.  of  ginger.  It  is  pale  yellow, 
with  a  specific  gravity  of  0.880  to  0.883,  and  contains 
camphene  as  one  of  its  active  parts. 

Henry  II.  liuiby. 

GINSENG. — A  name  applied  to  the  roots  of  several 
species  of  I'liiiiij- 1,,  highly  prized  in  superstitious  Chinese 
medicine,  and  chiefly  so  used,  thougli  they  have  some 
mild  aromatic  properties  (see  Arnliacftp).  The  original 
Ginseng  ("Schin-Seng  ")  is/*.  Giii»eiig  (J.  A.  Meyer,  of 
China,  never  seen  iu  commerce  here.      The  American 


variety,  from  P.  (juini/'itfoluiiii  L.  (Arnlia  q.  Decne),  is 
chiefly  exported  to  China  and  is  bought  eagerly,  at 
high  prices,  by  Chinese  merchants  for  that  purpose.  It 
used  to  be  very  abundant  in  rich  forest  lands  of  the  Ea,sl- 
ern  United  States,  but  has  been  largely  exterminated, 
excei)t  in  remote  sections.  It  is  of  very  slow  growth  and, 
when  well  divcloped,  presents  two  principal  branches, 
and  oicasionally  a  small  intermediate  one.  From  this 
peculiar  form,  it  is  regarded  as  elTective  in  determining 
the  sex  of  the  unborn  child,  whence  its  high  repute  in 
China.  It  contains  considerable  gum  and  starch  and  a 
little  volatile  oil  and  resin  and  the  i)eculiar,  but  appar- 
ently inert,  sweetish  substance  I'liiiaquilon,  .soluble  iu 
alcohol  and  water.  Obviously,  there  is  no  dose  for  so  in- 
active a  drug.  Htnry  II.  Htiitby. 

GLANDERS. — An  infectious  disease  caused  by  the 
iSacillus  mallei  and  characterized  by  foci  of  inflammation, 
often  assuming  nodular  form,  in  the  skin,  subcutaneous 
tissue,  muscles,  and  lungs.  The  disea.se  is  most  com- 
monly found  in  the  horse;  the  cases  in  man  arise  by  in- 
fection from  the  horse  or  some  member  of  the  Eqiiidir. 
According  to  Ilecker, '  the  disease  was  first  described 
under  the  name  malleus  in  the  fourth  century.  The  first 
reliable  observation  of  the  disij.se  in  man  was  made  by 
Schilling  iu  1821.  and  this  was  followed  iu  1837  by  a 
monograph  by  Uayer'^  on  the  human  form  of  the  disease. 
The  idea  that  the  ilisea.se  was  contagious  was  held  by  all 
the  early  writers,  and  it  was  not  until  1749  that  Lafo.sse' 
affirmed  it  to  be  a  spontaneous  disease  not  transmitted 
1)V  contagion.  In  IK40  the  contagiousness  of  the  disease 
was  definitely  established  by  animal  inoculation. 

The  Bacillus  mallei  was  discovered  by  Lijffler  and 
Schiitz  ■*  in  1882.  They  isolated  the  bacillus  in  pure  cult- 
ures, and  by  animal  inoculations  proved  that  it  was  the 
cause  of  the  disease.  The  bacillus  is  slightly  curved, 
not  quite  so  long  as  the  Bacillus  tuberculosis,  but  some- 
what thicker  than  this.  The  ends  are  rounded.  It  is 
non-motile  in  fluid  cultures.  It  is  a  facultative  anaGrobe. 
In  old  cultures  various  involution  forms  are  seen.  The 
bacilli  may  grow  out  to  long  rods  with  irregular  swell- 
ings along  them,  or  they  may  form  chains  of  small  gmn- 
ules  resembling  cocci.  In  cover-glass  preparations  made 
from  the  lesions  the  bacilli  usually  appear  somewhat 
longer  and  thicker  than  the  tubercle  bacilli,  and  show 
numerous  sharply  defined,  clear,  or  faintly  stained  areas 
in  their  prolo|ilasni.  According  to  Csoker.'  there  are 
five  pale  and  five  dark  points  in  each  bacillus.  They 
grow  readily  on  most  of  the  culture  media,  and  have  a 
characteristic  growth  on  potato.  On  potato,  after  thirty- 
six  hours  in  the  incubator,  a  rather  thick,  colorless  viscid 
growth  a|i]iears  which  soon  assinnes  a  brownish  tint  and 
resembles  honey  in  appearance.  Later,  the  brown  color 
changes  to  a  dark  reddish  brown,  and  the  growth  be- 
comes thicker  and  more  opaqtie.  Avhile  the  potato  takes 
on  a  dark  gray  color.  No  other  organism  produces  on 
potato  exactly  the  s;iiiie  growth.  The  bacillus  of  gland- 
ers is  one  of  the  most  easily  destroyed  of  all  the  micro- 
organisms, and  to  this  is  probably  due  the  relative  infre 
quency  of  the  disease.  In  pure"  cultures  the  bacilli  die 
ustuilly  at  the  end  of  a  few  weeks,  and  they  lose  theii 
virtilcnce  by  the  eighth  day.  Being  vegetative  forms 
only,  heating  to  Tn  or  00°  C.  for  a  few  minutes  destroys 
them.  They  are  destroyed  in  the  pus  in  forty-eight 
hours,  when  this  is  dried  in  a  thin  layer,  and  under  the 
best  conditions  they  will  not  stand  drying  more  than  three 
weeks.  They  are  also  very  susceptible  to  the  action  of 
germicides.  The  bacilli  are  decolorized  by  the  Gram 
stain.  They  easily  stain  in  the  basic  aniline  colors,  but 
are  easily  decolorized.  In  sections  they  may  be  stained 
by  Loffler's  solution,  but  are  less  inten.sely  stained  than 
the  nuclei  of  the  cells.  From  the  impossibility  of  stain- 
ing them  intensely  it  is  often  difficult  to  demonstrate 
them  in  tissues  even  when  they  may  be  present  iu  con- 
siderable numbers. 

A  substance  to  which  the  name  mallein  is  given  is 
obtained  from  cultures  of  the  bacilli.  When  this  is  in- 
jected into  an  animal  affected  with  glanders  in  any  form 
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4*liiui-r, 
lalatidi-rw. 


II  clmnirtvristic  reuctlnn  U  prmliiccd  wliich  in  illui;nofi- 
tic.  This  HultstiiMcr  WHS  |ir(|>an<l  in  IWK  bv  IIi'Iiihti.  it 
KiisKiiiii  vcli'riiiiiriiiii  lis  ilia^'iinstic  viiliic  was  tlritl 
(It'iiHiiiHtnil)')!  in  I><IM  liy  KjilininK.  of  Dorpat.  who  he 
canir  infrcli'd  uiih  llii'  iuuilli  In  tin'  coiirM'  of  his  lalior- 
alory  i\|MTinirnls.  and  ijii-il  of  elamirn.  '  Since  Ilii-; 
tiinr  its  n-c  at  a  iliaiinosiic  aK'iil  lias  hiionii'  nmcTiil. 
Till'  inallrin  is  oliiaini'il  liy  ilii-  siciili/.ation  and  tlliralion 
of  a  virulrnt  iidturi-  of  I'lic  bacilli  in  Kly'Tix  iHnnllon. 
Till'  cnltnrc  slioiild  be  one  inoiith  old.  °  The  llllnilc  is 
then  evaponiliil  looneli'iilli  of  the  wcinlil  of  its  voliinii-, 
which  KIWI'S  a  brownish  syrupy  lliiid.  and  lliis  is  diluted 
ton  times  with  one  half  per  cent,  solulioii  of  carbolic  acid. 
The  dose  is  0  .">  eni.  of  the  undiluted,  or  5  cm.  of  the 
diluted  solution.  When  this  duse  is  injected  subeutanC' 
ouslv  into  II  healthy  horse  no  reaction  is  produced.  In 
a  hoVs<'  with  tiaiiilers  the  injection  is  followed  by  exten- 
sive ledenia  of  the  subcutaneous  tissue  around  the  point 
of  injection,  chills,  ami  an  elevation  of  teinpcratuie  which 
iK'jiins  some  hours  after  iinxiilalion.  reaches  :t-4  ('.  above 
normal  in  twenty  four  hours,  and  persists  for  several 
(lays.  The  niclhud  is  especially  iniportiuit  in  makiii).' 
ixissible  the  diagnosis  of  latent  (rianders  in  wliich  no 
lesions  are  evident.  It  is  absolutely  sure  as  a  means  of 
diaciiosis  when  certain  precautions  wliich  have  been  for- 
mulated by  Nocard'  are  observed.  The  reliction  can  be 
ronsidcred  typical  only  (I)  when  there  is  fever  of  from 
1  to  5  ilci;rei'S  Centi;;rade:  (2)  w  hen  there  is  a  larfre.  hot. 
sensitive  ledematous  swelliii!;  around  the  point  of  injec- 
tion: (3)  when  there  is  a  jjeneral  alTection  shown  by 
weakness,  loss  of  appetite,  and  muscular  tremblinj;.  If 
there  Is  no  reaction,  it  is  proof  that  the  animal  is  not 
nfTecled.  It  is  ncces.sary  to  see  that  the  animal  has  no 
fever  at  the  time  and  that  afterward  it  is  not  e.xpo.sed 
to  weather  conditions  which  may  alTect  the  temperature. 

III  some  of  the  animals  which  show  the  reaction  there 
iiiRV  be  very  insignilicant  lesions  consisting  only  of  a  few- 
small  nodules  in  the  lungs. 

McFadyean "  considers  the  local  reaction  of  the  most 
importance  and  suHicieiit  alone  for  the  diagnosis.  In 
lieallliy  horses  ihirc  may  be  a  slight  local  reaction,  but 
the  swilling  is  rarely  more  than  three  inches  across  and 
reaches  its  acim-  in  from  fourteen  to  sixteen  hours.  In 
infected  horses  the  swelling  is  nirely  under  tive  inches 
across,  often  twice  this,  and  continues  to  increase  for 
twenty-four  hours. 

The  n.ss  is  the  most  susceptible  to  natural  infection. 
and  the  dist'ase  assumes  a  more  acute  form  in  lliis  animal 
than  in  the  horse.  The  mule  is  also  more  susceptible 
than  the  horse.  Field  mice  are  very  susceptible,  while 
w-liite  mice  and  iiits  are  immune.  Cats,  guinea-pigs, 
squirrels,  and  nilibits  are  all  susceptible  in  the  order 
named:  sheep  and  goats  are  less  susceptible:  dogs,  birds, 
■with  the  cMeption  of  the  dove,  beef  cattle,  and  hogs  arc 
imninne.  Natunil  infection  is  very  rare  except  in  the 
Equidic  and  in  man.  Lions  and  other  carnivorous  ani- 
mals in  menageries  have  been  infected  by  feeding  on  the 
tiesli  of  glandeied  horses. 

In  the  horse  various  forms  of  the  disease  may  be  rec- 
ognized, dependent  upon  its  situation  and  acuteness  of 
course.  In  the  acute  form  the  period  of  incubation  is 
short.  The  disease  begins  with  intense  fever  preceding 
all  local  manifestations.  The  prostration  is  extreme,  the 
animal  is  insensible  to  excitation,  locomotion  is  painful, 
the  hair  is  rough,  and  there  are  muscular  twitchings  of 
the  shoulders  and  chest.  A  ppelitedisap|icars  completely, 
cold  water  is  drunk  greedily,  and  emaciation  is  raiiid  and 
extreme.  According  to  Xocard,'  the  loss  in  weight  may 
1h^  mon-  than  20  kgin.  in  twenty-four  hours.  These  pri- 
tnary  .symptoms  give  place  in  from  one  to  three  days  to  the 
specific  local  symptoms.  The  lesions  are  in  the  mucous 
membranesand  skin.  The  mucous  membrane  of  thenost! 
is  intensely  reddened  or  often  of  a  violet  tinge,  and  small 
ecchymosi'S  mav  be  seen.  An  abundant  secretion  Hows 
from  the  nostrils;  at  first  it  is  thin  and  watery,  but  later 
it  becomes  mucopurulent  and  often  contains  streaks  of 
blood.  In  the  swollen  mucous  membrane  small  pustules 
appear  which  open  and  give  rise  to  small  shallow  ulcers, 
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with  miscd  C4lge8  and  a  briRlit  re<l  baac.  Tlicite  tilceni 
rapidly-  enlarge,  they  become  coiitluent  and  give  riw  l4j 
large  irregular ulcerateil  surfiKCHcovered  with  iiiiico  puN. 
The  iilci-rs  are  Komelimes  furiiied  by  the  rupture  of  lede- 
niatous  areas  beneath  the  surface.  In  tliesi'  arciis  exten- 
sive destruction  of  tissue  si'enis  to  take  place  wilhniit  tiny 
reaction,  the  softening  finally  extending  to  the  surface. 
When  the  ulceration  is  advanced  the  nasal  discharge  is 
very  abiindant  and  contains  fibrinous  inagiila  and  por- 
tions of  iieerotie  tis,mie.  While  these  lisjiinM  are  taking 
place  in  the  mucous  membranes,  hot  painful  tutiiorK  ap- 
pear in  various  places,  especially  on  the  extrcniitleH,  the 
Hanks,  and  the  shoulders  The  iidema  about  them  dis- 
appears, leaving  hard,  solid  nodules  which  nliemle  nip- 
idly.  Theiilceis  become  conlluent.  forming  large  irregu- 
lar surfaces  which  produce  an  abundant,  thin,  iHlorlesg, 
often  bloody  pus.  A  similar  infill  rat  ion  extends  along 
the  course  of  the  neiirhboring  lymphatics,  leaving  hard 
cord-like  swellings  which  ulcerate  at  various  ))oiiits  and 
form  thinner  chains  of  ulcers  iiniling  the  larger.  The 
lymph  nodules  belonging  to  tliealTected  regions  become 
swollen  and  indurated,  linally  breaking  down  into  ab- 
sce,s.ses.  The  ili.sease  owes  its  name  to  the  frequency  with 
which  the  affection  involves  the  lymph  nodes  (lymph 
glands).  During  this  period  the  temperature  continues 
high,  often  reaching  42'  (;.  The  loss  of  appetite  and 
emaciation  continue,  there  appear  evidences  of  occlusion 
of  the  nasal  respiratory  passages,  and  at  the  last  either 
gcnend  O'dema  of  the  lungs  makes  its  appearance  or  foci 
of  pneumonia  develop.  The  acute  form  of  glanders  is 
always  fatal,  the  disease  lasting  from  eight  to  thirty 
days. 

The  chronic  variety  of  the  disea.se  docs  not  take  the  defi- 
nite course  of  the  acute,  and  may  assume  a  number  of 
forms  wliich  differ  so  much  the  one  from  the  other  that 
they  have  been  regarded  as  different  diseases.  Thus  the 
skin  lesions  have  been  considered  a  separate  diseas<!  under 
the  name  of  farcy.  In  the  two  das-sic  types  of  the  chronic 
form  the  )iredominanl  lesions  are  found  in  the  one  in  the 
skin,  and  in  the  other  in  the  mucous  membranes  anil  par- 
enchymatous organs.  The  chronic  lesions  are  oft  he  Siitne 
general  type  as  ihe  acute,  their  evolution  is  much  slower, 
and  their  siiecial  characteristics  are  better  marked.  The 
first  lesions  to  appear  in  the  skin  arollie  hard  nodules  (farcy 
buttons)  followed  by  ulccnition.  Hot,  painful,  o'dema- 
toiis  tumors  appear  in  various  places  in  the  subcutaneous 
tissue,  especially  where  the  skin  is  thin  and  the  subcuta- 
neous tissue  abundant.  These  lumois  maybe  the  size 
of  a  nut  or  of  an  egg.  Gradually  they  become  sniaUor  in 
size  by  the  absorption  of  tluiil.  and  the  centnil  mass  be- 
comes hard  and  definitely  circumscribed.  The  hair  falls 
out,  the  skin  becomes  thinned,  and  finally  an  ab.scess  is 
formed  which  contains  a  viscid  yellowish  liquid  streaked 
with  blood.  The  opening  does  not  close,  and  the  abscess 
gives  rise  to  an  ulcer.  The  edges  of  this  are  elevated 
and  covered  with  thick  granulations.  The  ulcer  may 
extend  laterally  or  in  ili'iilh.  both  by  continuous  exten- 
sion and  by  the  formation  of  neighboring  nodules  which 
follow  the  same  course  and  finally  unite  with  the  main 
ulcer.  The  skin  in  the  vicinity  is  hard  and  indurated. 
The  ulcers  may  finally  cicatrize.  The  same  swelling 
which  preceded  the  formation  of  the  nodules  and  ulcers 
extends  along  the  subcutaneous  lymphatics.  The  acute 
swelling  subsides,  leaving  a  hard  cord  (farcy  pipe).  A 
numlier  of  lymphatics  may  be  affected,  giving  rise  to  a 
network  of  cords.  These  may  persist  for  a  long  time 
without  change,  or  in  some  ca.ses  nodular  swellings 
appear  along  them  at  intervals,  and  these  nodules  may 
soften  and  ulcerate  in  the  same  way  as  the  nodules  first 
described.  The  ulceration  may  extend  between  adjoin- 
ing foci  along  the  course  of  the  vessel  and  in  this  way 
large  irregular  ulceratetl  tracts  may  result.  The  lymph 
nodes  are  swollen  and  become  finally  converted  into  hard, 
indurated,  adherent  masses.  They  rarely  sfjften  and  give 
rise  to  absces,ses  as  in  the  acute  cases. 

The  specific  affections  of  the  nose  are  very  similar  to 
those  in  the  skin,  with  differences  due  to  the  different 
character  of  the  tissue.     They  consist  in  the  formation  of 
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nnduk'S  iinU  in  iilcenitiou  which  ma}'  tvnniimtv  iu  exten- 
sive cicntri/ation.  The  nodule  is  preceded  by  a  ditTiise 
swelling  of  llie  tissue.     The  nodidesnie  r<>\ind.  liunl,  and 


Flo.  2SIS.— stellate  Cliutrix  from  Niisal  Septum. 
chronic  Klanders.    (Kitt.) 


From  a  case  of 


much  .smaller  than  those  of  the  skin.  The  centre  softens 
and  is  discharged,  leaving  a  shallow  irregular  ulcer  with 
elevated  edges.  Large  irregular  ulcers  are  formed  by 
the  union  of  adjoining  ulcers.  The  edges  are  hard  and 
indurated,  and  cicatrizalion  is  often  found  in  one  jiart 
while  the  ulcer  is  extending  in  another.  Dense  white 
radiating  cicatrices  are  found,  and  these  are  the  most  char- 
acteristic lesions  of  the  disease  (Fig.  229S).  The  ulcers 
may  e.\teud  in  di'plli.  both  cartilage  and  bone  may  be  de- 
stroyed, and  i)erforation  of  the  septum  may  be  produced. 
The  nasal  discharge  varies  in  character  and  amount,  de- 
pending on  the  chanicter  of  the  lesions.  It  is  more 
abundant  while  the  animal  is  at  work.  In  the  begiuuiug 
of  the  process  it  is  :hiu  and  watery,  but  later  it  becomes 


mucopurulent.  In  some  cases  a  lymphatic  fluid  is  dis- 
charged which  coagulates  on  exposure.  When  the  ulcer- 
ation is  marked  it  may  contain  necrotic  tissue,  and  when 
large  ves.sels  are  opened  by  the  extension  of  the  ulcers 
there  may  be  epistaxis.  The  lesions  in  the  lungs  which 
may  be  very  extensive,  do  not  give  rise  to  any  character- 
istic symptoms.  There  may  be  cough  and  evidence  of 
respiratory  trouble,  and  when  the  pleura  is  involved  in 
the  process  there  may  be  the  physical  signs  denoting 
this. 

In  addition  to  these  more  common  conditions  of  chronic 
glanders  there  are  others  which  are  only  occasionallj'  met 
with.  A  dilfuse  swelling  of  the  subcutaneous  tissue,  at 
tirst  hot  and  iiainful.  later  indurated  and  contracted, 
much  resembling  the  nodule  in  its  general  features,  may 
take  place.  The  imluration  becomes  brawny  and  may 
ulcerate  at  several  points.  In  stallions  swelling  of  the  tes- 
ticle is  often  seen  and  nui\"  form  the  first  syniploni  of  the 
disease.  The  gland  is  at  first  greatly  enlarged,  hot,  and 
painful.  The  acute  swelling  and  (edema  subside  after 
some  days,  and  then  the  gland  is  felt  to  be  indurated  and 
the  cord  thickened.  Affections  of  the  joints  varying  in 
degree  are  not  uncommon.  The  disease  may  last  for  an 
indelinite  time.  Often  all  the  symptoms  disjip|)ear  for 
a  long  time  and  then  a.gain  break  out.  A  considerable 
proportion  of  the  cases  end  in  recovery.  Semmer  ">  has  de- 
scrilied  a  rather  benign  form  of  glanders  which  he  thinks  is 
more  common  in  South  Russia  than  elsewhere.  The  ani- 
mals react  to  mallein  iu  the  same  way  as  in  the  malignant 
disease,  but  very  slight  lesions  are  found  at  the  autopsy. 

When  the  disease  is  produced  experimentally  in  the 
horse  or  ass  by  introducing  the  bacilli  into  searitied  sur- 
faces or  by  injecting  them  subcutaneously.  the  acute  form 
is  piiidueeil.  Straiiss  "  iu  1S86  showed  that  the  intraperi- 
tonial  injection  of  the  bacilli  in  the  male  guinra  ]iig  was 
folloued  by  characteristic  lesions,  and  this  method  is  one 
of  the  best  and  surest  for  confirming  the  diagnosis  of  the 
disease.  Inoculation  into  the  peritoneal  cavity  is  fol- 
lowed, on  the  second  or  third  day,  by  a  recognizable 
degree  of  swelling  of  the  testicles.  The  swollen  testicles 
are  painful,  and  the  skin  of  the  scrotum  is  red  or  violet 
and  adherent  to  the  underlying  glands.  The  lesions  reach 
the  greatest  intensity  by  the  sixth  or  eighth  day,  and  the 
animal  dies  in  twelve  or  fifteen  days.  The  method  is 
not  absolutely  sure  as  a  diagnostic  test,  and'  for  several 
reasons.  Nocard  '•  has  shown  that  an  affection  of  horses, 
characterized  by  swelling  and  ulceration  of  the  extremi- 
ties, is  due  to  a  bacillus  which  will  produce  lesions  in  the 
testicle  similar  to  those  observed  in  glanders.  In  other 
cases  the  guinea-pig  may  die  of  septica'inia  due  to  entry 
of  the  bacilli  into  the  blood  before  the  characteristic 
lesions  of  the  testicle  have  had  time  to  develop.  For  this 
rea.son  sonut  prefer  to  inoculate  subcutaneously."  The 
inoculation  had  better  be  made  with  a  pure  culture  than 
with  the  products  of  disease  containing  the  bacilli,  for 
the  glanders  lesions  may  be  masked  by  an  infection  with 
pus  organisms.  Iu  an  early  stage  the  lesions  of  the  testi- 
cle consist  in  small,  yellowish  foci  in  the  tunica  vaginalis, 
or  the  two  surfaces  may  be  tmiled  by  a  thick  purulent 
exudation  containing  numbers  of  bacilli. 

In  man  the  disease  appears  in  both  the  acute  and  the 
chronic  form.  Taken  in  its  entirety  the  clinical  history 
of  the  disease,  both  iu  the  acute  and  in  the  chronic  form, 
is  almost  characlerislic,  but  at  a  given  period,  and  indeed 
for  a  long  time,  it  may  be  impossible  to  make  the  dia.gno- 
sis.  This  is  particularly  true  of  the  chnMiic  form.  In 
general,  the  disease  in  man  presents  numy  points  of  sim- 
ilarity to  the  ecpiine  disea.se.  but  there  are  notable  differ- 
ences. The  skin  lesions  w  Inch  are  so  iiromiueiit  in  the 
horse  appear  in  man  only  in  the  later  stages  of  the  dis- 
ease, and  abscesses  in  the  muscles  (which  are  very  rare  in 
the  horse)  are  common  in  num  and  often  constitute  the 
first  evidence  of  the  disease.  The  disease  is  comiiara- 
tively  rare  in  man  despite  his  evident  susceptibility  to 
the  action  of  the  organism  and  his  frequent  opportiun- 
ties  for  infection.  In  the  last  ten  years  in  Boston  I  have 
seen  but  two  eases  of  infection  in  man  despite  the  fact 
that  the  disease  is  not  rare  in  horses.     The  fact  that  the 
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(li-scafW!  U  not  un  I'Xtri'ini'ly  commoii  one  In  IhiiIi  iiuiniiilH 
iitiil  iiiiiii  iiiiist  III'  iittriliiiU'd  wili'ly  to  till'  hIIkIiI  vliiliilily 
uf  till'  iirpiiiisiii  itiiil  III  till'  flirt  timt  it  cuiiiiiil  Iciiii  ii  Hti|ir<i 
jilivtii'  I'xisli'iicc. 

The  iii'iiic  illm-iiiw-  iM'^iiiM  in  man  with  cliills  anil  IiIkIi 
fcviT.  wliirli  soMii'liiiii'N  Inkrs  II  ly  |>liii|il  furiii.  Tlirir  is 
ofirn  iiitrlisc  iiiiili  in  llii' jnintsiiiiil  liiilsrirs,  willi  Kriirriil 
\V)'akiirs.s  itnii  iiiiiliiisi'.  This  ruiKlllinn  is  followril  liy 
till'  ili'Vi'lii|iiiii'iil.  ill  llii' iniisi'li'S  nr  siiliriiliinriiiis  tissiii', 
of  liiinl  swi'lliiius  uliirli  ru|itiir<'  anil  iliscliar^'i'  a  lliirk 
inuriiiil  piiH  niixi'il  willi  stri'iiks  of  lilmiil.  Kvin  at  an 
early  prrioil  of  tin- iliscasi-  llir  skin  iivcr  almost  llir  ciitiir 
lioily  may  he  rovcri'il  willi  |>iistiilrs.  In  somr  rasis  tlirrr 
is  a  ililTiist'  crysiiirlatoiis  intlamiiiiition  of  tlii'  skin  prr- 
iiilini;  till'  foriiialioii  of  pnsliilrs.  or  laru'r  iilrris  may  lii' 
formiil  liy  m  rrosis  of  llir  skill.  'I'lif  iilriis  show  no  Ini- 
(li'ncy  to  jii'iil  anil  In  romi-  rovinil  willi  tliirk.  pair  j;raiiii 
lations.  Till'  nasal  ilisrliar^e  is  mil  so  maikcil  as  in  llir 
honu',  but  an  rxaminaiion  of  tin-  miicoiis  inrmlirani'  will 
nirt'ly  fail  to  show  noiliili'S.  iilrris,  ami  ililTusi-  swillinir. 
In  two  of  Ivlltlnrr's '^  lasrs  the  fioiilal  ami  splnnoiilal 
sinuses  were  alTi'ileil.  the  most  eviilenl  lesion  liiiiii;  the 
jfix'ut  swelliiitr  of  the  miieoiis  memlinine.  The  imisele 
abscesses  are  usually  present.  Allhoiii;li  all  the  inus 
eles  may  be  alTeoleil.  the  lesions  are  most  eommon  in 
the  liiieps.  the  tle.Mirs  of  llie  forearm,  the  reetiis.  and  the 
peetoral  nniseles.  The  pustules  of  llie  skin  are  most 
common  lowaril  the  termination  of  the  ilisease  anil  often 
appear  only  just  before  ileatli.  The  pustules  nmy  be 
seateil  immediately  benealh  the  epidermis  in  the  coriiim 
or  in  tlie  subcutaneous  tissue.  Tliey  nmy  somewhat  re- 
semble sinallpo.x  pusiules.  but  they  vary  greatly  in  size 
and  are  not  umbiliealed.  Tedeselii  '*  Ims  rei>orted  a  case 
in  which  there  was  a  lirminal  aciilc  iiiinini:itis.  In  some 
eases  it  is  possible  to  tind  the  alrium  of  infection.  The 
disease  may  be.irin  by  abscess  and  ulceration  at  lliis  jioint 
and  the  generalization  take  place  by  an  acute  lymphan- 
jritis.  In  many  cases,  and  those  the  most  severe  ones,  it 
IS  not  possible  to  deterniine  how  the  infection  took  place. 
This  aciile  form  of  the  disea.se  is  almost  invariably  fatal, 
death  taking  place  usually  between  the  sixth  and  the 
thirlietli  day  of  the  disease. 

The  clirouie  form  may  have  a  duration  of  several 
years.  Ilallipeau"  has  reported  a  case  of  six  years' 
duration.  The  well-known  case  of  Aufrecht.  reported  by 
Kernig, "  lasted  for  one  year  and  a  half.  In  these  cases 
there  is  usually  an  infection  from  a  local  lesion  of  the 
extremities  followed  by  a  lymphangitis  extending  to  the 
lymph  nodes.  The  local  lesion  may  lake  the  form  of  an 
ulcer;  and  abscesses  may  develoj),  followed  by  ulcera- 
tion, the  infection  extending  along  the  lyinphalies.  The 
hard  cord-like  affection  of  the  lymphatics  which  is  seen 
in  the  horse,  does  not  lake  place  in  man.  Later,  absces.ses 
appear  in  the  subcutaneous  tissue  or  in  the  muscles  in 
various  places.  In  some  cases  these  muscular  abscesses 
form  the  only  evidence  of  the  diseasi-.  In  the  case  re- 
ported by  Hallipeau  there  were  numerous  abscesses  at 
intervals  during  the  first  three  years  of  the  disease,  but 
they  did  not  exert  much  iulluence  on  the  general  condi 
tion.  Thest;  healed  sponlaneously  in  some  casi'S,  and  in 
others  after  cauterization.  There  was  then  a  period  of 
latency  for  three  years,  followed  by  an  acute  attack  and 
death.  In  the  case  reported  (Kernig)  the  first  anatomical 
evidence  of  the  disea.se  was  a  hard  nodular  swelling  in 
the  calf  of  the  leg.  This  was  followed  after  a  long  in- 
terval by  an  intiltration  of  the  abdominal  wall  resulting 
in  suppuration.  Sommerbrodt  "  gives  a  case  in  which 
the  symptoms  were  chills  with  fever  and  intense  pain 
in  the  extremities.  Two  weeks  after  entry  inio  hospital 
death  took  place  from  acute  glanders.  In  the  ca.se  re- 
ported by  Neis.ser"  the  disease  began  as  a  small  ulcer  at 
the  internal  an.sle  of  the  eye,  and  this  was  followed  in 
two  months  by  the  development  of  an  abscess  in  the  left 
cheek;  then  later  a  purulent  di.seliarge  from  the  ear  and 
nose  set  in,  abscesses  <leveloped  in  dilTerent  ]iarts  of  the 
body,  and  ulcers  formed  on  the  hard  palate,  in  the  nasjil 
cavity,  and  in  the  larynx.  In  nearly  all  of  the  chronic 
cases  reported  the  discjise  passes  into  an  acute  form  a 


Bhort  time  before  dentil.  The  mom  cnmmnn  lenlon  in 
fatal  ciiMes  of  both  the  acute  and  the  chronic  form,  ctin 
KiHi.H  of  piisliileH  of  the  skin,  particularly  on  the  face. 
Chronic  glanders  has  a  very  iniieli  Kinaller'morlnllly  than 
theaciite,  Sims  Woodliead  "  placing  It  at  forty  per  cent. 

ThecliariKli'isof  llie  lesions  lue  similar  in  both  animalK 
and  man.  The  glanders  barjlliis  siinis  lo  exert  ulmul 
the  same  inlliiiiici'  on  all  lissiiis,  and  the  lesions  vary 
only  in  the  inliiisily  of  Ihcaclion  set  up  and  in  the  ililTer- 
enl  degree  of  reailion  of  the  surrounding  tissues.  There 
has  been  a  general  inisconeepl ion  among  (ierniun  aiitlioril 
as  to  the  cimniclerof  llie  lesions.  Virchow,  who  studied 
Hie  macroscopic  charaeler  of  the  lesions  more  than  the 
histological  details,  lays  pari  iiiilar  stress  upon  the  iiodiilur 
chaiiicler  of  the  lesions,  and  pliiies  the  disease  among  the 
granulal ion  tumors,  liaumgarleii  coniparis  the  noilulu 
with  Hie  tiibirele,  and  says  thai  il  dilliis  from  this,  as 
rigarils  its  histogenesis,  chielly  in  the  pari  ici  pal  ion  of  ibe 
polyniiclear  leucocyte  in  its  formalion.  In  the  glanders 
nodule  the  |)olyniielear  leiicoeyles  play  the  |iart  that  the 
lymphoid  cells  do  in  the  tubercle,  llie  main  niasg  of  the 
nodule  in  Viol h  being  formed  of  epithelioid  cells  derived 
from  llie  fixed  cells  of  the  tissue.  The  anatomical  de- 
scriplions  of  the  lesions  given  by  French  authors  are 
more  eonecl.  An  excellent  aicounl  of  the  histology  and 
the  hislogenesis  of  the  lesions  in  jnan  and  in  the  giiinea- 
liig  is  given  by  AV right.-"  I  have  been  able  to  study  the 
lesions  in  the  horse  by  aid  of  a  number  of  specimens  fur- 
ni.shed  by  Dr.  Frothingham  and  by  the  examinalifpn  of 
preparations  secured  by  Drs.  Wright  and  Magralh  from 
hiimaii  cases  aiitopsied  by  them. 

The  most  characteristic  lesions  in  the  lungs  are  the 
nodules  or  tubercles.  These  are  found  more  frequently, 
and  Iheir  characterislies  are  belter  marked,  in  the  horse 
than  in  man.  They  may  be  found  in  any  jiarl  of  the 
lung,  but  are  more  numerous  beneath  the  pleura  than 
elsewhere.  In  their  most  characteristic  form  they  vary 
in  size  from  a  pin's  head  to  a  pea.  and  are  hard  and  cir- 
cumscribed.    On  section  they  show  a  dry,  opaque,  cen- 


FIB.  22!W.— Section  ..f  riinmli-  GlaiuliTs  XndiiU'  in  ttie  Lung  of  Horee. 
Tlie  dark  oentral  muss  is  ennjtvtsi'd  of  cell  and  nuclear  di*bris  In 
which  no  lunp  slructurc  can  lie  recognized. 

tral  ma.ss.  which  can  often  be  pressed  out,  surrounded 
by  a  pale  transjiarent  zone  (Fig.  2299).  On  microscopic 
examination  the  centre  is  found  to  be  composed  of  granu- 
lar (1fl>ri.H  in  which  no  tissue  can  be  recognized.  On  the 
outside  of  this  is  a  zone  composed  of  epithelioid  and  giant 
cells  with  considerable  lymphoid  inliltraiiuu  and   firm 
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interc("ll\iii>r  fonneclivL'  tissue.  Immcdiati-ly  around  I  lie 
central  mass  of  defniH  is  often  a  mass  of  lari;c  pliaf^ocytic 
cells  similar  to  the  cells  in  the  eorpus  liiteum.  On  the 
outside  the  connective  tissue  c.vtends  inio  ihe  surroinid- 


\ 


Fig.  2300.  -Section  of  Chronic  Glanders  Nodule  in  the  Lung  of  Horse, 
vanced  in  Its  formation  than  Fig.  2299.  In  the  centre  of  the  nodule 
structure  is  still  visible. 

ing  lung  structure  as  a  lliickening  of  the  alveolar  walls. 
In  some  of  these  nodules  the  central  necrotic  mass  may 
"be  extremely  small  or  it  may  he  absorbed  completely  by 
the  surrounding  granulation  ti.ssue,  the  entire  nodule 
being  transformed  into  a  small  mass  of  connective  tis- 
sue. Lime  salts  may  also  be  deposited  in  the  necrotic 
centre.  The  histogenesis  of  this  more  fully  developed 
nodule,  which  very  much  resembles  a  tubercle,  can  be 
studied  in  tho.se  less  advanced.  Such  a  nodule  is  seen 
in  Fig.  2!!00.  In  this  the  structuie  of  the  lung  is  pre- 
served in  the  centre,  and  around  this  is  a  delinite  zone 
of  connective  tissue.  In  the  dark  central  area  the  tis- 
sue is  entirely  necrotic,  and  the  cells  both  in  the  exuda- 
tion and  in  the  walls  are  broken  down  and  represented 
by  nuclear  detritus.  In  the  tissue  arounil  this  the  necro- 
sis is  not  so  complete,  and  there  is  some  thickening  of 
the  alveolar  walls  due  to  the  formatinii  of  couucclive  tis- 
sue. This  passes  in  turn  into  thesurroimding  connective- 
tissue  capsule.  A  more  diffuse  and  earlier  nodide  is 
shown  in  Fig.  2301.  In  this  there  is  a  centre  which  is 
situated  in  close  proximity  to  an  interalveolar  septum  in 
the  lung,  aiifl  which  is  composed  of  a  dense  cellular  exu- 
dation in  the  alveoli.  All  the  cells  in  the  exudation  are 
broken  down,  the  dark  color  of  the  centre  here  as  in  the 
other  figures  being  due  to  the  immense  amount  of  nu- 
clear detritus.  In  the  surrounding  alveoli  there  is  an 
exudation  composed  of  librin,  of  fnigmented  leucocytes, 
of  coagulated  serum,  and  of  effused  blood.  In  all  of  the 
younger  nodules  hemorrhages  play  an  important  part, 
and  we  may  tind  areas  reiiresenled  by  hemorrhages  alone. 
Fig.  2302  shows  a  much  larger  area  in  which  there  are 
several  centres  filled  with  the  closely  packed  nuclear  de- 
tritus and  around  theses  there  is  an  exudation  similar  to 
that  in  Fig.  2301.  Nocard  lays  great  stress  on  the  pres- 
ence, in  the  early  cases,  of  small,  nitlier  transparent  nod- 
ules in  the  lung  close  beneath  the  pleura.  They  may 
appear  as  early  as  on  the  thir<l  day  after  inf<'Ction.  They 
are  formed  by  a  small  area  of  exudation  surrounded  by 


intense  hypcnrmia  and  boinorrhagp.  One  thing  is  strik- 
ing in  the  examination  of  all  these  norltdes:  they  are 
not  in  relation  to  the  bronchi.  In  all  of  the  figures  bronchi 
but  little  altered  can  be  seen  in  the  vieinilj'  of  Ihe  nod- 
ules. In  the  material  at  my  disposjd  it  has  not 
been  ptissible  to  trace  the  formation  of  these 
masses  by  serial  seelioiis.  but  they  do  not  ap|iear 
to  be  due  to  a  bronehiogenie  infection  of  the 
lung  by  the  bacilli.  They  occur  in  Ihe  lung 
with  loo  great  regularity  and  at  too  early  a 
stage  to  suppose  them  due  to  an  infection  com- 
ing from  Ihe  air  passjiges  higher  up.  In  addi- 
tion to  such  nodules  it  is  not  unconuuon  to  find 
areas  of  ililTuse  luieumonia.  In  the  horse  these 
are  often  definil<ly  lobular.  In  man  they  re- 
semble more  closely  the  areas  of  embolic  pneu- 
monia. They  may  be  comi)osed  of  cellular  and 
hemorrhagic  exudation  in  which  there  are  large 
areas  filled  with  nuclear  detritus.  The  broncln 
in  these  foci  are  filled  wilh  the  same  exudation 
as  that  in  the  alveoli.  In  some  ca.ses  the  sur- 
rounding interlobular  tissue  is  greatly  thickened 
from  an  infiltration  with  masses  of  lymjihoid 
cells,  and  the  adjoining  lung  tissue  is  involved 
to  a  greater  or  less  extent.  Such  an  area  is  rep- 
resented in  Fig.  2304,  which  shows  a  longitu- 
dinal section  of  a  large  bronchus  tilled  with  ex- 
uilalion.  In  the  hor.se  foci  the  size  of  an  apple 
and  manifesting  evidences  of  purulent  exudation 
may  be  found,  and  these  may  break  down  .so  as 
to  form  abscess  cavities.  In  man  the  lung 
lesions  are  rarely  absent,  but  at  the  Siime  lime 
thej'  rarely  take  the  distinctly  nodular  form 
which  is  so  often  seen  in  the  horse.  In  the 
chronic  cases  fibrous  nodules  have  been  described, 
but  no  detailed  description  of  their  tissue  has 
been  furnished.  In  Ihe  actite  cases  the  lesions, 
always  present,  take  the  form  of  larger  and 
smaller  foci  of  pneumonia  and  abscess-forma- 
tion. IlypiM'a'inia  and  evidences  of  hemorrhage 
are  always  found  in  the  vicinity,  and  there  arc  oc- 
casionally large  areas  of  effused  blood  similar  to  in- 
farctions. The  pneumonia  areas  may  resenible  the  nod- 
ules in  having  a  centre  totally  necrotic  and  filled  with 


,  less  ad- 
the  lung 


Fk;.  2301.— St'4'tiMU  ef  lii'jrinnin^r  .V'Hlulf  In  Horse's  Lunff  Adjolninfr 
an  Inierlohular  SeiJlmu.  The  darker  cenlnil  tmninn  is  composed  of 
cellular  and  nuclear  detritus.    The  walls  of  the  alveoli  are  necrotic. 

nuclear  debris  and  around  this  a  less  intense  fibrinous, 
cellular,  and  hemorrhagic  exudation.  The  liquefaction 
of  the  exudation  gives  rise  to  abscesses.     In  man  also 
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llic  fot'i  lire  rimri'  fr<'niiriilly  fniiiiil   liciinilli  llir  plriini. 
ThtTO  i»  no  rwu'liim  in  lliisc  m  iitr  •■uses  dii  llu-  |iiirl  nf 


FlO.  S3(K.— SCftlon  of  More  DIlTiisc  ArntM  n.mIuI, 
uriil  ffiilrvs. 


Ill  l.uiiKi'f  Horse  Showing  Sev 


llie  liiiij;.  It  is  not  an  tiiuoninion  tliinir  to  tind  absc(!sscs 
witlioiit  liny  walls,  npirsinlinir  cavities  in  llie  lissuo  sur- 
rounded In"  lieniorrliauMe  and  partly  necrotic  lung  lissue. 

There  is  rarely  opporliinily  lo  examine  llie  more 
chronic  ahscesses  in  llie  muscle.  In  lliose  of  an  acute 
chanicler  the  cmilents  are  coniiiosed  of  (ell  and  nuclear 
detritus  with  scarcely  a  single  cell  showing  well  preserved 
nucleus  and  protoplasm.  In  ii  small  abscess  in  the  pec- 
lonil  mu.sclp,  in  one  of  our  cases,  the  absccs.s  cavity  con- 
tained on  the  edge  u  small  amount  of  detritus,  and  all 
around  there  were  degenerated  and  hyaline  muscular 
fibres.  There  was  no  reaction  on  the  ]iart  of  the  tissue 
and  little  or  no  surrounding  cellular  exudation.  The 
niusculHr  libres  seemed  literally  to  melt  away  in  the  proc- 
ess 

The  skin  nodules  (farcy  buttons)  in  the  horse  arc 
formed  by  an  intense  leucocytic  intiltralion  of  the  skin 
and  subciitani'ous  tis.sne  witii  numerous  foci  of  hemor- 
rhage In  the  beginning  intense  congestion  and  o'dema 
ot  the  surrounding  lissue  are  present.  There  is  also  a  pro- 
liferation of  the  lixed  cells  with  formation  of  e)>ithelioid 
and  giant  cells.  The  epiiUrmis  over  the  nodule  may  be 
infiltrated  with  cells  and  penetrated  by  the  exudation. 
The  hairs  become  loosened  and  drop  out.  The  central 
area  where  the  exmlation  is  most  intense  becomes  ne- 
crotic, the  epidermis  over  it  shares  in  the  necrosis,  and 
an  abscess  forms.  The  latter  is  likely  in  lime  to  become 
converted  into  an  idcer.  In  other  cases  the  necrotic 
mass  may  rem.iin  in  the  tissue  and  be  gradually  absorbeii 
by  a  surrounding  mass  of  granulation  tissue.  The  for- 
mation of  tlw  skin  nodule  is  very  similar  to  the  forma- 
tion of  I  lu^  lung  tubercle.  ThealTection  of  the  lymphatics- 
giving  rise  lo  the  so-called  glanders  cords  (farcy  pipes) 
pursues  the  .same  course  as  that  in  the  nodules.  There 
is  an  exudation  in  and  around  the  lymphatics  in  the  sub- 
cutaneous tissue  or  in  the  cutis.  This  is  accompanied 
by  intense  congestion  and  (edema  of  the  surrounding  tis- 
sue. The  whole  central  mass  undergoes  necrosis  and 
may  remain  for  a  long  time  as  a  hard  cord  gradually 
untk'rgoiug  absorption,  or  it  may  soften  from  place  to 


|)luce,  or  along  ItK  eounu-.  and  give  riiw  to  ulcem.  In 
Home  CHM'M  till'  necrotic  liynue  U  dJNeimrged  iih  ii  Kingle 
niiiHs  In  man  the  Hkin  K-HionH  are  Koniewhnt 
Nimilar  lo  tlioM*  iiroduced  by  the  NlreptiK-<H-cuK. 
In  Home  places  tliere  HceniH  to  be  very  Utile  re- 
action on  the  part  of  the  Hurrounding  lisiineH, 
and  absceK.seH  Hiinilar  to  IhoHc  in  the  mnwIcH  uro 
produced.  Such  abscesses  are  in  the  huIhu- 
taneous  tissues.  Sections  made  from  the  large 
areas  of  inliltritliim  show  lesimm  alTecling  IhiIIi 
the  skin  and  the  KiibcutaneouH  tissue,  but  Ihey 
are  more  marked  in  the. skin.  This  shows  iin 
intense  general  inliltration  with  leucix-yleK  ami 
foci  composed  of  these.  The  glands  of  the  skin 
and  hair  follicles  are  often  embedded  in  this  and 
show  but  little  change.  Most  of  the  exudation 
cells  are  broken  down,  and  in  places  there  is 
nothing  but  a  mass  of  nuclear  dc-tritus.  The 
epidermis  over  the  area  .shows  various  changes, 
some  of  them  almost  peculiar  to  the  dis(-a.se.  In 
some  places  the  entire  epidermis  is  cleanly  s(?p- 
araled  from  the  lissue  beneath  by  an  exudation. 
In  other  cases  and  over  small  areas  only  the  horny 
layer  of  epidermis  remains,  elevated,  and  cover- 
ing a  ma.ssof  cellularand  nuclear  del  rit  us  formed 
by  leucocytes  and  the  fnigments  of  epithelial 
cells  and  nuclei  (Fig.  2'.W>).  In  si  ill  other  cases 
there  is  a  pecvdiar  condition  caused  by  a  fluid 
exudation  which  has  extended  into  the  epider- 
mis and  has  separated  the  cells.  In  the  epidermis 
there  may  be  found  foci  which  are  composed  of 
ma.s.ses  of  epithelial  cells  each  separated  from  its 
connections.  In  tin-  loose  subcutaneous  tis.sue 
there  may  be  a  considerable  amount  of  fibrin  in 
the  exudation.  The  cellular  infiltration  may  ex- 
tend down  deeply  into  the  muscle,  the  fibres  of 
wiiich  luidergo  "necrosis.  There  are  but  few 
lymphoid  cells  and  epithelioid  cells  in  the  sur- 
rotmding"  lissue.  In  places  the  connective-tissue  nuchi 
and  the  endothelial  cells  of  blood  vessels  and  lymphatics 
have  large  vesicular  nuclei  with  but  little  chromatin. 
The  nuclei  become  increased  in   number,  and   no    nu- 
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Fifi.  2303.-Sectioii  of  Lun).'  of  Horse  (Nalural  Slzcl.  sUowlnp  NtKlulwI 
ajid  cicauioes.  The  lobuUs  are  uiore  promlncDt  than  Is  natural. 
iKitt,) 
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clear  figures  arc  founci,  but  occasionally  tlicre  ore 
biscuit-shaped  nuclei.  The  process  is  one  of  degen- 
erative direct  nuclear  division,  and  not  a  true   prolif- 


FlG.  2304.— Seotlon  i)f  Chronic  I/^biilar  (flamicrs  rniMmuinia  from  Lunp  of  Horse 
Showing  a  Largt'  Itrunrlius  in  Hit'  Centre  Filleii  wiili  E.xudation.  In  addition 
to  exudation  and  heinoirhage  in  the  alveoli  thei-e  is  niarlied  connective-tissue 
fonnatloD. 


eratiou  of  cells.  Tlic  smaller  vesicles  and  pustules 
show  the  same  couilition.  1ml  in  these  tlie  piocess  is  con- 
liued  to  the  dermis.  Thi'  lilixjd  vesseLs  iu  the  lesions  and 
in  their  vicinity  are  often  found  thrombosed.  Thelhrnmbi 
may  be  composed  of  cells,  llie  nuclei  of  which  sliow  the 
frsiginentation  which  is  so  common  a  feature.  Nothing 
can  be  seen  of  the  lym])hatics  where  the  process  is  most 
intense,  but  a  study  of  the  suirounding  a'dematous  tissue 
shows  that  the  same  condilioii  can  be  found  here  which 
is  so  common  in  the  horse.  Both  the  smaller  and  the 
larger  lymphatics  lying  in  a  tissue  which  shows  no  lesion 
beyond  a  slight  celluhir  exudation  and  the  sepaiation  of 
the  fibres  due  to  the  a'<lema.  may  be  tilled  with  masses 
of  cells  and  nuclear  detritus  (Fig.  2307).  In  some  cases 
the  process  extends  through  the  wall,  and  a  small  abscess 
may  be  formed  of  which  the  lymphatic  is  the  centre. 
Fig.  230(!  shows  sudi  an  area.  The  space  in  the  centre 
represents  the  vessel  from  which  the  exudation  has  fallen 
in  the  preparation  of  the  sp(<imen. 

The  lesions  in  the  mucous  membranes  are  similar  to 
those  in  the  skin,  with  the  exception  that  there  is  a  great 
deal  more  extensive  proliferation  of  the  fixed  cells,  I 
have  not  had  an  opportunity  to  examine  any  of  the  dis- 
tinct nodides  formed  in  the  miuous  membtiine,  nor  liave 
I  examined  any  of  the  chronic  lesions.  In  the  acute  cases, 
in  which  swelling  of  the  mucous  membiane  is  the  most 
marked  cliai'acteristie.  llieie  is  a  dense  accumulation  of 
lymi)hoid  and  epithelioid  cells  in  this  membrane.  I'oly- 
nuclear  leucocytes  arc'  numerous,  both  dilTusely  scattered 
among  tlar  other  cells  and  in  small  masses  chiefly  on  the 
surface.  However,  the  individual  accumulations  of  these 
leucocytes  are  never  so  large  here  as  they  are  in  the  other 
tissues.  Many  of  them,  especially  those  scattered  dif- 
fusely, liave  normal  nuclei,  but  in  most  of  them  the 
nuclei  are  fragmented.  The  epithelium  is  for  the  most 
part  destroyed,  only  fiagmenis  of  it  remaining.  The 
participation  of  the  connective-tissue  cells  in  the  process 
is  shown  iu  the  horse  by  the  cuormous  radiating  cica- 


trices formed  in  the  healing  (Fig.  229H),  It  is  diHicult 
to  explain  these  dilTerences  in  the  character  of  the  proc- 
ess in  the  mucous  membnuie  except  by  the  assumption 
that  in  the  mucous  membrane  there  is  a  com- 
paratively free  oiiportunity  for  the  escape  of  the 
exudation,  carrying  with  it  both  the  bacilli  and 
the  toxic  products. 

The  lesions  in  the  testicles  consist  in  the  pres- 
ence of  small  foci  of  suppuration  in  the  tu- 
nica, rarely  in  the  testicle  itself.  In  the  other 
viscera  the  lesions  are  iinimiiortsint.  One  case 
of  death  from  acute  meningitis  in  man  is  re- 
ported by  Tedeschi,  the  infection  of  the  menin- 
ges liii\'ing  taken  ])lace,  most  probably,  by  way 
of  the  blood.  Abscesses  have  been  described 
in  the  liver  in  several  ca.ses  in  man,  but  they 
are  more  common  in  animids.  jiarticularly  in  the 
guinea-i)ig.  Several  cases  also  of  ab.scesses  of 
the  bone  marrow  have  been  reported,  and  in 
the  Tedeschi  case  of  meningitis  there  was  osteo- 
myelitis of  the  tibia  following  an  abscess.  I 
have  not  found  any  descriptions  of  cases  of 
acute  nephritis,  and  in  the  kidneys  of  the  human 
cases  examined  by  me  the  degenerative  lesions 
were  slight.  Nor  are  there  any  of  the  focal 
necroses  in  the  liver  which  are  so  freciuently 
found  in  other  infections.  There  is  .some  swell- 
ing of  the  spleen  iu  the  acute  cases,  but  the 
lesions  are  confined  to  hy  pericmia.  In  the  lymph 
nodes  there  may  be  abscesses  and  foci  of  leuco- 
cytic  infiltration. 

The  relation  of  the  bacilli  to  the  lesions  is  ob- 
vious. The  bacilli  iire  always  present,  but  in 
variable  numbers.  In  some  cases  they  may  be 
numerous,  and  in  others  they  are  fotmd  only 
after  long  search.  They  are  difticidt  to  find  in 
sections,  for  there  is  no  distinctive  stain  for 
them,  and  they  are  colored  less  deeply  than  the 
fragments  of  nuclei.  They  are  found  in  the 
exudation  and  not  in  the  surrounding  tissue. 
They  are  always  as.sociated  with  the  products  of  the 
di.sease,  and  the  free  discharge  of  these  products  from 
the  affected  mucous  surfaces  gives  every  possibility  of 
the  extension  of  the  infection.     When  the  bacilli  enter 


Fig,  2305.— Section  of  an  t'nniirtun'd  I'astule  In  the  Skin  of  Face  from 
an  Acutt;  Case  of  (itanders  In  .Man.  The  homy  layer  Is  still  Intact. 
The  other  cells  of  the  eiiidennls  are  necrotic  and  their  fraffinents  are 
mInKled  with  the  exudation. 

the  tissues  they  may  or  may  not  produce  a  lesion  at 
the  point  of  entrance.  In  \Vright's  ca.se  there  was  an 
intense  inflammation  of    the  thumb  where  tlie  infec- 
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tiiiii  loiik  i>liii'f,  uikI  lliin  WHS  r<illc>\vi-<|  liy  piii(;rcnc. 
Ill  line  i>f  KntliiiTs  ra-MS  in  wliicli  llii'  iiifcrlioii  t(Hik 
pliirc  ill  llic  fool,  llicrr  was  a  lar);r  iilccr  on  tlic  lifcl.  In 
other  ciuti'S  (liiTf  lias  hci'ii  mi  lot'ul  lesion  at  tliu  prubublu 


•  illi  arr  foiinil  in  Kn-ati-ht  niinilMTn  or  cxcliiNivcly  In  tin- 
(ciitral  niiiKS  of  Ii-ihmjIch.  Di-Htnirlion  of  llir  Imoo 
r\'t<.-8  anil  of  the  tlHsue  eonlainiii),'  them  ni|ililly  follown. 
The  cells  are  fniKiiienleil  ami  the  iiurlei  eoiivert4-<l  Into 
niassi'sof  nuclear  lietrlt  lis.  1°lie  lirokeniiprhrO' 
matin  has  u  |>eciiliar  way  of  llowjnf;  together 
and  forms  lar^'e  irregular  cliimim.  In  wmie 
cases  a  sin^'li'  Well  preKerved  leiiem-yte  Is  found 
in  the  central  exinlation.  lAiiipliold  eells  may 
lie  found  ill  the  HurroiindiiiK  liKHiie.  hut  none 
in  the  I'entre,  There  m  no  oilier  infectiouH  proc- 
ess wliicli  prodiK-es  Ruch  compli'te  deKtnictinn 
and  iiisiiite);nitioii  of  the  exudation  cells.  In 
certain  cases  in  which  the  Imcilli  are  li'ss  virulent 
or  the  tissues  more  resistant  or  in  which  un- 
known favorinjr  condilioiis  are  prewnt,  there 
is  a  marked  reaction  of  theviirroiindiii);  ti.s.siieH 
leading  to  the  formation  of  an  encircling  band 
of  .cmiiulatioii  tissue  and  afterward  of  connect- 
ive tissue.  In  the  mucous  menilmines  the  tissue 
reaction  is  more  marked  than  in  either  the  lungs 
or  the  skin. 

Mixed  infections  occur,  hut  they  are  not  the 
rule.  Streptococci  have  been  most  frequently 
found  as  the  accompanying  or/.'anism. 

The  way  in  which  the  tiactiria  infect  the  sur- 
roundings is  appiireiil  from  the  situation  of 
the  lesions.  Every tliiiii;  that  the  horse  touches, 
everything  in  liis  vicinity  may  become  contami- 
nated ami  a  conveyer  of  the  organism.  The 
abundant  discharge  from  the  nose,  which  by 
the  snorting  of  the  animal  may  lie  thrown  a 
considerable  distance,  contains  the  bacilli  in 
large  numbers.  The  abundant  discharge  from 
the  .skin  ulcers  contains  them.  They  are  con- 
tained in  the  urine  even  when  there  is  no  lesion 
Fio.  2nnB.— ssw-tlon  of  ihe  Umimn  skin  in  ttio  Vieiniiv  of  an  Area  of  Inllltrallon  in  the  kidnev,  and  tliev  pass  tlirough  the  vessels 
and   nisuil."  Formation  stiowlnir  a  I.yinphailo  FliUHlwlilioiliilarand.su-    of  the  i>laccnta.     The  skin  becomes  conUiminated 

either   from    the  ulcers  or   from    the  nasal  dis- 
charse.     The  harness,  especially  the  bridle  or  hal- 


clear  Delrtliis,    Sllcht  cellular  InOltratlon  In  tliu  surroundini;  tlssui'. 


point  of  infection,  or  else  it  was  of  an  insignificant  char- 
acter. The  liacilli  rApidly  enter  into  the  lymphatic  cir- 
culation and  into  the  blood.  From  the  blood  they  may 
be  deposited  in  various  tissues,  and  in  many  cases  they 
remain  in  the  blooil  or  are  again  introduced  into 
it.  antl  so  give  rise  to  septica'inia.  They  have 
repeatedly  been  found  in  the  blood  in  acute 
cases  in  both  animals  and  man.  They  may  be 
found  in  cultures,  on  microscopic  examination, 
and  by  inoculating  other  animals  with  the  blood. 
The  situation  of  the  lesions  jioints  to  blood  in- 
fection, but  the  bacilli,  probably  genenilly  dis- 
tributed, tind  in  but  few  tissues  suitable  con- 
ditions for  growth.  There  are  great  dillerenccs 
in  this  respect  in  different  animals.  Thus  the 
testicles  which  are  constantly  affected  in  the 
guinea-pig  are  rarely  affected  in  the  horse,  and 
still  more  rarely  in  man.  Abscesses  in  the  mus- 
cles, frciiuent  in  man.  do  not  occur  in  the  horse. 
There  seems  to  be  an  equal  tendency  in  all  ani- 
mals to  affections  of  the  lungs,  skin,  and  mu- 
cous membranes  of  the  nose.  There  is  little 
probability  that  the  lesions  in  the  nose  come 
from  surface  infection.  They  are  almost  con- 
stantly present  even  in  cases  in  which  the  infec- 
tion surely  was  from  other  surfaces.  Wherever 
the  lesions  are  produced  by  the  bacilli  they  tend 
to  extend  further  by  means  of  the  lyinpliatics. 
This  is  s<>cn  particularly  in  the  skin  and  also  in 
the  diffuse  lesions  in  the  lungs.  The  general 
character  of  the  lesions  is  the  .same  in  all  ani- 
mals. The  bacilli  produce  a  rapid  and  abundant 
exudation  of  polynudear  leucocytes.  These 
form  the  central  focus,  .\round  these  foci  there 
will  be  found  evidences  of  intense  congestion, 
of  hemorrhage,  and  of  fibrinous  and  serous  ex- 
udation. These  changes  will  be  found  to  be 
less  marked  in  the  mucous  membrane.     The  ba- 


ler, the  stall,  the  litter,  the  food,  the  drinking-vessels  all 
become  infected.  There  is  lilth' doubt  that  manyca.sesof 
infection  in  horses  take  place  from  the  public  drinking 
fountain.     The  water  becomes  infected  from  a  horse  with 


Fig.  2307.— Seotlon  throufrb  a  Small  Abscess  In  the  Dermis  wblch  has  Formed 
Around  a  Lymphatic.  The  space  in  the  centre  represent*  the  lymphatic  from 
which  the  contents  have  been  lost. 
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iiiipjil  (liscliariie,  ami  ii  liiirsc  driiikiiig  sliorlly  iiftciHurd 
frimi  llic  siiiiii'  fimnlaiii  will  almost  .siirilv  lie  iiifccicMl. 
Closo  conlacl  (<!  the  hiirscs  favors  iiirictioii.  Tliiis  horses 
ill  a  pasture  where  Ili<  y  are  iiiowlhinir  each  other  anil 
where  the  food  is  iiifeeleil  are  more  apt  loae(|iiii'e  the  (lis 
ease  from  one  aiiolher  than  are  horses  in  a  well  inanaired 
stable.  Not  only  1  lie  aeiile  bill  llie  ehroiiie  eases  are  a 
source  of  iiifeelioii.  Chronic  cases  which  show  no  evi- 
dence of  the  disease  and  which  have  only  a  few  nodules 
in  the  lung  are  ofti'ii  the  sources  for  infection.  Nocard 
relates  cases  in  which  the  «lisease  persisted  in  stjibles. 
and  the  source'  was  discovereil  only  by  the  use  of  inal- 
lein.  Infection  in  the  horse  lakes  place  most  usually 
from  the  inteslinal  canal.  It  may  be  conveyed  either  in 
the  food  or  in  the  drink.  Nocard  jiave  twenty  horses 
water  to  drink  in  which  he  had  mixed  a  pure  culture  of  the 
bacilli.  All  aci|uireil  the  disi^ase,  reacted  to  mallein.  and 
at  autopsy  showed  in  the  lungs  the  small  acute  lesions  on 
which  he  lays  so  much  stress.  Infcclion  fiencrally  takes 
place  from  small  lesions  in  the  mouth,  which  are  very 
generally  present  and  which  are  due  to  the  coarse  fodder. 
It  may  also  lake  place  from  lower  down  in  the  inteslinal 
canal.  Infection  by  the  respiraloiy  tiact  is  rare.  I'abes 
caused  guinea-pigs  to  breathe  dust  ini.xed  with  a  dried 
culture,  and  succeeded  in  iiroducing  infection  in  two  out 
of  four  cases.  Nocard  found  that  when  virulent  cultures 
were  ini.\ed  with  dust,  dried,  and  injected  into  the  peii- 
toncal  cavity  of  the  guinea-pig  there  was  no  result. 
Cadeac  injecteil  a  ]iure  cullure  directly  into  the  trachea 
of  an  ass  without  producing  infection.  Infection  through 
the  uninjureil  skin  jirobably  does  not  take  place  in  natu- 
ral conditions.  Both  Babes  and  Xocard  succeeded  in  in- 
fecting guinea-pigs  by  rubbing  the  skin  with  pure  cul- 
tures nii.xed  with  vaseline,  but  Nocard  was  not  able  to 
Infect  the  ass  in  this  way. 

The  disease  in  man  is  almost  confined  to  those  con- 
cerned in  the  care  of  hor.ses,  as  coachmen,  stablemen,  etc. 
It  is  curious  tliat  more  cases  are  not  found  in  women,  in 
view  of  the  way  in  which  they  sometimes  lavish  caresses 
on  a  favorite  horse.  I  have  found  but  two  cases  in  which 
infection  lias  taken  place  from  man  to  man :  one  the  well- 
known  ca.se  of  Aufreclit  (infection  from  autopsy),  and  a 
case  reported  by  Zowadski"'  in  which  a  physician  in- 
fected himself  in  opening  a  supposed  pya-mic  abscess  of 
the  leg.  Both  physician  and  ]ialient  (lied  of  glanders. 
The  mode  of  infection  seems  in  a  number  of  cases  to  be 
from  small  wounds  of  the  skin  which  liecome  contami- 
nated with  the  virus.  There  have  liceu  several  cases  in 
which  the  infection  took  place  from  the  conjunctiva 
which  had  beconu?  contjiminated  by  the  snorting  of  a 
glandered  horse.  In  many  cases  the  mode  of  infection 
is  unknown,  and  even  in  a  number  of  cases  in  which,  from 
the  situation  of  the  tirst  lesions  noticed,  the  infection 
seems  to  have  taken  (dace  from  the  skin,  it  is  not  certain 
that  the  skin  lesions  were  not  secondary. 

Diar/iwsin. — A  careful  si  udy  of  t  he  phenomena  of  a  case 
of  acute  glanders  in  man,  from  the  beginning  to  the  termi- 
nal pustular  eruption  of  llu'  skin,  will  generally  enable  us 
to  make  a  diagnosis  with  some  certainty.  The  diagnosis 
should  always  be  made  and  can  be  made  with  certainty 
by  the  examination  of  the  products  of  the  disease.  The 
microscopic  examinalion  of  the  |)us  from  an  abscess  in 
the  mu.scles  of  an  exiremily.  showing  the  coni])lete  de- 
Etruclion  of  cells  and  nuclei,  together  wilh  the  presence 
of  bacilli  resembling  glanders  bacilli  morphologically,  is 
almost  sufficient  to  make  the  diagnosis.  Cerlainlycan 
be  reached  by  cullure  of  the  suspected  material  and  by 
inoculation  of  a  guinea-pig.  In  one  of  the  acute  cases 
seen  here  in  Boston,  the  diagnosis  was  made  from  the 
microscopicjil  and  bacleriologieal  examination  of  the 
sputum.  Early  in  the  disease  when  the  .syiiijitoms  may 
simulate  typhoid  fever,  acute  articular  rjieiimalism.  or 
some  other  aciiti'  infection,  the  diagnosis  cannot  be  made. 
The  disease  so  rarely  appears  except  in  those  concerned 
with  the  care  of  horses  that  the  occupation  should  be 
carefully  considered.  When  the  lesions  are  established 
and  when  it  is  possible  to  examine  their  products, — 
whether  they  are  abscess  contents,  lung  expectoration, 


or  nasal  discharge,— the  diagnosis  can  and  should  be 
made  by  bacteriological  examination  and  animal  inocu- 
lation. In  those  cases  in  w  liicii  there  is  an  abun<lant 
pustular  eruption  the  disease  may  present  some  similar- 
ity to  variola.  It  can  lie  distinguished  from  this  by  the 
( liaraclei'  id'  the  ]uislules  (the  almost  universil  absence 
of  the  umbilication ;  the  varying  size;  the  accompanyiug 
bulla-  with  frequently  hemorrhagic  contents;  the  subcu- 
taneous abscesses,  the  loss  of  epidermis  without  actual 
suppuration;  and  the  grouping  of  the  pustules,  in  glan- 
ders). Very  little  is  known  of  the  use  of  mallein  in  man. 
Bonomc'-'-'  re|)oitsa  chronic  ease  (in  a  man  and  of  three 
years'  duration)  in  which  inalliin  was  given  as  a  tliera- 
peulic  agent  and  in  which  recovery  took  place.  It  pro- 
duced a  violent  reaction.  It  has  not  been  used  suffl- 
cienlly  to  determine  its  value  as  a  diagnostic  agent  in 
the  case  of  human  beings. 

In  horses  there  is  little  difficulty  in  making  the  diag- 
nosis when  the  disease  is  established,  and  in  cases  of 
doubt  the  careful  administration  of  mallein  will  settle 
the  diagnosis. 

'/'/■(Ill lilt: lit. — The  treatment  of  glanders  in  man  should 
be  directed  to  the  relief  of  the  conditions.  Abscesses  and 
ulcers  should  be  treated  surgically.  There  is  no  reason 
tJ  believe  that  the  course  of  the  disease  can  be  influenced 
by  the  internal  administration  of  drugs.  Mercurial  prep- 
arations have  been  used  and  they  are  recommended  by 
Koranyi.  All  medication  has  been  used  with  the  great- 
est effect  in  ehrcinie  eases,  and  in  estimating  the  results 
of  treatment  it  must  be  remembered  that  a  large  percen- 
tage of  these  cases  recover  indepenileiilly  of  tri-atment. 
There  should  be  no  attempt  at  treatment  of  animals,  but 
they  should  be  killed  when  the  diagnosis  is  made,  or,  in 
case  I  he  necessjiry  knowledge  for  making  this  is  not  avail- 
alile,  when  the  disease  is  suspected. 

With  our  present  knowledge  of  the  bacteriology  and 
pathology  of  the  disease,  the  sources  and  modes  of  infec- 
tion, there  should  be  no  excuse  for  the  existence  of  the 
disease.  No  disease  could  be  more  easily  stamped  out. 
The  Ecpiida'  are  the  sole  .source  of  infection.  The  disease 
is  easilv  recognized  by  the  mallein  test,  which  should  be 
made  in  all  suspected  cases.  If  there  is  a  suspicious  case 
in  a  stable,  and  this  ca.sc  gives  a  positive  reaction,  all  the 
animals  in  the  stable  should  be  tested.  It  may  happen 
that  a  chronic  case  with  slight  lesions  located  in  the  lungs, 
and  .giving  rise  to  no  suspicious  symptoms,  can  be  a  con- 
stant source  for  sjireading  infection.  Public  drinking- 
fountains  undoubtedly  assist  in  the  extension  of  the  dis- 
ease. II'.  1'.  Councilman. 
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GLAUCOMA.— 'I'lic  name  of  iliis  iilTcriinii  .if  llic  pyt- 
lias  II.  I  II  Im -lowed  ii|i<iii  il  im  iKrininl  nfii  );iiTiiisli  iip 
lininincr  (j'oiKin)  of  llir  |iii|)il.  wliiili.  iilllioii(;li  |iri"iiiil 
oiilv  ill  niri-  CHScs,  may  lie  olisi-rvi-il  as  our  of  its  syiiip 
loins.  Tliis  iiiiini'  is  ii  iiiisiiniiicr.  It  is.  Iiowrvcr.  piicr 
ally  iiilliirril  In.  More  rrci'iit  iiaincs.  wliicli  vevrr  ail:i|ilril 
to  special  tlirories  repirilini;  tin-  cliMriicler  of  llie  iilTic 
tioii — as.  for  iiislaiice.  oplilhalniiii  iiitlirilica.  elioroiililis 
wiosa.  etc. — have  never  liceii  universiilly  adopled. 

I'.\riloi.<)(iY — Tlie  eliii'f  clmnielerislies  of  );l<i'"'o""i 
are  a  slowly  or  rapidly  pro;rressiii;r  diininiition  of  the 
aeiiiiy  of  vision,  eomliined  willi  an  oeeasionnl  oreoiilin 
ued  increas*'  of  the  inlni  oeiilar  pressure,  and  an  exea 
vatioii  of  the  optic  nerve  papilla.  Around  these  chief 
syiiiplonis  anil  conditions  we  lind  ^'loiiped  ii  niiinher  of 
other  syinploins  which  clmniclerize  IliedilTi-rent  varieties 
of  the  disease  These  varielies  are  known  as  tjhiiicomii 
simp'ux  itrtitum,  ijlinirinim  sintfilij-  fhnmii'inii,  f/ltiu^/»noi 
injtiiinnulttfriiiin  iinituiit,  r/hi itrumii  inftiiniiiiiftun'inii  rhi'on- 
ieum.  When  any  one  of  llie.s»>  forms  of  jrlaiH'oina  occurs 
in  an  eye  which  has  not  previously  been  alTected  in  a 
manner  such  as  to  cause  the  devilopineiit  of  {riauconm. 
we  speak  of  the  glaucoma  as  beiiif;  iiriimin/ ;  when,  on 
the  other  hand,  a  previously  diseased  eye  is,  in  conse- 
quence of  this  former  disease,  attacked  hy  sjlaucoma.  we 
oill  it  a  mrniiiliiiii  frlaucoma  We  can  furthermore,  as  a 
rule,  recognize  three  singes  in  the  development  of  all 
forms  of  glaucoma,  the  first  of  wlii<-li  is  called  llie  ;>(vj- 
ilromul  stage,  the  second  that  of  t/liiiiri)iii<i  imhili/iii,  and 
the  last  that  i>(  r/liiimiiiui  iiIimiIiiIuiii. 

What  are  usually  described  as  the  proilrome*  of  glauco- 
ma are  observed  in  a  large  majority  of  the  cases,  and  arc 
in  reality  a  series  of  slight  allaeUs  of  acute  glaucoma. 
This  prodromal  stage  may  last  for  iimiiy  months,  or  even 
for  years,  uiilil  the  allacks  and  ll.uir  eon.si(|iieiices  be- 
come more  serious.  The  prndromal  attacks  are  not  equal 
either  in  duration  or  in  degree;  yet  they  are  not  serious 
enough,  as  a  rule,  to  cause  cupping  of  the  optic  disc,  nor 
to  reduce  the  visual  acuity  la.stingly.  On  the  other  hand, 
their  early  recognition  is  of  grave  importance  to  the  jia- 
tient,  as  the  disease  in  tlie.si'  early  stages  is  more  tractable 
than  later  on.  The  symptoms  which  eharaclerize  this 
prodromal  stage  are  tiie  following:  There  is  an  appear- 
ance of  a  mist  before  the  eye  or  eyes,  and  this  mistiness 
may  change  in  density.  Hainbow  colors  are  seen,  espe- 
cially in  the  sliajie  of  a  ring  around  a  candle  llame. 
These  rainbow -color  rings  do  not  touch  IIkj,  tlaiiie.  but 
are  sepaniti'd  from  it  by  a  dark  space.  The  range  of 
accommodalion  is  reduced,  and  the  eye  appears  prema- 
turely presbyopic.  This  symptom  is  probably  due  to 
the  liypcraniia  of  the  ciliary  body.  In  some  cases  the 
eye  becomes  myopic,  which  fad  can  be  e.vplained  only 
by  the  a.ssumplion  that  the  crystalline  lens  in  into  is 
pres-sed  forward  toward  the  cornea,  and  that,  in  spite  of 
the  fact  that  in  this  inanner  the  zonule  of  Zinn  is  stretched, 


and  that  an  applanation  of  the  lens  is  taking  place. 
There  is  pain,  which  may  be  slight  or  even  excruciating, 
and  which  is  located  in  and  around  the  eye,  and  in  the 
forehead,  the  eyebrows,  the  cheek  bones,  the  nose,  and 


the  temple.  Theru  In  nn  liiereaiu'  of  the  inlni'<iculur  pr<ii- 
HIIIX-,  wliich  will  maiiifiHl  itm-lf  by  an  increaw  in  the  de 
gree  of  tetiHion   of  the   eyeball:    thin   iiiiTeased    leiiKioii 
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varying  from  a  barely  iierceplible  to  a  stony  hardneRS. 
The  inlra-ocular  pressure  is  tested  by  ilirec-ting  the  pa- 
tienl  to  look  downward,  then  gently  laying  the  tips  of 
the  foretingeis  upon  the  upper  lid,  and  alternately  press- 
iiii:  them  upon  llii'  eyeball,  as  wi-  do  when  we  are  warch- 
iiig  for  lliictuation  elsewhere.  Hy  comparing  the  amount 
of  inipres.sion  we  are  able  to  make  on  a  diseased  eyi'ball 
with  that  which  we  can  produce  on  its  healthy  fifllow, 
or  on  the  hcallhy  eye  of  a  third  person.  Ve  can  form  an 
estimate  of  the  increase  of  intra  ocular  tension  in  the 
given  case.  According  to  the  degree  of  hardiies.s,  we 
speakof  ilas  +  T.  (tension)  +  T,, -fT,,  and  4-T,.  Sev- 
eral  instruments  (tonometers)  have  been  invented  to  give 
an  exact  measurement,  but  they  do  not  seem  to  be  alto- 
gether reliable. 

The  prodromal  stage  ])asses  over  into  that  of  the  «■//<(«- 
coma  erttlntum  as  sotm  as  the  visual  acuity  is  lastingly  re- 
duced. 

Tlie  Glaucoma  simplex  aculi/m  is,  if  ever,  very  rarely 
ob.servcd.     It  would  seem  to  have  existed  in  a  few  cases 
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in  which  sight  was  lost  within  a  few  hours  without  anj' 
inflammatory  symptoms,  and  with  barely  increased  press- 
ure. 

Glaucoma  simplex  chroniciim  is  chanicterized  by  the 
fact  that  externally  the  eye  shows  no  marked  signsof  dis- 
oa.se.  The  cornea,  anterior  chamber,  iris,  and  jiupil  ap- 
pear normal.  The  main  symptoms  are;  tlie  loss  of  vis- 
ion, the  excavation  of  the  optic  papilla,  and  the  increase 
of  the  intraocular  pressure.  The  latter  symptom  may, 
however,  be  imperceptible,  or  it  may  be  present  only  at 
times. 

An  increa.se  of  the  intraocular  pressure  is  generally  ac- 
cepted to  be  the  cause  of  the  glaucomatous  excavation 
of  the  optic  papilla.  The  normal  optic  papilla  has  a 
central  depression  (physiological  excavation)  which  may, 
in  rare  cases,  reach  so  far  toward  the  periiihery  of  the 
optic  papilla  that  at  first  sight  it  will  strike  the  observer 
as  a  glaucomatous  excavation.  I  have  seen  several  cases 
in  wiiich  the  absence  of  all  other  symptoms  alone  con- 
vinced me  of  the  fact  that  I  was  not  dealing  with  a 
chronic  glaucoma.  Such  a  ]>liysiological  excavation 
'may  have  a  sloping  or  a  sharp  edge,  and  may  appear 
quite  deep,  yet  it  cau  never  reach  farther  b;ick  than  the 
anterior  surface  of  the  normal  lamina  cribrosa.  In  our 
judgment  of  tlie  width  as  well  as  of  the  depth  of  such  a 
physioloirical  excavation  we  must  take  intocoiisidenition 
the  fact  that  the  optic  nerve  fibres,  after  they  have  passed 
through  the  lamina  cribrosa,  lose  their  marrow,  bi-come 
nou-medullated,  and  are  then  diaphiinous.  Thus,  a 
physiological  excavation  of  the  optic  papilla  is  likely  to 
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appciir  imicli  larger  than  it  actually  is.  Tin-  illiistfalions, 
Figs.  2308.  2309,'2310,  and  2311,  will  give  a  more  i)alpa- 
ble  illustration  of  this  fact.     They  are  taken  from  speci- 


Fio.  2311. 

mens  of  a  very  sliort  (liypermetropie)  eye.  Fig.  2308  is 
a  transverse  section  taken  from  the  optic  nerve  just  he- 
liind  the  lamina  cribrosii.  Fig.  2309  is  taken  from  near 
the  anterior  surface  of  the  lamina  cnbrosjv,  and  Fig.  2310 
just  from  the  anterior  aspect  of  tlie  lamina  cribrosa. 
Fig.  2311  is  a  longitudinal  section  of  the  optic  nerve  en- 
trance of  the  same  eye. 

The  eye  from  which  these  sjiecimens  were  taken  prob- 
ably showed  during  life  an  apparently  very  large  physi- 
ological excavation,  while  the  central  (actual)  excava- 
tion, caused  by  the  manner  in  which  the  nerve  libres  pass 
over  into  the  retina,  is  only  very  slight.  The  condition 
illustrated  by  these  drawings  is  chiefly  found  in  hyper- 
metropic eyes,  while  in  myopic  eyes  the  double-con- 
toured nerve  tibics  reach  farther  forward  and  end  in  a 
straight,  or  even  slightly  convex,  line. 

If  we  now  compare  with  this  physiological  excavation 
the  typical  glaucomatous  excavation  (see  Fig.  2312).  we 
find  that  here  we  have  to  deal  with  an  actual  and  deep 
hollowing  out  of  the  optic  jiapilla. 

We  furthermoH'  see.  in  this  ligure,  that  the  actual  ex- 
cavation has  for  its  floor  a  thin  layer  of  atrophic  nerve 
fibres  and  the  compressed  lamina  cribrosa.  The  nerve- 
fibre  layer  and  the  lamina  cribrosa  arc  together  pressed 
out  of  the  sclerotic,  and  behind  it  into  the  trunk  of  the 
optic  nerve.  The  walls  of  the  excavation  are  also  lined 
with  a  very  thin  layer  of  atrophic  nerve  fibres.  These 
fibres  follow  very  closely  in  their  course  the  indentations 


Fio.  2312.— Glaucomatous  Excavation. 

and  projections  of  the  surrounding  scleral  tissue,  and 
finally  pass  over  into  the  atrophied  nerve-fibre  layer  of 
the  retina. 

From  the  foregoing  we  understand  that  the  physiolog- 
ical excavation  in  the  normal  eye  may  appear  as"  having 


a  .sharp  edge,  but  usually  it  has  none,  and  cannot,  for  ob- 
vious reasons,  reach  to  the  periphery  of  the  optic  papilla; 
that  the  lyjiical  glaucomatous  excavation,  however,  has 
always  a  sharp  edge,  and  can  reach  to  the  very  periphery 
of  the  optic  pajjilla  (when  all  nerve  fibres  are  destroyed), 
and  always  comes  very  close  to  it.  Moreover,  iii  the 
typical  glaucomatous  excavation  the  lamina  cribrosa  is 
pressed  backward  and  out  of  its  normal  position.  It  can, 
therefore,  not  well  be  confouniled  with  a  sim|ile  atrophic 
excavation,  since  this  is  always  very  shallow,  ami  the 
lamina  eribrosji  is  found  in  its  normal  position  and  of  nor- 
mal a|ipearance. 

liy  the  aid  of  these  anatomical  facts  we  shall  now  eas- 
ily understand  the  ophthalmoscopic  picture  of  a  glauco- 
matous excavation  (see  Fig.  2313). 

The  most  striking  phenomena  of  a  glaucomatous  exca- 
vation pertain  to  the  retinal  blood-vessels.  Just  before 
reaching  the  ojitic-nerve  jjapilla  these  blood-vcs.sels  are 
seen  to  pass  over  a  yellowish  ring,  which  corresponds 
neither  to  the  normal  scleral  nor  to  the  normal  connective- 
tissue  ring  as  seen  around  the  normal  ojitict  papilla.  On 
the  inner  margin  of  this  yellow  ring  the  blood-vessels 
are  seen  to  licnd  inward,  then  tliey  disappear  partially  or 
altogether,  and  reappear  dimly  in  the  depth  of  the  exca- 
vation, but  in  a  iiarallaetic  displacement.  If  the  exca- 
vation is  very  deep,  it  may  be  impossible  to  see  those 
vessels  which  are  located  in  the  floor,  while  those  which 
occupy  the  retinal  portion  are  distinct,  and  vice  vena. 
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Fib.  2313.— Glaucomatous  Excavation  as  Swn  wltli  tlip  Ophthalmo- 
scope. (From  Eiiward  von  JacRpr.)  n.  n.  Arteries  ;  cr,  veins;  K. 
points,  on  tlic  ttonicr  of  itic  papilla,  where  the  ves.sels  make  a  sbani 
l)end :  Yti,  iMirtions  of  liIoo(i-v<'.ssHls  lying  in  the  excavation;  ..u, 
border  of  the  excavation  ;  '/..  surrounding  yellow  zone. 

The  depth  of  the  excavation  may  thus  be  approximately 
measured  by  means  of  the  glasses  necessary  to  see  the 
two  portions  distinctly. 

The  optic  nerve  forming  the  bottom  of  the  excavation 
appears  punctated.  It  has  usually  a  white  appearance  in 
the  centre,  where  it  is  directly  illuminated,  while  the 
parts  which  are  only  indirectly  ilhuninateil  appear  blui.sh 
or  greenish.  By  moving  the  mirror  slightly  the  view 
may  be  changed  in  such  a  manner  as  to  make  a  formerly 
greenish  part  appear  whiter.  The  punclation  is  probably 
produced  by  the  fact  that  the  meshes  of  the  anterior  sur- 
face of  the  lamina  cribrosa  are  visible  on  account  of  the 
atrophy  of  the  nerve  fibres. 

The  yellowish  ring  around  the  optic  papilla,  or  at  least 
what  is  left  of  it.  is  caused  by  an  atrophic  condition  of 
the  choroid,  which  is  undoubfedly  due  to  the  stretching 
of  this  membnine  during  the  development  of  the  exca- 
vation, and  is  not  due,  as  some  authors  maintain,  to  a 
chronic  choroiditis. 

A  further  vascular  symptom  is  the  spontaneous  pulsa- 
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tlon  of  tlio  rrtiiml  nrtfrico.  ThU  U  but  mrcly  nocii  in 
rtfciit  caws.  It  mil  frcinR'ntly  Ik?  |)r<xliic«'<l  liy  preusiirc 
on  the  cvrlHillH. 

The  ^niiliiiil  Inss  of  Kijtiil  (crntnil  visiiiil  iiciiity  iiml 
visuiil  lirlil)  is  in  a  ircin-nil  way  in  |irii|icirliiin  tn  llir  si/r 
and  L-xtcnl  of  llir  rxcavalioii  of  llic  iiplir  papilla  ami  tlic 
coiitu-cpii'iit  atrophy  of  tlic  oplii-  niTvc  tihrcH.  Ncvi-rtlir- 
Wss.  a  niinilxT  of  <ii.scs  have  1m-<mi  oliwrvcd  and  reported 
in  wliirli  an  apparently  lar^e  and  ileep  exeavalion  had 
not  yet  heeoine  associated  uilh  a  Kri'al  lossof  vision.  In 
some  cases  the  <'entnil  or  panicentral  vision  will  lie  de- 
stnvyetl  liefore  the  periphery  seems  lo  he  maleiially  al- 
tered, and  in  other  cases  liie  loss  of  vision  at  lirst  alTccts 
(he  periphend  vision  alomv  The  conlraclion  of  the  vis- 
UjiI  tield  liei;lns  fri'iiueiitlv  on  the  nastd  siile,  and  gnidu- 
ally  extends  upward  ami  downward,  so  that  in  soiiii'  cases 
at  a  certainstace  a  perfect  liemianopia  has  lieen  ohs<Tved. 
(tnidually  the  visual  lield  arrows  smaller  ami  smaller.  It 
often  has  tlie  shape  of  an  ellipse  with  the  point  of  fixa- 
tion lyinirln  thenasid  focal  |>oint.  This  form  of  contnie- 
tion  of  till'  visual  lield  is  pre  emini-ntly  fouml  in  ;.'lail- 
coimi.  while  an  aclually  concentrical  limitation  of  tlip 
visual  lield  is  usually  due  to  diseases  of  the  opiic  nerve 
alone,  or  to  retinitis  pi|;meiitosa  with  subsc(|uent  atrophy 
of  tin-  optic  nerve. 

All  the.se  symptoms  are  accompanied  by  a  gradual  dim- 
inution of  the  UkI'I  sense.  The  color  sense  is  usually 
well  preserved,  even  wiien  the  visual  lield  is  reduced  to 
almost  no)  bin.!;. 

The  loss  of  vision  anil  the  reduction  of  the  light  sense 
are  the  symptoms  of  ulauconia  simplex  which  usually 
brinjr  the  patient  to  seek  relief.  Generally  one  eye  is 
then  already  found  to  lie  badly  affected,  while  the  trou- 
ble is  besinnini;  in  the  .second  eye. 

Oliiurmitd  litjfiimiiiiitoriiim  Afnt'im. — The  atlaclc  of 
acute  intlanimatory  jrlaucoma  <omes  on  suddenly,  and 
probably  more  frec|uently  durinsr  the  iiijrbt  than  in  the 
daytime.  The  pain,  which  is  the  most  prominent  symp- 
tom of  this  form  of  i;laucoma.  is  often  fairly  excrucialing. 
It  is  seated  in  (he  eyeball,  the  eyebrow,  the  foreln  nil.  and 
temple,  and  it  may  extend  even  to  the  occipital  resrion. 
It  may  be  conibineil,  furthermore,  with  nausea  and  vom- 
iting. There  is  usually  a  considerable  secretion  of  tears 
and  of  watery  lliiid  from  the  nose,  and  photophobia  is 
likely  to  be  jirescnt.  These  symptoms  are,  moreover,  ac- 
rompanied  by  some  (cdeina  of  I  he  eyelids,  and  especially 
of  the  upper  one.  .Vyres  has  seen  a  case  which  was  ush- 
ered in  by  intense  cbcmosis  NVlicn  the  lids  are  si|iarat- 
ed  the  conjiintival  blood  vcs.sels  are  found  to  be  consiiler- 
ably  injected,  and  the  bulbar  conjunctiva  to  be  sliglitly 
chemotic.  The  episcleral  ves.sels  around  the  cornea,  too. 
are  hypenemic.  and  form  a  reddish-blue  ring  around  the 
corneo  scleral  margin.  The  anterior  ciliary  veins  are  dis- 
tended and  tortuous. 

The  cornea  1ms  a  dead  ai)peanuice,  like  glass  which  has 
been  breathed  upon,  rndcrobliipie  illuiuination  its  sur- 
face appears  irregular,  as  if  pricked  with  a  needle,  and 
there  may  be  slight  deposits  of  librin  on  Desceiuet's 
membrane.  If  the  cornea  is  touched  witli  the  end  of  a 
probe,  a  feather,  or  a  thin  roll  of  tissue  paper,  it  is  found 
to  be  almost  anaesthetic,  and  the  retlex  contraction  of  the 
orbicularis  muscle  of  the  eyelids  follows  the  insult  long 
after  it  does  so  in  a  healthy  eye.  This  ana'sthesia  may 
be  noticeable  over  the  whole  area  of  the  cornea  or  only 
in  portions  of  it.  By  palpation  the  eye  is  founil  to  be 
hard.  This  sudden  increas<>  of  the  intraocidar  presstire 
is  the  cause  of  the  dimness  as  well  as  of  theanirsthesia  of 
the  cornea. 

The  anterior  chamber  is  shallow,  the  iris  and  crystal-, 
line  lens  being  pressed  forward  toward  the  cornea.     The 
pupil   is  wide,  and   reacts  but  very   slightly  under   the 
stimulus  of  light.     There  maybe  some  posterior  .sync 
chiiT. 

When  the  attempt  is  luade  to  get  an  ophthalmoscopic 
view  of  the  interior  of  the  eyeball,  it  is  often  barely  pos- 
.sible  to  see  a  reddish  reflex,  but  no  details  of  the  fundus. 
This  is  due  as  well  to  the  dimness  of  the  cornea  as  to  a 
dilTuse  opacity  of  the  vitreous  body. 


SiKht  Ih  considerably  r«'<lup..<l  and  It  nmy  Im<  dimin- 
ished to  the  bare  percepii.  '  TIiIh  Nyiiiplotn  In 
most  prMbably  dlleto  the  |  M<-<|  ii|Hin  the  opili 
nerve  llbres.  llie  reliiia,  iiiiii  .in  1.  iiiiiil  bliK»lv<-Ksi-l».  and 
to  the  resiillini;  paralysis  of  the  iiirvoiiH  i-lenieiilK  and 
iscliainia  of  the  retina.  That  this  is  the  correct  explana 
tion  of  the  symptoms  seems  to  be  proven  by  the  pulmi 
tlon  of  the  retinal  arteries,  the  Hyslohf  of  th<-  huirt  alone 
being  able  to  overcome  the  inlra-ocular  prowurc  to  Dome 
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extent,  and  by  the  fact  that  n  relea.se  of  the  prcs-surc  by 
operation  will  restore  sight.  The  dimness  of  the  cornea 
and  the  vitreous  liody,  moreover,  help  to  reduce  the 
vision. 

The  attack  of  acute  intlanunatory  glaucoma  may  last 
from  a  few  hours  to  several  w  eeks,  and  sight  may  again 
considerably  improve  as  the  attack  pas.ses  over.  Never- 
theless, the  eye.  although  it  may  look  so,  is  no  longer  in 
the  same  condition  as  before  the  attack,  and  every  new 
attack  will  leave  it  in  a  worse  state.  Repetitions  of  the 
attack  are  the  rule.  In  the  intervals  between  the  attacks 
the  anterior  chamber  remains  usually  shallow,  the  move- 
ments of  the  iris  are  restricted,  and  the  tension  remains 
somewhat  increa.sed.  In  other  cases  the  acute  stage 
passes  directly  over  into  the  chronic  one.  When  all  these 
symptoms  are  less  Diarked,  the  affection  is  called  glauco- 
ma mihncntum. 

There  is.  furthermore,  a  liiuited  number  of  cases  of 
acute  glaucoma  on  ncord  in  which  sight  was  absolutely 
destroyed  during  the  lirst  attack,  and  in  the  co>irs<?  of  a 
few  hours.  These  ca.ses  have  been  given  the  name  of 
ijlancnmii  fithniuiiim  (von  Graefc). 

Glancomit  Infinuniiittorinni  Clironicum. — In  the  chronic 
inflammatory  form.  Avhich  may  follow  an  acute  attack  or 
begin  with  a  chronic  character,  all  of  the  glaucomatous 
symptoms  are  slowly  ilevelo]>ed,  and  the  external  inflam- 
matory signs  are  less  marked  than  in  the  acute  form. 
The  injection  of  the  conjunctiva  is  there,  but  there  is  no 
(edema  of  this  membrane,  nor  of  the  eyelids.  The  epi- 
scleral blood  vessels,  and  especially  the  anterior  ciliary 
veins,  are  plainly  visible  and  tortuous  (sei;  Fig.  2:il4). 
There  is  a  marked  injection  of  the  decper-.scated  blood- 
vessels around  the  corneo  scleral  margin,  and  in  the  later 
stages  the  sclerotic  tissue  has  a  peculiar  leaden  appear- 
ance. The  cornea  may  be  perfectly  dear,  or  it  is  slightl,v 
lia/.y,  and  it  often  shows  minute  superficial  or  even  deeper 
points  of  ulceration.  The  anterior  chamber  is  shallow 
and  becomes  more  and  more  so  as  the  disease  advances: 
and  the  pujiil,  wliich  is  at  first  of  medium  size  and  act- 
ing sluggishly,  soon  undergoes  an  increasing  degree  of 
dilatation  and  becomes  immovable.  The  iris  tissue,  at 
first  swollen  .'ind  discolored,  will  be  found,  at  a  later  date, 
attenuated,  and  undergoes  a  slow  process  of  atrophy. 
The  intra  ocular  pressure  is  increased  above  the  normal, 
and  there  is  a  gradually  incn'asing  excavation  of  the 
optic  papilla  with  a  conseiiuent  atrophy  of  the  optic 
nerve  fibres. 

The  patients  suffer  at  times  from  considerable  pain 
and  neuralgia,  especially  at  night.  The  visual  acuity, 
the  visual  field,  and  the  light  sense  are  gradually  more 
and  more  reduced.  This  is^liemore  noticeable  aftcreach 
exacerbation  of  the  process. 

The  chronic  inflammatory  glaucoma  seems  to  be  the 
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most  frequent  form  in  whieli  lliis  discnsc  is  observed. 
We  must  state  licrc  tliat  the  aeute  intiiimmatory,  as  well 
a.s  tlic  cliroiiie  iiilliiiiiiiiiilory,  variety  iniiy  be  preceded  by 
a  .simple  cliroriii'  ^'laiicoma. 

When  tile  sifflit.  tliroiijih  the  effects  produced  by  the 
jrlaucoma  in  one  of  its  dilVereiil  fonns,  has  been  perfectly 
iibolished,  or  at  least  to  such  a  degree  that  merely  llu- 
perception  of  lijrht  is  ret^iined,  we  speiik  of  the  condilion 
as  i/liniri>mii  nimihi/iim.  The  proirress  of  the  disease, 
however,  does  not  end  here,  an<l  a  further  jrlau<'omatous 
deiienenition  of  the  eyehall  lakes  place.  In  some  cases 
the  c've  is  only  at  timi'S  painful  and  shows  but  slight  e.\- 
lernal  allerations.  anil  the  media  remain  fora  lonp  period 
in  such  a  condition  thai  an  ophthalmosco|nc  exannnation 
can  easily  be  made.  In  most  cases,  however,  the  increas- 
infr  malnutrition  leads  to  the  formation  of  glaucomatous 
<-ataract.  The  anterior  chamlicr  becomes  so  shallow  that 
the  anierior  lens  capside  almost  tou<hes  the  posterior  sur- 
face of  Ihe  cornea,  or  actually  does  so.  The  <'ye  lemains 
painful,  and  the  [lain  is  at  times  very  considerably  ex- 
aggerated. Gradually  ulceration  of  the  cornea  and  the 
formation  of  scleral  or  corneal  staphylomata  may  take 
phice.  The  ulceration  may  lead  to  iierforation  and  sub- 
s('quent  shrinking  of  the  eyeball.  All  these  symptoms 
may  be  aecomjianied  by  very  annoying  pholo]isia\ 

In  the  foregoing  we  have  considered  what  is  designated 
as  primary  glaucoma.  We  come  now  to  the  forms  of 
secondary  glaucoma. 

Strintdiirn  r/hniciniui  may  appear  in  the  shape  of  a  sim- 
ide  or  intlamniatory  glaucoma.  It  has  been  observed  to 
follow  various  diseasi-s  of  the  ej'eball.  It  may  follow  a 
dilTuse  or  sclerosing  keratitis,  vesicular  (bullous)  kerati- 
tis, or  that  form  which  is  known  as  ribbon-shaped  kera- 
litis:  yet  it  is  more  frei|UeMlly  ob.served  in  cases  of  aute- 
lior  synechia,  willi  or  willmul  leucoma  of  the  cornea. 

Serous  iritis  and  irido-choroidilis  are  apt  to  cause  glau- 
comatous symptoms.  Glaucoma  may  furthermore  fol- 
low a  plastic  iritis  when  it  has  led  to  the  formation  of 
posterior  synechia',  and  especially  when  a  total  circular 
synechia  has  been  formed,  whether  this  has  led  to  the 
sec-lusion  of  the  pui)il  alone,  or  to  seclusion  coiubincd 
with  occlusion  of  the  |)Upil.  But  an  occlusion  of  the 
pupil  alone  (which  can.  fnr  instance,  follow  an  operation 
for  cataract  extraction )  may  also  be  sufficient  cause  for 
the  production  of  glau<-onia. 

Dislocation  of  the  crystalline  lens,  or  a  too  rapid  swell- 
ing of  the  lens  substance  after  the  operation  of  discis- 
sion or  after  an  injury  to  the  lens  cajisule.  may  lead  to 
glaucoma.  This  is  one  of  the  bad  results  which  often 
followed  the  old  method  of  couching  cataraclous  lenses. 

Serous  chfuoidiiis,  although  leading  more  frequently 
to  detachment  of  the  retin;i,  may  give  rise  to  glaucoma. 

The  most  important  one  among  the  diseases  of  the  reti- 
na which  may  be  followed  Iiy  glaucoma  is  the  hemor- 
rhagic retinitis  (yln i/rt>iii<i  lia-morrh(t;iicitni).  In  fact, 
liemorrhages  into  the  retina  from  any  cause  may  lead  to 
hemorrhagic  glaucoma.  The  pathological  substrata  arc 
some  form  of  disease  of  the  blood-vessel  walls,  an  inabil- 
ity of  the  tiltnition  cliaiUK'ls  to  carry  olT  the  corpuscular 
elements  of  the  blond,  and  a  consei|Uent  blocking  nji  of 
these  channels.  (ilaucoma  has  been  furthermore  ob- 
served in  cases  of  pigmentary  retinitis  and  of  atrophy  of 
the  optic  nerve.  In  these  cases  the  occurrence  of  glau- 
coma was.  however,  probabh-  a  coincidence  only,  and  it 
would  seem  to  have  been  a  primary  glaucoma,  not  a 
secondary  one. 

Collins.  Keyser,  Huller.  Knapp,  and  the  writer  have 
had  occasion  to  see  glaucoma  follow  cataract  extractions 
and  needle  operations.  In  these  cases  the  lens  capsule 
or  the  vitreous  body,  with  or  without  some  part  of  the 
iris,  was  found  to  hav<'  bloeJied  the  filtration  angle. 

Secondary  glaucoma  is  apt,  furtlurmore,  to  occur  in 
eyes  sulTering  from  staphyloma,  ami  the  increase  of  press- 
ure then  helps  to  the  further  increase  of  the  staphy- 
loma. 

All  intra  ocular  tumors  are  likely  to  catise  a  glaucoma- 
tous condition  of  the  eye  during  their  growth. 

Hydrophthalmus  congenitus  (cornea  globosa;   biii)h 


tlinlnius;   keratoglobus)  must  probably  be  regarded  as 
inlni-uterine  glaucoma. 

Ayrcs  saw  a  ca.se  of  glaucoma  caused  by  a  very  large 
nasjil  polypus.  A  cure  was  elTected  by  the  removal  of 
this  tumor. 

The  instillation  of  any  and  all  mydriatics,  even  of  one 
as  weak  as  euphthalniin.  may.  un<ler  favorable  circum- 
stances, bring  aliout  an  attack  of  acute  glaucoma. 

DuoNosis. — The  dill'erential  diagnosis  between  L'lau 
coma  sinqilex  chronicum  and  amlilyopia  caused  liv  a  sim 
]de  atrophy  of  the  o]itic  nerve  may  lie  .sometimes  rather 
diHiciilt,  esiiecially  since  there  are  ca.ses  of  simple  glau- 
coma in  which  there  is  no  api/ivciiiljle  increa.se  of  the  intra- 
ocular tension,  anil  they  nniy  come  under  ob.servation 
when  as  yet  there  is  oidy  a  partial  excavation  of  the  op- 
tic papilla.  This  dilliculty  is  to  be  met  only  by  repealwl 
careful  examinatiims,  until  one  of  the  neccssstry  symp- 
toms is  marked  ciiougli  to  make  the  diagnosis"  secure. 
In  this  connection  I  maymeiitinn  that  the  yellnwish  halo 
around  the  optic  papilla  which  is  characteristic  of  glau- 
coma, though  little  marked,  .seems  to  be  l)ut  seldom 
wanting,  and  may  therefore  help  in  making  the  diagno- 
sis. Kurtlicrmore.  a  .simple  atrophy  of  thi;  optic  nerve 
may  at  a  conqiarativcly  early  stage  lead  to  diminution 
of  the  color  sense,  while  glaucoma  does  not  .seem  to  in- 
terfere ofti/n  with  the  color  jicrception. 

The  diagnosis  of  an  acute  jnimary  inflammatory  glau- 
coma may  apjH'ar  plain  from  the  coiulition  of  the  eye 
when  it  comes  under  observation;  yet  the  same  general 
condition  might  also  be  a  secondary  one  and  due  to  an 
intra  ocular  tuntor.  Here  the  position  of  the  defect  in 
the  visual  tield.  the  usual  absence  of  the  perception  of 
rainbow  rings,  and  the  gradual  and  continuous  loss  of 
vision  which  is  likely  toliave  lueceded  the  glaucomatous 
condition  under  cnnsideration,  may  help  to  the  diagnosis 
of  an  intra  ocular  tumor,  even  if  it  cannot  be  otherwise 
demonstrated.  To  distinguish  between  a  hemoirhagic 
and  a  primary  acute  glaucoma  will  hardly  be  ])ossible. 
excfpt  in  cases  in  which  the  retinal  heniorrhages  had 
obscured  vision  very  materially,  or  in  which  the  observer 
has  had  occasion  to  see  the  occurrence  of  such  hemor- 
rhages previous  to  the  glaucomatous  attack.  The  acute 
glaucoma  might,  fiulhermore,  be  confounded  with  serous 
iritis.  Yet,  the  ilcjiosits  on  Descemct's  membrane  which 
are  so  marked  in  this  alfcction,  the  depth  of  tlie  anterior 
chamber,  and  the  low  degree  of  injection  of  the  visil)le 
external  blood-ves.sels  (there  may  be  none  at  all)  will 
usually  make  it  possible  to  exclude  a  primary  glaucoma 
in  such  cases. 

Glaucomatous,  as  well  as  any  other  complicated,  cata- 
ract may,  of  coui.se,  by  a  careless  observer,  be  taken  for 
an  uncomiilicateil  cataract. 

The  ]iriniarv  chronic  intlamniatory  glaucoma  cannot 
well  be  confounded  with  any  other  eye  affection. 

Glaucoma  is  observed  in  about  one  per  cent,  of  all  ej'e 
patients.  It  seems  to  be  a  little  more  prevalent  among 
females  than  uniong  males.  It  has  been  seen  to  occur  in 
children  as  well  as  in  old  age.  Yet  the  majority  of  the 
cases  are  ob.scrvid  after  the  tiftieth  year  of  life  has  been 
reaebcd.  and  it  is  very  seldom  seen  before  the  twentieth. 
Although  glaucoma  may  at  liist  attack  only  one  eye.  it 
is  the  rule  that  it  will  .sooner  or  later  attack  the  fellow- 
eye.  In  this  connection  we  may  slate  that  the  attack  in 
the  second  eye  seems  to  be  apt  to  make  its  appeaiance 
.soon  after  the  first  one  is  operated  upon. 

In  the  relative  frequency  of  their  oecnrrence  the 
chronic  intlamnialoiy  glaucoma  takes  Ihe  tirst.  the 
chronic  simple  glaucoma  the  second,  the  acute  inllamma- 
tory  glaucoma  the  third,  and  the  (donbtfiill  acute  simple 
glaucoma  the  last  place.  The  disease  is  almost  contined 
to  eyes  afllieted  with  hyperopia  or  hypermetropic  astig- 
matism, although  it  is  found  also  occasionally  to  appear 
in  myopic  eyes.  Some  authors  maintain  that  there  is  an 
inherited  tendency  to  glaucoma  in  some  laniilies. 

Where  there  is  a  tendency  to  glaucoma,  an  attack  may 
be  brouglil  on  by  an  extraordinary  straining  nf  Ihe  eyes, 
by  mental  disturbances,  by  excesses  of  various  kinds,  by 
various  diseases,  by  the  stopping  of  habitual  secretions, 
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f8p<>c-iull>'  of  llic  nicnHtniul  llnw  In  llu!  climacteric  piTiml 
in  friiiiilcN.  aiiil,  a.H  kIiiIiiI.  I>y  the  liiNlilluiioti  of  ii  my<lrl 
mil'  inlii  tlir  t'liiijiiiii'lival  siir. 

Ilcfiirr  I'liiisiilrriiin  llic  imlurc  i>(  iIijh  (lisriisi'  wi-  will 
iii'Xt  si'i'  wliiil  iliilii  iIk'  iiimtoiiiiral  cxaiiiliialinii  of  eyes 
alllirlnl  uith  glaiK'oliia  gives  im  In  liiiilil  ciiir  llii'orii-i 
ii|«iii. 

I'ATiiiii.ndic.M.  Anatomy. — The  incisl  iiitcrcNiiiip  |)ari 
•  if  a  );laiii'i>iiiati>iis  eye  lias  Imtii  fur  a  Iniii;  liiiii'tlii'  ii|iti)' 
iiiTvc  |ia|>illa.  Willi  its  cxcavalinii.  In  a  lasr  wliirli  is 
nut  very  Tar  ailvanccil.  wr  linil  a  ciiniiianilivcly  simllnw 
<'\i'avaliiiii,  wliirli  is  iji'i'inst  usimlly  in  llic  niilri'.  scmir 
tinics  al  one  siili'  (rsprcially  Ihi'  lrin|iiinil  nni').  Tlir  Ixit- 
liiin  of  this  t'Xcavatioii  lirs  lirliind  llic  level  (if  the  eliii 
rnicl.  anil  eoiisisls  of  a  thin  layer  cif  nerve  lihres.  Nerve 
lllires  are.  furlhi'rnmre.  seen  to  line  the  walls  of  the 
exeuvalion.  anil  to  join  the  relinii  at  a  more  or  less  arute 
aiiRle.  The  retinal  lilooil  vessils  lie  within  this  nerve- 
lihre  layer,  ami  come.  aeeonliiiK  lo  the  sla^e  of  the  dis- 
ease, iniire  or  less  close  to  the  eili;e  of  llie  excavalioii. 
The  lilires  of  the  lamina  iriliros:i  appear  prcssiil  closely 
together,  so  as  to  rciiilcr  this  inemliraiie  Ihiiincr  llian  in 
the  nurinal  eye.  and  the  whole  lamina  is  Inil^ed  oiit- 
wanl.  Its  choroidal  portion  is  no  longer  in  distinct  con- 
nection with  the  choroid.  The  small  lilood- vessels  found 
in  the  normal  eye  in  this  region  are  rediiceil  in  nuinliers 
or  wantlnir  alloi;ether.  and  the  nerve  fibres  are  atrophied. 
The  retinal  veins  are  usually  hyperainic.  All  these  con- 
ditions are  consideralily  exagfrenited  in  an  advanced  case 
like  the  one  from  which  Fij;;.  'i'M'i  was  taken,  yet  1  have 
never  seen  a  j;laucomatoiis  excavation  which  had  not, 
Ihoiiirh  ever  so  Ihin.  a  lininjr  layer  of  iiorvc  lihres. 

The  portions  of  the  choroid  and  the  retina  which  sur- 
round theexiavalioii  ari'ilrawii  to  some  extent  down  into 
it  and  towanl  its  axis,  and  the  choroid  is.  even  in  the  more 
recent  ca.ses.  very  Ihin  and  atrophic.  It  lacks  blood  ves- 
sels, especially  capillaries,  its  piirmcnt  <ills  have,  in  a 
ccrtiiin  mea.sure.  or  altoircther.  ilis)i|)peareil.  and  the  pig- 
ment molecules  arc  found  lyinji;  in  tin-  adjoiiiinsr  tissue 
of  the  scleri.tic.  This  condition  is  undoubtedly  the  ana- 
tomical explanation  of  the  glaucomatous  halo.  In  some 
cases  small  foci  of  inliltration  arc  found  in  this  portion 
of  the  choroid. 

The  choroid  in  general  shows  an  anicmic  condition  of 
the  capillary  layer;  while  the  vcntc  vorticosa;  are  usually 
choked  wiih  iilood.  Atrophic  patches  are  sometimes 
found  in  its  periphery. 

The  retinal  nervetibre  layer  in  very  advanced  cases  is 
alrophied.  and  the  bloi>d-vcs.«els  of  this  membrane  are 
partially  or  altogether  obliterated. 

In  more  recent  time  (Knies)  the  interest  of  the  exami- 
nation has  been  centred  especially  on  the  coudiliou  of  the 
iris  angle.  We  tind  here,  although  not  at  all  invariably. 
an  adhesion  between  the  periphery  of  the  iris  and  tiie 
posterior  surface  of  the  cornea.  Thus  the  spaces  which 
in  the  normal  human  eye  lie  between  the  fibres  of  the 
liganicntiim  pectinatum.  and  correspond  with  the  canal 
of  Fontana.  are  partially  ortotally  obliterated.  In  recent 
cases  the  tis.sue  surrounding  Leber's  venous  plexus  (cor- 
iieo-scleral  tissue)  is  intiltrated  wilh  round  cells,  and  the 
perijihery  of  the  iris,  being  prcs.seil  forward,  comes  in  con- 
tact with  I )csccmet's  membrane,  the  endothelial  coat  of 
which  begins  to  proliferate.  In  this  Avay  asniall  amount 
of  new  connective  tissue  is  formed  between  Desccmcrs 
membrane  and  the  iicriphery  of  the  iris,  and  this  glues 
the  two  together,  thus  causing  the  obliteration  of  the 
spaces  of  Fontana  (see  Fig.  231.5). 

It  is  doubtful  whether  this  agglutination  of  the  iris  to 
Descemet's  membrane  is  due  alone  to  the  increased  intra- 
ocular pres,sure.  or  to  the  direct  i^rcssure  (Weber.  Brai- 
Iry)  of  the  swollen  and  liypera'inic  ciliary  bodies.  Ac- 
cording to  Brailey,  the  bloodves.sels  of  the  ciliary  region 
arc  found  to  be  considerably  dilated,  and  their  walls  are 
reduced  in  thickness.  I>:iter  on.  the  ciliary  bodies  and 
inusclesare  found  to  be  thin  and  atrophic,  and  the  smaller 
blood-vessels  are  obliterated.  Leln-r's  plexus  is  found 
patent  or  closed.  In  other  cases  the  iris  angle  is  found 
to  be  quite  large  and  not  blocked  by  iris  tissue.     In  such 


CUM-H  the  tlltnillon  channeU  are  (llled  witli  cell  dvtritiM 

anil  tibrin.  and  thiiH  a  Hlo|  ;  Ik. 

Cusco  stated  llml  the  m  Ih  alwayH  lliirker  in 

L'laucoriialous  eyes,  and  >    ,      j.car  the  enlmnce  of 

the  optic  nerve.  Wiii  li-cllinum  and  otliint  fnuiid  the 
episcleral  veins  tilled  with  liloixl.  and  ilil.il..|  ^iml  mir- 
roimdcd  by  foci  of  round  cells.     In  Home  '  lifer- 

ation  of  the  endothelial  coal  of  the  veii.i  .    hiiM 

Ih'ch  observed. 

riricli  examined  pieces  of  the  iris  which  he  hail  cxcImxI 
from  glaucomatous  eyes  when  making  an  iridet  lomy. 
lie  found  the  tissue  of  the  iris  atrophied  and  thin,  and 
lai  kiiiL'  cellular  elcmenls.     The  blood  vi-.»i  U  wiu-  imr- 


Fio.  231!).— Adlieston  of  Perlplierv  of  the  Iris  In  Deseemet's  Mem- 
brane, rausInK  Dilatation  anil  Iininoblllly  uf  llie  Pupil,  and  UI>llterB- 
llon  ot  tbe  Iris  Angle. 

lially  dilated,  and  the  thickness  of  their  walls  was  con- 
siderably reduced — a  part  of  them  (especially  of  the 
smaller  ones)  were  totally  obliterated. 

In  some  cases  the  vitreous  body  has  been  found  de- 
tached.    The  cornea  is  usually  (edematous. 

It  will  be  seen  from  the  foregoing  remarks  that  our 
knowledge  of  thr'  ]iathological  anatomy  of  glaucoma  is 
as  yet  very  meagre.  This  is  the  more  astonishing,  as  a 
great  nuiny  able  workers  have  devoted  considerable  study 
to  this  interest  in,!.'',  and  as  yd  mysterious,  disease.  Glau- 
coma, or  at  least  a  similar  condition,  has  been  cxperi- 
menlally  produced  in  animals  by  ligating  the  ven.'c  vorti- 
cos;e.  by  burning  the  corneoscleral  margin  (.'^clioeler), 
and  by  injecting  oil  into  the  anterior  chamber  (Weber). 

It  is  tiierefoie  evident  that  even  to  this  day  it  has  been 
impossible  to  tind  a  common  cause  for  all  the  different 
forms  of  affections  which  produce  the  increase  of  intra- 
ocular pressure,  as  well  as  the  gradual  destruction  of 
vision,  combined  with  an  excavation  of  the  optic  nerve, 
— in  brief,  for  the  disease  which  we  call  glaucoma.  Con- 
sequently, it  is  not  to  lie  wondered  at  that  the  number 
of  theories  constructed  for  the  explanation  of  the  nature 
and  seat  of  glaucoma  is  legion.  These  theories  may  be 
classed  underthree  heads:  those  which  makethe  increa.se 
of  the  intraocular  pressure  the  main  feature;  the  theories 
which  deal  with  thedisease  as  originally  due  to  a  strange 
affection  of  the  optic  nerve;  and.  finally,  those  which 
seek  the  cause  in  an  intlammation  of  the  choroid. 

TiiEouir;s  pit  Fouwaud  ix  Expi.ax.vtiox  of  the 
Disease. — The  theories  making  the  increased  intraocular 
pressure  the  main  feature  attribute  it  to  a  hypersecretion 
into  the  vitreous  body,  con.sciiuent  upon  an  active  but 
somewhat  aty]iical  inllammatory  process  in  the  choroid; 
or  they  consider  it  due  to  an  irritation  of  the  secretory 
nerves;  or  the  increase  in  pressure  is  thought  to  be  the 
result  of  reduced  facilities  of  excretion  from  the  eyeball, 
or  of  stasis  of  the  venous  blood  (passive  hypersecretion, 
Mauthner). 

Von  Graefe  thought  that  glaucoma  was  a  choroiditis  or 
an  irido  choroiditis,  with  diffuse  imbibition  of  the  vitre- 
ous body — processes  which  would  lead  to  an  increase  in 
volume  of  the  vitreous  body,  and  consequently  to  in- 
creased intraocular  pressure.  Later  on.  he  thought  this 
choroiditis  to  be  due  to  an  irritation  of  the  secretory 
nerves.  Arit  and  Saltier  adhere  to  the  former  theory. 
The  latter  found  inflammatory  changes  in  the  choroid, 
but  his  description  ot  these  changes  is  such  that  it  seems 
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hardly  possible  to  attribute  n  disease  of  the  character  of 
gliiuconia  to  so  slight  a  cause.  If  this  explauatiou  were 
correct,  why.  it  niuy  be  asked,  is  not  a  j;laucoma  pro- 
duced ill  every  ca.se.  or  at  least  in  the  majority  of  eases, 
by  an  exudative  choroiditis? 

The  neurotic  theory  has  been  put  forth  by  Donders. 
He  says  that  in  glaucoma  chronieum  simplex  we  have  no 
signs  of  an  inllanunatory  character,  and,  furlhermore.  the 
increase  of  pressure  has  always  preceded  the  intlauuna- 
tory  symptoms  where  they  exist.  The  cause  of  the  in 
creased  pressure  must,  therefore,  lie  in  the  irritation  of 
secretory  nerves.  Vun  (Jnufe.  as  staled  before,  partially 
adopteil  this  theory  ;  but  he  characleri/.i(i  even  the  glau- 
coma chronieum  simph'X  as  an  intlamniatory  condition. 
Schnabel.  w  ho  also  supports  the  neurotic  theory,  refuses 
to  acknowledge  the  inllamniatory  character  of  any  foim 
of  glaucoma.  He  claims  that  the  glaucomatous  ophthal- 
mia is  simply  a  neuralgia  of  the  sensory  neives.  w  liile  the 
increa.sed  pressure  is  due  to  a  neuralgia  of  the  secretory 
nerves  of  the  eye.  Glaucomatous  ophthalmia,  then,  and 
anomaly  of  pressure,  spring  from  the  same  root. 
•  Tlie  cause  of  the  secretory  neurosis  is  found  in  the  atro- 
phy of  the  ciliary  proces-ses  and  the  consequent  enlarge- 
ment of  the  diameter  of  the  circle  formed  by  these  proc- 
esses, wliich  enlargement  causes  an  increased  tension  of 
the  suspensory  ligament  of  the  crystalline  lens. 

Tlie  intraocular  irritation  of  the  secretory  nerves  lies, 
therefore,  in  the  anterior  part  of  the  eyeball,  the  iris,  and 
the  ciliary  body  (Uouders,  Sclinabel,  Roeder),  and  is  a 
refle.x  neurosis. 

It  might,  however,  with  the  same  right  be  claimed  that 
it  is  an  extra-ocular  afTection  which  i)rings  aliout  such  a 
retlex  neurosis,  and  thus  Hutchinson  and  Schmidt-Hiin- 
pler  have  considered  a  neuralgia  of  the  trigeminus  nerve 
as  the  cause  of  glaucoma.  Jloorcn  finds  the  cause  in 
affections  of  the  brain  or  spinal  medulla. 

AVeill  has  formulated  and  elaborated  a  theory  in  which 
he  tries  to  prove  that  all  the  symptoms  of  glaucoma  are 
due  to  in-itation  of  the  sympathetic  nerve. 

The  most  plausible  theories  yet  advanced  are  those 
which  refer  the  cause  of  glaucoma  to  mechanical  obstruc- 
tions to  the  drainage  (if  the  tluids  from  tlu-  eyeball,  either 
by  obliteration  of  the  lymphatic  chamiels  in  the  iris  angle 
and.  iierhaps,  in  the  optic  nerve,  or  by  obstruction  of  the 
reliux  of  tile  venous  bloo<l  from  the  eyeball.  Such  ob- 
structions must  undoubtedly  cause  an  increase  of  intra- 
ocular pressure,  if  at  the  siiiiie  time  the  attlux  remains  the 
same. 

The  present  status  of  our  knowledge  of  the  course  of 
the  nutritive  fluids  of  the  eyeball  is  cliiclly  due  to  the  la- 
bors of  Kuics.  He  found  that  the  tluids  are  secreted  Ijy 
the  choroid,  ciliary  body,  and  iris.  The  Huids  coming 
from  the  chorio-eapillary  layer  take  their  course  tlirough 
the  retina  into  the  vitreous  body,  then  forward  toward 
the  crystalline  lens.  While  a  portion  of  these  fluids  now 
penetrates  the  e(|UatoriaI  portion  of  the  lens,  the  larger 
quantity  goes  through  the  suspensory  ligament  and 
around  and  through  (Ulrich)  the  iris  into  the  anterior 
chamber.  The  aqueous  liumoris  secreted  by  the  anterior 
portion  of  the  ciliary  body  and  the  iris,  in  the  normal 
eye  no  fluid  is  secreted  througli  the  cornea  (Leber),  or.  if 
any  is  secreted,  the  (piantity  is  very  small.  The  way  by 
which  the  largest  portion  of  the  aqueous  humor  leaves 
the  eyeball  is  Ihrough  the  iris  angle;  here  it  goes  partial- 
ly into  Leber's  venous  plexus  and  partially  into  the 
lymph  canals  of  the  conjunctival  and  eiiiscleral  tissue, 
and  of  Tenon's  space. 

It  seems,  therefore,  evident  that  an  obstruction  of  the 
excretory  canals  will  cause  glaucoma.  iSuili  an  obstruc- 
tion may  be  due  to  an  inflammation  in  the  iris  angle, 
which,  as  we  saw,  brings  about  an  actual  adhesion  be- 
tween Desccmet's  membrane  and  the  periphery  of  the 
iris,  with  or  without  obliteration  of  Leber's  venous  plex- 
us (Knies);  or  it  may  be  due  to  entanglement  of  cell  de- 
tritus in  the  me.shes  nf  the  ligamentum  pectinatum;  or, 
finally,  it  may  be  due  simiily  to  the  swelling  of  the  cili- 
ary processes,  which  will  press  the  periphery  of  the  iris 
against  the  corneoscleral  tissue  (Priestley -Smith,  Brailey, 


Weber).  According  to  Prieslley-Smith  the  size  of  the 
lens  is,  so  to  speak,  too  large  for  the  eye  in  most  cases. 
Thus  accommodative  strain  may  crowd  the  iris  periphery 
against  the  cornea.  Furthermore,  the  obstruction  may 
be  caused  by  the  atrophy  of  the  iris  ti.ssue  and  the  conse- 
quent obliteration  of  the  channel  by  which,  in  the  nor- 
mal eye,  fluids  pass  directly  through  the  iris  (Ulrich). 
Some  authors  speak  of  an  obliteration  of  the  lymph  ca- 
nals near  and  in  the  ojilic-nerve  entrance  as  the  partial 
cause  of  glaucoma.  Gilford  has  shown  that  there  is  a 
current  backward  in  the  lymph  spaces  accompanying  the 
central  retinal  vessels. 

The  obstruction  of  the  reflux  of  the  venous  blood  from 
the  eyeball  may  be  due  to  an  increa.sed  rigidity  of  the  .scle- 
rotic (Stellwag,  Arlt);  to  inflammation  and  consequent 
increased  thickness  of  the  sclerotic  (Cusco);  to  fatty  de- 
generation of  the  sclerotic  (Coccius),  all  of  which  patho- 
logical changes  will  tend  to  compress  the  venous  blood- 
vessels. Magni  finds  that  (he  ciliary  nerves  are  atrophic 
in  cases  of  glaucoma.  This  atrophy  of  the  ciliary 
nerves  causes  shrinking  of  the  vitreous  body  and  .sclerot- 
ic, and  stasis  in  the  venous  blood  vessels.  This  .stasis, 
according  to  others,  may  be  due  to  an  infiltration  of  the 
tissue  surrounding  the  veins,  or  to  a  proliferation  of  their 
endothelial  coat. 

All  of  these  theories  take  glaucoma  to  be  a  disease  due 
to  a  reduction  of  the  area  of  the  channels  of  excretion, 
and  they  consider  all  other  symptoms  of  the  disease,  in- 
cluding inflammatory  attacks,  aiiasthesia  of  the  cornea, 
and  excavation  of  the  optic  papilla,  to  be  directly  depen- 
dent on  the  increased  intra-ocular  pressure. 

Most  recently  Schocu  has  advanced  a  new  theory  of 
glaucoma,  which  also  refers  the  cause  of  the  disease  to 
mechanical  conditions  of  the  eyeball.  Although  it  does 
not  strictly  belong  among  the  "  pressure  theories."  it  may 
find  its  place  here.  He  says  that  an  overstrain  of  the 
accommodation  is  the  etiological  momentum  in  the  de- 
velopment of  all  cases  of  primary  glaucoma.  This  may 
act  in  two  ways:  by  pulling  the  sheaths  of  the  optic 
nerve  forward  (thus  causing  excavation),  and  by  jiressing 
the  crystalline  lens  forward  (thus  producing  glaucoma- 
tous increase  of  pressure).  As  long  as  all  the  fibres  of 
the  ciliary  muscles  act,  glaucoma  simplex  will  follow 
this  overstrain.  When  the  inner  fibres  of  the  ciliary 
muscles  become  insutticiciit  as  couqiared  with  the  outer 
ones,  the  lens  is  pushed  forward,  and  glaucoma,  with 
increased  pressure,  is  the  result.  The  two  modes  can  act 
combincdly  in  various  ways.  The  pathological  changes 
found  in  the  ciliary  body  are  due  to  subsequent  inflam- 
mation. 

The  theories  which  consider  glaucoma  due  to  an  affec- 
tion of  the  optic  nerve  were  inaugurated  by  Jaeger.  Ke 
sees  the  direct  cause  of  the  disease  in  changes  in  the  ring 
of  blood-vcs.sels  which  bring  blood  to  the  jiortion  of  the 
sclerotic  surrounding  the  optic-nerve  entrance,  to  the 
lamina  cribrosa,  and  to  the  optic  papilla  (Haller's  ring). 
He  denies  that  the  increased  intraocular  jiressure  is  char- 
acterislic  of  the  glaucomatous  process,  although  it  is  an 
important  symptom.  Schnabel  and  Klein  support  this 
theory. 

The  theories  which  take  glaucoma  to  be  the  result  of  a 
choroiditis,  and  assume  that  this  choroiditis  alone  (with- 
out increase  of  ju'essure)  would  lead  to  the  loss  of  func- 
tion and  excavation  of  the  optic  papilla,  have  found  their 
most  urgent  advocate  recently  in  Mauthner.  He  sa\-s: 
Glaucoma  is  an  inflammatory  process  in  the  system  of 
the  ciliary  blood-vessels, — a  process  which  may  concern 
the  whole  area  of  this  system,  or  leave  .some  portions  of 
it  free:  an  inflammatory  process  which  (with  the  excep- 
tion of  the  location  of  the  glau<-omalous  halo)  is  distinct 
from  others  by  the  lack  of  formed  eleiiieiits  in  its  ju-oducts, 
and  by  the  faculty  of  inducing  a  rajiid  atrophic  process 
in  the  tissues  involved.  This  inflammation  is  often  com- 
bined with  an  increase  of  the  intra  ocular  pressure.  This 
is  less  marked  when  the  inflammation  concerns  only  the 
area  of  the  short  posterior  ciliary  arteries  that  go  to  the 
choroid,  but  is  hardly  wanting  whenever  the  area  of 
the  anterior  ciliary  arteries  and  long  posterior  ciliary  arte- 
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rioR(ciliiiry  iHidy,  iriR.  nntl  cnrncn)  Ik  uttiickMt ;  In  ttiU  lat- 

tiTcii-U'  the  llilid  sccn-lfil  iiilii  llic  vitri'oilH  ImmIv  in  exililril 
friiiii  till'  iiillaiiii'il  I'iliiiry  IhuIv  lUniili'V).  'I'lii'  liKTcaHicI 
iiilni'iK'iilar  |)rr>vsiiri'  is  iiol  iirinisiiiiil  syiii|il<iiii,  mid  il  is 
nut  llic  siiiirci' iif  till- fiituliiiiml  inuililc  Tliis  lullcr  is 
(tiiist'il  \t\  till'  fiKl  tliiit  till-  inlliiiiiiiiiitiiry  pnn  ess  of  llir 
cliiiniiii  cM-rts  its  iirtinii  upon  tlic  ni'if;lili(iriiiK  liivcr  of 
the  ri'tiim  (tlic  hhIs  iiihI  ioiiu.s)  wliilc  llic  iitTi'ctioii  of  tlic 
optic  piipillii,  cliimirtrristii' of  KliiiicoiniMinil  iliic  lo  tliu 
intliininiatioii  in  tlif  arm  of  tlic  inlcrial  sclci-iil  ring,  plays 
onlv  a  si'i'oiiiliiry  or  llnal  rok'  in  tlir  total  ruin  of  vision. 

\Vlirii  till-  KJiiuronialous  intlarnnialion  siidilcnlv  al- 
tacks  III!' iiii'ii  of  till- loll);  poslrrior  ami  antrrior  ciliary 
arteries  i  a  kind  of  kcnito  iridocyclitis).  \vc  have  I  lie  acute 
inllaninialory  ,i;laiiconia.  The  disturhanci-  of  vision  is 
only  proportionate  to  the  dinines.s  of  the  media;  the 
function  of  the  retina  does  not  siilfer  from  the  sudden  in- 
creasi-  of  the  intra  ixular  pnssure.  In  exceptional  cases 
the  uveitis,  which  is  the  ^rliiucoma,  will  Kiiddelily  attack 
the  irfiiilr  area  of  tlie  ciliary  blood  ves,sels ;  tin-  attack, 
then,  of  course,  incliidis  the  <lioroid.  The  fuiiclioii  of 
the  rods  and  cones  may  he  thus  suddenly  (and  usually 
forever)  destroyed  liy  Ihi- exudation :  this  is  the  case  in 
glaucoma  fiilminans:  or  thest-  orirmis  may  at  least  suffer 
ronsideralily  and  lastingly;  this  Is  the  case  in  glaucoma 
acutiim  indaiiimaloriiim. 

Whenever  the  inllaninialory  proicss  creeps  slowly  and 
in  a  chronic  manner  from  in  front  liackward.  or  rire 
rtrmi.  we  have  the  glaucoma  chroiiicum  inllammatorium. 
In  the  former  case  the  c\c;ivatioii  will  lie  dcvelo|ieil  at  a 
late  period  only,  while  in  the  latter  case  the  excavation 
will  exist  before  any  intlammatory  changes  appear  in  the 
anterior  portion  of  the  eyeball. 

When  the  alTection  is  a  chronic  choroiditis  posterior, 
we  have  the  glaucoma  chrouicum  simplex;  and  the  glau- 
coma aeiiluin  simpl<-x  is  that  rare  form  in  which  this  pos- 
terior choroiditis  appears  acutely;  a  form  of  glauc<inia. 
however,  which  is  vi-ry  soon  followed  by  the  anterior 
choroiditis  in  such  a  manner  that  tile  painless  increase  of 
intra  ocuhir  pressure  and  bliudues.s  are  soon  succeeded  by 
intlammatory  changes  in  the  anterior  portion  of  the  eve- 
ball. 

The  writer  may  here  state  that  it  seems  to  him  impos- 
sible lo  adopt  such  a  llieoiv,  as  the  choroiditis  on  which 
it  hinges  does  n<it  s<em  to  exist.  Careful  examinations 
of  many  glaucomatous  eyeballs  have  not  revealed  tlie 
presence  of  intlammatorv  changes  in  the  choroiil  which 
■n-ould  be  important  enough  to  be  taken  as  a  causi'  of  the 
scries  of  symptoms  constituting  the  di.sease  which  we 
call  glaucoma.  Il  seems  to  the  writer  that  the  theories 
which  si'ck  the  cause  of  glaucoma  in  a  mechanical  ob- 
struction of  the  outlets  of  blood  and  lymph  liuids  from 
the  eyeball  are  the  most  plausible  ones,  and  there  can, 
it  seems,  be  no  doubt  but  that  a  number  of  ilillerent  in- 
lluences  may  bring  about  such  an  obstruction.  That  the 
once  increased  pressure  can  easily  cause  an  excavation  of 
the  optic  papilla  in  hvperopic  eves,  at  least,  seems  to  be 
plain  from  Figs.  2:!0s".  23(19.  2310.  and  2311. 

In  more  recent  years  Hicheyand  a  number  of  followers 
have  again  brought  forward  an  older  theory,  according 
to  which  glaucoma  is  said  to  be  the  result  of  uric-acid  di- 
athesis, and  they  seem  to  have  strengthened  their  views 
by  numerous  observations  of  improvements  and  cures  by 
careful  treatment  of  the  litlianiia. 

PnoGXosis. — The  |)rognosis  of  glaucoma,  unless  its 
progress  is  interfered  with  by  therapeutical  or  operative 
measures,  is  absolutely  bad. 

TitF..\TMKNT. — In  the  medical  treatment  of  glaucoma 
an  important  step  forward  has  been  made  since  the  my- 
otics, and  especially  the  sulphate  of  eserinc  (physostig- 
mine.  I.ji(|ueur)  and  the  muriate  of  pilocarpine  have  been 
found  to  reduce  the  intraocular  pressure.  The  value  of 
these  remedies  in  glauc  oma  is.  however,  a  rather  liiiiited 
one.  They  do  not  and  cannot  cure  glaucoma,  but  by 
their  tension-diminishing  influence  they  act  beneticially 
during  the  prodromal  stage,  and  they  may  well  serve  to 
stave  off  a  threatening  attack  of  glaucoma.  By  the  forc- 
ible contraction  of  the  sphincter  pupilUc,  induced  by  the 


Hctinn  of  thenc  rcine<lii'K,  tho  pvrlnliery  of  llic  Irin  In.  at 
long  Its  this  is  yet  poKsible.  pulled  away  from  the  liga- 
iiienliim  pectiiialum  jiiid  thus  its  obsi'niction  niay  bo 
|iiirtially  or  even  totally  abolii-heil  (or  the  time  iM-ing. 
riicsi-  reinedies  are.  fiirilieriiiore,  of  value  before  mid 
after  an  opentlion  fortius  disease.  When  inslilletl  into 
the  eye  they  generally  also  ca«c  the  pain  of  an  inllainuut- 
torv  attack. 

A  cure  of  glauc-oma  or,  at  lea.st,  an  arrest  of  the  proc- 
ess, is  to  be  iic<'Oinplislied  Only  by  operative  iiieaKiinii. 
Among  these  the  iridectomy  (von  (;raefe(as  yet  IioWIh 
the  lirst  place.  Its  value  is  greatest  in  tin-  acute  iiiflain- 
matory  and  then  in  the  chronic  intlainmalorv  forms, 
least  ill  the  chronic  sinipli'  glaucoma.  An  early  iridec- 
tomy ill  a  ca.se  of  aiiile  inllammalory  glaiicoina  is  likely 
to  bring  vision  again  up  to  the  normal.  If  performed  lit 
a  later  slagr:  it  may  not  be  able  to  restore  more  than  a 
part,  or  even  nothing,  of  the  lost  vision.  In  the  chronic, 
intlammalorv  form  the  iridectomy  usually  restores  a  pait 
of  the  lost  visii>n;  the  (|iiaiitily  of  this,  however,  depends 
very  much  upon  w  hat  pathological  changes  the  optic  pa- 
pilla and  the  nerve  libres  had  already  unilergone  at  the 
time  of  the  operation.  In  the  chronic  simple  glaucoma 
the  iridectomy  generally  arrests  the  progress  of  the  dis- 
ease, and  may  produce  an  improvement  of  vision,  al- 
though it  does  so  but  rarely.  On  general  principles  we 
may  state  that  the  earlier  the  operation  is  performed  the 
greater  ma^'  we  expect  its  effect  lo  be. 

It  is  as  yet  an  unsellleil  i|uestion  why  an  iridectomy 
will  lastingly  redui-e  the  intra  ocular  pr<-.ssure.  although 
the  fact  is  undoubted.  It  seems  to  be  most  likely  that 
the  explanation  lies  in  the  fact  that  the  reniovaJ  of  a 
piece  of  iris  tissue  not  only  lessens  the  quantity  of  the 
blood  vessels,  and.  therefore,  of  blood  within  the  eye- 
biiU.  but  also  takes  away  a  part  of  the  obstacle  to  the 
draining  of  the  lliiids  from  the  anterior  chamber.  It  has 
been  stated  by  Kxner  that  a  direct  communication  be- 
tween the  arteries  mid  veins,  without  intervening  capil- 
lary network,  would  lake  place  in  the  parts  of  the  iris 
directly  wounded  by  the  iridectomy.  The  writer,  when 
reporting  his  studies  on  the  process  of  healing  after  an 
iridectomy,  had  occasion  to  state  that  he  had  never  been 
able  to  sec  such  a  condition.  Arlt.  in  his  recent  book  on 
glaucoma,  takes  pains  to  say  that  the  writer's  statements 
in  regard  to  this  (|uestion  are  of  no  value,  since  he  had 
not  injected  the  blood-vessels.  The  writer's  paper  on 
the  (|iiestioii.  however,  states  plainly  that  he  injected 
most  of  the  animals  experimenled  upon  with  Berlin  blue, 
and  for  tlietruthof  the  matter  it  is  neces.sary  to  stale  here 
again  that  he  was,  and  is  to  this  day,  unable  to  verify 
Exner's  observations. 

A  number  of  authors  maintain  that  the  scar  in  the 
corneoscleral  tissue  is  of  more  importance  even  than  the 
excision  of  a  piece  of  iris  tissue  ( Wccker),  and  they  con- 
sider this  scar  a  means  of  ccmtinued  lillralion  of  fluids 
from  the  anterior  chamber.  Xo  iliiect  proof  for  this 
opinion  has  thus  far  been  given,  but  there  is  no  doubt 
that  scar-tissue,  when  consolidated,  is.  as  a  rule,  more 
compact  than  normal  tissue.  It  would,  therefore,  seem 
that  we  have  a  right  to  expect  an  effect  just  opposite  to 
the  one  here  given  ns  on  explanation  of  the  action  of  an 
iridectomv  in  glaucoma. 

Whatever  the  explanation  of  the  healing  influence  of 
an  iridectomy  in  glaucoma  may  be,  one  thing  is  certain, 
that  we  have  occasion  to  see  cases  in  which  a  typically 
and  lege-arUm  performed  iridectomy  has  not  been  able  to 
stay  the  progress  of  glaucoma,  as  well  as  cases  in  which 
a  very  imi)erfect  operation  has  had  the  desired  effect. 
This  would  seem  to  show  that  science  will  some  day  find 
a  procedure  which  will  supersede  the  empirical  operation 
of  iridectomy  for  glaucoma.  At  present,  however,  it  is 
as  yt  t  the  safest  and  the  most  satisfactory  measure  in  our 
hands. 

Based  on  the  theory  that  the  corneo  s<.-leral  or  scleral 
incision  necessjiry  to  ])erform  an  iridectomy  was  the  main 
feature  of  this  operation  in  glaucoma,  and  that  the  excis- 
ion of  a  piece  of  iris  tissue  was  wholly  unimportant  to 
the  end  in  view,  besides,  of  course,  having  other  dis- 
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agreeable  fcaUire8(Quiiglii)<>,  Wei-ker,  and  otlicrs),  simple 
srleriitoniy.  aiul  either  iintcrior  sclerdtoiiiy  <>r  puslerinr 
seleriitoiiiy  have  lu-eii  pmpusiil  aini  iiilrcMliici-il  in  plarenr 
iiidecldiny.  'I'lw  cITorts  wliieli  liavi-  liicii  iniide  In  super 
sede  the  iiidectoiiiy  l)y  tin'  selerolniiiy  have.  Iidwever. 
failed.  This  faihiic  is  "not  only  due  to  ilie  (hinder  arisini; 
from  prolapse  or  from  ineareenition  of  the  periphery  of 
the  iris  in  the  rorneoseleral  wound,  but  also  to  the  fact 
that  the  combined  e.vperienee  of  many  olisi-rvers  has 
shown  that  this  operation  is  insulli<ienl.  ami  ispeeially  so 
in  the  inllaninialory  forms  of  ulaueoma.  ll  may  be  jM'r- 
furnied  with  more' sueei'ss  in  ehronie  simple  glaueoina. 
and  in  eases  in  which  an  iridectomy  lias  not  been  able  to 
cut  short  the  progress  of  the  disease  allo{;ellier,  and  in 
which  a  second  iridectomy  has  by  some  authors  been  ad- 
vocated. It  may,  furlhei"more.  lie  considered  of  value  in 
cases  of  slaiuwima  absolulum.  when  the  palliolo!;ical 
changes  of  the  iris  tissue  no  longer  allow  of  the  perform- 
ance of  an  iridecloniy. 

Several  authors  hiive  tried  to  replace  iridectomy  by  an 
operation  which  aims  at  culling  the  ciliary  muscle  (Han- 
cock) or  the  tendinous  portion  at  its  iuserlioii  into  the 
corneo-sck'ral  tissue.  These  procedures  seem  not  oidy  to 
be  of  doubtfid  value,  but  also  to  be  fniuglit  with  danger 
from  siibse(Hient  sympathetic  ophthalmia.  The  lalter 
objection  has.  however,  also  Ik'cm  iirgeil  against  scler- 
otomy. The  most  recent  proceduri-  is  e.xcision  of  the  su- 
perior cervical  sympathetic  ganglion  as  introduced  by 
Jonnesco.  ThisOiienilion  is  sliil  i<iib  jndice.  having  its 
ardent  admirers  as  well  as  enemies.  A  careful  critical 
paper  on  the  subject  by  Zielie  and  Axenfeld  says  that  in 
all  cases  of  glaucoma  in  which  our  present  therapeutic 
measures  have  not  sufliced.  the  extirpation  of  the  cervi- 
cal svmpathetic  is  a  justifiable  and  advisable  experi- 
ment" although  it  does  by  no  means  afford  help  in  every 
instance. 

Aside  from  the  operation,  the  general  condition  of  a 
patient  sutfering  from  glau<-oma  ought  to  be  attended  to. 
He  ought  to  be  es])ecially  restrained  from  everything 
which  "may  in  his  case  be  apt  to  act  as  an  occasional 
cause  for  a  glaucomatous  attack.  If  there  is — and  this 
is  the  rule— an  error  of  refraction  or  accommodation,  or 
of  both,  it  must  be  corrected.  In  fact  it  is  claimed  that 
careful  attention  to  refractive  errors  as  practised  in 
this  country  has  reduced  the  luimber  of  cases  of  glau- 
coma. 

Glaucoma  not  always  being  easy  to  recognize,  it  will 
be  always  well  to  examine  carefully,  with  regard  to  the 
possiblepresence  of  this  disease,  every  patient  who  conies 
to  his  physician  complaining  of,  and  seeking  relief  from, 
neuralgia"  of  the  eye  and  head,  combined  with  obscura- 
tions of  siirlit  and  with  nausea.  Adulf  All. 

GLECHOMA.     See  Labliito'. 

GLEN  ALPINE  MINERAL  SPRINGS— El  Dorado 
County,  f^alifornia.  liaek  in  the  mountain  fastnesses  at 
a  distance  of  seven  miles  from  Lake  Sahoe,  and  at  an 
elevation  of  0,700  fei't  above  the  sea-level,  are  Gilmore's 
Glen  Alpine  .Mineral  Springs  and  Health  Resort.  The 
wild,  rugged  gorge  in  which  they  are  situated  nuis  back 
from  Sahoe  !i  distjtnce  of  some  ten  miles.  It  is  diversitied 
throughout  its  length  with  varied  scenes  of  beauty  and 
grandeur,  and  terminates  abruptly  in  a  glacial  amj)hi- 
theatre.  The  region  is  rich  in  <'X(|uisite  Howers  and 
ferns.  "Those  (limpling  lakes,  with  the  wild  beauty  of 
their  surroundings  are  sullicieni  to  enthrall  the  heart  of 
him  who  visits  them  ;  but  if  he  be  devoted  to  the  rod  and 
reel  he  will  liml  an  additional  charm  in  the  swarms  of 
speckled  lieaulies  which  sport  in  the  clear  depths  and 
rise  to  the  glancing  tly." 

This  region  has  been  opened  to  the  public  with  great 
labor  and  expense  by  the  construction  of  a  wagon  road 
as  far  as  Glen  ,\lpine  Springs,  and  inoinitain  trsiils  to  all 
the  lakes.  inclu<ling  a  j>ath  for  lh<'  ascent  of  Mount  Sal- 
lac,  which  rears  its  head  10.00(1  feet  above  the  level  of 
the  sea.  and  commands  a  wide  and  inagnilicent  view  of 
the  distant  peaks  and  numerous  lakes.     Good  accommo- 


dations for  guest.s  will  now   be  found  at  Glen  Alpine 
S])riiigs.     Analysis  by  Dr.  Anderson; 

OxK  U.NiTED  States  Gallon  Contai.ns: 

Solids.  Gmlna. 

Sodium  rhloride 21.17 

Siillurii  ejirhitniile 33.75 

PMt;i.s>iiirii  rjirlninali» Trace. 

.Ma^'iie>iiiiri  riirlMmate 9.96 

CHlriuiii  r»rlM)iiate 45.09 

Calelum  sulphate 4.10 

Ferr^ms  ear'ljonale 1.80 

Alumina 1.43 

Borates Trace. 

Silica 2.50 

Ortianli'  iiialter Trace. 

Total  .solids 118.80 

Free  carlwnic  acid  gas,  13.8.30  cubic  inches. 
Temperature  of  water,  3y.(>*  F. 

The  water  is  very  palatable  and  sparkling.  Its  action 
is  gently  aperient  and  diuretic,  and  the  water  is  useful 
in  dyspepsia  and  torpidity  of  the  bowels  as  well  as  in 
renal"  and  cystic  disorders.  It  contains  suflicient  iron  to 
give  it  iniporlant  properties  as  a  ferruginous  tonic. 

Ji lines  K.  Crook. 

GLEN  ALPINE  SPRINGS.— Sevier  County.  Tenn. 

I'usT  On  Ri;.  —  Newport,  Cocke  County.     Hotel. 

Access. — Via  Southern  Railroad  to  Jfewport.  Cocke 
County,  thence  by  stage  12  miles  west  to  spiings. 

These  springs  are  located  in  a  moiuitainous  region, 
8,000  feet  above  the  sea-level.  The  usual  charming 
scenery  and  exhilarating  climate  of  the  East  Tennessee 
moiuitain  district  will  be  found  here.  The  springs  are 
four  in  number,  and  yield  about  sixty  gallons  each  per 
hour.  Xo  analysis  has  been  made,  but  the  water  is  said 
to  l)e  chalybeate  and  very  serviceable  in  debilitated  and 
anainic  states,  especially  those  arising  from  disorders  of 
digestion  and  assimilation.  Hay-fever  patients  are  said 
to  improve  rapidly  as  a  resultof  a  sojourn  at  these  springs. 
The  improvements  at  the  resort  are  by  no  means  elaborate 
at  present,  but  the  location  offers  many  attractions  dur- 
ing the  sunuiier  months  to  persons  not  afraid  to  grow 
strong  by  rnugliing  it.  Joints  K.  Crook. 

GLEN  SPRINGS.— Schuyler  County,  New  York. 

Post-Ofkice, — Watkius."    Hotel  and  sanitaiiuni. 

Access. — Watkins  is  situated  on  the  Northern  Central 
Railroad,  between  Eliuira  and  Rochester.  This  road  (a 
division  of  the  Pennsylvania  system)  runs  from  Rochester 
to  Baltimore.  Philadelphia,  and  Washington.  It  connects 
at  Uoehester  with  the  New  York  Central.  West  Shore. 
Michigan  Cenlral  and  other  railroads,  at  Canandaigua 
with  the  Aul)urii  branch  of  the  New  York  Central,  and 
at  Elniira  wilh  the  Erie  and  the  Delaware.  Lackawanna 
and  Western  Railroad.  The  Fall  Brook  Railroad  also 
has  a  depot  one  mile  and  a  half  from  Watkins.  This 
beautiful  and  modern  health  resort  and  walering-iilace 
stands  upon  a  broad  ]>lateau  300  feet  above  Seneca  Lake, 
whose  windingcourse  it  overlooks  for  nearly  thirty  miles. 
It  is  surrounded  by  ]une  forestsand  backed  by  an  antphi- 
theatre  of  hills  lising  in  regular  terraces  to  nearly  1.500 
feet.  At  the  foot  of  the  hill,  less  than  a  quarter  of  a  mile 
away,  lies  the  village  of  Watkins.  with  its  churches, 
shady  sirecl.s.  and  lovely  homes,  while  the  entmnce  to 
th('  famous  Watkins  Glen  and  the  landing  of  the  Sen- 
eca Lake  steamers  are  both  within  seven  minutes' easy 
walking  <listance.  Seneca  Lake  is  one  of  the  most  re- 
markable bodies  of  water  known.  It  is  fed  by  deep 
springs,  and  has  been  fro/en  over  only  twice  during  the 
last  century.  For  beauty  of  scenery  and  richness  of 
coloring  it"  has  no  superior,  its  shores  are  grand  and 
picluresciue,  the  sides  thickly  wooded  in  ])laces.  in  others 
covered  willi  fruit  orchards  and  vineyards.  This  great 
body  of  water,  nearly  forty  miles  long  and  from  two  to 
four  miles  in  width,  exerts  an  unquestioneif  modifying 
intluence  on  the  atmosphere,  tempering  it  in  winter  and 
cooling  and  freshening  it  in  summer.  A  remarkable 
feature  of  this  region  is  the  great  number  of  its  sunny 
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(liiys  iliirinK  llir  fall.  wiiiliT.  iiml  spring.  The  ri'conl  for 
.•tll.'l  days  lias  slion  ii  tlial  lliiTr  win-  milv  .Vi  cliiiuly  ilay». 
aixl  IT  iif  llmsf  were  ill  .May.  Tlicsi-  ft-atiircH  lend  In 
iiiaki-  till'  loratioii  ii  very  ili'.tlralili'  winter  as  well  as  siiiii- 
iiiiT  risiprl.  Tln'(lli'M  Sprinirs  l'ark<'iiiii|irisi'ssi.My  acres 
iif  wiiiHJIaiKl  anil  lawn.  iiIhiiiI  eijually  iliviilid.  anil  ime 
cull  wanilcr  lor  miles  over  well  Iniili  walks,  nlilainiiiK 
from  almost  every  point  fininil  anil  lieaiilifnl  vistas  of 
lawn.  lake,  forest,  anil  ^rleii.  Witliin  llie  park  are  liowl 
jni;  alleys,  tennis  coiirls.  croipiet  ^'roiiinls,  anil  i:<>\S  links. 
I'leasaiit  ihives  iiIhiiiiiiI  ill  every  ilircction.  while  to  lliosc 
Willi  prefer  tile  water  the  line,  lar);e  steamers  of  the  Seneca 
Ijike  Navipition  Companv,  plying  six  times  a  day  lie- 
tweeii  tieneva  and  Wutkins.  alloril  every  comfort  and 
lil.Miry.  (iood  tishiii);  is  finind  in  Seiiecu  I^ake,  and 
within  easv  driviiii;  dislance  over  j;oim1  roads  one  can 
reach  Keuka.  Ijimoka.  Cayula.  and  Little  Lakes,  all 
fammis  lishin;;  H'sorts.  The  main  hnildin;;  of  the  (ileii 
Spring's  sanitarium,  heated  liy  steam  and  liirhled  by 
electricity  and  pis,  lonsisls  of  four  stories  and  a  base- 
ment, coiistnii't4'd  in  a  substantial  manner  of  brick  and 
stone.  The  annex,  a  new  biiildini;,  has  accoiumi illations 
foroiic  hundred  )rnc.sts.  The  two  buildinifsnrccomiectcd 
by  a  wide  corridor  enclosed  in  sliiss  and  heated  in  cold 
weather  by  steam.  It  alTords  ample  space  for  exercise, 
and  forms  an  excellent  solarium  diirinir  the  winter 
months.  These  buililiiiirs  are  provided  with  all  modern 
comforts  and  luxuries.  On  the  grounds  there  arc  scvenil 
lari:e  mineral  spriiii;s  which  are  used  for  drinkiiii:  and 
batliinj;.  The  following  analyses  of  the  first  four  springs 
were  made  by  Prof.  S.  A.  Ijittimore,  of  the  I'niversity 
of  Kochester.  The  liflh  spring  was  analyzed  by  Prof. 
Charles  F.  Chandler. 

Seseca  Sprfsu — Calcic. 

Onk  r.MTKi)  SHTi»  Gallon  roxnixs: 

Soltils.  (imlns. 

ralrliiin  oirlKinnle D.tK) 

Oilrliiiii  sulplinte 47 

Mainusluiii  oirbonutt.' 2.10 

Sudiuiii  I'liliiride \i 

siiii-a or 

Iron  oxide Trace. 

Tiital li'.Ott 

The  water  is  entirely  free  from  organic  matter.  Tliis 
spring  is  situated  two  hundred  feet  higher  than  the  build- 
ings. It  Mows  about  4.IHM)  gallons  of  water  per  hour, 
and  is  used  in  the  buildings  for  general  donusiic  pur- 
poses. 

VcLCAN  Spring — Ai.kalise-Sai.ixe,  Chalybeate. 

O.vK  rNrrr.n  Statjs  Gallon  Coxtai.ss: 
Solids.  Grains. 

Calriiim  rartvinalc 29,80 

Mai.'iii'>iuin  carbonate 11.37 

Inin  cnrlniiiRte 1.87 

SiMllum  cliloride H9.()6 

Alumina Trace. 

Silica Trace. 

Total Ise.lO 

Carbonic  acfd  pas,  larjre  quantities. 

This  is  a  clear,  sparkling  water,  and  issues  from  the 
rocks  at  a  depth  of  100  feet.  It  resembles  the  waters  of 
Kis.singen,  and  has  diuretic,  tonic,  mildly  aperient,  and 
slightly  altenitive  properties, 

SALrBniA  Spring — MfuiATED-SALisE, 

ONE  UxiTEn  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  chloride 190J28 

Calcium  rarlMinate 19.68 

Magnesium  cartionate (6 

Silica Trace. 

Total 216.01 
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This  spring  issues  from  the  nxk  iil  a  depth  of  2.V)  f<i-t, 
anil  resembles  the  chum  known  in  (ierniuny  an  iiiuriutetl 
(chloride  of  sodium)  alkaline  Kpriiigs.  It"  is  Komewhut 
similar  to  the  waters  of  Vic  hy,  Sachingeii,  and  ililin,  but 
is  more  like  those  of  Kissiiigen,  llombiirg,  and  Wieii- 
liadeii.  The  water  has  a  Ktiniiilatiiig  ellect  upon  tho 
nincoiis  membrane  of  the  stomuch  and  bowels  and  in- 
creasis  thi' How  of  gastric  iuice  and  bile  uiid  promoteM 
digestion  and  absorption.  It  has  about  the  proper  (|uan- 
lily  of  sodium  chloride  favorably  lo  intluence  the  prmeKit 
of  osmosis.     In  large  doses  it  is  purgative. 

Neptune  Spring— Saline,  Calcic,  Iodo-iiromated. 

One  t'xiTKO  .States  Gali/>n  Co.ntai.ns: 

Solids.  Uraliu. 

Calrluin  rlilnrlde 3,489.08 

.Muinii'Kluiii  clilnrtdc 6aii.67 

SiKllum  rhliirtde 0,308.33 

SiMlliini  liHlldi" Trace, 

ShIIiiiii  lipiiiilde Trace. 

Iron  and  alumina Trace. 

Tola! 10,fi(B.aB 

This  water  constitutes  a  strong  brine.     It  is  quite  ro- 

markable  for  its  large  proportion  of  calcium  chloride  and 
its  total  freedom  from  calcium  sulphate  (gypsum).  In 
ils  principal  ingredients  it  resembles  the  brine  springs  of 
-Michigan  and  the  springs  of  Nauheim,  Heliine,  and  .laxt- 
felt.  It  may  be  classed  as  an  iodo-bronialed  siline  spring, 
and  while  not  adapted  for  drinking  purposes,  is  of  great 
value  for  bathing.  By  charging  the  water  with  rarlionic 
arid  gas  it  becomes  very  similar  lo  the  Nauheim  waters, 
and  the  treatment  of  glandular  and  rheumatic  troubles, 
gout,  lumbago,  and  sciatica,  as  well  as  theScholt  method 
in  chronic  diseases  of  the  heart,  is  carried  out  at  Glen 
Springs.  This  water  is  also  employed  in  the  electro- 
chemical and  electro-vapor  baths,  douches,  sprays,  etc. 
The  spring  is  said  to  have  its  origin  about  1,700  feet  be- 
low Uie  surface  of  the  earth. 

Deer  Lick  Spring — Alkaline,  Saline.  Chalybeate. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  cliloride 114.7.'> 

Piila.«isluni  chloride .23 

Sodium  bromide .iiP 

Sodium  lixilde .04 

Potii.^siuin  sutpliiite Traces. 

Lithium  birnrtmnate Traces. 

Amiiuinjuni  bicarbonate 1.08 

Iron  blcarlxinalf 1.73 

Calciiini  bicarlKinate 41.77 

Mat.'nesium  bicarl)onate 19.28 

Alumina .34 

Sodium  phosphate Traces. 

Silica 64 

T..i:il..  ....      180.4.1 

This  water  is  clear  and  sparkling,  without  odor,  and 
with  a  sliiihlly  astringent,  mildly  saline  taste.  Contain- 
ing, as  it  docs,  besides  chloride  of  sodium  and  iron, 
the  rare  ingredients  of  iodine  and  bromine  (in  combina- 
tion), it  may  be  ranked  as  a  fcrro-iodo-bromomiiriated 
spring.  It  is  also  rich  in  carbonic  acid  gas.  It  resembles 
in  many  respects  the  waters  of  Kreuznach.  Ilall.  Duerk- 
heim.  and  Kraueiiheit.  It  is  an  excellent  drinking-water 
and,  unlike  many  of  the  foreign  iodo-bromatcd  waters, 
may  be  taken  as  it  flows  without  dilution.  The  Deer 
Lick  water  possesses  tonic,  alterative,  diuretic,  and  mildly 
aperient  properties.  Tis.sue  metabolism  is  promoted  and 
the  red  globules  of  the  blood  are  increased.  Its  physio- 
logical actibu  tits  it  for  use  in  ameinia.  neurasthenia, 
chronic  renal  diseases,  glycosuria,  and  chronic  diseases 
of  the  uterus.  Janus  K.   Crook. 

GLEN     SUMMIT    SPRINGS.  —  Post-Office.  —  Glen 

Sunimil,  Luzerne  L'ounly,  Pennsylvania.     Ilotel. 

Access.— Via  Leliigh  "Valley  liailroad,  about  1.50  miles 
from  New  York  and  12.5  miles  from  Philadelphia, 

This  attractive  summer  resort  is  on  the  summit  of  the 
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Nest'opic  Mountain.  2.000  fti-t  iibove  tidf-walcr.  The 
roinuutic  sceuiTV  of  the  stirroiindiiif;  countrv  iinil  its  easy 
acces.'iiliiHty.  coupled  with  an  excellent  modern  hotel 
furnished  with  all  the  recent  iinproveineuts.  have  of  late 
years  served  to  hriiii;  the  place  into  well  deserved 
prominence.  The  charmiiiir  surroimdiiiirs  and  pure,  in- 
vigonitiiij;  mountain  air  olfer  an  enticing  refuge  from 
the  toils  and  cares  of  city  lilV  during  the  hot  weather. 
Numerous  cases  are  cited  of  tlieapparcnt  complete  arrest 
of  incipient  lung  disease  after  a  few  weeks  spent  here. 
The  springs  about  Glen  Summit  are  of  the  ascending 
variety,  welling  up  along  the  lines  of  jointing  in  the 
Catskill  formation  from  far  down  in  the  subterranean 
recesses  below.  The  temjieralureof  the  water  isac(|uired 
from  the  rocks  at  depths  sullieieiit  to  be  beyond  the  in- 
fluence of  surface  temperatures,  and  is  cold  enough  to 
cause  an  unpleasant  chill  to  the  hands  when  submerged 
for  a  few  seconds.  An  examination,  however,  will  show 
that  these  waters  owe  their  value  rather  to  their  purity 
and  palatability  than  to  their  chemical  ingredients.  The 
following  analysis  wa.s  made  by  Prof,  W.  H.  Dean, 
chemist,  of  Wilki'sbarre,  in  189G; 

One  Unitkd  Statks  Gallon  Contains: 
Solids.  Grains. 

Sodium  chloride 0.23 

Calcium  sulplmle 3) 

Calcium  carlxmate .20 

Silica 11 

Iron  oxide  and  alumina 03 

Fr»^'  ammonia  t 

Nitnijrcn  «-s  nitrates       00 

Nitrogen  as  nitrites 

Allmniinoid  ammonia  i 

Loss  on  ignition 33 

Total 1.10 

This  shows  a  verj'  pure  and  valuable  water  for  domestic 
uses.  Among  other  c.\cellent  pure-water  springs  in  the 
neighborhood  are  the  "Great  Indian"  Spring,  yielding 
over  4,000  gallons  hourly  (if  supplies  the  hotel);  the 
"Twin"  Spi-ings,  the  "Bear"  Spring,  and  the  "Counter- 
feiter's" Spring,  There  are  also  other  springs  which 
have  not  been  named,  James  K.  Crook. 

GLENN  SPRING.— Tipton  County,  Tennessee. 

Post  Ohm  K — Atoka,     Cottages, 

Access, — Via  Chesapeake,  Ohio,  and  Southwestern 
Railroad  (Mis.sissippi  Valley  route)  to  Atoka;  thenceseven 
miles  to  springs. 

This  spring  is  situated  under  the  shadow  of  Chickasaw 
Hills.  It  has  quite  an  ancient  reputation  in  Western 
Tennessee  in  the  treatment  of  liver,  kidney,  and  digestive 
disturbances,  Thespringissurrounded  by  a  magnificent 
grove  of  trees,  which  lends  a  romantic  charm  to  the 
neighborhood.  It  yields  about  ninety  gallons  of  water 
per  hour.  The  following  analysis  was  made  in  1880  by 
W.  S.  Lupton.  analytical  chemist: 

Onk  United  States  Gallon  Contains  : 
Solids.  Grains. 

Sodium  carlmnate 1  ..'jS 

Calcium  cartKinate !t,f>4 

Mat'nesluiii  carbonate 7.10 

Pota.ssiuiti  i-arlKmate (k> 

Iri'n  carlHinalc .'H 

P(»tav<iuiri  sulpliate J?7 

Calcium  phosphate 01 

Sodium  chloilile 10 

Silica 1 .38 

Total 20.73 

Carbonic  acid  Ras,  14.&t  cubic  lucbcs. 

This  is  a  very  good  antacid  and  mild  diuretic  water 
with  ferruginous  properties..  James  K.  Crook. 

GLENN  SPRINGS.— Spartanburg  County,  South  Caro- 
lina. 

PostOffice, — Glenn  Springs,     Hotel  and  cottages. 

AccKss. — From  Spartanburg,  a  distance  of  12  miles  by 
the  Glenn  Springs  Railroad;  double  daily  service. 


These  springs  aie  located  in  a  charming  .section  of  the 
country,  broken  by  granite  and  sandstone  hills.  The 
elevation  is  aljout  1,000  feet  above  the  sea-level.  Many 
improvements  have  recently  been  added,  the  hotel  having 
been  greatly  enlarged  and  comfortable  cottages  built. 
Many  additional  improvements  are  under  way.  and  when 
completed  Glciui  Springs  will  bid  fair  to  compete  with 
the  leading  spas  of  the  countiy.  TIk'  following  analysis 
of  the  Glenn  Springs  water  was  made  in  1880  by  C.  U. 
Shepherd,  Jr. : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Mafrnesiuin  cartM)nate 3,32 

Calcium  suliiliMte 91.50 

Sixliciin  clilcii.li- 2.21 

Pota.-sluiii  ihlorlde 52 

Total 97.55 

This  analysis  is  probably  incomplete.  We  are  informed 
that  a  more  recent  partial  examination  of  the  water 
showed  the  presence  of  lithia  in  considerable  ((uantitics. 
The  water  has  been  in  use  many  years,  Numeious  well- 
known  physicians  of  South  Carolina  attest  to  its  virtues, 
especially  in  disorders  of  the  alimentary  tract,  dyspepsia. 
diarrlKca,  dysentery,  hemorrhoids,  etc.  It  is  said  to  be 
very  useful  in  functional  uterine  affections,  dysmenor- 
rhu'a,  amenorrhuea.  leucorrhoea,  etc.,  as  well  as  in  torpid- 
ity of  the  liver  and  biliousness.  James  K.  Crook. 

GLENOLA  SPRINGS.— (Formerly  Wayland    Springs) 

Xottoway  County.  Virginia, 

Post  Offick, — Jennings  Ordinary,  No  accommoda- 
tions at  present.  These  springs  are  located  in  a  fine  un- 
dulating stretch  of  country,  half  a  mile  from  .Jennings 
Ordinary,  on  the  Southern  Railroad,  and  six  miles  from 
Burkeville  Jimction  on  the  Norfolk  and  Western  Rail- 
road. The  location  is  about  500  feet  above  the  sealevel, 
and  the  climatic  conditions  are  of  a  very  desirable 
character.  The  average  summer  temperature  range  is  7T° 
F,,  winter  38'  F,  The  temperature  of  the  water  is  48° 
F,  There  arc  several  springs  in  the  neighborhood,  only 
one  of  which  has  been  chemically  examined.  The 
following  analysis  was  made  by  Prof.  y[.  B,  Hardin,  of 
the  Virginia  Militarv  Institute: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  carbonate 0.i»5 

Lilhiurii  carbonate .01 

Mat-'iifsium  carbonate .26 

Calcunii  carlHinate .70 

Sliiiiuiuiii  carlionate .08 

Irtm  larlic luate .06 

Mani.'iiiH'se  carlMinaie Traces. 

Pota.^siuiii  MLlphate .05 

PoliissiuMi  (hluride .09 

Sodium  cbli.ride 34 

So<lium  itMlitIc Traces. 

Sodium  nitnite .11 

Sodium  iihosi>hate .01 

Aluminum  phosphate .IH 

Ammonium  nitrate Traces. 

Silica Lie 

Aluminum  silicate .20 

Calcium  llnoride  (suspended) Trace. 

Titanium  dio.xlde 

Orpanlc  matter " 

Carbonic  acid  in  tUe  bictirbonates .71 

Total .1.08 

Carbonic  acid  gas,  6.05  cubic  incbes. 

This  water  is  distinguished  by  the  presence,  in  small 
but  perceptible  quantities,  of  the  iodide  of  sodium.  It 
may  be  ranked  as  an  iodic-alkuline-carbonated  water. 
The  spring  yields  about  thirty  eight  gallons  per  hour  the 
year  round.  Since  its  discovery,  in  1883.  it  has  been 
extensively  used  in  cases  of  rheumatism,  ilyspepsia.  and 
renal  disea.ses.  The  location  offers  excellent  advantages 
as  a  health  resort.  James  K.  Crook. 

6LENW00D  SPRINGS.— Garfield  County,  Colorado. 
Posr  I  111  i(  I  — (;itnwnnd  Springs.     Hotels:  The  Col- 
orado and  numerous  smaller  hotels. 
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4>l<-llll   S|trlll;: 
l.llcinin. 


A(  rK»>!» — \'h\  llic  Denver  iirxl  Uintiniiiili' iiiul  lln-  Cnln 
milo  Midliiiiil  bmiu'li  i<{  llir  Alcliisun.  'I'liixkii  iiml  SiiiiIh 
K(-  liiiilriiiid  (For  cliiiiiitii'  ami  l<i|>ii),'ni|ilii(iil  fi'iituri'8 
oT  tili'iiwiKHl  Siiriiijjs.  riilf  vol.  iii..  p.  i2'.'.) 

'I'Ih'  follinviii^  iiniilvNis  iif  till-  wiilcrs  itt  (JIciiwixkI 
Spriii;;s  wiis  iimili'  hv  f'rcif.  CliiirlrN  V.  C'lmiiillcr  of  New 
Yolk. 

Y  VMivv  SntiM.— Ml  KiAii.u,  .Sai.ink.  .Sri.riiiHinKi). 

ONK  t'.MTr.n  Statics  (>al!,on  Costains: 
SiillfLH.  (trnliiK. 

Soliiiiii  ihlcirlile l.ixo.W 

MiiinK^liiii)  i-hlt>r1dp U.IIO 

SnIIiiiii  l>n>iiil(lt> M 

SmIIuiii  IimIIiIi- Trari*. 

(iililiiiii  iliicirtili' Tmrc. 

riiiiLviltiiii  Mulphtile -4.(H 

riiliilllii  Mili'Imli'    ^ vaMK 

l.llllliiln  lilrurl>iliiili- ~ 

Miiifiii'sluiii  lp|4-iir)MirMto l^/iTi 

I  alrliiiii  hliiirlHiimli- 24.37 

Inm  liliarlioimle Tnicc. 

S<hIIiiiii  i>li<«|>linU' lYai-c. 

S<Klluin  li|l"inili' Trace. 

AliiiiilniitM  Tnwe. 

Sllliu I.«7 

<  innuili-  matter Trace. 

TnUI i.2a).oi 

('iirlKiiiic  acid  ga.s  is  copiously  di.Hclmrgcd  from  tlic 
spriiifTs.  Siil|iliur<.-ted  hydrogen  is  discharged  in  percep- 
tible ((iiaiitity. 

The  tenipenilure  of  the  Yiuiipii.  tlie  largest  spring  of 
the  group,  as  taken  bv  liic  writer  late  in  October,  was 
124. B  v..  and  of  the' "t'liieken  broth  "  or  "Cocktail" 
spring,  126.4"  F.  The  specilie  gravity  of  the  fornier 
when  cooled  down  to  S:i  F.  was  l.OUi.  and  of  the  latter 
a  trille  less.  .  .  .  That  the  waters  here  are  strongly  im 
pregnated  with  sulphureted  hydrogen  is  amply  attested 
iiy  the  heavy  deposit  of  sulphur  crystals  on  stones  scon 
in  the  springs,  and  on  the  surrounding  sandstone  walls. 
In  the  Yanipa  Spring  the  gas  is  in  sullicient  quantity  to 
imparl  a  <le<-ided  bluish  tinge  to  the  water,  rendering  '\l 
slightly  opalescent.  The  atmosi>bere  iinmediatelj'  sur- 
rouiidiiig  the  springs  is  heavily  charged  with  the  escap- 
ing vapor.  .  .  .  The  waters  of  the  springs  in  llowing 
into  the  great  swimming  pool  are  cooled  to  some  extent 
by  contact  with  the  air  and  by  <'vapor.ition.  but  the  tem- 
perature is  further  lowered  by  an  artificial  cold  water 
geyser  near  the  western  end  of  the  basin,  sui)plied  from 
a  ni'arby  mountain  reservoir.  An  average  tempcniture 
of  !(3  to  itX'  F.  is  thus  niaintaineil.  and  bathing  may  be 
indulged  in  the  year  round.  Another  inleiesting  and 
uni(|Ue  featun;  of  (jlenwond  Springs  should  not  pass 
unnoticed.  Across  the  Grand  Kiver  from  the  Hotel  Col- 
onido,  and  two  or  three  hundred  yards  uii.strcani,  is  the 
entrance  to  a  cave  wlii<h  ext<'nds  for  a  considerable  dis- 
tance under  the  mountain.  This  cave  has  a  natural  tem- 
perature ranging  from  10.->'  to  110  F.,  and  the  atmosphere 
is  siituratcd  at  all  times  with  the  vapor  of  water  strong- 
ly impregnated  with  sulphur  like  that  at  the  springs. 
After  one  has  remained  fcir  a  few  mintites  in  the  cave 
the  surface  of  the  body  becomes  bedewed  with  a  profuse 
perspiration.  Advantage  has  been  t;»ken  of  this  ready- 
made  Uus.sian  bath  vapor  chamber,  and  a  bath-house 
with  the  rei|iiisite  adjuncts  has  lieen  constructed  at  its 
entrance.  The  cave  itself  is  lighted  by  electricity,  and 
attendants  are  on  hand  to  supply  the  wants  of  bathers 
either  in  the  oivcrns  or  in  the  |)rivate  rooms. 

As  we  have  thus  seen,  the  waters  at  Glenwood,  besides 
being  sjiline  and  sulphureted,  are  highly  thermal.  Fuller 
ilata  concerning  their  exact  remedial  value  are  desirable. 
During  the  writer's  sojourn  at  the  springs  a  considerable- 
miinber  of  persf)ns,  some  of  them  from  distant  points, 
were  using  the  batli.s.  but  they  were  for  the  most  part 
acting  under  their  own  guidance  and  were  not  under 
medical  observation.  As  far  as  could  be  learned,  how- 
ever, the  evidence  is  strongly  in  favor  of  the  utility  of 
the  bat  lis  in  cjisesof  chronic  rheumatism,  gout,  cutaneous 
and  renal  diseases.  ...  In  common  with  all  Iiot  baths, 
these  waters  are  coDtraindicated  in  fatty  degeneration  of 


any  inipoiiiuit  Ktructure,  in  HtherotiiH,  iiiieiiriKtn,  or 
Htructnml  heart  trouble,  uud  in  the  prtnliNpoNitiou  to 
pulmoiiury,  cerebral,  giuitric,  or  iuu-gtinul  heinorrhnge 

JtHftts  K.  i'rouK'. 

GLIOMA  —The  f(Iloma  is  a  tumor  ronilKtiiig  of  prolif- 

eniled  neuroglia  (the  supportini;  tissue  of  the  ceniml 
nervous  system)  and  of  lilood  ve->.e|s  «  bleli  are  accom- 
panied by  a  small  amount  of  I'oiiiiirlive  tiKKiie.  Ah  the 
neuroglia  <ills  are  derived  hislogeiiilieally  from  Iheepl- 
Iheliuni  lining  the  neural  canal,  the  gli<ima  is  a  tumor  of 
whi<'li  the  es.sential  orcharactcriiitic  part  is  of  i-ctodennic 
origin. 

The  glioma  is  founil  evclusively  in  the  central  nervoim 
syslem  of  which  it  forms  the  comnionest  tumor.  It  oc- 
curs most  frequently  in  the  cerelirum,  iillhough  the  cere- 
bellum is  also  a  favorite  site;  it  is  bjiiiid  less  commonly 
in  the  spinal  cord.  In  tin-  cerebrum  it  is  <iflen  limit<'<l 
to  the  white  matter  and  ailjoining  central  ganglia,  or  it 
may  arise  from  the  latter  and  extend  to  the  neighboring 
parts.  .Sometimes  it  reaches  across  the  median  line  from 
one  hemisphep'  to  the  other.  It  is  more  common  in  early 
than  in  adult  life 

Asa  rule  gliomata  are  solitary,  but  ca.ses  of  multiple 
tumors  have  been  reported  Although  the  new  growth 
generally  appears  well  dedned.  the  periphery  is  rarely 
sharply  limited  because  a  glioma  is  not  surrounded  by  a 
capsule  but  tends  to  spread  by  intiltratioii  of  the  adjoin- 
ing brain  tissue;  it  does  not  simply  shove  it  back.  By 
invasion  of  portions  of  convolutions  it  may  enlarge  them 
and  render  them  denser  or  softer  than  normal.  Gliomata 
do  not.  except  possibly  in  rare  cases  (authorities  di(Ter), 
extend  through  tlu'  meninges  or  alleet  the  bones  of  the 
skull,  although  tiny  may  set  up  a  localized  adhesive 
meningitis  ovi'r  the  tumor.  A  zone  of  softening  and  of 
tudematous  swelling  often  occurs  for  a  greater  or  less 
extent  around  the  growth. 

In  general  a  glioma  of  the  brain  is  round.  It  varies 
ordinarily  in  size  from  a  pea  to  a  walnut,  but  in  excep- 
tional cases  may  be  as  large  as  an  orange.  In  the  spinal 
cord  a  tubular  form  is  more  common,  probably  on  ac- 
count of  the  pressure  exerte<l  by  the  narrow  canal  in 
which  the  cord  lies. 

The  color  of  a  glioma  generally  does  not  differ  greatly 
from  the  white  matter  of  the  brain;  it  usually  appeals 
gray  or  yellowi.sli-gray  and  rather  translucent;  but  the 
more  cellular  forms  may  have  a  pinkish  or  reddish-gray 
or  even  dark  red  color  from  the  numerous  bloodvessels 
present.  Degenerations,  necrosis,  and  hemorrhages  often 
cause  marked  changes  in  color,  at  least  within  the  areas 
affected. 

The  consistence  varies  between  hard  and  soft,  depend- 
ing chiefly  on  the  number  of  cells  ami  the  amount  of  in- 
tercellular substance  present  in  a  given  tumor,  but  oedema 
may  also  play  an  imjiortant  part. 

Two  chief  varieticsof  gliomata  are  recognized,  depend- 
ing on  the  consistence  of  the  growth;  these  are  the  Iinrd 
and  the  Koft  gliomata,  but  these  descriptive  terms  really 
represent  only  the  extremes  of  consistence  and  all  inter- 
mediate degrees  occur.  The  term  mi/.r(/f/lwiii<i  has  in  the 
past  been  apjilied  to  an  u'dematous  glioma,  but  is  mani- 
festly incorrect  because  mucin  has  not  been  demonstrated 
to  be  present.  A  glioma  containing  numerous  blood- 
vessels is  sometimes  called  r/lioma  teUangiectodes. 

Secondary  degenerations  and  necrosis  are  very  com- 
mon, as  shown  by  yellow  areas  and  by  cysts  of  softening ; 
the   latter   may   occupy   a   large   part   of    the    original 
growth ;    tlii'V   may   contain    a    clear,   cloudy,   or  dark 
brown  lluid.     In   conse(|Uence  of  the   numerous  blood- 
vessels present,  especially  in  the  more  rapidly  growing 
gliomata,   large  and  .small    hemorrhages  are  not  infre- 
quent: occasionally  such  a  hemorrhage  may  be  the  cause 
of  sudden  death.     As  such  vascular  forms  usually  are 
soft,  a  large  part  of  the  tumor  may  be  destroyed,  so  that 
careful  and  even  microscoiiic  examination   may  be   rc- 
I   quired  to  determine  the  origin  of  the  hemorrhage 
I       A  glioma  is  essentially  a"  benign  growth;   it  docs  not 
I  give  rise  to  metastases,  but  is  dangerous  partly  on  ac- 
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Fi<!.  3)16.  -  Fniin  ii  Swtlon  of  a  Kalrlv 
Hurd  (Jiloiiui  (if  thi>  Slniill-CellP(i. 
Usually  Inllltnillnir  Typi-.  The  ni>- 
rillai  Kencrally  rurn-jiiHUHl  In  size  to 
those  of  the  norinal  lu'urojrila. 


count  i)f  the  pressure  it  exerts,  piirtlv  trmn  the  destnie- 
tion  of  the  nervous  tissue  wliiili  il  iulillniies. 
Histologically  the  picture  jireseiited  by  glioiimlii  varies 

greatly.  hi  those  of 
which  Ihe  siruclure 
most  resinibles  uoniial 
iieuro<;lia  the  tumor  tis- 
sue consists  of  round  or 
oval  vesicular  nuclei 
surrounded  liy  a  slight 
:imouiit  of  jirotoplasm 
anil  of  ch(  luieally  dilTer- 
ciiiiated  tilirilhe  whidi 
,'ire  not  ])rocesses  of  the 
(ills  hut  ale  an  inler- 
(clhilar  librillar  sub- 
stance. Several  methods 
for  staining  them  have 
been  piiblisheil.  As  in 
normal  neuroglia  tissue, 
these  librilhe  do  not  start 
from  or  end  in  Ihe  cells 
to  which  lliey  owe  their 
origin,  but  simply  touch  or  adhere  to  Ihe  surface  of  the 
protoplasm  in  |)assing.  They  are  generally  straight  or 
moderately  curved,  soliil.  smooth,  and  of  uniform  size, 
although  the  separate  fibrilla'  vary  cou.siderably  in  thick- 
ness; they  do  not  liraneh  or  anastomose.  This  type  of 
glioma  (Fig.  231ti)  is  particularly  prone  to  intiltrate  the 
surrounding  nervous  tissue.  The  peripheral  limit  of  its 
growth  is  even 
more  ditlicult  to 
recognize  under 
the  micrcscope 
than  in  the  fresh 
condition.  Jlore- 
over.  this  type  of 
glioma  closely  re 
sembles  the  see 
ondary  growth  of 
neuroglia  tissue 
(gliosig)  which 
takes  place  when 
nervous  tissue  is 
gradually  d  e- 
stroycd,  and  also 
always  forms  to 
8  o  m  e  e  x  t  e  n  t 
around  gliomata. 
It  bears  the  same 
relation  to  gliosis 

that  in  the  ineseiichymal  tissue  a  fibroma  does  to  the 
fibrous  or  scar  tissue  formed  in  the  liver  and  other  or- 
gans under  analogous  conditions.  There  is  this  point 
to  aid  in  the  recognition  of  a  gliosis:  the  form  of  the 
part  atTected  is  preserved  in  its  normal  relations,  but 
shrunken  in  size. 

The  density  of  this  form  of  glioma  depends  chiefly  on 
the  relation  belwein  the  cells  and  the  librilhe;    the  more 

librillie   the  greater  the 
density.      In     one   case 
studied  the  tumor  (Fig. 
2317)  was  very  discrete 
in  outline  and  di'iise  to 
the    touch;    micro.scopi- 
cally    it   contained   few 
nuclei  and  great  numbers 
of    very   coarse    librilhv 
which    could    easily  be 
dislinguished    from   the 
fine  librilhe  of  Ihe  gliosis 
surrounding  Ihe  growth. 
In  Ihe  cellular    forms 
of  gliomata  (which  cor- 
respond to  Ihe  sarcomata 
Fio.  231.S. -A   Ijirt'e-relleil  (Jllonm.    of  mesenchymal  origin) 
Tlip  cells  an' nfieh  iiiullimiileali-d.    ,i,„   „:,      „f "  il„.  ,.,.1U  ;„ 
some  have  prolopla-smle  pn«v.s.s,-s;    J"      ,.'      '    ""    " '"^  "' 
the  neun«llu  abrllhc  are  delicate.       'he    dill<rent   tumors 


Fio.  2317.  From  a  Dense.  Sharply  Circum- 
scrllK-il  (ilionia  rontaining  Few  Cells  and 
many  very  Coarse  FibrilUe. 


Fl(5.  2319.— From  a  (illoma  I'mlmlily  <if 
Epenttymal  orii^in.  A  elumtiof  <'ells 
fnsi-'l  I"L'fIlier  amU-ontaillintr  III  their 
pT'iinpiii.siii  tiifTereiiiially  stainint-' 
df>ts  similar  to  those  dcsc'iihed  by  Wel- 
pert  as  o<Tiirrin(?  in  the  Inner  ed^re  of 
ependyinal  eellsand  in  the  protopiusin 
of  groiips  of  epithelial  cells  lyinir  near 
the  neural  canal. 


varies  greatly;  large  and  small  celled  varieties  are  rec- 
ognized. Whether  dilTerentiated  librilhe  are  always 
|iroduced  liy  tliesi-  rapidly  growing  gliomata  is  still  an 
unsettled  <iuesti(m.  In 
a  liirge  celled  variety 
i-X!imined,  in  which 
mitotic  figures  were 
numerous.  dilTerenti- 
ated librilla!  were  fair- 
ly abundant  in  places 
("Fig.  2318). 

To  the  above  well- 
recognized  types  of 
gliomata  another  vari- 
ety, never  before  de- 
scribed, must  be  added. 
It  is  as  yet  an  unsettled 
(jtiestion  whether  Ihe 
ependymal  cells  lining 
the  ventricles  of  the 
brain  and  the  neural 
canal  of  the  cord  ]iro- 
duce  neuroglia  (ibril- 
hv:  the  relation  of  the 
ependymal  cells  to  the 
neuroglia  cells  in  post- 
embryonic  life  is  there- 
fore undecided.  Weigert.  however,  has  called  attention 
to  one  peculiarity  of  ependymal  cells:  they  each  contiun 
in  the  edge  of  the  protoplasm  lining  the  canal  a  small 
cluster  of  dots  which  stain  by  Ihe  dilTerenlial  methods 
for  neuroglia  fibres.  In  the  cord  just  outside  of  the 
neural  canal  are  often  seen  small  clumps  of  e]iithelial 

cells  in  w  ho.se  protoplasm 
similar  differentiated  dots 
apiiear.  A  very  vascular 
tumor  4X'')X3  cm.,  which 
hung  from  the  roof  of  the 
fourth  ventricle  of  the 
bruin,  was  composed  of 
cells  arranged  for  the  most 
part  in  clumps.  The  pro- 
toplasm of  the  cells  was 
fused  together;  the  nu- 
clei, often  six  to  a  dozen 
or  more  in  number,  were 
arrang<'d  cliietly  at  the 
pcriiiheiy.  In  the  central 
part  of  nearly  every  one 
of  these  comjiound  cells 
was  a  group  of  differen- 
tially staining  dots  lining  a  light  staining  circle  in  the 
])rotoplasm  (Fig.  2319).  Sometimes  two  or  three  clumps 
of  <lots  were  present.  Similar  groups  of  dots  were  found 
within  single  cells  (Fig.  2320).  There  were  also  present 
in  the  tumor  numerous  small  and  huge  cysIs(Fig.  23211 
lined  w  itli  epilhelial  cells  in  whose  inner  liordi'r  occurred 
similar  groups  of  dots.  The  so-called  dots  were  not  al- 
ways round,  but  often  ai)peared  as  short  rods.  Outside 
of  the  cells  and  cysts  was 
a  fine  network  of  fine 
filirill.'V  which  stained  dif- 
ferent ially.  This  tumor 
would  certainly  suggest 
an  origin  from  ejieiKlymal 
cells  and  the  other  cells 
mentioned  above  as  occur- 
ring outside  of  the  neural 
canal.  Il  would  also  favor 
the  view  that  at  least  some 
gliomata  have  their  origin 
in  congiiiital  defects  of 
development. 

Gliomala  of  the  retina 
have  not  been  discussed 
because  no  one  has  yet 
shown  by  modern  differ- 
ential stains  that  they  oe- 


Fk:.  StiO.  — (From  same  tumor  as 
that  shown  in  Hir.  2:tl9. i  .\  Sin- 
gle Cell  Containing  Similar  Dots. 


FiCf.  2321.— (From  same  tumor  as 
thai  shown  in  FlK.  3119.1  The 
Bottom  of  a  Small  Cvst  Showing 
the  I)0I.s  in  the  Surf'ai'e  of  Cells 
which  do  not  Api>ear  in  the  Sec- 
tion. 
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cur.  Till-  Irrm  fflutmiiromn  liiiK  Ihmmi  coininiiiily  iipnlii"*! 
to  ci'lliiliir  K'i"">itl<>:  i'  ■'»■>  l>rii|ii'rly  Ih'  ii|i|)lii'il  milv  In 
II  iiiixi'il  tiiiiiiir  <'i>iii|iiisi'il  iif  ra|>iclly  prnlirrnilinK  iini 
r<>i;liii  iiikI  iiK'si'iicliyiiiiil  lisHiics.  il  is  lAtrrriirly  ilniilil 
fill  if  siirli  II  liiiiiiir  iirnirs.  AlHillnr  Irnii  lliiil  slicmlil 
lie  ^ivi'ii  up  is  III  iiriH/liiimii.  Il  kIihiiIiI  lie  ii|ipli('<l  Inn 
new  fiiriiiiilinii  Imtli  of  ii<'iir<i);liit  tissue  iiiiii  of  iiitvc 
cells.  No  eviili'iiie  liiis  vet  been  liroU);lit  forward  lo 
prove  lliiil  iii'rve  cells  in  llie  ceiilnil  nervous  system  ever 
prolifenile  to  form  tuinors.  Nerve  I'ells  ami  iiitvc 
illires  ofleii  occur  in  K'i"i>i»l"  <"  coiiscipience  of  liav 
iiiK  lieen  surroiinileil  liy  the  new  iirowtli.  In  cerliiin 
larife  celleil  ^'lioinalii  sonn'  of  the  cells  have  protoplas 
mic  proce-vses  mill  more  or  less  resciiilile  nerve  cells. 
but  lliey  ilo  not  piis-scss  axis  cvliiiiler  processes  or  Nissl- 
granulvs:  const-qucBtly  Ihoy  cauniit  be  rcgiinled  as  nerve 
cells. 

The  relalion  of  glioma  to  syringomyelia  will  he  ilis- 
russeil  iiniler  llie  latter  heailing. 

For  the  moilerii  views  on  neuro);lia  tissue  the  rcinler  is 
n-ferriil  to  \Veii;ert's  monoirnipli,  "Uie  Neuro;;lia."  l>*il'>. 
For  a  summiii);  up  of  the  neiiroirlia  (piestion  to  ilatc. 
for  the  various  (lilTcrenliiil  stains  for  neiiiof;lia  litires.  anil 
for  complele  bililiojrnipliy  see  Iluber,  "Sluilies  on  the 
Neuroglia,"  .1  hktiVh h  ./iiiinnil  of  AiiiiI'iiii;/.  litOl,  vol.  i.. 
p.  45.      Consult  also  the  iirlicle  on  Siurntilin. 

/•'.  B.  .\fiilhry. 
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Ilmiil  mill  yiiigers,  el<\ 


GLOTTIS.  (EDEMA  OF.     S.-e  hin/»//ilis,  (Edemaloui. 

GLOVES,  USE  OF,  IN  SURGERY.-GIovps  have  oc- 

casiiiiially  been  iiseil  by  surgeons  at  operations  in  order 
to  protect  the  liaiiil  of  llie  operator  from  foul  ilischarires; 
but  their  general  use  lo  protect  the  jiatieiit  from  infec- 
tive material  introiluceil  by  the  operjitor's  lingers,  has 
been  ilevelopcd  in  the  last  live  years.  The  reasfm  for 
this  is  the  universjilly  adiiiittcd  fad  tluit  it  is  very  ililli- 
ctilt  perfectly  to  sterilize  the  human  lumd.  A  secondary 
advantage  of  gloves  lies  in  the  saving  of  time  and  epi- 
dermis to  the  surgeon. 

Various  materials  have  been  used  to  make  surgical 
gloves.  Wiish-lcatlier  was  one  of  the  first,  rubber  cloth 
another;  but  as  any  thick  glove  is  certain  to  make  the 
lingers  clumsy  and  blunt  the  sense  of  touch,  such  mate- 
rials were  found  lo  be  unsatisfactory.  Cloves  made  of 
Lisle  Ihnad.  and  thin  gloves  of  pure  rubber  have  proved 
to  be  the  most  satisfactory,  and  these  will  aloue  be  con- 
sidered in  delail. 

Each  material  has  its  advantages.  The  cotton  glove 
is  cheaper  than  rubber,  is  more  durable,  is  less  easily 
torn,  and  is  not  slippery,  a  great  advantage  in  .some  cif- 
cumslances,  as  in  tying  ligati'ires,  or  in  holdiiiga  slippery 
loop  of  intestine.  Hlood  smeared  tools  and  fingers  are 
slippery,  and  rubber  increases  this,  while  cotton  does 
away  with  it. 

oil  the  other  hand,  the  rubber  gloves  have  certain 
advantages.  Rubber  is  not  porous,  and  hence  no  infec- 
tive material  can  jiass  from  the  lingers  to  the  wound 
through  the  glove  if  it  is  not  pricked  or  torn.  The  tac- 
tile sensir  is  better  preserved  through  a  thin  rubber  glove 
than  through  a  thin  cotton  one.  The  very  slippeiiness 
of  the  rubber  miiy  bean  advantage,  as  in  thrusting  the 
hand  into  the  abdominal  cavity.  The  chief  point  of 
difference,  however,  is  the  porosity  of  the  cloth  and  the 
imporo.sity  of  the  rubber.  This  makes  the  cotton  more 
comfortable  to  wear,  since  the  perspiration  is  not  in- 
creased. The  protection  of  the  patient  from  infection  ia 
probably  less  perfect  with  the  cotton  gloves,  especially 
if  much  Hiiid  is  used  by  the  operator,  or  the  operation 
,  requires  much  handling  of  wet  tissues.  In  the  ordinary 
dry  o|ieration.  if  the  surgeon  keeps  his  hands  on  the  in- 
struments and  out  of  the  wound  as  much  as  possible, 
the  risk  of  infection  must  be  a  minimal  one.  If  the  cot- 
ton gloves  become  soiled  they  can  be  chanced  in  a  mo- 
ment for  others.  In  this  way  the  risk  of  infection  can 
be  made  still  smaller. 


AttvmptH  have  been  made  to  njider  cotton  glove*  Jm- 
pervioiiH  to  moist  me  by  Koakiiig  them  in  varioUN  oiln  iiml 
other  substiinces.  The  liehl  resiills  are  obtaiiieil  by  iiiu- 
of  a  ten  percent,  solution,  in  xylol,  ol  panilllii  of  a  low 
nielliiig  point.  Tin-  gloves  Nhiiuld  be  llrsi  dried  in  uii 
oven,  then  immerwd  in  pure  .\ylol,  and  then  for  llfleen 
minutes  ill  the  piiriillln  soliitini'i.  They  are  (hen  Inken 
out.  drii'il,  and  sterili/.ed  by  dry  heal  or  Hieam.  When 
soiled  lliiy  may  be  washed  with  soap  and  water,  dried, 
and  again  panillined  anil  Nlerili/ed.  If  collon  gloves  are 
to  be  worn  it  is  better  to  render  the  bands  as  nearly 
sterile  as  possible,  before  drawing  them  on,  if  the  opera- 
tion is  such  that  the  lingers  must  become  wet 

Opinion  is  divided  on  the  necessity  of  Hti'rili/.ation  of 
the  bands  befori'  openilioii.  if  rubber  gloves  are  to  bo 
us<'d.  Theoretically  this  is  nut  neces,sary,  unless  the 
glove  is  pricked  or  torn.  In  that  C4is«;  a  new  glove 
shoiihl  be  put  on,  or  a  thin  rubber  linger  cot  slmiild  be 
jiidled  on  the  alVecled  finger.  Some  Kiirgeons  say  that 
infection  may  take  place  in  this  wiiy,  and  thai  therefore 
(he  hands  sjioiild  be  ilisinricled  before  the  operation. 
Kvcn  if  this  is  done  in  a  thorough  manner,  the  gloves 
cause  such  an  increase  of  peispiialioii.  that  the  hands  are 
certainly  not  sterile  at  the  close  of  an  opimlioii.  no  niut- 
ler  w  hat  their  condition  may  have  been  at  its  beginning. 
McHurney  therefore  advocates  washing  the  hands  simply 
with  soap  and  water,  drying  them,  and  rubbing  them 
with  sterili/.ed  starch  powder,  to  facilitate  the  putting 
on  of  Hie  gloves.  liy  avoiding  the  use  of  irritating  anli- 
sejitic  solutions,  he  says  he  is  able  lo  keeji  the  skin  of  his 
hands  in  good  condition,  and  thus  to  feel  as  well  through 
the  glove  finger,  as  he  could  do  without  a  glove  if  the 
skin  of  his  fingers  was  harsh  and  rough. 

The  sterilization  of  rubber  gloves  is  not  so  simple  as 
that  of  the  cotton  ones,  but  it  need  by  no  means  be  so 
complicated  as  some  of  the  directions  imply.  A  simple 
and  elficient  method  is  as  follows:  Wash  the  gloves  in- 
side and  outside  with  soap,  hot  water,  and  a  little  am- 
monia. Uoil  them  for  tifleen  minutes  in  a  one  |)er  cent, 
soda  solution,  taking  care  that  they  do  not  come  into 
contact  with  any  metal  while  in  the  sterilizer.  Remove 
the  gloves  with  sterile  forceps  and  lay  them  in  a  sterile 
towel,  which  is  then  to  be  wrapijed  around  them.  It  is 
not  neces.sary  to  fill  the  glove  fingers  with  gauze,  nor  to 
attempt  to  dry  the  insidi-  of  the  gloves,  as  this  necessi- 
tates some  handling.  If  the  hands  are  dry  and  arc  cov- 
ered with  sterile  )50wder.  the  gloves  can  be  drawn  on 
without  ditlirulty.  This  is  a  nuiclj  better  milhod  than 
to  till  the  gloves  with  sterile  water  before  putting  them 
on.  Water  and  perspiration  will  then  continue  to  drip 
from  the  wrists  at  intervals  during  the  operation,  and 
the  wound  may  in  this  way  become  contaminated. 

A  more  com])licated  way  in  which  to  sterilize  Hie 
gloves,  but  one  by  which  they  are  kept  jierfeclly  dry.  is 
the  following:  Wash  the  gloves  on  both  sides  with  a 
oue-per-ceut.  sodium-carbonate  solution,  rinse  them  in 
sterile  water,  and  dry  them  over  a  flame.  Dust  them 
with  sterile  soapstone  powder,  wrap  them  in  gauze  or 
a  towel,  and  sterilize  them  for  two  hours  in  a  formalin 
oven. 

There  is  no  dilliculty  in  having  absolutely  sterile  cloth- 
ing, water,  sponges,  towels,  ligatures,  siitures.  instru- 
ments, and  other  utensils.  The  air  and  floor  probably 
never  cause  infeclion.  The  skin  of  the  patient  must 
rarely  do  so.  or  stitch  absces.ses  would  lie  niori'  common. 
The  hands  of  the  surgeon  must  therefore  be  held  respon- 
sible for  nearly  all  of  the  infection  which  arises  in  clean 
operative  cases.  In  regard  to  the  use  of  gloves  McBur- 
ney  naively  remarks:  "^riiose  surgeons  who  already  w  illi 
naked  hands  have  entirely  Siitisfactory  results  certainly 
do  not  need  rubber  gloves.  But  lam  sure  that  they  will 
be  useful  to  those  wlio  too  freiiuently  meet  with  imper- 
fect results."  The  extent  to  which  gloves  have  been 
taken  up  by  the  youn.scr  men  a.s  a  routine  surgical  pro- 
cedure in  their  operations,  is  a  sufficient  proof  that  their 
use  will  in  a  few  years  be  recognized  everywhere  as  a 
precaution  which  few  careful  surgeons  will  care  to  dis- 
regard. Edward  Milton  FooU. 
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GLUCIN  is  the  sodium  suit  of  aniiilotrin/insulfonio 
arid,  and  is  ohtaincil  liy  tlir  action  of  faity  aldcliydcs  on 
tlif  dyr-slulT  clirysdidiM.  witli  conversion  of  ihr  conden- 
sation products  into  tlieir  mono  and  di  sulfonic  acids. 
Like  saccharin,  ulucin  is  used  as  a  swceleninir  apent  in 
diabetes;  l)ut.  wliile  it  is  less  sweet  llian  snccliarin.  its 
taste  is  more  like  that  of  suijar.  One  part  is  ecjuivalent 
to  about  one  hundred  parts  of  cane  sugar.  It  is  sjiid  not 
to  interfere  with  the  digestive  functions. 

ir.  .1.  Ba»tedo. 

GLUTOID  CAPSULES  arc  gelatin  capsuleswhich  have 
been  hardened  in  fmiMidin.  They  are  made  in  three 
grades,  capable  of  resistini;  the  action  of  the  gastric 
juice  for  from  one  and  a  half  to  twelve  hours,  and  were 
introduced  by  Sahli  for  the  conveyance  of  drugs  which 
it  is  desired  not  to  have  set  free  in  the  stomach.  Asa 
stomach  test,  Fn>Minie  jiroposes  the  followins: :  Potassium 
iodide  is  adniinisli  red  in  these  cajisules.  and  if  tlie  iodide 
reaction  in  the  saliva  occurs  within  three  and  one  half  to 
live  hours  there  is  good  gsistric  motility  and  normal  pan- 
creatic digestion.  The  capsules  are  said  to  disintegrate 
readily  in  the  pancreatic  juice,  but  no  statement  is  made 
as  to  the  elTect  of  the  formaldchvde  set  free. 

W.  A.  Bastedo. 

GLUTOL,  forniacoll,  formaldehyile-selatin.  or  glyco- 
form,  is  an  odorless,  coarse  brownish  whit<'  powder,  made 
by  dissolving  ."lUO  gni,  of  gelatin  or  isiugla.ss  in  water, 
adding  twenty-live  drops  of  formalin,  and  reducing  to 
dryness  in  formaldehyde  vapor.  It  is  stable,  indifferent, 
not  liquefied  or  changed  by  heat  or  moisture,  and  can  be 
sterilized.  It  is  not  of  itself  antisejitic,  but.  though 
tough  and  insoluble,  it  sets  formaldehyde  free  and  is  ab- 
sorbed when  apjdied  to  raw  animal  tissues.  It  is  said 
not  to  allow  the  formation  of  granidations,  and  to  form  a 
very  hard  clean  scab.  This,  of  course,  must  be  watched 
lest  it  retain  the  secietions  from  the  wound,  or  allow  the 
collection  of  pus.  In  incised  and  lacerated  wovmds  and 
abscesses.  Foote  (Vanderbilt  Clinic.  New  York)  has  not 
succeeded  in  getting  primar)-  union,  and  the  dressings 
were  followed  by  pain  lasting  several  hours,  yet  he  con- 
siders it  of  much  value,  lie  uses  it  in  the  following 
manner:  the  skin  is  cleansed  with  soap  and  water,  tur- 
pentine, ether  and  bichloride,  cocaine  is  injected,  a  free 
incision  is  made,  and  pus  and  sloughing  tissues  are  cu- 
retted away.  The  wound  is  then  filled  with  glutol  and 
a  dry  dressing  applied.  The  glutol  is  soon  absorbed  so 
that  the  surfaces  of  the  wound  are  not  kept  apart  as  by 
gauze  packing.  No  drain  is  necessary,  as  the  powder 
allows  drainage  by  capillary  action.  It  has  not  power 
to  kill  pus  germs,  but  will  control  their  development. 
Schleich,  its  introducer.  Keen.  Da  Costa,  and  many  other 
foreign  and  Ainerieau  surgeons  have  found  it  a  valuable 
succedaneum  for  iodoform,  Schleich  sprinkles  it  over 
the  surface  line  of  sutures  when  operating, 

11 ',  .1.  Bastedo. 

GLYCERIN.— Olycerin  (CJI^Os)  is,  chemically,  an  al- 
cohol— )iro|>cnylie  alcohol  (Csns(0II)3),  and  results  from 
the  decomposition  of  natural  fats  by  alkalies.  The 
Linited  States  Fharmacopa'ia  recognizes  under  the  title 
Olyrerinum,  Glycerin,  "a  liquid  obtained  by  the  decom- 
position of  vegetable  or  aidmal  fats  or  fixed  oils,  and 
containing  not  less  than  ninety -five  jier  cent,  of  absolute 
glycerin,"  Glycerin  can  be  obtained  as  a  by-product  in 
the  making  of  lead  plaster  or  of  soap,  but  is  derived  in 
imrest  condition  by  acting  on  fats  with  water  at  a  high 
temperature,  under  jiressure,  I'nder  thoseconditions  the 
fats  break  u|)  into  glycerin  and  fatty  acids.  Glycerin  so 
Jireparcd  is  known  as  distil/id  glycerin,  an<l  the  fanums 
Price's  glycerin  is  of  such  kind.  Glycerin  a]ipears  as  "a 
clear,  colorless  liquid,  of  a  thick,  syrupy  consistence, 
oily  to  the  touch,  odorless,  very  sweet  and  slightly  warm 
to  the  taste.  When  exposed  to  the  air.  it  slowly  abstracts 
moisture.  Specific  gravity;  not  less  than  1,2.10  at  1.5° 
C.  (59°  F.).  Soluble,  in  ail  proportions,  in  water  or  al- 
cohol ;  also  soluble  iu  a  mixture  of  3  parts  of  alcohol  and 


1  part  of  ether,  but  insoluble  in  ether,  chlorofonii,  car- 
bon disulphide,  benzin,  benzol,  and  fixed  or  volatile  oils" 
(U,  S,  P.).  On  hi-ating,  glycerin  undergoes  some  de- 
composition: boils  at  829  F.,  and  finally  is  wholly  de- 
composed and  dissipated. 

In  its  medicinal  relations  glycerin  is  unique,  because 
of  the  following  combination  of  qtialitics:  It  is  at  once 
viscid,  non-volatilizable.  unalterable  on  exposure,  anti- 
septic yet  non-poisonous,  and  has  an  tinusmil  range  of 
solvent  powers,  dissolving  bromini',  ioiline,  sulphur  io- 
dide, the  fixed  alkalies,  lime,  tannic  and  other  vegetable 
acids,  many  vegetable  organic  principles,  such  as  salicin 
and  santonin,  su.car,  gum,  and  pepsin,  and  very  many 
inorganic  salts.  Physiologically  glycerin,  in  concentrated 
condition,  is  somewhat  irritant  to  very  sensitive  parts, 
probably  because  of  al>straction  of  water  from  the  tissues; 
but  upon  ordinary  surfaces  it  is  perfectly  bland.  Swal- 
lowed by  the  human  subject  in  (luantities  of  an  ounce  or 
more,  glycerin  produces  no  ot  her  elTect  than  a  very  mildly 
laxative  action:  but  expcrimfulally  administered  to  the 
lower  aflimals  it  proves  toxic,  ])ro(lucing  tetanus  in  the 
frog,  apparently  from  direct  action  ujion  the  muscular 
tissue  (Amidon ;  Airhivfn  of  Medicine,  October,  1881).  and 
varied  signs  of  nervous  derangement  iu  rabbits  and  dogs, 
even  to  death  by  conjoint  failure  of  respiration  and  heart 
action. 

The  uses  of  glycerin  arc,  pliarmaceutically,  as  a  solv- 
ent, preservative,  and  sweet-tasting  viscid  addition  to 
fluid  preparations,  or  pill  masses;  and  surgically,  as  an 
anti-septic,  bland,  and  unalterable  viscid  application  to 
wound  surfaces  and  sores.  Medically,  glycerin  has  been 
used  as  a  laxative  in  cases  of  hemorrhoids,  as  a  pre- 
ventive of  flatulency,  pyrosis,  and  the  fermentation  of 
the  iugesta  in  the  alimentary  canal  (Ringer  and  Murrell), 
and  as  a  harmless  sweetening  addition  to  foods  in  cases 
of  diabetes  mellitus.  A  rci>utation  which  the  substance 
once  enjoyed,  of  tending  directly  to  oppose  the  morbid 
process  of  diabetes,  is  now  no  longer  credited.  Glycerin 
may  be  given  internally  in  (piautities  varying  from  a 
teaspoonful  to  a  tablespoonful. 

The  United  States  Pluirmacopo^ia  makes  otTicial  fiup- 
posit'ii'ia  Glycerini,  Suppositories  of  Glycerin,  These 
suppositories  are  compounded  of  glycerin,  with  a  little 
sodium  carbonate  and  stearic  acid,  and  each  suppository 
contains  6  gm.  (about  gr.  xciij.)  of  glycerin.  They  are 
used  for  the  relief  of  constipation,  but  should  not  be  em 
ployed  habitually,  for  fear  of  irritating  the  bowel. 

Certain  solutions  of  substances  in  glycerin  constitute 
pharmacopanal  preparations  called  Glyrerites. 

Edward  Curtis. 

GLYCOSOLVOL  is  a  diabetic  remedy  made  by  the 
action  of  oxyproiiionieaeid  on  jicptone.  and  by  the  action 
of  sodium  tlieoliromine  upon  the  zvmogen  of  trypsin. 

If.  A.  Bastedo. 

GLYCYRRHIZIN.     See  r.icrire. 

GODBOLD  MINERAL  WELL.— Post  Office.— Sum- 
mit. Pike  County,  Mississippi.  Hotels  and  boarding- 
houses  in  Siunmit. 

AccF.ss, — Vi;l  Illinois  Central  Railroad  to  Summit, 
thence  a  few  minutes'  walk  to  the  well.  This  well-known 
chalybeate  will  is  located  in  the  suburbs  of  Summit,  a 
village  108  miles  northwest  of  New  Orleans  and  7.>  miles 
south  of  .laekson.  The  location  is  4'.30  feet  above  tide- 
water. The  well  has  a  depth  of  eighteen  feet  and  a 
diameter  of  four  feet.  The  supply  of  water  is  unlimited. 
The  following  analysis  was  made  by  J.  H.  Laster,  chem- 
ist, of  New  Orleans: 

Onr  United  Statks  Gallon  Contains: 

Solids.  Grains. 

Iron  |>P>t<ii-lit"rtilc 11.42 

Calrluiii  >ulitti!iie Trace. 

Sodium  rlllnricle 1.73 

Caloliim  carlKJiiato Trace. 

Silica 

Utas M 

Total 13.99 
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Tli(>  water  Ih  wiid  to  posiwHa  much  vnliic  in  tliu  treat- 
iiiriit  of  cliarrliii'ii  iinil  dyscnti-ry  iind  in  (IlKnnlcrH  nf  the 
liver  jiik!  liiiliii'V-..  Il  1^  ImiIiIimI  uihI  hhIiI.  IhiI  iimiiv  pi'i' 
wins  visit  llic  will  ill  |»iMPii  fill  llir  |iiir|iiisr  iif  diinkinf; 
its  wiilrrs.  'I'lic  wiitir  is  iilinnst  ii  |iiiri'  iliiilylH'ule,  tlio 
ri'nuiiiiiii>;  iii^'ircliinls  liiiii);  pnu'ticiilly  inert. 

./null II  A'.  CriH'k. 

GOERBERSDORF— Tliis  pliiee  is  iiientiniieil  cliielly 
lieeaiiM-  il  I-  lie  Im  iilily  in  w  liicli  tlie  leiKivvneil  Hrelinier 
tiuutilorinni  -  tlic  uldi-Hl  in  exiKtence,  foiiudvil  in  l^<.'il     is 


Rtrc-n(;tli(n  tlie  liuirt,  and  inctlicMllr  liill  climliinK  tlic  Ixwt 
Mii'iiiiH  for  olilniniiij;  tliix  result.  For  tIdH  piiriioM-.  In  the 
park  of  iilioiil  UiK)  iicres  KiirroniidiiiK'  '!"•  Niniitoriiiiii,  lie 
c-oiislrileled  over  nine  miles  of  fool  put  lis  of  (;eiitle  uKt-ent, 
with  frei|iic-nl  beiielieH  iind  puvllloiiH  for  resiinK  Meiut- 
nred  wiilks  of  ineitsiired  HieepiiesH  roMHliliite<l  itl  lliiit 
tiini'  II  fiindiiniental  priiieiple  of  Ids  treatment,  iiiiil  only 
the  febrile  eiises  and  tliiisi-  with  Home  eontndiidieiitinJ( 
eoinpliciilion  were  e.xeiiipt.  The  <itlier  Kaiiiiloria  have 
iiiodilieil  lliis  jiliin.  anil  place  the  emphiisis  upon  tlu'  Itnlie- 
I, ,11  /,•,.,■    i.-i  in  III!'  opiM  air      Tlii-^  nietUuil  18  fulluwcU, 


Fiii.  Sf-'.     Bn'hmer's  Saniiti.rium  M  (ioerl'iTsdiirf. 


situated.  The  village  of  Goerbcrsdorf  ia  located  in  the 
Southeastern  part  of  Germany,  in  the  province  of  Silesia, 
at  an  altitude  of  1..S40  feet."  It  is  in  the  valley  of  the 
Steine.  whidi  runs  from  northwest  to  southeast,  and  is 
sheltered  by  densely  wooded  heights.  The  climate  is 
not  unlike  that  of  the  Adirondacks.  for  examjile.  ils  main 
features  consisting  of  "almospheric  purity,  freedom  from 
dust,  dryness  of  soil,  shelter  a.irainst  strong  wind,  and 
abundant  sunshine."  Ils  altitude  is  not  sutlicient  to  give 
it  the  ehanicter  of  an  Alpine  climate,  though  in  a  general 
sense  it  is  a  mountain  climate.  The  season  is  an  all-the- 
yearround  one. 

Here,  nearly  lifty  years  ago,  I?rehmer  founded  his 
famous  .sanalorium.  the  jiarcnt  of  all  the  others.  Hegun 
in  a  small  way.  it  now  consists  of  large  and  handsotiie 
buildings  with  several  detached  villas.  surro\iiided  by 
very  e.Mensive  grounds.  Meeting  with  much  opposition 
at  tirst,  Brchmer,  before  he  died  in  ISSit.  had  the  satisfac- 
tion of  seeing  his  method  adojited  more  or  less  closely 
in  all  systematic  at  tempts  to  cure  phthisis;  other  sanatoria 
established  on  the  princijiles  laid  down  by  him:  and 
more  favorable  results  than  had  ever  before  been  obtained 
in  the  Irealment  of  the  disease.  To-day  the  Brehmer 
liygienic-dietctic  treatment,  with  iierhaps  .some  modilica 
tions,  is  the  best  we  have,  when  weighed  by  results. 

Brclimer's  theory  of  the  underlying  cause  of  phthisis 
was  a  disproportion  between  the  heart  and  lungs,  the 
latter  relatively  voluminous,  the  former  small,  with  thin, 
flabby,  feel)le  walls.  Consequently  he  considered  that 
the   most    important  object    in   the   treatment   was    to 


to  be  sure,  at  GOrbersdorf,  but  not  to  the  e.\tenl  that  it 
is  at  Falkenstein  and  Ilohenhonnef.  At  these  latter  it  is 
the  striking  feature  of  the  trealment. 

The  siuialorium  building  is  a  large  golliic  structure  of 
brick,  of  very  imposing  appearance,  intliemiilstof  a  beau- 
tiful garden;  and  besides  the  old  and  llie  new  Kmhaun 
tliere  are  thn'e  annexes  or  villas.  The  internal  arrange- 
ments are  very  e.xlensive,  consisting  of  a  winter  garden, 
conversation  and  reailing  rooms,  large  dining  halls,  vari- 
ous reception  rooms,  an  imposing  gotliic  staircjuse,  and 
bedchandjcrs  hygieiiically  arranged.  One  notices  various 
.suggestive  maxims  ])ainted  on  the  walls,  like  the  follow- 
ing; "  Wolle  nureins,  uii<l  das  wollcvon  Herzen  "  (Desire 
but  one  thing  and  that  with  all  the  heart).  "Die  lohn- 
eiidste  Arbeit  ftir  einen  Krauke  ist:  gesund  zu  werdeu  " 
(The  lalior  which  best  repays  a  sick  man  is  to  gel  well). 

Besides  the  sanatorium  proper,  there  are  two  detached 
buildings  of  plainer  construction,  where  patients  are  re- 
ceived at  a  reduced  price.  There  is  also  a  chemical  and 
bacteriological  laboratory,  a  meteorological  observatory, 
and  a  medical  library.  The  clientage  comes  from  Ger- 
many, Hussia.  Hungary.  Poland :  and  I  found  two  pa- 
tients from  America.  The  supervision  of  the  patient's 
life  is  most  exact  and  continuous;  every  two  weeks  he  is 
examined  anew  by  the  physician  in  charge,  and  is  always 
under  the  observation  of  one  or  another  of  the  physicians, 
all  of  whom,  except  the  director,  take  their  meals  with 
the  patients.  Each  is  individualized  in  his  treatment. 
As  an  illustration  of  the  painstaking  care.  I  noticed  in 
the  little  reading  librarv  certain  starred  books,  and  on 
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imiuirv  I  fdiind  llmt  tlioy  were  <if  a  nilluT  cxcitin;;  imiure 
and  were  forbidilcu  to  those  of  nervous  t<-ni|icniinenl  as 
likely  to  produce  a  rise  of  teinpeniture  or  some  oilier  un- 
favonible  symptom.  There  are  live  meals  a  day.  rein- 
forced by  milk.  Kefir  is  prepared  on  the  |)reinises  in 
large  ijuantities  and  is  much  used,  especially  in  giistro- 
intestinal  troubles  and  in  conjimction  with  alcoliolic 
drinks  for  night  sweats.  Most  of  the  patients  u.se  wine 
or  beer.  In  fever  milk  is  the  principal  diet,  and  as  much 
as  three  litres  in  twenty  four  hours  is  jriven  a  patient. 

llydrotlurapeutics.  as  in  the  other  sanat<ina,  is  an 
important  adjunct  of  the  treatment  in  the  form  of  simple 
bathing  with  acidulated  water,  the  wet  pack  with   mas- 
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sage,  and  cold  douches.  I  was  interested  in  watcliing  the 
method  of  giving  the  latter.  In  a  room  adjoining  the 
douche  .sits  a  physician  at  a  table,  witli  a  watch  ])rovidefl 
with  a  ,second  hand,  and  with  the  names  of  those  for 
whom  the  bath  is  prescribed.  The  attendant  informs  tlie 
physician  through  a  speaking  tube  when  the  patient  is 
ready,  and  the  doctor  turns  on  the  water  (wliicli  he  alone 
manipulates)  for  the  specified  number  of  .seconds,  as  in- 
dicated in  his  list.  When  the  douching  is  completeil,  the 
attendant  throws  a  blanket  about  the  patient  and  rubs 
him  down.  Only  the  stronger  and  convalescent  patients 
are  allowed  this  douche. 

The  sputum  is  deposited  in  shallow  cuspidors  contain- 
ing ,s!iwdust,  scattered  about  the  btiilding.  Each  patient 
also  has  a  Dettweiler  pocket  spitcup.  The  sputum  is 
destroyed  by  burning, 

A  few  minutes'  walk  from  the  Brehmcr  establishment 
biings  one  to  Dr,  Rompler's  sanatorium,  wliich  is  also 
extensive,  accommodating  about  one  hundred  patients. 
Although  not  ,so  imposing  as  Hrehmer's,  it  is  etiually 
comfortable  and  complete,  and,  on  account  of  the  lighter 
character  of  the  architecture,  gives  one  a  very  pleasing 
and  cheerful  inipres,sion.  In  common  with  the  otheT 
sanatoria,  it  possesses  a  fine  winter  garden,  which  is 
pnictically  a  great  conservatory  alTordingan  extensive 
and  beautiful  view  even  to  the  horizon,  and  is  the  favorite 
lounging  place  for  the  inmates  when  the  weather  forbi<ls 
outdoor  life.  The  "Liegehallc"  is  in  the  second-story 
balcony  with  a  gla.ss  roof,  which  seemed  tome  preferable 
to  those  on  the  ground  floor.  The  extensive  park  is 
laid  out  with  pleasjint  paths  of  varying  grades  (,some 
protected)  extending  up  to  the  richly  wooded  mountain- 
side, with  seats,  terraces,  and  pavilions,  which  alTor<I 
comfortable  and  picturesque  resting  places.  The  method 
of  treatment  is  similar  to  that  of  the  larger  establishment ; 


it  comprises  abundant  alimentation,  outdoor  air  (rest  in 
the  reclining  chairs  and  walking  in  the  paths  of  gentle 
ascent)  and  hydrotheraiieutics, 

Dr,  Homplcr's  personality  is  most  pleasing,  which 
d<mbtless  has  much  to  do  with  the  success  he  attains. 
He  is  a  great  lover  of  nature  and  inspires  his  patients 
with  his  enthusiasm  for  outdoor  life.  In  a  few  words  he 
well  sums  up  the  coiulitions  of  cure:  "  I'pon  the  ability 
of  the  organism  to  )<w»^  depends  finally  the  |iossibility 
of  cure.  To  increase  this  power  of  nsislancc  through 
gradual  blunting  of  the  susceptibility  to  irritation  (hard- 
ening); through  the  improvement  of  the  nutrition  and 
quality  of  the  blood;  and,  liually,  through  the  avoidance 
of  hurtful  intliiences  anil  through 
instruction  and  training  for  future 
giiiilan<c,  is  the  princijial  prob- 
lem of  tlic  plilhisiclherapeutist." 

The  third  sanatoriiun  at  Goer- 
bersdorf is  that  of  Dr.  Weicker, 
w  liich  is  a  small  one,  and,  as  Dr, 
"Weicker  says,  on  the  plan  of  a 
home  rather  than  on  that  of  a  large 
institution,  he  and  his  wife  living 
in  the  institution  with  his  pa- 
tients; and  the  method  is  essen- 
tially that  of  the  others,  ll  was 
originally  founded  by  the  Grilfin 
Pi'icklcr,  under  whose  name  it 
still  ,stands,  Dr,  Weicker  also  has 
charge  of  a  people's  large  Siina- 
torium  in  Goerbersdorf,  consisting 
of  seven  villas,  which  received 
2.56  persons  during  the  year  1896. 
It  was  established  for  working 
people  who  are  meml)ers  of  the 
so-called  insui-ance  society  for  the 
disabled  and  aged;  the  expense 
being  defrayed  by  the  society, 
which  allows  each  member  a  cer- 
tain sum.  The  insurance  societies 
of  Germany  of  this  naturcare  find- 
ing it  to  their  interest  to  send 
their  consum|)tive  membeis  to 
such  an  institution  and  have  a  certain  pniportion  of  them 
returned  to  their  usual  avocation,  rather  than  support 
them  indefinitely  as  invalids.  Of  IS.j  persims  who  were 
dismissed  in  l.SOt!,  TO.a  per  cent,  were  cajiable  of  resum- 
ing their  work:  and  for  the  three  years  from  1894  to 
1896  inclusive,  of  those  communicated  with  who  were 
dismissed  in  these  resiiccti\c  years  as  callable  of  re- 
suming their  work,  60.  71,  and  89  percent,  respectively, 
still  remained  so  at  the  beginning  of  1."<9T;  so  that  from 
an  economic  point  of  view  this  plan  of  people's  sana- 
toria is  a  profitable  venture  for  the  insurance  societies. 

Goerbersdorf  is  reached  either  via  Hreslau  and  Fried- 
land,  or  from  the  station  of  Dittersbach  on  the  Silesian 
Mountain  railway.  Either  from  Friedlanil  or  Dittersbach 
one  has  to  ride  four  or  five  miles  to  the  s;uiatoria.  As  to 
the  results  obtained  at  Hrehmer's  s:inatorium.  of  T.5.03'2 
patients  treated  from  187l>  to  I.'>86.  26.6  per  cent,  were 
reported  "cured  and  almost  cured,''  of  the  tirst,  second, 
and  third  stages  of  the  disease  collectively. 

Bdicaril  0.  Otis. 

GOITRE. — (Synonyms:    BvonchoeeU,    Slruma.   Derby- 

nhivf  .\»</i,  Kropf  fGcr, ],)  German  writers  apply  the 
term  "struma"  solely  to  enlargements  of  the  thyroid 
gland.  Among  English  writers  the  word  has  a  double 
meaning.  It  is  used  to  indicate  not  only  disease  of  the 
tliyroid  gland  but  also  a  tuberculous  condition  of  the 
lymph  nodes.     Hence  its  use  may  lead  to  confusion. 

The  word  "goitre"  is  probably  a  corruption  of  the 
Latin  "guttur,"  the  throat.  Like  many  terms  of  popu- 
lar origin  it  cannot  be  defined  .siitisfaetorily  in  scientific 
language.  It  is  used  nither  huiscly.  It  .seems  best  to 
apply  the  term  goitre  In  all  I'niargements  of  the  thyroid 
gland.  Woltlcr,  Orth,  Kaufmann,  and  Ziegler  use  the 
word  in  this  sense.     Virchow,  Murray,  and  Ewald  at- 
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tompt  to  roKtrift  It  to  the  lH'ni);ii  thyroid  tiimom.     If  the 

iisi-  cpf  111!'  \V(iril  is  111  Ih'  liiiiiii'il  III  III!  it  wmilil  Iw  l)i'tl<T 
III  iii'sl);iiiili'  as  ;;iiilii'  lliiil  ronii  inily  nf  lliyrniil  liiiiinr 
wliicli  iKi'iirs  ('iidriiiiuilly  or  I'liiilciiiiciilly  in  crrtuiii 
rcjfiiuis  of  tlic  wiirlil. 

IIisTnitit  Al.  NoTK. — Tlii'orounviici'  (if  ciuicinic  Koilri- 
\h  I^iiiiwii  tniiiitciliili'  itir  Clirislitiii  I'ni.     Tliiil  llii'iliHi'iiKc 
Itliiiiliiilt'il   iiiiiiini;   till'  Alps  wiis  well    iccn;;iii/iil    liy  tin- 
ancit'iil.s.     •Iiivi'iiiil  iislis— "  (^nit  liimiiliiin  i/iittiir  iiiirnlur 
ill  .Viiiliiiiif  "     Hi'frrciiccs  In  (.'iiilrr  liy  (irn  k  anil  Knnian 
ptiysiriansari'  few  ami  iiiilrliniliv      I-'anicrlsiis.  «  lin  slml 
icii  inilrnili    ^.'nilii-  in    llir  Diicliy  ul    Sal/rliinL'.  was  llic 
tlrsl  nirdical  writrr  In  Ural  nf  llir  siilijrcl   in  a  salisfac 
lory  manner.     In  liis  wmli.  » liicli  was  hascil  nn  |irrsiiiial 
olisiTvalions.  Iii'  iiiilicalcil  llii'  rrlaliim  nl'  ^oilri'  Incrclin 
isn>.     Sciriililic  impiiry  in  rruanl  to  jioilrc,  acconlinK  to 
Ilirscli,  may  Ik'  siiiil  to  ilalc  fioni  llir  wi>rl<  of  Malarariir, 
pul)li--liril  lowaril  llic  closi'  of  llic  liirliliciilli  criitury. 

Know  liili.'i-  of  llic  putliolojiiial  anatoniy  of  tliyroid 
tninors  tiiiran  witli  tin-  sliidiis  of  Iv  krr,  Krrriilis,  and 
Hokilansky  A  llllli'  lairr  l''i'irsiir's  niono[.'rapli  mi  llir 
iiiali.i;nanl  tumors  of  ilu' tliyroid  apjHaird.  In  JSIiTVir 
cliow  piililislii'd  liis classical  description  of  tlii' anatomical 
forms  of  jroitrc.  Wi'illlcr  in  lHM;t  linisliid  liis  monu- 
mental work  on  the  developnient  and  structure  of  thy- 
roid tumors.  Clinical  knowledge  of  the  subject  has  been 
^rreatly  advanced  by  the  work  and  writings  of  LUckc, 
Koclier.  Kwald,  Ih'rry,  and  Murray. 

In  America,  the  liist  and  only  attempt  al  a  syslemntic 
study  of  the  dislrilmlion  of  L'oilrc  was  made  by  Ueiijamiii 
Barton,  professor  in  the  .Medical  School  of  the  rnivcrsily 
of  I'ennsylvania.  and  was  i.ssued  in  ISOO.  The  mono- 
pnipli  was  cnlilled  "A  Jlemoir  C'oneerniii!;  the  Disease 
of  (ioilreas  it  Prevails  in  DilTerent  I'arlsof  North  Amer- 
ica." W.  Gibson  ill  IS'21)  published  an  able  essay  which 
included  a  study  of  the  morbid  anatomy  and  means  of 
diagnosis  of  thyroid  tumors. 

In  Dr.  Osiers  paper  on  cretinism  published  in  lWt3  he 
showed  that  endemic  fioiire  no  longer  exists  in  those 
regions  where,  early  in  the  last  century,  it  prevailed 
extensively.  The  endemic  disease  has  been  studied  in 
Miehigan  by  Dock,  and  among  the  Nurlh  American 
Indians  by  Miinsoii. 

Anatomy. — The  thyroid  (qlnndida  t/it/reoidefi)  is  a 
ductless  gland,  w  liicli  consists  of  two  lateral  lobes  con- 
nected by  a  luidille  portion,  varying  markedly  in  size, 
called  the  islhiiiiis.  The  tliyroid  gland  lies  in  front  of 
the  larynx  and  trachea,  and  is  bound  to  them  by  tibrons 
l)ands  so  that  it  follows  llie  movements  of  these  organs 
in  deglutition.  The  outer  margins  of  the  laler:il  lobes  are 
anterior  to  the  common  carotid  arteries.  .Sonictimes  a 
slender  pynimidal  process  (lobiia  pyrninidntiK)  projects 
upward  from  the  middle  of  the  isthmus  to  the  hyoid 
bone.  Till'  lateral  lobes  (/«6im  rlfj-trr  rt  sinixtrr)  measure 
5  to  T  cm.  in  length.  3  to  4  cm.  in  breadth,  ami  l..")-2..") 
cm.  in  thickness.  The  weight  of  the  entile  gland  varies 
belwccu  311  and  fiO  gm.  (Orth).  Weibgen  found  that  the 
most  active  growth  occurs  between  the  eleventh  and 
twentieth  years.  The  average  weight  between  the  sixth 
and  tenth  years  was  11.11  gm.,  between  the  eleventh  and 
tweiitielh  years  3li.T  gni.  The  thyroid  is  slightly  heavier 
in  men  than  in  women.  It  is  relatively  larger  in  the 
young  than  in  adults. 

Although  a  portion  nf  the  latenil  lobes  is  developed 
from  till'  fourth  bninchial  clefts,  the  greater  pari  of  the 
gland  arises  as  a  diverticulum  of  the  iiharynx. 

In  the  embryo  the  thyroid  body  consists  of  solid  nests 
and  strands  of  epithelial  cells.  Later  tlie.se  solid  masses 
become  converted  into  closed  vesicles  tilled  with  colloid 
and  lined  with  a  .single  layer  of  cylindrical  or  cuboidal 
cells. 

Wolfler  holds  tliat  small  nodules  of  embryonic  tissue 
are  normally  jiresent  in  the  developed  glaiid,  ,iiid  furnisli 
the  congenital  Anlnf/i'.  in  the  sense  in  which  Cohnhciin 
used  that  term,  for  the  development  of  tumors.  It  is 
fully  as  probable,  however,  that  these  embryonic  re- 
mains which  Wolfler  describes  are  in  reality  small  ade- 
nomas. 


IliH  liiiH  (lc«;ribe(|  wlinl  lio  t-onHldcni  U)  Iks  llie  nidi- 

nienlsof  an  excretory  duct  iiltirlim  lhi/rr<></louiii»)  which 
e.Meiids  from  the  lliyroid  to  the  tongue'and  opeim  at 
the  site  of  the  foramen  eai  uiii.  The  tinding  of  iicceHMiry 
thyroid  tumors  in  thi;  root  of  ihr  ion«ue  is  I'ertiiinly  iii 
HUpporl  of  this  view,  although  Kanthack  wiut  not  iible 
to  coiitirm  the  obsi-rvalions  of  llin. 

'I'he  thyroid  vesicles  range  frum  O.Ojri  mm.  to  1  mm. 
in  diameter.  The  cpilliclial  cells  vary  in  kI/.c  anil  Kliiipe. 
Sometimes  in  young  individuals  Ihcy  have  a  cylindrh-ul 
form,  but  usually  they  are  cuboidal.  Low,  iliil  eellH, 
iiccordjiig  III  ]■;  Sclimiii.  are  seen  cliiedy  in  old  age.  On 
fresh  exaniinalion  colloid  droplets  and  a  varying  iinmlK-r 
of  line  and  coarse  granules  can  be  denionstniled  within 
the  cells.  The  granules  arc  most  abundant  near  the  free 
margin  of  the  cell. 

The  viscid,  homogeneous  colloid  substance  present  in 
the  vesicles  usually  appears  vaciiolaled  in  hardened  spec- 
iniens  (see  Fig.  '.iy'J-t).  It  takes  nearly  the  same  color 
with  eosin  as  do  the  red  lilood  corpuscles.  Krnst  has 
show  II  ihat  colloid  can  be  dislinguisiicd  from  liyalin  by 
staining  more  di-eply  with  fuchsin  when  treated  with 
Van  Gicson's  mixture. 

The  origin  of  colloid  has  not  been  fnlly  dettTmined. 
It  is  probably  a  secretiou  of  the  epithelial  cells.  These 
have  the  characteristics  of  secreting  cells.  Vircllo^v  be- 
lieves thai  the  cells  secrete  a  clear  lliiid  into  the  vesicles, 
and  that  the  <olloid  is  formed  finm  the  tluid  .Many 
histologisls  and  physioloi;ists  hold  tolheviewof  Frerichs 
that  colloiil  is  formed  within  the  cells  or  is  the  product 
of  a  sjiccitic  transformation  of  the  cells.  They  regard 
the  process  as  partly  secretory  and  partly  degenerative. 
Keinbach  holds  that  colloid  in  normal  glands  is  a  secre- 
tion, but  the  colloid  in  goitres  is  formed  by  the  dcgener- 
alion  of  the  cells.  He  adduces  little  evidence  in  support 
of  the  latter  hypothesis,  and  Midler  is  proliably  right  in 
regarding  the  colloid  sulislaiice  of  both  norniai  and  goi- 
trous thyroids  as  a  sei'iclion  and  not  a  degeneration. 

How  the  thyroid  secretion  enters  the  circulation  is  not 
known.  The  explanation  of  Hiondi  and  Schniid  that 
rupture  of  the  vesicles  occurs  as  a  physiological  event 
and  thereby  the  colloid  escapes  into  the  lyniphiiMcs  is 


Fio.  2334.-  Accessory  ThjToid  Tutiiiir  fnmi  Root  of  Toiipue.  The 
veslolcs  are  llllcd  Willi  colloid  and  linid  Willi  low  epillielliini. 
(X  41dlain.) 

imiiioliable.  The  existence,  between  the  epilhcli;il  cells, 
of  ducts  communicating  with  the  lymphatics,  as  described 
by  Hi'irthle.  is  doubtful. 

A  number  of  histologisls  have  described  colloid  within 
the  lymidiatics  of  the  "thyroid,  and  Piwlack  found  it  in 
lymphatics  outside  of  the  thyroid.     The  observation  by 
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Zicliiiskii  of  rolldUl  in  the  rii]iillarips,  veins,  and  evi-n  in 
the  arti'ricsdf  the  thyniid  unci  liy  vein  EliniT  in  the  vrsscis 
of  llic  l.irynx.  would   sicni   in  sliow  tliat   this  su|i|ios<'d 
donum.'itiiitiiin  of  ((illniil  within  vessels  is  due  to  an  arte- 
fart  ])()ssilily  pirMluei'd  in  removing;  the  or;ran  or  in  tlie 
process  of  haideuinjr.      It  may  l)e<<i»i.'ulate(l  blood  serum 
which   sometimes   simulates   rolloid    in    appearance.     I 
Lave  recently  studii'd  a  Rpceinien  of  syphilis  of  the  testi- 
cle in  which   the   veins  were  tilled  with  a  honiojreiieous 
liyaline  material  which  presented  exactly  the  appearance 
of  the  colloid  of  the  thyroid.     Fine  projections  of  the 
liyaline  matirial  attached  it  to  the  walls  of  the  vessels 
whicli  gave  the  fes- 
tooned    hordcr    seen 
in    thyroid    vesicles. 
This  ohscrval  ion  sufr- 
ge.sts  that  the  lack  of 
ajiliosition      lietwcen 
the  eiiitheliiini  of  the 
thyroid  vesicles  and 
the    colloid    mass  is 
not  due  to  the  i)res- 
ence    of  a  clear  se- 
cretion  between  the 
epithelium    and    the 
colloid  mass,   hut   to 
a    retraction   of    the 
latter. 

The  morphology  ot 
the  epithelial  celN 
and  their  relation  In 
the  abundant  capil- 
lary network  rather 
favor  the  view  that 
the  thyroid  si'cretiou 
pa.sses  without  the 
intervention  of  lym- 
phatics directly  into 
the  circulating  blood. 

The  thyroid  is  an 
extremely  vascular 
organ.  Mayer  esti- 
mated that  it  reccivt's 
almost  as  much  blood 
as  the  forearm.  Sijui- 
mering  calculated 
that  the  size  of  the 
thyroid  arteries  was 
relatively  eight  times 
greater  than  those  of 
tlie  brain.  Hoth  the  arteries  and  the  veins  form  large 
anastomoses  upon  the  surface  of  the  organ. 

Home  in  ini)2.  working  under  von  Keckliughausen, 
described  bud  like  projections  comjiosed  of  proliferated 
endothelial  cells  on  the  inner  wall  of  the  arteries  of  goi- 
trous thyroids.  M.  15.  Schmidt  found  similar  cell  buds 
quite  regularly  in  the  small  arteries  of  the  healthy  thy- 
roid at  all  ages.  They  may  involve  the  media  as  well  as 
the  intima.  The  signiticance  of  these  nodules  is  not 
known.  Kicker  hassuggested  that  they  represent  a  tem- 
porary infohling  of  the  wall  and  tlnis  offer  a  morpholog- 
ical explanation  for  the  great  variations  in  the  blood 
content  of  the  gland.  Years  ago  the  idea  was  advanced 
that  the  thyroid  was,  in  a  certain  sense,  a  safety  reservoir 
to  prevent  an  excessive  How  of  blood  to  the  brain. 

Acffmuii'i/  t/ii/niiiln  if/la iidiilii'  tlijireoidm  acctHmria')  are 
not  rare.  They  may  occur  anywliere  from  the  root  of 
the  tongue  to  tlie  middle  of  the  thorax,  but  they  are  most 
fre(|Uently  found  in  the  neighborhood  of  the  hyoid  bone. 
Zuckerkandl  found  them  anterior  to  the  hyoid  bone  in 
lifty-seven  out  of  two  hundred  cases. 

Streckeisen  distinguishes  between  the  median  and  the 
lateral  accessory  thyroids.  The  former  he  divides  into 
four  groups:  (1)  the /wt/i.i/oiV/ which  lie  superior  to  the 
mylohyoid  muscle:  (2)  the  Kiipralii/imi  which  lie  between 
or  within  the  geniohyoid  ;  (3)  the p/»i7i)/»(W  which  lie  above 
the  geniohyoid  ;  (4)  the  intrti/n/oid  which  lie  in  the  hol- 
low or  even  in  the  substance  of  the  hyoid  bone.     The 


lateral  accessory  thyroids  are  usually  found  in  the  neigh- 
borhood of  the  greater  cornua  of  the  hyoid. 

Wiilller  has  observed  accessfiry  thyroids  on  the  ascend- 
ing aorta  in  children.  In  dogs  they  are  commonly  found 
in  this  .situation.  Plana  states  that  aortic  accessory  thy- 
roids were  present  in  sixty  six  per  cent,  of  the  dogs  ex- 
amined.    In  cats  accessory  thyroids  are  rare. 

P.Mt.\TiivnoiD  Gi.AXDs  {Gltui(lii/ip  paralhyrfoideo'). — 
These  bodies  were  described  lirst  by  Sandstroem  in  1880. 
They  are  composed  of  solid  nias-ses  of  epithelial  cells,  and 
do  not  contain  colloid.  The  parathyroids  in  man  have 
been  studied  by  Welsh,  of  Edinburgh.     Asa  rule,  there 

are  two  parathyroids 
on  each  side.  Some- 
times the  distribution 
is  irregular,  so  that 
one  or  more  may  be 
overlooked.  Two 
glands  may  be  inti- 
mately connected  so 
that  they  appear,  on 
sujierlicial  examina- 
tion, as  one  gland. 
They  vary  in  size, 
but  most  commonly 
measure  about  6x3 
Xl.'^)  nim.  I  have 
seen  them  1  cm.  in 
length,  and  Welsh 
states  that  they  may 
measure  1.5  cm. 
They  are  thin,  oval 
bodies  w  b  i  c  h  are 
moulded  to  the  form 
of  adjacent  struc- 
tures. Their  charac- 
t<^ristie  color  is  yel- 
low, admixed  with 
red  and  brown.  The 
yellow  hue  is  due  to 
clusters  of  fat  cells 
lying  between  the 
mas,scs  of  epithelial 
cells.  This  adijiose 
tissue  within  the 
gland   is  well  shown 

Fifi.  232>.-Seotion  Through  a  Parathyiniil  of  .Man.  It  is  contiguous  to  the  thyroid  ^^  Fig.  •-J~5-  The 
eland.  The  difference  in  structure  between  thyroid  and  parathyroid  tissue  is  well  two  parathyroids,  ac- 
shown.     (.\K5dtam.)  ••  "      ""  ■  • 


cording  to  Welsh, 
have  a  constant  po- 
sition in  relation  to  each  other.  Welsh  designates  them 
as  the  ponterior  superior  and  the  niileri'jr  inferior.  The 
posterior  superior  parathyroid  lies  on  the  posterior  wall 
of  the  pharynx  or  a'sophagus  at  the  level  of  the  in- 
ferior border  of  the  cricoid  cartilage,  just  internal  to 
the  posterior  margin  of  the  lateral  thyroid  lobe.  The 
])osition  of  the  anterior  inferior  parathyroid  is  less  con- 
stant. The  parathyroids  differ  from  the  thyroids  de- 
velo]mieutally.      They  arc  formed  earlier. 

Piivsioi.oiiv. — The  thyroid  secretes  a  material  which  is 
essential  to  the  well-being  of  the  body.  Notkin's  view 
that  the  thyroid  .serves  to  collect  some  toxic  substance 
from  the  blood  is  interesting- but  improbable.  The  in- 
ternal secretion  into  the  blood  appears  to  be  siiecially 
concerned  in  producing  metabolic  changes  in  the  central 
nervous  system.  In  18.5()  Schiff  showed  that  comi)lete 
extirpation  of  the  thyroid  in  dogs  resulted  in  the  (ieath 
of  the  animal.  Some,  however,  recover,  and  in  1899 
Kat/.enstein  ccracluded  asa  result  of  hisexiieriments  that 
the  thyroid  is  not  essential  to  life.  lie  probably  over- 
looked the  accessory  thyroids  that  are  so  common,  as  Sul- 
tan (Arcltitfiir  klinische  Chirurgie.  1901,  vol.  Ixii.,  p.  620) 
found  that  total  extirpation  of  the  thyroid  tissue  always 
produces  severe,  characteristic,  disease  phenomena,  and 
leads  to  a  fatal  issue. 

If.  in  the  dog.  one  lobe  be  removed,  although  no  symp- 
toms supervene,  the  other  undergoes  a  compensatory 
hypertrophy.     This  was  pointed  out  by  Wagner.     The 
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n>iiiniiiiiiK  lol"*  do**"  not  alwnvH  culur^,  no,  sii  flaliited 

8uys.  111!'  iiii(riii«ii|ii'  miiHl  lie  tlic  iTitiTion  of  liyprrlni 
pliv.  Till-  iiii(Tiis<ii|iiiiil  (  Imimis  liiivi'  liri'iiili'srrilii'il  by 
Hnrsliy  mill  llal.»liil.  'I'lii'  vl'^i('l^s  mlar^'r.  Tliiir  liii 
lun  iiirinlininc  Ih-coiiics  fuldid  iiiiil  liniiiihiMl.  'j'lii'  rpl 
tlii'liiiiii  itssiiiiic's  II  cvliiiilriciil  fiiriii.  mill  the  colluiil  ilis 
iippnirs.  Hcrcsi'wsky  rciiiiivcil  llvr  Hixllimif  lln'  tliymiil 
ill  iloKN.  Ill  iiilililiiiii  to  ciMiipriistiliiry  liyprrtnipliy  Ik- 
(ibsorvcU  ai'timl  n-gi'iaTuliiiii  willi  lu-w  foriimtiiin  of  ves- 

Il-ICK. 

Kiliiiiiiiils  fuiiiiil  lliiit  if  niir  piinilliymiil  lir  li'ft  in  tlir 
iiiiliiml  ilir  iitliir  piiniihyroiils  miil  iln-  iiiiiir  lliyniiil 
iiiiiflil  III'  rriiiovi'il.  mill  yrt  llir  il<>>;  wmilil  livr  anil  im 
appiirciil  ill  ciri'Cls  fiillow.  Tlir  panillivmiil  lliat  is  li-fl 
hIiiiws  ,sii;ns  nf  iictivi'  j;rii\vtli.  Inil  it  (Ini'S  nol  ili-vflop 
into  tliyriiiil  lissiic.  Tliis  overthrows  the  old  view  of 
Olcy  llial  tlir  piinitliyroiils  ari'  iininatiiri'  lliyroiils.  Ed- 
niiinds  olis<-rV(il  that  (onipriisatiii-y-  livprrlropliy  of  the 
tliyroid  took  plm-i-  when  the  thyroid  wa-i  lift  intact, 
if  all  till-  panithy mills  wi-n-  n-iiiovrd.  Excision  of  a 
portion  of  till-  superior  laryiii;eal  and  vasosynipalhelii- 
nerves  on  one  side  and  of  the  latenil  thyroid  lolie  on  tlie 
otlier  side  leads  to  j;reat  liyperlrophy  of  the  n-inainin^ 
IoIh-,  It  limy  weijfli  three  or  four  times  as  much  as  nor- 
mal. The  increa.se  in  size  is  liirpely  due  to  a  growth 
of  thyroid  ti.-isiie  between  the  vesicles  (Edmunds). 

The  experiments  of  Vas.sale  and  of  .Mou.ssii  show  that 
the  thyroid  and  the  panilliyroid  are  dilTeniit  orjrans.  It 
is  probable,  however,  thai  they  are  functionally  asso- 
ciated. The  n-inoval  of  the  fi inner  produces  tro])liic  dis- 
turbances resembling  those  of  myxtedema  in  man,  and 
removal  of  the  latter  produces  convulsive  disorders  and 
death. 

Levin's  work  seems  to  indicate  that  the  thyroid  secre- 
tion acts  upon  mucin.  lie  demonstnited  that  an  intra- 
venous injection  of  mucin  which  is  fatal  to  animals  de- 
prived of  their  thyroids  gives  rise  "to  no  untoward  effect 
in  liealthy  animals. 

The  colloid  substance  of  the  thyroid  gland  has  great 
physiological  power.  It  contains  phosphoru.s,  and  yet 
is  not  a  nucleoproteid,  neither  is  it  allied  to  mucin.  "  It 
belongs  to  the  glycoproteiils.  The  singular  feature 
about  colloid  is  that  it  contains  iodine.  This  notalile 
discovery  was  made  by  naumann  who  i.solaled  a  sub- 
stance to  which  he  gave  the  name  iodotliyrin,  and  which 
Hutchinson  sliowed  is  found  in  the  colloid  substance. 
It  contains  all  of  the  phosphorus  and  the  greater  part 
of  the  iodine.  Oswald,  in  1S99,  obtained  from  the  com- 
plex iodotliyrin  the  simpler  body  thyreoglobulin,  which 
de  Cy on  and  Oswald  (7Jrf//.'7t';'>. Irc/i if,  1901,  vol.  Ixxxviii., 
p.  199)  claim  is  the  active  priiicii)le  of  the  thyroid  secre- 
tion. Baumann  estimates  that  every  gram  of  the  thy- 
roid of  man  contains  1  ingm.  of  iodine.  Gideon  AVells  has 
shown  that  the  human  thyroids  obtained  in  Chicago  con- 
tain four  times  as  much  iodine  as  the  glands  of  individ- 
uals living  in  the  goitrous  regions  of  Geniiany.  The 
thyroid  of  newly-born  children  is  free  from  iodine.  The 
acces.sory  thyroids  may  be  richer  in  iodine  than  the  thy- 
roid gland  |)roper  (Gley,  Mendel). 

GEor,n.\riiir.M,  Distiiibution  op  Exde.mic  Goitre. 
— In  certain  districts,  widely  scattered  over  the  globe,  a 
goodly  proportion  of  the  inhabitants  are  affected  with 
enlargement  of  the  thyroid.  This  peculiar  form  of  thy- 
roid tumor  is  known  as  endemic  goitre. 

Early  in  the  last  century  the  disease  prevailed  in  New 
England  ami  in  New  York  State.  Dorr,  writing  in  1806. 
mentioned  a  number  of  New  Enirland  towns  in  which 
goitre  was  very  common.  In  1893  Osier  reported  that 
the  disease  no  longer  existed  in  these  towns.  In  many 
towns  of  Vermont  it  was  especially  i)revalent.  Dorr 
states  that  in  Chester  one  half  of  the  iiiliabitant.s  were 
atTecled.  Osier  found  that  goitre  is  now  rare  in  Ala 
baina.  although  it  was  coiumon  in  18.>t.  and  it  is  also  in 
teresting  to  note  that  the  disease  has  gradually  disjip 
]>eared  from  those  parts  of  Virginia  where  it  was  formerly- 
endemic.  Barton  states  that  in  1798  bronchocele  pre- 
vailed to  such  an  extent  in  Pittsburg  that  out  of  fifteen 
hundred  inhabitants  no  less  than  one  hundred  and  fifty 


bad  the  diMusc.  The  numlxT  of  caae*  grBdunlly  dp- 
eWrw-d,  and  in  IM'J."  r)<-uuy  wrote  thai  no  new  tamii  luul 
oci-iirnil  siiir-f  IMWi. 

As  both  Ilirwh  mid  Osier  complain  that  tli<-y  have 
been  able  to  learn  nothing  of  the  Micnm-nci-  of  i  ndeinic 
goitre  in  .Mas.sachu»i-tls.  T  have  minli-  impiiriis  of  phyni- 
cians  in  various  parts  of  the  State,  eH|H-<-ially  of  thone 
connected  with  the  liospitals  for  the  insane.  I  have  not 
been  able  to  discover  a  singlo  focus  of  the  distAHc  In  Uie 
State. 

Dock  has  found  that  goitre  |)revailK  in  all  parts  of 
Michigan,  but  particularly  in  the  northirn  section.  The 
southern  portion  of  the  lower  peninsula  also  contuins 
many  ca.s<'S.  Dock  a.s.serls  that  the  ilis<-a.se  exists  in  parts 
of  Ohio  and  Indiana,  and  still  more  in  the  Stales  border- 
ing on  Lakes  .Michigan,  Superior,  ami  Huron. 

Ill  1895  Munsoii  published  his  observations  on  the  oc- 
currence of  endemic  goitre  among  the  Indians  of  the 
ruiled  Slates.  A  century  before  Barton  called  attention 
to  the  frei|Uiney  of  the  disease  among  the  Indians  of 
New  York  Slate.  ]\Iuiisoii  found  goitre  most  prevalent 
in  the  southern  part  of  Montana.  It  is  common  on  the 
single  reservation  in  Wyoming,  and  on  the  reservations 
of  Utah,  Idaho,  and  Colorado,  situated  on  the  western 
slope  of  the  Hocky  Mountain.s.  It  abounds  in  the  west- 
ern portion  of  the  Dakotas.  especially  in  the  region  of 
the  l?lack  Hills.  The  district  examined  includes  a  total 
of  IS,  is-J  Indians,  made  ii|i  of  various  tribes,  and  from 
this  number  were  reporteil  764  cases  of  goitre,  which  is 
over  four  per  cent.  .Munson  states  that  the  disea.se  is 
frequently  seen  among  the  Chippewas  of  Minnesota,  and 
is  especially  prevalent  among  the  Jleuoininees  of  ea.sfem 
Wisconsin.  "  With  the  exception  of  a  single  reservation 
in  Southern  California,  goitre  is  unknown  throughout 
Washington,  Oregon,  western  Utah  and  Idaho,  Cali- 
fornia. Arizona,  and  New  Jlexico.  although  this  region 
contains  a  comparatively  dense  Indian  population." 

In  the  Province  of  Quebec  (Osier)  and  the  Island  of 
Montreal  (Adami)  endemic  goitre  occurs.  It  is  still  more 
common  near  Lake  Ontario  in  the  Province  of  Ontario. 
Osier  mentions  the  extraordinary  iirevalenccof  this  affec- 
tion in  the  Kingston  Insjine  A.syliim.  where  in  1893  there 
were  28H  cases  of  goitre  among  600  patients. 

In  England  endemic  goitre  iacsiiecially  common  among 
the  Derbyshire  Hills,  hence  the  name  Derbyshire  Xeck. 
It  exists  in  the  Pennine  range  in  the  North.  Morris  in 
189.5  staled  that  he  had  seen  fifty  cases  among  a  popula- 
tion of  two  thousiind  in  the  Chiltern  Hills.  The  greatest 
centres  in  Scotland  are  in  the  Lowlands  and  in  and 
around  the  Lothian  Hills  (M'Kenzie). 

A  glance  at  the  map  prepared  by  Bircher  shows  in  a 
striking  manner  the  association  of  the  disea.se  with  the 
mountainous  countries  of  Europe.  In  Switzerland  it  is 
very  prevalent.  Bircher  found  that  in  some  parts  of 
the  cantons  of  Freiburg  and  Berne  eighty  or  ninety  per 
cent,  of  the  recruits  were  goitrous.  In  Italy  the  disease 
is  common  on  the  southern  siile  of  the  Alps.  It  also  ex- 
ists in  Savoy,  in  the  Black  Forest,  and  in  Styria.  The 
departments  of  France  chiefly  affected  are  those  occupy- 
ing the  regions  of  the  Alps,  the  Pyrenees,  the  Central 
Plateau,  the  Jura,  and  the  Vosges.  The  disease  has 
diminished  in  France,  especially  during  the  la.st  fifty 
years,  yet  it  is  estimated  that  there  are  now  between 
37."). 000  and  400. (X>0  goitrous  people  in  that  country 
(Mayet).  The  distribution  of  the  disea.se  throughout 
Europe  is  much  the  same  as  it  was  several  centuries  ago. 

In  Asia  endemic  goitre  exists  in  the  Himalayas,  in  the 
hilly  districts  of  China,  and  in  Siberia. 

A  great  zone  of  goitre  begins  in  Mexico  and  extends 
with  increasing  intensity  through  Central  America  and 
South  America  as  far  as  Chili,  and  "forms  a  region  of 
the  disea.sc  worthy  to  be  named  besides  those  of  the 
Alps  and  the  Himalayas"  (Hirsch). 

Etiology  ok  Exdf.mic  GoiTitE. — Goitre  is  said  to  oc- 
cur in  endemic,  epidemic,  and  sporadic  forms.  The 
term  "sporadic"  in  this  connection  is  unfortunate  and 
misleading.  It  implies  that  the  cause  of  the  scattered 
cases  of  thyroid  enlargement  which  are   found    evcry- 
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wliere  is  tlu'  smiic  as  tlint  of  cudt'iiiic  goitre.  Like  oIIiit 
glandular  or^rans  tin-  thyroid  may  l)c  the  scat  of  a  vari 
oty  of  iifw  growtlis.  The  ctioloixy  of  tlicsi'  tumors  will 
prolmMy  rnnaiu  obscure  until  more  lif.'lit  lias  liccu 
thrown  on  the  formation  of  tumors  in  gcnenil.  In  .Mas 
sachusetts  endemic  goitre  does  not  exist,  and  yet  I  have 
Ik'cu  able  to  collect  in  liostoii  over  lifty  specimens  of 
thyroid  tumors  wliich  have  been  removed  during  the  past 
few  years.  These  wouhl  be  classiMed  as  "  sporadic  "  cases, 
and  yet  the  evidence  is  all  opposed  to  the  view  that  they 
were  caused  by  the  same  ugeut  that  produces  the  eii 
Ueniic  disease. 

The  cause  of  endemic  goitre  is  not  known.  There 
seems  to  be  little  doubt  that  it  is  an  infectious  di.sease; 
but  the  rtiiiliii/iiiiii  ririim  has  not  been  discovered. 

Epiilcinic  outbreaks  of  goitre  may  occur.  AVith  rare 
e.vceplions  they  have  developed  in  districts  where  en- 
demic goitre  existed.  Nearly  all  the  cases  have  been 
observed  in  France.  The  epidemics  have  always  been 
shar|)ly  localized.  Most  of  them  have  been  in  banacks 
or  boarding-schools.  At  Clermont  Ferrand  lifty  of  the 
seminary  pui>ils  were  attacked  within  a  few  days. 

St.  Lager  in  1808  stated  that  he  could  number  no  less 
than  378  authors  and  42  dilTerent  views  of  the  causiition 
of  the  disi'ase. 

The  geological  formation  has  been  lield  by  some  recent 
writers  to  \)e  of  importance  in  the  genesis  of  the  malady. 
Birclier  concluded,  as  a  result  of  careful  study,  that  it 
occurred  only  upon  the  marine  ileposits.  especially  of  the 
PaUeozoic.  Triassie,  and  Tertiary  periods.  He  held  that 
volcanic  rocks,  thecrystallinerocksof  the  Archaean  grou]). 
chalky  sediments,  and  those  of  the  Jurassic  formation,  as 
well  as  all  fresh-water  de])osits.  were  free  from  goitre. 
Kochcr  in  188!)  jiointed  out  that  it  existed  on  the  rocks 
exempted  by  Birclier,  and  Doi'k  hassliown  that  in  Amer- 
ica goitre  is  found  on  the  Laureutiau,  tlie  drift,  and  many 
intermediate  formations. 

For  a  dctjiiled  account  of  the  various  theories  and  the 
evidence  adduced  in  siipjiort  of  them  Hirsch's  "  Hand 
book  of  Gco.graiihical  and  Historical  Pathology"  should 
be  consulted.  His  conclusion  is  so  reasonable  and  so 
well  stated  that  I  ,give  it  in  full:  "Theabsence  of  results 
to  all  these  iiii|uiries  about  the  genesis  of  goitre  and  cre- 
tinism— in(|uiries  which  havec-.xtended  to  every  intluenee 
perceptible  to  the  senses  that  could  be  brought  into  the 
consideration  of  the  (lueslion  before  us — warrants,  I  will 
not  say  compels,  the  conchision  that  in  these  diseases  w-e 
have  to  do  with  a  specilic  agent.  «  nriUMe  morbid  poison, 
and  that  endemic  goitre  and  cretinism  hare  to  he  reckoned 
aniinni  the  iiifiTtimiK  dixitmen.  This  doctrine  finds  a  cer- 
tain support  in  two  things;  on  the  one  hand  the  fluctua- 
tions in  the  amount  of  the  sickness,  which  we  liave  luui 
frequently  occasion  to  notice,  and  for  which  there  is  no 
sutficicnt  explanation  to  be  found  in  the  states  of  the 
atmosphere  or  of  the  soil  or  of  hygiene;  on  the  otluT 
liand,  the  epidemic  outbreaks  of  goitre,  for  wliicli  the 
theory  of  infection,  as  Saillard,  Viry  and  Richard,  Tlii- 
baud,  and  other  French  military  surgeons  have  recog- 
nized and  said,  is  hitherto  the  only  one  that  alTords  an 
expkination,  and  an  explanation  that  accords  most  nearly 
with  the  facts  of  the  case." 

The  infectious  agent  is  probably  conveyed  through  the 
drinking-water.  The  water  of  certain  wells  is  known  to 
cause  goitre,  and  there  an-  sona^  in  Switzerland  whose 
water  Kochcr  found  had  invariably  produced  goitre  in 
the  childn^n  who  diank  of  it.  Tlic  water  is  rendered 
harmless  by  boiling.  There  are  noted  goitre  wells  in 
Kurope  to  which  young  men  wishing  to  avoid  enlistment 
resort.  In  a  f<'W  weeks  goitres  develop  which  are  large 
enough  to  exempt  them  from  military  service. 

Dock  noted  that  a  very  large  proportion  of  all  the  cases 
ill  Michigan  had  used  well-water.  In  Ludingtou  ,soitre 
became  much  less  frecpient  when  lake-water  was  substi- 
tuted for  well-wat<'r.  Singularly  enovigh,  according  to 
a  statement  made  by  Dr.  Hiird,  the  reverse  is  true  at  the 
Kingston  Insane  .\syliim,  (Inlario.  There,  the  ])atieuts 
developed  goitre  when  the  water  of  the  Biver  St.  Law- 
rence was  substituted  for  well-water. 


Numerous  attempts  have  been  made  to  show  a  causal 
relati(m  between  certain  microorganisms  and  .L'oitre. 
Klebs  detected  .some  minute  animal  or  vegetable  striic 
tures,  which  he  called  "  naviciihe  '  from  their  shape,  in 
the  water  of  goitrous  wells.  BlUlel  was  not  able  to  find 
these  peculiar  organisms.  Bircher  found  diatoms  and 
other  micro-organisms  in  water  from  districts  where 
goitre  is  prevalent. 

Kochcr  discovered  that  water  from  goitrous  wells  is 
characterized  by  the  large  numberof  bacteria  it  contains. 
Tavel  compared  goitre-water  with  that  of  wells  kiiowa 
to  be  harmless.  Both  were  pure  upon  chemical  analysis, 
but  the  former  contained  more  bacteria.  One  ba<illus 
isolated  from  two  goitrous  waters  produced  hypertrophy 
of  the  thyroid  when  inoculated  into  guinea  pigs.  Ex- 
periments with  this  bacterium  upon  dogs  yielded  nega- 
live  results.  Lustig  and  Carle  claim  that  a  bacillus  with 
definite  characteristics  is  constantly  present  in  water 
known  to  induce  goitre. 

Grasset  in  1898  described  a  ha-niatozoon.  somewhat 
similar  toihe  parasiteof  tnalaria,  in  the  blood  of  goitrous 
iiuiividuals.  M'Kenzie  lias  not  been  able  to  confirm 
Grasset 's  observations. 

Adami  thinks  that  if  miciD-organisms cause  the  malady 
they  do  .so  indirectly,  b}'  forming  injurious  products  in 
the  water.  The  disca.se  would  then  be  regarded  not  as 
an  infection  but  as  an  intoxication. 

Endemic  goitre  is  more  common  in  women  than  in  men. 
In  England  the  proportion  is  from  7  to  1,  to  44  to  1 
(Murray).  It  usually  develops  at  or  before  puberty. 
Hausleutner  said  that  it  rarely,  if  ever,  occurred  after  the 
fortieth  year:  but  we  now  know  that  cases  may  occur  in 
older  people. 

In  goitrous  localities  the  lower  animals  are  frequently 
alTected,  especially  dogs  and  horses.  Dock  saw  in  a 
short  time  one  Aay  in  Calumet.  Michigan,  six  goitrous 
horses, 

CoxGi-zsTiox. — Vascular  disturbances  of  the  thyroid 
are  favored  liy  the  richness  of  its  blood  sup)ily.  A 
transient  eulargemeut  occurs  under  a  variety  of  condi- 
tions. There  seems  to  be  a  definite  connection  between 
the  sexual  functions  and  the  thyroid  .uland.  Prof. 
Milnes  Gaskell  has  shown  that  in  the  primilive  verte- 
brate— the  human  progenitor — the  sexual  organs  lay  in 
intimate  relation  with  the  thyroid.  Freund's  earefui  in- 
vestigations would  seem  to  prove  that  a  physiological 
enlargement  occurs  during  menstruation  and  pregnancy. 
Transient  swelling  is  also  a  consequence  of  parturition. 
Lange  examined  over  three  hundred  pre,!:nant  women 
and  confirmed  Freund's  observations.  He  does  not  agree 
with  Freund,  however,  that  the  swelling  is  due  simply 
to  congestion.  As  reduction  followed  tlieadministrjition 
of  thyroid  extract  Lange  maintains  that  the  condition  is 
due  to  a  hy|iertro]ihy  of  the  glandular  elements. 

It  is  also  claimed  that  defioration  is  accompanied  by  an 
enlargement  of  the  thyroid.  If  this  be  true  there  is  a 
scientific  basis  for  the  ancient  custom.*  still  followed  in 
the  Fast,  of  testing  a  bride's  virginity  by  measuring  the 
circumference  of  her  neck  before  and  after  the  marriage- 
night. 

Sexual  excitement  in  women  and  in  animals  is  said  to 
produce  an  engorgement  of  the  thyroid.  I  have  been 
told  of  a  case  in  which  a  physician  measured  his  wife's 
neck  immediately  after  coitus  and  found  a  definite  iu- 
crea.se  in  the  .size  of  the  thyroid.  Berry  says  that  ime  of 
his  patients  insisted  that  sexual  excitement  was  always 
followed  by  temporary  enlargement  of  his  goitre,  usually 
sullicicnt  to  cause  dyspiuea. 

In  girls  enlargement  of  the  thyroid  is  common  at  pu- 
berty. Schiinlein,  Friedreich,  and  Heidenreich  described 
it  as  a  special  type  of  goitre,  the  struma  untenienstrualit. 
The  swelling  is  proliably  due  to  hyperirmia  or  conges- 
tion. A  connection  seems  to  exist  between  thyroid  en- 
largement and  chlorosis.  Ewald  in  Berlin,  a  non- 
goitroiis  locality,  has  been  struck  with  the  frequency  of 

•"A'oii  ninm  oenitrix  nrknti  hicc  rcvixcns  haitemo  i>ntcrit 
collum  circuimlarc  ftlii."    Catullus.  Epigram  1, 
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f;iiitrc  ill  rlilorolic  f^irlH.     ('ii|iituii  liim  nilli'il  iiiti'iitioii  to 

tllix    IISHIH'illlillll  llr    lIlilikH     I'lllllKlsiH     is    Snlllllillll'H    lie 

|i('iiilrnl  \i|)uii  jil>iii>riimlilic's  in  llii-  \]i\  i>M  ;,'liiiiil.  Iliiynn 
ill  lliirty  tlvi'  siihjrrls  (if  ililnrosiH  I'Miiiiiiicil  uilliiii  a 
.KJiiirt  tiiiic  foiiiid  Koitri'  Iwiiitv  iiiiii'  tiiiiiH. 

A  (UHc  of  iHIIti' rlllillK''lll<'llt  "f  lllc  lliyrniil  ill  llllllllps 
liiis  loiiii'  iiiiilcr  my  iioiici'.  Tlir  |miliiil  wusii  slinlriii 
ill  llir  llurviinl  .Mcdiial  SrIiiMil,  A  frw  iliiys  iiflcr  llir 
iHiscl  nf  ilic  ilisiasr  a  swrlliiij;  i<(  llii-  lliyniiil  was  oli- 
sciviil.  wliiili  riiiiliiiiic'il  III  iiiiiiasr  fur  srvinil  iliiyK. 
Tlie  filaiul  was  millirr  |iaiiifiil  nor  li-iiilcr.  Tlicrr  was 
sli);lit  (lyspiiu'a.  It  niiiaiiicil  riilarKcd  fur  about  Iwo 
wi-tks.  Tin' cas)' npiHiirs  imii|iic.  Then'  is  no  ii-fciciicr 
III  lliis  roiii|>lii'aliiiii  of  iiiiiin|is  in  tlir  "IiiilfX  Cutuloguc 
of  till'  Siiri;<iiii()riirnil's  IJliniiy." 

Alfrril  Slriii;i'l  niinlly  irpurliil  an  inliTcsling  case  of 
iiciili'  noil  iiillaiiiinalory  lliyioiil  i-nlargciiu'iit.  It  was 
priilialily  llii'  umiII  of  coiii.'cslion 

llvi'ifiiruoi'iiv.  —  Wlini  a  portion  of  lln'  tliyroid  is  re- 
moviil  tlir  ri'iimiiiilcr  iin(liri;ins  a  conipriisalory  liyprr- 
tropliy.  Tliis  type  of  liypcrtropliy  is  know  ii  to  occur  in 
man  iiiul  it  lias  lircn  proiliiccd  cxpcriiiK'Htally  in  animals 
by  Hiblicrl,  ami  IJcrcsowsky.  IJcrry  relates  a  ease  in 
w'liieli  syiiiptoms  of  lacliexia  tliyieopriva.  wliieli  a|)- 
poared  after  a  supposed  eomplele  lliyidideeloiny.  disjip- 
peareil  upon  llie  development  of  a  small  tumor  at  tilC 
site  of  till-  o]iei-aiion.  Killn-r  a  bit  of  tlie  L'oiire.  fortu- 
nately not  removid.  or  an  accessory  thyroid,  had  uiider- 
uoiie  eompeiisjitoiv  liyperlrophy  and  assumed  the  func- 
tion of  the  normal  Ihyroid. 

It  is  possible  that  many  of  llie  Ihyroiil  enlarjiements  in 
which  the  liisloloirical  siriictiire  resembles  that  of  the 
adiill  normal  irlaiid,  and  which  I  class  as  simple  adenomas, 
are.  in  reality.  exampUs  of  hypertrophy.  Wiiltler  lias 
attempted  to  separale  the  hyperlrophies  from  the  simple 
adenomas.  The  former  (//(/;» ;7/v////(/<(  jhin  nrhjiniiiUmt  tl 
hypertrophiii  ffi!iiliii".iii  Wi'illler)  are  produced  by  an  iu- 
creiiso  or  enlariiement  of  the  normal  vesicles  or  an  in- 
crease in  their  contents,  the  latter  (iiiliiiniiiii  f/i/ntiiioHiiiii), 
lie  holds,  are  developed  from  embryonic  remains.  But 
as  different  wrilei-s  (Bircli-Hirschfeld.  Ortli.  Weich.sel- 
baiiiii.  and  Kaufiminn)  have  staled,  this  disliiiction  is  not 
practical. 

C'oNdKMT.vt.  GoiTKE. — In  goitrous  districts  congenital 
thyroid  eiilargcnient  is  frequent.  Among  042  ca.ses  of 
goitre  in  children  at  IJerne.  Demme  found  5:i  in  which 
tlio  disease  was  congenital.  I'sually  the  goitre  is  small. 
Vircliow  pointed  out  that  it  might  readily  be  overlooked 
owing  to  its  high  situation  in  the  neck.  It  frequently 
lies  in  close  relation  with  the  liyoid  hone  and  may  extend 
behind  the  pharynx  and  cause  severe  dyspmea  or  even 
siifTocation.  Congenital  .iroitre  is  not  uncommonly  asso- 
ciated with  enlargement  of  tlietliyiniis(Virchou-.  Bednar). 

The  liiinor  may  be  very  large.  Hecker  reported  a  case 
in  which  the  .iroiiie  in  a  child  who  dieil  at  birth  from 
asphyxia  weighed  41. (!  .cm.  Probably  the  largest  con- 
genital goitre  on  record  is  theoiie  cited  by  Deninie.  which 
wei.irlied  102  gm.  In  the  museum  of  St.  Bartholomew's 
Hospital  is  a  huge  congenital  goitre.  A  photograph  of 
the  specimen  appears  in  Mr.  .lames  Berry's  recent  work 
"Diseases  of  the  Thyroi<l  (Jland," 

Thyroid  tumors  have  been  found  in  embryos.  Danyau 
desciibed  one  in  a  fietiis  of  live  and  a  half  months.  It 
formed  a  ma.ss  the  size  of  a  hen's  egg  and  weighed  40) 
gni.  The  normal  weight  of  a  thyroid  at  this  period 
never  exceeds  1  gin. 

Congenital  goitre  is  rare  in  regions  free  from  the  en- 
demic disease.  Abt  lately  observed  a  case  in  Cliicsi.so. 
The  child  died  at  birth.  The  tumor  was  the  size  of  a 
walnut  and  involved  the  entire  .gland. 

Congenital  .iroilres  may  have  the  slriictiire  of  a  normal 
ftetal  thyroid  and  are  then  re.irardcd  as  examples  of  hy- 
pertrophy (Spiegelberg.  Frobeliiis,  Woltler).  Colloid 
cysts  sometimes  of  large  size  have  been  observed.  Con- 
genital coitres  are  found  in  animals  also  (cattle,  horses, 
goats,  sheep,  and  dogs).  For  a  comparative  study  the 
monograph  of  Pilug  should  be  consulted. 

I^arge  goitres  may  ofTer  a  mechanical  obstruction  to 


the  delivery  of  the  child  or  they  iimy  caiiwi  fitcc  (ircacii- 

latimi 

Bknion  TtM<mn—C/.(*»(y/V<ir(«;i.  — Vircliow 'k  ilivixion 
of  benign  goitres  into  the  followInK  anatomicitl  vHrJelieu 
is  usually  adopted  :  hypirphi^llc,  DbroUH,  colloid,  cymlc, 
iilid  vascular.  This  ilu— itiniiii.n  is  baserl  entirely  on  lllu 
macroscopic  appeaninces.  \\  i'llller  uttenijitH  lo'elasiiify 
them  according  to  their  niiHleof  origin.     I  lis  explanation 


Fio.  :SISli.— Sluiple  Adt'lloliiu  i.(  ihc  Tli)iuiu. 


(>1  UllilU.> 


of  the  mode  of  origin  of  the  dilTerent  types  of  thyroid 
tumors,  however,  is  not  coiivineiiig.  and  is  largely  hy- 
pothetical. The  genesis  of  thyroid  tumors  will  probably 
remain  obscure  until  the  general  laws  governing  the  for- 
mation of  tumors  are  understood. 

As  a  classitication  is  needed  for  the  study  and  diagno- 
sis of  thyroid  tumors,  and  as  neither  system  at  jiresent  in 
use  is  satisfactory — Virehow's.  because  it  deals  only  with 
the  naked-eye  variations,  and  AV('>lller's,  beciiii.se  it  is 
com|dicale(l  anil  arlilicial — the  attempt  has  been  made  to 
arrange  these  tuiiKUs  into  .irroujis  according  to  their  his- 
tological structure.  To  this  end  I  have  read  the  objec- 
tive descriptions  of  thyroid  tumors  given  in  the  litera- 
ture and  have  personally  examined  many  specimens.* 

There  arc  three  primary  types  of  benign  adenomatous 
thyroid  tumors.  All  of  these  would  bi^  classed  by  Vir- 
cliow as  hyperplastic  or  parenchymatous  goitres.  They 
can  be  diagnosed  with  certainty  only  by  microscopical 
examination. 

1.  Simple  adenoma. 

2.  Fu'tal  adenoma. 

3.  Papilliferous  adenoma. 

The  vast  ma.ionty  of  all  cases  are  of  the  tirst  type. 
The  third  is  the  most  rare. 

Sinipl)'  (iddDimii  (Fig.  2;'26V — It  is  composed  of  vesicles 
of  various  size  lilleil  with  colloid.  The  structure  resem- 
bles closely  that  of  the  normal  adult  thyroid.  The  epi- 
thelium lining  the  vesicles  may  be  low  and  Hat  (Fig. 
2:?24)  or  it  may  be  cuboidal  (Fig".  2326).  In  the  inlerve- 
siciilar  tissue  similar  cells  are  sometimes  seen  arranged  in 
solid  nia-s.ses  or  forming  small  rosettes.  These  are  prob- 
ably areas  of  undeveloped  thyroid  tissue. 

The  simple  adenoma  may  be  confined  to  one  lobe,  or 
it  may  appear  as  a  diffuse  .crowtli  involving  the  entire 
gland  or  form  a  distinctly  encapsulated  tumor.  All  hough 
usuallj'  single,  multiple  simple  adenomas  do  occur  (Fig. 
2<!2~).     The  consistence  is   moderately   lirm.     The  cut 

•  I  am  indi'liIPil  to  Dr.  W.  F.  Whltnev.  curator  of  the  W.nnvn  Mu- 
seiiiii  of  H!iniinl  tnlvi-rsllv.  Dr.  .1.  H.  Wriclil.  dir.'clor  of  tli.'i  llnlro- 
PiitlioloKiial  Ijilwratorv  of  the  Miui.s.icbusetts  fieneral  Hos|ilial.  and 
Dr.  F.  T.  Fulton,  pathoiofTlst  to  ihe  Rbode  Island  Ilospllnl,  for  Uie  use 
of  their  colleollons. 
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surface  is   usually   sukidIIi  and   homogeneous,   reddisli- 
brown  to  riildisliyellow. 

Secondary    changes    arc    coiiimon.     The  <()lloid   fre- 
quently becomes  iuerenscd  in  anumnt.     The  walls  of  ad- 


Fio.  2337.- 


■Multlple  Simple  Adenomas  of  the  Thyroid  Gland, 
ural  size.) 


(Nat^ 


joining  distended  vesicles  rupture  or  are  atiopliied  by 
pressure,  and  cysts  are  formed.  Thus  the  tiunor  be- 
comes changed  into  a  cnlUnd  f/>/itre  (Fig.  2328).     With 


no.  2328.— Colloid  Goitre.  Tbe  vesloleii  are  greatly  distended  with 
colloid  (ormlnK  small  cy.tls;  the  hir(f<'st  are  O.o  em.  in  size.  Tlie 
colloid  In  some  ut  the  cysts  Is  tin^^ed  with  hlood.     (Natural  size.) 

continued  jiroduction  of  colloid  these  cysts  may  reach  a 
large  size,  and  the  tumor  is  then  spoken  of  as  a  cystic 
goitre.     The  cysts  may  be  single  or  multiple.     Their  con- 


tents are  freciuently  linged  with  blood  or  contain  modified 
blood  pigment.  I  eaiuiot  agree  with  Bradley,  however, 
that  the  cysts  are  usually  liemorrhagic  in  origin,  ili'il- 
ler  states  that  in  the  colloid  goitre  the  capillaries  are 


Fio.  2329.— Fihrous  (iulire  whieh  has  I'nderffone  Central  SofteninR. 
The  cyst  measures  .5  em.  In  diameter,  and  ha-s  a  shH»r*?y  lining  com- 
posed of  necrotic  tissue.    (Warren  Museum,  No.  9721.)     (Reduced.) 

diminished  in  number.     The   intima  of  the  arteries  is 
usually  thickened  and  the  elastic  tissue  is  degenerated 

(.lores). 

The  stroma  varies  greatly  in  amount.  It  may  form 
broad  areas  or  bands  of  fibrous  tissue,  or  the  tumor  may 
be  largely  converted  into  tibrous  tissue  and  form  nfibrom 
goitre.  The  vesicles  are  shrunken  and  separated  by  \vide' 
areas  of  tibrous  tissue  (Fig.  2830).  The  overgrowth  of 
fibrous  tissue  is  probably  secondary  to  the  degeneration 
and  atrophy  of  the  glandular  tissue.  This  fibrous  tissue, 
usually  dense  and  sclerotic,  is  lu-one  to  tmdeigo  hyaline 
degeneration.     Gutknecht  pointed  out  that  large  cysts 


C?^^-?— -  -     :i.fi:r^*2?^^->y^ 


Fig.  3330.— Fibrous  Uoltre.  It  Is  composed  of  dense  hyaline  connec- 
tive tissue.  A  few  atroplneU  vesicles  coutaininK  colloid  are  seen. 
(X  86diam.) 

are  sometimes  formed  by  the  softening  of  tliis  degener- 
ated fibrous  tissue.  A  good  e.xample  of  a  fibrous  goitre 
that  has  undergone  central  softening  is  contained  in  the 
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Wurrt'ii  Miiwiuii  ( Kin   UIUU).     Tliis  iiiiilixiiliirrvHt  iiu'iih        tliiit  of  tin-  fuiiil  tliymid.     The  ccllit  iiri'  nrrnnt-til   iu 
uri's  .'>  ciii    iti   iliiuiiitiT       Its   «-all.  whifli   it   1  Ti  cm.    in    |    wilid  i-n|iiiTiii>!  ;itul   in  <-lri-liv  stirri.tmiHu^'   -iiiu!!   -i.iitcii. 


Flii.  -til.  Fii'lal  Ailriiiinin  of  the  Thynilil.  The  cells  an'  aimnKiKl 
In  M>11(1  mawM^  and  In  lirx'leit  siimmniilng  small  spaces.  No  cullolU. 
Stroma  very  vaacular.    (x  85  diaui.) 

gri'ntost  tliirknos,s.  is  formed  of  dense,  hynline  fibrous 
tissue.  Fill.  "JSJiO  is  a  .section  of  the  wall.  Tliese  cysts 
of  softeuiuj;  usually  eoutaiii  a  turbid  lluid  composed  of 
cellular  and  fatly  detritus,  broken  down  red  blood  cor- 
puscles, polynuelear  leueooyUs.  blood  pigment,  calcium 
o.\alate.  and  cholesterin  cry.sUils. 

Lime  sjdts  are  commonly  deposited  in  the  walls  of  old 
cj'sts.  Ijirge  calcilied  plates  may  form.  I  have  seen 
a  cyst  about  5  cm.  in  diameter  the  wall  of  which  was 
entirely  calcilied.     Bone  has  tiein  found  in  the  same  sit- 


Fro.  2332.— PaptllUerous  Adenoma  of  the  Thyroid.  Brancbini;  proc- 
esses, cunslsUng  of  a  connective-tissue  framework  covered  with 
columnar  epithelium,  lying  within  a  cyst.    (X  ?J  dlam.l 

uation.  LUckc  reported  two  cases  in  which  there  was 
typical  bone  formation  with  bone  corpuscles  and  medul- 
hirv  spaces. 

E.xtensive  amyloid  infiltration  of  the  vessels  has  been 
obscrvid  by  Friedreich.  Virchow,  and  others.  The  en- 
tire tumor  may  assume  a  waxy  appearance,  hence  the 
term  irnxy  goitre  applied  by  Beckmanu. 

Fatal  Adenoma  (Fig.  3331). — The  structure  resembles 


Fig.  2333.— Papilllfemus  Adenoma  Developing  from  the  Wall  of  a 
Thyroid  Cyst.    (Natural  size.) 

There  may  be  a  few  vesicles,  but  there  is  little  if  any 
colloid.  Occa.sionally  the  tumor  is  not  .sharply  circum- 
scribed, but  usually  it  is  provided  with  a  drtinite  cap- 
sule. The  stroma  is  generally  scanty,  but  is  sometimes 
moderately  abundant .  and  may  be  the  seat  of  a  mucoid 


Fig.  2334.— Papilliferous    Adeno-ovstoma   Successfully    Removed  by 
Dr.  F.  B.  Lund  at  the  Boston  Cliy  Hospital.     (Redii.-ed  in  .size.) 

degeneration  (Adenoma  myiomatotum,  WOlfler).  In  size 
foetal  adenomas  vary  from  a  few  millimetres  to  four  or 
more  centimetres,  and  are  usually  multiple,   grayish- 
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wliilc  (ir  rcildisli  in  <iilc)r,  and  of  soft  consistence.  Often 
tlicy  are  very  vascular.  Tliey  gcnemllv  develop  at  llie 
time  of  jiuberly  (  WOlller). 

I'lipillifcri'im  Adiiioiiiii  (Pig.  2332). — There  are  two 
types:  (.()  the  papillifero\is  adenoma  wliieli  develop.? 
from  (lie  walls  of  old  cysts;  {li)  the  inie  cyslonia  which 
closely  resembles  the  papilliferous  adcno  cystoma  of  the 
ovary.  This  important  class  of  thyroid  tumors  lies  on 
the  borderline  between  the  benign  and  the  malignant 
growths. 

Wiilllcr  was  the  first  to  study  them  carefully:  but 
all  his  cases  were  e.vauiples  of  iiapilliferous  epilhclial  in- 
growths from  the  walls  of  preformed  eysLs.  Such  a 
tumor  is  |)ictured  in  l''ig.  2;iH:i.  The  second  tyjie  of 
papilliferous  growth  is  shown  in  Fig.  23;{r>.  It  is  a  very 
rare  form.  I  have  not  found  it  di'scribed  in  the  litera 
ture.  My  collection  includes  two  cases,  which  are  tpiite 
similar  in  appearance.  The  one  photograjihed  iu  Fig. 
2334  wa.s  successfully  removed  by  Dr.  F.  H.  I,und  at  tlie 
Boston  t'ity  Hospital.  It  was  surrounded  by  a  fibrous 
capsule.      Ii  «ill   Iir   ,1,  s,  rili.d   by  l)r.  11    ('.  Low  iu  the 
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Klii.  M3.1.— I'lipilUfeniiis  .Acleno-evstoina.     IN'atunil  size.l    There  are  dendritic  Ingrowths 
Into  cystic  spaces.    Tlie  appearance  of  tlie  tumor  before  removal  is  sbowii  in  Fig.  -ZXU. 


Medical  and  Surgical  Reports  of  the  IJoston  City  Hospi- 
tal. 11)01.  Dr.  Low  has  searched  through  the  museums 
of  the  London  hospiials.  which  are  rich  in  thyroid 
tumors,  but  has  not  found  a  single  example  of  this  type. 
The  jiapilliferoiis  tumors  consistof  branching  piocesses 
lying  \yilhiQ  a  detiuite  cyst  or  cystic  spaces.     The  growth 


is  composed  of  delicate  connective-tissue  stalks  covered 
with  ( iiboidal  or  columnar  epithelium.  There  is  rarely 
any  colloid  formation,  but  occa.sionally  a  vesicle  is  si'en 
containing  colloid.  The  stroma  may  undergo  mucoid 
(hgeiieration.  Sometimes  the  tumors  a.ssume  malignant 
pi'i>peities  and  invade  Ihi'  suridunding  tissues.  In  a 
papilliferous  growth  which  develo])ed  on  the  inner  wall 
of  a  cyst  (Fig.  2333)  I  liave  seen  numerous  mitotic  tigures. 
Just  a.s  the  fibrous  wall  of  ovarian  cysts  frc(|Uently  pre- 
vents the  c.Mcnsion  of  adenocystoma  into  the  peritoneal 
cavity,  so  iu  this  thyroid  tumor  the  wall  of  dense  fibrous 
tissue  acted  as  a  barrier  to  prevent  the  infiltration  of  the 
neighboring  structures. 

The  coalescence  of  simple  colloid  cysts  may  give  rise 
on  ii:died  eye  e.xainiiialion  to  the  false  impression  of  pap- 
illileious  inlracystic  growths. 

(Joitres  have  ficiiuenlly  a  rich  blood  supply.  Fcetal 
adenomas  are  especially  vascular.  The  tc-rm  Tascitlar 
H'litre  is  frequently  used!  I  agree  with  James  Berry  that 
the  term  is  a  bad  one  and  should  not  be  employed"  He 
^:iy-;,  "If  it  111  inteiiiled  to  signify  a  goitre  compo.scd 
mainly  of  lilood  vessels,  then  it  is  a 
name  for  what  probably  does  not 
e.xist.  for  there  is  no  evidence  of 
the  existence  of  any  such  goitre.'' 

Moitnin  An.vtomv. — The  size  of 
lliyiiiid  tumors  varies  from  small 
nodules.  1  cm.  or  les.s  in  size,*  to 
masses  as  large  as  a  man's  head 
(Alibert,  Keser).  Such  monstrous 
cMlargeuKnls  are.  however,  very 
raic,  and  jn'obably  are  seen  only  in 
regions  where  the  endemic  di.sease 
abounds.  In  this  country  the  en- 
demic goitres  are  of  small  size  and 
would  attract  little  attention  in 
Switzerland.  The  thyroid  tumors 
that  I  have  examined  in  Massachu- 
setts have  rarely  measured  more 
than  .'S  cm.  iu  di:imcter.  The  tiuiior 
depicted  in  Figs.  2334  and  233.5  is 
I'uc  of  the  largest  in  my  series. 
The  tumors  generally  occur  singly, 
but  they  may  be  multijde.  There 
is  not  uncommonly  a  diffuse  en- 
lai-gement  of  the  entire  thyroid, 
but  usually  one  lobe  is  affected. 
The  right  is  more  fie<iuently  in- 
volved, lirunet  seeks  to  explain 
this  ]iredisposition  on  the  ground 
that  the  venous  outflow  is  normally 
more  impeded  from  the  right  lobe 
than  from  the  isthmus  or  left  lobe. 
Tumors  from  the  isthmus  are  rare. 
\  photograiih  of  a  s|K'cimeu  iu  tlie 
Warren  Museum  is  shown  in  Fig. 
2:!3li. 

The  thyroid  giowths  which  de- 
velop anteriorly  are  visible  (m  in- 
>pection  even  when  they  arc  of 
small  size.  Tumors  growing  pos- 
teriorly from  the  lateral  horns  may 
produce  pressure  symptoms  before 
I  heir  existence  has  been  discovered. 
They  may  form  rclro-iivniilingeal 
ri"ilrn<  which  frecjuently  escape  de- 
tection. 

Adami  performed  an  ^autopsy  on 
a  woman  who  died  quite  suddenly 
from  dysiina-a.  She  had  suffered 
from  pi-evious  paroxysmal  attacks 
su|iposed  to  be  asthmatic  Adami 
tmuble  was  due  to  a  localized  enlarge- 


found  that   th 
ment  of  the  thyioid 

Large  lumois  sometimes  fill  up  the  space  between  the 

•  1  have  seen  a  discn-te  nodule,  with  the  structure  of  a  foetal 
adenoma,  which  was  only  2  mm.  In  size.  WOlller  would  prolMbly 
regard  It  us  an  embryonic  rest. 
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chin  ami  the  Htoruiiin.  Huge  nvmlulouH  goitreo  have 
Iwiil  (li'scrllM'd  which  projr-itcd  over  the  froiil  nf  the 
Htcniiiiii  III  Ih'Iiiw  (III-  li'Vi'l  nf  llic  .\i|iliiiiil  ciirtilii^'r.  iiml 
instiiiii'i'S  iin'  on  ninnl  nf  finjircs  (hut  liiivr  riiKlii'il  lut 
Inw  Its  III!'  wiiist  (Alilirriv  111  u  oisi'  piililislu'il  hy  I*. 
Ilniiis  ilic  wciifiil  nf  ilir  iiiiiinr  |)r<><lii('('<l  Innlnsis  ill  the 
rervinil  iiiul  kvplmsis  in  the  llionicie  ri'^inn  of  the  npinc. 
Till'  tiiinor  iiiriisiiii'il  70  i-lii.  in  jtreatest  circiiinfiTeiKe. 
Thc.li' tnornioiis  j;oitrcs  arc  proliiilily  iilwav.s  cvslic.  Tlic 
pciiiliilnus  ^oilrc.t  lire  coiincclcii  willi  llic  tliyroiii  by  a 
imiiil  nf  iiarcii('hyinatoti>i  or  connective  ti-tsuc  which  car- 
ries llllMlll   Vl'S.>icls. 

Tiininrs  ilcvi'Inpin);  from  the  tip  of  a  lateral  lobe  may 
Appear  in  the  siibiiiaxillary  re/;ion  near  the  angle  of  the 
jaw.  Till'  natiiieof  these  »«/'/;i<(J-i7/<irv.'/"i7i'(*  anil  their 
connection  with  the  thyrniil  has  often  reniaineil  unrecog- 
nized. Tiiinnrs  of  the  isthiniis  lie  in  the  ineilian  line  in 
front  of  the  tnicliea.  Those  arising  from  a  latenil  lobe 
by  pushing  the  tnichea  to  one  siiic  may  also  take  up  a 
|>ositinn  in  the  niiilillc  of  the  neck. 

The  substernal  ami  intnilhonicic  goitres  form  an  im- 
]>ortant  clii.ss.  They  are  usuallv  connected  with  the 
lower  part  of  t/ie  luitnit  li>bt»  or  tlif  inthmuii.  Some  thy- 
roid luniors  grow  down  behind  the  sternum  into  the  an- 
terior mediastiniini.  The  substernal  goitre  is  X\w  goitre 
jtloiirioiiit  of  the  French.  They  are  a  very  dangerous 
cla-s-sof  tumors.  Owing  to  their  situation  they  fiei|Ucntly 
<•au.se  si'vere  dyspimu  by  jiressurc  on  the  tiachea. 
Sometimes  they  become  visible  only  during  expiration, 
snmclimcs  they  lie  entirely  lieliind  tlii'steriuini.  A  pecul- 
iar form  of  substernal  tumor  is  the  "wandering  goitre" 
described  by  WoUler.  The  tumor  in  his  case  did  not  rise 
and  fall  during  respinition.  but  at  times  it  actually 
changed  its  position.  It  was  a  small  tumor,  and  when 
it  migrated  into  the  thorax  it  could  be  neither  seen  nor 
felt,  but  it  produced  severe  dyspniea  by  pressure  on  the 
trachea  and  circulatory  dislurbances  by  pressure  on  the 
right  innominate  vein.  Hcuter  had  a  .somewhat  similar 
case.  The  tumor  developed  from  the  right  lateral  lobe. 
Upon  coughing  it  rose  above  the  sternum. 

McWhinnie  described  a  goitre  w  liich  descended  behind 
the  sternum  a.s  low  as  the  bifurcation  of  the  trachea. 
Kclrosterual  goitres,  as  a  rule,  however,  do  not  extend 
so  deeply  into  the  thorax  and  are  not  so  large  as  those 
that  grow  beneath  the  clavicle.  The  latter  may  attain 
an  enormous  size  and  greatly  compress  the  lung.  l)it- 
tricli  found  a  large  thyroid  cyst  nearly  tilling  the  right 
pleural  cavity.  Aliove  the  cyst  was  thyroid  tissue. 
The  right  lobe  of  the  thyroid  gland  was  missing. 

These  intrathoracic  growths  arise  as  follows;  1.  Thy- 
roid tumors  may  grow  downward  into  tlie  chest.  2. 
Tumors  may  develop  from  thyroids  which  are  situated 
abnormally  low  in  the  neck.  Koclier  has  introduced  the 
term  "  thyreoptosis"  for  a  condition  analogous  toother 
splauchnopto.si'S.  3.  Tumors  may  arise  from  congenital 
prolongations  downward  of  tlic  thyroid  gland  (Kronlein). 
4.  Tumors  may  develop  from  accessory  thyroids. 

The  tirst  mode  of  origin  is  the  most  common  (Braun). 
Usually  a  parenchymatous  pedicle,  it  may  be  a  thin  one, 
connects  the  tumor  with  the  thyroid  gland.  The  con- 
necting lianil  may  disappear  or  become  converted  into 
fibrous  tis-sue.  Then  the  genesis  of  the  tumor  cannot  be 
determined.  It  seems  wise,  however,  as  WiJlfler  sjiys, 
to  classify  all  thyroid  tumors  which  are  not  connected 
with  the  main  thyroid,  without  regard  to  their  genesis, 
as  accessory  goitres.  Xo  susjiicion  may  be  held  that  a 
tumor  from  tlie  pleural  cavity  is  thyroidal  in  nature  until 
microscopic  examination  has  been  made.  Virchow  cites 
such  a  case.  These  accessory  thyroid  tumors  situated 
within  the  pleural  cavity  are  of  course  rare.  Osier  and 
F.  A.  Packard  have  rejiorted  cases.  Reference  has  al- 
ready been  made  to  Dittrich's  famous  case. 

Accesory  thyroid  tumors  of  the  neck  may  develop  from 
any  of  the  acces.sory  thyroid  glands  which  are  so  com- 
mon in  the  neighborhood  of  the  main  thyroid.  They 
are  usually  found  near  the  hyoid.  Rokitansky  and  Sir 
James  Paget  first  described  them  in  the  middle  of  the 
last  century.  One  case  has  come  under  my  notice  in  the 
Vol.  IV.— 25 


postmortem  room  of  the  B<i8ioii  City  Ilospitul.  It  wm 
a  simple  adenoma  nieaniirliig  •2..'.x2x  l..'»  cm.  ultiint.-d 
above  and  In  the  left  nf  the  thyrnid  and  1  I'lii.  from  It. 
There  is  no  other  cam-  in  the  puiliological  reconU  of  the 
hnspilal.  Pnllard  found  a  papilliferouH  udeuomu  of  an 
accessory  thyroid  of  tin;  neck. 

Intralaryngeiil  thyroid  tumors  are  very  rare;  Paltauf 
reporli'd  a  caw  in  IMIM.  The  tumor  was  situated  iiniler 
the  right  vocal  cord.     On  poHt-mortem  vxuminatiou  it 


n^sm  1 
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FIG.  'iW,.  Tuni..r..f  the  I.siliinu.s  of  the  Tlivn.lil.  It  extends  up- 
ward as  far  as  the  lower  l)order  of  tlie  thyroid  cartilage.  (Warren 
Museum,  .No,  7,747.)     (Slightly  reduced.; 

was  found  to  be  composed  of  thyroid  tissue  and  to  be 
connected  with  the  thyroid  glauil.  Baurowicz  in  1898 
collected  eight  cases  in  which  tumors  composed  of  thy- 
roid tissue  had  been  observed  within  the  larynx  and 
trachea,  and  added  one  of  his  own.  He  thinks  these 
tumors  arise  from  the  thyroid  and  are  enabled  to  grow 
into  the  trachea  owing  to  a  congenital  defect  in  the 
wall.  Bruns,  however,  has  described  a  tracheal  tumor 
which  originated  from  an  accessory  thyroid  in  this 
situation. 

Accessory  thyroid  tumors  occur  in  the  base  of  the 
tongue.  I  have  collected  eleven  cases  from  the  litera- 
ture,* and  there  is  an  unrecorded  case  in  the  Warren  Mu- 
seum. It  is  a  nodule  l.o  cm.  in  .size,  and  was  removed 
by  Dr.  S.  J.  Jlixter.  In  1892  Dr.  J.  C.  Warren  presented 
a  case  before  the  American  Surgical  As,sociation.  These 
tumors  have  also  been  studied  by  Butlin,  Wolf,  and 
AVatson.  They  are  usually  2  to  3  cm.  in  diameter. 
Nearly  all  tlie  ca.ses  have  been  in  women.  In  Wolf's 
case  the  tumor  produced  great  dysphagia. 

SvMi"TOM.\TOLOGV  AND  Di.\Gsosis. — It  is  Usually  not 
dillicult  to  determine  whether  or  not  a  tumor  of  the  neck 
is  connected  with  the  thyroid.  The  thyroid  is  closely 
bound  to  the  larynx,  and  moves  with  it'during  degluti- 
tion. It  must  be  remembered  that  any  tumor  or  swell- 
ing connected  with  the  outer  surfaces  of  the  larynx  or 
trachea  may  present  this  sign.  Berry  tells  us  that  a 
lipoma  attached  to  the  thyroid  cartilage  was  mistaken  by- 
Sir  Morell  JIackenzie  fora  thyroid  cyst.     It  moved  with 

•Thelsen  iAUianu  Medical  Annals.  Octot)er,  1901)  reported  a 
ca.'se  of  a  tumor  at  the  root  of  the  toneue  which  he  reifsrdcd  as  an  ae- 
ces.sor>'  thyroid.  It  cannot,  however,  ite  Included  in  the  list  as  the 
structure  of  the  tumor  was  not  detemilDed. 

385 


nolfrr. 
(iolirr. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


the  Inrvnx.  Tumors  thus  simiilntiDg  growths  of  tho 
thyroid  arc,  however,  very  rare. 

A  very  large  goitr<'  may  fail  to  move  durinir  (leirluli- 
tiou.  Either  the  l)ulk  of  Ihe  tutiior  nmy  prevent  the 
movements  of  the  larynx  or  the  tumor  may  beeome 
tuiited  to  neisrhborinic  structures  so  that  its  position  is 
fixed.  The  latter  is  freciueutly  the  aise  with  malignant 
ueo|>lasms. 

The  shaking  or  tilling  of  large  thyroid  tumors  during 
deglutition  is  slated  liy  liiiry  to  be  almost  as  valuable  a 
sign  as  the  rising  of  the  tumor. 

Dr.  (,)sler  reported  a  ease  of  lymphosarcoma  of  the 
deep  cervical  glands  which  involved  the  thyroid  and 
simulated  goitre. 

A  tumor  of  the  thyroid  usually  displaces  the  sterno- 
mastoid  muscle  outward  and  forward,  while  otliertumors 
of  the  neck  which  might  be  mistaken  for  goitre  gener- 
ally push  this  muscle  to  the  inner  side  (Herry). 

The  ])o.silioii  of  the  carotid  artery  is  an  important  aid 
in  diagnosis.  Bronchoceles  push  the  artery  backwaid 
and  outward.     The  reason  is  plain.     The  thyroid  gland 


Fin.  2337.— Trachea  Displaced  and  I'onipressed  by  a  Tumor  of  the 
Lett  l^olie  of  the  Thyroid.  (Warren  Museum,  No.  7,979.)  (SUghtly 
reduced.) 


is  situated  to  the  inner  side  and  slightly  anterior  to  the 
carotid  sheath.  Mr.  .Tonathan  Ilutchiusou,  in  a  recent 
clinical  lecture  on  a  case  of  tumor  of  the  neck,  laid  special 
stress  upon  the  position  of  the  carotid,  which  was  in 
front  of  the  growth,  in  distinguishing  it  frfim  goitre. 

The  internal  jugular  fiei|Uently  is  carried  forward  and 
may  lie  in  front  of  a  thyroid  tumor.  The  carotid  artery 
and  jugular  vein  thus  become  widely  .separated.  The 
position  of  the  jugular  is  due  to  the  traction  of  the  veins 
which  pass  to  it  from  the  thyroidal  plexus  (LUcke). 

Pulsation  transmitted  to  the  tumor  from  the  carotid 
artery  has  led  to  the  mistaken  diagnosis  of  aneurism. 
Guttmann  stated  that  in  Ihe  goitres  of  Gnives'  disease 
there  is  an  arterial  murmur  over  the  tumor  which  is  not 
present  in  other  forms  of  goitre.  George  Dock  says  he 
has  not  seen  a  case  of  simple  goitre  in  which  there  was 
a  murmur.  .Tames  Berry,  however,  reports  cases  in 
which  loud  murmurs  were  audible  over  the  tumor,  and 
further  states  that  a  well  marked  bruit  is  not  \mcommou. 

The  con.sistence  of  beiugn  thyroid  tumors  varies 
greatly.  The  simple  adiiKimas  are  usually  soft.  Tense 
cysts  and  tibrous  goitres  may  be  very  hard,  and  goitres 
infiltrated  with  lime  salts  are,  of  course,  hardest  of  all. 
Beck  has  called  attention  to  the  Roentgen  rays  as  a  means 


of  diagnosing  calcified  goitres.  In  dealing  with  suspected 
cystic  growths,  tapping  gives  the  surest  means  of  diag- 
nosis. Strict  atlenlion  siiould  be  paid  to  asepsis,  and 
care  taken  to  avoiil  l)loodves.sels. 

Pressure  on  the  large  veins  of  the  neck  produces  ob- 
struction to  the  venous  circulation  and  roaring  in  the 
head,  vertigo,  deafness,  etc.,  may  result.  These  symp- 
toms are  rare. 

Pressure  on  the  recurrent  laryngeal  nerve  may  lead  to 
paralysis  of  a  vocal  cord.  A  s\ib(lavieular  goitre  may 
produce  numbness  or  pain  in  the  arm  by  pressure  on  the 
brachial  plexus.  Involvement  of  the  cervical  sympa- 
thetic is  rare. 

The  trachea  is  frequently  displacerl  to  one  side,  and 
lateral  com]iicssion  is  conunon  (Kig.  23:^7).  Hose  taught 
that  the  tracheal  rings  were  often  atrophied  and  softened; 
subsequent  investigators  have  failed  toeonfirm  hisobser- 
vations.  The  stenosis  of  the  trachea  may  be  marked. 
Extreme  lateral  llattening  gives  the  trachea  very  much 
the  shape  of  a  sword  scabbard.  The  brassy  cough  due  to 
compression  of  trachea  or  bronchus  is  well  known  and 
characteristic.  Dyspnaa  is  the  most  common  symptom 
of  goitre.  It  is  usually  the  result  of  direct  pressure  upon 
the  trachea. 

Compression  of  the  a^sopliagus  leading  to  dysphagia 
is  not  common.  It  occurs  esiiecially  in  those  rare  cases 
in  uliich  a  prolongation  of  a  goitrous  gland  extends  be- 
hind the  pharynx  and  <esophagus,  or  between  the  trachea 
and  the  (esophagus.  I  have  seen  a  goitre  which  nearly 
encircled  the  larynx  and  trachea.  There  may  be  a 
marked  inward  bulging  of  the  pharyngeal  wall  caused 
by  the  thyroid  tumor.  Edwards  records  a  case  of  acute 
thyroid  enlargement  in  which  the  dysphagia  was  ex- 
treme and  death  partly  due  to  starvation. 

A  siniole  goitre  does  not  produce  constitutional  symp- 
toms. Walter  Edmunds  states  that  cases  of  goitre  which 
present  symptoms  other  than  those  due  to  pressure  are 
really  examples  of  Graves'  disease. 

The  diagnosis  of  intrathoracic  goitre  is  very  difficult. 
Kocher  in  his  latest  article  (Airhiff.  l.-lin.  C'li:::,  1901, 
vol.  Ixiv.,  p.  4.")4)  gives  the  following  signs: 

1.  Patients  have  a  strongly  markeil  dyspncva,  out  of 
all  proportion  to  the  relatively  small  siruma  in  the  neck. 
The  dyspnoa  may  take  the  form  of  a  constant  air-hunger 
or  of  intermitlent  attacks  of  sulTocalion. 

2.  The  trachea  is  pushed  to  one  side,  much  farther 
than  can  beexplained  by  the  tumorof  the  neck.  Indeed, 
it  can  happen  that  the  trachea  is  pushed  to  that  siile  on 
which  the  cervical  portion  of  the  thyroid  ajipcars  en- 
larged. 

3.  The  tumor  in  the  neck  is  not  definable  below;  on 
the  other  hand,  one  feels  a  distinct  resistance  on  pressing 
the  fingers  d<n'p  into  the  thoracic  aperture,  and  this  re- 
sistance is  often  accompanied  by  a  heaving  pulssilion. 

4.  The  portion  of  the  tumor  in  the  neck  can  neither 
be  deeply  pressed  into  the  thorax  nor  pulled  upward. 
The  trachea  and  larynx  also  are  less  easily  drawn  upward 
than  normal. 

5.  There  are  signs  of  pressure  upon  the  great  veins  of 
the  neck,  indicau-il  liy  suisis  which  linds  no  satisfactory 
explanation  in  the  tumordemonstrable  in  the  neck.  The 
cervical  veins  fill  from  below  if  one  empties  them,  by 
pressing  the  blood  out  with  the  finger,  and  the  veins  of 
the  arm  no  longer  empty,  in  marked  cases,  when  the  arm 
is  elevated.  lieadache.  dizziness,  tinnitus,  epistaxis.  and 
loss  of  memory  may  direct  attention  to  the  stasis  in  the 
cerebral  veins. 

G.  Paresis  of  the  recurrent  laiyngeal  nerve  is  not  un- 
common, and  quite  often  there  is  paralysis  of  tlie  sym- 
pathetic i>f  the  Siime  side  with  retraction  of  the  optic 
bulb,  slight  ptosis,  a  narrow  palpebral  fissure,  and  myo.sis. 

Birch  llirschfeld  found  at  a  necropsy  an  intrathoracic 
goitre  which  had  given  rise  to  the  symptoms  of  a  severe 
cardiac  neurosis. 

Duluess  on  percussion  is  rarely  elicited  over  intra- 
thoracic goitres  (Hraun). 

CoMPLic.vTioNs. — In  cysts  of  no  other  organ  is  there 
such  a  tendency  to  hemorrhage  as  in  those  of  the  thyroid 
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(Berry).     Scrioun  or  fiiliil  niiiiltH  niiiy  follow.     Dr.  0»\vt 

nriinls  ii  n\sf  in   wliirli  driilli   wjih  ililr   tii  lii'iiiiirrliil(,'i' 
iiiloii   liirp'  liroriiliiH'cIc      'I'lii-  cysi   Imil   rii|>iiirrcl.  nnil 
llii'  liliHiil  liml  iiitMiniti'd  llir  siinoiiiiiliiii;  iis.>iui's  unci  i'\ 
Iciiilril  Im'IIciiIIi  the  sicriiiiiii  iiilo  llii'iiiilrrli>r  nic'c|jii>.liiiiiiii. 

liiil'lnre  of  II  <ysi  iiiiii  ilic  inii'iK'ti  <ir  larynx  iiiuy  Uiiil 
to  siiililcii  ilt'iitli  fniiii  !iUtTi>niIii>n. 

Iiifliiiiifiiiitiiiii  rifii  ilivriiiil  tiiMinr  limy  ocriir.  The  tiTiii 
"slriiiiiitiH"  is  upplird  In  iiii  iiilliiiiiiiiiKiiin  of  ii  KnilrnUH 
jrliiiid.  «  liilc  ■■||i\  riiidilis"  rrfrrs  to  iiii  iiillammiilii)ii  oc 
riirriii^'  inn  iinrmiil  jrliiml.  Tin-  fiiiiiirr  is  llic  nmri'  com- 
moil.  The  iiife<tioii  is  iisimlly  srcDmlnry  In  iniiiuiry  in 
feeliiiii  elsewhere.  Slniiiiilis  and  lliymiililis  oeeur  more 
fh'i|UeMily  in  as.siK'ialioii  with  typhoid  fiver  than  with 
any  other  dis<'ase.  .Metastalie  iiillaniiiiation  of  the  thy- 
roid may  lalie  |ilaee  in  pyaniia.  piier|n'nil  fi-ver.  pneu- 
monia, and  other  infi'etinus  diseasi'S.  It  is  also  .said  to 
be  a.s.so<'iat<'d  with  rheiiiiiatism  and  malaria. 

Tavel  made  a  l>aeterioloi;ieal  e.\ainination  in  ciglitecu 
cii.ses  of  strumitis.  All  Imt  three  wire  seer)ndary  infee 
tions.  Streptoeoeeus  pyoiriiies  was  the  micro  iiri;iinism 
most  fre(|Uently  found.  Diploiix  ciis  laneeolatus,  Slapliy- 
loe(K'eus  pyoi;enes,  llaeillus  typhosus,  and  liicillus  coli 
Were  also  isolated,  usually  in  |)ure  eiilliire.  In  the  three 
primary  eases  no  baeleria  were  demonst ruble.  Treatment 
of  iroilres  by  injeetion  has  not  infreciueutly  been  the 
caiisi'  of  .strumitis. 

The  intlaminations  terminate  in  resolution,  abscess 
formation,  or  gangrene.  Abscess  foriniition  is  the  most 
common. 

Stniinilis  can  be  recognized  by  the  usual  signs  and 
symplomsofintlammation  of  the  external  part.s.  A  ra])id 
increase  in  the  sizeof  the  thyroid  occurs.     Tlie  other  im- 

Iiorlant  symptcmis  are  dyspna-n,  dysphagia,  and  fever, 
'ain  is  frequently  severe.  There  is  localized  congestion 
and  odemaof  the  surrounding  tissue.  nn<l  the  tumor  may 
become  adherent  to  the  overlying  skin,  but  a  thyroid 
abscess  mrely  opens  externally. 

An  ab.scess  may  rupture  into  the  a-soplm.iius,  or  more 
commonly  into  tli<'  tniehea.  Sir  James  Paget  describes  a 
case  in  wliieb  a  large  suppurating  thyroid  cyst  burst 
into  the  pharynx  and  produced  sulTocation. 

TitK.vTMKNr. — Sipine  of  the  simi>le  adenomas  (paren- 
chymatous and  colloid  goitres  of  authors)  can  be  cured 
by  medical  treatment.  The  most  favorable  cases  are 
those  occurring  in  the  young.  All  the  fietal  and  pa(iil- 
liferotis  ach'nomas.  as  well  as  the  majority  of  simple  ade- 
nomas, recpiire  the  surgeon's  knife  for  their  removal. 

If  the  patient  is  sulteriug  from  an  endemic  goitre  he 
should  leave  the  affected  district.  A  residence  at  the 
seaside  is  said  to  be  most  beneficial.  In  a  locality  where 
goitre  abounds  the  driuking-water  should  be  boiled  as  a 
prophylactic  meastire. 

The  medical  treatment  may  belocal.  general,  or  specific 
(organotherapy).  The  local  treatment  consists  of  the  use 
of  ointments  and  injections.  The  red  iodide  of  mercury 
ointment  is  recommended.  It  should  be  rubbed  into  the 
skin  over  the  tumor  daily  until  the  skin  is  tender.  After 
n  few  days  the  procedure  should  be  repeated.  Exposure 
of  the  skin  to  the  sun's  rays  after  the  ointment  has  been 
applied  favors  the  remedial  action. 

Some  authorities  strongly  recommend  treatment  by 
injections:  others  strongly  condemn  it.  Injections  of 
iodine  should  not  be  em]iloyed.  as  suppurative  intlani- 
niation  has  frcciuently  followed  its  use.  Iodoform  may 
be  used,  but  strict  aseptic  precautions  should  always 
be  taken.  Mosetig-Moorhof  recommends  the  foUowiu,!; 
emulsion:  iodoform,  1  pait;  ether,  7  parts;  olive  oil,  7 
parts.  Inji'ct  about  ni  x  v.  once  every  five  or  eight  days. 
Frey  treated  sixty-five  cases  by  this  metliwl  with  no  un- 
toward residts.  Xicholas  Senn  advocates  injections  of  a 
live-per  cent,  solution  of  carbolic  acid,  repeated  once  or 
twice  a  w  eek. 

Many  internal  remedies  have  been  recommended.  >Iost 
of  them  are  useless.  Iodine  is  probat)ly  the  roost  valua- 
ble. It  may  be  .siven  as  potassium  iodide  in  doses  of  gr. 
v.-xx.,  eras  tincture  of  iodine  in  doses  of  tti  v.-x.  two 
or  three  times  a  day  (Murray).     Ferrand,  Gautier,  and 


otlicfH  linve  called  atieniinu  to  (lie  pnrllciilnr Miiiio<-|)ti- 
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that  he  has  hail  a  riiiiii'  "Ught  to  him  with 

a  diagnosis  of  acute  Ih,  ,..,  ,,   their  KyiiiptoiiiH. 

were  entirely  due  to  imliiii'  ] 

I'hosphorus  i»  hifhly  Ihu.;  Iht.     Kvperiinen 

tal  studies  show  I  lint  nil  mi  nisi  nil  ion  ot  phosplioruHiauKiii 
a  notable  iiierense  in  tin'  ioiline  corileiii  of  ||||.  thyroid 

It  is  still  an  open  i|Uestion  whether  Ihyroiil'  extniel 
vields  any  better  results  than  iodine.  KiH'her  IhinkH  not 
Ihiins,  An.Lierer.  .Muiniy,  and  others  obtained  hlilkinn 
lisiilts  in  some  cases,  linprovemeiit  is  ei>ninion.  cure  is 
rare.  Keinlincli  fed  Ihyiniis  ginnd  with  almost  ei|U:il 
KUcces.s.  Murmy  (/■.'iliii'luiiy/i  Mnlirnl  ./imninl.  IIMK).  vol. 
viii..  ]).  1  Ki)  administers  dry  thyioici  in  doses  of  three  ..r 
mi 'le  grains  two  or  three  times  a  day.  or  the  liipiid  ex- 
tract  in  dosi's  of  ny  xv.  In  cases  in  which  operation  is 
deemed  advisable  he  recommends  Ireiitinent  by  thyroid 
extract  for  two  or  three  wieks.  The  reduction  in'  size 
of  the  goiire  and  superticial  veins  makes  its  removal  less 
dillieult. 

I itiiliiifiit  of  Slriimilis. — An  ice-bng  should  be  applied 
to  the  gland  in  the  early  stages  of  the  disi'iisi-.  The 
bowels  should  be  cleared  by  a  dose  of  calomel.  If  an 
abscess  forms  it  should  be  incised  without  delay. 

M.M.iox.vNT  TfMous. — Both  primary  and  secondary 
tumors  of  the  thyroid  are  very  rare.  CfKjper  in  IHl'ft 
wrote  that  cancer  of  the  thyroid  never  occurs.  AValshe 
estimated  the  frecpiency  of  thyroid  to  other  cancers  as 

1  to  I. (MM).  Tnnchon  found  among  51. 1 18  cases  of  cancer 
only  8in  which  the  thyroid  was  involved.  Cancer  of  the 
thyroid  occurred  II  times  in  7.700  autopsies  (Cliiari). 
Malignant  disease  of  the  thyroid  is  more  common  in 
goitrous  distiiets  than  elsewhere.  LUckc  observed  10 
cases  in  two  years  in  Herne. 

Cancer  is  more  common  than  sjircoma.  The  relative 
fiei|Uencv  of  cancer  to  sarcoma,  judging  by  collected 
statistics,  is  as  three  to  one. 

Jjirtigau  (Am.  Jmii:  of  the  Med.  Sri..  August,  1901) 
collected  fiflytive  cases  of  primary  sarcoma  of  the  thy- 
roid. It  is  a  disease  of  the  old  rather  than  the  young. 
Few  cases  occur  under  forty  years.  The  earliest  age 
was  eleven  years.  It  is  more  frequent  in  the  male  than 
in  the  female  (Morf). 

The  lovuid-eellcd  sarcoma  is  the  most  common.  Ten 
of  the  forty  cases  collected  liy  Morf  were  of  this  variety. 
Spindle  lelleil,  mixed  celled,  and  alveolar  siircomas occur. 

The  tumors  may  vary  iu  size  from  a  small  nodule  1  or 

2  cm.  in  diameter  to  a  mass  the  sizeof  a  child's  head. 
They  have  a  smooth  or  slightly  lobulated  contour,  and 
on  section  are  usually  pale,  smooth,  and  translucent. 
Their  consistence  is  soft  and  homogeneous.  They  are 
more  va.scular  than  the  carcinomas.  In  the  majority  of 
cases  they  have  originated  in  the  right  lobe  (T,artigau). 

Sarcoma  of  the  thyroid  ordinarily  grows  more  rajudly 
than  carcinoma.  Death  usually  occurs  within  a  year 
(LUcke).  It  is  often  induced  by  compression  or  inlillra- 
tion  of  the  trachea  or  (esophagus. 

^letastjises  were  present  in  forty-five  per  cent,  of  the 
cases  of  sarcoma  collected  by  Morf.  The  cervical  lymph 
nodes  are  most  freqtiently  involved  in  sarcoma  as  well  as 
iu  cancer.  Secondary  growths  iu  the  lungs  and  bones  are 
common.  The  .sreat  vessels  of  the  neck  may  become  in- 
filtrated. Wijlfler  records  a  case  in  which  the  tumor 
invaded  the  internal  jugular  and  extended  downward 
through  the  left  innominate  and  superior  vena  cava  into 
the  heart. 

About  one  hundred  anil  lifty  cas(>s  of  primary  cancer 
of  the  thyroid  have  been  recorded.  The  majority  of  these 
have  been  published  within  recent  years.  Hinlersloiser 
found  fiftv  cases  in  the  records  of  Kundrat's  Pathologi- 
cal Institute  at  Vienna.  In  18119  Poncet  published  forty- 
seven  cases  which  he  personally  observed  in  Lyons,  a 
city  in  which  endemic  goitre  is  commonly  seen. 

The  size  and  appearance  of  the  carcinoma  vary  greatly. 
In  the  majority  of  cases  the  tumor  has  been  of  small  size. 
The  thyroid  gland  is  sometimes  actually  diminished  in 
size.     Before  the  growth  has  infiltrated  the  surrounding 


387 


Goitre. 

Gollrc  and  Crcllnlam. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


tissues  it  may  closely  simulate  a  beiiiiin    encapsulated 
tumor. 

Various  types  of  eaueer  occur.     The  juijiillifiious  ndeuo- 
cystoma  may  take  on  a  low  (iegree  of  uialigiiancy  aud 


FIO.  2SVS.— CylliKlrloal-eelled  Carcinoma  of  the  Thyroid.    Acini  tilled 
with  high  cylindrical  epithelium  ;  no  colloid  present.    (X  80  diam.) 

•would  then  be  classed  as  a  cancer.     Cases  of  this  nature 
have  been  described  liy  UarUer  aud  WOltler. 

A  rare  l)ut  interestin;;  form  is  tlie  cylindrical-celled 
carcininna.  The  liigh  cylindriciil-celled  adenomas  prob- 
ably are  always  malignaut,  although  in  places  their  his- 


Fig.  2:i19. —Primary  S(|uainoiis-celicil  carcinoma  of  the  Thyroid; 
manrln  of  new  gnnvth.  'I'he  tuinttr  which  lies  to  the  left  of  the 
median  line  consists  of  nests  of  sqiiainotis  cells  sepamted  l)y  large 
an*as  of  dense  ll))ri>tis  stnmia.  Beyond  the  tumor  the  normal 
planduliir  tKsne  of  the  thyrolil  hiLs  largely  disappeared.  There  is 
markeil  Inllllnitlon  with  lymphoid  cells.  One  shrunken  vesicle  tilled 
with  colloid  is  distinctly  seen.    Cx  8«  diam.) 

tological  structure  may  not  suggest  it.  Fig.  2338  is 
from  a  cylindrical-celled  adenoma  that  invaded  the 
trachea. 

The  itquaiiiouscfllid  is  also  a  rare  but  wcll-rccognized 
form  of  primary  thyioid  carcinoma.  It  has  been  de- 
scribed by  Forester,  LUcke,  Eaufmauu,   aud  WOlBer. 


Fig.  233!)  is  from  a  case  that  was  examined  by  Dr.  J. 
Homer  Wright,  of  the  JIassachusctts  General  Hospital. 
It  is  held  thiit  this  i)e(iiliar  tumor  origiuates  from  the 
remains  of  the  branchial  clefts  which  are  enclosed  within 
the  thyroiil. 

Housell  has  collected  twelve  cases  of  benign  thyroid 
tumors  that  foiiucd  metastases.  I  have  found  two  other 
cases  ill  the  lilerature.  Thcoriginal  tumor  tiswell  as  the 
seconthirv  growths  in  all  the  cases  had  the  .structure  of 
simple  aiicnomas.  Metastases  in  the  bones  have  been  a 
constant  occurrence,  and  they  usually  form  pulsating 
tumors.  The  lirsl  case  was  studied  by  Cohnlieim.  The 
tliyroid  tumor  was  of  moderate  size,  and  tliere  were  me- 
tastases ill  the  bones,  lungs,  and  bronchitd  lymjili  nodes. 
A  nodule  of  the  original  tumor  judjected  into  the  liiinen 
of  a  small  vein.  Hiedel,  aud  Oderfeld  and  8)einliaus 
(Ciiit.  j:  iil/ij.  I'dth.  II.  jKtih.  Amil.,  1901,  vol.  xii.,  p. 
209)  have  described  cases  in  which  the  thyroid  gland  was 
normal.  The  latter  hold  that  normal  Ihyniid  tissue  may 
grow  into  blood  vessels,  and  the  ciiithelial  cells  swept 
along  in  tlicciirrent  form  metastases  in  the  lioncs.     Chris- 
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Fig.  2340.— Carcinoma  of  the  Thyroid  which  has  Invaded  the  Trachea 
and  Formed  a  Button-like  Nodule  which  Projects  into  the  Lumen. 
(Warren  Museum,  No.  4,892.)     (Natural  size.) 


tiani  (.hniv.  ile  phj/s.  et  path.  Amit..  1901,  vol.  iii.,  p.  22) 
has  demonstrated  the  great  vitality  aud  viability  of  thy- 
roid tissue. 

Sv.MPTOM.\Toi-oGY  AND  DiAGXosis. — Clinically  it  is 
dillicult  to  distinguish  between  sarcoma  and  carcinoma. 
The  latter  usually  arc  of  smaller  size  aud  develop  more 
slowly. 

The  mali.srnant  tumors  develop  rapidly.  Pain  is  an 
early  and  important  symptom.  It  is  usually  severe  and 
radiates  to  the  head  or  shoulders.  Tenderness  on  press- 
ure is  often  present.  Fever  is  the  rule.  Enlargement 
of  the  lower  cervical  lymph  nodes  is  strong  evidence  of 
the  malignant  nature  of  the  thyroid  tumor,  provided 
strumitis  can  be  ruled  out.  Immobility  of  the  tumor 
does  not  occur  until  the  capsule  of  the  thyroid  has  been 
penetrated  and  the  tissues  of  the  neck  are  intiltiated. 
Hence  it  is  a  late  sign.  Kaufmann  considers  tliroiiibosis 
of  the  Veins  of  the  neck  one  of  the  most  reliable  signs  of 
malignant  tumors. 

Penetration  of  the  trachea  is  common.  An  elevated 
nodule,  sometimes  of  considerable  size,  is  found   pro- 
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jrrtliiK  Into  tin-  liinion.  It  Ih  UHimlly  8itiiat<><l  alKiiit  2 
nil  Ih'Iiiw  iIic  crii'iiiil.  Vig.  'i'.W)  is  Iroiii  ii  HiH-ciiiiin  in 
llic  Wiiircii  MiiHciiiM  of  till'  llitrvaril  .Mfiiiiiil  ScIkhiI. 
'I'lii'  puliciil  riiliTi'il  till'  .Mav^siirliuM'lls  l|i>s|iiiiil  KiilTrr 
ili^  from  rxli'i'iiir  ilvN|iiiii'ii,  lioiirHi'iii'S.s.  iiiiil  soiiir  ilys 
liliUKJii.  I>r.  Kiii^'lil  rMiiiiiiinl  till'  liu'vii\  iiml  fouml 
imnilysis  of  one  |insiirior  iriro  arvli'iioiil  iiiii*li'.  iiml 
liiiiilr  out  nil  olisliiKlioii  of  till'  Inicliiii.  Till'  (lvs|ilicia 
coiiliiiiu'il  iiiilil  ilralli  ixTiirri'il  two  ilavs  lalrr.  Tlir  an 
topsy  wai  |M'rforiiic'<l  by  Dr.  Fit/..  A  tiiiiior  mass  the 
si/.r  of  a  small  lemon  coiiiH'itiil  with  tin-  tliyroiil  was 
fouml.  The  growth  I'.vti'iidi'il  tliroii^'li  tlic  aiili'iior  wall 
of  till'  Inirliia  projci  tiiii;  into  llir  liiiiiiii  to  such  an  r.\- 
li'iit  as  to  ri'iluci'  Ihr  calilirc  fully  I  wo  thirils.  The  lesopli- 
u.i;us  was  so  compressed  us  barely  to  ailmit  the  little 
Jiuger. 

A  iK'fuliar  chronic  inflammation  of  the  Ihyroiil  whidi 
closely  simulates  an  iiililtniliii^j  tiinior  has  been  described 
and  studied  by  IJiedel.  Tailhefer.  and  Herry.  A  number 
(if  cases  have  been  reported  within  the  past  live  years. 

Tuk.vtmi-:nt.  — Karly  and  radical  operation  offers  the 
onlv  hope  of  cure. 

T  lliKltill.iisis. — Allliouuli  Hire,  tiilKTCulosis  of  the  thy- 
roid is  move  common  than  is  geiienilly  staled.  C'liiari 
found  the  thyroid  was  involveil  at  autopsy  in  seven  out 
of  one  hiindreil  ca.ses  of  tuberculosis.  Uoj^er  and 
(larnier  {.Irc/i.  gen.  de  med.,  lilOt),  vol.  iii..  p.  38.5)  assert 
that  while  tubercles  rarely  develop,  a  sclerosis  of  the 
pland  is  a  constant  feature  of  chronic  tuberculosis  of 
the  lunjrs  or  elsewhere. 

SviMiii.is. — Swellinir  of  the  thyroid  is  common  in  the 
early  stajjes  of  .sy|iliilis.  Ensjel  Keiiiiers  found  thi'  j;land 
enlarged  in  fifty  percent,  of  the  cases.  tJumina  is  ex- 
tremely rare.  The  few  instances  that  have  been  recorded 
were  nearly  all  in  children,  and  usually  associated  with 
severe  visceral  inanifeslations  of  the  disease.  For  details 
in  rejrard  to  syphilis  of  the  thyroid  the  monographs  of 
Fllrst  anil  KiUtner  may  be  consulted. 

EciiiNococns  DisK.xsK. — IJerry  has  collected  twenty- 
two  cases.  A  single  cyst  has  usually  been  found.  The 
tumor  when  luiire  may  be  verv  irregular  in  shape.  The 
.symptoms  are  those  of  an  ordinary  goitre.  Dyspnoea  is 
usually  present.  There  is  a  tendency  to  spontaneous 
suppimilion.  I)iagno.sis  can  he  made  only  after  luicro- 
scopical  examination  of  the  cyst  contents.  The  aspira- 
tion of  a  clear,  limjiid.  colorless  lluid  is  suggestive 
(Berry).  The  demonstration  of  booklets  or  .scolices  con- 
firms the  diagnosis.  The  known  a.s.socialion  of  urticaria 
with  hydatid  led  Lannelongue  to  make  the  correct  diag- 
nosis. Perfonition  into  the  trachea  has  caused  suiloca- 
tion  in  a  number  of  instances.  Joseph  Ucrsey  Pi'utt. 
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GOITRE  AND  CRETINISM  —Definition.— Cretinism 

is  a  peculiar  type  of  mental  and  physical  degeneracy, 
either  congenital  or  developing  in  childhood,  (iue  to  ab- 
sence or  disturbance  of  the  function  of  the  thyroid  gland. 
An  individual  alllicted  with  crelinism  is  called  a  cretin. 

ETVMoi.iKiV. — The  etymology  of  the  word  cretin  is 
shrouded  in  obscurity.  It  seems  that  the  word  origi- 
nated as  a  colloquialism  in  the  Canton  of  AVallis  in  Switz- 
erland. Esqiiirol  (i|Uoted  by  Demmc,  "  L'eber  den  cn- 
dcmisclien  KretinLsmus,"  Berne,  1840)  derives  the  term 
from  an  old  word  eretine,  an  inundation  (Anschwem- 
miing),  and  connects  it  with  the  marshy  character  of 
many  cretin  districts.  There  is.  however,  no  proof  of 
such  aderivation.  .\ccording  to  Foilere,  the  word  comes 
from  chri'tiiii,  a  Clirislian.  the  term,  "bon  chrelien,"  liav- 
iug  formerly  been  applied  to  the  cretin,  on  account  of  his 
contented  disposition.  Another  interpretation,  according 
to  which  the  word  is  also  derived  from  Chretien,  is  based 
upon  the  fact  that  cretins  were  popularly  believed  to  be 
elected  Christians,  and  were  considered  holy,  inasmuch 
as  they  were  supposed  to  fuUil  the  lofty  functiim  of 
expiating  in  their  unhappy  lot  the  .sins  of  their  fellow- 
men.  According  to  Gross  ("  l'eber  die  Ursachen  des  en- 
demisclien  Kropfes  und  des  Kretinismus."  Inaugural 
Dissertation.  Tubingen,  1837).  the  word  comes  from 
Cliristiiini  (spelled  Chrestiani  by  Tcrtullian).  because  the 
Romans  looked  upon  the  converts  to  Christianity  as 
fools  and  imbeciles.  Celsus  also  spoke  of  the  Christians 
as  a  s(>ciety  of  slaves  and  idiots.  Some  have  traced  the 
term  cretin  to  a  word  eretina,  meaning  stupid  or  silly. 
According  to  Ackertuann,  cretin  comes  from  a  Romance 
word.  <T<f/)'<7,  a  creature.  Others  have  derived  it  from 
cretn.  chalk,  on  account  of  the  chalky  comple.xion  of  the 
cretins.  This  derivation  finds  some  support  in  the  Ger- 
man colloquial  word  for  cretin;  viz.,  Kreidling,  from 
Kreide,  ch((lk. 

Nearly  every  locality  has  its  special  name  for  cretins. 
In  Austria  they  are  known  as  Trotteln  or  Gacken ;  in 
Germany,  as  Kretins  or  Kreidlings:  in  German  W'allis.  as 
Gauche.  Tampe,  or  Xollen  ;  in  French  Wallis.  as  Cretins, 
or  as  Marrons.  on  account  of  the  dark  color  possessed  by 
some;  in  Salzburg,  as  Fe.xen,  Treppcd,  or  Trutsched;  in 
■WUrtemberg,  as  Dnckel.  Dippel,  Tralle.  or  Siinpcl;  in  the 
Pyrenees,  as  Cajots  or  Capots;  in  Piedmont,  as  Pazzi; 
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in  JtAly.  ns  Gavas.  Totolas.  or  Crisliniii:  in  South  Ami'i- 
ica,  as  Hnvos  or  Tmitos.  In  Latin  writings  tlie  word 
Cliristiani  is  generally  ctniiloyi'd. 

Synonyms  ok  Cuktintsm. — Tin-  synonynis  of  rretin- 
ism  are  iiilantili'  my  xodiina.  ciitinoiil  iiliocy  ;  in  Frcnili. 
idiotic  avce  cailii'xie  pacliyderniicine.  pacliydcrmic  treli- 
noiile. 

lIisToiiiCAi,. — Acconling  to  tlic  Sardinian  Commis- 
sion's lU'port,  the  first  mention  of  a  cretin  oecnrs  in  the 
lifteentli  renlury.  Deniine  {Inc.  cil.)  says  that  lli<>  first 
relialile  meTilion  is  in  the  writings  of  Peter  van  Koreest, 
a  Mutch  physician  wlio  lived  from  \'t'2'i  to  l")!)?  (P.  For- 
est i:  "Oliserval.  ct  curat,  opera  onuiia."  Krancof, ).  A 
contempoiaiieiius  nfercnee  is  found  in  the  writings  of 
Felix  I'hitcr  (!");!(;- Ilil4)  (F.  Plateri:  •■Ob.scrvat.  in 
hon)inis  alfectihus  plcnsi|uc."  Basle.  I(it4).  A  desciip- 
ti<ni  of  file  cretins  of  Wallis  also  oeeurs  in  the  writings 
of  Giosia  Scentcro  (alinut  l.-iT-l)  (ipioted  by  Gross.  Icr. 
fit.).  One  of  the  most  graphic  descriptions  dales  hack 
to  the  cightccnihrentury.  and  is  that  of  Horace  Benedict 
dc  Saussure,  the  fanioMs  Alpine  traveller,  and  the  liist  to 
scale  Mont  Blanc  ("  V<iyagc<laiisles  Alps."  four  volumes, 
17T9-Vlli).  The  first  real  scientilic  work  on  the  suhjeel  is 
tlial  of  Ackcrmaun  ("  Teher  die  Krclincn,  cine  hesondore 
:Mensclien-Al)art  in  den  Allien,"  Gotha,  ITilO).  In  the 
nineteenth  century  cretinism  formed  the  theme  of  many 
writers,  an<l  the  literature  is  now  almost  unlimiteil. 
Particular  meiUion  sliould  be  made  of  the  rejiorts  of  the 
Sanlinian  and  French  Conunissions.  and  of  the  article  on 
cretinism  by  Baillarger  and  Krishaber  in  the  "nicliun- 
nairc  des  Sciences  mcdicales. "  Among  the  most  imjior- 
tant  articles  of  recent  date  are  those  of  Ewald.  Osier, 
Kocher.  Klcbs.  ami  ^lurray.  An  interesting  jiicture  of 
the  cretin  communities  in  France  is  to  be  f(nuid  in  Bal- 
zac's nia.cniticent  novel.  "The  Country  Doctor." 

DisTiujU'TioN. — C'rclinisni  may  occur  in  anv  jiart  of 
the  world,  hut  there  arc  ccrlain  limited  districts  in  which 
it  is  an  endemic  diseasi'  alVecting  a  large  jierccnlagc  of 
the  poiuilation  (endemic  cretinism).  Isolated  cases  of 
the  disease  (sporadic  cretinism)  have  been  observed  in 
mjviy  widely  sejiarated  jilaces  tliat  ai'o  far  removed  from 
foci  of  endemicity.  It  is,  indeed,  iirobable  that  if  the 
characteristics  of  the  disease  were  univcrsalh'  known, 
some  cases  woidd  be  foimd  to  exist  in  nearly  every  large 
community. 

Sevi'ral  observers  have  noted  conditions  in  the  lower 
animals  suggestive  of  cretinism:  thus.  Miiller  (  U'///';- 
buig  med.  Ziitiir/ii:.  1860)  sjieaks  of  cretinoid  changes, 
particidarly  of  the  bones,  in  calves;  and  Eberth  ("Fiitale 
Rachitis  und  ihre  Be/.iehungzu  deni  Kretinisnius,''  l.'^TfS), 
of  the  condition  in  calves  and  juippics. 

There  is  one  very  interesting  feature  connected  with 
the  endemicity  of  cretinism,  namely  this:  cretinism  is 
endemic  in  the  same  localities  in  which  goitre  prevails 
as  an  endemic  alTc<-tion.  This,  as  we  shall  sec,  is  a  fact 
of  tremendous  imjiortanccin  the  study  of  the  pathogene- 
sis of  the  disease. 

Eni)I-:.mic  DisTniiifriox, — Cretinism  is  endemic  in  cer- 
tain jiart.s  of  Switzerland;  in  the  Valais.  Taranlaisc, 
JIaurienne,  and  in  the  up|ier  valleys  of  the  Bhone.  In 
Germany,  the  foci  are  Wilrtemberg  (2  cretins  iier  1,000 
population.  Schnud,  l'i>rrt«ji'>ii(lrii:/il.  il.  I'lrt:!.  Liiiiihxnr.. 
1886),  the  Black  Forest,  and  Alsace;  in  Austria,  Salzburg 
(I  to  139.  according  to  Wallmann,  Wionr  med.  Jiihr- 
buclifi;  1863,  vol.  i..  p.  120),  Galicia.  and  the  Kilrnthner 
(1  to  110)  and  Slyrian  Alps  (1  to  IKi);  in  France,  the 
Pyrenees,  tin:  Vosgcs.  and  the  French  Ali>s;  in  England, 
according  to  Murray  ("Disease's  of  the  Thyroid  Gland," 
Part  I.,  iitOO),  the  up|>er  valleys  of  the  Pennini'  Hangc, 
the  north  of  England,  the  neighborhood  of  AHston,  Stan- 
ho])e.  and  Kendal.  In  these  places  goitre  is alsi> endemic. 
Formerly  (.Morris,  Midirnl  Thiii.i.  I84T,  V(d.  xvii.,  )).  S.j"), 
cretinism  was  strongly  jtrevalcnt  in  Chiselboiough,  in 
Somersetshire;  but  it  has  died  out.  There  are  also  sjiid 
to  he  foci  in  Scotland  and  in  Spain.  In  some  portions  of 
the  Caucasus  (the  valley  of  the  Zschonuirski  and  Swane- 
tia)(Witke,  Miiiii'luuer  miilieiiiisfhe  \\'(ieheu.<ichrifl.  1800, 
p.   292)  cretinism  prevails  eudemically.     According  to 


Kaudai-atski  (Congress  der  russ.  Aerztc,  1899),  goitre 
and  ciclinism  arc  widespread  throughout  We.stein'Hus- 
sia.  which  has  many  marshy  districts.  In  Asia  the  dis- 
ease is  found  in  certain  parts  of  the  Himalayas,  in 
Thibet,  in  Turkestan,  and  in  Tartary.  As  to  the  occur- 
rence of  the  alTection  in  Africa,  very  little  is  known. 
According  to  Blunienbach  ((|Uoted  by  Gross,  U>c.  cit.), 
the  disea,se  is  found  in  .Madagascar,  In  South  America 
we  find  it  prevalent  in  parts  of  Brazil  and  along  the 
slopes  of  the  Cordilleras.  Xo  foci  of  endemic  cretinism 
exist  in  North  America  at  the  present  time  (Osier,  Anur- 
i>iiii  Jti'/nml  "f  t/ie  Mtdiciil  Sn'tiid.s.  I,s<l3).  Goitre  for- 
merly prevailed  in  this  country,  and  is  yet  endemic  in 
Eastern  Ontario,  where  even  the  lower  animals  suffer 
from  it.  Deinme.  in  liis  American  triivels,  foimd  many 
eases  of  goitre,  especially  in  Pennsylvania,  aljout  Pitts- 
hing,  in  the  valhys  of  the  Allegheny.  Jlonongahela, 
and  Ohio  river,s,  and  in  New  York;  but  he  saw  no  cre- 
tinism. 

Endemic  cretinism  is  confined  to  certain  altitudes, 
being  most  common  between  the  elevations  of  1,30(1  and 
2,0(1(1  feel;  it  is  hardly  ever  found  above  the  level  of 
3,000  feet.  Its  homes  are  not  the  tops  of  the  mountains, 
hut  the  dark,  sheltered  valleys  and  clefts,  through  which 
course  the  mountain  streams. 

The  occurrence  of  goitre  in  dogs,  liogs,  eats,  cattle. 
and  antelopes  has  been  demonstrated;  lint  as  to  the  exis- 
tence of  cretinism,  little  is  known,  with  the  exception  of 
till-  brief  reference  made  above. 

ETioi.oiiV  AND  P.\THOGEXESis. — As  Stated  in  the  defi- 
nition, the  cause  of  cretinism  is  absence  or  disturbance 
of  the  function  of  the  thyroid  gland  (athyroidism.  dys- 
thyroidism,  hypothyroidism).  This  aiiplics  both  to  the 
endemic  and  to  the  sporadic  form  of  the  disease.  The 
jiroofs  of  the  thyroidal  theory,  as  we  may  call  it,  are  as 
follows: 

1.  The  most  constant  lesion  in  cretinism  is  that  involv- 
ing the  thyroid  gland.  In  the  case  of  the  endemic  form, 
there  is  generally  goitre;  in  the  sporadic,  the  gland  is 
either  atrophic  or  absent. 

2.  T/ie  occurrence  of  operalirc  eretinium,  that  is.  the  de- 
velopment of  the  cretinoid  state  after  the  removal  of  the 
thyroid  gland.  Ki'ister  (iiuoted  in  the  Report  of  the 
Committee  on  Myxanlema.  Transactions  of  the  Clinical 
Society,  ISSS,  No.  21.  Supplement)  extirpated  the  thy- 
roid gland  in  a  fourteen-year  iild  boy.  Thereafter,  the 
lad's  growth  was  arrested,  so  that  he  always  retained  the 
characteristics  of  a  boy  of  that  age,  Kappeler  {ibid.) 
jierformed  total  thyroidectomy  in  a  boy  twelve  and  a 
half  years  old,  who  afterward  did  not  grow,  and  devel- 
oiied  some  of  the  symptoms  of  myxirdema.  Intelligence, 
however,  was  iircserved.  Kocher  (i/'id.)  n'Uioved  the 
entire  thyroid  from  a  child  aged  six,  with  the  result  that 
the  jihysical  symptoms  of  cretinism  developed,  although 
the  mental  symjitoms  remained  in  abeyance.  Costengo 
(/iVc.  Veil,  di  -V.  niid.,  vol.  xx..  No.  2)  re])orts  a  case  of 
total  thyroidectomy  in  a  boy.  Nine  years  after  the  oper- 
ation the  patient  was  a  complete  cretin.  In  a  case  re- 
ported by  Sulzcr  (/>,»?»(•/((■  ZeiUchrift  filr  C/iir..  1893)  a 
goitrous  thyroid  was  removed  from  a  hoy  twelve  and  a 
lialf  years  old.  'Within  live  years  typical  cretinism  had 
developed.  On  the  aiiiiearauce  of  a  new  thyroid,  the 
boy  improved,  and  willnn  four  years  had  regained  all 
that  he  had  lost.  It  was  found  that  a  piece  of  the  gland 
had  been  left  behind,  and  that  it  diil  not  begin  to  grow 
imiil  eight  years  after  the  operation.  Palleske  (Dtntuche 
tiiidirijii.irlic  ^yoc?letlsc/n'ift.  189,i)  removed  the  thyroid 
from  a  girl  of  thirteen,  who  three  years  afterward  was  a 
tyjiical  cretin.  Other  cases  are  reported  by  Gnmdler 
i/liitr.  :iir  l,liit.  C/iir..  1883.  No.  1).  Jnlliard.  Eanceieaux. 
and  Dolesa  (cited  bv  Hofmeister,  Bcitriigc  znrkliii.  C/iir.. 
1894),  Schnud  (/lir/iner  kliii.  Worlie h'kc/i . .  1886,  p,  509) 
removed  the  thyroid  gland  in  toto  from  a  boy  fourteen 
years  old.  who  afterwaid  developed  tyincal  cietiuism. 
He  had  absolutely  no  memory,  and  did  not  grow  after 
the  operation.  Brian  and  Sargnon  l.Gaz.  IteMoni.  de  Mid. 
ct  dc  C/iir..  1898)  report  the  ca.se  of  a  nnin  thirty  years 
old,  who  was  in  a  moderate  cretinoid  state,  and  had  a 
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(iolirr  and  ('ritliiUni. 
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P>ilrc      TlilM  wim   it'iiixvcil    liy   iiiii'nilinii :    \villiin  oiii' 
M-iir  liitiT  niitiplctc  cri'liiiisiii  liail  <(cvclcitii'il. 

;i  Aiiiiiiiil  hr/Hniiirhtii. — 'I'lir  ii'iiinviii  (if  llit-  lliyroiil 
L'litiiil  ill  viiiiiiir.  ^'I'dwiii):  aiiiiiiiils.  if  ilir  iiiiiiiiiils  survive 
any  lrii;;ili  of  liiiir,  is  irnii-nilly  priiiliiciivc  nf  mi  iirrrst 
of  f-rowlii,  ainl  a  stntr  ('iiiii|ianil>l(>  lo  (Tt'liiiiKiii  in  initii 
(lliifiiii'istiT.  Iiir.  i-if).  Tlic  iiiajiirily  of  aiiiiiiiils  die  if 
lilt'  wlioli-  ^laiicl  is  ri'inovcil,  avIicIIht  it  lii'  ilonc  in  one  or 
in  two  o|iriatioim  In  soinr  (•\|irriiiiiiils  niailr  liy  \V.  S. 
Carlciancl  inysrlf.  tliis  was  llic  invaiialilr  nsiilt.  I-js<l> 
Imti:.  Iiowfvirr'  I  rlnr  Tclanus  iiii  Anscliliissriiii  Kropf 
oiiinilioiicn."  IHlMl).  found  lliat  if  only  four  llfllis  of  tlic 
^'laiiil  arrii'iiiovcil,  I  In- animals  Kiirvivc.  ami  siilisiMiurnlly 
ilivclop  a  my xoilciiialous  stair.  It  must  1m-  iKlinitlcd 
that  not  all  I'xpi-iiiinnlcrs  liavc  Immmi  able  to  proilucc  tlii' 
.sniiif  rcsidts.  Muiik,  for  exainpU'  'SitzunirsUcriilitr 
dcr  ki^iiii;!.  prcuss.  Al\adciiiie  dir  Wissmscli..  ISHX, 
No.  4(0  was  iicviT  alilr  lo  lU'odurc  iiiyxirdiina  oriri'tin- 
isin  in  aprs  liy  tliyroidrctoniy.  Tliraniiiialsall  dird  w  itii 
tftaiiic  .symptoms.  The  most  suirjri'slivc  cxprriimiits 
an-  lliost-  made  more  recently  by  Ki.sel.sherir  {hiuijeti- 
Iffk'ii  Archir.  |si»,"i.  vol.  xlix.).  lie  removed  llie  tliyroiti 
from  two  lainlis  w  hen  tliey  were  alioui  a  «eel<  old.  At 
the  end  of  six  inonlhs  they  weiirheil  10  and  11  kirm.,  re- 
siieetively,  while  the  eonlrol  animals  weiiihed  H."i  ksm. 
The  disturliances  weie  general,  and  involved  tin- lirain 
functions  as  well  as  the  skeleton.  Similar  results  were 
obtained  ill  four  j;oals  and  in  one  pig.  One  eoat,  how- 
ever, developed  in  a  normal  manner.  ])robably  owiui;  to 
the  pos.si'ssioi)  of  an  ucces.sorv  tliyroid  gland. 

4.  T/ieriijkiitir  Ucniiltn. — 'I  he  use  of  lliyroidgland  ex- 
tract  in  the  treatment  of  cretinism  has  bmuirlit  about  re- 
inarkalile  results.  It  is  true  that  these  have  been  more 
brilliant  in  the  ease  of  sporadic,  than  in  that  of  endemic 
creliiiism;  Inil  it  has  not  been  systematically  trieil  in  the 
latter,  and  there  are  other  factors  of  intlueiice  in  the  de- 
velopment of  the  ilisease.  The  succeascs  obtained  are, 
however,  a  stroiii;  eon  ti  mint  ion  of  the  view  that  cretin- 
ism is  coiisi'(|uent  upon  disturbance  or  absence  of  the 
thvroid  function. 

The  relation  between  the  thyroidal  chanires  and  the 
development  of  cretinism  is  not  delinitely  understood. 
The  subject  involves  a  consideration  of  the  physiologic 
function  of  tile  thyroid  gland,  and  that  is  not  in  place 
here.  iSullice  it  tosay  that  in  theopiniou  of  most  author- 
ities the  thyroid  srland  produces  a  substance  that  acts  as 
an  antidote  orantitoxin  to  certain  toxic  products  of  daily 
metabolism.  Where  the  neutnilizatitm  occurs  is  a  matter 
of  donbt,  some  holding  that  it  takes  place  in  the  thyroid 
gland,  anil  others  that  it  takes  i>lace  in  the  blood.  If  the 
to.xins  are  not  antagonized,  tiny  remain  in  the  body  and 
cxerci.se  a  deleterious  intluence.  primarily  upon  the  ner- 
vous system,  but  also  on  the  skeleton  and  other  connec- 
tive tissues.  If  the  individual  is  young,  the  result  will 
be  an  arrest  of  both  physical  and  psychical  developnieiit. 

Normally  the  antitoxic  action  of  the  thyroid  gland 
begins  to  be  exercised  early  in  life — according  to  Kin- 
nicut  (Mclicii/  Jirmnl.  l.s!)3).  between  the  sixth  and  the 
eighth  months  of  fo'tal  life.  Failure  of  development 
(a])lasial,  imperfect  develojiment  (liy)ioplasia).  and  mor- 
bid conditions  in  later  life  (such  as  atrophy,  libroiil 
change,  calcareous  iiililtration,  acute  intlaminalion.  anil 
goitre  in  all  its  forms),  are  the  pathologic  conditions  that 
rob  the  Itody  of  the  benefits  conferred  i)y  a  functionating 
thyroid  gland. 

Rehitinn  tn  yfyrmhmn. — The  studies  of  English  physi- 
cians, particularly  Old.  llorsley,  and  Murrsiy,  have  con- 
clusively demonstrated  that  there  is  an  intimate  relation- 
ship between  cretinism  and  myxn^<iema.  Ktiologically, 
the  two  affections  are  identical,  in  that  their  basis  isr 
morbid  condition  of  tlie  thyroid  gland:  syniptomatically, 
they  also  liavi-  considerable  in  common.  The  differences 
■which  they  present  are  due  to  the  fact  that  cretinism 
begins  in  childhood,  at  a  lime  when  the  growing  system 
is  most  impressionable  lo  deprivation  of  the  thyroidal 
influence:  while  myxa-dema  is  the  s;ime  disease  di'velo])- 
ing  after  the  body  has  reached  its  growtli.  Thyroid 
treatment  produces  beneficial  results  in  both. 


If  it  be  accepted  then  as  proved,  that  cn-tiniHiii  Indue  to 

absence  or  diwuse  of  the  lli\ '■■'■I  i.-i^  il..  i..»)  <|ii(iilioii 
to  arise  Is,  "  What  inlluein  rliid  con- 

dition in  the  gland?"     Til'  pixirde- 

velopmeiit,  or  goitroiix  hi<iIi-,  in  m,  we  do 

not  delinitely  know.     A  numl  .ve  lu'cii 

assigned:  <iinsaiiguinltv  of  the  |>;ii.  dur- 

ing alcoholic  intoxication,  fright  dn  tu- 

berculosis, and  a  neurotic  laini  :  bu;  ,„,  ,,■■),„  u-\nt 
these  conditions  compared  w  ith  the  mrily  of  (  reliiiism  in- 
dii-ales  that  they  pos.si'ss  little  real  iiiiiioriaiK  e.  A  study 
of  embryologic "pathology  may  throw  light  upon  the  sub- 
ject. In  rare  cases,  as  in  the  one  reported  by  Shields  (.Vri" 
Yi'ik  Midinil  .hiurnal,  IMDM,  vol.  ii.,  p.  47'fi).  Hie  disease 
has  followed  upon  an  acute  Ihyroidilis,  undoubtedly  of 
infective  origin. 

In  the  ease  of  endemic  cretinism,  our  knowledge  Is  less 
meagre,  although  still  far  from  complete.  'I'lie  fact  that 
endemic  cretinisni  and  endemic  goitre  are  ilia  large  ineiiK. 
lire  coextensive  in  disliiliution  suggests  a  relationship  l)e- 
tween  the  two.  At  present,  this  relationship  is  interpreted 
as  being  that  of  a  common  causation  :  goitreand  cretinism, 
it  is  believed,  are  due  to  the  sjiiiie  cause.  This  view  dutt'S 
back  to  the  early  part  fif  the  nineteenth  century,  and  was 
advocated  by  Fodere  ("Tniite  dii  goitre  el  dil  cretinisme. 
precede  dun  discoiirs  siir  rinfliience  de  I'air  hiimide  sur 
1  entendeineni  liumain,"  Paris,  an.  viii.,  18IW),  Gross 
(loe.  eil.),  Haillarger  and  Krishalier  ("  Dictionnaire  des 
Sciences  medicales.  Ire  serie,"  vol.  xxiii.t,  and  Virchow. 
The  comnifm  cause,  nearly  all  observers  agree,  is  to  be 
found  in  the  drinking-water.  Goitre  and  cretinism  al- 
wa^  s  grow  less  freiinent  in  affected  localities  when  the 
water  supply  is  changed.  Thus,  Hircher  states  that  .')!) 
per  cent,  of  the  school  children  of  Happerswyl.  in  the 
Swiss  Canton  of  Aaraii.  had  goitre  in  is.s."i.  The  town 
then  niatle  a  change  in  the  water  supjily,  obtaining  it 
from  beyond  the  Aar,  from  a  goitre-free  district;  and  the 
percentage  fell  rapidly  to  44  per  cent,  in  1886,  2o  per 
cent,  in  1889.  and  about  11  per  cent,  in  189.5.  In  con- 
tiguous communities,  living  under  identical  conditions 
w  ith  the  exception  of  the  water  supply,  goitre  and  cret- 
inism may  prevail  in  one  and  be  absent  in  the  other. 
Thus,  the"  IJozel  distriit  in  the  Tarantaise  had.  in  1.84.8, 
1.742  inhabitants,  of  which  9(111  had  goitre  and  109  were 
cretins,  and  a  number  semicrelins.  The  St.  Bon  district, 
which  is  only  a  short  distance  away,  using  a  different 
water  supply,  had  no  goitreand  no  cretinism.  Upon  the 
advice  of  the  Sardinian  Conunission.  Bozel  changed  to 
the  St.  Bon  water,  with  the  result  that  in  1864  there  were 
but  39  goitres  and  only  .58  cretins. 

An  active  discussion  has  been  waged  upon  the  ques- 
tion as  to  the  constituent  of  the  water  bringing  about 
goitre  and  cretinism.  It  is  known  that  only  water  from 
the  soil,  not  rain  or  snow  water,  produces  these  disorders. 
At  first,  certain  minerals — for  example,  gypsum — derived 
from  the  particular  geologic  formation  in  w  liich  the  goitre 
streams  have  their  source,  were  believed  to  be  the  active 
agents;  but  the  occurrence  of  endemic  goitre  in  localities 
the  waters  of  which  have  an  entirely  different  minerali- 
zation, makes  this  view  untenable.  The  favorable  in- 
tluence exercised  by  iodine  upon  goitre  led  to  the  theory 
that  the  waters  of  goitrous  districts  were  deficient  in  this 
substance.  Against  this  not  unreasonable  supiiosition  is 
the  fact  that  goitre  may  and  does  exist  in  valleys  the 
streams  of  which  are  rich  in  iodine — as  the  valleys  of  the 
Po.  Aosta,  and  Isire — and  may  be  absent  where  the  water 
is  free  from  iodine. 

From  this  dilemma  an  escape  was  found  in  tlie  as- 
sumption that  the  efficient  agent  in  goitrogenic  waters 
was  a  ciiiitii;ii<im  ririiui.  This  hyjiotliesis  is  now  gen- 
erally adopted.  Ewald  in  particular  having  strongly  de- 
fended it;  but  it  is  not  new,  and  waslongagocxpres-sedby 
Alexander  von  Humboldt,  Troxler.  Virchow.  and  Ilirsch 
— to  l)e  sure,  in  pre-bacteriologic  language.  Demnie  and 
Gross  had  assumed  the  existence  of  a  miasm  which  arose 
in  the  vapors  of  the  marshes.  Baillarger  and  Krishaber 
(loc.  cit.)  had  also  come  to  the  conclusion  that  the  goitro- 
genic substance  was  organic,  although  they  did  not  go 
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so  far  ns  to  niiike  of  it  ii  living  siihsliuicc.  The  fact  tlint 
the  boiling  of  the  water  renders  it  innocuous  isone  of  the 
strongest  arguments  in  favorof  the  modern  theory.  AVliat 
the  substance  is,  still  remains  u  mystery.  It  may  be  bac 
terial.  although  no  delinite  organism  has  been  is<ilale(l. 
Tavol  (([Uoted  by  Kocher,  DiuUelu-  Ziituchiift  f.  Idiii. 
Cliir.,  ISDi.  vol.  x.Nxiv..  p.  flSO).  in  a  beautiful,  clear 
stream  in  a  goitrous  district,  found  thirty-three  varieties 
of  plant  life,  although  he  was  not  able  to  prove  delin- 
itcly  that  any  one  of  them  was  the  sought-for  cause  of 
goitre. 

Whatever  the  cause  may  be,  it  is  not  long-lived  in  the 
body.  Goitre  increases  only  as  long  as  the  infected  water 
is  drunk,  and  it  may  evendisappear  if  the  individual  after- 
ward consumes  a  pure  water.  Immunity  to  goitre  may 
exist  in  goitrous  localities.  According  to  Kocher,  per- 
sons who  pass  the  tenth  year  in  such  a  locality  without 
the  development  of  goitre,  will  usually  remain  immune. 
Whatever  the  nature  of  the  morbific  a.gent,  it  seems  to 
expend  itself  upon  the  thyroid  glan<l :  and  in  the  end  it 
is  the  dist  urliance  in  the  function  of  that  organ  that  brings 
about  cretinism. 

There  are,  however,  certain  predisposing  causes: 

1.  LoenUty.  Endemic  goitre  occurs  especially  in  shel- 
tered, damp,  and  imperfectly  aired  valleys. 

2.  Gerihgic  Fin-mation.  Goitre  and  cretinism  are  most 
common  in  sections  characterized  by  marine  sedimentary 
rocks,  particularly  tho.se  of  the  Paleozoic  Era  (Devonian, 
Silurian,  Carlmniferous.  and  Dyas),  the  Triassic,  and  the 
Tertiary.  McClelland,  in  his  Himalayan  studies,  found 
goitre  most  common  in  places  in  which  the  soils  were 
rich  in  lime  and  magnesia,  there  being  one  goitre  in  every 
thirty-three,  and  one  cretin  in  every  thirty-two  persons. 

3.  Social  Cnndition.  En<lemic  cretinism  prevails 
among  people  eking  out  a  meagre  existence  under  un- 
favorable conditions.  The  intlnence  of  such  conditions 
has  been  proved  indirectly  by  the  lessening  of  goitre  and 
cretinism  as  such  communities  become  more  affluent  and 
more  civilized,  the  water  supply  remaining  unchanged. 
Wallniann  (  Wiener  med.  Jnhrlt..  18GH,  vol.  i.,  p.  120)  also 
considered  despotic  government  a  factor  in  the  produc- 
tion of  cretinism.  There  was  an  opinion,  found  not  un- 
commonly in  (/Ider  writings,  that  cretins  were  the  relics 
of  an  ancient,  inferior  race  of  human  beings — an  hypoth- 
esis that  has,  of  course,  no  proof  whatever. 

4.  Vonsauyuinity.  Inbreeding  and  consanguineous 
marriages  are  an  important  factor  in  the  perpetuation 
of  cretinism. 

5.  Heredity.  When  the  parents  are  goitrous,  even  if 
the  thjroid  disease  is  slight,  the  children  are  very  apt  to 
develop  cretinism;  and  this  is  particularly  true,  as  indi- 
cated in  the  preceding  paragraph,  if  the  parents  are 
related. 

The  Sardinian  Commission  found  that  of  3,613  fathers 
of  cretins.  902  had  goitre,  and  f)!  were  cretins;  and  of 
3,(;.")2  mothers,  1,281  were  afflicted  witli  goitre.  But  that 
heredity  is  not  of  controlling  moment  is  proved  by  the 
fact  that,  given  good  surroundings,  the  descendants  of 
goitrous  parents  may  develop  normally,  although  they 
do  not  always  do  so.  Goitre  docs  not.  however,  of  ne- 
cessity bring  about  endemic  cretinism ;  for  in  Ontario 
goitre  is,  according  to  Osier,  finite  prevalent,  but  cretin- 
ism is  unknown.  Goitre  also  formerly  prevailed  in  Penn- 
sylvania and  New  York  (Dennne,  Gross),  but  cretinism 
was  rare  or  iniknonn  Hegarding  Canada,  however, 
while  endemic  cretinism  does  not  occur,  sporadic  cretin- 
ism is  by  no  means  imcommon :  and  Micphedran(rrt/irtrf(f 
Journal  of  Medicine  and  Surgery,  1898,  vol.  iv.,  p.  275) 
was  able  to  collect  no  less  than  seventeen  eases. 

Genkk.vl  Fkatcises. 

Nothing  is  more  characteiistic  than  the  physiognomy 
of  a  typical  cretin.  There  is,  moreover,  a  remarkable 
uniformity  in  the  appearance  of  all  persons  afflicted  with 
this  disease,  so  that  the  characteristic  individuality  of 
normal  human  beings  is  largely  obliterated.  To  such  an 
extent  is  this  the  case  that  older  writers,  as  already  men- 


tioned, considered  cretins  to  be  the  remains  of  a  degen- 
erate aboriginal  race. 

The  typical  cretin  is  short  of  stature— a  stunted,  dwarf- 
ish being,  with  a  large  head  resting  almost  upon  the 
shoulders  or  sinking  forward  \iprin  the  chest.  Asa  rule, 
the  hair  is  short,  coarse,  and  abundant,  though  some- 
times long  and  silken,  and  grows  well  down  over  the  low 
forehead.  The  skin  is  pale,  thick,  dry,  rough,  at  times 
scaly,  and  has  a  tendency  to  form  thick  folds  or  waddles. 
The  face  is  stupid,  expressionless,  and  repulsive.  The 
eyes  gaze  vacantly,  seldom  fixing  objects.  The  nose  is 
short  and  thick,  with  a  deep-lying  root  and  flaring  nos- 
trils. The  mouth  is  large;  the  lijis  are  thick  and  fleshy, 
and  constantly  open,  pernntting  the  swollen  tongue  to 
protrude  and"thc  saliva  to  drool.  The  teeth  are  few  in 
number,  large,  wide  apart,  and  badly  forme<l.  The  ears 
are  fleshy,  pale,  often  deformed,  and  usually  stand  out. 
Sometimes  they  are  small  and  grown  flat  "to  the  head. 
A  short,  thick  neck,  at  times  deft)rmcd  by  the  presence 
of  a  goitre,  joins  the  head  to  the  thorax.  The  latter  is 
disproportionately  short,  flattened  irregularly  at  the  level 
of  the  lower  end  of  the  sternum,  and  often  scoliotic  and 
kyphotic;  it  is  usually  smaller  in  circumference  than  is 
normal.  The  breasts  in  female  cretins  are  either  not  de- 
veloped at  all,  or  are  very  large  and  pendulous.  The 
abdomen  is  protuberant  and  inclined  to  hang  downward; 
often  a  hernia,  either  umbilical  or  inguinal,  is  present. 
Lordosis  is  connn<in.  In  both  sexes  the  genitalia  are  usu- 
ally small  and  infantile,  with  absence  of  hair  in  the  pubic 
region,  but  in  rare  cases  the  external  organs  of  generation 
are  excessively  developed.  The  extremities  are  short, 
fleshy,  and  grooved  by  deep  furrows;  the  feet  and  hands 
are  large;  the  nails  roughened.  Often  there  is  a  ten- 
dency to  bow-leg  or  knock-knee.  Many  cretins  cannot 
walk;  some  cannot  even  stand  unless  supported. 

Intellectually,  the  cretin,  as  a  nde,  presents  a  degree 
of  degeneracy  that  is  on  a  par  with  that  of  his  body. 
His  wants  are  confined  to  the  most  rudimentarj-  desires, 
such  as  hunger  and  thirst;  and  to  these,  even,  he  gives 
expression  in  ways  that  are  intelligible  only  to  those  that 
are  constantly  about  him.  Speech  he  usually  has  not, 
and  is  able  only  to  make  monotonous,  inarticulate  noises, 
and  does  not  employ  gestures.  If  he  speaks  at  all,  his 
voice  is  shrill  ami  unpleasant.  He  remains  in  all  respects 
a  helpless  child,  and  often  wears,  even  at  two-score  years 
or  more,  the  garb  of  childhood. 

In  the  foregoing  I  have  given  a  brief  sketch  of  the 
cretin  in  his  worst  estate — the  type  that  5Iaffei  calls 
plant  men  (Pflanzenmenschen),  on  account  of  their  purely 
vegetative  existence.  The  pietiu-e  is  not  overdrawn, 
and  characterizes  wellnigh  the  majority  of  cretins;  but 
there  are  many  in  whom  the  disease  does  not  reach  such 
a  profound  degree,  and  in  every  locality  in  which  the 
disease  is  endemic  there  are  gradations,  from  the  fully 
developed  to  the  mild  type — so  mild,  indeed,  that  only  a 
few  features  of  the  disease  remain.  These  slight  cases 
are  termed  cretinoid.' 

Aye. — Cretinism  may  be  congenital;  that  is.  it  may  be 
present  at  birth.  In  such  cases  the  child  rarely  lives  any 
length  of  lime;  indeed,  it  is  often  still-born.  More  fre- 
quently the  disease  develops  some  time  after  birth:  in 
the  endemic  type,  between  the  fifth  and  the  eighth 
months;  in  the  s])oradic,  after  the  .second  year,  or  later. 
The  condition  usu;illy  reaches  its  height  at  the  age  of 
fifteen  years,  and  remains  stationary  after  the  twentieth 
j'ear.  According  to  Ord  {^Iedico-Chir\irgical  Trans- 
actions, 1878),  cretinism  never  develops  in  a  child  that 
is  healthy  u])  to  its  sixth  or  seventh  year.  Operative 
cretinism  naturally  begins  after  the  operation,  if  that  be 
done  within  the  period  of  growth.  The  duration  of  life 
is  generally  short,  especially  in  the  sporadic  form,  in 
which  the  fourth  decadi'  is  rarely  attained.  In  endemic 
cretinism,  subjects  sometimes  reach  the  exceptional  age 
of  seventy,  or  even  one  hundred  j'ears.  Tuberculosis 
seems  to  be  rare  in  cretins. 

Sej.: — Endemic  cretinism  is  more  common  in  the  male 
sex.  In  sporadic  cretinism  there  .seems  to  be  a  decided 
preponderance  of  females.     I  have  collected  from  the 
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litcmture  93  nuifH  of  llio  Rporaillc  type.  The  ncx  wiui 
iiit'iitioiit'il  in  SO:  of  tlii-w,  4«  (K-curnMl  in  fciimli'N,  38  in 
inalcs.  Osier,  In  llic  Anicrinin  ciisch.  dmIv  u  few  (if 
wliicli  lire  iiicluili'il  in  my  liHt,  fuiind  llic  dilTcrrncu  in 
fiivor  of  llio  fcnmle  SfX  C'Vvn  grcaU-r;  35  fcinult'H  to  28 
nukU's. 

Kkati'kkh  ok  Till-;  Dikkahf.  in  Dktaii.. 

A.  SoMATK'  Fkatiiikh.  —  1.  lliiirnil  Skflfton. — Tlic 
cri'lin  is  ulinost  never  of  the  noriniil  Ktaliirc  of  persons  of 
hisiiKe;  in  the  niiijorily  of  cases  iniliTil.  Iiis  height  iloes 
not  exceed  that  of  a  child  of  three  or  four  years.  MatTei 
((|i|ote<l  hy  Kocher,  bx-.  fit.)  found  '."2  out  of  'J")  cretins  to 
lie  less  limn  15  fe«'t  (HO  cm.)  in  hc'ij;lit ;  several  were 
even  less  than  ;i  feet  tail  (O.lcni.).  Mac|ihedrun  ((Vi;i<i(/i<(;i 
Jmirnal  of  Stitlirinf  and  Siiryeri/,  IHilH.  vol.  iv,,  p.  2Tr)) 
found  the"  height  in  0  cretins  to  vary  from  2(1  to  Sri  inches. 
1  have  tahulated  th<'  heights  of  2H  cretins,  rangini;  from 
four  to  tiftv  three  years  of  age,  and  found  the  avenige 
to  lieUCi.tl  (in.  Ci-HJ  in.). 

There  is  a  disproportion  among  the  different  parts  of 
the  hody.  At  limes  the  arms  are  very  long;  the  hands, 
hirge;  the  lingers,  short;  the  nails,  hroad,  Hat,  short, 
and  hrillle.  The  lower  linihs  are  crooked,  and  there  is 
often  a  backward  extension  of  tlie  knees.  The  clavicles 
are  thin,  delicate,  and  slightly  curved.  Tlic^  hair  is 
coarse,  dry,  and  abundant;  often  reddish  in  the  sporadic 
form,  and  chestnulcolor  in  the  endemic.  Tliere  is  usu- 
ally no  pubic  or  axillary  hair,  but  sometimes  a  consider- 
able hirsute  growth  isnoleil  between  the  seajiula'.  Fatty 
tumors  are  found  above  the  clavicles,  and  occasionally  be- 
tween the  shoulder  blades,  but  oidy  in  the  sporadic, 
not  in  the  endemic,  tyiie.  Umbilical  and  inguinal  her- 
nias are  common  features.  As  already  mentioned,  the 
genitalia  are  small;  but  in  some  instances  (Friedreich, 
"  Teber  die  aiis.seren  Ge.schlechtsorgane  der  Kretinen  in 
Iphofen,"  182.S)  the  male  sexual  organ  reaches  an  enor- 
mous length,  the  testicles  being  in  proportion,  and  usually 
very  hard.  Puberty,  if  it  occurs  at  all,  is  late  in  ap- 
pearance, sometimes,  as  in  Wagner's  observation  (Medic. - 
chir.  Centralblatt,  1893,  245).  at  the  fortieth  year.  The 
cretin's  skin  is  dry,  harsh,  and  brownish  or  pale  ashen  in 
color.  The  veins  of  the  chest  are  prominent,  and  there 
is  often,  as  Bnimwell  ("  Atlas  of  Clinical  Medicine,"  vol. 
i.,  p.  10)  has  noted,  a  venous  mottling  of  the  legs.  Erup- 
tions arc  common  in  the  sporadic  form.  The  body  tem- 
perature of  cretins  is  nearly  always  subnormal. 

7'Ac  lliiiil. — The  head  is  unduly  large,  with  a  flat  to)> 
and  a  prominent  occiput.  (Bulldog  like  is  the  compari- 
son made  by  some  writers.)  The  circumference  is,  how- 
ever, not  .SI)  large  as  might  be  expected  from  the  general 
appeanince  of  Uie  head,  the  average  in  twenty  cases 
being  51  cm.  (2I1J  in.);  at  times  there  is  actual  micro- 
ceplialy.  The  fontanel  and  sutures  remain  open  very 
long,  although  sometimes  they  close  early.  The  shape 
of  the  head  varies.  It  is  usually  brachycephalic  in  en- 
demic cretinism  and  dolichocephalic  in  the  sporadic 
type.  The  head  is  often  so  heavy  that  it  cannot  be 
held  up  by  the  weak  neck  muscles.  The  forehead  is 
low,  the  supraorliital  ridges  are  prominent,  the  eyebrows 
thin,  the  eyelashes  short  and  few  in  number.  The  eye- 
lids are  swollen.  The  eyes  are  usually  open,  but 
sometimes  half  closed  from  ptosis.  Many  cretins  have 
pronounced  siiuinl.  I.achrymation  is  common,  from  oc- 
clusion of  the  lachrrnud  diict,  and  there  is  often  well- 
marked  epicanthus.  The  no.sc  is  retracted,  short,  and 
homely,  with  large.  Ilaring  nostrils.  The  upper  jaw- 
is  usually  unduly  |iromincnt.  while  the  lower  recedes. 
The  lips  are  thick  and  lleshy  (niacrocheilia).  and  at  times 
there  is  a  pinkish  flush  upon  the  cheeks.  The  nasolabial 
folds  are  indistinct.  The  month  is  always  open,  and  the 
breath  offensive.  There  is  constant  drooling  of  saliva. 
The  tongue  is  large,  swollen,  and  in  advanced  cretinism 
protrudes  from  the  mouth  (macroglossia).  The  teeth 
appear  late,  and  the  milk  teeth  generally  persist  through- 
out life,  second  dentition  being  rare.  'The  tcelh  arc  sub- 
ject to  early  decay,  and  are  always  badly  formed  and  of 
large  size.     The  palatal  arch  is  generally  high  and  nar- 


row. The  neck  h  short.  Tlio  thyroid  Klund  m  •  nilo 
cannot  he  felt  in  Nponidie  crctinimn,  an(T  waH  ahitcnl  at 
autopsy  in  nine  out  of  ten  cows  collected  by  Kruinwell 

(i>c.  fit). 

I  have  analyzed  SH cases  of  sponidicerctlnlHm  recorded 
in  the  literature  with  reference  to  the  condition  of  th(^ 
thyroid  gland.  There  wag  no  thyroid  demonHtndtle  in 
■M ;  thert!  wiis  no  goitre,  or  the  gland  was  normal  inU; 
goitre  existed  in  7:  and  no  mention  was  made  of  the 
gland  in  27.  Osier,  in  his  ca.ses,  u  few  of  which  arc  em- 
iHidied  in  my  table,  found  goitre  present  in  7,  the  gland 
normal  in  12.  and  snuill  in  2;  it  was  not  felt  in  lit,  and 
not  mentioned  in  20.  In  oneca.se  of  cretinism  on  which 
I  had  an  opportunity  to  make  the  autopsy,  the  thyroid 
gland  wius  absent.  In  endemic  cretinism  tlie  thyroid  is 
not  oidy  i>re.sent,  hut  is,  as  a  rule,  the  seat  of  goitrous 
change.  Wagner  (lof.  fit.)  gives  the  fre()ueney  of  goitre 
as  high  as  ninety  per  cent. ;  others  generally  llnd  a  lower 
percentage.  Among  20  cretins,  Bircher  found  15  with 
goitre,  the  thyroid  not  being  palpable  in  (me.  and  being 
normal  in  4.  Kegarding  the  statement  that  the  gland  is 
normal,  it  must  always  be  rem(  inhered  that  it  is  dilllcult 
to  delermine  merely  liy  palpation  the  conditi(jn  of  a  thy- 
roid gland.  Cretinism  is  always  wor.se  in  non-goitrous 
persons  than  in  those  having  goitre. 

Fleshy  lipomatous  masses  are  found  above  the  clavicles 
and  between  the  seapulie.  but  only  in  sporadic  cretinism. 
During  wasting  diseases  and  before  death,  these  tumors 
generally  atrophy. 

Circi(lii/'ir>/  Si/Ktiin  (ind  llliml. — The  heart  sounds  are 
weak;  the  pul.se  is  slow  and  feeble.  The  blood  has  not 
been  carefully  studied  in  endemic  cretinism;  and  with 
regard  to  the  sporadic  form,  the  reports  are  also  meagre. 
Koplik  (New  York  ikdiailjournal.  1898.  vol.  ii.,  p.  84), 
in  a  female  cretin  one  month  of  age,  found  the  lucmoglobin 
ranging  from  85  to  .53  per  cent.  ;  the  reil  blood  corpuscles 
iuniil)eied  4.200,000,  and  the  white  cells,  10,000.  In  an- 
other case,  an  infant  of  nine  weeks,  presenting  a  typical 
cretinoid  appearance,  the  hicmoglobin  was  105  ])er  cent., 
the  red  corpuscles  numbered  3,000.000.  and  the  white 
cells  13..500.  Afterasliort  treatment  with  thyroid  gland, 
the  ha'moglobin  sank  to  .55  iier  cent.  In  a  case  reported 
bv  Mendel  {Berliner  Idin.  Wofhemfhrift.  189()),  the  red 
cells  were  4,700,000,  the  white  cells  SolOtJO,  the  differen- 
tial count  .showing:  polymorphonuclear  cells,  58  per 
cent. ;  lymphocytes.  33  per  cent ;  eosinophiles,  5  per 
cent.;  transitional  forms,  4  percent.  Osier  (.Im^riVrtn 
Journal  of  the  Medical  S-ieneen,  1893),  in  one  case,  found 
aniemia,  leucocytosis,  and  poikilocytosis;  and  in  another, 
absence  of  leucocytosis.  Phillips  (Transjictions  of  the 
Clinical  Society,  1885)  reports  finding  in  one  case  slight 
ana'inia  and  no  increase  in  the  number  of  leucocytes. 
(Jarre  (cited  in  Virc/ioic-Uirsch'n  Ja/irenfierirlit.  1890.  341), 
in  a  female  cretin  of  twelve  years,  foimd  3.900.000  red 
corpuscles,  5.730  white,  and  (i3  per  cent,  h.vmoglobin. 
In  a  female  cretin  twenty-six  years  old.  Kouth  (Proceed- 
ings of  the  Medical  Society  of  L(ui(h)n,  1884,  vol.  vii.,  p. 
309)  found  the  red  cells  86  per  cent,  of  the  normal;  the 
luemoglobin.  77  per  cent. ;  and  the  relation  of  the  white 
to  the  red  cells  as  1  to  250,  showing  a  decided  leucocyto- 
sis. From  these  blood  studies,  it  is  apparent  that  cret- 
inism— at  least,  the  sporadic  form — is  accomiianied  by 
ana-mia,  manifesting  itself  in  a  decided  reduction  of  the 
red  corpuscles  and  a  diminution  in  the  haemoglobin ; 
sometimes  the  red  corpuscles  present  alterations  in  form. 
The  leucocytes  seem  to  be  increa.<ed  in  the  majority  of 
cases,  without  any-  noteworthy  alteration  in  the  propor- 
tion of  the  different  elements;  in  some  instances,  how- 
ever, there  is  no  leucocytosis.  A  thorough  study  of  the 
blo(xI — both  of  its  cellular  and  of  its  liquid  elements — 
is  a  distinct  desideratum. 

Diffe/itire  Tract. — The  drooling  of  sjiliva  and  the  thick, 
protuberant  tongue  have  been  mentioned.  The  apjietite 
of  the  cretin  is  usually  voracious,  and  he  bolts  his  food. 
Constipation  is  generally  present.  In  extreme  types  of 
the  disease  the  bowels  are  moved  involuntarily.  In  the 
terminal  stages  diarrhcea  sets  in,  and  may  be  the  cause 
of  death. 
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Gfnilo-iiniiiirji  Tract. — The  sexual  si'iise  is  usunlly  iili 
sent.  Puberty  is  rarely  iillained:  auil  if  so,  not  before 
the  age  of  iHeiitylive,  ami  sometimes  as  late  as  forty. 
Menstruation,  if  it  occurs  at  all,  is  scanty  and  irrejiu- 
lar.  Cretins  are  generally  sterile.  The  size  of  the  ex- 
ternal genitalia  varii^s;  as  a  rule,  they  are  infantile:  ex- 
ce|iliou;illy.  as  alicaily  niiiitioned.  very  liiri:i-      The  mine 
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Fig.  2341.— Bartlne  Mills,  a  Cretin,  about  Thirty-three  Years  Old,  furmerly  In  the  Philadelphia 
Hospital.    The  man  iH'side  him  was  his  voluntary  caretaker  for  many  years. 

is  normal,  hut  small  in  amount.  In  one  case  Ord  (Lancet. 
1893,  vol.  ii.,  ]i.  1  IKi)  estimated  the  Ljuaiitity  of  urea,  and 
found  it  to  lie  0.4  i>er  cent.  Urinaiy  iucoutincuce  is  the 
rule  in  typical  cretins. 

H.  .MoTon  Piii;.N()MKX.\. — On  account  of  the  short  legs 
and  large  bodies,  the  gait  of  cretins  is  of  a  peculiar, 
grotesque,  ^vaddliug  character.  Mauy  can  ))rogrcss  only 
by  pushing  a  chair;  some  cannot  even  staud.  The  use 
of  the  hamis  for  delicate  movements  is  limited  in  varying 
degrees.  Often  the  cretin  cannot  even  feed  himself. 
Regnrding  the  rellexes.  the  statements  iu  the  literature 
dilter  consideiably.  Some  have  found  the  tendon  re- 
flexes normal;  otliers,  the  knee  jerks  increased,  and  the 
abdominal,  cremasteric,  and  other  superficial  reflexes, 
unaltered,  JIayer  (lifme  medirah'  tie  lit  Siii.tiic  romnnde, 
1883,  523)  found  a  diminution  in  the  faradic  excitability 
of  the  muscles. 

C.  Sensoiiv  Piii;xomi:n.\. — All  the  special  senses  are 
blunted,  particularly  that  of  hearing,  complete  deafness 
being  a  common  feattne.  Some  have  attributed  the  low 
intelligence  in  jiart  to  this  deafness.  As  to  its  cause, 
AVagner  (loc.  cit.)  suggests  that  it  is  due  to  a  myxiedem- 
atoiis  swelling  of  the  mucous  membrane  of  the  middle 
ear. 

Ililehmann  ( IT'jVncr  W(H.  Wnr/ieiiscJirift.  1898,  G.5o)  has 
made  a  study  of  the  eye  conditions  in  .W  cretins.  Le- 
sions of  that  organ  were,  on  the  whole,  rare.  He  found 
epicantlius  in  12  and  niyxcedema  of  the  lids  iu  56. 
Chronic  catarrhal  conjunctivitis  was  common,  and  was 
either  an  accidi'Utal  condition,  or  due  to  disturbance  of 
the  tear  duct.  Eczema  of  the  lids  was  freiiuent.  Stra- 
bismus was  found  in  but  1  case,  senile  cataract  in  2,  and 
jwisterior  capsular  cataract — due  to  prolapse  of  the  retina 
— in  1.  The  retina  was  normal  in  42.  There  was  conns, 
with  a  downward  axis,  in  5  cases,  which  is  a  high  per- 
centage, as  ordinarily  this  is  found  but  27  times  in  1.000 
cases.  In  oiu'  lase  therewas  beginning  giay  degenera- 
tion; and  in  2.  increased  pigmentation  of  the  choroid  and 
retina.    Nystagmus  is  sometimes  present. 


Touch,  luiin,  and  temperature  sense,  like  the  more 
highly  specialized  functions,  are  also  greatly  dulled. 

I).  Psv(  iiic  PriKNOMK.NA. — I  have  already  .stated  that 
cretinism  iiresents  all  gradations  from  the  most  profound 
amentia  and  idiocy  to  mere  feeblemindedness,  oreveii  toa 
fair  slate  of  mentality.  The  majority  ot  cretinsare  dull, 
apathetic,  silent,  uuteachable,  and  incapable  of  work, 
and  have  to  be  caied  lor  like  in 
fants.  A  few,  particularly  in  en 
demic  cretinism,  are  able  to  do  light 
tasks,  run  errands,  etc.  Cretins,  as 
a  rule,  are  good-natured  but  jealous, 
andare  not  emotional ;  at  times,  how- 
ever, they  have  violent  outbursts  of 
animal  fury,  or  pass  into  states  of 
deep  depi'ession.  In  rare  instances, 
they  present  delusions  or  are  mani- 
acal; and  Kruepelin  refers  to  one 
case  iu  which  paresis  existed.  Con- 
vulsions have  also  been  observed. 
In  excepti(mal  instances  some  one 
faculty  will  be  cxtiaordinarily  de- 
veloped, as,  e.g.,  the  musical  mem- 
ory. 

"P.\Tnoi.OGrc.\L    An.\to.mv. — The 
geueral  characters  of  the  skin.  hair, 
and  nails  have  been  described.     A 
peculiar  feature  to  which   I  might 
again  allude  is  the  gelatinous  intil- 
tration  of  the  skin  (cachexia  iiachy- 
dermica).     which     is     particularly 
marked  in  sporadic  cretinism.     Ac- 
cording  to   Beach,  it   is   due  to  au 
excess  of  mucin  in  the  subcutane- 
ous tissue.     In  nearly  ail  auto])sies 
an  absence  of  subcutaneous  fat  has 
been  noticeable.     Fatty  tumors  are 
found  above  the  clavicles  iu  spora- 
dic cretinism. 
AVith  regard  to  the  skeleton.  I  have  already  spoken  of 
the  shortening  of  the  bones  and  the  peculiar  external 
features  of  the  skull.     The  Cause  of  the  skeletal  charac- 
teristics has  been  a  subject  of  much  dispute,  but  it  is 
now  proved  that  the  fundamental  defect  is  a  delayed 
ossification  of  the  cartilages.    There  is  a  retardation  in  the 
formation  and  growth  of  the  centres  of  ossification,  in 
the  tiausfonnation  of  the  epiphyses  into  l)one.  and  in  the 
disappearance  of  the  epiphy.seal  discs.     Eventually,  if 
the   individual   lives   long  enough,  ossification   may  be 
accomplished;   but  it  is  common  to  find,  as  did  Dolega 
("Beitrilge  zur  pathol.  Anatomic  u.  allgem.  Pathologie." 
1890.  vol.  ix..  p.  488),  in  a  cretin  twenty-eight  years  of 
age,  that  the  sutuies  remain  open  and  that  the  epiphyses 
persist  in  their  cartilaginous  .state.     These  facts  also  ex- 
plain why  cretins  may  continue  to  grow  until  the  third 
or  fourth  decade  of  life. 

Periosteal  osteogenesis  shows  no  constant  characters ;  it 
may  be  normal,  or  it  may  be  excessive.  Sometimes  there 
is  a  projection  of  the  periosteum  between  the  epiphysis 
and  diaphysis,  such  as  was  observed  iu  Dolega's  case, 
but  this  is  not  the  rule.  Little  is  known  of  the  condition 
of  the  bone  marrow.  In  the  only  case  in  which  it  is 
mentioned — that  of  Langhans  (  Viivhoic's  Arc/iii:  1892, 
128) — the  marrow  was  fatty.  The  case  was  that  of  a 
cretin  fourteen  months  old. 

In  two  fo'tuses  presenting  cretinoid  characteristics, 
Virchow  ("Gcsiunmclte  Abhandlungen."  l^.'ili.  909;  also 
in  Verliand.  d.  phys.-med.  Gesellschaft,  Wurzbur,!;.  is,")(i, 
199)  found  synostosis  of  the  sphenooccipital  sutures 
— of  the  so-called  os  tribasilare — and  concluded  that  this 
was  an  important  feature  in  cretinism;  one  probably  re- 
sponsilile  for  the  arrest  of  growth  iu  the  other  ]>arts  of  the 
skeleton.  Normally  the  sutures  of  the  os  tribasilai'e  do 
not  disappear  until  th<'  twelfth  or  thii'teenth  year.  There 
is,  however,  a  general  belief  among  authorities  at  the  pies- 
ent  day  that  thedisease  found  in  the  f(etuses  described  by 
Viichow  was  not  a  form  of  cretinism,  but  a  condition  some- 
what analogous,  vet  different  in  its  essence,  known  as 
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eliiiiutruilyln>iihiii  fiiliitif.  iilxiut  which  more  will  Itc  fuild 
Inter.  Ill  trill' ('ri'lln>  llirre  is  no  pretiiuliire  ossilloutiiiii 
uf  lilt'  H|ilu'iii>liiisiliir  siiluri'S. 

Till' fi'iiiMiiiiii  for  llic  I'niiiliil  iicrvrs  mill  liliMulvcam-ls 
iirr  iiftrii  siiiiill.  iiii'liiiliiiL;  ilic  fiiniiiii'ii  111111:1111111 :  wmii- 
liiiK's.  Iiowcver.  llirN— I'spiTJiilly  the  latter — limy  lie  of 
lioriiiiil  >i/,e.  Wiiriiiluil  iMiiies  are  freiiilelilly  prewiil 
iilmiK  the  sutures. 

In  sliiipe  tlie  skull,  as  has  lii-eii  stated,  may  lie  either 
iloiielioeephiilli-  or  liraehyieplmlie.  Nhurteiiini:  of  its 
lias<' is  one  of  the  most  constant  features  of  the  ereliiiie 
skull.  The  root  of  the  nose  is  ilepres,se(|  aiiil  projrniilli- 
isiii  is  iimrkiil  Allen  (New  York  .Unlicul  Jiiiinnil.  1m-Ii- 
riiaiy  -M.  ix!l">i.  in  ii  siipposeilly  cretinie skull,  foiinil  pro- 
jeelion  of  ilie  oi-eiput.  anil  siieli  a  union  of  the  parielnls 
with  that  lioiie  lliut  a  eonspieiiousilepression  was  fonneil 
lietwiiii  lliein.  giving  list-  to  a  shape  of  the  head  called 
"cat  head." 

Histologically  the  ossiims changes  are  but  little  known. 
They  can  he  satislactoiily  studied  only  in  juvenile  cre- 
tins, and  autopsies  upon  them  are  lare  I.anglians  (/<»-. 
fit.)  found  that  in  his  case  the  eartiliii;e  cells  were  small 
and  spindle  sliapeil;  in  plaies  I  hey  wire  aliiiornially  dis 
posed,  lieing  longil  udiiiiil  to  the  ii.\is  uf  the  rows  of  cells. 
Sonu'tinies.  also,  the  rows  were  internii>ted.  The  mar- 
row spaces  showed  irregularities,  lieing  often  very  large 
and  widely  separated  in  the  youngest  jiortions  of  the 
hones,  anil  e.vliiliitiiig  shortening  of  the  liony  traliecnlie. 

J/ii  llniiii. — .\n  interesting  pathological  change  is 
eiiLirgement  of  the  pituitary  licKly.  wliicli.  however,  is  not 
constant.  It  was  noted  liy  IJoyie  and  Beadles  {.IididhiI 
I'f  J'lit/f'l'yi/ mill  Iliirliriol":///.  IK'.Kijand  liy  I'ackard  and 
Hand  (Aiiitiii-iiii  Jmiiiiiil  cf  thi  Muliinl  Siiimn,  tseptem- 
lier,  liliM  1.  Langhiins  (/"C.  cit.)  found  the  lirain  and  cord 
normal,  hut  in  the  periphend  nerves  lie  oliserved  dilata- 
tion of  the  Ivmpli  spaces  of  the  endoneiiriiim  and  peri- 
neurium. Tlie  dilated  spaces,  besides  having  <ine  tibrillie. 
contained  unilocular  and  multilociilar  vesicular  cells, 
which  seemed  to  have  originaled  from  the  endoneuriiim. 
There  were  also  peculiar  cylindrical  or  spindle-shaped, 
solid  structures,  iiroliably  the  result  of  degeneration  of 
the  connective  lissuc. 

Tliymiil  (lliiiiil. — The  condition  of  the  thyroid  gland, 
to  which  allusion  has  been  made  upon  jiage  :i93,  is  of 
great  interest.  In  sporadic  cretinism  it  is  usually  absent ; 
when  present  it  is  small  and  atrophic.  In  such  cases  tlie 
acini  are  smaller  than  normally,  are  devoid  of  colloid, 
and  often  are  surrouiidiil  by  thick  bandsof  tibrous  tissue. 
The  blood  ve-ssels.  as  in  the  case  of  Packard  and  Hand 
{lot.  cit.).  may  show  advanced  calcareous  iiitiltration  of 
their  walls.  In  endemic  cretinism  the  gland  is  usually 
goitrous;  sometimes,  however,  the  thyroid  is  not  demon- 
strable in  the  neck,  but  at  autopsy  a  retrosternal  goitre 
or  one  behind  the  steruo-cleido-mastoid  muscle  may  be 
found. 

The  enlargement  of  the  tongue  is  usually  due  to  a 
lymphaiigiomatous  condition  of  the  organ.  The  viscera, 
in  general,  show  no  characteristic  changes.  Beach  found 
an  increase  in  the  tibrous  tissue;  and  in  a  case  examined 
by  myself  the  liver  was  the  seat  of  an  enormous  number 
of  cavernousangiomata  and  the  hepatic  cells  were  deeply 
pigmented. 

I)iKl--i-;i!F.NTi.vi.  Di.KONosis. — But  little  need  be  ssud  re 
gardiiig  the  dillereutial  diagnosis  of  cretinism.  The  en- 
demic form  usually  presents  no  difficulties,  and  the  s|io- 
radic  in  its  fully  developed  state  isalso  easily  recognized. 
Occasionally  it  is  neces.sarv  to  distinguish  between  cre- 
tinism and  ihrnrfisiii  ^nanosoItlia).  In  borderline  cases 
the  distinction  may  be  impossible:  but  ordinarily  we  lind 
that  the  dwarf  does  not  present  the  typical  skeletal 
changes  nor  the  myxa'dematons  condition  of  the  skin. 
There  are  likewise  no  real  deformities:  the  large  tongue 
is  absent;  and  the  psychic  defects,  so  prominent  in  cre- 
tins, are  not  a  feature  of  dwartism.  Ii  may  be  dilViciilt 
to  distinguish  between  cretinism  and  that  form  of  idiocy 
known  as  yfnuiiilinti  irlinri/.  There  are.  however,  men- 
tal dilTerences  that  are  of  help  in  the  diagnosis  The 
cretin  is  dull  and  apathetic;  the  Mongolian  idiot,  though 


stupid,  has  II  Knilliiig  coiinteimtice,  ami  In  mow  or  leu* 
vivacious  and  olisirvaiit.  The  ii'demuloUH  cuiulitlou  of 
the  skin  and  the  fatly  tiiiii'>i-«  are  also  nim-nt 

I'lider  the  lirni   i  ,  .   (mve  de- 

Kcrilii'd  a  conditinii  <  nidivldiml 

retaining  the  chiiriui.  i  i-ij.  -  .1  <  iu.<n '  '.  hen 

tliesi'  should   have  disappiared.      The   si  \ual 

characters  in  particular  tail  to  ili  \.l,,i,  ,,,,, 

be.  and   iisuallv  is.  geninil.    In. 

("Die  Kolleder  .SehilddrUsilM  i  -  , 

lies  Wachstiims  iiiid  der  Knl  w  ii  kliing,  '  lr.,Mi  1 

by  Spiegellierg.  Munich,  liMHI),  it  niay  uITeel  ^. 

iires,  as  the  voice,  tlie  hair,  the  genitalia,  etc.      lin-'.m.l 

considers  infantilism  an  attenuated  form  of  cretinism 

A  few  Words  must  be  bestowed  upon  the  subjerl  of  s>i- 
ciiUi'i\t'iiliil  iii-l:,iK,  which  by  some  is  consideri'd  a  form 
of  folal  cretinism.  Few  disease's  are  honored  with  so 
niany  high  sounding  names  as  this.  Besides  being  calleil 
fietal  rickets,  it  is  known  as  cretinoid  dysplasia,  i>s<'U(lo. 
rhachitism,  chrondritis  fietalis.  micromelia  chondro- 
nialacica,  achondroplasia,  and  chondrodystropliia  ftetalis. 
AVithout  going  into  the  details  of  the  alTeclion,  which 
are  0111  of  plaic>  in  liie  present  article,  the  following  state- 
ments may  be  made: 

1.  The  disease  is  not  a  form  of  rickets. 

2.  It  has  very  little  in  common  with  cretinism,  differ- 
ing from  the  latter  in  certain  essential  points: 

(11)  In  its  period  of  development;  it  begins  during 
fietal  life,  and  the  child  is  generally  stillborn  or  dies 
early.  Cretinism  rarely  begins  before  from  the  lifth  to 
the  eighth  month. 

(Ii)  The  thyroid  gland  is  usually  normal. 

(c)  It  may  occur  anywhere,  and  is  not  more  frequent 
in  the  foci  of  endemic  crelinism  than  in  other  jilaces. 

((/ )  Although  the  osseous  changes  present  no  funda- 
mental ditTeience,  there  is  in  chondrodystropliia  a  sclero- 
sis of  the  diapliysis  which  is  absent  in  cretinism. 

3.  The  es.sential  feature  of  chondrodystropliia  firtalis  is 
a  disturbance  in  the  development  of  the  primordial  car- 
tilage, characterized  by  irregular  growth  of  the  cartilage 
cells  with  det'eclive  formation  of  the  celhdar  rows.  Ke- 
gardiug  the  cellular  prolifenition  itself,  it  may  be  defi- 
cient, the  cells  being  spindle-shajied  in  their  hyaline  ma- 
trix, or  it  may  be  excessive,  or  the  cells  may  form  groups 
lying  ill  a  soft,  glassy  matrix.  These  three  types  of  ab- 
normalities correspond  with  three  types  of  the  disease: 
chondrodystropliia  liypr.plastica.  cliondrfKlystrophia  hy- 
(HMplastica.  and  chondrodystro)iliia  nialacica. 

4.  Periosteal  osteogenesis  is  not.  as  a  rule,  disturbed. 
Occasionally  it  is  in  excess  of  the  normal. 

5.  An  almost  constant  feature  is  the  penetration  of  a 
jieriosteal  process  between  the  epiphysis  and  the  diaph- 
ysis. 

0.  There  is  a  sclerosis  of  the  marrow,  especially  of  the 
ends  of  the  bones. 

7.  Ossification  of  the  sutures  of  the  os  tribasilare  is 
common,  but  not  constant. 

8.  The  dystrophy  leads  to  a  stunting  of  the  growth, 
particularly  of  the  lower  limbs:  hence  the  middle  of  the 
body  is  not  at  the  umbilicus,  but  much  higher — near  the 
ensiform  cartila.se. 

It  is  not  impossible,  however,  that  chondrodystropliia, 
although  anatomically  differing  from  cretinism,  may  like 
the  latter  be  due  to  hypothyroidism. 

Tiiii.^TMEXT. — The  treatment  of  endemic  cretinism  is 
primarily  a  matter  of  broad  public  hygiene  and  sjinita- 
tion.  As  the  drinking-water  is  cliieHy  at  fault,  the  first 
effort  should  be  directed  to  itsimiuovement.  Whenever 
possible,  water  should  be  secured  from  a  goitre-free  lUs- 
trict.  the  advantages  accruing  from  such  a  change  being 
truly  remarkable.  Toone  famous  instance  of  the  kind — 
that" of  Bozel — I  have  referred  on  page  3'.U.  When  an 
entirely  new  water  sup)>ly  is  unoblaiuabli.  an  attempt 
should  be  made — of  course,  this  is  then  not  a  matter  for 
municipal  performance,  but  of  household  initiative — to 
provide  cistern  water,  which,  it  has  been  shown,  is  not 
goitrogenic,  and.  hence,  not  cretinogenic.  Sedimentation 
of  the  water  seems  also  to  rob  it.  to  a  large  extent,  of  its 
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noxious  properties;  but  boiling  is  the  surest  way  to  ren- 
der it  innoruous.  In  lulditiini  to  giving  iittention  to  the 
wiitersuiiply.  lunelionilioii  of  the  genenil  soeial  eonilitions 
of  the  nrtlieted  eoinnniiiily  must  lie  sought,  liy  preventing 
intennarriiige.  diversifying  the  indusliii'S,  slmrtening  the 
hours  of  work,  improving  the  food  supply,  widening  the 
streets,  and  mixlerin/.ing  the  sewage  system. 

In  sporadie  cretinism  reniarkaide  results  have  been 
neliieved  by  the  so  called  substitution  treatment,  i.e..  the 
substiluliou  for  the  deficiency  in  the  activity  of  the  thy- 
roid gland  of  either  the  gland  itself,  (ilitained  from  ani- 
mals, or  pieparations  made  from  it.  It  is  luuieees.saiy  to 
dwell  upon  the  development  of  this  treatment,  although 
it  forms  an  interesting  chapter  in  the  history  of  medicine. 
The  father  of  it.  as  at  present  practised.  isG.  H.  Murray,  of 
Newca.stlcon-Tyne:  although  the  value  of  the  gland  in 
till'  treatmentof  conditions  dependent  upon  ahsence  ordis- 
ease  of  the  thyroid  body  had  previously  been  recognized 
both  by  Hiicher  and  by  ilorsley.  They,  however,  had 
recommended  the  implantation  of  the  gland — a  method  not 
devoid  of  danger.  At  the  present  day  nunienms  prepa- 
rations of  the  thyroid  are  on  the  market.  Some  represent 
the  gland  in  a  dried  state — the  .so  called  desiccated  th_v- 
roid;  others  are  glycerin  or  ethereal  extracts  in  liquid 
or  solid  form.  As  a  ride,  the  gland  from  the  sheep  or 
the  calf  is  employed,  but  that  of  the  hog  also  seems  to 
be  efficacious.  Attempts  have  been  made  to  isolate  the 
active  principle  and  to  use  it  instead  of  the  extractor  the 
gland  it.self.  DilTerent  investigators,  however,  luive 
isolated  dilTerent  substances,  each  claiming  that  his  is 
the  active  principle;  thus,  there  are  Baumann's  thy- 
roiodin,  Notkin's  thyrcoprotein,  Frilnkel's  thyroanli- 
toxin,  and  Hutchinson's  colloid.  The  active  principle 
seems  to  contain  iodine. 

The  dose  of  thyroid  is  more  or  less  arbitrary  and  varies 
with  the  prei>aration.  It  is  well  to  begin  with  small 
doses  (for  example,  a  minim  of  the  liquid  or  a  grain  (0,06 
grain)  of  the  solid  extract  nightlj-),  increasing  the  dose 
with  care.  The  younger  the  cretin,  the  more  brilliant 
are  the  results;  but  there  is  no  period,  except,  perhaps, 
extreme  old  age,  at  which  it  is  not  wise  and  proper  to 
make  a  trial  of  the  remedy. 

Under  the  treatment  a  wonderful  change  comes  over 
the  entire  system  of  the  individual.  There  is  a  growth  in 
height  and  a  diminution  in  the  general  bulk  of  the  bodj'; 
a  disappearance  of  the  oedema  of  the  skin,  of  the  swelling 
of  the  tongue,  and  of  the  fatty  tumors;  arise  in  body  tem- 
perature; an  ini])rovenient  in  the  condition  of  the  bowels; 
and  a  very  striking  increase  in  the  intelligence.  There 
is  in  the  beginning,  as  pointed  out  by  Thomson  {Britinh 
^[cllimlJonrnnl,  1893,  vol,  ii,,  p.  677),  a  slight  tendency  to 
nui.scular  debility,  connected  with  the  tremendous  change 
in  bodily  metabnli.sni ;  Inil  this  soon  disjxppears. 

If  the  thyroid  medication  is  too  active,  symptoms  of 
intoxication — so-called  hyperthyroidism — ma_v  develop. 
These  are  tachycardia,  pains  in  the  limbs  and  elsewhere, 
slight  fever,  and  diarrlxea. 

Under  thyroid  treatment  the  diet  should  receive  some 
attention.  The  use  of  meat  should  be  restricted,  and  the 
food  should  be  largely  vegetarian  in  character. 

A  number  of  cretins  that  were  under  thyroid  treatment 
have  sucoimbed  with  astonishing  rapidity  to  infectious 
diseases,  such  asdiphtheria.  typhoid  fever,  etc.  Whether 
the  thyroid  medication  had  in  any  way  lessened  the  pa- 
tients' resistance  to  these  is  a  fair  question,  but  one 
which  cannot  as  yet  be  definitely  answered.  The  benefits 
obtained  from  the  treatment  .so  far  outweigh  any  possi- 
ble disadvantages  that  the  latter  need  scarcely  be  given 
a  thought. 

In  order  that  the  beneficial  effects  of  the  thyroid  treat- 
nu'iit  may  not  be  lost,  it  is  necessjiry  lo  eonliiuie  the  ad- 
ministration of  the  drug  throughout  the  patient's  life. 
The  lowest  ellieient  dose  should  be  determined,  and  then 
kept  up  uninterruptedly. 

Specific  medication  with  thyroid  gland,  which  has  been 
of  such  signal  benefit  in  sporadie  cretinism,  has,  so  far, 
not  met  with  striking  success  in  the  endemic  form.  The 
reasons   for  this  are   manifold.     In   the  first  place,  the 


method  has  not  been  tried  upon  any  large  scale;  sec- 
ondly, th(^  causes  underlying  the  endemic  cretinism  con- 
tinue; and  thirdly,  the  majority  of  cretins  were  at  a 
comparatively  advanced  age  when  the  treatment  was 
begiui.  Itwoidd  seem  advisjilile  to  administer  the  sub- 
stance in  a  more  or  less  routine  way.  a-s  is  done  with 
quinine,  for  instance,  in  malarious  districts,  and  thereby 
to  aid  the  hj-gieuic  factors  which  have  been  mentioiwd. 
In  any  case  the  earliest  manifestations  of  the  cretinoid 
condition  should  be  a  spur  to  the  u.se  of  thyroid  prepara- 
tions. Unfortunately,  the  state  of  civilization  in  cretin 
an<l  goitre  communities  is.  as  a  rule,  so  low  that  the  peo- 
ple are  slow  to  accejil  benefits,  even  if  they  do  not 
actively  resist  them.  To  them  applies  the  saj'ing  of 
Goethe:  "Die  Jlenschcn  wollen  zu  ihrcm  Gliicke  ge- 
zwungen  sein." 

I  have  referred  to  border-line  cases  that  seem  to  bridge- 
the  chasm  between  idiocy  and  cretinism,  and  between 
dwarfism  and  cretini.sm.  "in  them,  as  well  as  in  infantil- 
ism, it  is  jiroper  to  make  a  test  of  thyroid  treatment.  A 
beneficial  elfect  is  prmif  that  in  the  given  case  some  o£ 
the  elements  of  cretinism  were  present. 

David  Rietman. 

GOITRE,  EXOPHTHALMIC.    See  the  Appendix. 

GOITRE.  (SURGICAL.)— In  the  treatment  of  goitre,. 
surgical  measures  may  liecome  necessary,  because  inter- 
nal medication  has  failed  to  stop  the  growth  of  the  tumor 
or  to  relieve  dyspno'a  or  other  severe  sympt<ims;  or  an 
operation  may  lie  resorted  to,  merely  to"  free  the  patient 
from  a  disfiguring  tumor. 

External  applications  have  little  effect  upon  a  goitre. 
The  reports  of  success  from  the  application  of  iodine  in 
some  form  or  other,  or  from  the  use  of  electricity,  have 
been  too  few  and  too  scattered  to  count  for  much". 

Injection. — Many  surgeons  have  reported  excellent  re- 
sults from  the  treatment  of  goitre  by  injection,  but  on 
the  other  hand  not  a  few  deaths  have  been  reported,  so 
that  one  should  be  careful  in  advocating  the  use  of  in- 
jections. Since  the  perfection  of  the  operative  treatment, 
and  the  greatly  diminished  mortalitj'  of  the  operations 
performed  for  goitre  in  the  last  few  years,  the  field  for 
injection  has  been  much  limited.  There  will  still  be  in- 
stances, no  doubt,  in  w  liicli  patients  will  absolutely  refuse 
an  oiieration.  or  in  which  on  some  other  account  a  surgeon 
will  be  justified  in  injecting  a  goitre  with  iodine  or  iodo- 
form; but  such  injection  should  be  made  with  a  clear 
underst;mding  of  its  danger,  and.  it  is  hardly  necessary 
to  add,  under  strict  asei>lic  precautions.  Even  then  there 
is  danger  from  hemorrhage  and  embolism. 

Besides  the  tincture  of  iodine  which  has  been  most 
generally  employed  for  injection,  carbolic  acid,  alcohol, 
arsenic,  and  ergotin  have  been  tried,  but  they  are  less 
effective  than  iodine,  and  do  not  decrease  thedanger  of 
this  method  of  treatment.  Iodoform  is  the  only  substi- 
tute which  has  found  many  friends.  It  should  be  mixed 
with  ether  and  olive  oil  in  the  proportions  of  1  part  of 
iodoform  to  7  parts  each  of  ether  and  oil.  When  the 
mixtine  tmns  brown  it  contains  free  iodine,  and  should 
be  discarded. 

To  lessen  the  risk  of  hemorrhage,  the  hollow  needle 
should  be  separately  introduced.  When  it  is  seen  that 
no  blood  escapes  from  it.  the  syringe  should  be  attached, 
and  ten  or  fifteen  drops  of  the  chosen  mixture  slowly  in- 
jected. The  resulting  pain  is  sometimes  very  great,  but 
lastsonly  for  a  few  moments.  The  effect  upon  the  gland 
is  more  or  less  marked  according  to  circumstances.  'There 
may  be  an  initial  swelling,  followed  in  a  few  days  by 
more  or  less  shrinking.  Usually  ten  or  twenty  treatments 
will  be  reciuired.  These  may  occur  at  intervals  of  throe 
days  or  more  according  to  the  amount  of  reactiDii.  Par- 
enchymatous goitre  is  best  sidted  to  treatment  by  injec- 
tion, and  this  is  the  type  of  the  disease  which  is  most 
benefited  by  intenia!  remedies.  If  the  treatment  is  suc- 
cessful, there  will  in  a  few  days  be  a  distinct  shrinking 
of  the  gland  apparent  to  the  eye  and  fiiig<'r.  and  also 
capable  of  demonstration  by  measurements  of  the  neck. 
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(tliriiiliiiii. — MiiKV  oiicnilions  liiivr  Ihh'ii  aiLviK'utcil  for 
the  rrliff  i>f  (joilri'.  riiri-i-  cif  tlu'iii  \u\\v  provctl  llwir 
worth  mill  may  Im-  Kiiiikcii  of  an  cltuisiriil.  Tliry  iirr  par- 
liiil  ri'M't'liuii,  ciiucicalioii.  aixl  li>;aliiiii  of  tliu  thyroid 
arteries. 

Keiiioval  of  tlie  uiiolo  glaixl  was  formerly  pntctiiu-<l. 
1)111  has  been  pretty  nearly  ft'^''"  "P  "'"  aeeoiiiit  of  the 
fail  that  aeiile  or  eliroiiie  "eaeliexin  thyrcMipriva  "  fnl 
lows  ill  Iweiily  live  piT  cent,  of  the  iii.ses.  The  acute 
form  of  tliislroiilile  is  iiiarked  by  lelaiiic  .symptoms  which 
may  terminate  in  speedy  death.  In  the  more  chronic  form 
surgical  my.\u'denia  devilops.  and  this  too  may  increasi' 
ill  sj'Verily  till  the  palieni  sncciimlis.  Ilciice  total  thy 
roidectoniy,  e.\cept  for  malii;naiit  disease,  may  he  con- 
»i(h're<l  an  unjiistilhible  openitioii.  I'artial  re.si-ction  is 
rarely  followed  hy  symptoms  of  ti-taniis.  and  whtu  they 
do  oci'iir  they  are  li;,'lil  and  usually  transitory. 

Hefore  any  operation  is  pcrfornwd  upon  a  K'n""'".  """ 
patient  should  lie  prepared  with  all  iiossihle  care.  The 
ditliculty  of  carryiiii;  out  perfect  asepsis  so  near  to  the 
moiilh.  the  pro.ximity  of  the  tumor  to  important  vessels 
and  nerves,  ami  above  all  the  risk  of  sudden  and  severe 
hemorrhagic,  make  the  operations  upon  the  gland  much 
more  sj-rions  than  tin-v appear  at  lirst  sight  lobe.  True, 
the  mortality  is  small  when  a  single  surgeon  operates 
upon  a  lon.g  stries  of  paiiciiis.  Kocher,  for  example,  hav- 
ing reported  a  mortality  of  much  less  than  one  per  cent. ; 
but  under  ordinary  circumstuuccs  a  mortality  of  five  per 
cent,  may  bee.\pected. 

Chnice  of  an  AiuTnl/ielie. — Some  surgeons  advocate  the 
uso  of  ether,  some  of  chloroform,  and  some  i)refer  to  use 
focaine  or  some  other  local  aiuestlietie.  The  last  plan 
possi'.s.s*'S  one  advantage,  namely,  that  the  patient  by 
speaking  can  deniou.strate  that  the  recurrent  laryngeal 
nerve  is  not  injured.  A  local  aniesthetie  should  be  chosen 
iu  cases  of  goitre  accomjianied  by  severe  dysi>na'a. 

Ineition. — A  transverse  incision  is  now  generally  pre- 
ferred, as  it  well  exposes  the  tumor,  and  leaves  a  scar  in 
the  direction  of  the  wrinkles  of  the  neck,  and  therefore 
not  a  conspicuous  one.  In  case  of  a  very  large  or  deep- 
seated  swelling,  Kocher  employs  an  anguliir  incision, 
extending  transversely  on  the  level  of  the  thyroid  earli- 
hige,  from  the  stenio-masloid  muscle  to  the  median  line, 
and  then  bending  downward  to  the  sternum  if  necessary. 
This  incision  avoids  the  complete  division  of  the  steriio- 
larvngeal  mu.scles. 

)'artuil  llemctiun. — When  the  skin  incision  has  been 
made,  and  all  superficial  veins  have  l)een  divided  between 
ligatures,  the  mtiscles  which  lie  in  the  way  must  be  divid- 
ed or  drawn  to  one  side,  and  the  superficial  fa.scia  which 
overlies  the  true  capsule  of  the  glaiul  must  be  divided  and 
retracted.  Beginning  then  with  the  upperaud  lower  poles 
of  the  gland  the  surgeon  carefully  separates  it  from  "ne 
surrounding  tissues,  placing  ligatures  around  arteries 
and  veins,  and  gradually  dislocating  the  gland — as  fast  as 
it  is  freed — toward  the  median  line.  It  is  very  impor- 
tant that  every  vessel  should  be  clearly  seen  bef-jre  it  is 
clamped  or  ligated.  If  this  rule  is  followed,  the  lecur- 
reiit  laryngeal  nerve,  which  is  closely  associated  with 
the  inferior  thyroid  artery,  will  not  be  injured.  Sudden 
hemorrhage  should  be  controlled  by  compression,  not  by 
hasty  clamping.  The  gland  is  often  intimately  attached 
to  the  trachea,  and  it  is  therefore  better  to  leave  a  small 
portion  of  it  behind,  rather  than  to  risk  injur}-  to  the  nerve 
by  too  violent  attempts  at  removal.  Hemorrhage  from 
the  substance  of  the  gland,  either  where  the  isthmus  is 
<lividcd  or  clsi'where,  may  be  controlled  by  cauterization 
or  by  ligature.  The  divided  muscles  are  to  be  sutured. 
If  the  wound  is  deep,  it  should  be  drained  for  a  couple 
of  days. 

The  amount  of  gland  ti.ssue  to  he  left  depends  a  good 
deal  on  the  shajte  of  the  goitre.  If  only  one  side  of  the 
gland  isafTected.  the  other  is  naturally  left.  If  both  sides 
require  removal,  enough  gland  tissue  should  be  left 
to  equal  in  bulk  at  least  onetifth  of  a  normal  gland. 
This  lis,sue  .should  be  left  at  the  poles  of  the  gland,  pref- 
erably about  the  inferior  thyroid  arteries,  so  as  to  reduce 
the  risk  of  injuring  the  recurrent  laryngeals. 


Hiiurlfntioii. — If  a  goitre  Is  due  to  the  ilevelopment  of 
dislhicl  niKliiles  within  the  thyroid  gland,  tliew  iimy  l>c 
inucleateil  The  ease  with  w'hieli  iIiIh  prin-edure  may 
be  carrii-il  out  depends  largely  on  how  free  these  riixluleii 
are.  S<iiiietimes  they  may  be  Nhelle<l  out  from  the  wir- 
rounding  gland  tis.siie,  almost  as  readily  us  non  inllumetl 
luberi-ulous  glands  from  their  llbrouH  coverings.  At 
other  limes  the  enucleation,  on  account  of  cIom- attuch- 
ineiil  of  the  nodulc-s.  becomes  virtually  a  partial  resection. 
In  such  cu-ses  bleeding  may  be  very  trouhlewime,  while 
on  account  of  the  depth  of  Ihi'  holes  which  remain 
Infection  is  more  likely  to  follow  in  any  cam.' of  enuclea- 
tion than  in  a  partial  resection.  Moriover,  recurrence  of 
the  goitre  is  said  to  be  more  frequent  after  enucleation 
than  after  partial  resection.  Previous  treatment  by 
injection  makeseiiiicleation  very  dilllcull.  There  is  liltli; 
danger  of  injury  to  the  nerves  or  jugular  veins  during 
enuchation.  Tliu  skin  incision  is  the  same  as  that  for 
partial  resection. 

Lii/iiti<'n  of  the  Thyroid  Arterirt. — By  the  ligation  of 
the  thyroid  arteries  a  certain  amount  of  atrophy  of  a 
goitre  may  In-  iicconii>lislied.  The  superior  urti-ry  is 
ciusily  found  through  an  incision  along  themeilian  border 
of  the  steriio mastoid  iiiusch'.  The  inferior  may  also  be 
reached  through  this  incision  ;  but  an  easier  method  is  to 
make  a  transverse  incision  situated  far  enf)Ugli  backward 
to  allow  the  sterno mastoid  muscle  to  be  drawn  forward 
out  of  the  way.  The  thyroid  axis  can  be  reached  in  this 
manner,  and  the  inferior  thyroid  separated  and  tied  near 
its  origin. 

Kruthi/ropeiy. — Jaboulay  and  a  few  other  surgeons 
have  succeeded  in  bringing  about  atroidiy  of  a  goitre  bv 
dissecting  the  enlarged  gland  sulliciently  free  tf>  allr w  it 
to  be  brought  into  the  wound,  there  to  remain  until  iieal- 
ing  by  granulation  shall  have  taken  jilace — ('.<•.,  for  from 
three  to  eight  weeks.  Of  the  first  sixtj -five  patients  so 
operated  upon  four  died,  so  that  the  operation  is  not 
without  danger,  and  on  account  of  its  other  obvious  dis- 
advantages it  has  not  been  generally  taken  up. 

The  two  operations,  therefore,  which  are  most  valuable 
are  enucleation  and  partial  resection;  the  former  for  iso- 
lated cysts  and  solid  tumors,  and  the  latter  for  diffuse  and 
adherent  goitres  and  all  rapidly  growing  ones,  since  it 
best  provides  against  recurrence. 

Edward  Milton  Foote. 

GOLD. — So  far  as  determined,  the  action  of  gold  upon 
the  animal  sys'.em  resembles  that  of  mercury  more  nearly 
than  that  of  any  other  of  the  well-known  heavy  metals. 
Locally,  soluble  gold  sjilts  are  powerfully  irritant,  and, 
constitutionall.v,  gold  compounds  affect  nutrition.  In 
therapeutic  do.ses  they  tend,  like  mercurials,  to  improve 
nutritive  tone,  but  iu  poisonous  quantities  to  derange  it, 
with  the  development  of  stomatitis  and  gastroenteritis, 
and,  in  continued  dosage,  of  emaciation  and  progressive 
general  cnfeeblement.  Gold  has  the  common  reputation 
of  being  a  nerve  tonic,  especially  in  cases  of  nervous 
derangement  in  the  genital  apparatus,  particularly  the 
ovaries.  Therapeutically,  it  has  been  used  in  ovarian 
iiiHammation  and  irritation,  in  ameuorrlia?a,  in  loss  of 
virility,  and  in  various  conditions  of  impaired  nerve 
iiower,  and  also  as  a  substitute  for,  or  adjuvant  of,  mer- 
cury in  the  treatment  of  constitutional  syphilis. 

lii  none  of  these  applications  can  gold  be  considered 
a  medicine  of  first-rate,  nor  possibly  even  of  second-rate 
power.  The  sole  compound  of  gold  official  in  the  United 
States  Pliarmacopa'ia  is  that  entitled  A'iri  et  Sodii  C/tlo- 
ridiim.  Gold  and  Sodium  Chloride.  This  is  "a  mixture 
of  equal  parts,  by  weight,  of  dry  gold  chloride  and  •odium 
chloride"  (U.  S.  P.).  The  compound  is  easily  obtained 
by  mixing  in  proper  proportion  solutions  of  the  two  salts 
and  evaporating  to  dryness.  It  crystallizes  in  elongated 
prisms,  but  is  commonly  found  as  "an  orange-yellow 
powder,  odorless,  having  a  .saline  and  metallic  taste,  and 
slightly  deliquescent  in'damp  air"  (U.  S.  P.).  The  com- 
pound is  freely  soluble  in  water,  and  the  solution  has  a 
slightly  acid  reaction.  This  preparation  is  locally  irritant 
even  to  causticity,  and  constitutionally  exerts  the  virtues 
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of  gold  as  alrcaily  set  foilli.     Tlic  ilosi'  is  Hbimt  0.0U5giii. 
(about  gr.  ^\)  lliicc  times  a  day.  in  lozfiigi-  or  pill. 

htluard  C'KrIiii. 

GOLDTHREAD.— foi'Tis.  The  rhizome  of  CoptiK  Iri- 
foli'i  il.  '  S:ili^l..  (fam.  /i'liiuiiicii/iicni).  This  plant  is  a 
pretty  liltlc  ever;;reen  lioir  plant,  with  loni;.  liriirht ■yel- 
low, lliread  like  rlii/.omes;  liriirht  green  and  shining  tor- 
nate  leaves,  and  white,  solitary,  star  shaped  llowers.  It 
grows  rather  abundantly  in  the  eold  bogs  of  Ameriea, 
Europe,  and  Asia.  The  whole  jilant  is  generally  eolleeleil, 
althi>ugh  the  rhi/.onie  is  undoubtedly  the  most  ellicieni 
part.  The  deseriplion  of  the  jilaiit  given  above  is  sulli- 
cient  for  the  drug,  which  has  an  inlensely  bitter  taste, 
but  no  odor.  The  color,  taste,  and  medicinal  value  of 
g<pldtliread  are  due  to  a  salt  of  the  alkaloid  lirrheriiic, 
which  it  contains  in  considerable  ipiantily.  A  second 
alkaloiil.  dijituif.  is  described  by  Gross  as  also  present, 
but  does  not  alTect  the  medical  properties  of  the  former. 

Goldthread  is  a  simple  liitler.  It  is  frequently  used 
in  the  country  as  a  mouth  wash  for  a|)hthous  and  herpetic 
idcorations,  etc.  The  ordinary  dose  is  1  to  4  gm.  (gr. 
XV. -Ix.). 

The  root  of  Cjptia  Teeta  Wallich.  of  Asia,  is  a  classic 
remedy  for  sore  eyes,  and  still  used  in  the  Orient.  Its 
properties  are  similar  to  those  of  goldthread. 

W.  P.  BoIUk. 

GONORRHCEA. — Gonorrho'a,  blennorrha>a.  or  claj)  is 
a  contagious,  inllainmatory  di.sease  of  the  urethral  mu- 
cous niendirane.  of  venereal  origin,  and  having  as  its 
cause  a  well-idenlilied  micro-organism,  the  gouococcus 
of  Neisser. 

This  micro-orgaiusm  was  first  isolated  by  Albert  Neis- 
ser. in  IST!),  and  has  since  bieii  indid)italily  demon.strated 
to  be  the  pathological  iirincijilc  of  gonorrlitra. 

It  is  a  somewhat  oval  micrococcus,  usually  taking  the 
diplococcic  form,  the  individual  coccus  not  being  spheri- 
cal but  flattened  on  the  side  toward  its  neighbor,  ajipear- 
ing  more  like  a  discoid  formaliou  than  a  true  sphere;  the 
individual  cocci  having,  according  to  Haab,  a  diameter 
of  0.4  to  0.6 /i.  They  form  in  (blusters,  never  in  chains, 
this  being  due  to  the  method  of  division ;  as  a  separation 
in  one  diameter  is  followed  by  the  next  in  a  direction 
perpendicular  to  the  liist.  In  this  manner  are  formed 
groups  or  clusters  of  four,  eight,  sixteen,  etc.,  and  not 
long  chains  increasing  in  length  by  fission  in  the  same 
direction.  Tliey  are  ustially  attached  to  epithelial  cells 
and  ]nis  corpu.scles.  and  arc  found  free  in  the  fluid  only 
when  pres<'nt  in  great  numbers.  The  gouococcus  may 
be  ctdtivated.  probably  the  best  medium  for  this  purpose 
being  hydrocele  or  chest  serum  in  neutral  agar  in  the 
proportion  of  one  to  three.  The  medium  shoidd  always 
be  alkaline  in  reaction,  and  kept  at  a  temperature  of 
about  36°  C. 

The  period  of  incubation  of  a  gonorrha?a,  i.e.,  from 
the  time  of  inocidation  to  the  appearance  of  the  first 
symptoms,  varies  from  three  to  seven  days;  and  though 
occasionally  a  somewhat  longer  period  elapses,  an  incu- 
bation extending  over  more  than  fourteen  days  is  ex- 
tremely rare,  if  it  ever  occurs. 

The  attention  of  the  I'aticnt  is  usinilly  first  attracted  by 
a  slight  pricking  or  itching  of  the  meatus,  and  on  exann- 
nation  he  linds  the  orilice  som<'what  reddened,  the  lips 
may  be  stuck  together,  and  a  drop  of  viscid  orsemipinu- 
lent  fluid  si|uee/ed  out.  The  discharge  rapiilly  increases 
and  becomes  purulent,  luid  the  act  of  urination  gives  rise 
to  a  certain  amount  of  smarting.  At  the  end  of  the  first 
or  beginning  of  the  .second  week  this  discharge  appears 
as  a  thick,  green  pus,  which  Hows  copiously  from  the 
meatus  night  and  day.  and  so  freely  as  to  soil  the  cloth- 
ing and  genitals  of  the  patient,  the  color  of  the  discharge 
changing  to  a  bright  yellow  on  drying.  Other  symp- 
toms of  the  inflammatory  condition  also  appi'ar.  The 
niealus  an<l  surrounding  parts  are  swollen,  and  the  en- 
tire urethra  in  the  pi mlulous  portion  is  tender  on  press 
ure.  and  may  be  fell  from  the  outside  to  be  thickened 
and  indurated.     Sharp  indns  occur  spontaneously,  and 


are  especially  severe  during  erections.  These  latter  are 
more  freiiuent  during  the  early  morning  hours  in  bed, 
and  are  extremely  distressing  to  the  patient,  the  penis 
being  curved  downward,  owing  to  the  diminished  elas- 
ticity of  the  urethra  (<hordce).  The  urethral  mucous 
menduaue  is  swollen  and  the  stream  of  urine  small  nial 
split  up.  The  passage  of  urine  is  extremely  painful, 
causing  an  inlcnse  burning  along  the  urethra.  " 

This  aggravation  of  the  symptoms  usually  continues 
into  the  third  week,  the  inllaniniatory  process  liaving  liy 
this  time  extended  to  the  Vnilb  of  the  urethra.  In  addi- 
tion to  the  other  symptoms  a  feeling  of  weight,  heat,  and 
fulness  is  felt  in  the  perineum.  During  this  iidlanuiiatory 
period  the  itatient  also  experiences  a  feeling  of  general 
malaise  with  slight  feverishness.  which,  together  with 
the  mental  distress,  causes  him  to  lie  greatly  depressed. 

Aliout  the  cud  of  the  third  week,  in  typical  ca.ses  of 
actUe  anterior  gonorrluea.  a  rapid  improvement  occurs. 
The  intlanuuatory  and  subjective  symptoms  <liminish: 
the  secretion,  though  still  profuse,  becomes  thimier.  later 
dinnnishes  in  amount,  and  finally  is  present  only  as  a 
small  drop  in  the  morning  on  rising,  disiippearing  en- 
tirely about  the  si.Mli  or  seventh  week  after  infection. 

■While  this  description  may  be  consich-rcd  fairly  typical, 
by  far  t  he  greater  nundjer  of  cases  do  not  end  so  ha|ii>ily . 
The  inflanunatory  ])roeess  overcoming  the  resistance  of 
the  compressor  urethra;  muscle  invades  the  deeper  ure- 
thra, and  a  new  set  of  symptoms  develop,  wlule  tlie 
difficulty  of  effecting  a  ciue  is  increased.  Owing  to 
the  close  anatomical  relation  with  the  prostate,  seminal 
vesicles,  and  epididymides,  the  disease  is  apt  to  involve 
any  of  these  organs  and  disagreeable  complications  en- 
sue. At  times  the  invasion  of  the  posterior  urethra  is 
acute,  and  is  announced  by  the  desire  to  urinate  fre- 
quently and  with  extreme  vugencj',  which  may  become 
exceedingly  distressing  to  the  patient.  The  tenesmus 
may  be  almost  constant  and  is  not  relieved  by  urina- 
tion; while  a  few  drops  of  blood  may  appear  at  the  end 
of  urination,  which  always  alarms  the  patient  but  is 
of  no  .serious  imiiortance.  In  subacute  cases  this  tenes- 
mus is  less  constant,  being  ]>resent  only  when  there  is  a 
certain  amoiuit  of  urine  in  the  bladder;  the  patient  will 
experience  a  sudden  desire  to  urinate  and  is  often  iniable 
to  avoid  wetting  his  clothing  At  this  time  smarting  or 
burning  sensations,  or  lancinating  pains,  are  exiierienced 
in  the  deep  lu'ethra,  and  they  arc  increased  by  the  acts  of 
defecation  and  micturition.  Nocturnal  enussions  are  apt 
to  lie  frequent,  and  are  accompanied  by  jiain  in  the  deep 
\irethia.  These  are  due  to  the  iiiflaiumatory  condition 
of  the  caput  galliuaginis.  and  are  altnost  positive  evi- 
dence that  the  deep  tirethra  has  become  involved. 

The  secretion  is  similar  to  that  of  anterior  urethritis 
(muco-]iurident).  The  patient  is  usually  much  depres.sed, 
comitlexion  sallow,  a  slight  amount  of  fever  is  present, 
an<l  there  is  loss  of  appetite  with  obstinate  constipation. 

In  some  cases,  however,  all  these  symptoms  riiay  be 
greatly  intensified.  Not  only  may  the  prepuce  become 
(edematous  but  also  the  entire  body  of  the  penis  may 
undergo  enlargement  through  lymphangitis.  At  the 
same  time  there  is  likely  to  be  an  extremely  abiuidant  se- 
cretion, sometimes  mixed  with  blood  and  containing  large 
numbers  of  gonococei.  which  are  also  found  in  tlie  free 
fluid.  Extreme  sexual  irritation  anil  chordee  are  present, 
and  there  is  fever  due  to  implication  of  the  general  sys- 
tem. 

On  the  other  hand,  the  infection  maybe  subacute  from 
the  start.  The  period  of  incid)atiou  and  the  stage  of 
prodromes  last  longer,  the  iuflanimalion  is  less  intense, 
and  general  symjitoms  may  be  entirely  absent.  Wlnle 
the  secretion  always  contains  pus.  it  is  more  gelatinous 
and  does  not  become  more  than  mucopurulent  in  these 
cases.  Goniieoeci  are  present  tisvially  in  the  flat  c|iithelial 
cells.  This  condition  is  extremely  insidious  and  is  al- 
most certaii\  to  involve  the  jiosterior  urethra,  causing 
chronic  posterior  urethritis  and  prostatitis. 

I)ia(;nosis. — The  history  of  a  definite  exposure,  a  pe- 
riod of  incubation,  together  with  the  subjective  symp- 
toms, render   the   diagnosis  of  a  gonorrlueal   m-ethritis 


398 


REFKHKXCE   IIAXPnoOK  OP  THE  MEDICAL  SCIENCES. 


(^olill  liri-iiil. 
4a4*li<trrlitiii, 


conipiimtlvfly  riitiy.  At  the  siiiiii' liinr  tliiTc  i-xlst wvf- 
nil  fiiriiiHiif  iiri'Ilinil  iiilliiiiiiimtloii  whicli  clciscly  rrsciiilili- 
it,  imrliiilliilly  lit  tin-  outset;  sii  llliit  it  lircimirH  rxi  rnl 
iii;.'ly  iiii|iiiilaiit,  us  ri'Kiinls  Inilli  the  pr(>i;iinsiM  iiiiil  tin- 
tri'iiiiiiciit,  t<i  ilct'Tiiiiiii'  lU'linlti'ly  the  iriic  rliiinu'lcr  of 
till'  (liwiis*-  IIS  fiirly  lis  |io>isil>li'.  Tlic  linr  iiiitiire  of 
tlir  ilis4Miso  (1111  lie  ilclcriiiiiii'd  liy  llic  |iri'scii(<'  or  iili 
seller  of  the  k"II'«'<«'<''"*  i"  ''"'  s<'<'ri-lic)iis,  by  iiic-uim  of 
till'  iiiirn>sr<i|ir. 

All  cMiiiiiiiiilioiinf  II  fn'sliKpi-i'lTiii-ii  of  pmorrlio'iil  pus, 
iimlrr  II  liif.'li  power  oil  iiiiiiiersioii  lens,  will  ileinoiislnitc 
the  presi'iiee  of  (;oiiiM'0('<'i  in  Home  of  tlie  pus  anil  epillie 
liiil  cells  ill  Ilie  form  of  siiiiill  elustei-s  of  miiiiile  rel'riielive 
liodiesliiiviii^  liiiiveliieiilsof  oscilliitioii  iiiiil  riilulioii;  but 
ill  order  to  exaiiiiiie  these  siitisfaelorily  the  use  of  some 
stiiitiiiii;aL.'eiit  becomes  necessary.  Korluiiali'ly,  the  (roll 
cK-oeciis  bus  a  well  niiirl\ed  alliiiily  for  all  of  the  basic 
imiline  dyes,  and  is  very  easily  stiiined  with  siniidi-  sohi 
lions  of  fiichsin,  metlivl  violti,  );entiun  violet,  or  metbyl 
blue. 

A  jjtcmhI  workini;  melli<Hl  is  to  plare  it  small  drop  of 
the  siispeeled  pus  on  a  clean  microscopic  slide,  and  with 
iinother  slide  spreail  this  out  into  a  lliiii  Dim  as  evenly  lis 
possible.  This  is  allowed  to  dry  thoidiiiihly.  and  is  then 
covered  willi  a  strong  solution  of  any  basic  aniline  color 
which  is  allowed  to  remain  for  aboiil  one  minute,  when  it 
is  washed  olT  with  cold  water  and  ft  thin  cover-irlass 
placed  over  the  siniueil  spe<-inieii,  which  can  be  ininiedi 
iitel'y  examineil  under  the  microscope,  or  may  be  mounted 
in  Canada  balsnm  as  a  pirmaneiil  specimen. 

The  microscope  should  be  provideil  with  a  biirlipower 
lens  (nnetwelftii  oil  immersion)  an<l  the  A  blie  condenser. 

A  method  of  double  slainiii!;  is  ii'commcnded  by 
'Weiss;  this  is  sometimes  useful,  us  it  colors  the  microbes 
in  11  ditTerent  manner  from  the  neiirhboriii!.'  lissiK'S.  A 
siiturated  solution  of  fuchsin  and  thioniii  and  a  Iwoper- 
cent,  .solution  of  carbolic  acid  in  water  arc  nii.xed  in  the 
proportion  of  one  to  four.  The  specimen  is  stained  with 
this  for  half  a  minute  and  then  rinsed  with  water.  The 
gonococei  appear  blue,  the  protoplasm  of  the  pus  cells 
red.  the  nuclei  bluish-red,  the  epithelia  deep  red,  and  their 
nuclei  reddish  blue. 

As  the  ironococcus  is  closely  simulated  by  .seveml  other 
micro-oriranisms,  it  is  sometimes  necessary  to  dilfercnti- 
ate  it  from  these.  Perhaps  the  easiest  way  of  accoin- 
plishinir  this  is  by  means  of  the  staining  method  of  Gram, 
which  dependson  the  fad  that  gonococei  do  not  stain  with 
iodine.  Ileiman  gives  the  following  method  of  making 
the  Gram  test :  "To  10  c.c.  of  water  add  2  c.c.  of  aniline 
oil,  shake  well,  and  filter  through  moist  filter  paper.  To 
the  clear  aniline  water  obtained  add  1  c.c.  of  ninety  seven- 
percent,  alcohol  and  1  c.c.  of  a  concenlnileil  alcoholic 
gentian-violet  solution.  This  is  about  the  quantity  re- 
<Hiired  for  ordinary  staining.  After  passing  the  cover- 
glass  quickly  through  the  llame,  it  is  then  placed  in  this 
solution  for  from  two  to  three  minutes.  Gmm  next 
states  that  the  cover-glass  may  be  wa.shed  in  alcohol  or 
not,  as  preferred.  I  prefer  to  drain  off  the  excess  on  fil- 
ter paper  w  itliout  washing  in  alcohol.  The  cover  glass 
is  tlien  placed  for  five  minutes  in  Gram's  solution  of 
iiwline.  which  consists  of  iodine.  1  part ;  iodide  of  potas 
siiim.  2  parts;  water,  lillO  jiarts;  imnu'dialely  afterward 
it  is  to  be  placed  in  alcohol  (97  percent.)  in  order  to  wash 
out  all  the  coloring  matter.  It  is  sometimes  advisable  to 
renew  the  alcohol. 

'■  Now  wash  the  cover-glass  well  with  water  and  place 
it  in  a  Bismarck  brown  solution  1  part,  water  5  parts, 
for  one  or  two  minutes,  then  wash  in  water  and  mount 
in  balsam." 

The  ililVicnlty  in  regard  to  this  method  of  differentia- 
tion is  that  it  furnishes  only  proof  of  a  negative  charac- 
ter; as  by  its  ii.*e  the  gonococei  disappear  from  the  field, 
xvhile  other  forms  of  bacteria  resembling  them  are  stained 
by  the  iodine  and  remain. 

Puooxosis. — The  idea  so  prevalent  among  the  laity, 
and  also  unfortunately  among  a  large  number  of  the 
medical  profession,  that  gonorrhiea  is  a  comparatively 
•inimportant  disease  and  unworthy  of  very  serious  coii- 


Hidenition,  Im  errone<iUH  in  the  exirfiiie  and  cannot  lie 

loo  vigorously  eoinbaled.      I'-'  ■■''' '■  •'  ■■•■.  Iv  resiillH 

falally  in  lls<'lf,  its  coHipli'  iyeiid  in 

sierilily.  till- loss  of  all  iiiq  ij<  iil  dam 

age  to  the  kidney,  or  even  deiiili  iiwll. 

The  fact  also  that  the  germ  inny  liiiirer  forycnntiu  llio 
urethra  of  tin'   iinhiispeetiii',.'    ^|  '  iinilly  to  con - 

taminale  an  innocent  wife,  briii:  rain  tlioM-  ter- 

rible ovarian  ilillieiillies  which  ji  i-  .■  r  <  iqudile  of  protiuc- 
iiig,  is  alone  siilllcicnt  to  ela.ss  it  among  the  iiioHt  Nerious 
inaladii's  of  the  liunian  race. 

In  ri'ganl  to  the  duration  of  the  disi'liiirge,  It  Ih  impos- 
sible to  give  a  dellnite  prognosis;  though  it  may  U^  said 
that  an  indiviiliial  who  recovers  in  from  four  to  six  weeks 
mav  be  considered  exceedingly  forliiiiate, 

'fltK-VrMKNT. — The  discovery  of  the  gonococciis  lus  the 
etiological  factor  in  gonorrluea  has  naturally  nvolution 
i/.ed  the  Iri'iitment  of  the  disi-ase,  although  many  rif  the 
old  remedies  which  had  fonnirly  been  iiwd  punly  em- 
pirically possess  a  bactericidal  action  and  are  u.selul  in 
the  moih'rn  methods  of  treatment. 

To  begin  w  ith.  the  diagnosis  of  a  true  gonorrhwa  hav- 
ing been  made,  the  patient  should  be  instructed  to  avoid 
all  factors  which  allecl  the  disease  unfavorably :  and  he 
should  also  be  advised  in  regard  to  his  manner  of  living 
during  the  attack.  .Most  important  is  it  that  he  shoidd 
beinfoniKci  of  the  contagious  properties  of  the  discharge, 
and  of  the  danger  of  infecting  either  his  own  eyes  or  the 
eyes  of  those  with  whom  he  may  be  brought  into  familiar 
contact.  This  is  a  very  real  danger,  particularly  as  pa- 
tients are  apt  to  grow  careless  as  the  disease  progresses; 
indeed,  not  infrequently  both  eyes  become  involved,  and 
sometimes  the  final  result  is  a  total  loss  of  sight.  The 
discharge,  usually  profuse,  should  be  received  on  a 
pledi:et  of  absorbent  cotton,  which  maybe  tucked  into 
the  prepuce,  or  placed  in  a  small  liag,  which  is  tied  over 
the  penis  behind  the  corona  glandis.  Many  drug  stores 
sell  a  contrivance  known  as  the  gonorrlueal  apron,  which 
consists  of  a  small  bag  about  six  inches  long  by  four  wide, 
which  is  fastened  about  the  wai.st  by  tapes,  and  the  penis 
is  introduced  into  it  through  a  hole  on  the  side  next  to 
the  body.  This  is  filled  with  absorbent  cotton,  which  is 
removed  and  destroyed  fnmi  time  to  time  as  it  becomes 
soiled.  Abulloiied  llaiioiithe  front  side  of  the  bag  allows 
the  penis  to  Ix-  freed  for  purposes  of  urination.  The 
soiled  cotton  should  be  burned  and  the  hands  thoroughly 
washed  with  soap  and  water  after  touching  the  penis  or 
soiled  cotton. 

The  most  favorable  condition  for  a  patient  during  the 
acute  (H'liod  is  that  afforded  by  rest  in  bed;  but  unfor- 
tunately this  will  rarely  be  submitteil  to.  A  patient  who 
could  readily  be  induced  to  remain  in  bed  with  a  simple 
sore  throat  will  stulibornly  resist  such  a  course  in  case  of 
a  gonorrhcea  which  cau.ses  him  far  more  inconvenience; 
he  feels  that  by  remaining  about  he  avoids  the  suspicion 
of  his  friends.  At  all  events,  all  forms  of  violent  exer- 
cise should  he  avoided,  as  also  should  sexual  excitement, 
which  exerts  a  most  pernicious  effect.  The  swelling  and 
infiaiumatory  condition  of  the  jienis  may  be  somewhat 
obviated  by  soaking  the  penis  in  water  as  hot  as  the  pa- 
tient can  bear,  a  procedure  which  will  also  relieve  the 
dysuria,  the  urine  being  passed  while  the  penis  is  still  im- 
mersed. This  dysuria,  which  at  times  is  very  distressing, 
is  caused  by  the  dilatation  of  the  inflamed  urethra  by  the 
stream  of  urine,  and  also  by  the  acid  character  of  the  urine 
itself,  which  acidity  .shoui<l  be  overcome  by  drinking  co- 
piously of  water,  or  still  lithia  waters,  or  of  strong  lem 
onade.  The  addition  of  citrate  of  pota.s.sium  to  the  water 
is  also  beneficial.  K  Potassii  citratis,  ?  i. ;  aquie  destil.. 
3  iv.  M.  et  Sig. :  Ateaspoouful  in  a  full  gla.ss  of  water 
four  times  a  day. 

If  the  dysuria  be  very  severe,  a  drachm  of  a  two-per- 
cent, solution  of  cocaine  may  be  in,iected  into  the  urethra, 
rubbing  it  b;i<kward  to  the  deeper  urethra  with  the  fiu- 
.cer  underneath  the  penis,  a  few  minutes  before  urinat- 
ing. 

In  regard  to  the  diet  of  the  patient,  it  should  be  simple 
and  easily  digested ;  he  should  avoid  hearty  and  rich  foods. 
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niul  csin'cially  aspani^ius.  lomiitocs.  mid  riniliarli.  AIcoIkiI 
should  be  ontirelv  intcidulcd  in  any  form,  and  this  i>ro- 
liibition  should  likcwisi'  extcud  to  carbouutcd  waters, 
ginger  ale,  and  the  like. 

Smoking  in  nindcnitinn  is  not  injurious. 

It  is  especially  iniporlaiit  lliat  the  bowels  should  be 
kepi  open,  and  a  la.xative  dose  of  some  of  the  saline 
aperients  every  morning  before  breakfast  is  usually  bene 
ficial. 

In  weak  and  rundown  individuals  a  tonic  may  be  of 
service:  an<l  in  such  ea.ses  the  diet  should  not  be  reduced. 

Inlcrniil  Ittiiittlicn. — The  eniplnymcnl  of  internal  reme- 
dies iu  the  treatment  of  gonorrhoal  urethritis  with  any 
idea  of  alTccting  the  course  of  tlie  disease  is  worse  than 
useless;  they  are  fre(|Uenlly  i)roductive  of  digestive  dis- 
orders which  areasseriotisas  is  the  disease  for  which  they 
are  adminislerdl.  .Vmong  such  remedies  may  lie  men- 
tioned cubebs,  copaiba,  sanilal  wood  oil.  oil  of  liirpenlin<>, 
etc.,  drugs  which  have  been  handed  down  by  an  elfcte 
empiricism,  and  the  administration  of  which  may  be  fol- 
lowed by  a  complete  anorexia,  vomiting,  diarrluea,  cuta- 
neous erythemata.  and  chronic  gastritis.  As  gonorrho'a  is 
a  local  process  we  cannot  expect,  except,  in  a  very  round- 
about way,  to  inlluence  its  cure  by  the  use  of  internal 
remedies.  At  the  same  lime,  certain  urinary  anti.seiitics 
are  beneficial  in  preventing  the  decomposition  of  the 
urine,  and  al.so.  by  rendering  the  urine  antiseptic,  they 
may  prevent  the  extension  of  the  disease  backward  into 
the  posterior  urethra,  and  they  certainly  tentl  l(j  prevent 
the  occurrence  of  an  ascending  pyelonephritis.  Among 
these  drugs  may  be  classed  the  salicylates,  salol,  salicy- 
late of  soda,  etc.,  likewise  methyl  blue;  and,  above  all, 
urotropin,  by  far  the  most  valuable  urinary  antisci>tic 
which  we  at  present  jiossess.  The  dose  of  this  latter 
drug  is  from  five  to  ten  grains  four  times  a  day.  This 
acts  by  liberating  formaldehyde  in  the  urine,  and  is  of 
great  value  in  all  suppurative  diseases  of  the  geuito-uri- 
nary  tract. 

Locnl  Trcniment. — As  gonorrha^a  is  caused  by  a  micro- 
organism which  exerts  its  influence  upon  a  localized  por- 
tion of  the  body  and  caruiol  in  any  sense  be  considered  a 
general  disease,  local  treatment  would  appear  to  be  the 
most  rational  method  of  dealing  with  it,  and  as  a  matter 
of  fact  it  has  given  by  far  the  best  clinical  results. 

One  of  the  oldest  an<l  best-known  forms  of  applying 
this  local  treatment  is  by  means  of  urethral  injections, 
and  it  is  the  plan  which  is  most  frequently  chosen,  being 
especially  advantageous,  as  it  can  be  used  by  the  patient 
himself.  The  method  <if  using  injections  is  b}'  means  of 
a  piston  urethral  syringe,  which  should  be  made  of  either 
hard  rubber  or  glass,  with  a  well  fitting  piston,  a  conical 
point,  and  a  capacity  of  from  two  to  three  drachms. 

In  administering  these  injections  ujion  his  own  person 
the  patient  should  first  fill  tlie  syringe  by  immersing  the 
point  in  the  fluid  and  drawing  up  the  piston,  all  the  air 
being  excluded  by  holding  the  syringe  with  the  point  tip- 
ward  and  gently  jiressing  upon  the  piston  uiilil  the  fluid 
oozesout.  The  penis  should  beheld  in  tliel<'tt  luind  with 
the  glaus  between  the  forefinger  and  the  thumb,  which 
support  it  from  beneath  so  that  when  they  are  brought 
together  the  meatus  is  compressed  and  the  injected  fluid 
is  held  in  the  urethra  as  long  as  is  de.sired,  after  the  re- 
moval of  the  syringe.  The  syringe  should  be  held  be- 
tween the  thumb  and  middle  finger  of  the  right  hand. 


no.  2J42.-Plstoii  Urethral  Syringe. 

while  the  forefinger  manipulates  the  piston.  The  conical 
point  is  inserte<i  into  the  meatus  and  wedged  sallicieiilly 
firmly  to  prevent  the  escape  of  fluid  alongside  the  syringe, 
the  piston  being  pres.sed  steadily  home  until  the  urethra 
is  fully  distended.      The  thumb  and  finger  of  the  left 


hand  then  compress  the  meatus,  retaining  the  fluid  in  the 
urethra. 

The  jiatient  .should  always  urinate  just  before  injecting, 
to  prevent  the  discharge"being  washed  backward  by  the 
injection  as  well  as  to  present  a  clean  surface  for  the 
medicated  fluid  to  act  upon. 

The  necessary  essentials  of  a  remedial  solution  suitable 
for  use  in  such  injeclions  are  tliat  it  should  cuntaiii  some 
antiseptic  capable  of  destroying  the  gonococcus,  but  not 
of  suflicient  strength  to  injure  the  mucous  membrane. 
It  should  be  composed  of  ingredients  which  are  com- 
pletely soluble  and  should  not  be  a  mixture  containing 
jiowders  which  may  clog  up  the  ducts  of  the  urethral 
glands  and  so  cause  the  formation  of  small  follicular  ab- 
scesses. It  is  desirable  that  the  lluid  injected  should  also 
have  an  astringent  action  and  should  not  be  of  sufficient 
strength  to  cause  the  patient  undue  suffering. 

In  acule  inflammations  only  very  mild  antiseptic  injec- 
tions should  be  used,  but  tliey  should  be  administered 
more  freijuenCly  than  is  necessary  after  the  discharge  has 
become  chronic. 

As  every  known  substance  lias  been  used  at  one  time 
or  another  as  the  basis  of  an  infallible  urethral  injection, 
it  is  possible  here  to  indicate  only  a  few  of  the  medica- 
ments which  have  proved  serviceable  in  my  hands: 

Potassium  permanganate  in  a<iueous  .solution  varying 
in  strength  from  1  to4,000  to  1  to  1,000;  nitrate  of  silver 
of  the  same  strength;  the  bichloride  of  mercury,  1  to  30,- 
000,  and,  finally,  the  dioxide  of  hydrogen,  1  to  4. 

Comparatively  recently  a  new  set  of  silver  salts  have 
been  produced  which  have  proved  exceedingly  valuable, 
possessing  a  marked  bactericidal  action  and  good  pene- 
trating power,  and  at  the  Siinie  time  causing  less  pain 
than  the  silver  nitrate.  These  are:  protargoi  in  watery 
solution  of  0..5  to  2  per  cent.;  albargin,  .0.5  to  0.2  per 
cent;  argentaniin,  argonin,  icthargol,  and  others  which 
have  given  exceedingly  good  results. 

In  the  latter  stages  of  the  disease  when  the  discharge 
has  become  watery  and  the  gonococci  have  disappeared, 
injections  of  a  purely  astringent  character  may  prove  of 
service.  The  sulphates  or  acetates  of  lead,  zinc,  or  alu- 
minum, or  the  vegetable  astringents,  hydrastis,  krameria, 
rose-water,  etc.,  may  be  used  alone  or  in  combination. 
The  injection  Brou,  which  has  acquired  a  wide  repu- 
tation among  the  laity,  will  serve  as  a  type  of  this  class 
of  injection;  it  has  the  following  composition: 

V,  Zinci  sulphat gr.  xv. 

Plumbi  acetat gr.  xxx. 

Ext.  krameriie  fluidae, 

Tinct.  opii aii  3  iij. 

Aqus q.s.    ad  ?  vi. 

M. 

Aboi-tive  Injections.  In  attempts  to  abort  a  gonorrhoea 
at  the  very  outset  of  the  disease,  exceedingly  strong  in- 
jections are  sometimes  used,  as  silver  nitrate"  gr.  xx.-xl. 
to  tlie  ounce.  As  a  rule,  if  not  always,  these  prove  in- 
eHicaeious;  they  are  exceedingly  painful,  and  are  not  to 
bu  recommended. 

When  the  patient  can  come  to  the  surgeon  at  least 
once  a  day,  the  continuous  irrigation  of  the  urethra  with 
large  quantities  of  fluid  has  proved  a  very  successful 
method  of  treatment.  An  irrigator  containing  from  two 
to  four  (juarts  of  medicated  solution  is  hung  at  an  eleva- 
tion; from  this  leads  a  rubber  tubing,  at  the'end  of  which 
is  a  glass  or  hard  rubber  urethral  nozzle.  The  patient 
standsiip  close  to  the  edge  of  a  sinkorsitson  theedgeof  a 
chair  with  a  basin  in  front  of  him.  The  nozzle  is]iressed 
into  the  meatus,  and  the  lluid  turned  on  gnidually  until 
the  urethra  is  filled,  when  a  portion  of  the  fluid  is  al- 
lowed to  escape  by  the  side  of  the  nozzle,  and  circulation 
through  the  urethra  is  kept  up  in  this  way  until  the  irri- 
gator is  em]itied.  A  good  form  of  nozzle  for  this  pur- 
pose is  known  as  Kiefer's,  and  consists  of  two  hard- 
rubber  tubes  which  come  together  in  a  conical  point  so 
that  when  the  nozzle  is  held  lirinly  in  the  meatus  and  the 
urethra  is  tilled,  fluid  running  through  one  of  the  tubes 
\\\\\  flow  out  of  the  other.    If  must  be  remembered  that 
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(^(iiKirrliira, 
C«4*iiorrli<r«. 


Fl<).  aW3.  -  T  h  i« 
Kli'for  Noxzk'. 


llif  lluld  will  Uki'  tlic  shortest  wiiy  "ill.  sii  timl  iiflcr  tlic 
iiri'tlini  liiiH  liccii  illslcnili'il  with  tliiiil.  iilllion^'h  llir  lliiid 
ciintiiiucslo  run  frmii  tlii-oiiili't  liilic.  Ilir  iiistruMiciil  fails 
til  wasli  nut  the-  urcllirii  unli.s.H  it  iswi  uitiiii|iuli>li'il  llmi 

A  till-  iiulli'l  is  iK'ciisiciniilly  Hti>|i|iril  willi 
(In-  tInuT  wliirli  iillowH  till!  iiri-llini  to 
liiilliioii  U|>;  tlii'ii  till'  tlii^iT  In  rciiiiivt'il 
itiiil  tlic  tliiiil  iiKuiii  )H'riiiitt('il  to  run 
from  tllr  outlrl  till"-. 
This  tiilir  mil  iilso  III'  iis<'il  t"  iiilviiii 
ta;;c  in  irnpilii>ns  in  which  the  lilmlilcr 
is  tilled  without  the  use  of  the  nitheter. 
The  tliiu'er  lnini:  held  steadily  on  the 
outlet  tiilie.  anil  the  patient  hein^  re- 
(|Uested  to  relax  the  K|>liineter  muscles, 
the  lliiid  will  in  most  instances  readily 
llow  hack  into  the  hladder.  This  pro 
ccdure  should  not  he  insisted  upon  loo  slroniily.  If  ihe 
sphincter  resists  very  foieihly.  too  much  pressure  shoiilil 
not  he  used,  hut  frei|Ueiilly  aflcr  one  or  two  irials  the 
surgeon  will  experience  no  ililllciilty  in  lillini;  the  blad- 
der with  eitse  in  this  manner  in  patients  in  whom  at 
first  it  was  found  impossihle  to  wash  out  the  hladder 
in  this  way.  The  solutions  used  in  this  iirocediire  are 
similar  to  those  us<'d  in  urethral  injections,  viz..  the 
permanirannte  of  potassium  (from  1  to  (i.(MM)  to  1  to 
1.000).  nitrate  of  silver,  hichloridc  of  mercury,  protar- 
gol,  etc. 

I'osTEKioK  ViiETiiiUTis  — While  this  has  been  consid- 
ered one  of  the  complications  of  fronorrhfrn,  it  occurs 
80  freiiuenlly  that  it  may  be  said  practically  to  constitute 
a  constant  symptom  of  the  disease.  At  about  the  end  of 
the  third  week  the  iiatient  experiences  a  sense  of  heat 
and  heaviness  in  the  i>erincal  region  with  an  increase  in 
the  frequency  of  urination;  it  may  he  mcessjiiy  to  iiri 
uate  every  few  minutes,  and  Ihe  act  is  often  associaleil 
with  considerahle  jiain  and  occasionally  with  Ihe  pas.sape 
of  a  few  drops  of  bli>od.  There  is  usually  considerjible 
urgency,  the  iiatient  having  to  urinale  inslunlly  when 
the  desire  seizes  him,  without  previous  warning.  Erec- 
tions and  ])ainflil  nocttmial  emissions  are  apt  to  occur; 
they  are  caused  by  the  irrilatiim  of  the  inllammatory 
process. 

On  the  other  hand,  the  invasion  of  Hie  posterior  urethra 
may  be  exceedingly  insidious  and  give  almost  no  symp- 
toms of  its  occurrence.  In  some  cases  a  rectal  examina- 
tion will  show  a  tenderness  over  the  posterior  urethra 
without  prostatic  enlargement. 

To  ascertain  detinilely  whether  the  posterior  urethra 
has  become  involved,  jierhaps  the  best  method  is  one  de- 
vised by  Sir  Henry  Thompson,  and  known  as  the  "two- 
glass  test."  In  tliis  test  the  first  portion  of  the  urine  is 
passed  into  a  clean  iilass,  and  the  second  into  another. 
The  compres.sor  urethne  muscle  being  stronger  than  the 
internal  sphincter  of  the  bladder,  the  pus  resulting  from 
a  suppurative  infiammation  in  the  posterior  urethra, 
which  lies  between  the  two,  is  unable  to  overcome  the 
firm  resistance  of  the  compressor,  and  therefore  fiows 
backward  into  the  bladder  and  conlaininales  the  urine 
within  it,  so  that  if  anterior  urethritis  alone  exists,  the 
first  portion  of  Ihe  urine  will  be  cloudy,  owing  to  the  fact 
that  it  contains  Ihe  washings  of  the  anterior  urethra. 
whereas  the  second  jiortion  will  be  clear,  the  first  portion 
having  washed  the  urethra  clean.  In  posterior  urethritis, 
however,  both  portions  of  the  urine  will  be  cloudy,  be- 
cause the  pus  formed  in  the  posterior  urethra  has  Howed 
back  into  the  bladder  and  clouded  the  urine  contained  in 
it.  I'nless  suppuration  of  the  bladder  or  kidneys  exists, 
this  test  is  entirely  sjltisfactory. 

When  posterior  urethritis  develops  the  irrigations 
should  be  allowed  to  go  back  into  the  bladder.  The  in- 
tense pain  and  freiiuency  of  urination  may  be  controlled 
bv  suppositories  of  opium,  and  by  an  occasional  local  ap- 
plication of  the  nitrate  of  silver.  A  few  drops  of  a  solution 
of  from  five  to  fen  gniius  to  the  ounce  being  introduced 
by  means  of  Ultzmann's  syringe,  will  be  found  exceed- 
ingly useful  in  stopping  the  tenesmus,  or  a  two-percent, 
solution  of  iirotargol  may  be  introduced  in  the  same 
Vol.  IV.— 26 


nianner.  To  control  the  tein|ioniry  Incnime  in  the  teneil- 
mils  an  injection  of  ten  niininiH  of  u  four  pir  cent,  co- 
caine solution  will  often  be  founci  very  edecllve. 

CoMfi.KATloNH. — Am  the  urethra  Im  in  cloHe  |iroximlty 
to  various  organs,  complicntionH  occur  with  u  greater  or 
less  degree  of  freciueney.  and  are  often  much  more  im- 
portant and  serious  in  their  reHiiIlM  than  the  orlgiiml  In- 
tlammation.  Lack  of  space,  however,  preventii  more 
than  a  casual  mention  of  these. 

Iliiliiiiilif  is  an  inllaninialory  condition  of  the  iniicoufl 
membrane  of  the  glans  piMiis  which  is  apt  to  <K-cur  when 
the  discharge  is  profuse.  The  patient  should  wash  tlie 
penis  three  or  four  times  daily  with  warm  water  and  Cas- 
tile soap,  drawing  back  the  prepuce,  and  he  should  also 
allow  the  organ  to  soak  for  some  time  in  an  antiseptic  so- 
lution. 

Pliiiitimf,  a  condition  in  which  the  preputial  orifice  is 
loo  small  to  allow  the  retraction  of  the  foreskin  over  the 
glans,  also  sometimes  occurs,  iiromoting  balanitis,  which 
should  be  treated  as  before,  a  syringe  with  a  long  point 
being  \ised  to  introduce  the  washes  under  the  prepuce. 

Eindiiiymitiv. — About  fifteen  jier  cent,  of  all  ca.ses  of 
gonorrluea  are  complicated  by  the  extension  of  the  in- 
tlammator)'  process  to  the  epididymis;  it  occurs  only 
after  the  gonorrhoal  process  has  attacked  the  posterior 
urethra.  The  extension  of  the  disease  niav  be  marked 
by  a  chill  and  rise  of  temperature  followed  by  pain  iu 
the  testicle  and  cord,  often  very  severe,  and  a  rapid 
swelling  of  the  epididymis.  This  usually  remains  sta- 
tionary for  several  days,  and  then  finally  subsides,  often 
leaving,  in  the  head  of  the  epididymis,  a  nodule  which  re- 
mains permanently.  This  condition  is  serious,  inasmuch 
as  it  frequently  blocks  the  vas  deferens,  and  when  it  oc- 
curs on  both  sides  it  may  render  the  victim  sterile.  Dur- 
ing the  acute  attack  the  patient  should  rest  in  lied,  and 
to  this  he  readily  assents.  The  application  of  poultices, 
painting  the  tumor  with  a  ten  percent,  .solution  of  silver 
nitrate,  or  lightly  brushing  it  w  ith  the  white-hot  cautery, 
care  being  taken  not  to  burn  the  skin,  are  all  useful  in 
quieting  the  iiillammation.  The  addition  of  a  handful  of 
fine  cut  tobacco  to  the  poultices  is  considered  of  value  by 
many  practitioners. 

FoUieiilitin. — The  minute  glands  of  the  urethra  fre- 
quently become  inflamed,  forming  small  round  tumors 
which  open  spontaneously  through  the  skin  or  occasion- 
ally into  the  urethra.  They  should  be  treated  by  hot 
applications  or  by  the  inunction  of  mercurial  ointment; 
or,  if  suppuration  occurs,  they  should  be  opened  and  the 
cavity  washed  out  with  an  antiseptic  and  packed  with 
gauze. 

Coirpcrilis. — The  glands  of  Cowper  may  be  infected  in 
tlie  same  way,  and  the  treatment  is  the  same  as  for  fol- 
liculitis. 

Prosliititis. — The  prostate  gland  may  also  become  in- 
volved during  the  course  of  an  acute  posterior  urethritis. 
The  inflammatory  process  may  be  either  follicular  or 
diffuse.  In  follicular  prostatitis  the  diagnosis  is  exceed- 
ingly difficult  as  the  symptoms  are  identical  with  those 
of  posterior  urethritis.  Examination  by  the  recttim  usu- 
ally indicates  small  points  of  imluration  and  tenderness 
on  pressure.  When  the  inllaiiiiiuUion  isdilTuse.  however, 
the  symptoms  areniuch  luorc  characteristic.  In  addition 
to  the  frequency  of  urination.  ])erineal  jiain,  and  tenes- 
mus, there  is  a  feeling  of  fulness  in  the  rectuiu.  with  pain 
on  defecation,  and  occasionally  ribbon-shaped  fieces  are 
passed.  The  finger  in  the  rectuiu  detects  a  throbbing, 
hot,  tender  tumor,  the  prostate,  which  may  attain  the 
size  of  an  orange.     Fever  is  usually  present. 

As  a  rule,  resolution  takes  place  under  treatment,  but 
suppuration  may  occur.  In  the  latter  event  the  patient 
will  have  achilland  there  will  be  a  marked  rise  of  tem- 
perattirc;  occasionally,  also  fluctuation  can  be  felt  in  the 
tumor  through  the  rectum.  If  not  treated  surgically  the 
abscess  may  burst  into  the  urethra  or  the  rectum,  or 
through  the  perineum.  At  times  it  will  open  into  both 
urethra  and  rectum,  leaving  the  patient  with  the  horrible 
condition  of  recto-vesical  fistula:  or  the  pus  may  burrow 
between  the  layers  of  the  pelvic   fascia,  and  so  cause 
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septiciL'inia  ami  ilcatli.  The  treatment  of  this  eondition 
is  by  hot  reetal  eiiemata.  the  applieatiori  of  leeehes  to 
the  periiiemi).  anil  hot  silz  Imths  l hrce  or  four  times  (hiily. 
the  vesieal  tem-smus  lieins'  relieved  and  eonlrolleil  liv  tlie 


C.TIEMAIIN  &1.U. 


Ku;.  iM4.— (His  I  rvtUrvHUKiiT.    .1,  Widely  open;  B,  closed;  C.  protecllnt!  iiip 


use  of  opium.  AVhen  suppuration  tul<es  place  the  pus 
should  be  evacuated  through  a  perineal  incision  and 
drainage  establislie<l. 

]'<>iir'ilitit<. — Intlanimation  of  the  seminal  vesicles  oc- 
curs with  greater  fre<iueucy  than  lias  until  recently  been 
supposed.  The  symptoms  are  a  feeling  of  weight  and 
throbbing  pain  at  the  neck  of  the  bladder,  sexual  hyper- 
resthesia,  priapism,  and  seminal  emissions.  Exploration 
by  way  of  the  rectum  reveals  the  fact  that  the  vesicles 
are  tender  and  swollen.  Treatment  is  the  same  as  for 
prostatitis. 

Ci/Klitis. — The  gonorrho^al  process  rarely  attacks  the 
bladder  proper,  the  inllammatory  process  being  usually 
limited  to  the  neck  alone.  'When  such  an  extension  does 
take  place,  however,  the  results  may  be  of  a  serious  char- 
acter. The  cystitis,  for  example,  iiiay  become  chronic, 
or  the  intlamination  may  invade  the  connective  tissue 
and  muscular  layers  (parenchymatous cystitis),  rendering 
the  patient  perinanently  disaliled.  After  tlie  acute  symp- 
toms have  passed  olT.  the  bladder  may  be  washed  with 
only  the  mildest  solutions,  as  boric  acid  in  s!tlurated  solu- 
tion, nitrate  of  silver,  or  potassium  permanganate  1  to 
O.O(K).  At  the  same  time  urotropin  should  be  adminis- 
tered internally. 

J-'i/clili.i. — This  is  a  lure  complication  of  gonorrhcea, 
but  occasionally  it  does  occur  and  may  result  in  the  loss  of 
the  kidney,  though  as  a  rule  recovery  finally  takes  place. 
The  diagnosis  can  be  made  only  with  the  microscope. 
Treatment:  rest  in  bed.  dry  cujis.  hot  fomentations  and 
poultices  over  the  region  of  the  kidney,  and  the  adminis- 
tration of  diuretics  and  urinary  antiseptics. 

Ooii'/rr/uiid  H/ieniiiiiliai/t. — During  tlie  course  of  a  gon- 
orrha'a  one  or  more  joints  may  be  allected  and  should  be 
treated  by  the  usual  methods  employed  in  synovitis.  In 
rare  instances  the  peritoneum,  pericardium,  or  other  dis- 
tant organs  may  beinvaded.  For  a  detaileil  account  of  tliis 
complication  consult  the  article  on  (lotmrrhinil  ArOnitin. 

C'liitoNic     OoNouuiuK.v. — "When    the    discharge     has 
lasted  for  a  period  longer  than  two  months  its  continu- 
ance is  due  to  the  presence  of  some  pathological  condi- 
tion in  the  urethra.     As  a  rule,  this  will  be  found  in  the 
presence  of  stricture,  a  contraction  of  the  meatus,  or  in 
localized  intiltrated  granular  patches  which  fail  to  heal. 
The  role  which  the  gonococcus  plays  in  the  production 
of  these  infiltrations  has  been  disputed,  but  in  all  jiroba- 
bility  it  penetrates  the  deeper  tissues  and  is  the  direct 
cause  of  the  inllamniatorv  deposit  which  subsequently 
becomes  organized  cicatricial   tissue.     Strictures  which 
encroach  so  little  upon  the  cal- 
ibre of  the  canal  as  not  to  in- 
terfere in  the  slightest  degree 
with    its    physiological    func- 
tions are  at  the  sjiiiie  time  per-  -^ , 

fectly   capable   of  indefinitely  ^-».^ .--.         r.,T-l|;w^H^Sig; 

continuing  a  discharge  once 
established,  and  arc  exceed- 
ingly apt  to  be  overlooked  by 
the  siirireon.     In  a  minoritv  of  cases  of  chronic  gonor- 


tion  of  the  tubercle  bacillus  The  discharge  may  be 
exceedingly  jirofu.se,  or  it  may  be  so  slight  as  to  remain 
unnoticed  by  the  patient,  appearing  only  in  the  form  of 
a  single  drop   in   the   morning,  or  it  may  appear  only 

in  the  form  <If 
threads  and 
strings  in  the 
urine. 

These  threads, 
I  ln'  so  c a  1 1  e <I 
"Tripper  Kaden  " 
of  the  Germans, 
consist  of  separate 
masses  of  purulent  secretion  exuding  from  the  granular 
jialches.      L'pon   being  washed   out    by   the   stream   of 


urine,  these  masses  are  rolled  up  in  the  form  of  threads 
and  appear  as  such  lloating  in  the  urine.  They  con- 
sist of  transparent  cylindrical  masses  in  which  corpuscles 
and  a  few  ejiithelial  cells  are  embedded.  The  more  com- 
pact these  fibres  appear  the  more  pus  they  contain,  but 
if  they  are  transparent  they  consist  for  the  most  part 
of  urethral  epithelium  with  but  little  pu.s.  The  more 
epithelium  tlic're  is  in  these  threads  the  nearer  the  proc- 
ess is  to  a  cure.  The  threads,  which  are  princi])ally  com- 
posed of  mucus  and  epithelium,  have  a  tendency  to  lloat, 
while  those  composed  chiefly  of  pus  sink  rapidly  to  the 
bottom  of  the  glass. 

Some  authors  hold  that  the  location  of  the  lesion  can 
be  diagnosed  by  the  form  of  the  threads.  If  they  are 
short  and  thread-like,  they  are  supposed  to  be  formed  in 
a  gland  duct ;  if  long  and  thick,  to  arise  from  the  ure- 
thra itself;  and  if  sliorl  and  lumpy,  to  come  from  the 
prostatic  uretlira.  As  they  are  in  re;dily  formed  by  the 
stream  of  urine  washing  out  and  rolling  up  into  threads 
the  secretion  which  originally  had  a  flat,  plate-like  form, 
it  is  evident  that  we  can  form  no  satisfactory  opinion, 
simply  from  their  external  ajipearauce,  as  to  what  por- 
tion of  the  urethra  they  come  from.  When  the  micro- 
scope shows  the  iiresence  of  spermatozoa  embedded  in 
the  substance  of  the  thread,  the  lu-oliabilify  is  that  it 
originated  in  the  posterior  urethra. 

it  is  very  important  to  locate  the  position  and  deter- 
mine the  character  of  the  lesion  upon  which  the  continu- 
ance of  the  discharge  depends.  As  has  been  said  before, 
the  most  frequent  cause  is  a  urethral  stricture,  the  pres- 
ence of  which  may  be  determined  by  the  use  of  the  ure- 
tlirometer  or  by  means  of  graduated  bullions  bougies. 

The  presence  of  areas  in  which  a  granulating  or  ulcer- 
ative process  is  going  on,  or  of  a  lU'oplasni,  can  be  defin- 
itely determined  only  by  the  use  of  the  urethroscope,  so 
that  this  instrument  is  exceedingly  valuable  in  the  diag- 
nosis as  well  as  the  treafmeiil  of  chronic  urethral  dis- 
charges. 

Tn(ttmciit.--^o  matter  in  whal  jiortion  of  the  canal 
the  disease  may  be  located,  the  tirst  indication  for  suc- 
cessful tieatment  is  to  remove  iill  iuecli;iuical  obstacles 
which  stand  in  the  way  of  a  cure.  All  pathological  nar- 
rowings  should  be  divided  by  means  of  dilatation  and 
uretlinitomy  combined,  although  in  recent  cases  dilata- 
tion alone  will  oftrn  prove  sullicient. 

In  the  subsequent  treatment  injections  similar  to  those 


Fig.  2345.— Ultzraann's  Syringe. 


rlux'a  no  stricture  will  be  found  to  be  presint,  the  dis- 
charge being  prolonged  by  the  involvement  of  the  si- 
nuses and  glands  of  the  urethra,  which  are  much  more 
numerous  and  of  greater  depth  than  is  generally  rec- 
ognized: by  till'  presence  of  small  neoplasms:  by  the 
involvement  of  the  seminal  ve.sicles;  by  the  generai  con- 
dition of  the  patient;  or,  finally,  even  by  a  mi.xed  infcc- 


eiu ployed  in  acute  urethritis  may  be  used,  btit  they  may 
be  of  greater  strength  and  need  not  be  used  with  so  great 
frei[uency. 

.\s  in  most  cases  of  chronic  gonorrhoea  the  posterior 
urethra  is  also  involved,  it  will  be  found  nece.s,S)iry  to 
treat  the  entire  urethra.  This  is  best  done  by  means  of 
irrigations,  in  which  the  bladder  is  tilled  with  tluid 
throuirh  a  catheter,  which  is  then  removed  and  the  pa- 
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(il'llt    llllllWCll    to   I'ji'Cl   till'  llllill    ill   llll'  Stilllr  IIIIIIIIK'r  KM  if 

lir  were  iirliiuliii;;,  cir  llii'  lilaclilir  liiav  Im'  IIIIi'iI  willioiit 
H  riitlit'lcr  liy  llll'  use  nf  iiii  irripilcir  iiiiil  iiri'llinil  iio/./lr 
ltd  ilcscriliol  ill  till'  tri'iiliiii'iiiiif  iiciiti' iHistcriur  iinllirilis. 
Till'  wiliitiiiiis  lirsi  iii|u|iiril  nil'  |iri>tiii'i;i>l.  our  per  nut.  : 
Ilill1lli'i>r  silVlTiil' |>i'rmillll.'ulll>li'<>t   |Milllxsiuill.  I  In  I.inhi. 

Wliiii  till'  |iii»li'iiiir  iirrllini  ir<  iilntii' liivnlriil  iMhlillit- 
lions  of  soliilioiis  of  III)'  iiilntU-  of  silvrr,  of  from  live  to 
li'ii  |irr  I'l'iit.  slri'iitflli.  iiri-  vrrv  useful,  from  live  to  lif- 
iirii  iiiiiiims  being  inlriHlueed  Ijy  inciiiiMof  tlic  L'ltxnmini 
ilroji  syriiijie. 

A  fiivorili'  mi'tlioiliif  iniilment  liy  I'lofcssor  ril/.mann 
i.4  llie  liiilly  |>iissit;;i'  of  a  soiiml  lart'i'  iiioii^'li  to  lill 
<'om|ili'ti'ly  till'  urellini.  Ilie  liislruiiniil  liciiifr  iillowiil  to 
nnialii  in  I'll'!  for  sevenil  iiiinulis.  Tlirse  soumls  should 
not  111'  luliricaliil  wIlli  vaseline  or  oilier  oily  sulislaiiei-. 
liiit  wiih  liilirielioiiilrin.  jjlyeerin.  or  oilier  substance 
wliii'li  is  soliilile  in  » liter,  as  this  mode  of  einployiii;:; 
sounds  is  to  be  iniinediately  followeil  by  irrifiatioii.  In 
earryini;  out  the  latter  |>roeeiliire  the  patient  .should  lirst 
be  plaied  in  the  recumbent  posilion.  and  then  a  short 
cntliitir — one  that  will  reiieh  only  a  short  disiance  into 
the  posterior  iirelliiii — should  be  intiodured  its  full 
leiiirlli.  The  syrinire  (eapiieity.  •)  or  ti  ounces)  having 
|irevlously  been  tilled  with  the  reineilial  solution,  should 
next  be  connected  wilh  the  calheler  by  means  of  a  bit  of 
.soft  iiidiarubber  tuliini;.  Then  the  tluid  should  be  iu- 
jecleU  slowly  into  the  iirelhni  and  on  into  the  bladder. 
If  tlie  latter  easily  conlains  a  larire 
amount  of  tluid  the  syrinite  may  be 
lillid  a  second  and  even  a  third  tiine.  It 
will  be  known  that  liie  eallieter  is  in 
the  correct  posilion  if  the  Iliiid  Hows 
easily  into  the  bladder  and  does  not  run 
out  of  the  ciitheler  when  the  syrinjie  is 
remove<l;  for  if  the  instrument  extended 
no  farther  than  to  a  point  in  front  of 
tlie  compressor  the  tluid  would  How 
back  aloni:  the  sides  of  the  catheter  and 
come  out  at  the  ineatii.s.  Winn  the 
method  described  above  is  carried  out 
successfully,  the  posterior  urelhni  re- 
ceives a  double  washinjr;  first,  by  the 
ialroductioM  of  the  Huid  through  the 
catheter,  which  is  provided  with  several 
slit-like  openings  instead  of  a  single  eye; 
and  secondly,  when  the  patient  exi>els 
the  large  amount  of  Huid  which  1ms  been 
introduced  into  the  bladder. 

The  solutions  used  by  L'ltzmann  and  which  are  very 
efficacious  are  based  on  an  ascending  scale.  He  employs 
them  in  the  following  manner: — 

First  day.  a  solution  of  zinc  snli>liate.  alum,  and  car- 
bolic acid,  each  one  part,  tooue  thousand  parts  of  water; 
second  day,  the  Siime.  1  to  .iOO;  third  day.  permanganate 
of  potassium,  1  to  ■2.0110:  fourth  day.  pcrmanganalc  of 
poiassiiim.  I  to  L.-iOd;  fifth  da.v.  permanganate  of  potas- 
sium. 1  to  1.000:  sixth  day.  nitrate  of  silver.  1  to  '2.000. 
The  silver  is  strengthened  in  llie  same  ratio  as  the 
permanganate  of  potassium,  not  being  used  in  greater 
strenglh  than  1  to  1.000. 

I  give  this  graduateil  method  of  Professor  Ultzmann 
which  has  been  standardized  by  him.  and  which  has 
proved  most  serviceable  in  my  hands,  altho\igli  1  am  in- 
clined at  present  to  substitute  some  of  Ihi'  later  silver 
preparations  for  some  of  the  solutions  used  by  him.  < >ue 
of  the  great  advantages  of  this  method  is  the  definite  rule 
of  progression,  wliich  allows  the  patient  to  become  used 
by  deirrees  to  the  increasing  strength  of  the  remedies  em- 
ployeil.  This  rule  should  not  be  too  closely  adhered  to, 
however,  and  if  the  pal  lent  complains  greatly  at  any  time, 
the  progression  should  be  made  more  gradually. 

After  one  has  reached  the  higher  solutions  of  the  silver 
nitrate,  in  carrying  out  the  plan  just  described,  it  is  well 
to  resort  to  the  instillations  into  the  deep  urethra  as  be- 
fore described.  They  may  be  repented  advantageously 
on  every  second  or  third  day. 

T7ie  L'rethroseope. — One  of  the  most  satisfactory  meth- 


ods of  irealiiiL'  the  lei.ioiiH  of  iliroiiie  iiretlirilih  In  h\  mak- 
ing direct  appllealioiiH  III  the  iliseaited  iirellinil  ii'iiicoim 
inenibniiie  by  niealiH  of  the  electro  lirelhrowope.  Willilii 
till-  last  few  yeaiH  I  his  iiiKlrumeiit  has  Imcii  mi  Hilliplilh'ii 
and  improved  that  it  ciiii  no  longer  be  regarded  uh  Im-Iii;; 
for  the  IIS.- of  the  specialist  alone,  but  should  foriii  a  part 
of  the  armiimenlariiini  of  all  iIiom'  who  iiiidertiike  tliu 
treatment  of  diseases  of  the  urethra. 

At  the  same  time  a  eerlnin  amount  of  pHxticul  expe- 
rience is  iiecessjiiy  in  order  to  recognize  the  vurlouil 
palliologieal  eonilitioiis  eiicoiinleied,  and  this  can  U; 
aci|uired  only  by  the  actual  use  of  the  inKlriiinent.  im  no 
amount  of  descripiioii  can  inori^  tlian  indicate  the  exact 
appearances  of  the  urethral  field. 

The  lube  usiil  should  be  the  largest  which  will  piLss 
the  meatus,  and  occasionally  it  will  be  found  nei'issiirv 
to  divide  the  latter  in  order  to  pass  an  inslrument  which 
will  give  a  satisfactory  view.  This  should  Im:  done,  if 
possilile,  a  week  or  so  before  the  urethroscope  is  iisi'd.  so 
that  time  is  allowed  for  healing  to  take  place.  When  this 
cannot  be  done  it  is  often  feasible  rapidly  to  dilate  the 
meatus  with  solid  sounds  siiHiciently  to  allow  the  pas- 
S4ige  of  the  urelhroscopic  tube  without  bleeding. 

If  the  anterior  unthni  alone  is  lo  be  examined,  one  of 
the  shorter  tubes  should  be  chosi'ii.  lubricated  for  its 
entire  length  with  lubrichondrin  or  glycerin,  and  gently 
passed  on  as  far  as  to  the  bullio-niembranons  junction. 
The  tube  should  be  held  between  the  index  and  middle 
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finger  of  the  right  hand  below  the  di-sc,  the 
thumb  prcs.sing  firmly  on  the  handle  of  the 
oliiiirator  to  prevent  its  being  displaced.  Tlic 
left  hand  grasps  the  .irlans  penis  between  the 
index  finger  and  thumb. 

The    greatest    j)ossible  gentleness   is    neces- 
sary in  order  to  avoid  bleeding  which  obsctires 
the  field  and  is  most   annoying.     The  end  of 
the   lube   having    reached   the  bulbo  membra- 
nous junction   the  obturator  should   be  with- 
drawn, the  illuniiualor  fastened  to  the  lube,  the 
light    turned    on.    and    the   instrument   slowly 
withdrawn.     In   this  way   the  entire   anterior 
urethra   may  be  carefully  observed  bit    by  bit. 
Blood  or  discharge  at  any  point  should  be  removed  with 
tlie  swab,  anil  applications  can  be  made  to  any  diseased 
areas  which  may  appear  in  the  field. 

The  examinatiim  of  the  deep  urethra  is  an  exactly 
similar  procedure,  except  that  it  is  necessary  to  pass  the 
triangular  ligament  with  a  straight  instrument,  and  there- 
fore somewhat  greater  skill  will  be  needed  on  the  ])art  of 
the  operator. 

In  conclusion  I  may  state  that  the  urethral  mucous 
membrane  is  exceedingly  delicate  and  resents  any  but 
the  most  gentle  advances,  and  that  it  is  especially  neces- 
sary to  remember  this  when  contemplating  any  instru- 
mental procedure.  For  this  reason,  moreover,  it  is  not 
infrequently  the  case  that  we  see  obstinate  chronic  dis- 
charges which  owe  their  continuance  to  over-trealnicnt, 
and  which  would  gel  well  if  left  entirely  alone.  It  is 
also  well  to  remember  that  the  urethra  may  become  tired 
of  any  one  form  of  treatment  if  too  long  continued  and 
that  a  change  is  frequcutlv  necessary  if  a  cure  is  to  be 
effected.      "  "  William  K.  Otis. 

GONORRHCEAL  ARTHRITIS.— (Synonyms:  Gonor- 
rliieal  Ulnumaiisiu :  Goiinrrliieal  Synovitis:  Clennor- 
rhagic  Hheiimatism. )  The  term  "rheumatism,"  as  ap- 
plied lo  this  disease,  is  objectionable,  implying  a  relation 
to  ordinary  rheumatism  which  does  not  exist. 

nEFlNlTlox. — Gonorrho>al  arthritis  is  infianimation  of 
a  joint  or  of  joints,  due  to  the  gonococcus  of  Neisser. 

PATnoLOGV.—Gonorrha>al  arthritis  is  to  be  regarded  as 
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one  of  tho  rommoiu'st  iiiiinifrstalidiis  of  n  pciicnil  infec- 
tion of  tlie  ciixuliiliiiii  nu'tlitini  «  itii  tlic  jioiiococciis or  its 
toxins.  OtluT  iniiiiiicstations  lire  (•inlnciiiditis.  myositis, 
(lisi'nse  of  till'  tfiulmis  mid  I'ascin'.  anil  of  tlic  cjc.  Ac- 
cordini;  tn  Tiivlor.  it  is  pinbiililc  tliat  septic  iilisorption 
ill  uictliiitis  docs  not  take  place  until  llie  infcclioii  lias 
reached  Ilie  p<isterior  uiellira.  The  irmiiicocciis  lias  liceii 
cultivated  from  the  blood,  first.  I  think,  by  llcwes  in 
1S94.  and  later  liy  Welch.  (Joiiorrlueal  arthritis,  then, 
always  implies  infection  of  tlic  circulatiii!;  niediiiin. 

The  joints  show  varyin.ir  (U'grees  of  intlaiiiniatory 
chansc.  There  is  first  a  simple  synovitis  with  more  or 
less  liuid — serous  or  sero  lilirinoiis.  Later  the  lluid  may 
become  inirulent.  The  proci'ss  tends  stronfrly  to  extend 
to  the  librous  and  liiranientousstructuresabout  the  joint, 
rcsultinj;  in  a  periarthritis.  Adjacent  bursa;  and  tendon 
sheaths  are  very  commonly  involved. 

Bacteriological  studies,  by  the  microscope  and  by  cult- 
ures, give  varyiiij;  results.  The  froiiococcus  may  be 
found  alone  or  ])us  organisms  may  lie  found  alone — the 
latter  in  cases  with  jiurulent  exudation.  The  Huid  may 
contain  both  jroiiococci  and  pyogenic  microbes.. or  it  may 
be  sterile.  It  is  probable  that  the  jrouococcus  is  always 
present  at  first  and  that  there  may  lie  a  simultaneous  or. 
moreoftcn.  subsecjuent  infection  with  pus  organisms.  In 
the  cases  in  which  no  organisms  are  found,  it  is  jirobable 
that  the  gonococci  have  early  disappeared.  In  some  such 
cases  the  arthritis  may  nut  be  due  to  gonorrhoea  at  all. 
Some  cases  may  be  ilue  to  the  toxins  of  the  disease,  with- 
out any  bacteria,  like  the  joint  affection  following  the 
use  of  diphtheria  antitoxin.  But  probably  in  most  cases 
the  gonococcus  is  at  some  time  present  in  or  about  the 
joint. 

As  a  result  of  severe  and  protracted  cases  fibrous 
adhesions  are  prone  to  result.  There  may  be  almost 
complete  fibrous  ankylosis.  This  is  especially  apt  to  oc- 
cur as  a  result  of  repeated  attacks  of  arthritis  from  re- 
pealed reinfections  of  the  urethra,  or  when  the  joint  has 
been  long  immobilized.  Changes  resembling  those  of 
chronic  rheumatoid  arthritis  may  result.  Nearly  every 
joint  in  the  liody  may  be  permanently  damaged. 

Etioi.oov. — Enough  has  already"  been  said  in  speaking 
of  iKitliology  to  indicate  the  etiological  relationship  of 
the  di.sease  to  the  gonococcus.  It  is  always  a  sequel  of 
local  infection  with  this  organism — usually  urethritis. 
It  has  also  resulted  from  vulvo-vaginitis  in  children  and 
from  gonorrlueal  infection  in  which  no  urethritis  existed, 
as  in  ophthalmia  neonatorum. 

No  age  or  sex  is  exemiit.  but  it  occurs  most  commonly 
in  adult  males — in  other  words  it  is  commonest  where 
gonorrhcea  is  commonest.  Exposure  to  cold  and  trauma 
act  only,  if  at  all.  by  increasing  susceptibility.  Indi- 
vidual susce])tibility  varies  greatly.  Some  men  have  it 
with  every  new  gonorrho'a.  Others,  the  majority,  never 
have  it  at  all.  Persons  subject  to  ordinary  rheumatism 
or  liaving  the  rheumatic  diathesis  do  not  show  any  special 
susceptibility. 

DiSTKiuuTiON. — Arthritis  occurs  in  about  ten  per 
cent,  of  all  cases  of  gonorrhtea  (Taylor).  The  common- 
est site  is  the  knee.  aii<i  next  the  ankle,  wrist,  fingers  and 
toes.  Wliile  it  is  commonest  in  the  larger  joints  any 
joint  may  be  involved — even  the  jaw.  chondrocostal.  in- 
tervertebral, sacroiliac,  slerno-clavicular,  and  crieo  aryt- 
enoid. In  about  forty  per  cent,  of  the  cases  but  <ine  joint 
is  involved.  Hut  it  may  be  polyarticular,  and  in  fact  a 
single  attack  mav  involve  nearly  every  joint  in  the  body. 

Sv.Mi'TOMS. — The  disease  may  begin  in  almost  any  stage 
of  gonorrho'a.  most  commonly  about  the  fourth  week. 
According  to  Taylor  it  seldom  begins  in  acute  gonorrha'a 
earlier  than  the  second  or  third  week,  wIk'U  the  ])osterior 
urethra  is  involved.  It  may  b<' delayed  for  months,  till 
the  urethritis  has  run  on  into  a  chronic  ghet. 

The  onset  is  rajiid — beginning  with  slight  jiainand  stiff- 
ness. Premonitory  fever  and  malaise  are  rarely  present. 
As  a  rule  general  symplonisare  mild  throughout.  Fever 
is  slight  in  most  cases,  liarely  there  is  delirium  or  pro- 
found sel)sis.  Sweating  is  not  a  prominent  feature.  As 
the  case  goes  on  aniemia  and  debility  arc  marked,  espe- 


cially when  tliere  have  been  unusual  pain  and  confine- 
ment. 

When  the  inllammation  is  at  its  height  the  appearance 
of  the  joint  is  quite  characteristic.  There  isniuch  swell- 
ing, due  to  fluid  in  the  joint  cavity  and  to  o'dema  of  the 
surrounding  soft  parts.  Owing  to  the  tendency  of  ad- 
jacent bursie  and  tendon  sheaths  to  share  in  the  inliam- 
inalion  the  swelling  oftens  extends  up  and  down  the  limb 
for  a  considerable  (listance.  There  is  not  often  great  red- 
ness and  the  tenderness  is  usually  less  than  in  ordinary 
acute  rheumatism.  So,  where  the  di.stributi<iii  is  such 
that  locomotion  is  not  prevented,  many  cases  are  treated 
as  hospital  out-]iatients.  Pain  varies  greatly:  it  may 
be  almost  lacking,  so  that  the  patient  complains  mainly 
of  stiffness,  or  so  severe  as  to  prevent  sleep  and  require 
morphine. 

The  course  of  the  disease  is  slow  and  tedious.  Once 
involved,  the  joint  usually  remains  so  till  the  case  is  over 
— there  is  no  marked  tendency  to  juniji  about  from  joint 
to  joint.  A  large  joint  seldom  recovers  in  less  than  from 
four  to  six  weeks.  The  acute  process  may  sub.side  and 
leave  a  liydro-arthrosis  lasting  for  montlis  in  s]iite  of  all 
treatment.  In  some  cases  complete  resolution  may  never 
occur,  the  joint  remaining  more  or  less  ankylosed. 

In  the  so-calli'd  arthralgic  form  of  gonorrlueal  arthritis 
there  occur,  in  the  course  of  a  gonorrha'a,  fugitive  pains 
in  the  joints  and  muscles,  without  any  active  inflamma- 
tory process.     The  symptoms  may  be  very  jiersislent. 

When  the  joint  becomes  infected  with  virulent  ]ius 
bacti.'i'ia  the  case  becomes  like  any  ])urulent  arthritis. 
Fortunately  this  is  not  common.  If  promjit  surgical  re- 
lief is  not  afforded,  and  there  is  a  general  infection,  such 
a  case  shows  the  symptoms  of  pyaemia — chills,  irregular 
fever,  progressive  asthenia,  and  death. 

Relapses  do  not  occur  unless  there  is  a  new  urethral 
infection.  One  attack  does  not  confer  immunity.  In- 
deed, some  individuals  seem  to  have  it  nearly  every  time 
they  get  the  clap. 

CoMi'i.ic.\TioNS. — Bursitis  and  tenosynovitis  are  not 
uncommon.  Involvement  of  the  muscles,  and  of  the 
fascia!,  especially  of  the  palm  and  sole,  sometimes  occurs. 
The  eye  may  be  involved  by  means  of  organisms  or  toxins 
brought  by  the  blood,  a  condition  to  be  distinguished  from 
the  .gonorrlueal  conjunctivitis  due  to  infection  from  with- 
out. Endocarditis  and  general  infection  with  the  gon- 
ococcus or  with  pus  organisms  is  a  very  serious  com- 
plication. 

Diagnosis.  —Gonorrhoea  is  common,  and  so  are  other 
forms  of  arthritis.  Therefore  even  when  joint  inflam- 
mation occurs  in  the  cour.se  of  a  urethritis  it  does  not 
follow  that  the  di.sease  is  gonorrhoal  arthritis.  The 
diagnosis  can  be  made  with  absolute  certainty  only  when 
the  gonococcus  is  recognized  in  the  fluid  from  the  joint 
cavity.  The  distinguishing  clinical  features  of  the  afTec- 
tion  are  the  tendency  to  involve  one  or  a  small  number  of 
joints;  its  persistent  character,  long  duration,  and  failure 
to  jump  from  joint  to  joint ;  the  usually  slight  general  dis- 
turbance, the  fusiform  character  of  the  swelling  from  the 
tendency  to  invasion  of  tendon  sheaths,  anil  the  associa- 
tion with  other  manifestations  of  gonorrlueal  inf<'elion. 

Ordinary  acute  articular  rheumatism  usually  involves 
many  joints,  shifting  about  from  one  to  the  other,  the 
first  ones  recovering  as  others  become  involved.  There 
are  more  elevation  of  temjierature  and  greater  redness, 
])ain,  and  tenderness  than  in  the  gonorrlueal  disease,  and 
the  bursa'  and  tenilon  sheaths  are  not  apt  to  be  invaded. 
These  characters,  together  with  the  effects  of  treatment, 
cx]ilain  why  it  is  rarely  mistaken  long  for  gonorrhreal 
arthritis,  even  when  coincident  with  gonorrluea. 

Long-continued  cases  may  give  rise  to  a  suspicion  of 
tuberculosis,  especially  when  the  joint  in  question  is  the 
hip.  Gout  and  siniple  or  traumatic  synovitis  should  also 
be  mentioned.  In  purulent  cases  it  is  of  little  moment 
whether  the  ilisease  is  the  result  of  gonorrluea  or  not.  as 
the  cour.se  and  treatment  are  identical. 

PnooNosis.— Complete  recovery  is  the  rule.  But  the 
disease  is  an  obstinate  one  and  the  treatment  is  not  sjltis- 
factory.     There  is  often  danger  of  ankylosis,  especially 
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wlirn  the  conililiim  Is  rpriirrcnt.  Tlio  putipnt  hIioiiIiI  Ik^ 
wiiriM'il  tliiit  n  iH'W  ^'iiniirrliirii  is  likely  In  iiii'iiii  ii  new 
urilirills.  iiml  tliiit  nirh  tirw  urlliritJH  is  likely  t<>  leave 
the  JiMlil  ill  II  less  iHifecl  niiiililicin  tliiiii  liefure.  \Vlieii 
tlie  liilliuiilimtinll  is  iiiiriili'lil  iiiiil  iiSMHiiileil  uitli  eiiiln 
eurililis  fniiii  iiiiNeil  iiifeelinn  with  tlie  »lre|>tui<>ccus  llie 
projjiiiisis  is  of  courw  iiiifuvonthle. 

TilKMMK.ST  -ll  is  (it  111!'  Ilrsi  iiiipiirlaiu'e  to  remedy, 
by  ineiisiiri'S  udiipteil  tn  the  imliviiliial  ease,  tlii'  primary 
piiiiirrhieal  fneiis.  .\i  lorcliiii;  InTay  liirespe<  iai  at  tent  ion 
sliiiiilil  III'  );iven  to  till'  piisleriiir  urethra. 

Salieyliiles  ami  alkalies  are  nf  iin  value  in  f;<»i"rrlin-al 
arthritis  Vet  mi  the  eliaiicis  nf  aiicrmrin  (liaKiii»'i>'  tin" 
writer  is  of  the  opinion  ihul  in  many  eases  a  vii;oroiis 
trial  shiiiilil  lie  driven  them — on  the  piiiieiples  laid  down 
for  ordinary  aeute  rheumatism.  1'ota-s.siiim  iodide  has 
Im'i'Ii  minli  used,  liut  is  prolialily  devoid  of  any  specitie 
action.  The  same  may  he  .said  of  i|uinine  and  imtliylene 
blue.  Probably  iron,  arsenie  anil  olhir  touies,  lojjether 
with  fresh  air  and  plenty  of  goo<l  food,  are  the  best  gen- 
eral measures. 

Diirinu'  lh<'  aoutr  .stage  the  pntienl  should  he  kept  in 
iH-d  and  the  pari  at  rest.  If  pain  is  severe  it  may  be  re- 
lieved by  an  ice  bag.  Immobili/.alion  by  splints  or 
plaster  usually  gives  great  relief.  Hut  inimoliiliziilion 
should  be  as  brief  as  possible,  owing  to  the  danger  of  an- 
kylosis. Later  on.  "baking"  the  joint  in  hot,  dry  air  or 
counter-irritation  by  means  of  linetureof  iodine,  vigor- 
ous blistering,  or  the  cautery  may  hasten  resolution.  If 
ankylosis  threatens  ma.ssjige  and  passive  motion  are  in- 
dicated after  the  acute  process  has  subsided. 

If  till'  elTusion  persists  the  joint  may  be  aspirated  with 
or  without  the  subseiiuent  injection  of  corrosive  subli- 
mate solution  1  to:i..")Oil,  carbolic  acid  1  to. 50,  or  iodoform 
onuilsion.  This  should  of  course  be  done  under  the  most 
rigid  antiseptic  precautions.  It  may  be  re|)eated  if 
necessary.  It  has  given  excellent  results  in  competent 
bands.  For  suppurative  ca.scs  promiit  and  vigorous  sur- 
gical measuri'S  are  demanded.  linlph  C.  Larrulice. 

GORDON  SPRINGS.— Uke  County,  California.  These 
springs  lie  in  (.'nbhs  valley,  about  half-way  between 
Calistogaand  Ijikeport.  They  are  romantically  .situated 
in  the  heart  of  a  mountain  nnd  forest  region.  TJie  climate 
is  very  line.  The  location  is  about  3.000  feet  above  the 
sea-level.  The  principal  spring  flows  about  300  gallons 
of  water  hourly,  having  a  temperature  of  100  F.  The 
waters  are  sparkling,  alkaline,  and  have  antacid  and 
aperient  properties.  Following  is  Wiuslow  Aiulerson's 
analysis: 

OsK  Cmtf.d  States  Gallon  Contains  : 

Sollils.  Grains. 

Sodium  rtilorlde 20.75 

SikIIiiiii  carbonate 3.19 

Sfxlliim  snlphale 8.62 

Poiiusliiiii  cartionnte 73 

Miijnii'sUiin  carlK'iiate 0.14 

Mnifncsiiim  sulphate 10.93 

Cali'luni  rarNmale 11.16 

Calc'linn  sulphate 23.4i> 

Alumina 3..'v) 

Silu-a 2.27 

Onfanir  matter Trace. 

Total  solids 80.80 

Carbonic  acid  gas,  large  excess. 

The  waters  have  considerable  reputation  in  chronic  al- 
bumintiria  and  in  cystitis;  they  are  also  valuable  in  acid 
dyspep.sia.  A  pleasant  resort  has  been  established,  and 
it  is  worthy  of  remark  that  persons  sufTcring  from  chronic 
bronchitis,  catarrh,  asthma,  and  the  early  stages  of  con- 
sumption do  well  at  this  eyrie  among  the  pines. 

James  K.  Cronk. 

GOSSYPIUM.     See  Cotton. 

GOUNDOU,     t^ce  Tlenpui/e. 

GOUT.— The  e.vact  nature  of  gout  is  still  unknown. 
One  might  with  honesty  begin  a  description  of  it  as 
Sydenham  did  more  than  two  hundred  years  ago :  "  Either 


man  will  think  that  the  nature  of  gout  U  wholly  mviit«i1- 

oiiH  and  ineompri'hensible  or  that  a  man  like  mywlf  who 
has  sulfered  from  it  thirty  four  years  miihl  U,' of  a  »low 
and  sluggish  disposilioii  not  to  have  diM'overeil  Mimc- 
Ihiii;;  respi-clinc  the  nature  and  Irealmeiil  of  a  dlNeiuM-  wj 
peculiarly  his  own.  He  Ihis  as  it  may,  1  will  (five  a  iMinit 
jiili-  account  of  what  I  know.  The  ilillli  ulties  and  rellne- 
menls  relating  to  the  diseasi' ilsilf  and  the  inelhixlsor 
its  cure,  I  will  leave  for  timi-,  the  guide  lo  truth,  to  clear 
up."  Numerous  hypotheses  are  described  for  the  eon- 
sideralion  of  students  of  the  Kuliject,  and  our  knowliilgc 
of  the  nmlaily  has  greatly  increased  since  Sydenham 
wrote,  but  its  mystery  has  not  yet  been  falhomeil. 

(foiit  has  been  reeofjiii/ed  as  a  malady  from  the  earliest 
limes.  It  was  well  described  by  Hippocrates  (3."i0  ii.r.). 
Five  hundred  years  later  Galen  a.s<'ribed  its  origin  to  nox- 
iotis  substjinces  as  "black  bile,"  "bloiKl,"  or  "phlegm" 
alioiil  the  joints.  Ilir  believed  the  tophi  were  protluced 
by  Iheir  consolidation. 

Ill  the  middle  ages,  according  to  the  prevailing  theory, 
the  diseas<'was  believed  to  original^' from  "tartar,"  which 
was  supposed  lo  come  from  wine  that  had  been  drunk 
and  which  formed  incrustations  about  the  joints,  like 
those  fouud  in  wine  casks.  This  theorj-  wils  disproved 
when  Scliule  (1776)  showed  that  tophi  were  composed  of 
urates. 

Gout  has  been  thought  contagious.  This  was  the  be- 
lief of  Hoerhaave.  Cullen  advocated  a  nervous  origin 
for  the  malady.  In  1848  Garrod's  thesis  on  "The  Blood 
and  I'rine  in  Gout,  Hheimiatism  and  Bright 's  Disease" 
established  the  existence  of  an  excess  of  urate  of  sodium 
ill  the  blood  and  ascribed  to  it  a  causjilive  relationship  to 
the  malady.  From  that  time  to  near  the  present  a  ma- 
jority of  pathologists  and  clinicians  have  regarded  gout 
as  due  to  an  excess  of  uric  acid  in  the  blood,  and  they 
have  described  those  prone  to  it  in  its  typical  or  irregular 
forms  as  of  the  uric-acid  diathesis. 

As  our  clinical  knowledge  of  gout  is  comparatively 
perfect,  it  seems  best,  therefore,  to  describe  its  symptoms- 
first  and  to  consider  its  nature,  causation,  prophyla.xis, 
and  triatment  later.  Cases  of  gout  are  clinically  placed 
in  three  groups:  (1)  Acute  gout;  (2)  chronic  gout;  (3) 
irregular  gout. 

AciTE  Gout. — Premonitory  symptoms  are  commonly 
observed.  They  are  usually  tho.sc  of  gastric  indigestion, 
such  as  flatulence,  sourness  of  the  stomach,  a  feeling  of 
fulness  in  the  epigastrium  and  constipalion.  or  irritabil- 
ity of  temper,  restlessness  at  night,  dull  headache,  or 
melancholia.  Twinges  of  pain  in  the  small  joints  of  the 
feet  and  toes  are  often  felt  for  several  days  before  the 
acute  attack  occurs. 

Acute  gout  commonly  makes  its  onset  in  the  early 
morning  hours,  the  patient  awakening  with  intense  pain 
in  the  metatarsophalangeal  joint  of  one  big  toe,  oftenest 
the  right.  The  pain  is  severe  but  becomes  more  intense 
dtiring  the  next  two  or  three  nights.  It  is  described  as 
a  sensation  of  squeezing.  The  feeling  is  as  if  the  toe 
were  in  a  vice.  Throbbing,  burning,  and  sometimes  a 
lancinating  pain,  arc  also  complained  of.  At  first  the 
veins  about  the  affected  part  are  unusually  prominent. 
Soon,  however,  the  joint  swells  uniformly  and  the  skin 
becomes  slightly  red  and  glossy.  It  is  exquisitely  ten- 
der, so  that  even  the  weight  of  the  bed-clothing  is  a 
source  of  increasing  distress.  The  slightest  motion  of 
the  joint  also  elicits  a  cry  of  anguish  front  the  sufferer. 
Hoilily  temperature  is  increased,  often  only  a  little,  some- 
times'to  102'  or  103=  F. 

Often  such  attacks  of  podagra  begin  with  a  chill,  or 
at  least  with  chilly  sensations  and  rise  of  temperature. 
After  daybreak  the  pain  subsides,  fever  lessens,  and  the 
patient  may  doze  for  a  time.  Although  the  intense  pain 
is  less,  the  swelling  remains  in  the  affected  joint  and  it  is 
kept  immobile  because  of  the  pain  which  movements  of 
it  provoke.  Toward  night  the  symptoms  again  become 
more  intense.  So  long  as  the  attack  lasts  each  night  is 
made  sleepless  by  an  aggravation  of  the  characteristic 
symptoms  of  the  malady.  Patients  therefore  become 
greatly  wearied,  even  much  debilitated  by  sleeplessness, 
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siiiTc'riiig.  null  itiiibility  tu  iiiaiulniu  gocxl  nutritiuu.  fur 
appi'tile  is  Im-kiug  and  digi'stioii  is  impairod.  An  ntlack 
such  as  this  lasts  for  from  one  to  sevenil  wi-oks.  Grnd- 
tially  the  symptoms  grow  Irss  iiilcusc.  Iln'  swclliiij;  of 
the  joint  subsides,  mobility  rrturiis.  ami  often  after  an 
allaek  a  patient  will  feel  untisually  well.  .Smietimes 
durini;  eonvakscenee  tlie  skin  over  the  joint  which  has 
been  alfeeled  i)eels  olf. 

Atlaeksare  freiiuently  prolonseil  by  oneirreat  toe  after 
the  other  being  involved  or  by  other  joints  than  those  of 
the  toes  being  attacked.  Although  the  large  toes  arc 
commonly  first  involved,  the  lingers,  and  later  the  large 
joinLs.  may  be  as  well. 

The  urine  is  frequentiy  concentrated  and  deposits 
urates.  Traces  of  albumin  or  sugar  arc  also  sometimes 
found  in  it. 

Acute  gout  is  apt  to  occur  in  the  late  winter  and  early 
spring.  It  recurs  at  variable  intervals;  it  may  be  an- 
nually or  at  longer  or  shorter  iieriods.  Usually  after 
scvenil  attacks  it  begins  to  recur  more  and  more  fre- 
quently ami  the  imiividnal's  health  becomes  permanently 
impaired.  It  is  extremely  rare  that  only  one  attack  occurs 
in  a  lifelimc. 

Chronic  Gorx. — Chronic  gout  results  from  several 
acute  attacks.  The  joints  which  have  been  affected  be- 
come permauently  swollen  or  deformcil  by  uratic  deposits 
in  the  lil)rous  tissue  about  them,  and  are  commonly  stif- 
fened and  sometimes  permanently  immobile.  Tophi,  as 
these  deposits  of  urateof  sodium  arc  called,  are  also  found 
upon  cartilages,  on  synovial  membranes,  and  the  sheaths 
of  tendons.  The  cartilages  of  the  ear  are  affected  with 
especial  frequency.  Xodules  are  also  formed  along  the 
course  of  tendons  on  the  back  of  the  hands  and  feet. 
Uratic  deposits  within  joints  where  they  first  take  place 
are  invisible  and  do  not  always  cause  noticeable  enlarge- 
ment of  them,  but  rarely  last  long  before  the  neighboring 
ligaments  are  involved.  Intracapsular  deposits  can 
sometimes  be  detected  by  a  grating  noise  produced  when 
the  rough  surfaces  are  moved  upou  one  another.  When 
joints  are  impaired  in  usefulness  the  muscles  which  con- 
trol them  atrophy.  In  severe  cases  the  skin  over  the 
tophi  becomes  necrotic,  sloughs,  and  exposes  the  "chalk 
stones,"  permitting  them  to  crumble  or  to  be  easily  re- 
moved. This,  however,  rarely  happens  until  the  lesions 
are  so  extensive  that  in  sjiite  of  the  partial  removal  of  a 
source  of  stiffness  and  deformity  a  renewed  usefulness  of 
the  joint  is  impossible.  Patients,  typifying  the  severest 
cases,  are  helpless  invalids  ;uk1  constant  sufferers.  In 
mild  cases  there  is  some  stiffness  at  all  times  but  there  is 
not  complete  helplessness.  Frequent  acute  exacerbations 
increase  the  pain  which  these  jiatieuts  suffer.  They  are 
accompanied  by  the  usual  symptoms  of  acute  gout,  and 
frequently  are  complicated  by  uraemia,  pleurisy,  peri- 
carditis, or  other  visceral  lesions. 

The  digestive  disorders  which  so  often  precede  and  ac- 
company acute  attacks  are  present  more  or  less  constantly 
in  chronic  cases.  Flatulence,  aciil  indigestion,  constipa- 
tion, and  gastric  discomfort  are  the  commonest  symptoms 
of  them.  They  are  associated  with  headache,  neuralgia. 
lasisitude.  mental  depression,  and  irritability.  Eczema 
and  urticaria  are  common  skin  comiilieations.  In  chronic 
gout  the  kidneys  are  usually  involved  and  gradually  be- 
come contracted,  producing  the  symptoms  which  are 
peculiar  to  interstitial  nephritis.  The  arteries  are  also 
liable  to  atheromatous  changes  and  the  heart  to  hyper- 
trophy and  ultimate  enfeeblcment. 

The  digestive  and  nervotis  symptoms  are  aggravated 
by  an  inability  to  take  exercise,"  due  to  the  join^  deformi- 
ties. Pain  causes  sleeplessness  and  exhaustion.  In- 
digestion coutribnies  to  malnutrition,  and  it  is  usual  for 
those  who  have  chronic  gout  slowly  to  lose  flesh  and 
strength. 

In  spite  of  this  chronic  state  of  disease,  surprising  as  it 
may  seem,  life  is  often  prolonged  into  the  period  of  old 
age.  Indeed,  it  is  usual  for  the  malady  to  last  for  many 
years.  Patients  conunonly  show  remarkable  mental 
vigor. 

Occasionally  in  the  midst  of  acute  articular  gout  or 


acute  exacerbations  of  chronic  gout,  the  acute  arthiitis 
suddenly  di.s)ip]>ears  or  greatly  lessens,  but  is  replaced 
by  visceral  complications.  Such  cases  are  often  desi-ribed 
as  cases  of  retrocedent  or  supi)res.seil  gout.  The  visceral 
com])lications  may  be  inllanuuations  or  otiier  lesions  of 
the  bronchi,  lungs,  pleura,  nasopharynx  or  larynx,  of  the 
stomach,  intestines,  heart,  kidneys,  brain,  orperipheral 
nerves. 

Epilepsy,  delirium,  and  insanity  are  rarely  a  i>art  of  the 
disease.  Hut  neuralgias  are  common.  Of  these  sciatica 
is  the  form  most  fre(|Uently  observed.  Gastralgia  is  also 
of  frei|uent  occurrence.  It  is  associated  with  the  usual 
indigestion  of  the  affection.  Of  all  the  visceial  complica- 
tions of  gout  those  of  the  circulatory  system  and  kidneys 
are  the  most  dangerous.  Jlyoearditis  is  common.  En- 
docarditisand  pericarditis  areof  less  frequent  occurrence, 
but  angina  jiectoris  is  often  seen.  Aortitisand  aneurisms 
are  other  conunon  circulatory  affections.  Functional 
iiTegularity  of  the  heart  and  tachycardia  are  disturbances 
of  frequent  occurrence.  Hypertrophy  of  the  heart  mus- 
cle is  the  rule  in  all  clironic  cases. 

Interstitial  neiihritis  develops  sooner  c.r  later  in  those 
who  suffer  from  chronic  gout.  It  or  urunnia  growing  out 
of  it  is  a  common  cause  of  death.  Indeed,  fatalities 
rarely  result  from  uncomplicated  gout. 

lK"REtiiL.\n  Govt. — Irregular  gout  is  difficult  to  de- 
sciilic  and  often  to  recognize  with  certainty.  Some  of 
the  viscera  or  the  skin  may  develop  lesions  which  the 
gouty  are  known  to  be  prone  to,  and  their  seciueuce  may 
make  a  diagnosis  possible  or  their  nature  may  be  recog- 
nized by  reasoning  by  exclusion.  Irregular  gout  is  very 
much  commoner  than  classical  gout.  It  freiiuently  oc- 
curs in  the  women  in  families  in  which  acute  anil  chronic 
gout  attacks  the  men. 

In  early  life  urticaria  is  common  in  those  having  a 
gouty  diathesis,  or  the  litha-mic  state,  and  in  late  life 
chronic  eczema  is.  Asthma,  bronchitis,  renal  calctdus, 
and  diabetes  mellitus  arc  other  maladies  to  whieli  these 
same  individuals  are  liable.  Flatulent,  acid  indigestion 
and  constipation  associated  with  myalgias  and  neuralgisis, 
with  hemicrania  or  with  mental  depression  or  irritability 
are  particularly  signiticant  of  a  tendency  to  the  disease. 
Hot  and  itching  feet  at  night  and  hot  and  itching  eyeballs 
by  day  are  conmion  symptoms  in  women.  Any  of  the 
various  visceral  lesions  already  mentioned  may  develop 
in  those  inclined  to  gout,  although  podagra  or  other 
articular  evidence  of  the  ailment  may  Ije  wanting. 
Sooner  or  later  the  cardiovascular  and  renal  di.^orders 
incident  to  chronic  gout  develop  in  a  majority  of  those 
who  suffer  long  with  irregular  gout.  Iritis,  glaucoma, 
and  hemorrhagic  retinitis  are  common  complications  of 
the  malady. 

Urine. — Between  attacks  of  acute  gout  th<'  urine  may  be 
normal.  Dining  an  acute  attack  it  is  concentrated  and 
dinn'nished  in  amount.  On  standing,  a  pink  or  "brick- 
dust  "  sediment  is  thrown  down.  Although  concentrated 
a  diminished  auicuuit  of  uric  acid  is  usually  voided. 
When  convalescence  is  estal)lished  a  moderate  excess  of 
this  ingredient  may  be  eliminated.  In  chronic  gout  the 
urine  is  commonly  copious,  of  low  specitic  gravity,  and 
contains  a  diminished  (inantity  of  uric  acid.  However, 
not  infreiiuenlly  gouty  men  are  found  who  habitually 
void  normal  (luantities  of  uric  acid.  When  interstitial 
nephritis  exists  the  urine,  besides  being  co])ious  and  of 
low  specitic  gravity,  contains  small  amounts  of  albumin 
and  hyaline  and  tine  granular  easts. 

BI'ukI. — During  acute  attacks  and  while  the  disease  is 
chronic  an  excess  of  urates  can  be  demonstrated  in  the 
blood.  But  in  the  early  .stages  of  the  disease,  during  the 
intervals  between  attacks,  the  blood  is  (piite  normal. 
Uric  acid  can  be  demonstrated  in  the  serum  of  those  who 
have  gout  by  adding  ten  or  twelve  dro]isof  acetic  acid  to 
a  few  cubic  centimetres  of  blood  or  of  serum  obtained 
from  a  blister  produced  tipon  the  skin.  A  thread  must 
be  immersed  in  this  mixture  of  serum  and  acid  for 
twenty-four  or  forty  eight  hours,  when  it  will  be  found 
to  be  covered  with  crystals  of  uric  aciil. 

Diagnosis.— A  diagnosis  of  acute  gout  can  usually  be 
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iimilc  will)  i-aiM-,  Ml  ilisliiu't  ami  I'liiiniilcrKlic  iirr  llic 
s\iii|itiiiMs.  n<iw('Vci'.  I  liiivt'  kiiiiwii  II  lli>l  iiltiick  to  Ih' 
iiiisinki'ii  fur  II  tniiiiuit.  Kiit  tin- ili'vi'|i>|iiiii'iit  of  sviiip' 
toiiis  iliiiiiutrriKlir  iif  llie  I'liiirM' iif  llic  iiiiiliiily  will  nir- 
rcit  siuli  iiii  crriir.  It  is  niri'ly  cuiifuwd  willi  iiriilr 
iirtii'ular  rlii'Uiiiiitisiii.  IiiiIiIh  IiinI  iliwaM.' tlic  larKt' J<>>i>t!< 
or  niiiiiiriius  Juiiil'^  arc  involvcil  from  tlx'  l>i'^'itiiiiiii;,  tlic 
l('iii|irnitur<'  is  iisiiiilly  lii.i,'lirr.  iiml  liu'  skin  is  liatliid  willi 
|ii'rs|iiriiiiiiii. 

The  (iiTsi'iii r  tii|>lii  iiiakrs  it  pnssiliji'  in  ijisliiijfiiisli 

clininic  K'»it  rroin  iliioiilc  rlii'iiiiiatisiii  ami  oilier  forms 
of  cliroiiic  iirtlirilis.  Tin- liintory  uf  iiuiiktoiis  uciilc  at- 
tacks is  also  a  lielp  to  a  <lia.i;iiosis. 

Irri'ijular  .i;cnit  is  inorc  ilitlUnlt  to  rwojiiil/c,  hut  atten- 
tion to  the  syniptoins  descrilieil  aliove  iinii  to  tliiHr  inter- 
('hani;ea1>ilily  in  ililTereiil  attacks  in  the  same  person  anil 
coiineelinii,  conimoiilv  « illi  charaeleristie  digestive  dis- 
turldiiices,  makes  a  diagnosis  possiliK-. 

A.NAToMii  \i.('ii.\Mii-:s. — The  evidences  of  iiitlainmat  ion 
in  the  tissues  involved  ate  not  dilTereiit  from  those  of 
other  forms  of  inllanimalion.  except  that  deposits  of 
lini'esarc  obs<'rved  with  them.  At  lirst  these  deposits 
occur  in  the  urticiihir  cartilages.  They  are  seen  as  white 
dol.s  or  lines  henealh  the  surface.  Later  they  increase 
in  size,  coalesce,  and  produce  destruction  of  the  surface. 
The  cartila.iris  miil  ciipsiiles  of  joints,  the  lilirous  lisslle 
in  biirsiu.  tcmlons.  the  perinsieiini.  and  the  auricles  are 
the  slrilctures  in  which  tophi  arc  ofteiiest  founil.  The 
aorta  is  freiiueiitly  thickeneil  in  spots  by  unitic  deposits, 
as  are  sometimes  the  coronary  arteries.  An  increase  of 
fibrous  tissue  in  the  myocardium  is  also  occasionally 
obsi'rvable.  The  kidneys  ate  comniouly  contracted  and 
c.vhibit  the  conditions  peculiar  to  interstitial  nephritis. 
Lines  of  urates  can  bo  seen  in  many  cases,  both  in  the 
cortc.v  and  medullary  portions  of  these  organs.  These 
deposits  occur  in  parallel  linis.  partly  in  the  urinifcrous 
tuliules.  but  mainly  in  the  interstitial  tissue  between  them. 
The  liver  is  sometimes  found  in  a  couditiou  of  slight  in- 
terstitial hyperplasia. 

T/it'/riin  iimtn  y,itiiiY. — Although  a  clinical  knowledge 
of  gout  has  been  posses.sed  by  physicians  since  the  earli- 
est times,  its  e.xact  nature  and  caii.se  are  to-day  unknown. 
A  variety  of  hypothetical  explanations  have  been  offered, 
but  none  of  them  has  as  yet  been  established  as  correct. 
Garrod's  theory  has  for  many  years  been  accepted  by  the 
majority  of  the  profession.  According  to  liiiu.  gout  i.s 
due  to  an  excess  of  unites  in  the  blood  and  fluids  of  the 
b™ly,  from  which  they  are  deposited  in  certain  tissues 
because  of  a  diminished  alkalinity  of  them.  The  exces.s 
of  urates,  it  has  been  supposed,  is  due  in  part  to  excessive 
production  because  of  disturbed  nutabolism.  and  in  ]iarl 
to  imperfect  elimination.  That  the  renal  e]iitlielium  has 
a  power  of  selecting  certain  substances  for  elimination 
is  a  demonstrated  fact,  aud  it  has  been  siijiposcd  by  some 
that  in  gout  it  refusi's  to  excrete  uric  acid  in  the  normal 
or  necessiiry  amounts,  Ebsteiu  luodilied  the  theory  of 
Oarrod  by  advocating  that  an  excess  of  uric  acid  was 
produced  in  muscles  and  bones  because  of  a  peculiar 
local  luetabolic  anomaly  which  is  usually  inherited.  The 
deposit  of  urates  in  cartilage  and  librous  tissue  he  ac- 
counted for  because  of  the  naturally  slow  circulation  of 
blood  through  them,  which,  when  it  contains  an  excess 
of  uric  acid,  causes  a  cellular  necrosis  in  those  tissues. 
The  necrosis  always  produces  a  local  acidity,  and  the  al- 
kaline urates  of  the  blood  are  then  precipitated  as  com- 
paratively insoluble  luid  urates. 

The  uric  aciil  theory  has  also  been  modified  by  the  h)'- 
pothelical  explanation  that  uric  acid  is  an  intermediate 
product  in  the  transformation  of  waste  nitrogenous  mat- 
ter into  urea,  a  transformation  made  in  tlii'  liver,  and  that 
an  excess  of  uric  acid  in  the  blood  results  from  such  a 
derangement  of  hepatic  functions  as  causes  the  formation 
of  a  lessened  amount  of  urea  and  a  proportionately  larger 
amount  of  uric  acid.  The  observed  coincidence  of  gout 
and  digestive  disturbances  has  given  color  to  this  theory. 
Of  late,  however,  physiologists  have  become  convinced 
that  uric  acid  is  not  aii  intermediate  step  in  the  formation 
of  urea   from   proteid.     Indeed   very   recent  researches 


(KoHscI,  llorbiiczewski)  have  Nil  liliVHiologlodc  liemliftHto 
believe  that  uric  acid  is  derlviil  from  iiui'leiuH  ain)  iiol 
from  othi-r  pints  of  ccIIn. 

I'nfortiinately  for  all  these  iiric-ncid  tlieorlen  (,'oiit  can- 
not be  produced  expeiinieiilally  by  injecting  uric  acid 
into  the  blooil  or  by  preveiitiiiH  its'  eliiiiiiiaiion  tliroiicli 
the  kiiliieys.  Nor  do  the  pheiiometia  of  the  iIIm-iisc  arinc 
in  otiii'r  ailments,  notably  leiikitiiiia.  in  whidi  uric  acid 
often  exists  ill  the  blood  ill  ipiile  as  large  (|Uaiitities  iim  in 
gout.  Kxperimeiil  affords  us  no  eviili'iici-  tli.it  toxic 
properties  are  pos.sess<d  liy  uric  acid  even  when  it  is  in- 
troduced into  the  blood  in  much  larger  amounts  than 
have  ever  been  found  ill  gout  its<df. 

Another  theory  wiiich  lias  not  in  the  last  fifty  years 
had  so  many  supporters  as  the  uric-acid  hypothesm  or  so 
many  as  at  the  i-nd  of  the  ligliteenth  century,  but  which 
neverlheless  at  all  times  has  had  iiillueiilial  advocates,  is 
the  theory  of  its  ni-rvousorigiii.  Accordiiigto  it,  gout  is 
due  to  a  disturbed  metabolism,  a  fault  of  the  .system  in 
which  the  chemical  balance  is  deranged.  The  metabolic 
proees.ses  are  presumed  to  be  under  the  control  of  the 
nervous  system,  therefore  such  a  perversion  of  them  a-s 
occurs  in  gout  primarily  must  be  due  to  a  disturbance  of 
nerve  centres.  Just  what  change  takes  place  in  the  cen- 
tral nervous  system  is  not  coiijectureil.  Those  who  lie- 
liive  in  a  nervous  origin  of  gout  base  their  faith  chielly 
upon  the  following  points:  (1)  Its  frei|Uent  inheritance. 
(2)  The  effect  of  psychic  disturbances,  such  as  auger  or 
mental  depression,  in  provoking  its  attacks.  (3)  A  ten- 
dency to  neuralgia  and  myalgia  in  such  patients,  (4)  In- 
liuence  of  barometric  changes,  (5)  Joint  involvement, 
which  is  conunon  to  many  nervous  di.sea.ses.  (6)  Many 
neurotic  manifeslalionsobserved  in  othermembcrs  of  the 
family  in  which  gout  a|ipeais. 

In  lSX-1  Gaucher  discovered  that  the  injection  of 
xanthiu  aud  liypoxanthiu  into  healthy  animals  caused 
changes  in  the  stnuture  of  the  kidneys,  similar  to  those 
of  interstitial  nephritis.  More  recently  others  have  con- 
firmed these  observations  and  found  that  the  xanthin 
bases  will  proihice  various  nervous  phenomena  as  well 
as  high  arterial  tension  and  ultimately  arteriosclero.sis, 

ilorbaczewski,  who  in  ISDl  showed  that  uiic  acid  is 
probably  deriveil  from  iiuclciii.  hasalso  gathered  evidence 
to  show  that  xaiilhiii  and  hypoxanthin  or  the  alloxuric 
bases  arc  to  blame  for  the  phenomena  of  irregular  gout 
or  lilha'inia  rather  than  the  urates.  It  is  true  that  uric 
acid  ill  the  form  of  biurate  of  sodium  constitutes  the 
tophi  of  gout  and  produces  local  deformities  and  some- 
times inllammation,  but  in  the  form  of  a  soluble,  alkaline, 
quadriuiate  in  which  it  exists  in  the  blood  it  is  not  toxic. 

Although  .trout  has  been  supposed  by  some  to  be  an 
infectious  disease,  there  is  no  adequate  evidence  that  such 
is  the  case. 

Citusatire  Comlition-i. — It  is  quite  evident  from  this 
brief  review  of  the  leading  hypotheses  advanced  to  ex- 
|daiii  the  causation  of  gout  that  we  arc  to-day  about  as 
ignorant  as  our  i>redecessors  a  century  or  two  ago  were. 
AVliat  kuowled.ire  we  possess  to-day  is  negative,  that  is, 
disproves  theories  that  have  been  widely  held.  Never- 
theless, much  is  known  of  the  conditions  under  which 
gout  is  likely  to  arise.  Heredity  plays  a  large  part  in 
its  ])roduction.  According  to  Oarrod  seventy-five  per 
cent,  of  all  cases  inherit  the  disease.  Oftentimes  the 
habits  of  families  which  their  inherited  environment  pro- 
duces also  predisjiose  them  to  it.  But  gout  may  be  ac- 
quired as  Well  as  inherited.  Acute  and  chronic  gout  are 
rarely  seen  in  this  country,  but  irregular  gout  is  common 
and  is  increasing.  Gout  occurs  oftenest  in  England,  next 
in  frecjueucy  ill  Fiance  and  Holland,  less  in  Germany  and 
rarely  elsewhere  in  Europe,  Symptoms  of  it  have  been 
oliserved  at  all  periods  of  life,  but  its  onset  occurs  in 
much  the  largest  proportion  of  c.ises  between  the  thirtieth 
and  fortieth  years.  Initial  symptoms  are  extremely 
rare  in  infancy,  childhood,  and  old  age.  Women  are  at- 
tacked less  frequently  than  men.  at  least  with  the  symp- 
toms of  prodagra  and  chronic  gout.  Insufficient  exer- 
cise, and  what  amounts  to  the  same  thing,  a  deficient 
supply  of  oxygen,  are  important  factors  in  creating  a 
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disposition  to  tlie  ailment.  A  .sedentary  life  causes  the 
inhalation  of  relatively  a  small  annuinl  of  oxyjren.  Shal- 
low breathing,  whieii  is  cultivated  iinder  the  circum- 
stances, lessens  the  vigor  of  the  lym|ihati<-  and  venous 
currents  which  carry  oiT  wa.ste  mutters  from  the  viscera, 
and  causes  a  torpiility  of  liver  and  digestive  organs. 
Lack  of  exercise  also  causes  the  sjime  interference  with 
vigorous  metabolism  in  the  voluntary  nuiscles.  When 
people  live  or  work  in  overcrowded  rooms  they  are  sure 
to  feel  the  need  of  oxygen.  Virehow  has  laid  stress 
upon  the  freciiieiit  production  of  tophi  in  the  johits  of  the 
poor  who  live  under  these  conditions.  Since  the  earliest 
times  it  has  been  admitted  that  eating  unduly  large 
quantities  of  food  will  produce  the  ailment  in  many 
persons.  Especially  is  this  true  of  the  use  of  lai-ge 
quantities  of  meats  rich  in  extractives,  or  cooked  with 
rich  gravies  and  sauces.  Although  oftenest  too  nuich 
food,  that  which  is  too  rich.  an<l  too  little  exercise  to- 
gether (iuise  gout,  rare  cases  have  been  observed  in 
which  an  acute  attack  was  i)rovoked  in  those  disposed  to 
it  by  too  little  foo<l  and  too  nuich  exercise.  In  these 
latter  patients  a  lowering  of  vitality  by  underfeeding  and 
overworking  excited  the  ailment.  "  The  habitual  use  of 
fermented  liquors  is  a  most  common  and  universally 
recognized  cause  of  gout.  It  is  difTicult  to  exphiin  the 
mode  of  action  of  tlu'se  liquors.  It  is  not  merely  the 
alcohol  which  they  contain,  for  the  users  of  distilled  liq- 
uors are  much  less  prone  to  the  disease  than  are  the  users 
of  fermented  beverages.  Nor  is  it  an  acid,  nor  sugar,  nor, 
as  far  as  we  know,  any  one  ingredient  in  beers  and  wines 
which  makes  the  drinkers  of  them  so  liable  to  develop 
gout.  Often  a  few  glasses  of  wine  will  awaken  symp- 
toms of  the  malady  in  those  who  are  susceptible  to  it. 
It  may  be  that  the  disturbances  of  digestion  which  over- 
eating and  the  use  of  fermented  liquors  cause  are  more 
to  blame  than  individual  articles  of  food  or  beverages. 
Mental  depression  such  as  grief  and  anxiety  or  prolonged 
mental  exertion  are  also  frequent  predisposing  causes. 
They  may  help  to  produce  their  ill  effects  by  making 
digestion  slow  and  disturbing  the  functional  power  of 
the  organs  which  play  a  part  in  it.  It  is  well  known 
that  lead  workers  are  especiall.v  liable  to  symptoms  of 
gout  as  well  as  to  arteriosclerosis  and  interstitial  nephritis. 

Many  of  these  conditions  which  predispose  to  the  dis- 
ease act  together,  that  is,  simultaneously  upon  indi- 
viduals. JIany  of  them  are  also  the  exciting  causes  of 
acute  outbreaks  of  the  ailment.  Exposure  to  cold,  great 
fatigue,  anything  which  lowers  the  vitality  for  the  mo- 
ment may  be  an  exciting  cause  for  those  who  are  suscep- 
tible. 

Prophylaxis. — A  knowledge  of  the  conditions  which 
dispose  the  gouty  to  attacks  affords  us  a  key  to  its  pro- 
phylactic treatment.  Good  hygienic  surroundings,  daily 
sufficient  exercise  (often  large  amounts  are  required), 
moderate  eating,  and  freedom  from  undue  anxiety,  worry 
or  mental  labor,  arc  the  best  prophylactic  measures. 

Treatment. — Little  can  be  done  to  shorten  acute  at- 
tacks of  gout,  but  the  pain  attending  them  may  be  less- 
ened by  suitable  treatment,  ami  a  great  deal  can  be  done 
to  prevent  a  recurrence  of  acute  attacks  by  instituting  a 
proper  regimen. 

It  is  impossible  to  remove  the  inherited  fault  of  nutri- 
tion, but  it  is  possible  to  retard  the  development  of 
symptoms.  Temperance  must  be  taught  as  the  cardinal 
rule  of  life,  ab.stemiousness  in  eating,  drinking,  the  en- 
joyments of  the  pleasures  of  life,  or  the  inclination  for 
mental  work.  Overeating,  even  the  most  moderate  kind, 
must  be  avoided.  A  varied  diet  may  be  permitted,  pro- 
vided it  includes  foods  which  are  simply  prepared  and 
easily  digested,  and  provided  they  are  eaten  in  moderate 
quantities. 

When  gout  is  fairly  established,  not  only  must  tem- 
perance be  insisted  upon,  but  certain  articles  of  diet  must 
be  forbidden.  These  are  sweets,  confections  of  all  kinds, 
fats,  articles  cookeil  with  much  fat.  game,  and  the  richer 
meats,  especially  when  dressed  with  rich  sauces.  Vege- 
tables, rich  in  oxalates,  ought  also  to  be  avoided  by  the 
gouty. 


These  patients  should  eat  fairly  varied  foods  and  the 
diet  should  be  well  balanced,  containing  a  normal  pro- 
portion of  albumin,  carbohydrates,  and  fats;  and  the  in- 
dividual articles  of  food  should  be  so  prepared  as  to  be 
most  easily  digested.  Meat  may  be  eaten  modenitely. 
but  green  vegetables,  certain  fats,  and  cereals,  may  be 
taken  generously.  The  diet  for  those  who  are  gouty 
must  not  be  so  restricted  as  to  lessen  their  vitality.  A 
milk  diet  has  been  urged  as  the  best  for  the  prevention  of 
outbreaks  of  gout  in  those  disposed  to  them;  but  milk, 
unless  used  in  excessively  large  quantities,  is  not  sulli- 
ciently  nutritious;  and  while  it  may  well  be  used  as  an 
important  element  of  food  it  should  not  be  the  oidy  article 
taken  liy  the  gouty. 

Soups  should  be  forbidden  when  the  sj'mptoms  of 
goutiness  are  clearly  manifested,  but  they  may  be  taken 
in  small  amounts  by  those  inclined  to  this  ailment. 
Whenever  they  arc  used,  they  should  be  entirely  free 
from  fats,  and  preferably  should  not  be  made  with  a 
meat  stock.  Eggs,  oysters,  and  clams  may  also  be  eaten, 
but  lobsters,  crabs,  and  shrimps  are  not  to  be  recom- 
mended. Jlost  tish  can  be  eaten  without  harm,  especially 
such  as  bluetisli.  whitetish,  perch,  shad,  bass,  and  trout; 
but  tish  richer  in  fats  and  those  that  are  smoked  and 
salted,  such  as  salmon,  mackerel,  halibut,  and  cod.  are 
not  so  wholesome.  Rich  Siiuccs  should  always  be  avoided. 
Meal  should  be  eaten  not  oftener  than  once  daily,  and 
gencrallj'  roasted  or  broiled.  Those  which  are  most  to 
be  avoided  are  pork,  veal,  game,  and  salted  or  smoked 
meats.  Fat  shotdd  be  used  in  very  moderate  amounts 
except  butter  which  can  be  used  with  a  rea.sonablc  de- 
gree of  freedom,  and  cream  in  moderation.  Such  carl)o- 
hydrate  foods  as  bread,  rice,  sago,  tapioca,  oatmeal,  and 
cracked  wheat  may  be  eaten  generouly.  but  pastries,  hot 
breads,  pancakes,  and  other  articles  of  a  similar  kind, 
which  are  liable  to  form  doughy  masses  in  the  stomach 
during  the  period  of  gastric  digestion,  should  be  avoided. 

Sugar  is  not  wholesome  for  the  gouty.  Such  vegeta- 
bles as  rhubarb,  tomatoes,  radishes,  spinach,  cabbage, 
and,  if  they  cause  flatulence,  baked  beans,  should  be 
avoided. 

The  following  green  vegetables  may  be  used  freely: 
peas,  stringbeans,  corn,  potatoes,  turnips,  carrots,  jiar- 
snips,  celery  and  celery  plant,  cauliflower,  artichokes, 
broccoli,  salads,  cucumbers,  and  egg  plant.  Of  the 
fruits,  the  following  are  best  adapted  for  the  use  of  these 
patients;  pears,  apples,  raspberries,  blueberries,  black- 
berries, and  oranges;  but  grapes,  bananas,  prunes,  straw- 
berries, and  melons  are  not  so  wholesome.  Pickles  and 
condiments  are  to  be  avoided  af  all  times. 

Eating  between  meals  shoidd  not  be  permitted.  Gouty 
patients  should  be  taught  to  eat  slowly  and  to  masticate 
their  food  carefully. 

Especially  should  those  inclined  to  gout  avoid  eating  a 
large  variety  of  food  at  one  meal.  Simplicity  in  diet  as 
well  as  temperance  in  eating  must  be  taught  them.  The 
variety  which  we  all  crave  should  be  furnished  by 
chang(;s  in  food  from  meal  to  meal  and  from  day  to  day. 

Although  by  clinicians  generally  red  meats  are  forbid- 
den those  who  have  chronic  gout,  ca.ses  have  been  suc- 
cessfully treated  upon  an  almost  exclusive  meat  diet. 
Salisbury  steak,  a  little  lettuce  or  spinach,  and  stale 
bread,  varied  occasionally  by  chicken,  squab,  eggs  and 
fish,  have  constituted  the  entire  list  of  foods  of  these 
patients.  The  uniformity  of  the  food  and  the  ea.se  of  its 
digestion  have  prevented  abnormal  fermentations  in  the 
gastrointestinal  tract  just  as  an  exclusive  milk  diet  will 
do.     This  is  the  secret  of  success  in  such  cases. 

In  the  midst  of  acute  attacks  it  is  best  to  administer 
little  of  any  kind  of  food.  Milk  is  the  best  staple  article 
and  may  be  the  only  one.  Gruels  and  eggs  may  also  be 
eaten,  and  oranges  and  lemons  may  usually  be  permitted. 

Tea  and  coffee  in  small  amounts  and  with  no,  or  very 
little,  sugar,  may  be  \ised  by  those  who  are  ]iredisposed 
to  gout,  provided  they  have  no  acute  symptoms  of  the 
disease  or  of  indigestion;  but  if  digestion  is  slow,  or  there 
are  other  symptoms  of  gout  or  goutiness,  these  beverages 
should  be  forbidden. 
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It  is  uiilviTWilly  iidmllliil  lliut  iilcoliollc  bovfnigcti  of 
all  kliiilsiirc  liurniful.  Even  in  very  siiiiill  iiiiiotiiils  llicy 
will,  Milt  iiifrii|iiciilly,  pruvnkc  allnrki  nf  );iiiil.  Tlir 
(icjrrcc  111  tiilcruiuc  of  iiUnliolic  lirvcnij^cs  liy  tlmsi'  who 
nn-  t;<>iity  is.  nf  coui'sf.  very  viiritililv.  It  is  not  iicrcs- 
siiry.  ill  onlcr  to  provokr  ffoiil.  tliiit  tliese  bfvcmftcs 
sliiiiilil  III'  taki'ii  III  llir  |iiiliit  of  iiitoxicittion.  Imlri-il  tin- 
liiiliiliiiil  ilniiikiiril  nirrly  ilrvi'lopH  Hyiii|iloiiis  of  tlir  ills- 
nisi',  lull  it  oi  riii's  iiiosl  fri'i|iK'iilly  in  lliosc  wlioair  lia- 
liitiiul  iisirs  of  alioliolic  bcvrra^rs  in  iiinilcratr  anioiints. 
All-.  iMcr,  1111(1  tin-  swci't  1111(1  the  licavy  wines  arc  lliu 
lii'vii'ai.'is  wliirli  arc  iiiosl  apl  In  jirovokc  Ilir  Iroiililc. 
Of  wines,  the  dry  white  wines  hiiiI  old  IJonleaiix  have 
lieen  found  tlic  least  liarinfiil.  Although  individuals 
vary  in  their  siiseeptihility  to  the  ill  elTeels  of  aleoholic 
beveni^ri'S.  and  although  Ihi'  dilTereiil  lieveraifis  vary  in 
their  polency  to  do  harm,  they  should  all  lie  forbidden 
the  ),'(iuty. 

Patients  who  are  polity  Rhoidd  drink  water  copiously 
in  order  that  the  kidneys  may  lie  made  to  art  freely  and 
that  the  waste  matter  nuiy  thus  be  washed  out  of  the 
system.  Krom  live  to  eight  gliusses  of  good  jiurc  water 
sliould  be  drunk  daily. 

.Many  sprin.i;  waters  have  bcfii  recommended  os  pre- 
ventives of  gout.  It  is  probable  that  larse  quantities  of 
water  do  more  pood  by  the  physical  presence  of  tluid 
in  the  bloodvessels  and  tissues  than  the  various  mineral 
ingredients  w  hieh  spring  water  may  from  time  to  time 
contain.  There  are  three  varieties  of  spring  waters 
especially  reeommoiided  for  gout ;  First,  those  which  arc 
particularly  |>ure  and  contain  a  minimum  amount  of 
mineral  matter.  Without  doubt,  theirelTecl  is  a  physical 
one.  Second,  the  alkaline  waters  of  which  Vichy  is  a 
type.  Alkalies  well  dilulcd.  introduced  into  the  blood, 
do  seem  to  stimulate  normal  nutritive  changes  in  the 
ti.s.sues  of  the  body.  The  alkaline  waters  also  have  a 
beneficial  cfTeet  upon  the  contents  of  the  stoiuacli,  which 
are  usually  acid  because  of  abnormal  fermentation. 
Third,  spring  waters  which  contain  iron,  arsenic,  and 
lithium.  They  are  useful,  especially  the  arsenical  waters, 
for  those  gouty  persons  who  have  affections  of  the  skin 
ond  bronchial  mucous  membranes.  Many  of  the  cases  of 
gouty  dyspepsia  are  helped  by  these  waters.  Royat,  in 
France,  may  be  regarded  as  a  type  of  this  group  of  min- 
eral waters. 

Spring  waters  rich  in  sodium  .salts  are  not  bcnelicial 
for  the  gouty,  as  these  salts  in  unusual  quantities  in  the 
blood  liasteii  the  precipitation  of  insoluble  urates  in 
joints  or  other  tis-sues. 

Hot  mineral  springs  are  resorted  to  by  many  who  have 
chronic  gout,  for  the  purpose  of  bathing.  Acute  attacks 
are  not  benefited,  but  partially  immobile  joints  with 
muscular  atrojihy  are  benefited.  If  patients  have  high 
arterial  tension  or  hypertrophied  hearts  hot  baths  must 
be  avoided. 

Exercise  is  e.s.sential  in  order  to  prevent  gout  and  to 
avert  repeated  attacks  in  those  who  are  prone  to  it.  The 
amount  of  exercise  required  must  be  determined  by  each 
person.  As  a  rule  it  must  insure  several  hours  of  out- 
door life  each  day  and  for  at  least  a  few  minutes  daily 
must  be  violent  enough  to  provoke  sweating.  When  re- 
peated attacks  have  slilTcned  the  joints  and  enfeebled 
patients,  it  must  be  more  gentle.  Walking,  bicycling. 
horseback  riding  are  the  best.  These  more  gentle  means 
of  exercise  can  often  be  supplemented  with  benefit  bj- 
dailyor  frequent  massage.  Of  sports  golf,  which  insures 
mild  exerci.se  for  several  hours  out-of-doors,  is  the  best. 
The  more  violent  games  are  rarely  adapted  to  the  gouty 
who  are  in  middle  life  or  have  passed  it. 

Sutlicient  exercise  should  be  taken  daily,  for  the  re- 
sults thus  obtained  cannot  be  stored  up  at  one  time  for 
future  use. 

In  acute  attacks  physicians  still  resort,  as  CuUen  recom- 
mended them  to  do.  "  to  patience  and  flannels."  Abortive 
treatment  cannot  be  recommended.  It  has  been  at- 
tempted by  strapping  tightly  the  affected  joint,  apply- 
ing ice  to  it.  administering  large  doses  of  colchicum  and 
sometimes  morphine.     Attacks  have  undoubtedly  been 


Htopped  short  In  thU  wny,  but  very  dnngeroiiii  nvmploin* 
have  also  followed  the  tn'atmeiit,  niicIi  iw  fuliilliig  and 
disiirdi'rsof  llie  heart.  .Must  fri'(|Ueiit|y  Hoothiiig  iipplicii- 
tions  are  made  to  the  diseased  Jdliii.  hi'ich  a'*  chlnroform 
liniment  or  menthol  (H  gin.  i  in  eamphoniled  tuuip  lini- 
ment (ViO  c.r.),  or  in  iin  oil  conipoM-d  of  (iuiiliicol  '.'.'i  v.c, 
Ol.  gautheria'.  S."}  c.c.  and  l)\.  ollvie.  .W  e.c.  Fotimdes 
with  cacao  butter  and  olive  oil  as  bam-s  nre  often  iiwd. 
To  them  may  be  added  morphine,  cocuiiie,  belliidonnu, 
nienthdl.  gualacol,  and  other  local  ana'SthetlcN  and  anal- 
gesics. 

.Vftereach  loial  application  has  been  made  the  afTecUil 
foot  or  joint  is  wrapped  thickly  in  tlamnl  to  protect  it 
from  cold  and  to  promote  local  sweating.  Uendu  C  Trail  e 
lie  Tlierapculi(iue  Ai>pli(iue."  W>'>,  I'aris)  advises  wci 
bandages  which  are  gradually  made  colder  until  the  dis- 
eiused  part  is  accuslonied  to  ice-cold  applications.  The 
cold  benumbs  the  sensibility,  lessens  pains  and  swelling, 
and  shiirleiis  thediiralion  of  the  malady.  Like  the  so- 
called  abortive  treatment  it  must  be  used  with  cure. 

Ulood  let  ling  and  blisters  are  no  longer  used  in  gout,  but 
purgatives  are.  Calomel  and  jalap  constitute  a  fuvorile 
jirescription  of  English  physicians.  Certainly  ul  the 
onset  of  an  attack  it  is  iniporlant  to  empty  the  ga.stro- 
intestinal  tract.  A  full  doseof  calomel  followed  in  a  few 
hours  by  a  saline  (the  li()uid  cilrnte  of  magnesia  is  fiar- 
ticiilarly  eligible)  docsmuch  good.  .Vt  Ihesami^  time  the 
liutient  should  alistain  from  fond  for  from  twenty-four  to 
forlveight  hours  but  should  drink  water  freely.  When 
food  is  administered,  and  this  should  not  be  until  copi- 
ous bowel  movements  have  insured  the  emptiness  of  the 
intestines,  milk  should  be  given. 

Of  medicine  colchicum  is  chiefly  relied  upon  to  relieve 
the  acute  symptoms.  Twenty  to  twenty-five  minims  of 
the  wine  of  colchicum  root  may  be  given  three  or  four 
times  daily.  Instead  of  this  preparation  the  tincture  of 
the  seeds  of  colchicum  may  be  used.  As  soon  o-s  the 
sedative  efTects  of  the  drug  are  obtained  it  should  be  given 
in  smaller  quantities  and  often  can  be  discontinued.  If 
used  too  long  it  will  jirovoke  nausea  and  excessive  diar- 
rhteu.  Indeed,  a  peculiar  susceptibility  to  these  effects 
of  the  drug  makes  its  employment  impossible  in  certain 
cases.  Colchicum  probably  produces  its  good  results  by 
its  sedative  action  ujion  the  nervous  and  cardio-va.sciilar 
systems  and  by  helping  elimination  by  its  purgative 
]iroperties. 

Next  to  colchicum  the  salicylates  are  found  usefid. 
The  salicylate  of  sodium  is  most  used,  but  bj'  some  phy- 
sicians the  salicylate  of  lithium  is  preferred.  A  combina- 
tion of  the  salicylate  of  sodium  and  bromide  of  lithium 
has  proved  useful  to  my  patients.  The  salicylates  are 
less  certain  in  their  elTect  than  colchicum.  but  especially 
useful  after  colchicum  is  discontinued  and  in  prolonged 
subacute  attacks. 

Alkalies  are  also  used  commonly.  The  best  are  the 
potassium  and  lithium  salts.  They  are  usually  combined 
with  colchicum  or  the  salicylates.  Originally  they  were 
given  to  Imsten  the  elimination  of  uric  acid  by  making 
solublesalts  of  it.  Numerousotherdrugs  in  recent  years 
have  been  tried  for  the  same  purpose,  such  as  piperazin, 
lycetol,  and  lysidin.  The  doubt  which  prevails  today 
in  the  minds  of  pathologists  in  regard  to  the  jiathogenic 
projierlies  of  uric  aci(f  makes  their  employment  theoreti- 
cally less  urgent.  Lithium  has  been  shown  to  be  useless 
so  far  as  increasing  the  solubility  of  urates  in  the  blood  is 
concerned,  for  when  administered  by  the  mouth  it  forms 
insoluble  compounds  in  the  stomacli  and  does  not  unite 
with  the  uric  acid.  However,  I  am  convinced  that 
lithium  salts  are  beneficial  in  the  indigestion  of  the  gouty, 
probably  because  they  unite  with  constituents  of  the 
contents  of  the  stomach,  lessen  their  acidity  and  to.xicily. 

Guaiac  is  another  remedy  which  is  often  employed  in 
gout  with  benefit.  Its  mode  of  action  cannot  be  satisfac- 
torily explained.  It  proves  most  useful  in  subacute  or 
mild  acute  cases. 

Chronic  gout  must  be  treated  hygienically  for  the  most 
part  and  acute  exacerbations  miist  be  treated  as  acute 
gout  is.     The  sjilicylates  and  alkalies  are  especially  use- 
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fill  ill  lliese  fuses.  I'ipiia/.iii  iiiul  similar  diugs  Imve 
bi'cii  iiiucli  iisi'il  of  late  yvais  ti>  ilis.solvc  tophi.  Tlic 
cliiiii'ul  results  of  tlicir  riiiployim-nt  as  they  are  desciibed 
iu  periodical  literature  are  eontlietiug.  It  and  lysidin 
are  also  credited  with  the  relief  of  jiaiu.  Massjige  can  be 
employed  iu  chronic  gout,  and  often  after  acute  attacks, 
with  beiielit.  It  must,  however,  be  applied  w  itli  gentle- 
uess.  It  helps  to  reduce  swelling,  to  make  the  joints 
more  supple,  and  to  slreiigtlun  the  unused  muscles. 
AVlieii  joints  are  |iermanently  diformed  it  is  uecessury 
by  massage,  electricity,  and  hydrotherapy  to  keep  the 
atrophying  muscles  strong,  in  order  that  as  much  useful- 
uess  as  possible  may  be  preserved  to  the  diseased  part. 

Little  Ciin  be  done  to  niuove  uratic  deposits.  Most 
attempts  by  local  treatment  are  found  to  be  more  harm- 
ful than  useful.  Surgical  interference  is  not  to  be 
recommcniled  unless  suppuration  occurs  near  tliem  (and 
it  is  a  rare  complication,  uot  a  part  of  the  disease)  or 
sloughing  of  the  skin  over  them  takes  place :  Ihen.thc  pus 
should  be  evacuateil  and  any  exposed  urates  scraped  out 
and  the  wound  treated  as  aiiy  other  sluggish  and  infected 
wound  would  be. 

A  residence  in  a  mild  genial  climate  where  an  outdoor 
life  can  be  had  continuously  is  of  great  advantage  iu 
checking  the  iirogress  of  this  ailment. 

Often  diet  must  be  still  further  moditied  because  of 
artcrio.sclerosis  or  contracted  kidney  and  albuminuria.  It 
must  then  be  made  even  simpler.  Red  meats  should  not 
be  used  or.  if  at  all.  rarely.  Indigestion  and  constipation 
must  be  carefully  correcteil  or  guarded  against.  Great 
painsmust  be  taken  to  prevent  fermentation  iu  the  gastro- 
intestinal tract. 

The  iodides  are  frequently  needed  to  lessen  arterial 
tension.  They  may  liave  to  be  given  for  weeks  at  a  time. 
Potassium  iodide  is  chietly  used,  but  Bouchard  and  Dyce 
Duckworth  recommend  the  iodide  of  lithium.  Nitro- 
glycerin is  sometimes  needed  for  its  temporary  but  more 
pronounced  eflfects  upon  the  arteries. 

In  irregular  gout  chief  reliance  must  be  placed  upon 
hygienic  treatment.  Various  symptoms  of  the  malady 
niay  for  a  time  need  medical  treatment  addressed  to  meet 
them.  For  instance,  in  the  eczema  of  the  gouty  local 
applications  are  of  lieiielit;  but  an  abstemious,  carefully 
regulated  diet,  the  copious  drinking  of  water,  the  main- 
tenance of  good  elimination  by  the  bowels,  kidneys,  and 
skin,  and  suitable  exercise,  are  essential  to  success. 

For  the  headaches  and  neuralgias  much  can  be  done 
with  the  compounds  of  salicylic  acid,  phenacetin,  anti- 
febrin.  and  similar  drugs,  but  the  relief  is  imperfect  or 
transitory  unless  a  suitable  regimen  is  prescribed  and 
maintained.  Hemicrania  can  frequently  be  averted,  when 
the  temporal  arteries  begin  to  be  tense  and  twinges  of 
pain  give  warning  of  an  attack,  by  a  full  dose  of  citrate 
of  magnesia. 

Often  such  patients  must  change  their  business  in  order 
to  obtain  permanent  relief,  thereby  avoiding  the  anxiety 
and  continemcut  which  a  commercial  or  professional  life 
necessitates.  iV".  &  Davis.  Jr. 
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GRAMINE/E.— (The  GrassFamily.)  This  isdoubtless, 
all  things  considered,  the  most  important  family  of  plants. 
The  bamboos  contribute  most  inii)ortant  building  and 
structural  material  in  the  tropics,  as  well  as  considerable 
fibre  material,  w  liich  latter  is  also  contributed  by  many 
other  grasses.  The  uses  of  straw  in  this  connection  are 
too  well  known  to  require  description.  The  grasses 
contribute  by  far  the  most  important  stock  fodders,  while 
the  cereals  constitute  the  most  imi)ortant  part  of  human 
food  and  the  principal  source  of  alcoholic  beverages  and 
of  alcohol  itself.  The  sugar-cane,  as  well  as  sorghum, 
is  a  grass.  An  important  fixed  oil  is  obtained  from  In- 
dian corn,  which  is  also  the  chief  source  of  glucose,  and 
the  importance  of  the  starch  yielded  by  it.  as  well  as  of 
those  obtained  from  wheat,  rye.  rice,  and  barley,  is  appar- 
ent.    Several  important  volatile  oils  are  yielded  by  species 


of  AiKlriijy^iiii.  AVith  one  or  two  unimportant  exce|)tions, 
poisonous  properties  are  unknown  iu  the  family.  Very 
few  of  the  siiecics  are  of  distinct  medicinal  use,  though 
Triticum  is  ofiicial.  and  ergot  proceeds  indirectly  from 
rye  lltiD-y  II.  lini^y. 

GRANATUM.     >.  .•  l'-i,.,'jr,n..it(. 

GRAND  HAVEN  MINERAL  SPRING.— Ottawa  County, 
Michigan. 

Post-Office. — Grand  Haven.  This  is  the  terminal 
station,  on  Lake  Michigan,  of  the  Detroit.  Grand  Haven 
and  .Milwaukee  Railroad.  It  can  also  be  reached  from 
Chicago  by  lake  steamer.  The  location  is  a  cool  and 
pleasant  place  in  summer,  and  excellent  opportunities 
are  allorded  for  surf  bathing  in  the  lake.  According  to 
an  analysis  by  C.  G.  Wheeler,  the  water  is  composed  as 
follows: 

OXK  UXITKD   ST-VTKS   GaLLOX   COXTAIXS: 

Solids.  Grains. 

Sodium  carlwnate 2.09 

Pota.s.slum  oarlwnate 2.74 

Ciilrjutii  <-art")nate 2.01 

Miiirni-siuni  i-arlKinate 1.52 

Iron  rarlt^'iiate (18 

SiHliuui  sulpliate 71.29 

S. .iliimi  ililc.rlde 308.03 

Pipta.-isiuin  cliloride -      1.93 

CalciUMi  i-lil. .11. 1./ m*.(B 

Mapiiesiiiin  rliluride 71..53 

Miiyut'siuin  itjdide 05 

Mapnesiuni  bromide 17 

t'ak'liUEi  lUioride .(K 

Alumina 30 

Silica 1.05 

Total 60S.89 

This  water  contains  sufiicient  sulphate  of  sodium  to  give 
it  great  efficacy  iu  ca.ses  of  engorgement  of  the  liver,  ab- 
dominal ]dethora.  and  dyspepsia  associated  with  these 
conditions.  Jamtn  K.  Crook. 

GRANULATION  TISSUE.— DEFrxmox.— In  crushing 

injuries,  wounds  involving  the  loss  of  considerable  tissue, 
neglected  wounds  or  those  infected  with  pathogenic  bac- 
teria, or  in  wounds  in  which  close  coaptation  by  sutures 
is  impossible,  the  healing  process  takes  place  by  secondary 
intention,  or,  it  is  said,  healing  occurs  by  granulation. 
The  origin  of  the  latter  expression  is  traceable  to  the 
appearance  in  such  injured  parts  of  minute  pink  or  rosy 
elevations,  the  granulations;  such  surfaces  are  Siud  to 
be  granulating  and  the  tissue  forming  the  tiny  nodules, 
as  well  as  that  below  and  about  them,  is  granulation 
tissue.  Granulations  are  peculiarly  limited  to  exposed 
.situations;  similar  processes  of  healing  upon  other  sur- 
faces, such  as  the  intestinal  canal  and  serous  membranes, 
are  very  rarely  if  ever  marked  by  elevations  comparable 
to  the  granulations  of  healing  wounds.  This  term  con- 
sequently had  its  birth  in  the  outward  objective  features 
of  healing  injuries  of  various  sorts  as  well  as  locations. 
Granulations  are  described,  in  the  older  works  of  sur- 
gery and  pathology,  as  arising  from  the  sectioned  ends 
of  bones,  in  abscesses  undergoing  "self -purification," 
chronic  ulcers,  fistulous  openings,  etc.  The  essential 
requisite  seems  to  have  been  that  they  should  occur 
citlier  where  they  would  be  plainly  visible  or  easily  de- 
monstrable or  in  such  hidden  locations  where  previous 
experience  had  proven  their  development.  Necessarily 
this  conception  of  granulation  tissue  was  from  the  clini- 
cal viewpoint  almost  exclusively. 

With  the  fuller  knowledge  of  the  process  of  inflamma- 
tion, and  especially  of  the  regenerative  changes  connected 
with  resolution,  the  designation  granulation  tissue  has 
invaded  topics  of  a  more  general  character  than  those 
connected  simply  with  surgical  pathology.  This  ten- 
dency is,  without  doubt,  due  to  the  selection,  by  writers, 
of  wound  healing  by  secondary  intention,  as  the  type 
of  regeneration  or  resolution  in  the  infiammatory  )>rocess; 
and  because  the  cellular  changes  iu  resolution  have  more 
or  less  in  common,  no  matter  what  the  location  is.    The 
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ttTiii  K">iiiil>>>><>"  li"*"'!-'  Ii'i".  tliiTi-fiirr.  l).v  tU'Krirs  iic- 
i|iiin-(l  ilif  .siKiiitlciinciMif  cmbrvi'iml  tlssiiiv  From  this 
piiiliMliiK'''"'  <oii(fpliiH).  ilir  chronic  piiKi'sws  of  iiilhiiii 
iiialioii,  mbcrrulosls.  svphilis,  uriiiioiiiyciwis.  l(|)ros_v, 
etc.,  in  whicli  iirohfcnilivc  ('hiiii);rs  prrihiiiiiiiiilc.  ii(i|iiirfil 
the  jiroiip  imim-  fniiiulniiiiitii.  Tlicri'  iimy  hi'  no  gnuiii- 
liitioMs  in  till'  sur^i'iil  wiisr  in  ii  ^iiintnu  or  iirtinoMiyrotir 

^rowlh.  yd  llii  y  iiri tninouly  iIi-m  rihi'il  ii'*  nmcli'  up  of 

(.'iiiniiliiliiin  lissur.  Tlir  uimloi.'v  lirlwiin  thr  irniiiuhilion 
li'i-^iir  of  II  liriiHnir  wouml  ami  ii  ilnply  snitnl  rliionic 
iiithininialion  such  as  a  ),'iininia  of  the  livir  or  trsticlr.  is 
n  hislolotric  line;  ihc  lorincr  po.isi'ssis  pciccplihli'  fjiiinn- 
liilions.  Ihi'  lalti-r  a  sirucliiri'  similar  to  such  ilclicalc  ami 
SDinclinu'S  Imrcly  visihlr  cxcrcscciici'S.  (tninulalioiis  do 
not,  as  a  rule,  develop  in  the  jiranuloniala,  hut  they  are 
obvious  elianicleristics  of  all  sorts  of  wounds. 

That  consideration  of  u'raiiulalion  tissue  which  main- 
tains its  parity  to  enihryonal  tissue  ami  its  iiillainrnatory 
orii;iii  helonu's  to  the  ireneral  subject  of  inlhiiiinialion  (sic 
IiijUiiiiiiKitiiiii).  whereas  the  foUowinir  dcscriplion  deals 
solely  with  granulation  tissue  as  it  is  met  with  dinicully, 
with  the  structures  that  jiaincd  the  name  |>riinarily. 

IIkm.thy  tiii.vNii.ATiuNs. — The  surface  of  open 
wounds  after  a  few  hours  becomes  covered  over  with  u 
delicate  pellucid,  jiray  or  whitish  layer  which  slowly 
becomes  thicker  ami  linally  resembles  the  bulTy  coal. 
Its  formation  takes  place  after  the  cessation  of  henior- 
rha.ffe.  allhouirh  some  clear  or  sli;;htly  blood  lintred  liuid 
may  ooze  from  spots  on  its  surface  or  from  the  edffes  for 
sometime.  E.vposurc  to  the  dryin-j;  inlluences  of  the  nir 
causes  this  exudate  to  chan  ire  into  a  com  pact,  inther  brittle 
crust  that  effectually  protects  the  underlyinir  tissue;  it  is 
often  some  shade  of  brown  from  the  admixlure  of  blood. 
The  protection  of  w oumls  by  dressiiiiis  may  lessen  the  for- 
mation of  a  crust  and  the  tibrinous  coatinix  may  remain 
thin  and  transliieenl.  For  a  number  of  days  there  may- 
be no  change  in  the  appearance  of  such  defensive  vest- 
ures. After  a  variable  lentrth  of  time,  depending  ujmn 
the  anatomical  location,  the  variety  of  tissue,  the  indi- 
vidual's age.  and  other  factors,  granulations  arise.  It  is 
usually  a  number  of  tlays,  from  four  to  ten,  before  they 
attain  macroscopic  proportions. 

When  it  was  regarded  as  good  surgical  treatment  to 
approximate  the  edges  of  the  lla|)s  with  strips  of  adhe- 
sive, after  amputation  of  an  extremity,  it  was  observed 
that  granulations  appeared  earliest  on  the  vascular  soft 
parts  and  sooner  on  the  sectioned  cancellous  than  com- 
pact bone.  If.  after  a  certain  period  of  repose,  the  dried 
blood  clot  of  the  exposed  wound  or  the  dressing  of  the 
more  carefully  protected  wound  be  removed,  minute 
pink  points  w  ill  be  visible  upon  the  jialer  tissue  around. 
They  mark  the  site  of  future  grauulations.  who.se  devel- 
opment is  easily  followed  by  examination  at  intervals. 
The  pink  spots  deepen  in  hue  and  others  appear;  they 
enlarge  to  blotches  that  have  a  bright  ruddy  aspect,  and 
become  elevated  as  small  globular  tuberosities.  In  scmn 
itnetii.  this  is  granulation  tissue. 

These  small  eminences  vary  in  size  and  give  the  sur- 
face a  decided  granular  appearance;  they  level  the 
smaller  irregularities  of  rough  ami  lacerated  injuries. 
The  tissue  that  forms  them  is  cimimou  to  all  chronic  in- 
flammations; it  is  embryonal  tissue  in  process  of  cicatrix 
production.  The  elevations  containing  loops  of  newly 
proliferated  bloodvessels  have  been  explained  by  Ham- 
ilton upon  the  basis  of  lessened  pressure:  in  this  manner 
lie  would  account  for  their  absence  in  deejdy  seated  mor- 
bid conditions.  It  is  doubtful  if  altered  conditions  of 
pressure  are  the  only  agencies  influencing  their  develop- 
ment. 

Perfectly  healthy  granulations  may  vary  in  height  and 
form,  they  may  pos.sess  flat  or  rounded  iojis  and  a  uni- 
formity or  irregularity  in  size  may  be  observed.  Double 
or  compound  granulations  are  described.  Their  consist- 
ence varies  within  narrow  limits;  possessed  of  broad 
bases  these  warty  growths  give  the  inipres.sion  of  firmly 
interwoven  tissue  with  soft  but  not  fluid  contents.  On 
removal  of  the  covering  exudate  by  gentle  washing,  a 
clean,  moist  or  glazed  surface,  translucent  and  devoid  of 


visible  vessels  is  exposed.  Although  there  1h  iii>  (liHlinC- 
live   color  to  healtfiv  granulations,  the  more  livid  huen 

iMspeak    poor  circulatory  i litjons.     A   faint    pellicle 

with  bluish  /ones  that  merge  into  the  white  of  the  adju- 
cent  skin  marks  the  healing  niargiiiN  from  which  epitheli- 
zation  has  already  begun.  Heallhy  vrMiiiilations  an- ex- 
tremely sensitive  if  they  arise  in  ii  :  supplied 
with  nerves;  others  from  such  sir  compact 
bone  and  tendons  have  no  Keiisilii|ii\  I'l  u, n  hiliialed 
on  a  Hat  surface  Ihey  geldom  rise  niiicli  above  the  level 
of  the  adjacent  skin.  The  cells  compiwing  granulatiou 
tissue  are  those  peculiar  to  chronic  intlammutiou ;  how- 


Fio.  2347.— Injected  Blood-Vessels  In  llie  Granulation  Tissue  from  an 
Experimental  Injury  of  the  Tonuue  of  a  Dotr.  The  arterli>»  have  a 
(freater  toriuoslly.    SU  days  after  Injury.    (ModlUed  fmiu  Thuma.) 

ever,  in  the  average  granulating  wound  there  are  proba- 
bly a  greater  variety  than  in  the  usual  deeply  seated 
chronic  inflammation.  Our  knowledge  of  the  histology 
and  histogenesis  of  the  liealin,ir  process  is  in  Ihc  main  de- 
rived from  experimental  work  upon  animals,  neverthe- 
less it  is  generally  accepted  that  heallhy  human  granu- 
lations may  contain  all  varieties  of  leucocytes  and  all 
forms  of  fibre-producing  cells;  also  red  blood  corpuscles, 
phagocytes,  giant  cells,  budding  blood-vessels,  fibrin, 
bacteria,  and  an  intercellular  substance  of  altered  fluid 
from  the  blood  and  lymph  ves.sels. 

Patiiologic.m.  Gk.\ni"i..\tions. — The  extent  to  which, 
in  a  specific  example,  the  exudative  and  retrogressive  or 
degenerative  changes  exceed  those  of  proliferation,  de- 
pends u|)on  many  factors;  chief  among  these  are  the 
stage  of  healing  and  the  initial  cause.  It  has  long  been 
recognized  by  surgeons  that  variations  may  occur  in  the 
general  mode  of  healing,  deviations  from  the  normal  that 
permit  the  use  of  such  a  pleiuiastic  eVl>ression  as  patho- 
logical granulations.  The  luxuriant  or  exuberant  gran- 
ulations have  been  known  by  the  laity  immemorially  as 
■' jiroud  flesh"  and  as  altogether  undesirable  in  a  healing 
wound.  The  torpid  or  languid  granulations  and  the 
spongy  or  fungcuis  forms  may  so  delay  healing  that  there 
is  an  easy  transition  from  granulation  tissue  to  ulcers. 
Ulcers  consist  of  granulation  tissue  when  the  macroscopic 
evidences  of  proliferation  attain  the  degree  of  distinct 
granulations;  other  ulcers,  the  seat  of  extensive  necrosis 
and  exudation,  may  not  possess  any  i)roliferating  tissue; 
such  ulcere  are  not  granulating.  Over  forty  years  ago 
Paget  made  the  statement  that  "all  the  varieties  in  the 
aspect  of  granulating  wounds  and  sores,  which  the  prac- 
tised eye  can  recognize  as  signs  of  deflection  from  the 
right  way  to  healing,  are  so  many  instances  of  different 
diseases  of  the  granulation  substance,  diseases  not  enough 
investigated,  though  of  much  interest  in  the  study  of 
both  the  healing  process  and  the  organization  of  new 
products  in  inflammation." 

This  complaint  finds  an  echo  in  tlie  claim  made  by 
Reinbach.  who,  in  an  article  recently  published,  states 
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that  lie  was  unable  to  flnd  in  the  literature  at  his  com- 
maud  a  single  instance  of  researches  nf  this  character, 
ami  he  adds  that  Zieglcr  also  knew  of  none.  Hcinbacli 
prefers  to  abandon  the  older  nomenclature  comprising 
such  terms  ns  funu'ous,  spongy,  erethistic,  croupous,  etc., 
for  the  genenil  term  pathological  granulations. 

Of  these  he  recognizes  two  forms  with  several  subor- 
dinate types:   (1)  The  luj-iiritint  niijierjin'nl  grmiulntion, 


Fig.  SW.— Orpanlzinir  Granulation  Ttssue.  TIip  left  Pdge  repre- 
sents tlie  deeper  part.  Tlie  round  cells  are  tiotti  mono-  and  poly- 
morphonuclear leucocytes.  There  are  many  spindle-shaped  fibro- 
blasts.   (Modlded  from  Ilibl)ert.) 

that  is  usually  "self-purifying"  and  characteristic  of 
acute  processes,  and  (3)  the  superficial  chronic  granula- 
tion. The  strictly  torpid  granulations  he  classifies  with 
ulcers  on  account  of  the  absence  of  formative  tissue.  As 
for  the  first  form  they  are  marked  by  the  histologic  feat- 
ures that  belong  to  the  process  of  suppui'ation  (see  In- 
flamnuition).  Quantities  of  bacteria  occur — generally 
cocci  that  show  no  special  arrangement — and  at  diffei'ent 
levels  the  changes  indicative  of  miliary  or  microscopic 
aljsce.sscs.  Leucocytes  swarm  within  such  granulations, 
and  among  them  eosinophiles  and  mononuclear  leuco- 
cytes are  numerous.  The  capillary  loops  of  the  outer 
zones  'suffer  some  necrosis.  In  spite  of  the  exudative 
and  destructive  changes  karyokinetic  figures  are  numer- 
ous in  the  deeper  portions  in  fibroblasts  and  endothelial 
cells,  and  the  fibroblasts  produce  fibres  and  become  con- 
nected in  the  usual  way. 

As  examples  of  superficial  chronic  granulations,  Rein- 
bach  mentions  both  the  torpid  granulations,  which,  how- 
ever, show  some  signs  of  growth,  and  those  covered  with 
mottled  and  wliite  patches  caused  by  necrosis  of  the  out- 
ermost parts.  The  first  of  these  subdivisions,  although 
very  slow  to  heal,  nevertheless  contain  vertical  bands  of 
fibre-forming  cells.  They  often  follow  burns  and  consti- 
tute virtually  lesions  intermediate  between  granulation 
tissue  and  real  ulcers.  The  second  variety,  covered  by  a 
fibrinous  exudate  in  spots  and  by  necrotic  tissue,  was 
described  by  Billroth  as  "croup  of  the  granulations." 
Surgeons  on  meeting  with  these  hindrances  to  the  normal 
course  of  healing  are  inclined  to  suspect  wotuul  diph- 
theria, i.e.,  a  true  infection  with  the  bacillus  of  diph- 
theria. However,  such  areas  of  necrosis  superficially 
located  upon  otherwise  healthy  gi-anulations  may  be 
caused  by  other  uon-pyogenic  bacteria,  for  example,  the 
Bacillus  coli. 

The  fibrin  upon  these  diseased  granulations,  commonly 
limited  to  the  periphery,  may  extend  to  considerable 
depths:  when  the  spots  clinically  are  dark  yellow  and 
brown,  the  necrosis  may  be  accoiiipanied  by  "practically 
no  inflammatory  changes. 

A  careful  review  of  the  work  of  Bcinbach  demonstrates 
quite  clearly  that  the  interferences  with  the  jirocess  of 
cicatrizatiim  in  granidation  tissvie  are  due  to  the  precipi- 
tation of  fibrin  either  as  a  covering  or  among  the  cells, 
to  simiile  necrosis,  or  to  that  form  of  necrosis  which  with 
serous  exudation  or  li(|Uefaction  is  generally  known  as 
suppuration.  His  work  is  based  upon  the  careful  histo- 
logic examination  of  tissue  removed  from  many  condi- 
tions that  were  associated  with  granulating  surfaces. 


There  is  urgent  need  of  efpially  thorough  liaeteriologic 
examination  of  such  disea.sed  human  granulation  tissue, 
especially  researches  that  would  include  the  use  of  ani- 
mals. 

There  is  yet  another  fact  that  prevents  normal  cicatri- 
zation, and  that  is  obstruclion  to  the  blood  supply  of  the 
growing  tissue.  The  obstruction  is  only  partial,  and 
without  doubt  in  many  instances  is  iiltributable  to  an 
arterial  supply  that  is  inadeciuate  in  the  nuinl)er  of  ves- 
sels or  their  total  calibre.  In  other  ca.ses  the  action  of 
morbid  conditions  more  centrally  located  or  dependency 
of  the  part  leads  to  inelhcieiit  supply  of  blood.  That  an 
ledema  of  granulation  tissue  may  occur  is  well  known; 
doubtless  a  deficiency  in  ipiality  or  ([uantity  of  nourish- 
ment is  responsible  for  the  occasional  total  failure  of 
resolution.  Briefly,  granulation  tissue  may  be  the  seat 
of  extensive  ni-criisis.  ledeina,  ami  suppurative  or  fibrin- 
ous inflammations  as  well  as  combinations  of  these  proc- 
esses. Other  pathological  conditions,  such  as  hemor- 
rhage and  the  various  cellular  degenerations,  may  arise, 
but  generally  only  as  minor  and  incidental  changes. 
The  causes  of  pathological  granulations  often  are  to  be 
sought  in  the  character  of  the  primary  lesion,  rather  than 
in  secondary  infection  or  the  injury  of  healthy  granula- 
tions. Infection  at  the  time  of  injury  is  freciuently  re- 
sponsible for  subsequent  ditliculties  in  healing. 

TirE  Pkotective  Qialities  of  G]{-\Nri,.\rioN  Tis- 
sue.— It  is  well  known  that  granulations  bleed  readily; 
slight  trauma  of  any  sort  disturbs  the  unorganized  tissue 
and  lacerates  the  embryonal  and  sjirouting  capillaries. 
As  for  infection,  many  exiuriments  have  proven  that  in 
this  respect  granidation  tissue  constitutes  a  serviceable 
barrier.  One  of  these  was  the  now  classical  experiment 
of  Billroth.  He  ascertained  that  no  ill  effects  followed 
daily  dressing  of  healthy  and  experimentally  produced 
granulations  of  a  dog's  back  with  lint  saturated  with 
pus.  whereas  inoculating  such  animals  with  the  same 
material  caused  death.  This  simple  test  was  many  years 
later  followed  by  the  extensive  experimental  study  of 
Afanassiefif,  who  in  a  more  scientific  manner  and  by  exact 
bacteriologic  technique  verified  the  results  of  Billroth. 

Granulations  were  produced  upon  many  animals  of 
different  species,  and  upon  them  virulent  culturcsof  such 
bacteria  as  the  bacillus  of  anthrax  and  the  vibrio  Met.sch- 
nikovi  were  carefully  smeared  with  a  thick  iilatinum 
needle.  The  serum  exuding  from  granulations  so  treated 
was  examined  from  time  to  time,  stained  preparations 
and  media  inoculations  being  made  also;   the  virulence 
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Fio.  2349.— Perivascular  Collection  of  Round  Cells  or  So-called  Lym- 
phoid Tissue.  They  contain  various  forms  of  leucocytes,  and  as  the 
inlianmiation  h mies  chnmic.  plasnui  cells  occur  in  such  cell  accu- 
mulations.   (.Modified  from  ilibliert.) 

of  the  resulting  growths  was  examined ;  histologic  exam- 
ination of  the  granulation  tissue  for  bacteiia  and  the  in- 
flammatoiy  changes  was  carried  init.  and  animals  were 
killed  in  order  to  ascertain  if  general  infection  had  oc- 
cmred.      Ample   control   experiments   were   employed. 
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IIu  fdimd  Hint  biuUria  placed  u|)on  lifuUhy  (fmnulHtions 
of  uriiiimU  <liil  imt  pciiclnitr.  imr  diil  n<iu-nil  infection 
risult  !n(Kiiliilions  tnmli'  wiili  ri-coviTcil  jrnnvlliH  of 
llirliactiriiidi-iioliii  an  iirtcnimlion  in  viinlincr  li_v  lliiwi 
joiirn  ii|i(in  t:ninuliilion  tissue.  AfiiniissielT  wiisstronKly 
iniliiieii  to  looli  u|ion  iIm'  proteetioii  iilTonied  liy  tlie 
^niiiiilalioii  tissue  in  tlie  li^'lit  of  ii  vacrinittion.  .Sueli 
an  explanation,  however,  is  eontroveiieil  liy  two  faels. 
IMie  ol  tlies4-  is  that  local  ri'actions  in  the  f^niniilation  tis 
sue  were  not  observed  with  sullleienl  re^'ularity  in  nil 
animals  to  be  in  accord  with  the  production  of  a  bacterial 
inununity.  Another  fact  is  that  Noet/.el  has  repeated 
inanv  of  the  experiments  of  .VfanassicIT  anil  fouml  that 
after  bacteria  were  kipt  in  contact  with  trranulalinj; 
wininds  for  many  days  the  animals  did  not  acipiirc  any 
Immunity. 

It  must  bo  rcnieinbored  that  in  );ranulutii>n  tissue  me- 
chanical obstacles  exist  ti>  infection,  such  as  the  outward 
current  of  lluid  from  the  vessels  anil  the  cxcecdinf;ly  slow 
circulation  I'hairocylosis  nndoubteilly  plays  some  part. 
allhouj;h  it  may  be  that  the  inifistid  bacteria  are  no 
lonjrer  viable  at  the  time  of  their  incorporation.  The 
extracellular  destruction  of  the  bacteria  by  the  lluids 
l)resent  in  granulation  tissue  (.VfanassielT)  or  byen/.ynies, 
iK'loiigs  to  fundamental  problems  of  immunity  (see  iwi- 
VIII  nili/). 

One  cannot  ovcrliwk  the  fact  that  when  gniniilation 
tissue  has  formed,  a  defensive  mechanism  has  been 
l>roduced  and  its  production  is  in  response  to  exter- 
nal iiijurv.  Hut  irninulation  tissue  usually  contains 
Inicteria;  especially  frequent  are  the  ordinary  pyogenic 
forms. 

Although  resistant  to  bacterial  infection,  granulating 
wounds  allow  of  the  ready  absorption  of  many  soluble 
sid>sl«nces.  Houx,  Bonnet,  Demanpiay,  Gorny,  Alaas, 
and  Hack,  and  many  others,  have  made  ex|»eriinents  re- 
garding this.  Not  all  substances  are  ab.sorbed  with 
cipial  facility.  The  concentration  of  the  solution,  its 
chiiuical  composition,  the  size  of  the  gnii\ul:itiug  sur- 
face, and  the  character  of  the  injury  producing  it,  as 
well  as  the  time  contact  is  alloweil  all  intluence  the 
nbsoriition.  Granulating  surfaces  following  burns  and 
caustics  are  not  so  permeable  as  some  others;  absorittion 
is  more  nii)id  from  some  healing  wotinds  than  from 
frcshlv  cut  surfaces.  Apomorphine  and  c\irare  are  not 
readily  absorbed,  but  carbolic  acid  dilTuses  with  great 
facility.  Various  alkaloids  such  asstrychnine,  morphine, 
pilocarpine,  cocaine,  etc.,  have  been  used,  and  carmine, 
sodium  sulpho  indigotate,  io<loform,  potassium  iodide, 
sodium  siUicylate,  as  well  as  many  other  substances. 
Hack  recovered  fcn-ocyanide  of  potas-sium  from  the  urine 
ten  minutes  after  its  applieaticm  toa  granulating  surface, 
and  Maas  was  able  by  spraying  abscess  cavities  with  a 
camphor  solution,  in  a  patient  with  vertebral  caries  and 
pya'mia.  to  sustain  the  heart  action  sulTicieutly  to  allow 
operation.  These  and  many  other  interesting  and  curi- 
ous facts  have  been  discovered  about  this  phase  of  gran- 
ulation tissue. 

Cic.\Titiz.vTioN. — AVith  healing  of  wounds  by  granvila- 
fion  a  .scar  is  formed  that  becomes  paler  as  contraction 
takes  place.  Kesolulion  in  this  form  of  inllannnalion  is 
not  marked  by  any  peculiariiies  that  distinguish  it  from 
cicatrization  elsewhere.  It  is,  however,  customary  to 
refer  in  this  connection  to  the  very  deforming  contrac- 
tions that  sometimes  follow  burns,  but  it  is  the  location 
of  the  cicatrix  rather  than  any  special  properties  it  pos 
sess<'.s  that  marks  it  as  singular.  The  loose  subcutaneous 
adiposi"  and  areolar  tissues  allow  scars  to  produce  disfig- 
urements that  excite  special  interest  on  account  of  their 
exteriority.  Similar  malformations  may  occur  in  less 
oxposi'd  locations  that  are  fully  as  interesting  and  as  re- 
markable— for  instance,  the  acipiired  dextrocardia  and 
less^T  dislocations  of  the  heart  that  follow  indurative 
processi'S  of  the  neighboring  viscera.  They  constitute 
excellent  examples  of  the  partial  failure  of  inflammation 
as  an  adaptive  process.  The  development  of  keloids  in 
scars  might  be  cited  as  another  instance  in  which  abnor- 
mal resolution  builds  a  growth,  which,  to  the  surgeon  at 


leoHt,  muBt  ever  mtvc  as  a  Rtrikin);  illuHlmllou  of  the 
failure  of  intlammatinn  as  iin  iida|>tlve  proceHX.  In  con- 
Irasi   to  these  irrri.'MlaritieK  in   ri-Milution  and   fully  ua 

interesting  is  the  failure  of  granulation  tiKMf   ' ■  mi/.c 

about   certain  list iilous  passages  and  their  liat 

lead  to  foreign  biKlies,  neerotie  tissue,  etc.      i  ihe 

so-called  "seipicNlriiin  granidalionH."  The  luilun.-  of 
cicatrization  in  thesi'  cases  Heems  to  indicate  a  better 
adaptation  of  the  [irocess  of  intlammation,  lis  It  occurs 
in  granulation  tissue,  to  meet  the  reipnremeutH. 
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GRAPE. — (Including  Jlnmn,  or  Ura  Patuia.)  The 
genus  r(7/V<  Tourn.  (fain.  ViVrt«/r)  comprises  about  thirty 
species  of  Vine,  a  nutnber  of  which,  cither  in  their  im- 
proved forms,  or  as  hybrids,  contribute  our  grapes.  The 
young  leaves,  tendrils,  and  green  fruit  of  the  vine  are 
sour  and  astringent,  containing  turturic,  vtalic,  and  other 
fruit  aculx  or  theirsiilts;  tuiinic  aciil,  r/ucrcdin,  querritrin, 
etc.,  sugar,  gum,  and  several  earthy  and  alkaline  ba.ses. 
They  are  more  or  less  employed  in  Europe  in  the  form 
of  "  teas  "  or  syrups  as  domestic  remedies.  The  juice  of 
one  ])articularly  sour  variety  expres.sed  from  the  green 
fruit,  and  known  a.s  Tcrju»,  is  used  to  make  a  flavoring 
and  refreshing  syrup.  The  sap  of  the  stems  hsis  also 
been  employed.  Ripe  grapes,  and  especially  raisins,  are 
much  sweeter,  containing  from  ten  to  forty  per  cent,  of 
tngnm  {dcxtrone,  hriilose,  ini'niti)  besides  the  acids,  salts, 
etc.,  above  mentioned.  Still  these  are  more  or  less  em- 
ployed for  the  .same  purpo.ses  as  the  herbage.  Their 
medicinal  virtues  are  very  unimportant. 

From  the  ripe  fruit  of' the  European  Vine,  Titu  tini- 
fera  L.,  raisins,  and  from  one  of  its  varieties  the  Greek. 
Zante  or  English  "currants"  arc  made  merely  by  careful 
drying.  Raisins  are  slightly  laxative,  like  tigs  and  other 
dried  sweet  fruits,  and  they  have  a  iicculiar  power  in 
imparting  flavor.  "  Ihury  11.  liuiJiy. 

GRASSE,  FRANCE,  a  town  of  l.yiWO  inhabitants,  is 
eleven  miles  north  of  Cannes,  from  which  it  is  reached 
by  railway  in  forty  minutes,  and  also  by  direct  railway 
from  Nice.  This"  resort  of  the  Riviera  was  brought 
especially  to  public  notice  by  the  visit  of  the  Queen  of 
EnglandMn  the  spring  of  1891.  It  is  very  picturesquely 
situated,  high  above'the  hillsides,  and  is  well  sheltered 
from  the  cold  winds  on  the  north.  It  has  an  elevation 
of  1,070  feet,  and  possesses  a  very  mild  and  salubrious 
climate,  essentially  the  same  as  that  of  Cannes,  with  the 
exception  that  it  is  less  stimulating  than  a  resort  directly 
upon  the  seashore. 

The  temperature  is  a  little  lower  in  winter  than  that  at 
Cannes,  on  account  of  the  elevation;  the  mean  tempera- 
ture of  the  year  being  (J0.2=  and  for  the  winter  4(5.4', 
while  that  at  Cannes  is  00=  and  47,7.")'  F.  respectively. 
"Gras,se."  say  "Weber  and  Foster  (Albutt's  "System  of 
Medicine."  i896V  "forms  a  u.seful  intermediate  station 
during  April  and  May  for  patients  who  find  the  heal  in 
those  months  already  "too  oppressive  at  Cannes." 

For  the  climatic  "detail  one  is  referred  to  the  articles 
upon  Cannes  and  Nice.  In  brief,  Grassc  affords  a  favor- 
able winter  resort  for  invalids  unable  to  remain  near  the 
sea.  Grasse  posse.s,ses  a  luxuriant  vegetation  and  is  cele- 
brated for  the  cultivation  of  flowers  and  the  manufacture 
of  perfume,  which  is  the  most  extensive  in  France,  if  not 
in  the  worid.  The  air  is  heavy  with  the  scent  of  flowers, 
which  with  some  invalids  is  said  to  produce  an  exagger- 
ated form  of  hay  fever.  Great  fields  of  orange  blos.soms, 
heliotrope,  hvacinthe,  ro.ses.  violets,  jonquils,  geranium, 
and  other  flowers  are  cultivated  about  Cannes  and  Grasse; 
60,000  acres  being  devoted  to  this  industry,  yielding  an- 
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nimlly  2.200.000  pounds  of  roses  aud  4.000.000  pounds  of 
oniniro  llowcis. 

aTiIk'  foot  of  llio  villiige  are  great  plainsof  olive  trees. 
The  views  arc  very  iKiiutifiil  and  extensive,  and  the  ex- 
cursions round  almul  arc  many  and  attractive.  The 
town  itself  is  not  particularly  attractive,  but  this  is  com- 
jtensjited  for  by  its  picturesque  situation  and  beautiful 
views. 

Tiie  water  supjily  is  jrood,  but  the  sjinitnry  condition 
was  sjiid  by  I>inn  ("Health  Resorts  of  Europe  "),  in  181)3. 
to  be  far  from  perfect.  The  accommodations  are  good 
but  apparently  liiniteil. 

Tin-  cliinatc  is  said  to  be  beneficial  to  sulTerers  from 
asthma,  srout.  nervous  affections,  insomnia,  neuralgia, 
anil  rhiiiniatism.  Edirnnl  O.  Odn. 

GRAVEL.     See  Kidney  Dimms. 

GRAVES'  DISEASE.     See  the  Aitendix. 

GREAT  BEAR  SPRING.— Oswego  County,  New^  Vork. 
This  spring  i-  loialed  near  Fulton.  It  has  been  knov\-u 
for  many  "years,  having  been  used  by  the  aborigines. 
Within  tlie'last  few  ycjiis  the  spring  has  been  improved 
and  the  water  has  an  extensive  .sale  in  Syracuse.  More 
recently  it  has  been  introduced  into  New  York  and  other 
large  cities.  The  water  is  but  feebly  mineralized,  but  it 
is  remarkably  pure,  aud  its  freedom  from  organic  matter 
gives  it  excellent  (|unlities  for  the  table.  Its  V(  ry  small 
cost  is  an  a<lclilinnal  advantage.  The  fi)lliuving  analysis 
was  made  in  !>'!•"  by  Dr.  William  3Iaulius  Smith,  of 
Syracuse : 

O.NE  L'.NITED  States  Gallo.n  Co.ntaixS: 

Solids.  Grams. 

Calcium  sulpliate 0.T2 

(  alciuiii  raitionaie 3..% 

Mitt'ii'-siiiTii  carlMinale 1.^^ 

Mat'lii'sjinil  cllloricie .47 

SiKllum  and  polasalum  carbonates Traees. 


Tot.-.I . 


o.ftt 

Jnineif  K.  Ci'ook. 


GREEN  LAWN  SPRING.    Jefferson  County.  Illinois. 

I'ostOfkio;. — .Mt.  Vernon.  Hotels  and  boarding- 
houses.  These  spi'ings  are  located  in  the  city  of  ilt.  Ver- 
non, 70  miles  east  of  St.  Louis.  This  jioinl  is  reached  by 
the  Louisville.  Evansville  and  St.  Louis,  by  the  Jackson- 
ville and  Southeastern,  and  by  the  Louisville  and  Nash- 
ville lailroads.  The  springs  are  six  in  number,  aud  are 
surrounded  by  a  park  of  about  eight  acres  in  extent  in 
the  centre  of  the  city.  Their  wateis  are  discharged  from 
a  vertical  stratum  of  slate  about  eight  inches  in  width 
and  bisecting  a  horizontal  stratum  of  slale  of  between 
two  and  three  feet  in  thickness.  They  belong  to  the 
class  known  as  saline  chalybeate  waters,  each  spring  dif- 
fering somewhat  in  properties  from  its  fellow.  The  one 
mosttised.  known  as  the  "Washington"  Spring,  contains 
the  carbonates  of  lime,  iron,  and  magnesia,  bicarbonate 
of  sodium  and  jiotassium,  and  chloride  of  sodiiun.  with 
traces  of  iodine  and  bromide.  Fi'ee  suliihurous  acid  is 
present  in  ennsideiable  quantities,  and  the  water  is  quite 
lieavily  chaiged  with  carbonic  acid  gas.  The  tempera- 
ture of  all  the  springs,  with  one  exception,  isabout  .56  F. 
In  this  single  exceptional  ease,  in  which  the  temperature 
ran, ires  abiTut  10  higher,  the  waters  are  used  for  bathing 
]uirposes  in  rheumatism,  with  good  results.  A  pccidiar- 
ity  of  the  Washington  or  main  si)ring  is  its  eccentric  be- 
havior, which  seldom  fails  about  the  lime  of  the  autumnal 
equinox.  It  issaiil  that  the  waters  always  become  turbid 
at  these  periods  anil  the  same  dist\iibances  have  been  ob- 
served after  great  stonns  or  earth(|Uakes.  even  though 
these  events  occur  in  regions  remote  from  the  springs. 
The  waters  are  said  to  remain  red  with  an  excess  of  iron 
for  a  short  time  after  these  disturbances  and  then  to  be- 
come harsh  luiil  acrid  from  an  excess  of  alkidine  ingredi- 
ents. The  country  surrounding  Mount  Vernon  is  about 
eqtially  divided  between  pnurie  and  timber,  a  consider- 


able portion  of  the  latter  being  found  on  elevated  ridges 
On  the  north  a  belt  of  timber,  about  ten  miles  in  depth, 
alToiils  protection  against  the  winds  of  w  interand  causes 
a  considerable  moditieation  of  terii|ieiaturc.  The  waters 
iif  the  main  springs  arc  veiy  ellieacious  in  the  treatment 
of  dyspepsia,  torpid  liver,  biliousness,  and  other  disorders 
of  tiie  chylopoietic  organs.  Jiimcs  K.  Crook. 

GREENBRIER  WHITE  SULPHUR  SPRINGS. -Green- 

briir  (  I'uiin  .  \\\-~t  \'irginia. 

I'ost-Ofkice. — White  Sulphur  Springs.  Hotel  and 
cottages. 

AccKss. — Via  main  line  of  the  Chesapeake  and  Ohio 
Railroad  direct  to  Springs.  This  celebrated  summer 
watering  place  is  located  on  the  western  slope  of  the  Ap- 
palachian Moiuitains.  at  an  elevation  above  tide-water  of 
more  than  3.IMJII  feet.  The  situation  is  well  within  the 
famous  spring  region.  Within  a  radius  of  thirty  miles 
ai'e  the  Rockbridge  Alum,  the  Hot.  the  Warm,  the  Heal- 
ing, the  Sweet,  and  other  well-known  s]U'ings.  while  the 
Natural  Bridge.  Jlillboro,  the  Alleghany,  and  other  re- 
sorts ai'e  near  by.  For  many  years  past  the  Greenbrier 
AVhitc  Sulpliiu' Springs  have  been  regarded  as  a  repre- 
sentative siumncr  resort  of  the  Sn\itli,  and  it  has  lost  none 
of  its  ancient  and  well-deserved  prestige  by  the  develop- 
ment of  other  s]iriugs.  As  in  ante-bellum  days,  here  will 
still  be  found  the  best  eleiuents  of  the  social  life  of  the 
South,  with  a  generous  intermingling  of  Northern  beauty 
and  gallantry  drawn  thither  by  the  numerous  attractions 
of  the  place.  The  surrounding  scenery  typifies  the 
picturesque  beauty  and  giandeur  of  the  Allcghauies. 
The  visitor  from  the  heated  and  dusty  city  is  at  once  at- 
tracted by  the  vast  lawn  of  green,  velvety  turf,  shaded 
by  noble  forest  oaks,  luxuriant  sugar  maples,  and  ven- 
erable pines,  L'nder  these  monarehs  of  the  forest  wild 
tlowers  are  seen  in  profusion  and  in  great  variety. 
Among  the  surrounding  mountains  are  "Kate's"  and 
"Greener,"  each  a  mile  distant  and  reaching  an  altitude 
of  3, .500  feet,  and  the  mountains  known  as  "  White  Rock," 
three  miles  distant,  the  summits  of  which  form  a  figure 
of  gigaulic  size,  known  as  the  old  "Titan."  which,  in 
.solitary  grandeur,  keeps  .guard  like  a  giant  over  the  White 
Sulphur.  What  has  been  .said  of  other  Alleghany  resorts 
applies  in  full  measure  to  this.  The  mean  annual  tem- 
pei'atui-e  from  April  loth  to  November  1.5th  is  about 
iVi'  F,.  or  about  the  same  as  the  mean  annual  tempera- 
ture of  Naples.  Nice,  aud  the  Madeira,  The  atmosphere 
is  s;dul)rious  and  invigoi-ating,  and  al  no  time  excessively 
warm.  The  Grand  Hotel,  wiih  lis  one  hundied  cottages, 
gives  accommodation  to  an  immense  number  of  visitors. 
There  are  two  important  sprin.irs  here.  viz..  the  famous 
old  "White  Sulphur."  and  the  "Chalybeate."  The  Sul- 
phur Spring  yields  1,80(1  gallons  of  water  per  hour,  and 
this  amount  does  not  vary  even  during  the  longest  spells 
of  wet  or  dry  weather.  It  has  a  tniiform  temperature  of 
60'  F.  An  "analysis  l)y  Prof.  A,  A,  Hayes,  of  Boston, 
shows  the  I'oUowiHg  mineral  contents: 

One  VxiTED  States  Gallo,\  Coxtaixs: 

Solids,  Grains. 

ralcium  rarltonatc 7,07 

MajrnesiiniL  sultitiate 3.'>,42 

Calcium  sul|iluite 78,,15 

Silicates 3.48 

Ma^mcsium  rlilori  e l.Jt(> 

Oi'^mie  matter 4.36 

Total laS-tW 

Gases.  Cubic  Inches. 

rarlxmip  noid 1 1--'8 

Sulplnireted  hvdrocen .2( 

Oxvmi 48 

Nilroiien 1-64 

Ti.lal 16.64 

This  analysis  was  made  many  years  ago  0^21.  and  a 
newer  and  further  analysis  is  desirable.  The  water  acts 
on  the  kidneys,  bowels,  liver,  and  skin.  As  a  diuretic 
its  effects  are  very  soon  apparent ;  btit  some  days  are 
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iisimlly  r<-niiirc(l  iM-foru  ll  protlucf*  n  dwliliil  ncllon  on 
the  liiiwcls.  Its  opcniliiin  on  the  liviT,  lii".  limy  not  lie 
nmiiifi'st  fur  foinr  liini'.  ami  » Inn  llirrc  is  nincli  '^lui,'' 
>;lslinc>is  (if  tills  oririm  smnc  iiii.xiliiiry  nniliriilicin  Is  rt- 
i|iiiriil.  ItsrITcct  n|iiiiillic  skin  is  vrry  iipl""''"'.  lli'iu^'ii 
nut  ininirclliiti'.  'I'lir  iiniilysis  ijiics  nnt  fully  i\|iliiln  iin 
oilier  ini|iortiiiit  iiction  of 'tin-  xviitrr.  an  fifcrt  wliirli  liiis 
Ix'cn  atti-sti'il  to  by  si-vrral  jirm-nitions  of  i|iialllii'<l  imili 
nil  nii'ii.  This  is'  its  altrrativc  |iourr,  or  lliat  peculiar 
inlliieiiee  l>y  wliieli  it  elTeels  a  siiliilury  iillenilion  in  the 
IiIoimI,  ill  tiie  various  M'eretlons.  anil  upon  the  iiuineroiis 
tissues  of  the  IxMly.  No  i;ein'nil  ilireelioiis  call  he  jriveli 
for  the  iiiliiiml  us.'  of  till'  wilier.  The  hours,  the  i|Uiiii- 
tiiy.  anil  llie  perioil  for  wliieh  the  water  shoulil  lie  ilriink 
ilepenil  upon  tlie  iniliviiliial  reiiuireinenls  of  the  eas<-. 
and  slimilcl  Ik.-  aseertailieil  liy  consulting  a  physician  e.\- 
perioneeil  in  the  use  of  such  waters.  Coinliiiieil  with 
the  inlliieiice  of  the  favornlile  suriouniliiii.'s,  the  use  of 
till.'  water  often  proves  curative  in  ohstinale  cases  of 
chronic  l.ronchilis,  in  liny  fever,  in  bronchial  asllnnii. 
anil  in  nasal  caliirrh.  t'on joined  with  the  use  of  the  hot 
sulphur  baths  it  is  of  decided  value  in  rlii  uinatisin  and 
gout,  and  is  an  elliciiciiuis  adjuvant  in  the  trcatniclit  of 
tertiary  syphilis,  chronic  nutallic  poisoninir,  and  dar- 
troiis  "skin  disease's.  Accordiiiir  to  I)r.  .Moorman,  for 
many  years  the  resident  jihysieian.  the  water  is  contra- 
iudicated  in  oriranic  heart  disease,  carcinonia  of  the  stom- 
ach, and  phthisis  piilnioiialis.  The  water  never  proves 
iMMietieial  when  il  persistenlly  excites  the  frei|Uency  of 
the  pulse.  The  water  usi'd  for  bathing  Hows  from  the 
sulphur  spring.  The  bathing  establishment  has  recently 
iK'cn  greatly  enlarged  and  remodelled,  and  it  is  now  be- 
lieveif  thai"  it  will  prove  in  all  respects  satisfactory  to 
those  wishing  to  avail  tliemstdves  of  its  use. 

The  Ciialybeatc  Spring,  About  forty  rods  from  the 
While  Sulphur  Spring  is  a  chalybeate  spring  in  which 
iron  exists  in  the  form  of  carbonates.  For  the  last  twenty 
years  tliis  wiitir  has  been  consideiiibly  used  by  a  number 
of  visitors  who  reipiirea  ferruginous  tonic,  and  its  effects 
have  realized  the  early  hopes  that  its  discovery  created. 
It  has  not  becu  fully  analyzed.  .Iiimen  K.  Crook. 

GRINDELIA.— C.M.rKoitxi.v  Gtm-wkiod.  lingin-wccd. 
■•Tlieiirii  cj  1.  aves  andliowering  topsof  GriixhUn  ro/i'Ht'i 
Null,  and  of  (r.  srji/iir»i>ui  Nutt.  (fam.  (Vw;xw(7(f)"  (U.  S, 
P.).  These  are  large  and  coarse,  perennial,  resinous 
lierlis.  of  the  far  western  and  southwestern  I'nited  States. 
The  former  was  tirst  introduced,  then  the  latter,  as  pos- 
ses.sing  different  properties.  It  being  ipiickly  determined 
that  the  properties  were  similar,  they  were  united  under 
one  title.  Nevertheless,  many  physicians  prefer  the  G. 
ro/'Untii.  It  is  much  scarcer  and  more  ditlicidt  to  oljtain, 
and  the  other  is  very  commonly  supjilied,  broken  up  or 
otherwise  treated  to  make  a  dislinetion,  when  robiisla  is 
specilically  called  for.  A  good  mark  of  distinction  is 
given  below.     The  following  is  the  ollieial  description: 

Leaves  about  ."icm.  (2  inches)  or  less  long,  varying  from 
broadly  spatulate  or  obovate  to  lanceolate,  sessile  or 
clasping,  obtuse,  more  or  less  coarsely  and  sharply  ser- 
nite,  often  spinosely  toothed  or  even  laciniate  pinnatilid, 
pale  yellowish-green  or  yellow,  very  .smooth,  liucly 
dolled,  resinous,  thick  and  brittle;  heads  many-llow- 
cred,  the  involucres  of  many  series  of  imbricated  scales 
with  acute,  spreading  or  recurved  tips.  The  heads  of 
(V,  niiniiriitsii  are  mostly  longer  than  broad,  contracted- 
canipanulate  or  conical-urceolate:  those  of  G.  rohiinln 
are  broader  than  long,  deprcssed-urceolate.  Ray-florets 
deep-yellow,  ligulate,  pistillate:  disc-florets  yellow, 
tubular,  perfect  ;  i>appus  of  two  or  three  mostly  unequal 
awns,  about  as  long  as  the  disc-florets:  odor  balsiimic, 
slightly  narcotic:  taste  resinous  and  gummy,  pungenlly 
aroinafic.  somewhat  bitter.  The  iiuality  is  roughly  iu- 
dicated by  the  ainount  of  resinous  matier  exuded  upon 
the  surface. 

Resin  is  the  principal  constituent.  There  are  also  a  little 
volatile  oil.  wax,  gum  and  tannin,  together  with  a  bitter 
ghico.side.  in  small  amount.  Its  us(>s  are  external  and 
systemic.     The  fluid  extract,  if  painted  upon  a  surface 


poiHoiied  by  rhUH  and  Kimilur  agenlit,  U  nnc  of  our  lienl 
remedies.  It  forms  a  drv  coating  which  eXcliidcN  tlio 
irrilating  almospjii.re  and  preveiiis  iIk'  Kpreiid  of  lliv 
poi.sonons  fat.  probablv  also  alisoii.i  '  ?  i'totherehinoiiii 
tilin.      It  is  of  some   htmiliir   iim  /   biiriiK  and 

as  an  injection  for  urethritis  and  Mrrli.     Iin  in- 

ternal action,  as  a  s<'ihilive  expeclotiini,  is  not  mi  n-adiiy 
explained.  It  is  largely  used,  by  way  of  the  Ktomach,  in 
chronic  and  Hiibacute  bronchitis,  iiiiisthma.  and  in  whiHip- 
iiig  I'ougli.  It  is  mostly  given  in  the  form  of  the  ofllciul 
fluid  extnict,  in  dosis  of  1  to  4  c.c.  (ll.  3  \  to  i.i. 

Jli/Httri">ii<-ii  or  Utii/liilnnn,  the  herb  of  //.  Ilnyl.ihufn 
(Oayi  Haill.  (//iijiI'i/hiii/iiik  II.  (Jay)  is  a  Chilian  dnig, 
very  closely  nlaled.  bolanically.  chemically,  and  phyHl- 
ologiciilly.  III  grindelia.  It  coiiKiin.s  11  large  uniount  of 
a  brown,  odorous,  somewiiiil  acrid  resin  and  an  e.s.seiitiii| 
oil.  Il  is  considerably  used  at  home  as  an  anti  <liarrhn>nl 
and  anlidysenleric,  and  was  inlrodiiced  to  Europe  and 
the  I'niled  Slates  about  the  year  1S!K),  Repented  trials 
showed  it  lo  pos.sess  some  value  in  anieliornting  the  diar- 
rlnen  of  phthisis.  At  the  same  lime,  it  was  found  to  act 
as  a  sedative  diuretic  and  not  to  produce  gastric  irritu- 
tion.  The  fluid  extract  was  given  in  "I  x.  dos<-s  every 
six  hours,  and  the  administration  prolonged.  The  drug 
has  not  come  into  general  use.  Ikiiry  II.  Hnnljy. 

GRIPPE,  THE.— See  Iiiflueiiz,i. 

GROWTH. — This  article  is  divided  for  convenience 
into  four  .sections:  I.  Detinition  of  growth.  II.  Growth 
as  a  function  of  cells  and  tissues.  III.  Iliimun  growth 
statistically  considered.  IV.  The  laws  of  manimaliau 
growth. 

I.  Definition  of  Growth. — Definilionsof  growth  are 
almost  as  numerous  and  various  as  the  w  riters  on  the 
subject.  Among  these  we  may  distinguish  two  princi- 
pal points  fif  view.  According  to  one  of  these,  growth 
is  iletiued  as  increase  of  size  or  volume.  From  this  point 
of  view  any  increase  of  volume  is  growth  no  matter  to 
what  cause  it  may  be  due,  and  dilTerenlialion  is  regarded 
as  an  entirely  distinct  phenomenon  which  may  or  may 
not  accompany  growth. 

From  the  other  point  of  view  the  term  growth  implies 
in  a  general  way  an  increase  in  the  number  or  size,  or  in 
both,  of  the  histological  elements;  and  also,  but  more 
vaguely,  implies  thai  the  elements  advance,  or  at  least 
remain  stationary  in  the  scale  of  organization.  In  other 
words,  if  the  increase  in  volume  be  due  to  developmental 
processes,  or  if  it  be  accompanied  by  progressive  differ- 
entiation, it  is  growth.  But  if,  on  the  other  hand,  in- 
crease of  volume  be  due  to  the  deposition  of  prmlucts  of 
degeneration,  as,  for  example,  fat,  il  cannot  properly  be 
regarded  as  growth.  This  definition  is  not  so  definite  as 
the  Ijrst,  which,  therefore,  should  be  preferred. 

II,  GUOWTH  .\S   .\    Ft  NCTION  OK    ClZI.I.S   .\NI)    TiSSCES. 

— It  is  evident  that  the  growth  of  an  organism  is  the 
sum  of  the  growths  of  its  tissues,  and  the  growth  of  the 
tissues  depends  on  that  of  the  cells:  hence  growth  ulti- 
mately rests  upon,  first,  the  increase  in  size  of  single 
cells,  and,  second,  the  niultii>lication  of  cells.  Owing  to 
their  jieculiar  mode  of  growth,  the  plants  afford  the  best 
material  for  the  study  of  the  process  in  its  simplest  form. 
At  the  tiji  of  each  stem  or  rootlet  there  is  a  mass  of  cells 
in  an  embryonic  comlilion.  and  during  rapid  growth 
these  cells  undergo  frequent  cell  division.  There  is  at 
the  extreme  tip  a  cell  or  a  group  of  cells  that  always 
divide  by  a  transverse  partition  into  a  distal  and  a  prox- 
imal daughter  cell  or  cells.  The  daughter  cell  at  the  lip, 
the  distal  one.  remains  in  an  embryonic  condition  and 
divides  agiiin  in  the  same  manner.  In  this  way  the 
proximal  daughter  cell  becomes  separated  from  the  tip 
by  the  successive  divisions  of  the  a|)ical  cell  or  group  of 
cells.  If  we  follow  one  of  the  proxininl  cells  through 
its  life  history,  we  shall  .see  that  it  at  first  divides  repeat- 
edly, forming  a  group  of  small  cells  with  denst-  proto- 
plasm and  thin  "cell  walls.  This  is  the  jieriod  of  most 
rapid  multiplication.  A  little  later  the  process  of  cell 
division  becomes  less  frequent  in  this  group,  and  the 
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cells  bcconie  liirircr  lUid  c.Nliibit  largi-  viicuolcs  eonliiiniiifr 
a  clear  watery  fluid.  This  is  the  periiMl  of  greatest 
growth.  Finally,  the  cells  cease  lji>tli  to  iiniltiply  and  to 
iucrensc  in  size;  and  the  cell  walls  become  tliickeneil  anil 
assume  the  character  of  the  tissue  to  which  these  cells  be- 
lonjr.     This  is  tlie  period  of  histological  dilTcrentiation. 

In  the  develoiinieut  of  the  |)lant  cell,  then,  may  be  rcc- 
ogni/.ed  three  stagi's:  (1)  Mulliplication,  (i)  growth,  and 
(3 )  histological  dilfercnliatinn.  These  three  stages  are 
represented  by  three  zones  in  root  or  stem.  The  zone  of 
multiplication  surrounds  the  tip  and  extends  but  a  .short 
distance  from  it.  Here  growth  takes  place  but  slowly,  so 
that  between  one  act  of  division  and  the  next  a  cell  may 
double  in  size.  Hvit  the  most  rapid  growth  is  in  the  next 
zone,  where  a  cell  may  increase  to  several  times  its  origi- 
nal size  without  undergoing  division.  Sachs  studied  tjie 
daily  rate  of  giowtli  of  the  root  of  a  bean  (Phaseolus). 
A  disc  1  nun.  long  was  carefully  marked  olf  just  behind 
the  tip  and  was  then  measured  daily.  The  rate  of  growth 
was  found  to  increase  from  a  little  over  1  nun.  on  the  first 
day  to  a  maximum  of  about  14  nun.  on  the  seventh  day. 
After  that  the  rate  decreased  rapidly  to  abcnit  2  mm.  ou 
the  tenth  day.  Ciesielski  observed  the  rate  of  growth  of 
different  areas  in  the  roots  of  several  leguminous  plants. 
The  rootlets  were  markeil  olT  in  half  millimetres  and  the 
amount  of  growth  in  each  s]iace  was  measured  after 
twenty  hours.  It  was  found  that  there  was  practically 
no  growth  in  the  lirst  millimetre.  Beyond  that  the  rate 
increased  gradmdiy  to  the  third  or  fourth  millimetre, 
reaching  there  in  the  difTcrent  species  a  rate  of  1.8  to  2.6 
mm.  in  twenty  hours,  and  then  the  rate  decreased  again 
until  at  a  distance  varying  from  5  to  (i.5  nun.  from  the 
tip  growth  in  length  was  found  to  have  ceased. 

From  an  analysis  made  by  Kraus  U])on  hothouse  plants 
of  Ilittriicentrcin  roseiim  it  was  found  that  the  percentage 
of  water  in  the  tissues  increases  from  73  per  cent,  at  the 
tip  of  the  stem  to  88  per  cent,  at  the  first  iuternode,  and 
reaches  a  maximum  of  93  per  cent,  in  the  second  iuter- 
node. Farther  along  the  stem  there  is  a  slight  decrease, 
the  amount  being  92.7  jier  cent,  in  the  fifth  internode. 
In  ])lants.  then,  it  api)ears  that  the  period  of  most  rapid 
growth  is  also  the  [jeriod  of  most  rapid  absorption  of 
water  by  the  cells. 

In  animals  we  do  not  find  this  division  into  zones  of 
growth,  and  there  is,  as  a  rule,  no  area  of  embryonic 
cells  to  furnish  material  for  growth  for  an  indefinite  pe- 
riod. On  the  contrary,  the  extent  of  growth  for  each 
species  is  more  or  less  strictly  limited  liy  conditions  of 
which  we  know  very  little.  In  the  period  of  cleavage  of 
the  egg  and  anatomical  differentiation  (see  article  Differ- 
entiation) the  whole  embryo  is  in  the  condition  found  at 
the  tip  of  the  stem  of  a  plant.  The  cells  are  all  small, 
rich  in  protoplasm,  and  undergo  division  frequently, 
while  there  is  little  or  no  growth  of  the  embryo  as  a 
■whole.  Then  comes  the  jieriod  of  most  rapid  enlarge- 
ment accompanied  by  an  increase  in  the  amount  of 
■water,  and  this  is  followed  by  the  jieriod  of  histological 
differentiation.  The  rate  of  growth  per  unit  of  body 
weight  decreases  gradually  until  the  animal  reaches  the 
limit  of  its  species. 

This  was  brought  out  by  Davenport  (1875)  in  his  re- 
searches upon  the  embryos  of  frogs,  the  results  of  which 
are  given  in  the  following  table: 

Growth  of  Frog  Embryos. 


Days 

after 

batching. 


1. 
2 

s! 

7. 

n. 

14. 
41. 
84. 


Average 
welKlit  In 
mllUgrauis. 


l.t» 
2.IX) 
S.43 
5.06 
10.40 
Zi.52 
101.0 
1.080.9 


■ft'eisrlit 

of  dry  suli- 

sliiiice  in 

nillllgrauis. 


O.SO 

.(« 

.SO 

.54 

.72 

1.10 

0,9 

217.9 


WelKlit 

Per 

of  water  In 

cent,  of 

uiilllgrams. 

water. 

1.03 

.56 

1.17 

59 

U'.IB 

77 

4.51 

89 

fl.«8 

(IS 

Si.m 

96 

91.1 

90 

1,742.0 

»8 

Average  in- 
crease 
daily  in 

per  cent,  of 

lx)dv 

weight. 


9.7 
23.9 
23.8 
CA.O 
25.2 

1.2 


The  frog  embryo  takes  no  food  for  several  days  after 
hatching,  so  that  there  is  a  loss  of  dry  substance  until 
about  tiie  eighth  day  ;  and  yet  it  is  between  the  seventh 
and  ninth  day  that  there  is  the  greatest  daily  increment 
jicr  unit  of  body  weight.  As  the  percentage  "of  dry  sub- 
stance increases  the  rate  of  growth  liecoiucs  less.  The 
time  of  most  rapid  growth  is  the  time  when  the  cells 
ab.sorb  water  most  rajjidly. 

Similar  results  were  oi)tained  by  Fchling  (1877)  from 
the  measurement  and  analysis  of  twenty-one  fresh  hu- 
man embryos,  as  shown  in  the  following  table: 

Growth  of  Hcman  Esibrvos. 


u 

K 

« 

Age. 

Wkioht. 

'il 

B 

Ftesh 
grams. 

Dry 
grams. 

1 

2.5 
15.0 
13.5 
18.5 
18.5 
19.0 
21.5 
22.5 
23.0 
24.0 
26.0 
30.0 
33.5 
34.5 
34.0 
36.0 
35.0 
38.0 
53.5 
44.0 
45.0 

F. 
M. 
M. 
M. 
M. 
F. 
M. 
M. 
F. 
F. 
M. 
F. 
M. 
F. 
M. 
F. 
M. 
M. 
M. 
M. 
M. 

0.975 

36.5 

.56.5 

ft5.5 

104.7 

1.56.8 

244.0 

23.5.0 

21)4.0 

299.0 

361.8 

575.0 

7:1.0 

910.0 

832.9 

836.0 

1,117.0 

928.0 

3.284.0 

1,760.6 

1,495.7 

0.24 

3.0 

.5.1 

8.9 

8.2 

14.6 

22.0 

24.0 

29.5 

32.8 

39.1 

79.5 

125.2 

1.59.0 

m.2 

136.5 

170.71 

1.59.5 

855.52 

4.56.1 

391.2 

97..54 

2 

4tti  month 

91  79 

3 

90.97 

4 
5 
6 
7 
8 
9 
10 
11 

.5th  monlli,  1st  half. 
5tli  month,  1st  half. 
.'>lti  muritti,  2(1  half. 
.1th  mcihth,  LM  halt. 
.")th  iiionti],  2(1  half. 
Mh  liioiith,  2d  half. 
5th  month,  2d  half. 
6th  month 

90.7 

93.2 

90.7 

S«).96 

89.81 

88.9 

89.3 

89.2 

12 

86.4 

13 

6th  month 

83.77 

14 

82.6 

15 

83.5 

16 

Tth  month 

83.9 

IT 

84.8 

18 

sth  month 

82.9 

19 

74.1* 

20 

9th  month' 

74.7t 

21 

9th  month 

73.9t 

•  StlU-birth.  t  Died  in  uterus. 

t  Premature  birth ;  atrophic ;  died  thirteen  days  later. 


It  will  be  noticed  that  the  youngest  embryo,  in  the 
sixth  week,  contains  the  largest  proportion  of  water, 
97.. 54  per  cent.  From  that  the  proportion  decreases 
to  about  74  per  cent,  at  the  time  of  birth.  These 
figures  should  be  compared  with  the  next  table  in 
which  Fchling  summarizes  his  results  as  to  the  in- 
crease of  weights. 


I.sCREASE  OF  Weight  of  Human  Forrrs. 


Weight  at 

beginning 

of  period. 

Grams. 

0. 

Absolute 
monthly 
growth. 
Grams. 
b 

Relative 

monthly 

growth. 

() 

1 
4 

20 

120 

285 

6.35 

1,220 

1,700 

2,240 

3,250 

3 
16 
100 
165 
350 
585 
480 
640 
1,010 

3.0 

Third  month 

4.0 

5.0 

Fifth  month 

1.29 

1.22 

Soventh  month 

.92 

Kitrlilh  month 

.39 

Ninth  inoTith 

.31 

.45 

Term 

The  relative  monthly  growth  is  high  in  tlie  second 
month  and  increases  to  a  maximum  in  the  fourth.  After 
that  there  is  a  decrease,  sudden  at  first,  and  then  more 
gradual. 

For  comparison  with  the  growth  of  the  human  embryo 
Fchling  studied  the  growth  of  embryo  rabbits.  For  this 
imrpose  he  reckoned  the  age  of  the  ftetus  in  peiiods  of 
three  days,  each  period  being  supjiosed  to  coiTespond  to 
a  month  of  human  gestation.  Two  embryos,  the  largest 
and  the  smallest,  were  chosen  fi-om  each  litter  for  analy- 
sis. Some  of  his  results  arc  given  in  the  following 
table: 


416 


KEKKHKNCK   lI.V.VDUOoK    <>F    IHK   .MKDICAL  SCIENCES. 


(.rott  III. 
Iar<i«%  III. 


WKIOIIT  or  ilADIIIT  FMnllTOd. 


WclBllt 
0(  UlulbiT. 

I-ITllMl. 

u  , i     I'H.  ,- 

IM  URAMII. 

I'er  ii'iiu 

<>r 

rreiili. 

Iiry. 

waUir. 

1 

I.8BU 
1,890 

i.M)d-i.ano 
ijuo-Laoo 

i.'iiirt 

1.806 

8,210 

8,240 

2,8M 

2,8U 

1,800 

1.800 
About  1,800 
About  l.HOU 

6 
fi 

T 

7 

8 

8 

8 

8 

8 

8 

0 

9 

9 

9 

9 

9 

10 

10 
Ni'W-born 
.Nvw-born 
14  dayH. 
14  days. 

0.019 
.063 

lo.aii 

12.83 

23.6 

S4.6 

15.95 

12.3 

18.61 

18.68 

62.35 

45.78 

41.98 

50.83 

29.25 

28.56 

34.20 

33.00 

38.4 

38.3 

179.6 

224.0 

0.052 
.057 
1.5 
1.7 
3.5 
4.0 
2.25 
2.0 
2.91 
2.82 

11.35 
7.6 
8.0 
9.33 
4.9 
5.83 
7J82 
6.7 
8.4 
8.8 

4a8 

75.4 

91.5 

2 

B1.4 

8 

M.9 

i 

H6.7 

n 

86.3 

A 

»;t.H 

a'>.9 

8 

K2.2 

9 

10 

81.2 
87.(1 

11 

81.8 

12 

85.6 

18 

81.0 

u 

81.5 

15 

83.2 

IB 

79.6 

17 

79.0 

18 

79.7 

19 

78.4 

21 

77.1 
75.6 
05.1 

TliP  wciirlit  i>f  the  motliiT  has  j;n-iU  iiiHiicnop  on  the 
wfight  of  the  fo'tiis,  mid  is  >;ivcn  for  that  reason  in  this 
talile.  Tliis  factor  is  of  less  iinportanie  in  litnnan  statis- 
lies,  where  the  raii,i;e  of  variation  is  comparatively  much 
restricted. 

The  table  shows  a  grailual  dccreaso  in  the  percentage 
of  water  in  the  tissues  of  the  fu'tiis,  and  this  is  as,sociated, 
as  in  man.  with  a  cmdual  decrea.se  in  the  relative  rate  of 
growth  as  shown  in  the  following  table: 

Urowtii  of  Rabbit  Embryos. 


PerliKl 

Wf  iKhl  St 

Ui'irlnninp  t*t 

perlnil.    (,niins. 

<i 

Aheolnl« 

(rniwtli  durinit 

perliHl.    (imiiis. 

1) 

Relative 

growth  per 

period. 

b 

a 

5 

6         

0.619 
6.176 
11.734 
18.65 
2S.n08 
;B.67 
3S.35 

5..557 
5.558 
H.91B 
10.258 
4.782 
4.68 

8.97 
.89 

7 

.,59 

8.... 
ft.... 

m. . . . 

-55 
.16 
.13 

The  tiL'tircs  for  the  sixth  period  in  this  table  are  some- 
what donbtfid,  for  there  is  notliing  to  show  that  they 
were  obtained  by  actual  observation. 

Per  iieriod  the  relative  jirowth  of  the  rabbit  embryo 
appi'arsto  be  less  than  that  of  the  human  embryo,  but  the 
period  in  the  former  case  is  only  onetcnth  as  long  as  in 
the  latter.  The  relative  daily  growth  of  the  two,  as  cal- 
culated by  Fehling  for  each  period,  is  as  follows: 


Rf.i.ativk  Daily  growth  ok  Fcetis. 


Period. 


Man. 
.  0.1 
.    .142 
.     .ITS 

.    .mo 

.     .014 


Rabbit. 


2.99 

.as 


Period. 


8. 
9  . 
10. 


Mnn. 
.  0.032 
.  .014 
.  .011 
.     .015 


Rabbit. 

0.197 

.183 

.(«4 

.016 


The  more  rapid  rate  of  relative  daily  growth  observed 
in  the  rabbit  is  associated,  according  to  Fehling,  with  a 
greater  percentage  of  water  in  the  tissues. 

.Ml  these  results  tend  to  show  that  in  both  animals  and 
idants  the  most  lapiil  increase  in  weight  in  proportion  to 
the  weight  of  the  body  takes  place  at  the  time  when  the 
tissues  are  at  their  least  density.  As  the  solid  constitu- 
ents of  cells  increase  the  relative  rate  of  growth  de- 
creases. 

Little  is  known  of  the  effects  of  external  conditions 
upon  the  rate  of  giowth  of  animals,  but  upon  the  growth 
of  plants  external  conditions  have  been  sliown  to  have  a 
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voir)'  marked  effect.  For  a  full  diHcuiwIoD  of  tliU  »iiblect 
the  reader  Hliould  consult  Duvenport'H  very  excelli'iil 
summary  ("  Kxpirimentid  Morphology."  vol.  II,,  IMlili). 

III.  (iiiowTii  iiK  .Ma.v.  — Wi-  know'very  little  concern- 
ing the  earlier  period  of  the  growth  of  rniin,  Kinee  the 
growth  of  the  fietusand  of  the  infant  liaN  Ih-cii  but  little 
Ntiiilieil.  We  have  numerous  oliKcrvations  on  (he  weight 
of  the  child  at  birth,  and  on  the  growth  from  the  liflh  to 
the  twentieth  year  (during  the  Kchoolagi):  some  on  the 
growth  up  to  twenty  live  years,  referring  chielly  to  Iho 
upper  cla.s.ses  (college  and  university  students),  and  valu- 
able statistics  of  men  in  armies  have  been  compiled.  Ah 
regards  the  growth  and  size  of  man.  .\nierieaii  investi- 
gations easily  leail.  for  the  anthropiimelric  wnik  of  (ii'uld 
and  Baxter,  and  the  ri'seanlii'K  of  Itowditch,  on  lioslon 
school  ehihlreu,  and  of  I'ortcr  on  the  scIickiI  children  of 
St.  Louis,  have  never  been  approached  in  value.  Peck- 
ham's  work  in  .Milwaukee  is  als<j  excellent.  (Juetelet. 
the  pioneiT  in  this  field,  pursued  an  erroneous  inelhotl, 
which  led  him  to  fal.se  conclusions,  which  are,  neverthe- 
less, still  cuiienlly  cited,  especially  in  Kurope-. 

We  divide  tli('  subject  as  follows:  1  Growth  of  the 
fo'lus;  a.  weight  of  the  new-born  child:  '.i,  growth  of 
infants,  0  to  H  years;  ,5,  growth  of  children;  0,  size  of 
adidtji. 

1.  Growth  of  the  Fatns. — The  difficult j'  of  determining 
the  age  of  the  human  fcetus.  and  of  obtaining  specimens 
certainly  fresh  and  normal,  lias  prevented  our  having 
any  very  definite  information  on  this  subject.  Preyer 
has  compiled  the  following  table  of  the  length  of  the 
human  embryo  in  centimetres: 

Lunarmonth.  ^^roldt,      ^^Hen^ig      „„,,„. 

First 1..5(1.3)  0.75  

Second 3.5  4.0  

Third 7.0  8.4              4  to  9 

Fourth 12.0  16.2  loi.ii; 

Fifth 20.0  27.5  IS  1.1 27 

Sixth 30.0  35.25  2Sl<i,M 

Seventh 35.0  40.25  25  to  2S 

F.lKhth 40.0  44.U  Sitloll 

Ninth *).0  47.2  42  to  44 

Tenth .50.0  (49.0)  45  to  47 

If  the  absolute  length  at  the  end  of  each  month  is 
divided  by  the  increase  during  that  moiilh  we  obtain 
what  Preyer  calls  the  relative  growth.  Heimig's  figures 
give  the  following  relative  growth  for  each  month: 
First,  1,000;  second,  0.812;  third,  (L.TiS;  fourth,  0.419; 
fifth,  0.410:  sixth.  0.219;  seventh.  0.124;  eighth,  0.093; 
ninth,  0.069;  tenth.  0.037.  All  the  above  data  are  obvi- 
ou-sly  inexact.  Toldt's  are  evidently  cooked  up,  and  not 
derived  from  observation;  nor  do  the  lengths  mean  the 
ssimc  thing,  for  of  the  early  stages  the  head  and  trunk 
only  were  measured ;  of  the  later  stages  the  head,  trunk, 
and  legs.  A  falser  and  more  misleading  <levice  for 
studying  growth  has  never  been  put  in  practice.  The 
foetus,  too,  being  spirally  coiled  in  early  stages,  cannot 
have  its  length  determined  accurately.  Far  better  would 
it  be  always  to  determine  the  weight.  The  growth  of 
the  fa>tus  in  weight  has  been  most  inadeciuately  studied, 
although  the  weight  is  the  only  available  measure  of  the 
growth  of  the  fcetus  as  a  whole.  Ilecker's  data  are  per- 
liaps  the  best.     The  weights  are  in  grams: 

Month.  Maximum.    Minimum.    Average. 

Third 20  5  11 

Fourth 120  10  57 

Fiflh .500  75  284 

Sixth 1.280  375  634 

SevenUi 2.250  780  1.218 

Eighth 2.4.38  1.093  l,.5rt9 

Ninth 2.906  1..VM  1.971 

Tenth    1.502 

The  range  of  the  maxima  and  the  minima  suggests 
that  errors  in  the  determination  of  the  ages  may  have 
occurred — such  errors  of  a  month  are  not  rare  wilh  ob- 
stetricians. These  figures  may  be  compared  with  Feli- 
ling's.  given  in  the  preceding  section. 

A))pendcd  here  arc  Ilecker's  data  as  to  the  weight  of 
the  placent;!  in  grams,  and  the  length  of  the  umbilical 
cord  in  centimetres: 
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MonUi. 


Tblrd..., 
FoiirUi . . 
Fifth.... 
Sixth.... 
Seventh  . 
Eighth  . . 
Ninth... 
Tenth... 


No.  of  obe. 

PlaoeDta. 

Core 

3 

36 

7 

17 

80 

lU 

24 

1-8 

31 

14 

273 

37 

19 

374 

42 

32 

M 

46 

45 

461 

47 

62 

4X1 

SI 

2.  Wii;//it  i>f  (he  ycw-boni  Cliilfl.— It  is  siitiject  to  very 
coiisiik'nible  variations.  For  middle  Eiirfijic  llic  average 
may  be  held  to  be  about  3.;?4(l  i;m.  for  lioys.  :!,  IflOgm. 
for  girls,  the  latter  beiiiir  somewlial  ligliter.  The  varia- 
tions are  very  great,  ranging  from  l.tMtO  to  ."),0(I0  gni. 
For  instanee,  "the  following  table  is  given  by  Pfannkiieli, 
who  unfortunately  jumbles  the  two  se.ies  together: 


Kllofn^ims.  Obs. 

l..Wlo2.0 2;i 

2.(X)lo2.25 30 

2.25  to  2..VI ra 

2..50to2.7.5 flti 

2.75to3.UI nil 


Kilogruni!!.  01». 

3.00  103.2.1 l.W 

3.S>  to  i.rtO ur> 

3..i0  to  3.7.T 79 

3.7.5  to4(«l 46 

4.0(1  to  4..iO 13 


It  will  be  noticed  that  the  maximum  number  of  oases 
(150)  falls  between  3.00  and  3.2.5  kgm.,  and  that  the  fur- 
thir  the  weight  is  removed  on  either  side,  above  or  below, 
from  this  mean,  the  fewer  arc  tlie  cases.  The  tables  by 
other  authors  show  the  same  general  results,  with  usually 
slight  dilTerenees  in  the  (luantitalive  values.  For  the 
most  part  these  tjibles  cannot  be  combined  with  one 
another,  for  they  nearly  all  fail  to  fullil  some  obvious 
reiiiiirement  of  good  statistics;  indeed,  amateur  statistics 
are  generally  provoking  to  the  expert.  It  is.  therefore, 
not  desiiiiblc  to  attempt  an  analysis  of  the  recorded  data. 
As  an  example  of  statistics  at  once  valuable  and  grossly 
defective,  the  following  table  is  given  after  Siebold. 
The  author  gives  the  weights  in  pounds,  but  has  neg- 
lected to  say,  as  is  necessiiry  in  Germany,  what  kind  of 
pounds:  hence  the  metric  ecjuivalents  cannot  be  calcu- 
lated. -Moreover,  the  luimber  of  cases  weighing  even 
jxiuiids  and  halfpoiuids  is  far  in  excess  of  those  weigh- 
ing pounds,  and  one-fourth  or  three-fourths,  which  shows 
inaccurate  weighin.g.  of  course.  To  correct  this  the 
quarter-pound  groups  of  the  original  table  arc  condensed 
into  half-pound  groups: 


■Weifc'lit  In  lbs. 

4.0  to  4.,') 

4.510.1.0 

5.0  to  5.5. . . 


Boys. 
4 

19 
44 


5.5  to  6.0 172 

6.0to8.5 220 

6.5to7 353 

7.0  to  7.5 286 


Girls. 

10 

24 

.53 

195 

235 

353 

240 


Weight  in  lbs. 

7.5  to  8.0 

8.0  to  8.5 

8.5  to  9.0 

9.0  to  9.5 

9.5  to  10.0.... 
10.0  to  10.5.... 
10.5  to  11.0 


Boys.  Girls. 
200 


101 


44 
42 
14 

T 
1 


Age  of  the  mother. 


Ingerslev.    Fassbender.   .Petersson. 


15  to  19  years 3.241 

20  to  24  years 3,299 

2.'ito29wars  3.342 

31)  to  34  years  3,375 

:).■>  to  3!)  years  3.42S 

40to44yeare 3.32B 


.1.271 
3.240 
3,8:« 
3,367 
'    3.  "92  ^ 


3.451 
3,48,5 
3,591 
4.082 
3..591 
3,670 


The  extremes  recorded  in  medical  liteialtire  are  very 
far  apart,  and  sttttenieuts  of  excessively  large  size  are  by 
no  means  rare,  but  Ciin  be  received  with  incredulity  only, 
as,  for  instance,  the  case  reported  of  a  still-born  child 
weighing  8,2,')0  gm. !  (IkrUner  klin.  WocheMchr.,  1878. 
No.  14.)  Vierordt  .sives  as  the  accredited  extremes  717 
gm.  (Hitter),  and  I),i23  gm.  (Wright). 

The  factors  w  hich  determine  the  weight  at  birth  are 
very  obscure.  It  is,  of  course,  sale  to  say,  vaguely,  that 
it  depends  on  the  nutrition  of  the  ftetus;  it  is  (iiobable 
that  individual  difTerences  in  the  rate  of  gi-owth  exist 
before  a.s  well  as  after  birth,  and  it  Is  probable  that  the 
length  of  gestation  is  the  most  inlluential  single  factor, 
to  judge  from  my  own  experiments  on  the  growth  of 
mammals. 

It  has  been  demonstrated  that  the  variations  in  the 
weight  of  the  child  depend  upon  various  maternal  cir- 
cumstances. 

FiiKl.  It  is  correlated  with  the  age  of  the  mother,  as 
is  shown  in  the  following  table,  giving  the  weight  of  the 
children  in  grams  acconling  to  tliree  observers: 


From  such  tables  we  learn  that  very  young  mothers 
have  the  smallest  children,  and  those  of  aliout  thirty-tive 
)-ears  the  heaviest.  It  is  much  to  l)e  regretted  that  the 
tables  do  not  show  the  correlation  by  single  years,  and 
also  the  number  of  observations. 

Second.  The  weight  of  the  child  increa-ses  with  the 
weight  (Gas.sner)  and  length  (Frankenhiluser)  of  the 
mother.  Gassner  states  that  the  weight  of  the  child  is 
to  that  of  the  mother  as  1  to  li).  13,  or  .").23  percent,  of 
the  maternal  weight,  p'rankcnhiluser  states  that  if  the 
height  of  the  mother  is  less  than  4  feet  0  inches,  the 
child  weighs  <>  llis.  l."(  o/.  ;  if  it  is  4  feet  G  inches  to  4  feel 
11  inches,  the  child  weighs  G  lbs.  2.")  oz. ;  if  it  is  more  than 
4  feet  11  inches,  the  child  weighs  7  lbs.  3  oz. 

Third.  The  weight  of  the  cliild  increases  according  to 
the  number  of  previous  pregnancies,  as  indicated  by  the 
following  table: 

.,      ,       .  ,  (He<ker.)       (Ingerslev.) 

NuTnl>er  of  pregnancies.  (jm  Gm. 

One 3.301  .3,254 

Two 3,330  3,:ffll 

Thii-e 3,:!53  3,400 

Four 3,360  3,424 

Five 3,412  3,500 

Six 3,:)53 

Here  again  we  encounter  faulty  statistics,  for  it  is  not 
shown  that  we  have  any  other  elfect  than  that  of  age, 
for  the  conclusion  claimed  cannot  be  established  until  it 
is  proved  that  primipar;e  have  smaller  children  than 
multiparas  of  the  mine  age. 

Fiiiirth.  Negri  has  maintained  (Anniili  di  obstel n'cin , 
1885)  that  the  compilation  of  thiee  hiuxlred  and  thirty- 
three  observations  shows  that  the  children  of  women 
whose  menstruation  is  early  are  hii'ger  than  the  children 
of  those  whose  first  menstruation  is  late. 

FiJ'lh  and  sixth,  the  inlluence  of  race  and  climate,  which 
have  not  yet  been  subjected  to  any  ])roper  exact  study. 

In  conclusion,  I  may  add  that  it  seems  to  me  jnobable 
that  all  these  intluences  produce  their  effect  piinciiially 
by  prolonging  or  abbreviating  the  period  of  gestation. 
In  other  words,  the  variations  in  the  weight  of  children 
at  birth  are  to  be  referred  immediately  to  two  principal 
causes:  (1)  Differences  in  the  age  at  birth;  (2)  individual 
differences  of  the  rate  of  growth  in  utero. 

3.  Growth  of  Infants. — (a)  Alteration  in  ireight  durinrj 
the  first  ire^k.  There  i.s  an  inteiTU))tion  of  tlie  normal 
rate  of  growth  during  a  few  days  after  birth,  both  in  man 
and  other  mammals  (Section  IV.).  It  lasts  for  a  variable 
period,  and  is  variable  in  degree.  In  most  cases,  with 
the  human  sjiecies,  it  is  so  great  as  to  cause  an  actual 
loss  of  weight,  but  frecjuently  it  shows  itself  only  as  re- 
tarded growth.  A  gr<'at  many  authors  have  written 
upon  this  subject,  but  there  is  not  a  single  one  who  ap- 
l)ears  to  have  correctly  understood  the  statistical  rela- 
tions. In  fact,  the  discnssion  thus  far  has  turned  upon 
the  question  whether  a  loss  or  a  gain  of  weight  is  normal 
and  physiological.  Tl-.at  (lueslion  is  of  little  importance, 
since  it  is  now  settled  that  the  retardation  of  growth 
is  constant.  It  de)iiiids  on  the  degree  of  retardation 
whether  there  is  merely  a  small  gain  or  an  actual  loss. 
During  the  tirst  month  the  average  daily  increase  is 
about  35  gm.  (Fleischmann),  but  during  the  tirst  two  or 
three  days,  or  sometimes  more,  the  rate  of  increase  is 
very  much  less,  often  even  negative.  Gregory,  for  in 
stance,  gives  the  following  data: 

nav 1      2-3      4      5      ti 

Number  observed 33     33     33     33     :»      :« 

Weight  change,  grams -139-64  -f 33  -fSO  +.50  +:Hi 

The  retardation  of  the  growth  is  prolonged  by  defec- 
tive luitrition,  of  which  the  cause  may  lie  in  either  the 
mother  or  the  child,  and  by  illness  of  the  child.  A 
healthy  baby  ought  to  get  back  to  its  initial  weight  by 
the  sixth  or  seventh  day,  and  failure  to  reach  the  initial 
weight  by  the  ninth  day  may  be  taken  as  an  indication 
of  iilnes-s. 

The  cause  of  the  ])ost-natal  retardation  is  not  fully  elu- 
cidated.    That  it  is  not  due  to  the  mother's  condition  is 


418 


KEKKltENC'K   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


tirowth, 
tirowth. 


Kliown  by  two  coiiHiilenitionH: 
(1)  Till'  rt'tiirilutiiiii  (M'ciirs 
iiIh<>    ill    cliicks    III    liiilcliiii^', 

altliiiiiKli  I'kv  I""''  ""'  ''i' 
|><-nilcnt  on  the  |mrfiit  for  nu- 
trition; (2)  liigcntlrv  |ml  Hix- 
lit-n  cliililrrii,  just  Imrn.  to 
wet  nurses,  wlio  liinl  iHirnii 
four  to  live  iliivs  prrvioiisly 
iiuil  K'lvi'  iiliuniliint  milk,  iirv- 
(•rtlicl<-s.s  llic  rliiMriii  iill  lost 
wi'iglil  It  siciiis  prolmlilf 
tliHt  the  loss  isiliii'  lo  till'  I'stiib 
Ushiiu-iit  of  rrS|iinilion,  unci  to 
llu'  incmiscij  i'\|u'nililun'  ^lll<■l■ 
almlisni)  of  till-  IiihIv  to  iimin- 
tuin  the  iioriiml  lriii|irniliiu'. 
During  gisiation  iiiiil  iiiculiii' 
tion  the  iHiicnt  supiiliis  caloric 
to  its  youiii;.  but  aflcr  birth 
(or  ImtcliiiiL'l  tin-  voiiiii;  is  self- 
(Icprntli-nt,  anil  rapiilly  wastes 
its  tissues  lo  kwp  up'its  botiy 
warnitli. 

(fc)  J'ur  the  iji-'iirlh  from  the 
fir»t  to  the  Jiftii  ■■"•■oiiit  feek  we 
must  ilcpi'iiil  cliirlly  on — (1) 
the- careful  eonipilaiioii  given 
by  Meek  anil  iiuoleil  by  Vier- 
ordl,  in  wliieli.  however,  the 
sex,  nutrition,  nue.  and  social 
eoiiiiitioii  of  t  lie  eliiUlren  are  not 
enusidered.  all  factors  which 
have  a  very  great  iiitluence  on 
the  weight;  (2»  the  observa- 
tions of  Albreclit  {(_'<  utrnlXei- 
tiing  f.  Kimli  thtilkuiidt.  ISTi). 

No.  7),  who  followed  the  growth  of  eighty  children  at 
Berne.     PVom  Meek  the  following  data  are  excerpted  • 


Week. 


First ^' 

Second i^ 

Tlilnl 31 

Fotirtli 31 

Sfvontli 33 

Tenth 34 

Ttiirti-enlh 3« 

Sl.tt<vnth 3* 

Nineteenth :)3 

Twenty-second *JI> 

Twenty-UKh 2! 


No.  (if  oh-  Welirlit, 
MTvallons.    pin. 


3.41-' 
3..>C.' 
4.  III! 

4.0III 

.-..iti: 
.i..'.ai 

.">..S>4 
6.497 
(1.025 


Week. 


FIO.  23S0.— Graphic  Representation  of  the  Growth  of  Boston  School  Children,  based  on  the  wbole 
number  of  Bowdltch's  ol)servatlons,  lrresi>ectlve  of  nationality  of  i>aren(8. 


an  average  of  anything  except  Quelelet'a  notion  of  what 
a  child  ought  to  be,  which  is  now  definitely  known  to  be 
essentially  different  from  what  children  are. 

5.  Gro'irth  of  Children. — Concerning  school  children 
we  possess  a  good  many  valuable  data.  The  best  stat- 
istics by  far  are  those  of  Bowditch.  The  average  weiglils 
obtained  by  him  are  given  in  the  accompanying  table  in 
kilograms;"  the  clothes  make  up  about  eight,  per  cent. 
of  the  weights  given.  The  average  standing  heights, 
without  shoes,  is  given  for  both  .se.\es  in  the  same  table. 
These  data  refer  to  nearly  twenty-five  thousand  measure- 
ments on  the  school  children  of  Boston,  Mass. 


Twenly-efRhth  .. 

Thinv-ilrst 

Tiitny-fiiunh  .. 
Thirtv-sfvenlh  . 

K.irlli'ili 

Korlv-third 

Forty-sixth 

Korty-nlnth. 


No.  of  olv  WelRht, 
servatlons.    inn. 


19 
19 
18 
17 
17 
17 
15 

nftleth 15 

Fiftv-llrst 14 

Fifty-second 8 


7.187 
7,5S4 
7,842 
8,138 
8,314 
8,.W! 
8,70(1 
8,095 
9.102 
9,198 
(10,172)? 


Albreclit  states  that  in  his  experiments,  taking  the 
weight  of  the  child  at  :!.:!0<)  gm.  at  birth,  the  following 
is  the  average  dailv  increase  for  each  month  in  sirams: 


Month  . 
Grams . 


1      2      3      4      5      a      7      8      9    10    11     12 
:»    29    29    24    20    18    14     11     11      9      8      7 


The  corresponding  figures  by  Bouchaud  are : 

Month 1      2     3      4      5     8      7      8     9    10    11    12 

lirams 23    23    22    20    18    17    15    13    12    10     8     8 


Bv  Fleischmann : 


GROWTH  OF  Boston  School  children*. 


Age. 


Month, 
(tmnis. 


1      2     3      4      5     6      7      8     9    10    11    12 
ai    32    28    22    18    14    12    10    10     9     8     6 


The  individual  variations  are  very  great,  and  the 
growth  of  any  individual  goes  by  fits  and  starts.  A 
considerable  delay  in  growth  is  not  important,  even  if 
lasting  for  several,  saj-  three  or  four,  weeks,  as  it  fB 
counterbalanced  by  a  subsequent  excessively  rapid 
growth. 

(c)  Conrerniiig  the  Oroirthfrom  the  End  of  the  Firstt  to 
the  End  of  the  Fifth  Yenr. — No  statistics  sufficiently  ex- 
tensive and  accurate  to  be  worth  (|U0ting  are  known  to 
me.  Quetelet's.  whidi  ar  often  repeated ;  are  mislead- 
ing, because  he  weighed  only  children  which  in  his  judg- 
ment were  well  developed  ;  hence,  his  figures  do  not  give 


5  to   0  years . 

6  to   7  years . 

7  to   8  years . 

8  to  9  years . 

9  to  10  years . 

10  to  U  years . 

11  to  12  years . 

12  to  13  years . 

13  to  14  years . 

14  to  1.5  years, 
io  to  IG  years . 
lit  to  17  years . 

17  to  18  years . 

18  to  19  years. 


BOTS. 


Height 
in 
cm. 


No.  of 
obser- 
vations. 


105.6 
111.1 
116J2 
121.3 
126  jj 
131.3 
l.y..4 
140.0 
14.1.3 
1.52.1 
l.>sj; 
165.1 
168.0 
169.3 


848 

1,2.58 

1.419 

1,481 

1,4.37 

l,.T6:i 

1,293 

1^1 

l,l(iO 

808 

636 

a59 

192 

84 


Weight, 
kgm. 


18.IU 
20.49 
22.26 
24.46 
26.87 
20.62 
.31.84 

:m.89 

38.49 
42.95 
48..VI 
.T4.SI0 
,57.84 
60.13 


GIRLS. 


Height 

in 
•  cm. 


No.  of 
olwer- 
vations. 


104.9 
110.1 
11.5.6 
12(1.0 
12.5.4 
130.4 
ia5.7 
141.9 
147.7 
1.52.3 
1.5.5.2 
156.4 
157  J2 
157.3 


605 

087 

1,109 

1,209 

1,149 

1,(»80 

938 

9a5 

830 

675 

4.59 

a53 

233 

155 


Weight, 
kgm. 


17.90 

19.(i3 

21  ..W* 

23.(il' 

2.5.01 

28.29 

31J23 

35.53 

40.21 

44.65 

4.<.i2 

.50.81 

52.41 

52JM 


♦  In  Bowdltch's  tables,  as  printed.  Incorrect  numbers  are  given. 

The  results  are  more  easily  followed  in  the  graphic 
representation.  Fig.  23.50,  the  ordinates  represent  the 
heights  or  weights,  the  abscissa;,  the  ages.  We  can  dis- 
tinguish three  periods:  (1)  The  steady  growth  of  child- 
hood, up  to  ten  and  one-half  or  eleven  years  in  girls,  to 
twelve  or  twelve  and  one-half  in  boj's:  (2)  the  period  of 
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pr,ii>iit>iTlal  iiccclcnilioii.  wlicii  the  growth  is  imich 
moro  iii|ii<l.  liLstiiii:  in  irirls  from  I'lcvcii  to  fourlfcii  or 
tiflt'on.  in  boys  from  twelve  and  one  1ml f  to  sixteen  iiiul 
oneliiilf :  (3)'tlie  piistpiil)ertal  decline.  In  fjirls  the  jira' 
pubertal  acreleration  begins  earlier  anil  is  more  marked 
than  ill  boys;  hence,  thouirh  during  childhood  girls  are 
sinallir  than  boys,  yet  from  twelve  to  fifteen  they  out 
strip  them,  and  are  both  taller  and  heavier  than  boys  of 
the  siine  age.  Puberty  ensues  hiteriii  boys  tliaii  in  girls. 
The  postpubertal  falling  olT  in  growth  is  more  rapid  in 
girls  than  in  boys;  accordingly,  after  the  tifteenth  year 
boys  gain  fast  over  the  girls.  "  That  the  accelenition  is 
rcallypiicpubertal  is  shown  by  the  fact  that  the  age  of 
the  lirst  catainenia  averages  in  IJoston  about  fourteen 
anil  one-half  years,  so  far  as  determineil  by  the  present 
imperfect  statistics.  Pagliani  has  ])roveil  the  sjiine  rela- 
tion in  Italy.  Most  conclusive  is  the  record  of  the 
growth  of  individuals,  which  demonstrates  that  the  first 
menstruation  is  preceded  by  rajiid,  and  followed  by 
slower,  growth. 

Dr.  Rowditch  has  shown,  also,  by  his  statistics  that 
the  children  of  American-born  parents  are.  in  the  coni- 
niuuity  of  Boston,  taller  and  heavier  than  children  of 
foreiirii  born  parents,  a  superiority  which  depends  jirob- 
ably'chierty  on  the  greater  average  comfort  in  which 
such  children  live  and  grow  up,  and  iiartly  upon  differ- 
ences of  race  and  stock.  The  children  of  the  well-to-do 
classes  are  taller  and  heavier  than  those  of  poorer  classes. 
American  (Boston)  boys  are  taller  for  their  age  than 
English  boys,  concerning  whom  we  have  statistics,  and 
are  also  heavier  in  proportion  to  their  height ;  the  com- 
parison holds  between  the  laboring  classes  and  the  upper 
classes  both,  as  well  as  between  boys  taken  without  dis- 
tinction. Incidentally  it  may  be  "said  that  the  popular 
conception  of  a  "Yankee."  as"  tall  and  slim,  has  no  foun- 
dation in  life,  the  Yankee,  on  the  contrary,  being  stouter 
than  the  Englishman. 

In  general  it  may  be  said  that  growth  is  favored  by 
healthful  conditions";  it  is  impaired  by  illness,  probably, 
of  anv  kind,  but,  of  couise,  by  some  diseases  much  more 
than  "by  others.  It  is  favored  by  country  more  than  by 
city  life;  by  outdoor  more  than  by  sedentary  occupa- 
tions; by  summer  more  than  by  winter;  by  vacation 
more  than  by  attemlance  on  school.  A  considerable 
body  of  statistical  material  on  these  and  similar  points 
is  available,  but  unfortunately  it  is  much  scattered  and 
has  never  been  collated. 

The  growth  of  the  organs  calls  for  much  further  inves- 
tigation. At  present  we  can  compare  only  the  adult 
with  the  new-born  child,  but  even  of  these  ihe  data  are 
few.  From  Vierordt's  compilation  the  following  table 
is  taken ; 


New-born  Child. 

ADULT. 

Wdgbt 

In. 
grams. 

lu  per  cent. 

of  Hie 
body  weight. 

Weight 

in 
grams. 

In  |<er  cent. 

of  tlie 
body  weight. 

445 

\     625 

337 

9.4 
6.5 

10.7 

"iV.^ 

.31 
.51 
.24 

2.16 
.89 

4.39 
.88 

2..'i3 

ll,o«0 

29,SS0 

4,011 

■■■8.6 

.■J.O 
29.1 

15.35 

I     43.09 

Skin            

Brain 

Suimirenals 

2.37 
.014 

.0086 

ThVniid 

.03 

2.01 

.52 

I.lver 

2  77 

"its 

Alimentary  canal , 

2.34 

The  weights  in  grams  and  the  percentages  arc  from 
different  authors.  There  are  certain  observations  on  the 
growth  of  organs,  notably  by  Lorey,  Frerichs,  BischolT, 
Bambeke,  amif  Tlioma.  but  the  number  of  cases  hereto- 
fore reconled  is  so  small  that  no  satisfactory  statistics  are 
pos.sible. 

It  would  be  very  interesting  to  know  how  the  chemi- 


cal composition  of  the  body  changes  with  age.  and  it  is 
to  be  hoped  that  we  shall  soon  have  complete  analyses  of 
bodies  at  various  ages. 

(!  Siu  of  Aihilln. — No  available  statistics  in  regard  to 
women  are  known  to  me,  those  referring  to  men,  and 
taken  from  armies,  arc  very  extensive;  the  best  worked 
out  are  the  data  in  regard  to  the  American  army,  as  dis- 
cussed by  Gould  and  Baxter,  The  former  had  Ihe  mate- 
rial collected  by  the  Sanitary  Commission  during  the  Re- 
bellion; the  records  were  hastily  and  inaccurately  made 
by  the  single  States,  but  the  number  of  observations  was 
so  large  that  the  errors  may  have  corrected  thiniselves  to 
ti  considerable  extent.  Baxter,  whose  material  was  much 
niore  extensive  and  reliable,  has  not  thought  it  worth 
while  to  tabulate  the  weights  in  proportion  to  age,  but 
gives  good  tables  of  the  stature. 

GonLD's  Table  of  thk  Mkas  Weights  of  White  Soldiers. 


Age. 

No.  of  obser- 

■Weight, 

Age. 

No.  of  obser- 

Weight, 

vations. 

lbs. 

vations. 

lbs. 

16 

216 

121.03 

38 

....  184 

149,29 

17 

456 

128.02 

37 

....  107 

148.81 

18 

1,100 

133.9.3 

38 

1.53 

147.22 

19 

1.1.50 

:37.05 

39 

....  123 

146.38 

20 

I,a57 

141.38 

40 

98 

I.tO.01 

21 

1,446 

143.06 

41 

61 

146.:m 

>» 

j,a5i 

H3.WI 
144.31 

42 

4:! 

KB 

73 

146.97 

23 

1.108 

145,63 

24 

1.059 

146.;jl 

44 

83 

1.52.79 

25 

745 

146.84 
147.05 

45 

46 

67 

37 

147.06 

26 

.599 

146.97 

•>^ 

551 

146.93 
147.21 

47 

48 

19 

3o 

14.5.(K 

28  .... 

512 

146.82 

29 

386 

145.51 

49 

10 

14.-I.19 

30 

395 

147.62 

.50 

21 

llJ^.lKi 

31 

at2 

147.65 

51 

12 

144,25 

32 

298 

146.00 

.52 

10 

i:fii.49 

33 

225 

148.53 

5.3 

U 

151.15 

34 

225 

148.29 

54 

8 

l.V.I,li0 

35 

339 

145.57 

Over  54 . 

20 

14:i.49 

From  this  table  the  increase  in  weight  is  seen  to  con- 
tinue up  to  about  the  thirty -tifth  year,  but  the  figures  of 
the  weights  are  irregular  after  the  number  of  observa- 
tions falls  below  000.  That  the  period  of  growth  reaches 
to  this  age  is  more  clearly  shown  by  Baxter's  table  of  the 
height  at  different  ages. 

Table  of  ages  and  Correspondi.sg  Heights  (withoct  shoes) 
of  15)0,621  american-born  white  men  focnd  fit  for  military 
service. 


Age, 


tnder  17  years 

17  years 

18  years 

19  years 

21 1  years 

21  years 

'£!  years 

23  years 

24  years 

25  years 

26  years 

27  years 

28  yeai-s 

29  years 

30  years 

31  ye«i^ 

32  years 

:$t  years 

34  years 

35  years 

,36  years 

37  years 

38  years 

39  yeare 

40  to  45  years, . 


Number  of 
obsen'ations. 


468 

937 

30.456 

14,994 

11,326 

14,146 

10.479 

8.907 

7.335 

7,940 

6,986 

6.:i51 

6,033 

4,447 

6.25B 

,5,,t62 

4,6,35 

;t,939 

2,782 

4.966 

4.138 

4,172 

4,014 

3.402 

15,750 


Height. 


Inches. 


lu.n 

65.67 
66.39 
67.07 
67.51 

67.78 
67.92 
68.01 
68.02 
08.05 
68.09 
68.11 
68.13 
IVt.17 
68.18 
IVS.20 
IV*.20 
68.29 
68.:« 
68.47 
68.28 
68.26 
68.34 
IVS.23 
68.23 


Metre. 


1.6284 
1.6675 
1.6863 
1.7036 
1.7148 
1.7216 
1.7252 
1.7275 

l!7385 
1.7295 
1.7300 
1.7305 
1.7313 
1.7318 
1.7323 
1.7323 
1.7:M6 
1.7361 
1.7!91 
1.73« 
I.TICW 
1.7;3:B 
1.7330 
1.7330 


These  tables  show  that  it  is  necessary  to  be  extremely 
cautious  in  fixing  upon  any  year  to  mark  the  adult  age, 
for  the  cessation  of  growth  is  .so  gradual  that  its  ending 
cannot  be  determined.  In  practice,  it  is  convenient  ancl 
sufficiently  accurate  to  call  twenty-five  the  adult  year; 
for  women  it  ought  probably  to  be  somewhat  less. 
That   the   tables  are  far   from"  what  we  could  wish  is 
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I.ri>t%  III. 
Ur<>««  111. 


trur,  cliiclly  owinR  to  the  inlicn-tit  ilffccl.H  of  tlir  oriffiiiiil 
(iliwrviitiiiiiH:  we  must  iilsn  regret  tliiit  Hii.vlcr  diil  mi 
iiiiK'li  Irss  lliiiri  Ills  iiiittcriiil  uiiiilil  liiivi'  iiiTinillcil. 
liiil.  on  till'  iitliiT  Imiid.  Iinili  lliixti-r  iiml  (imilil  iirr  far 
in  iiilvimir  iif  tlirir  luiHlrnsiiirs.  Aiitlini|Hinii'lry  Iiiih 
Imtii  iniirli  wriltin  iipnii.  liixtrr  jrivrs  iiii  iMilli-nt  ri' 
vii'W  iif  till'  Hulijrrt.  witli  Kkrtrlii's  iif  thr  niiiiiy  niysliciil 
liiwH  iiiiiiiiiiiici'il  liv  oilier  iiiitliiirs  ii|ii>ii  liiiintin  |iro|ior 
tioiis.  hut  wi'  still  lark  a  gooil  jieni-nii  trralisc  upon  vital 
statistics. 

IV.  TiiK  r>.\ws  i)K  M.vMM.vt.i.vN  OlloWTii. — Orowtli  is 
a  siiliji'i't  as  vet  hut  little  iiive.slipileil.  anil  this  seetioii 
is  Imisi'iI  on  Minol's  experiments,  made  eliiellv  mi  guinea- 


lillllU'TII   III'  MALK  Ul'INEA-PlliS. 


AKI'. 


0  (lay. 
1  to  :t  (luvs 
4  to  n  iliiyii 
T  to     ('  ilavs 

10  lo    liilny.H 
l:t  (o   1.')  (tiivH 

111  In     IS  (liivs 

1(1  to     il    lIllVS 

Slo    1i4  illivs 

iMo  :;;  iiuvs 
Sd  to  ;iii  iIhv^ 

81  to  :CI  ilii'vs 
34  lo  :tl  illiVH 
X  to  :t!l  ilavs 
411  to  Till  iliir.s 
•V>  to  (k'l  iliivs 
TIMo  sil  iliiv.s 
S'l  to  U'l  illivs 
1(11  lo  nil  iliiys 
jla  lo  VSt  illivs. 
lltllo  1411  rliiys 
14.'ilo  l.V>  Illivs 
Hill  lo  ITll  illivs 

IT.'i  to  I.S.-1  (IlIVS 

imiio  :;iiii  (Itivs 

afi  lo  L'l.'i  (lays 

s inonths 

11  IIIOIIIIlS 

10  iiioiiihs 

It  months 

11.'  iiiontlis 

13  uionltis 


*  A  O  9 
1=3  = 


r.» 

1»3 
142 
14S 
ISO 
l.iS 
l.M 
1« 
14.1 
141 
140 

i:iii 
U1I 
1411 
155 
l.V) 
15a 
102 
75 
67 
73 
75 
76 
70 
61 
Sli 
53 
56 
68 


M 


70.8 
70.8 
82.6 
96.2 
109.7 
VX2 
141.7 
1.5S.4 

i7;i.2 

187.8 

210.8 

215.6 

22U.(I 

240.2 

•-V.MI 

327.1 

;>8:).lt 

4.'U.4 

481.6 

52S.8 

629.8 

562.9 

590.5 

604.7 

627.0' 

663.3 

672.0 

737.7 

761.6 

770.3 

7W1.B 

754.B 


F  i-  Sag 


1.0 
ll.s 
13.6 
13.5 
16.5 
l.'j.5 
16.7 
14.8 
14.6 
16.0 
11.8 
11.3 
13.3 
32.7 
54.2 
.W.S 
.iO.5 
47.2 
41.2 

7.0 
33.1 
27.6 
14.2 
22.3 
36.3 

8.7 
6.5.7 
23.0 

8.7 

•23.6 

-39.0 


0.0 
3.9 
4.5 
4.S 
5.5 
5.2 
5.6 
4.9 
4.9 
.5.3 
3.W 
3.8 
4.4 
3.0 
3.6 
3.8 
3.4 
3.1 
2.7 
.5 
go 

lis 

.9 
1.5 
2.4 

.3 

"!8 

.3 

.8 

•  1.3 


0.0 
5.6 
6.5 
4.7 
6.0 
4.1 
3.0 
3.1 
2.8 
2.8 
1.9 
1.7 
1.9 
1.2 
1.3 
1.2 
.9 


.1 
.4 
.3 


.4 

.05 

.3 

.1 

.04 

.1 


piiTS.  hut  incUiilin.ir  also  rabbits  and  chickens.  The  pre- 
ceilinir  table  summarizes  the  most  important  .ccneral  re- 
sults of  these  experiments;  the  table  refers  only  to  male 
cuinea-pi.irs.  it  not  being  necessary  to  include  the  females 
or  other  animals. 

The  last  column  but  one  shows  that  the  daily  increase 
ilurinir  the  lirsl  three  days  is  zero.  This  is  due  to  the 
postnatal  retardation,  which  is  very  marked  in  guinea- 
pigs,  as  it  is  also  in  man.     The  exact  data  are: 


Weight. 

Grams. 

At  birth 70.8 

one  liny 68.9 

Two  davs 70.0 

nin-e  ila.vs 73.4 

Four  days 77.3 


Increase. 

-V.O 
1.1 
3.4 
3.9 


The  daily  gain  slowly  increases  till  about  the  four 
teenth  day.  and  then  slowly  but  steadily  falls  off.  The 
observations  are  so  few  in  number  that  there  are  many 
irre.nularities.  which  need  not  be  heeded  in  this  article 
Usually  the  absolute  increment  is  taken  as  the  measure 
of  the  rnl(  of  growth,  which  is  not  justifiable.  To  show 
the  nitc  of  growth — as  well  as  the  observations  permit — 
is  intended  by  the  last  coUmin,  which  gives  the  daily  in- 
crease for  each  period,  calculated  at  a  prreentnr/e  of  the 
irtii//it  lit  the  heniiuiinr/  i/f  that  period.  We  thus  secure 
values  for  legitimate  comparisons,  because  the  absolute 
increment  iluriii!;  any  iiiriod  is  the  product  of  the  amount 
of  growin.g  material  multiplied  by  the  rate  of  growth; 
hence,  if  the  rate  is  to  be  found,  the  growing  amount 


and  the  absolute  Incremeni  being  known,  the  amoiinl 
must  be  divided  by  the  inereiiienl ;  thin  wax  dune,  and 
the  fractions  WI  obtained  coiiverteil,  for  readier  compuri- 
son,  into  percentages.  A«  reganlM  the  guinea  pig.  it 
shows  at  once  that  iiH  soon  us  the  animal  Iihh  reioverfil 
from  the  postnatal  retardiilioii  its  rale  of  power  of 
growth   deeliiiis  steadily.     The  ob'^rvatioiis  of  Fehling 

upon  tl mliryos  of  man  and  rabbits  nlmw  that   this  re 

tjirdation  in  the  relative  rate  of  growth  begiuH  long  be- 
fore birth,  and  observations  on  phiiits  make  It  proliable 
that  it  has  its  lieginning  with  the  cointneiiceinent  of  his. 
tological  dilTereiiliation.  This  fait  leads,  of  e^iiirse,  lo 
the  assumption  that  the  vital  powers  undergo  a  sleadv 
decline,  and  llial  instead  of  there  being  a  period  of  ilivel- 
opmeiit.  followed  at  maturity  by  a  period  of  dirline, 
there  is  a  eoiitinuoiis  decline,  of  which  the  tliial  term  is 
the  natimil  death  of  the  organism.  We  must,  in  fact, 
fundamentally  change  our  conceptions  of  the  phases  of 
life.  A  man  builds  a  wall,  which  keeps  growing,  but 
as  the  man  becomes  tired  it  increases  more  slowly,  and 
.stops  when  he  is  worn  out.  So  the  vital  forces  build  the 
body,  which  develops,  but  all  tlie  while  the  forces  are 
losing  their  power.  The  comparison  is  somewhat  faulty, 
but  may  help  to  a  clearer  conception  of  decline  during 
development. 

The  constant  loss  in  the  nite,  which  apjiears  to  be  the 
fundamental  law  of  growth,  at  least  in  mammals  and 
probably  in  all  metsizoa,  may  be  shown  in  another  man- 
ner very  .strikingly.  If  we  calculate  at  what  a.ire  after 
birth  the  animal  will  have  added  ten  percent,  to  its  orig- 
inal weight,  and  then  the  age  at  which  it  \vill  have  again 
added  ten  per  cent,  to  its  weight  at  the  end  of  the  lirst 
period,  and  so  on,  we  obtain  the  following  table: 

Growth  of  Malk  Gcixea-Pigs. 


WelKhls  In- 
creasing at 

Age  at 

Differ- 

Weights In- 
creasing at 

Age  at 
which 

Differ- 

the rate  of 

ten  percent. 

firauis. 

they  fall. 
Days. 

ences. 
Days. 

the  rate  of 

ten  [M^r  cent. 

(iniins. 

thev  fall. 
Days. 

ences. 
Days. 

70.80 

0.0 

244.34 

,38.8 

.5.2 

77.88 

4.1 

4.1 

2B8.77 

4.3.7 

4.9 

8.5.66 

5.6 

1.5 

295.1-M 

.50.2 

6.5 

W.-22 

7.7 

2.1 

32.V20 

,59.2 

9.0 

10;j.64 

9.6 

1.9 

3i7.72 

68.6 

9.4 

114.00 

11.8 

2.2 

;)!n.49 

77.3 

8.7 

125.40 

14.0 

2.2 

432.S3 

88.6 

11.3 

137.94 

16.2 

2.2 

476.11 

100.7 

12.1 

151.73 

18.7 

2.5 

.52:!.72 

120.0 

19.3 

166.90 

21.7 

3.0 

.576.09 

160.6 

40.6 

183..Ta 

25.3 

3.0 

IVB.IM 

201.3 

40.7 

201.94 

28.7 

3.4 

(H7.U-. 

2.58.2 

.56.9 

222.13 

33.6 

4.9 

766.75 

298.3 

40.1 

To  make  the  first  addition  of  ten  per  cent,  requires 
long,  4.1  days,  owing  to  the  postnatal  retardation:  the 
second  addition  takes  only  1. .5  days;  the  succeeding  addi- 
tions occupy  inciea.sing  periods,  overlooking  slight  irreg- 
ularities, in  other  words,  the  older  the  animal  the  longer 
it  requires  to  add  ten  per  cent,  to  its  weight.  In  this 
table,  also,  we  .see  the  decline  progressing  during  the  so- 
called  period  of  development. 

The  sjime  law  of  decline  holds  true  for  rabbits  and 
chickens,  and  also  for  man.  In  man  there  is  a  very  note- 
worthy modification,  produced  by  the  very  marked  pr;e- 
pubertal  acceleration  of  giowth.  during  which  the  de 
dine  is  interrupted,  as  sJiown  by  my  calculations  from 
Bowditch's  tables;  but  compared  with  the  whole  course 
of  decline  the  interruption  is  but  slight,  and  is  countej- 
balanccd  by  an  over-rapid  iiostpubertal  decline.  Xo 
essential  importance  is  lo  be  assigned  to  tliis  ]iheiiomc- 
non.  since  it  is  well  known  to  embryologists  that  during 
development  there  are  often  displacements  in  time  and 
in  the  growth  of  individuals.  Minot  observes  that  an 
accidental  quickening  or  slowing  of  growth  is  followed 
bv  a  reverse  period,  in  the  first  case  of  slowing,  in  the 
second  of  (|uickening.  There  appears,  therefore,  no  ob- 
jection to  the  conchision  that  in  man  also  the  period  of 
apparent  development  is  a  period  of  real  decliuc. 
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Tins  loads  us  to  tlie  rnrollary  that  the  stnppapp  of 
growth  is  not  due  to  tlir  rciicliiiif;  of  malurity.  but  is 
merely  the  liiial  term  of  a  series  of  losses.  It  has  Ix'eii 
asserted  hy  Herbert  Speiiecr,  Carpenter,  and  others,  that 
there  is  an  inherent  opposition  between  growth  and  re- 
prodiietion.  because  the  a.ssiniilative  proces.ses cannot  per- 
form enougli  to  supiily  material  for  the  growth  of  mother 
and  offspring  both.  Thes*'  authors  an<l  their  followers 
see  in  the  commencement  of  reproduction  the  beginning 
of  a  ta.\  upon  the  organism  which  stops  its  growth;  but 
as  Minot  has  pointed  out.  the  cause  is  mistaken  for  the 
effect,  and  probalily  the  loss  of  vital  force  is  the  stimu- 
lus causing  reproduction.  Certainly  the  decline,  which 
goes  on  from  birth,  cannot  lie  caused  by  a  |)lienonienon 
wliich  begins  only  wlien  the  decline  is  nearly  completed. 
Direct  oliservations  show  that  Spencers  view  is  errone- 
ous, for  growing  guinea  pigs  will  bear  one  third  of  their 
own  weight  of  young  whiU'  growing,  and  still  reach  as 
full  an  adult  si/.e  as  those  producing  no  yotmg  (Hensen). 
Jly  own  experiments  suggest  that  they  become  even 
larger.  We  thus  learn  that  the  fundamental  conception 
on  which  Spencer's  theory  rests  is  imaginary — that  con- 
ception being,  that  the  as.similative  power  is  approxi- 
mately equal  only  to  the  needs  of  the  growing  animal. 
In  reality  there  is  a  large  excess  of  assimilation  possible 
within  normal  limits. 

The  next  point  to  be  noticed  is  that  animals  tend,  as 
they  grow,  to  approximate  to  the  special  size  of  the  spe- 
cies. This  shows  itself  by  the  fact  that  the  range  of  va- 
riation is  less  for  adults  than  for  the  young.  The  follow- 
ing tabic  shows  this :  The.lirst  column  gives  the  age;  the 
second  column  gives  the  average  variation  above  the 
mean  weight  for  that  age,  the  variation  being  expres.sed 
as  a  percentage;  the  third  cohimn  gives  the  variation 
below  the  mean — averages  being  based  on  4,200  observa- 
tions in  all 

Male  Guinea-Pigs. 

j^^gg  Variation  above.      Variation  t>eIow. 

Per  cent.  Per  cent. 

OtoOday 19..51  19.49 

1  to  15  (lavs 18.ft5  18.99 

18  to  30  days: 1T.13  16.87 

SltoPndavs 13.«8  16.31 

70  to  140  days 12.12  13.31 

14.5  to  313  davs 7.52  7.48 

8  to  13  months  10.66  9.73 

i:!  to  17  monlhs 10.38  11.41 

18  to  24  months 12.10  10.83 

The  v!\riation  of  adults  is  barely  over  half  that  at  birth 
in  range.  Hcmarkable  is  the  low  variation  from  14.t  to 
215  days,  and  from  8  to  12  months.  The  higher  values 
for  older  periods  is  jierhaps  due  to  variations  in  obesity, 
which  we  know  from  common  observation  increases  in 
the  human  species  with  age.  The  growth  of  an  individ- 
ual also  indicates  the  existence  of  this  tendency  to  attain 
the  typical  adult  size;  if  the  growth  of  the  animal  is  re- 
tarded by  illncs,s.  after  recovery  the  growth  is  accelerated 
to  make  up.  This  has  practical  importance,  for,  unless 
the  illness  of  a  child  is  very  prolonged,  no  permanent 
effect  upon  its  size  is  to  be  anticipated. 

The  size  of  an  animal  or  the  limit  of  its  growth  de- 
pends upon,  first,  the  rate,  and  second,  the  duration  of 
its  growth.  This  is  well  shown  by  comparing  man  with 
the  rabbit  and  the  guinea-pig.  as  to  the  average  daily 
growth.  A  man  acquires  a  weight  of  abotit  fili.OOO 
gm.  in  twenty-live  years;  a  rabbit,  of  the  larger  biicds. 
about  -i.'M)  gm.  in  one  year,  and  a  guinea  pig  about  7.50 
in  the  sjinie  period.  For  man  add  2sn  days,  for  rabbits 
80  days,  for  guinea-jiigs  08  days,  on  accouiit  of  the  iieriod 
of  gestation. 

Man 03,000  Km.  -•- 9,13!) -f  280  =  6.69  gm.  per  diem. 

Rabliit ZSmem.-i-    .1i«+   ai  =  (1.30 

Guinea-pie ".iOpm.  ■<-     3llj  +   68  =  1.73    "     "      " 

Man  grows  about  iis  fast  as  a  rabbit,  but  becomes 
much  bigger,  because  he  grows  longer;  but  the  rjibhit 
is  bigger  than  the  g\iinea  pig.  because  he  grows  much 
faster.     This  is  matter  of  common  obsi'rvation  ;  all  that 


we  gain  from  otir  calculation  is  a  (juantitative  expression 
more  suited  for  ready  comparison. 

of  course,  the  whole  sha])ing  ()f  the  organism  depends 
upon  variations  in  the  growth'rates  of  the  single  parts, 
but  what  causes  such  variations  is  unknown.  Manj' 
writers  have  sought  to  account  for  the  variations  by 
purely  mechanical  factors,  iirincipally  strain  anil  press- 
ure; but  although  such  assumjitions  have  been  very 
frecjuently  i>ut  forward  by  His.  van  Heneden.  Kiilliker, 
and  a  host  moi-e,  they  must  all  lie  condemned  as  more  or 
less  ill-considered  speculations,  A  growing  trout  as- 
sumes a  certain  form ;  why  V  because  it  is  its  inherited  ten- 
dency; of  the  physiological  nature  of  that  tendency  we 
know  hardly  anything,  except  that  it  is  7iot  mechanical, 
but  only  an  unexplained  growth  force. 

LiTKKATriiE. — The  only  general  works  are  the  very 
important  treatise  of  Vierordt  in  Ocrhardt's  "Handbuch 
der  Kinderkrankheiten,"  Bd.  1.  Abth.  1,  pp,  •.>  1  !»-'J'JO ; 
Davenport's  treatise  in  the  second  volume  of  his  "Ex- 
perimental Morphology"  (1899);  and  the  usefid  sum- 
maries given  by  Preyer  in  his  "Physiologic  des  Em- 
bryos," by  Hensen  in  the  sixth  volume  of  Hermann's 
"  Physiology,"  and  DafTner,  in  "  Das  AVachstuni  des  Jlen- 
schen "  (189T).  The  number  of  special  papers  is  very 
large;  a  few  references  are  given  below;  for  additional 
ones  consult  Vierordt,  Chnrles  •Sedf/iriek  Mmol. 

Revised  bj'  R.  P.  Bigelaw. 

I.  Grow-th  of  Fcetus. — See  Preyer's  Specielle  IMivsiolnjrio  des  Em- 
bryo for  a  synopsis  of  the  observations  and  references  to  the  litera- 
ture.—PagUanl :  Lo  Sviluppo  uuiauo.  per  eta.  si-s.so,  etc.,  8vo, 
Mllano,  1879.— Fehline :  Beitrage  zur  Physioloprle  des  IMacenten- 
.stollverkehrs.    Arch.  f.  Gvnak..  xi.,  1877,  pp.  .j2:i-.T37. 

II.  WKIGHT  AT  Birth.— Riimpe:  Arch.  f.  Gyn.,  xx.,  117.— Ahlfeld: 
ihid..  xii.,  489.-  Lorey :  Jabrb.  Kinderheilk..  N'.  F..  xii..  21KI.— Inper- 
slev  :  Nord.  Med.  Ark.,  vii..  187.5— Frankenhiiuser:  Monaischr.  Ge- 
burtsk.,  xiii..  170.— Elsasser:  Henke's  Zeii.srli.,  xxxvii..  3.— Wag- 
ner: Centralbl.  f.  Gynak.,  1SS5.  3.i9.— N'efrri :  ihiil..  1886,  p.  ,¥. 

III.  GROWTH  OF  INFANTS.— Hesse:  Arch.  f.  Gynak..  xly.,  491.  and 
xvii.,  I.tO.- Petersen  :  Schmidt's  Jahrt>..  Bd.  liW.  p.  .31.— Hofniann: 
Neue  Zeilschr.  Geburtsk..  xxvi.,  143.— Siebold :  Monatschr.  (ie- 
biirtsk.,  XV..  337.— Pfeiller :  Jahrbucher  f.  Kinderheilk..  xix.,  142.— 
Biedert:  i7i(<i.,  xix..  273.— WoronofI:  ihid..  xxii..  234:  atistract  in 
Schmidt's  Jabrb.,  Bd.  203.  p.  47.— Wollt:  Centralbl.  f.  GynSk.,  188.3, 
p.  16.— Rezmarozky :  Arch.  f.  Gyn.,  v.  For  further  literature  see 
Vierordt,  inc.  fit. 

IV.  Growth  of  rniLnREN.— Bowditch:  The  Growth  of  Children, 
Boston,  18.  i  :  also.  The  Growth  of  Children  (a  supplementary  in- 
vestigation), Boston,  1879:  both  republished  from  Reports  of  the 
Ma.ssjicliiisetts  State  Board  of  Health.— Pe<'kham  :  The  Growth  of 
ChildDii.  from  Sixth  Annual  Rtimrt  Slate  Board  of  Health  of  Wis- 
consin. l';if.'liani :  Lo  SvilnpiK>  umano  per  eta,  sesso.  et<'.,  Milano, 
187'.' ;  anil  Sopra  alcuni  fattori  dello^Sviluppfi  umano.  Torino.  1876.— 
Mailing  Hansen:  tiewichl  der  Kinder.  Copenhapen,  188;J:  and 
TiiKliche  Wasruniren.  etc.,  Copenhacen,  1884.— Theile :  Nova  acta, 
xlvi.,  ;S,  18.H4. -Menard:  Gazette  Med.,  Pari.s.  January  9th,  1886.- 
I{ot)erts.  C. :  Relative  Increase  in  Size  of  tlie  Body.  Report  of  Brit. 
Assn.  Adv.  Scl..  18.S1.-  Porter,  W.  T. :  Growth  of  St.  U.uis  Sclux)! 
Children.  Trans.  Acad.  Sci.  St.  Louis.  189;i-94 :  and  Pub.  Amer. 
Statis.  Assn.,  1S94-93.— Daflner,  F. :  Das  Wachslum  des  Menschen, 
Leipzig,  1897. 

V.  Anthropometry.— See  the  General  Treatise  of  Roberts:  Gould's 
Statistics,  published  bv  the  I'.  S.  Sanitary  Commission;  and  liax- 
ter:  Statistics  of  the  I'lovost-Genenil's  Dfflce,  3  vols.,  4to,  Washing- 
ton, 1876.  Baxter  gives  an  extensive  bibliography.— Davenport.  C. 
B. :  Statistical  Methoiis.  New  3'ork,  l.s!19. 

VI.  GROWTH  OK  AxiMAi-s.-  Minot :  Pnic.  Society  of  Arts.  Boston,  p. 
SO,  18^.- Hensen  und  Edelfsen:  Arl»'iten  Physiol.  Inst.  Kiel,  pi.  i. 
Kehrcii :  Anh.  f.  Gyn..  i.,  224. 

GUACAMPHOL,  the  camphoric  ,tcid  ester  of  guaiacol, 
occurs  in  white,  nci  ille-likc  ciystals  or  powdei',  and  is 
tasteless  and  odorUss,  and  insoluble  in  the  ordinary  sol- 
vents. It  is  .sjiid  to  pass  unclninged  thiiiugh  the  stom- 
ach, and  to  split  up  in  the  intestines  into  guaiacol  and 
camphoric  acid;  so  it  has  been  employed  as  an  inlestinal 
antiseptic,  particulaily  in  tuberculous  dijiirhoas.  It  is 
especially  recommended,  however,  by  Kaminer  iind  Las- 
ker,  for  combsiting  the  night  sweats  of  pulmonary  tu- 
berculosis. The  dose  is  0.,")-l  gm.  (gr.  viij.-xv.)  in  cap- 
sule at  bedtime.  It'.  A.  Baxteclo. 

GUACO.— The  drug  at  present  known  by  this  name 
is  only,  one  of  a  number  of  products  known  by  it  in 
lro|)ical  America.  It  is  the  leaves  of  W'ilhuinlitKfii  Neck,  or 
Miliniiii  Willd..  probably  of  moic  than  one  species(fam. 
Coiiijioxilii).  It  is  a  n:ilive  of  , South  America,  and  grows 
also,  either  wild  or  iuliiuluced.  in  tlu'  West  Indies. 
Guaco  has  a  great  reliulalion   among  llii'   inhabit;inls  of 
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many  South  ami  Central  American  coiintrien  an  an  anti- 
dote to  SMiike  hites.  mill  in  ii  sort  of  curolliiry  it  liii.H  Im'ch 
Hii|i|)iis('il  to  he  iiwfiil  ill  liyilro|ili(iliiii.  ciiiiier.  clioUni, 
e|iilt|isy.  syphilis,  ric.  Kiiiire  s<|mnileil  an  iiniiir|iliiiiis 
liiliii- |iriiiri|ile  ( wlilili  is  imiliiilily  imt  chiiiilcjilly  piirri 
whiiii  111-  has  nilleil  i/mifin.  An  iMlurous  priiiripli-  lliat 
uppiarN  to  lie  priseiil  in  the  fn-sh.  inimt  lie  mostly  ilis 
lipateil  ill  the  ilriiil.  leaves  There  is  iiolhiii);  in  lis 
<-heiiii<-al  or  eviileiit  physical  properties  that  slimilil  leiiil 
one  to  repinl  K»»eo  us  other  than  u  mild  aromalie  hitter. 
of  the  Kiipatoriiim  onler. 

In  its  unlive  rej;ioiis  it  is  prefenihly  given  in  the  fresh 
slate.  Here  the  drieil  leaves  iiiiiy  he  prepared  in  any  of 
the  usual  ways,  and  rather  fri'elv  admiiiislereil. 

If.  /'.  ilolUt. 

GUAIAC.  iiieludiijK  Oiaiac  Wood,  Ocaiaci  Lionum, 

or  J.iyiiiiiii  Vitir.  "  The  heart  wimmI  of  Guiiinrnm  nfflrinnU 
L.  and  of 'r.  *;»<-/hhi  I,  (fain  /.i/;/"ii/i)/lltirttr)"  {{.'.  S.  P.). 
and  (JiAiM.  (Ji  .\m    l{i;-iN.  (Ji  aiaci  Kksisa.  or  "  O'l/m 

(hiiiiiic"  "The  re.sin 
of  the  wood  of  (Inaid- 
rum  (ijfiriiiitle  L. "  (U. 
S.  P.).  Those  are 
small  evergreen  trees 
of  northern  South 
.\ineriea  and  the  West 
Indies,  having  the 
liuhit  of  a  small  apple- 
iri-e,  and  forming  a 
li  r  i  I  ]  ia  II  t  mass  of 
liriirht  lilue,  when  in 
full  hloom. 

Guaiaoum  wootl  was 
rarried  to  Europe  soon 
;ifler  the  discovery  of 
the  West  Indies  (early 
in  the  si.xtecnth  cen- 
liiiy),  and  made  a 
rapid  n-putation  for 
it.self  as  a  remedy  for 
syphilis  and  gout,  a  reputation  that  it  unfortunately 
very  soon  lost  again  in  gR-at  ineasure.  Two  products  of 
the  tree  are  imported — the  wood,  which  if  of  fair  size 
and  soundnes.s.  goes  to  the  turners  to  be  made  into  pulley- 
sheaves,  mullets,  mortars,  tool  handles,  etc.,  and  the  crude 
resin,  rudely  obtained  from  the  living  tree  or  fresh  wood. 
The  wood  comes  in  logs  several  feet  in  length,  and 
from  two  to.si.x  or  ciLrlii  or  more  inches  in  diameter,  often 
irix'giihirly  crooked  ami  hnincliing:  they  consist,  except- 
inglhe  smallest,  of  a  bright  yellow,  hard  alhiirntim.  and  a 
very  dark  greenish-brown,  exceedingly  hard  and  heavy 
heart,  consisting  of  very  nnicli  thickened  wood  cells,  and 
an  abundance  of  a  peculiar  composite  resin.  This  wood  is 
almost  as  hard  and  heavy  as  ivory,  and  turns  the  edges 
of  tools  not  especially  sharpened  for  it.  That  which 
reaches  the  drug  market  consists  principally  of  the  turn 
ings  and  refuse  of  what  is  manufactured  for  the  purposes 
above  named.  It  should  consist  only  of  the  brown  or 
green  heart-wood,  which  is  heavier  than  water,  to  which 
it  does  not  impart  its  color.  Upon  the  addition  of  nitric 
acid,  if  it  has  not  been  deprived  of  its  re.sin,  it  should  give 
a  dark,  bottle  green  color.  The  resin,  of  which  there 
should  be  abinii  '2."i  jier  cent.,  is  the  only  active  constitu- 
ent, so  that  its  properties  are  also  those  of  the  wockI. 

The  resin,  which  is  obtained  partly  by  incising  the 
trees,  and  partly  as  a  spontaneous  exudation,  also  some- 
times forced  out  from  the  wood  by  heat,  is  a  crude  and 
impure  substance.  The  officinal  description  is  as  follows  . 
In  irregular  ma.sses.  or  suhglobular  pieces,  externally 
greenish  brown,  internally  of  a  gla.s.sy  lustre,  and.  in 
recent  giiaiac.  usually  reddish-brown,  transparent  in 
thin  splinters,  fusible,  feebly  aromatic,  the  odor  beconi 
ing  stronger  on  heating;  taste  somewhat  acrid;  powder 
grayish,  turning  green  on  exposure  to  air. 

Soluble  in  ])otassiuni  or  sodium  hydrate  T.  S  and  in 
alcohol ;  the  alcoholic  solution  is  colored  blue  on  the  addi- 
tion of  tincture  of  ferric  chloride. 


Fn;.  :ilM.— s«H'tl'tn  uf  litiiLlin'iiin  Wixxl, 
Ululllun.i 


It  Is  very  brittle  when  cold,  plant ic  with  slight  heat. 

CoMI'oHiTloN. — It  eontaliiH  alioiit  seventy  percent,  of 
ijiiiiiiiruuir  unit,  a  yellow  or  brown,  brittle,  amorphous 
resin;  ten  nf  yniiiiirrlii-  nriil,  which  is  crystalline ;  nine  or 
ten  of  i/i/iiiiirir  arid,  soinething  like  giiiiiaconie  acid,  and 
three  or  four  of  gum.  hisidis  a  little  volatile  oil,  asb, 
coloring  matter,  und  various  impiirilieH, 

,\i-riox  AM)  Uhk. — The  reputation  of  giiaiuc  dependR 
upon  clinical  evidence  entirely,  and  has  had  Hpells  of 
waving  and  waning.  It  is  stimulating,  or  in  large  doses 
irritating  to  mucous  membranes  and  markedly  increuKcs 
their  .si-eretions.  thus  aeliiigas  a  la.vative.  The  high  esti 
mate  early  placed  upon  it  in  syphilis  has  ilisappearetl 
siiiie  the  leal  elliciency  of  mercury  and  iodine  has  lieen 
estjililished.  In  gout,  although  perhaps  useful,  it  is  ecr- 
tiiinly  no  specilic;  as  an  einmenagogue  it  is  no  lietter  nor 
worse  than  many  others.  In  chronic  and  mild  subacute 
rheumatism,  and  in  rheumatic  arthritis,  the  evidence  in 
its  favor  is  strong.  It  is  perhaps  one  of  the  best  renuslies 
for  these  intmctuble  maladies.  It  is  considerably  used 
in  intlaininalory  conditions  of  the  throat  and  fauces, 
especially  when  there  is  deticient  secretion. 

AoMiNisTitATioN. — The  dase  of  guaiac  (resin)  is  from 
0.5  to  2  gm.  (gr.  viij.-xxx.).  It  may  be  given  in  pill  or 
powder,  but  the  tinctures,  of  wLich  there  are  two,^^)ue 
simple  (Tiiictiini  (ruaiaei,  U.  S.  P.,  strength  20  per 
cent.),  made  with  alcohol,  and  one  a.s-sociated  with  am- 
monia (7Yn<'<Mra  Gunitiri  Atiiinoiiiiitn.  V.  S.  P..  strength 
20  percent.),  made  with  aromatic  spiritof  ammonia, — are 
more  generally  used  in  doses  of  2  to  4  c.c.  (t1  3  ss.-i.). 
Hoth  become  turbid  upon  mixing  with  water,  and  arc 
oftenest  given  in  milk.  (Jiiaiac  wood  is  used  as  an  ad- 
juvant in  the  Compound  Svrup  of  Sarsii|iarilla. 

ir.  /'.  Btdlet. 

GUAIACETIN,  pyrocatechin-mono-acelic  acid  (C«H,.- 
OCII:  I'iKilIoID.is  a  white,  odorless,  crystalline  pow- 
der, readily  sohilile  in  water.  Xied  and  Meitner  have 
used  it  with  benelit  in  tuberculosis,  claiming  for  it  the 
special  advantages  that  it  promptly  lowers  temperature, 
les.sens  the  mucous  secretion,  and  diminishes  the  night 
sweats.  It  is  an  admirable  stomachic  (Meitner),  and  so 
may  be  continued  even  when  chronic  ga.strilis  exists. 
The  dose  is  0..5  gni.  (gr.  viij.)  three  times  a  day  in  solu- 
tion or  capsule.  II .  A.  Bmitedo. 

GU  AIACOL.  —  Mcthyl-pyroeatc-hin.     C,H,.OCH,.0H. 

fiuaiacol  constitutes  from  sixty  to  ninety  per  cent,  of 
wood  creosote,  from  which  it  is  sei)arated  by  fractional 
distillation,  the  boiling  point  of  guaiacol  being  206'  to 
207°  C.  Specific  gravity,  at  l.'i'C.,  1.33.  It  isacoloriess 
liiiuid,  with  a  strong  aromatic  odor,  slightly  soluble  in 
water,  1  part  to  S."),  readily  soluble  in  alcohol,  ether, 
glycerin,  and  oil.  Guaiacol  may  also  lie  prejiared  synthet- 
ically from  eatcchin.  and  by  the  dry  distillation  of 
guaiacum  resin.  From  these  sources  it  is  olitained  in  color- 
less, prismatic  crystals.  These  arc  considered  to  be  abso- 
lutely pure  guaiacol.  and  are  official  in  the  Paris  Codex. 
The  guaiacol  of  commerce  is  very  variable  in  strength  and 
often  very  impure,  the  impurities  being  .such  as  are  com- 
mon in  creosote  and  are  the  result  of  careless  distillation. 
The  adulteration  is  evident  by  the  lower  specific  gravity, 
I  he  stronger  odor,  and  by  becoming  darker  upon  exposure. 
The  pure  guaiacol.  with  concentrated  sulphuric  acid, 
gives  a  faint  yellow  coloration  which  is  changed  to  a 
cherry  red  by  the  addition  of  acetone;  the  impure  article 
gives  a  more  or  less  red  color  with  the  acid  alone. 

Guaiacol  is  absorbed  from  the  stomach  or  intestines, 
from  the  unbroken  skin,  and  by  inhalation.  It  is  rapidly 
excreted  and  may  be  detected  in  the  urine,  saliva,  or  per- 
spiration within 'fifteen  minutes.  In  twenty-four  hours 
it  is  entirely  excreted.  Guaiacol  may  be  detected  by 
distilling  tlie  solution  with  dilute  sulphuric  acid,  and 
adding  to  the  distillate  a  small  quantity  of  a  dilute  solu- 
tion of  liquor  ferri  sesquichlorati  (two  or  three  drops  to 
a  test  tube  of  water).  If  guaiacol  is  present  a  reddish- 
brown  color  is  developed,  the  intensity  of  which  depends 
upon  the  amount  of  guaiacol. 
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The  action  of  guaiiicol  is  tlio  sjinic  ns  tlmt  of  crt'osoto. 
the  advantages  elaiined  for  it  lieiiif;  its  greater  purity  and 
more  detinile  composition.  Locally,  it  is  antisi'ptic  and 
analgesic,  and  when  administered  by  the  mouth  it  exer 
eises  the  Sjune  etrect  upon  the  stomach  and  inleslinal 
tract.  Its  action  after  ab.sorption  is  as  yet  not  well  un 
derstood.  Many  consider  that  its  hcnelicial  elTect.s  are 
produced  simply  by  its  tonic  and  stoniacl)ic  action: 
otliers.  including  Schueller  who  lirouglit  it  to  the  notice 
of  the  profession,  ascribe  its  virtues  to  a  direct  antiseptic 
action  which  destroys  all  bacterial  growth  that  comes 
under  its  inlluence.  Another  and  more  recent  view  is 
that  it  combines  with  the  toxins  of  the  pathogenic  bacilli, 
fonning  soluble  compounds  which  arc  rapidly  eliminated 
by  the  excretions. 

The  superiority  of  guaiacol  over  creosote,  in  the  treat- 
ment of  tuberculous  conditions,  was  lirsl  advocated  1)V 
Prof.  Max  Schueller,  of  Berlin,  in  1880.'  In  his  work, 
the  author  relates  the  experience  wliich  he  derived  from 
administering  various  drugs  to  animals alleclcd  with  tu- 
berculosis. Creosote,  guaiacol,  beuzoate  of  soda,  and 
many  similar  drugs  had  been  experimented  with  and  he 
had  selected  guaiacol  us  the  most  eH'cetive.  In  1891  '■  he 
published  a  second  treatise  in  which  he  reviewed  the  woik 
which  he  had  carried  on  during  the  intervening  years,  and 
explained  in  detail  his  method  of  eniidoying  it.  In  all 
forms  of  tuberculosis  he  administers  it  continuously  iu 
small  doses,  as  in  his  experience  large  doses  were  not  of 
any  special  value.  He  particularly  insists  upon  its  con- 
tinued use,  which  should  be  followed  for  some  months 
after  the  barilli  have  disappeared.  He  advocates,  for 
children,  a  dose  of  two  or  tliree  drops,  and  for  adults  one 
of  from  tliree  to  five  drops,  four  times  daily.  He  gives 
it  in  iilain  water,  to  which  a  little  table  salt  has  been 
added,  and  sometimes  iu  milk,  wine,  or  spirits.  In  sur- 
gical tuberculosis,  iu  addition  to  its  internal  use,  he  also 
injects  it  directly  into  the  diseased  part,  or,  if  the  surface 
of  the  skin  has  already  been  destroyed,  he  curettes  the 
tissues  and  applies  the  guaiacol  directly  to  the  denuded 
surface. 

Although  guaiacol  has  not  replaced  creosote  in  the 
treatment  of  tuberculosis,  it  is  very  e.vtensively  employed 
and  is  one  of  the  drugs  looked  upou  with  favor  in  this 
disea.sc.  Experience  has  shown  that  it  does  not  possess 
all  the  virtues  which  were  originally  attributed  to  it,  but 
reports  indicate  that  it  is  used  with  much  success  and  by 
many  it  is  thought  to  be  of  great  value.  Its  use  is  not 
limited  to  tuberculous  conditions.  It  has  been  employed 
with  favorable  results  in  all  septic  diseases,  in  puer 
peral  and  typhoid  fevers,  erysipelas,  pleurisy,  bronchial 
catarrh,  whooping-cough,  and  many  local  inflammatorj- 
conditions. 

The  method  of  administering  guaiacol  varies.  !Many 
prefer  to  give  it  in  continuous  small  doses,  from  three  to 
five  minims  three  times  a  day,  as  advised  by  iSchueller, 
while  otliers  adopt  the  ideas  of  Somnierliroiit  in  the  use 
of  creosote,  and  give  it  in  rapidly  increasing  doses  for  the 
purpose  of  sjiturating  the  system  and  acting  directly 
upon  the  pathological  processes.  'With  this  in  view  the 
iiuantity  may  be  increased  by  one  drop  at  each  dose  until 
fifteen  drops,  three  times  a  day,  are  given,  and  this  dose 
is  to  be  maintained  for  an  iudetinite  period.  It  has  been 
demonstrated  that  as  much  as  .sixty  minims  three  times 
a  day  may  be  given  without  ill  elTect.^  When  the  rem- 
edy is  given  in  large  doses  or  when  its  usi^  is  continued 
for  a  iirolonged  period,  the  action  of  the  kidneys  should 
be  watched,  as  any  interference  with  this  function  would 
cause  an  unexpected  retention  of  the  drug  in  the  system. 

It  should  always  be  administered  well  diluted,  in  milk, 
wine,  spirits,  or  water.  The  addition  of  a  vegetable  bit 
ter,  as  tincture  of  oninge,  gentian,  or  cardamoms,  serves 
to  disguise  its  taste  and  to  add  to  its  stomachic  properties. 
If  capsules  are  selected  tlicy  should  always  be  followed 
with  draughts  of  water  or  some  diluent. 

If  for  any  reason  the  remedy  cannot  be  given  by  the 
mouth,  enemata  may  be  adopted,  and  the  following  for- 
mula has  proved  satisfactory;  guaiacol.  gr.  vij. ;  sweet 
almond  oil,  3  iss. ;  gum  acacia,   I  i. ;  water,  §  viij. 


AVitli  a  view  of  increa.sing  its  therapeutic  action  its 
use  sulicutaneously  has  been  advocated.  At  the  Inter- 
national Congress  of  Medicine,  Paris.  1.890,  Dr.  Weill  re- 
ported an  experience  extending  over  eleven  years.  He 
dwells  upon  the  importance  of  using  the  crystals  and 
saturating  the  system.  The  formula  is  as  follows:  Crys- 
talline guaiacol.  oil  of  sweet  almonds  sterilized,  each  10 
gin.  ;  hydrochlorate  of  cocaine,  2  cgm. :  to  be  dissolved 
ill  an  e(|ual  ([uantity  of  water.  This  is  kept  in  a  dark 
bottle  and  1  c.c.  is  injected  into  the  gluteal  region  daily. 
Other  methods  of  giving  the  guaiacol  are  adopted  at  the 
same  time,  and  they  furnish  a  good  example  of  "  intensive 
guaiacolization."  Thus,  for  examiile,  every  night  the 
same  solution  is  apjilied  to  the  skin  over  the  chest,  and 
enemata  of  milk,  containing  forty  drops  of  the  solution, 
are  cmpli>yed.  The  drug  isalso  given  internally.  Weill 
advises  that  this  treatment  should  be  conliiiucd  for  sev- 
eral months,  with  intervals  of  eight  or  ten  days  every 
three  weeks. 

Iodoform,  eucalyptol,  and  other  similar  drugs  liave 
been  combined  witli  guaiacol  for  use  subcutaneously. 
Of  these  iodoform  is  the  most  favored.''  The  drugs  are 
dissolved  in  sterilized  oil  and  injections  of  iodoform,  one- 
sixth  grain,  w  ith  guaiacol,  one  grain,  are  given  daily. 

The  submucous  injections  have  been  advised  in  laryn- 
geal tuberculosis:  and  inhalations  from  rcsiiiratois,  or 
from  healed  water,  have  proved  of  much  service. 

The  local  use  of  guaiacol  has  not  been  adopted  to  any 
extent,  but  favorable  reports  of  its  employment  in  this 
manner  are  met  with.  Alive  to  ten  per  cent,  solution 
in  sterilized  olive  oil  is  used  with  rigid  antiseptic  precau- 
tions. From  ten  to  fifteen  miiiiiiis  are  injected  deeply 
into  the  diseased  tissue,  in  two  or  three  places,  and  the 
operation  is  repeated  once  or  twice  a  week.  In  addition 
to  its  action  upon  the  disease,  guaiacol  is  thouglit  to  pro- 
mote the  formation  of  fibrous  tissue  by  its  astringent  and 
congestive  properties.  It  must,  however,  be  used  with 
care,  as  it  may  produce  much  local  irritation. 

The  absorption  of  guaiacol  through  the  unbroken  skin 
is  very  rapid,  and  advantage  is  taken  of  tiiis  to  obtain 
its  physiological  effects.  Fifty  to  sixty  minims  are  ap- 
plied to  the  surface,  and  the  part  is  covered  with  oil  silk. 
Within  fifteen  minutes,  the  pulse  relaxes,  the  skin  be- 
comes cool  and  moist,  and  tlie  temperature  begins  to  fall. 
The  effect  lasts  for  four  or  live  hours.  The  application 
may  be  repeated  night  and  morning  according  to  the 
course  of  the  fever.  This  method  of  employing  the  rem- 
edy calls  for  the  exercise  of  care,  as  the  reports  of  ill  effects 
show  that  they  generally  occur  when  it  is  used  in  this 
way.  On  account  of  the  rapid  absorption  of  the  drug, 
the  fall  uf  temperature  may  be  ra|)id.  descending  below 
normal,  with  cold  extremities,  clammy  skin,  feeble  pulse, 
and  other  indications  of  threatened  collapse. 

Guaiacol  combines  with  the  metals  to  form  crystalline 
salts,  but  these  arc  not  of  thcraiieutic  value,  owing  to 
their  being  very  unstable.  With  acid  radicles  it  forms 
permancnl  .s:ilts  and  many  of  these  have  been  prepared 
as  agncalile  substitutes  for  the  crude  drug.  Most  of 
them  havi>  licen  issued  under  registered  trade  names  and 
freely  advertised. 

OuaUtcol  IkiizonU;  "  Benzosol  " :  CdLOCHaOCOCBHi. 
A  crystalline  salt  in  which  one  atom  of  liydrogeii  is  re- 
placed by  a  benzoyl  radicle.  It  occurs  in  small  colorless, 
tasteless,  and  odorless  crystals,  nearly  insoluble  in  water. 
It  contains  fifty-four  per  cent,  of  guaiacol,  and  after  ad- 
ministration it  slowly  breaks  u])  into  its  constituent  ele- 
ments, guaia<dl  and  IkiizoIc  acid. 

It  is  given  in  doses  of  from  five  to  ten  grains,  three 
times  a  day.  It  is  used  in  all  conditions  in  which  guaia- 
col is  indicated,  and  is  thought  to  be  particularly  service- 
able in  intestinal  tuberculosis  and  diarrluea. 

Guaiaciil  Oirlmuitf.  "Duotol":  (C,ILOCH,0),CO,  a 
neutral,  white,  tasteless,  odorless  powder.  Insoluble  in 
water,  containing  ninety-one  per  cent,  of  guaiacol.  In 
contact  with  the  alkaline  secretions  of  the  intestines  it 
breaks  up  into  guaiacol  and  carbonic  acid.  The  mini- 
mum dose  is  eight  grains  three  times  a  day.  Guaiacol 
carbonate  is  the  most  popular  of  the  guaiacolates,  prob- 
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iilily  from  Uh  bciii)?  uxu-iislvcly  iiilviTtlsiil  m  diiotol.  It 
Iiiih'Ik'cii  iiiiicli  used  ill  tiilnT<iil(isiK  iiiiil  in  lyplmid  fi'Vi-r, 
mill  lis  nil  iiiilis<'|>tir  ill  viirii'iis  iiitfsliiml  iliwuilrrs.  Hof- 
iTflici'  limy  liiTc  lir  iiimlf  In  rrfiiO'l  wliicli  closely  rcwiii 
lijcH  jfimiiiri'l  iiulpoimlc.  It  Ik'Iiij;  llii'  ciiilioiiiiti-  iit  crni- 
witc.  Ilirlilililitr  L'lliiiiiroliiH  well  lis  llif  oilier  niiisliliiclils. 
It  WHS  iiilnHliKiil  by  von  I.rydi-n^  iiml  lias  liicii  viry 
iniiili  cinliloycil  in  tlic  siiiiic  comlilioiis  for  wliicli  ^'uiiiii 
nil  liiis  lircii  usi'il  It  is  11  Ininspiirciil  lii|iiiil.  oilorlt'ss, 
liiit  ImviiiK  II  liitlcr  liislc.  Tlir  ilosc  ill  tlrsl  slioulil  lie 
live  niininis,  mill  tlirn  it  slioiild  lir  irnnlimlly  inrrriiscd. 
I>oscs  lis  liirjTf  us  II  l(ii.s|M>onfill  liiivr  Ixcii  frivrll  for  il 
nroliiiiL't-tl  priiod  willioiil  ill  circcts.'  Profi-ssor  von 
L'vdcn  iidvisi-d  tliiil  live  ininiiiis  lie  ^'ivi-n  Ihrcc  limes  ii 
diiy.  mid  lliiit  till'  ilosi'  should  lie  incrciisid  from  day  lo 
da'v  tiy  llirii-  drops  until  twenty  live  drops  wire  nacliicl ; 
this  to  lir  contiiiufd  for  a  few  weeks  and  then  gnidiiuUy 
reduced  lo  the  origiiinl  doso.  Siieli  ii  course  should  be 
re|HMili-d  if  iiecessiirv. 

Ofi,ii<ir„l  Ciiiii.iiimli.  •■Slynicol":  C„II.<1Cnj(K\H,0. 
A  (ieriiiiiii  proprieliiry  medicine  patinted  under  the  latter 
name  In  the  inti-slines  it  is  decomposed  into  its  two 
eoiistitilents.  and  the  beiielicial  elTeclsof  ciiinainicaeid,  as 
well  as  those  of  jiuaiacol.  lire  manifested.  It,  however, 
has  not  lieeii  iiiueli  employed. 

tiiiiiiiinil  jiiiuniliii.  "  (.tiiaiaporol."  A  compound  oc- 
currin;;  in  f:niiiuliir  crystals,  soluble  in  thirty  jiart.s  of 
water,  with  a  sliirht  odor  of  creosote.  It  has  been  cm 
ploved  ill  the  treatment  of  piilmoiiary  tuberculosis  mid 
il  is  tliouiiht  to  pos-sess  the  stimulatiii!;  projierlies  of 
piperidiii  in  luldition  to  the  action  of  guaiacol.  Dose; 
from  live  to  thirty  itniins 

(;ii,ii-ii-n!  Vnhi-iiiiiiiU-.  "Geosote."'  A  liciuid  combina- 
tion of  iiiiaiacol  and  valerianic  acid,  liaviui;  the  char- 
iicteiistic  odor  of  valerian.  Dose:  live  minims  in  cap 
sides.  This  preparation  has  received  much  attention  and 
is  ihoiisrht  to  have  a  particular  value  as  an  application 
in  local  forms  of  tuberculosis.  It  has  been  used  in  the 
Looinis  Sanatorium  for  consumptives  and  reported  upon 
favorably.' 

Uiuiio'c'l  Mlicylitte  ;  g.  phosphate  ;  g.  phosphite  ;  jiotas- 
sin  III  giiiiiiir)il-siili>honiitr  or"thiocol":  i/niiiine  f/iuiincol- 
s'lfji/i'iiiiili.  or  "  guaiaciuin  "  ;  nikiiim  {/indneol  snljilioiiale, 
or  ■•  giiaiacyl  "  ;  and  many  similar  derivatives  of  guaiacol 
havelieen  iiiliodiiced  as"  substitutes  for  the  pure  drug. 
Each  one  is  supposed  to  add  some  special  therapeutic 
value,  and  although  all  have  had  some  favorable  men- 
tion, none  has  attracted  much  attention  or  proved  of  any 
special  value.  Beinnitout  Smnll. 

'  F.  F.nke :  Experliuentellc  und  lilstoloirisolie  fnlersuchunifcn.  etc.. 
Stiillimrl,  l.-^i. 

'  l"nif.  Mux  Sliiieller:  F.liie  ni-iie  Bi'liamlluiiirsnu'ltiodokT  Tiilier- 
liuliw.  1»-s.iiiiUts  ililnirBl-alien  tniljerliiiliiseii,  Wiesbaden,  J.  F, 
Iterffniaiui,  l.^H. 

>  The  I>>iid..ii  I,ainci.  isiil,  vnl.  (.,  p.  9113. 

•  I.a  s.-inaliie  Mi^liiale,  Mareli  4tli.  1891.  British  Medical  Journal, 
IMCi.  vol.  II..  p   I4SS;  i«ii.  viil,  II..  p.  IIWI, 

»(harilt-.\iinalen,  llerlln,  ItW. 

•  Tilt'  l/ind..ii  Ijiiii-"'!,  |.s!l.s,  vol.  i.,  p.  222. 

'  New  York  >le<l.  Joum.,  .^pril  2"!,  IfOS.  Journ.  .tmer.  Med,  Assn,, 
vol,  xjcxi,,  p.  t<21. 

GUAIACOL  CACODYLATE  is  a  combination  of  ciico- 
(h  111- arid  Willi  gu.iiaei.l  employed  by  Harbary  hypodcr- 
niically  in  dose  of  il.llS-O.l).")  giu'.  (gr.  4-^)  iu  tulierculosis. 
The  injection  is  painless,  and  serves  as  a  means  of  intro- 
ducing arsenic  into  the  system,  ir.  ,1.  Dastedo. 

GUAIACOL-ETHYL,  gui'thol.  liomocresol.  ajacol, 
ih.iii.itol.  pyidcatechin  mono  ethyl  ether  iCr.IIi-OCjHj.  ■ 
olli.  is  a  lioniologue  of  guaiacol  in  which  the  methyl 
group  is  replaceil  by  "ihyl.  It  is  an  oily  li>|uid.  insolu- 
ble in  water  or  glycerin,  "and  soluble  in  alcohol,  ether,  or 
diloroform.  It  ivs(>mbles  guaiacol  physically  and  phys- 
ioloiiically.  but  has  a  greater  analgesic  and  sedative 
aciioii  il  has  beefl  used  topically  for  neuralgia,  ueuri- 
lis  painful  joints,  cpididymilis.  etc.,  in  ten  to  fifty  per 
cent  ointment,  or  liypoiiermically  in  ten  percent,  gly 
cerin  mixture.  .\  case  of  painful  tuberculous  cystitis, 
■with  tenesmus  was  relieved  liy  the  intravesical  injection 


of  5  c,c.  (tH  lx.XV.)of  the  len-per-ceiil.  (flycerin  prcpn- 
ration  (Merck).  It8  internal  dow  In  tiilK'n-iiloNlH  In 
0.'J.")-().(!.'>  c.c  (ni  Iv.-x.)  three  limes  ii  day  in  milk  or  In 
capsule.  Von  .Sleriiig  U-lieves  that  IIiIn  prepamlion  Ih 
better  than  guaiacol  H'.  A.  Htmlnlu. 

GUAIAKINOL,  Ihedibromguiiiacolate  of  (piininv,  cryii- 
talli/.i  sin  \(  llow.  clinorlioinbic  prisms.  At  1.1  C.  (.'»!(  F. ) 
il  (lis.s<)lves  in  less  than  two  parts  of  water,  and  on  ac- 
count of  this  solubility  promises  tu  be  useful.  Clinical 
data  are  wauling.  W.  A,  linstrdo. 

GUAIAMAR,  till-  glycerol  ester  of  cmiiacol  (C.ll,.- 
11(11  IK  II.  (I  loll.  (I  I, Oil),  is  formed  by  I  In- action  of 
aiihvdroiis  glyeeriii  on  guaiacol.  It  is  a  white,  iieiitml, 
noil  liygros<(>pic,  crvslalliiie  powder,  soluble  in  twelve 
parts  Of  water,  and  in  alcohol,  chloroform,  ether,  and 
glycerin.  It  has  a  bitterish,  aromatic  taste,  and  is  split 
in  the  alimentary  tract  into  guaiacol  and  glycerin. 
George  F.  Butler  has  studied  its  action  at  the  Cook's 
Couiily  Hospital.  Chicago,  and  claims  it  lo  be  milipy- 
retic,  (liuretic,  diai>lioretic,  and  antiseptic.  It  stimulates 
the  appetite  and  prevents  gastric  fermentation.  decMlor- 
izes  and  loosens  the  bronchial  excretions,  mid  is  a  very 
ellicient  antiseptic  to  the  alimentary  or  genitourinary 
tnict.  It  is  less  irritating  tliiiii  lieiizosol  or  guaiacol  car- 
bonate, though  occasionally  more  so  by  idiosyiicra.sy. 
Butler  recommends  it  in  "typhoid  fever,  tuberculosis, 
bronchitis,  broncho  pneumonia,  chronic  cystitis,  gonor- 
rhea, and  the  summer  ilinrrlueas  of  children.  Its  do.se  is 
O.'2-l  gm.  (gr.  iij.-xv.).  Locally,  with  belladonna  and 
mercurial  ointments,  he  applies  it  to  rheumatic  joints; 
and,  with  balsam  of  Peru  and  zinc  ointment,  to  bed- 
sores. W.  A.  Bastedo. 

GUAIASANOL,  dielhyl-glycocoll  guaiacol  liydro- 
chloridi-,  was  inlroduced  by  E.  Eiiihorii  and  IIlUz  as  a 
soluble  I'onu  of  guaiacol.  it  crystallizes  in  white  prisms, 
having  a  faint  odor  and  a  saline,  bitter  taste.  Il  is  neu- 
tral t()"  litmus,  and  is  freely  soluble  in  water  from  which 
it  is  precijiilated  as  a  basic  oil  by  the  alkaline  carbonates, 
Guaiasiinol  liberates  guaiacol  in  the  alinieiilary  tract, 
and  is  used  both  exteinally  and  internally  for  the  same 
purposes  as  guaiacol  Experiments  show  that  it  is  with- 
out unpleasant  elTects  in  daily  dosage  of  3-12  gm.  (gr. 
xlv.-clx.\x.).  It  may  be  used  liypodermically,  and  in 
two-per-cent  solution  is  unirritating  to  wounds. 

ir.  .1.  liastedo. 

GUARANA. — (Pronounced  Giriiw-riih-nnh'.)  "A  dried 
paste,  consisting  ehielly  of  the  crushed  or  pounded  seeds 
of  PauUinia  Cupana  Kiinth  (fani.  iyipiudtirea) "  (U.  S.  P.). 
This  is  a  climbing  shrub,  native  of 
the  hottest  parlsof  South  America, 
but  the  seeds  are  obtained  wholly 
from  cultivated  jdaiits. 

The  genus  contains  upward  of 
one  hundred  and  twenty  species, 
and  its  members  are  rich  in  sapo- 
nin, also  contained  in  guarana,  on 
account  of  which  ]iarts  of  several 
of  them  are  used  as  fish-poisons. 
The  guanina  plant  is  very  ex- 
tensively cultivated,  especially  upon  the  banks  of  the 
Itenez  River,  a  southern  tiibutary  of  the  Madeira,  Il 
is  grown  to  stout  stakes  or  poles  and  the  plantation 
resembles  an  ordinary  vineyard.  The  iianicles  of  small 
white  flowers  are  succeeded  by  fruit  clusters  looking 
not  unlike  large  bunches  of  immense  grapes.  When 
ripe,  tbe  yellow  fruit  splits  into  three  husks  and  the 
seeds  are  "lost.  They  are  gathered  just  previous  to 
this  time  and  the  seeds  areshelled  and  washed.  The 
seed  is  large  (1  cm,  in  diameterl.  globular  or  sphe- 
roidal, with  a  flattened  base,  ami  a  slightly  pointed  apex. 
Its  surface  is  dark-brown  and  very  sjiiny,  excepting  the 
larire  chalaza  at  the  base,  which  is"liglit-colored,  and,  be- 
fore it  is  disturbed,  covered  with  a  large  aril.  It  is  ex- 
albuminousand  entirely  filled  by  the  large  fleshy  embryo. 
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In  goncml  nppcaniuce  nntl  structure  it  may  be  described 
as  a  snmll  horsocliestnut.  After  shellinc.  tlie  s<'e(ls  arc 
lightly  r()!i,<tc(i.  by  which  the  testa  is  loosened.  The 
latter  is  then  broken  olT  and  winnowed  out.  and  the  kcr 
nels  are  coarsely  l)roUcn  up  in  a  wooden  mortar  iind  with 
a  woollen  pestle.  Just  cnoniili  water  is  aildcd  lo  form  an 
adhesive  mass.  This  mass  is  then  moulded  by  hand  into 
cakes,  balls,  or.  more  commonly  into  sausjige  shaped  rolls. 
si-\  to  ten  inches  in  lenstli  by  one  or  two  in  iliameter. 
The  drying  of  these  is  the  most  delicate  and  critical  part 
of  the  operation.  It  is  conducted  by  arliticial  heat,  in 
specially  built  houses,  great  care  being  taken  to  avoid  a 
disagreeable  flavor  from  the  smoke  or  from  the  subse- 
quent development  of  some  variety  of  mould  through 
imperfect  or  unei|Ual  drying.  Adultcnition  occurs  only 
occasionally.  It  consists  in  making  various  additions — 
usually  tapioca  starch — lo  the  mass  before  it  is  subjected 
to  the  drying  process. 

As  regards  the  home  consumption  of  guarana,  it  is  the 
exact  ciiuivalent  of  tea  or  colTce,  except  tliat  it  is  gmted 
off  and  taken  suspended  in  cold  water.  It  is  the  staple 
bevenige  of  millions  ol  people.  Its  excessive  habitual 
use  brings  on  iutvous  disordei's  similar  to  those  from 
other  catfeine  containing  beverages,  and  ending  iu  a  kind 
of  palsy. 

DescKiPTiox. — In  subglobular  or  elliptical  cakes  or 
cylindrical  rolls,  hard  and  heavy:  outer  surface  some- 
what shortly  nodular,  smooth,  slightly  lustrous,  deep 
chocolate-brown;  rather  briltlc,  the  fracture  uneven, 
often  fissured  in  the  centre,  of  a  deep  ficsli  color  or  pale 
reddish  brown,  showing  numerous  coarse,  angular,  lus- 
trous fnvgments  of  seeds  partly  invested  wilh  bhickish- 
brown  integuments;  odor  slight,  peculiar,  a  litlle  resem- 
bling that  of  chocolate:  taste  very  astringent,  somewhat 
bitter,  afterward  sweet,  especially  when  chewing  is  fol- 
lowed by  the  taking  of  a  swallow  of  water. 

Composition. — Guarana  stands  at  the  head  of  cafleine- 
yielders.  containing  four  or  five  per  cent.  A  (|uarter  of 
its  weight  is  tannin,  and  there  are  starch,  saponin,  resin. 
and  small  amounts  of  tixed  and  volatile  oil.  It  should 
not  yield  more  than  two  and  one  half  per  cent,  of  ash. 
It  should  be  remembered  that  the  domestic  value  of 
guarana  depends  largely  upon  its  flavor.  Many  lots  de- 
fective in  this  particular  are  exported  for  medicinal  use 
and  are  not  necessarily  inferior  for  this  purpose.  At  the 
same  time,  adulterated  lolsare  undoubtedly  manufactured 
especially  for  such  export,  but  only  rarely. 

Action  .\xn  Medk  in.m.  Use. — Because  of  its  tannin, 
guarana  is  to  be  compared  rather  w  ilh  tea  than  with 
cofTee.  Caffeine  is  elsewhere  so  fully  treated  that  its 
action  cannot  be  here  discussed. 

As  the  contained  dose  of  tannin  is  a  small  one,  it  is,  in 
fact,  a  mode  of  giving  calTeine.  and  little  or  nothing 
more.  Its  principal  clinical  reputation  lies  in  its  value 
in  nervous  and  sick  headaches,  of  which  there  is  consid- 
erable evidence.  It  has  been  the  foundation  of  several 
widely  known  secret  remedies  for  these  afflictions. 

The  powdered  drug  can  be  given  in  gram  doses  or 
more,  repeateil  once  an  hour,  until  tlie  headache  is  re 
lievod,  or  until  several  doses  have  been  given.  The  fluid 
extract  (Eriivictum  Guainna  Fluidum.  L".  S.  P.)  is  rather 
neater,  and  of  the  Siime  theoreticjil  strength.  Milk  is  a 
good  V(hi(  Ic  for  either.  Henry  U.  liusby. 

GUARANINE. — A  name  applied  to  caffeine,  when  de- 
rived from  ijiiamnn.  Henry  II.  Rusby. 

GUERNSEY  AND  THE  CHANNEL  ISLANDS.-Th.^ 

Chaimi-I  Islands,  inmprisiiii;  .lirscy.  (luiTiis.y.  .Vldernev, 
Sark.  and  several  smaller  rocky  islet.s.  are  situated  in  the 
bay  of  St.  Michael,  olf  the  coa.st  of  Xormandv.  and  lie 
between  the  latituile  of  W  10'  and  4!)'  Ai  Nortli  and  2=  2 
and  2  -111  West  loniritude.  Guernsey  and  .Jersey  are  the 
only  two  i.slands  which  retpiire  consideration  as  health 
resorts,  and  their  claim  as  such  is  based  upon  the  mild 
sunshiny  nature  of  their  climate,  esjiecially  in  the  late 
autumn  and  winter  "  Hecent  statistics  show  that  Jersey 
receives  more  sunshine  than  any  other  part  of  the  United 


Kingdom."  In  these  islands  "camelias  and  Hiodendrons 
flower  iu  the  open  in  February,  frost  is  rare,  and  lasting 
snow  luiknown." 

St.  Ilelier's  in  Jersey  and  St.  Peter's  Port  in  Guernsey 
are  the  chief  towns.  The  following  table  gives  the 
climatic  characteristics  of  Giu-rnsey,  which  are  practi- 
lally  the  same  as  those  for  Jersey. 

rLIMATE    OF    Grr.R.NSKV    AND    JERSEY.     MEANS    FOR    TEN    YEARS. 
HEKiHT   ABOVE   MEAN    SEA-LEVEL,    180   FEET. 
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From  this  table  we  see  that  the  general  climate  of 
these  two  islands  (Jersey  and  Guernsey)  is  a  mild,  moist, 
marine  one.  The  diurnal  range  of  temperature  is  small, 
and  there  is  an  average  of  five  hours  of  daily  sunshine. 
Of  the  total  rainfall  one-foui'th  occurs  in  the  months  of 
October  and  January,  iMarcli  and  April  are  considered 
the  most  trying  time  of  the  year  on  account  of  the  north- 
easterly winds. 

Of  course  the  islands  are  exposed  to  the  winds  from  all 
directions,  which,  coming  from  the  ocean,  are  moist  and 
salt-laden.  The  ))revailing  winds  are  westerly  and  south- 
westerly, especially  the  latter. 

The  following  table  of  yearly  averages  of  wind  is  given 
for  Guernsey,  for  the  jieiiod  from  1S45  to  1862,  inclusive: 

Sortheait  wind  prevailed  on  10(1  days, 
Southwe.sl  wind  prevailed  on  1(W  days. 
Northwest  wind  prevailed  on  110  days. 
Southeast  wind  prevailed  on  51  days. 

The  drinking  water  is  obtained,  for  the  most  part,  from 
wells.  The  drainage  at  St.  Helicr's  and  St.  Peter's  Port 
is  by  sewers  into  the  sea. 

The  thcmpetitic  effects  of  this  climate  arise  from  its 
mild  sunshiny  nat  lire  and  its  marine  atmosphere.  Elderly 
persons  with  low  vitality  and  those  with  bronchial  aiTec- 
tions  derive  benefit  from  it.  It  is  also  of  especial  value 
for  delicate  sciofulous  children  and  those  of  rachitic 
tendencies.  It  is  unfavorable,  on  account  of  its  moisture, 
for  rheumatism,  neuralgia,  and  renal  di.sca.scs.  Those 
with  a  tendincy  to  respii-atory  troubles  should  not  re- 
main afU'r  the  end  of  Fcbruai'y.  The  Channel  Islands 
are  reached  by  boat  from  Southaiupton,  Weymouth,  or 
Plymouth  in  from  .six  to  ten  hours,  or  from  St.  Malo  or 
Granville,  France,  in  two  or  thiie  hours. 

From  a  personal  visit  to  Jersey  the  writer  can  testify 
to  the  delightful  scenery  of  the  island,  both  land  and 
water,  and  the  charm  of  the  lovely  drives  through  the 
winding  roails,  boidered  by  luxuriant  vegetation  The 
air  is  fresh  and  invigorating  and  the  sunshine  most 
brilliant. 

The  writer  desires  to  express  his  indebtedness  in  tlie 
preparation  of  this  account  of  Guern.sey  and  Jersey  to 
"The  Climatesanil  Bathsof  Great  Riitain."  by  theljoyal 
Medical  and  Chirurgical  Society  of  London,  189.5. 

Edieard  O.  0th. 

GUINEA  WORM.    ^^'0  yematode». 

GUINORAL  (Chinoral)  is  an  oleaginous,  very  bitter 
liquiil.  enniaining  fjuinine  and  chloral.  It  is  used  as  a 
hypnotic  in  doses  of  0.5-1  gm.  (gr.  viij.-xv.).  and  also 
as  an  antiseptic.  il'.  .4.  Bastedo. 
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(^iluriiiiliH-. 
4iuu»bul   Moiiuda. 


GUM  ARABIC— ArvriA.  n<im  Ararin  Ovvi  ftrnr 
■g'll  ■•  A  iriiriimv  cMiiliiliiiii  fniiii  Aciiiiii  Siiir>;iil  Willd 
(film  /,i;/i/H/i;/'«<M  "  ( I  S  I'.).  In  riiiiiiilisli  Iciirs,  nfliii 
nil  jiii'li  or  iiiorf  In  iliiiiiicWT.  tniiis|iiirciil.  i'\(r|il  f.ir  lln- 
wliitisli  iKsuri'S.  nf  It  (fiiisjiy  fnuliirr.  riiiiiriii^,'  fniiii  imirly 
culiirlrss  til  II  (K'cp  riMlillsli  yi-iliiw,  iirarly  UuftrliSH  iiiiit 
oilnrlrss.  wliiilly  suliililr  in  Iwii  [iiirlH  nf  wiitiT,  In  fnriil  ii 
lliirk  miiciiiitfr  nf  ii  fiiinlly  mill  niirlinn.  Tlir  pirscncc  iif 
Htanli  in  |ii>»ili'ri'il  iiriiria  is  iliti  rtiil  liy  u  blur  ciiliir  oil 
till-  ilililitiiill  nf  imlilir.  Illlll  nf  ilrxllill  liy  ll  ri'il  iiiliir.  A 
purr  ■uiiuliiiii  will  iinl  111'  iitTi  rli-il  liy  iiciitnil  Iriiil  ai-rtJiU-. 

This  K'""  ""■'  fiirniii'lv  yiililiil  liy  nllirr  sprcics  <if 
iwacia,  iiolalily  .1.  (vni  W'illil  ,  ami  llir  vny  liiust  j;""' 
(if  (•iiiiiiiiiTi'i',  ni)W  scnrcc  anil  liisli.  still  pnicrrils  fniiii 
this  sprcics  It  is  chirlly  in  snialliT  trars.  which  arc 
liiiirc  lirilllc  anil  linikcii.  anil  less  translucent  and  j;liis.sy. 
(iwini;  til  llic  niiK  h  mmc  iniincriiuslissurcs.  ISntli  species 
are  siniill  llinrny  lices  nf  nnrtlurii  Afrini.  .1.  rmi  iiinre 
ahunilaiit  in  the  eastern.  .1.  Stinyiil  in  the  western  ilis- 
tricts  The  f;iini  is  a  ilccnnipnsilinii  prniliiet  fniin  cellii- 
Inse  anil  is  ninreiiliuiiilantly  priiiliiecil  liy  iiiihcalthy  trees. 
It  exiiiles  frniii  nalural  tissiires  and  artiticial  ineisiiins. 
Gums  practically  cquivalciit  to  acacia  arc  iiriMluced  hy 
species  in  related  ireiicni.  An  excellent  article  is  i)rii- 
duced  by  spities  nf  I'rnsopis.  frriiwin;;  in  flic  snutliwest- 
crii  riiitcd  States,  and  knnwn  as  Mesi|uit  (Jum.  but  the 
supply  is  tnii  irreirular  tn  be  iilili/.ed.  Tlie  viirietics  nf 
acacia  arc  nnw  little  knnwn  by  the  locality  names  fnr 
inerly  ai>pliid  tn  them,  the  j;radilij,'  lieiiiir  dniic  almost 
wlinily  liy  number,  the  quality  ile|>cniliiiir  iii>(>n  white- 
nes.s  and  solubility.  The  pure  i;iini  consists  wholly  of 
compniiiids  of  anibic  acid  with  |iota.ssiuin.  calcium,  and 
inasnesiuni.  Acacia  has  no  physioloirical  action.  e.Nrcpt 
that  nf  a  nicchaiiical  dcniulcent.  Its  pliarniaceutical 
uses,  as  an  cxcipieni,  for  emulsioniziii'.',  and  for  suspend- 
ini;  insoluble  substances  or  those  the  acridity  of  which  it 
is  ilesin  ,1  to  mitigate,  arc  very  uuiulmous  and  important. 

Henry  U.  Hu^t/- 

GUMMA.     Sec  Si/pli ilia. 

GUMS.     See  .-Ir^iV*!  Principles. 

GUNSHOT  WOUNDS.— Xo  chapter  in  surgei;j'   has 

undergone  such  railii  al  chansres  as  that  pertaining  to 
gunshot  wounds  in  war.  The  chanircs  have  been  coinci- 
dent with  the  introdiiction  of  antisepsis  and  the  new 
armament  in  hand  weapons  which  employ  armored  pro- 
jectiles. The  clian.ires  with  reference  to  the  latter  con- 
cern the  military  surgeon  ino.stly.  His  ri>iifrhr.i  in  civil 
life  will  continue  to  oh.serve  gunshot  injuries,  as  far  as 
their  mechanical  efTccts  arc  concerned,  as  formerly.  The 
wounds  of  this  class  that  come  under  Ilis  care  are  mostly 
from  iiislol  shot,  the  missiles  of  which  arc  made  of  soft 
lead,  arc  propelled  at  comparatively  low  rates  of  speed, 
and  show  a  maiked  tendency  to  lodge  anil  to  deform 
upon  impact  with  resistant  structures. 

In  order  to  obtain  a  correct  understanding  of  gunshot 
wounds  a  considcralion  of  the  implements  which  are  con- 
cerned in  their  production  is  necessarily  of  niiieh  impor- 
tance. 

PonT.\i!i.K  FiRE.vuMS. — Ariiis  of  this  class  are  often 
referred  to  as  portable  hand  weapons.  They  include  the 
tiiiarnis  that  are  carried  by  hand  in  contradistinction  to 
the  larger  guns  of  the  artillery  class.  They  are  the  pis- 
tol, shotgun,  the  smooth-bore  muzzle-loading  musket, 
and  the  lille.  A  know  ledge  of  the  development  of  port- 
able firearms  as  a  whole,  and  of  ballistics  in  particular, 
is  indispensable  to  a  correct  appreciation  of  the  subject 
of  gunshot  injuries.  Fnr  all  practical  jnirposes  a  study 
of  the  evolution  of  the  military  rille  as  it  jiresents  itself 
to  the  military  surgeon  will  be  quite  suHicieut  to  a  gen- 
eral iinder.standing  of  the  subject. 

Militiirji  /{ijlc. — .\  study  of  the  guns  concerned  in  the 
evolution  of  till'  small  arms  which  culminated  in  the  nres 
enl  military  rille  deals  with:  (U  smoothbores  like  the  flint 
Jock  and  musket;  i'i)  the  percussion  cap,  muzzle  loading 
ritie;  (3i  the  breech  loading  rifles;    and  (4)  the  breech 
loading  magazine  rifle  w  itli  small  calibre. 


1.  The  nmoothlioppd  of  the  flnil  rlowi  nn'  n'preHentcd 
by  the  old  liiiie  IlinI  lock  and  Inter  by  the  .SpuniHli  niUHket, 
wliosi'  calibre  varied  frniii  (lit  In  .T.V  They  lireil  a  biillel 
made  nf  Boft  lead  weighiiig  from 'iO.')  tii  .VVi  gniinH,  the 
explosive  was  Iohhc  black  powder  in  chargcH  varying 
from  'JTOtnUI."!  grains  The  projectile  was  Hphcrical  in 
shape,  with  an  initial  velocity  of  from  .'■■til  to  niM)  foot 
si'conds.  while  (he  nniximiiiii  elTective  range  waH  never 
more  than  !l.'ill  yarilH. 

Our  liist  three  wars — the  Uevoliitionary  War,  the  War 
of  l«r,'-ll,  and  the  .Mexican  War — were  fought  with 
weapons  lepresinled  by  this  class.  As  implenicntM  of 
war  they  were  considered  very  etfective  in  their  dav.  and 
yet  at  no  time  could  the  best  type  of  them  be  loaded  ut 
greater  speed  than  thrice  per  miiiule 

2.  The  percussion  cap.  muzzle  loading  rilles  were  first 
used  ill  the  Italian  War  fif  IM.Iil;  they  were  subsequently 
used  in  our  Civil  War.  and  in  all  Kuropean  wars  up  to 
IHtiti  Instead  of  igniting  the  powder  charge  by  means 
of  a  taper  as  in  the  old  match  lock,  or  by  the  spark  of  a 
flint  as  with  the  flintlock,  it  made  um-  of  a  small  cap  con- 
taining a  detonating  siibstanci'.  The  cap  was  iilaced 
over  a  hollow  iiiece.  the  cavity  of  which  led  to  the  pow- 
der charge.  The  latter  was  ignited  by  causing  the  liain- 
mer  to  strike  the  cap. 

In  the  earlier  pallerns  nf  these  guns  there  was  so  much 
escape  of  the  pnuiler  gases  through  the  ine(|iialilies  be- 
tween the  ball  and  sides  nf  the  weapon,  w  itii  cnnscqiient 
loss  of  energy,  that  the  practice  of  slightly  reducing  the 
calibre  of  the  gun  as  compared  to  that  of  the  diameter  of 
the  ball,  and  grooving  the  interior  of  the  former,  was  re- 
sorted to.  This  was  done  to  insure  greater  accuracy  in 
the  fit  of  the  ball.  In  order  to  allow  more  of  the  surface 
of  the  ball  to  come  in  contact  with  the  barrel,  it  was 
elongated.  The  lit  of  the  ball  was  so  tight  that  it  was 
iieccssjiry  to  drive  it  down  with  a  nimrod  and  hammer, 
both  of  which  formed  part  of  the  equipment  of  the  sol- 
dier at  that  time.  This  gave  greater  exactness  of  fit  be- 
tween the  ball  and  barrel  and  both  added  to  the  energy 
and  extended  the  range  by  retaining  the  projectile  a  (rifle 
longer  in  the  barrel,  while  the  explosive  was  generatinga 
greater  volume  of  gas.  It  was  noticed  that  the  elongated 
bullet  fired  from  such  a  .1:1111  was  apt  to  tumble  or  losi-  its 
balance,  and  this  was  overiome  in  a  measure  by  giving 
the  grooves  in  the  barrel  a  spiral  turn,  at  the  rate,  in  the 
earlier  guns,  of  one  eoinplete  turn  in  about  seventy-eight 
inches.  This  added  much  to  the  stability  of  the  bullet, 
keeping  its  point  foremost  for  a  longer  time  in  its  flight, 
thereby  adding  to  its  ran.sre  and  elTectiveness.  This  ))rin- 
ciple  in  ballistics  should  be  specially  remembered,  aside 
from  the  development  in  the  use  of  explosives,  because 
it  is  really  the  initial  point  in  the  great  strides  that  have 
been  made  in  the  elTectiveness  of  bullets.  The  act  of 
loading  with  the  ramrod  and  hammer  was  very  labori- 
ous. To  overcome  thcdifiieully  Dclvigne,  a  French  army 
officer,  hollowed  out  the  base  of  the  i>rojectile  next  to  the 
powder.  The  expanding  .irases  pres.sed  the  sides  of  the 
c\ip  so  formed  into  the  metal  grooves  in  the  barrel,  thus 
causing  the  bullet  to  take  the  rifling.  Later,  in  1S47, 
Captain  .Minie  madeastill  further  advance  bysuggesting 
the  use  of  an  iron  disc  in  the  cup.  The  harder  metal 
being  forced  against  the  sides  of  the  cup  insured  greater 
expansion  than  the  gasis  alone,  so  that  the  accuracy 
of  fit  between  the  ball  and  the  barrel  was  more  com- 
pletelv  secured.  The  so-called  Minie  rifle  used  in  the 
Crimean  War.  and  our  own  Springfield  used  in  the 
Civil  War,  were  loaded  with  such  bullets.  The  fol- 
lowing were  the  principal  features  of  the  Clinic  rifle 
which  correspond  with  tlio.se  of  our  earlier  make  of 
the  Springfield  rifle. 

Ml.\'i£-RIFLE.  1831  TO  ISDG. 

Welglit  witli  hayouet 1"  pounds  »?i  ounces. 

Diniiieler  of  iMire TCt!  Inches. 

NuiiilKT  of  (TTOOVeS 4 

Tn  ist I  turn  In  7S  inches. 

DiamcliT of  hullct (Waincti. 

WViciit  i.f  iiullft fisd  (Trains. 

(luircf  "t  iHiwiler I'l" 

Sleliteil  f"r  KJO  tn  1,0(10  yards. 


42"! 


C;il  iimIioI    \\4>iiiiiln. 
Uiiimliul   \«miiii<In, 
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The  old  Miuiii  ball  formed  the  section  of  a  rone,  so  that 
the  aeoiiriiey  of  til  in  llie  liiiirel  was  c-onlineil  almost  en- 
tirely to  the  base  of  the  bullet  The  resultinir  ineiiualily 
of  its  different  sectional  areas  disturliid  ilic  balance  of 


Fig.  2a53.— Dinercnt  Kinds  of  Projwtilcs.  a.  I'nltert  States  round  musket  ball,  calibre  .89.  weiplii 
387|?ralns:  /),  buck  ami  bull,  calibre  .11!).  weiplil  of  bull  :5S7  trniiii-i;  i-.  Spriupdeld  rilled  imisket 
ball,' calibre  ..>s.  weit'ht  -Vi"  cniins  :  <(.  Enlleld  rilled  musket  ball.  weiL'hl  4.i(i  j/rains  ;  > .  .^li^t^lan 
rifle  bail,  weifbt  4iii)  prains;  f.  elc)nprale<l  Imllet,  calilirn  .71.  weijjlit  tiT-J  (Ttjutis;  i/.  i-lnhL'aii-d 
bullet,  calibre  M.  wclt'lii  TiiO  erains:  h.  elonpatcd  luillei.  calibre  ..iTT.  weight  .'ilT  tTains;  i. 
Hurnside  rllle  bullet,  calihri-  .W.  weight  4(»l  grains  ;  ;..  spencer  rifle  bullet,  calibre  M,  weight 
434  gniins;  (.  Sharp's  carbiue  ball,  calibre  .'li.  wciglit  iM  grains:  m.  Green's  rifle  ball,  calibre 
..W;  weight  575  gniins ;  ii,  Colt's  army  pistol  bullet,  weight  317  grains. 


the  projectile  to  such  au  extent  that  its  stability  in  flijrht 
was  soon  lost.  Instead  of  rotatinji  on  its  long  axis,  it  was 
apt  to  tumble  or  to  commence  to  rotate  on  its  short  axis. 
at  right  angles  to  its  line  of  flight.  To  overcome  this 
ditliculty  the  body  of  the  projectile  was  made  cylindrical ; 
the  ba.se  was  cupped,  the  metal  stopper  was  replaced  by 
a  boxwood  plug,  and  the  head  was  made  hemispherical 
instead  of  conical  in  shape.  This  was  the  missile  used 
in  the  Enfield  of  the  English  foot  troops  till  1871.  as  well 
as  in  our  old  pattern  Springfield  rifle,  which  formed  the 
arnianient  of  our  infantry  from  \S'>~>  to  187.S.  The  cali- 
bre of  the  latter  at  this  time  was  reduced  to  ..58,  its  weight 
to  500  grains,  and  the  charge  of  powder  to  80  grains, 

3,  Breech  loaders.  The  great  desire  of  military  men  to 
increase  the  rapidity  of  lire  led  to  the  introduction  of 
breech-loaders.  Although  loading  by  the  breech  had 
been  practised  since  the  reign  of  itenry  VIII.,  the  mech- 
anism of  the  earlier  weapons  was  so  uncertain  an<l  clumsy 
that  they  were  not  used  by  armies  until  about  18GG,  wlien 
the  Germans  demonstrated  the  su- 

periorily  of  their  needle  gun  in  the 
Austro-Prussian  war. 

In  1866  the  United  States  Gov- 
ernment modified  the  muzzle-load- 
ing Springfield  rifle  by  adding  the 
breech  block  wliich  permitteil  load- 
ing by  the  breech.  It  was  at  this 
time  that  the  calibre  was  reduced  to 
,.'50.  In  1873  the  calibre  of  this  .same 
weapon  was  further  retluced  to  .45, 
the  twist  was  shortened  to  1  turn 
in  '2'i  inches,  the  charge  was  re- 
duced to  TO  grains  of  black  pow- 
der, while  the  weight  of  the  bullet 
was  still  retidned  at  500  grains. 
The.sc  improvements  incieased  the 
velocity  at  the  muzzle  to  1,301  foot 
seconds,  and  the  maxiniiiin  elTec- 
tivc  range  to  '2,000  yards.  Com- 
pared to  the  effectiveness  of  a  gen- 
eration before  the  advancement  was 
certainly  veiy  great,  yet  those  who 
marvelled  at  tliese  rapid  strides  in 
the  manufacture  of  the  engines  of 
war  were  hardly  i>repared  for  the  raind  advances  that 
were  soon  to  follow, 

4,  Mtiyiizinc  Dntchloadiiig  Ri'JUk.  irith  Hiilncfd  Calibre. 
The  modern  tactics  in  war  involve  nipidity  in  move- 


ments, and  with  these  rapidity  in  fire.  The  latter  led  to 
the  introduction  of  the  ma.irazine  ritle.  an  arm  that  carries 
a  reserve  of  anununition  in  some  i>art  of  its  mechanism. 
Increased  expenditure  of  ammunition  with  the  new  arm 
necessitated  a  greater  number  of 
rounds  jier  man.  But  the  sol- 
dier was  alriMcly  loaded  to  the 
ma,\iiiiuni  of  weight,  so  that  the 
number  of  rounds  could  be  in- 
creased only  by  reducing  the 
calibre  and  therebv  the  weight 
of  the  bullet.  Tlie  calibre  of 
military  rifles  has  thus  been  re- 
duced as  far  as  .26.  and  the 
weight  of  their  projectiles  as 
low  jis  156  grains,  thereby  nearly 
doubling,  for  the  same  weight, 
the  numljcr  of  rounds  that  sol- 
diers usually  carried.  This  re- 
duction in  calibre  of  the  rifle 
increased  the  dilliculty  incident 
to  fouling,  ('.<.,  to  the  lodgment 
of  the  unconsumed  residue  of  the 
old  black  powder  on  the  inner 
wall  of  the  barrel,  and  eventu- 
ally led  to  the  introduction  of 
so-called  smokeless  powders  that 
leave  little  or  no  residue,  and  that 
possess  the  further  advantage  of 
conferring  upon  the  projectile  a 
greater  initial  velocity  (owing  to  the  fact  that  the  gases 
which  they  emit  are  relatively  more  voluminous  than 
those  resulting  from  the  ignition  of  the  old  black  pow- 
der). This  increase  in  velocity  added  quite  a  compli- 
cation. The  lead  bullet  instead  of  keeping  point  on, 
tumbled,  to  prevent  which,  a  shorter  twist  was  given 
to  the  grooves  in  the  barrel.  Instead  of  one  complete 
turn  in  2'2  inches,  the  twist  was  shortened  to  1  in  10 
inches.  The  old  lead  bullet  became  refractory  under 
the  bidding  of  such  a  sharp  turn.  Instead  of  follow- 
ing the  new  twist  it  was  apt  to  strip  through  the 
barrel  without  properlj'  revolving,  a  difliculty  which 
was  obviated  by  coating  the  lead  with  some  harder 
metal. 

Generally  speaking,  the  classification  of  gunshot 
wounds  is  based  on  the  character  and  size  of  the  missiles 
that  caused  them. 

S/wtffiin  :   The  missiles  from  ordinary  shotguns  vary 
from  fine  round  lead  projectiles  running  from  2,020  to 
the  in'iy  ounce,  to  B,  B,  shot  of  .'38 
inch  diameter  running  7  to  the  troy 
ounce. 

Pistol:  The  missiles  projected  from 
pistols  or  revolvers  vary  in  size  and 
shape,  being  generally  round  or  coni- 
cal, ranging  from, '22  to, 45  in  calibre, 
and  weighing  I'roin  28  to  2.54  grains: 
they  are  composed   usually   of  lead 


Fio.  ai,>t.-ProjecUk-s(urHilles.  1,  (.-.anplelc  cartridge  ,-(,")  calibre  Spnngncl.l  nllc;  2,  projec- 
tile of  cartridge  ,-15  calllire  SprlngMcld  line,  4,sil  grains:  :i,  cnniplcic  cartridge  ,:!()  calibre 
Krag-,Ioi-genseii  rifle:  4,  steel-jacketiKl  projedllc,  Krag-.irirgeiiscn  rule,  i.11  grains:  5,  steel- 
jackuted  projectile,  Krag-JOrgensen  rifle;  Ii,  the  lead  nucleus  of  Krag-Jorgeusen  projectile. 


hardened  with  antimony  in  the  proportion  of  95  parts 
of  the  former  to  5  piirts'of  the  latter.  The  missiles  from 
the  retmiinder  of  the  hand  weapons  should  be  divided 
into  two  classes,  viz,,  those  of  'he  smoothbore  guns  and 
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« -Ilol    \t  • 


II  nil*. 

II  IIiIh. 


thoHc  of  tlif  rilli'S.  Tlmsc  of  ilic  liittcr  slioiild  Ih'  fiirlluT 
diviili'il  iiilo  tlif  Inid  iinil  iiu-kt-li-il  iirojiTlilrs. 

SiiiiKil/ilKiiri. — Till'  iiii-isili'sof  till'  miiiiolliliori-  (jiiiis  wrrr 
roiinil,  miiilr  of  soft  Innl.  riiiifrinj;  from  .IW  to  .T."i  in  nili- 
bre.  mill  wi'iKliii'K  from  -W'l  to  ."i.Vi  jfniiiiH. 

I^'iiil  |iroJrrtilis  for  rilli's  wrri'  roiioiiliil  in  »lmj)o  ami 
romposi'il  of  Iciiil,  ^I'Mcnilly  liiinlrnril  witli  iiiitimoiiv  : 
tlii'V  riiii;;i(l  from  .I'l  lo  .71  in  ciililiri-.  uikI  wri^'liiil  from 
3S7"io  tlT.-i  (;riiins 

Jiirki'ti'il  |irojirtllrs  for  rilli-s  iirr  lliiiili- of  it  Iriiil  con- 
riHlosril  ill  a  iiiaiillcof  liarilrr  metal,  llliiMo|)|irr.  (trrman 
silvrr.  wliitr  mi'lal.  or  eupro  iiii  UrI  -.tnl— i;i'iicnill_v  of 
llif  lalli-r.  Tlifir  calibre  is  miifli  smailir.  :M  u<  Ml,  ami 
tlioir  wfijjlit  ranges  from  l.'ili  to  244  grains. 


rangi'.  from  3IJ0  tuSUUyurdH,  dopcmling  upon  tliu  culibit) 
of  lliv  gnu. 

Emm.omvkk. — The  nxHii'm  advanri-  in  confining  cx- 
ti-iulril  range,  velocity,  and  penclralion  upon  proJcctiliiH, 
is  line  lo  thcdevclopmenl  in  the  uwof  exploMivi-H.  They 
arc  employed  not  only  to  propel  inis-siles  into  Hpace.  to 
explode  piojeeliles,  etc..  but  also  to  e.vpliHle  inineit, 
fiigaMs.  ami  liombs  in  olTiMisive  and  defensive  warfare; 
and.  by  evil  doers,  in  the  destruction  of  life  and  prop- 
erty. .\  idUsidc  ration  of  lliesc  various  cliemiculs  and  the 
mamier  of  tlieiraclion  in  the  creation  of  wounds  natiimlly 
falls  under  the  subject  of  giuisliol  wounds.  Among  llie 
more  familiar  explosives  may  be  mentioned:  gunpowder, 
fulminates,  and  cerluin  chemical  compuuuds. 


Txni.E  I.— Uai.listic  Data  of  the  New  rS.MAi.i.-».'Ai.iiiuE  Uikles  now  Adopted  by  Dikkickest  Nations. 


Amiy. 


RirLE. 


DesttfuiiUuii. 


Ann'niliiiiui  ... 

Aii.'^thiiii 

llrltlKli    luul 

runtidtan 

nnizll.   rill  II. 

Mi-.iliii,  Siuilii 

Iinntsli 

Frt'nili  

iieniiiin  

IKilInn 

Itussliin 

Itoiiiniiiiliin 

Swl^,s 

TurkLsti 

United  States  . . 


Miius.T,  isin 

Mnniill.'lUT.  1S,S»-1(W  . 


I,ii--Mi-ttnr<t,  isit),  Mark  II... 


MnusuT.  ism-isw 

KniB-Ji'inri'iisf n.  IfSll 

Li-lK'l.  issi;  issui 

MllllSiT,  ISKS 

Miiiinlli'lier-rim'iino,  1801 

Kn|ill-M"Zlii,  1.>«>1 

MniiiillihiT.  IWH 

Sc'llllllllt-ltUlllll.  l.s,sil 


Miiusi-r.  Iieltrliin,  lsi«) 

Krair-JOrKenseii  mudlDeil,  1S92. 


•aE 


-.(S5 
8.0 


7.0 

8.0 
8.0 
7.9 
0..'i 
7.112 


7.fB 
7.«2 


BrLLBT. 


•a  = 


8.1U 
7.80 


8.111 
8.111 
8.111 

V.iil 
8.70 
8.10 

7.811 
7.82 


13.7 
1S.8 

1.3.9 

11.3 

ir,A 

l.'i.O 

14.7 

111.,-) 

13.118 

10.31 

13.7 

13.8 


^  = 

r- 


30.7 
31.8 

31..'> 

30,n 
:IIMI 

:iii.i> 

•M.S, 
■.i\.r, 

30.2 
31..-) 
31.7 

30.8 
30.03 


Struelure,  con-,  and  caHlnR. 


lA-nil,  ciiprD-nlclifl.  steel 

Hill  il  lend,  slcel  case 

Hard  lead,  ciipro-nlrkel 


Himl  lead,  caiim-nlckcl,  steel . . 

U'aii.  iMipro-nlrkel 

Hani  b'lid.  cupn^-nlekel 

Hani  lead,  eiipn)-nli.kel.  sleel.. 

Ham  lead,  cupiii-iilrki'l 

Hani  lead,  cupni-i  ickel 

Hard  lend,  eupro-i  Ickel,  sti-cl  . 
Hani   lead.  sWel  point,  imiwr 
jaekel. 

I.eail.  eupni-nlckel 

Hard  lead,  cupru-nlekel.  siecl. . 


5Si 

111 


2.0« 
2.74 

1.97 

2.89 
2.19 
2.79 
3.74 
1.87 
1.97 
2.44 
!,U4 


S3.5 
020 

G30 

720 
0211 
030 
0411 
700 
•12(1 
720 
(iOO 

era 

010 


-i 


So 

si 


300.0 
320.4 

27.i.8 
2X3.2 
;i(r>.4 
2811.1 
2112.2 
271.0 
272.9 
2.51.4 

303.4 
27.'r.4 


POIST- 

IIUANK 
UA.N'OK. 

if 

-  a 
1  e  c 

400 

a4<i 

f>48 

«B 

687 

022 

1)95 

ill  .5 
630 

608 
504 

512 

580 

-)07 

590 

.11.-) 
51.-. 

608 
584 

:a 

It 

;i    a 


5 
5 
8 
5 
5 
5 
5 
13 


Aside  from  the  foregoing  there  arc  other  missiles  and 
substances  coiicerneil  in  the  production  of  gunsliot 
wounds.  These  arc  principally  employed  in  warfare, 
and  they  may  be  considered  umicr  the  following  heads: 

LMtliV.  HkO.IKITII.KS  1)11  TUKIK  Fu.voMENTs. — These 
are  the  large  .solid  shot,  and  large  hollow  shells  provided 
with  a  charge  of  somi'  explosive  used  to  generate  expan- 
sive gases  tjiat  break  the  i>rojectile  into  fragmeiils  at  or 
about  the  time  of  impact.  The  large  solid  shot  from 
cannons  is  used  to  penetrate  armor  and  to  demolish  forli- 
tied  positions.  The  hollow  shells  are  used  to  develop 
positions,  and  this  is  done  by  observing  the  distance  at 
which  bursting  occurs,  thereby  establishing  the  range 

S/i)iipii<l. — The  use  of  shrapnel  is  largely  reslricled  to 
the  artillery  arm  in  war.  a  lyjiical  example  of  which  is 
found  in  the  Knuikford  Arsenal  Shrapnel  in  use  by  our 
tielil  arlillery.  It  is  a  hollow  steel  pio.jectile  composed 
of  a  Iliad,  body,  ami  ba.se.  The  head  contains  2i  ounces 
of  black  powder;  the  body  holds  162  lead  and  antimony 
balls,  41  to  the  pound,  disposed  in  circular  layers  and 
held  by  cast-iron  separators.  The  shell  and  separators 
arc  deeply  grooved  to  invite  separation  into  correspond- 
ing fnigments  at  the  time  of  bursting.  The  head  is  pro- 
vided with  a  fuse  which  is  so  timed  that  explosion  is 
made  to  take  place  at  any  interval  of  (iO  yards  or  oiic- 
sixili  of  a  second.  As  many  as  202  niis,siles  have  been 
counted  after  an  explosion.  The  maximum  clTective 
range  of  this  projectile  is  7.1X10  yards.  The  flight  of  the 
fragmenls  represents  an  extending  cone  for  400  or  .')00 
yards,  the  diameter  of  which  is  30  feet  at  a  distance  of  25 
yards  from  the  jilace  of  bursting. 

Ciiiii-itii-. — Canister,  sometimes  called  ca.scshot.  is  a  pro- 
jectile not  unlike  the  shrapnel.  It  is  cylindrical  in  shape, 
the  walls  of  the  cylinder  being  composed  of  a  Ihinner 
melal  and  enclosing  200  or  IJOO  round  lead  balls  hardened 
by  antimony.  The  projectile  is  ruptured  close  to  the 
muzzle  at  the  moment  of  discharge  by  the  force  of  the 
explosion  in  the  gun.  and  not  by  the  liberation  of  gases 
from  an  explosive  Avithin  the  shell,  as  occurs  in  llie  aise 
of  the  shniiuiel.     Such  a  projectile  is  of  use  only  at  close 


Gmiiwirdcr. — Gunpowder  is  the  most  ancient  of  all  ex- 
plosives. It  is  generally  referred  to  as  black  gunpowder 
to  distinguish  il  from  certain  clu'iuical  compounds  which 
vary  in  color  from  brown  to  black  and  which  are  usually 
designated  as  smokeless  powders.  The  composition  of 
black  gunpowder  has  remained  almost  constant  for  cen- 


FiG.  2aV>.-L»rger  Prfijwtiles.    Shrapiiell  (11.  Canister  (2).  Shell  (3). 
Used  with  3.2  liiili  lireech-Loadlng  Uille-Filleil  Batteries. 

tiiries.  viz..  saltpetre,  charcoal,  and  sulphur  in  percen- 
tages of  something  like  7.5.  15.  and  10  in  the  order 
nalned.  In  this  mixture  saltpetre  furnishes  the  oxygen, 
carbon  supplies  the  fuel,  and  sulphur  promotes  the 
rapiditv  of  the  explosion.     Gunpowder  explodes  when 
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heated  to  700°  F.     Tho  volume  of  the  gas  which  it  gen 

pmtes  ocrupii'S  2.")0  timi's  the  Imlk  of  ihp  chnrirc  em 
plovid.  It  is  this  rcsullimr  cxpitiisidii  \vhi(  li  serves  to 
propel  the  missile  from  ii  gun  luirrel  and  which  ecmfers 
upon  it  such  velocity  as  to  emihle  it  to  peiielriile  tissues, 
thereby  causing  gimshot  injuries.  The  temperature  of 
the  tiainc  which  is  noticed  at  the  time  of  ignition  has 
been  variously  estimated  at  2.()(Xl  to  4.tt0<(  F  ,  a  fact 
which  doubtless  has  had  much  to  do  with  spreadinL'  the 
old-time  notion  of  the  searing  and  burning  etfecls  ut  bul- 
lets upon  the  tissues,  'riie  elieniiciil  results  of  the  disin 
tegration  of  gunpowder  are  32  percent,  of  gaseous  prod 
ucts.  and  (>H  per  cent,  soliil  residue.  The  gases  generated 
are  carbonic  oxide,  carbonic  acid,  and  nitrogen,  with  some 
aqueous  vapor.  The  pressure  w  hiih  the  gaseous  prod- 
ucts e.xert  on  Ihc  gun  barrel  is  said  to  be  more  than  4,000 
atmospheres  for  1  gm.  of  the  powder  ignited. 

b'ubiiitiiiie  Puirder. — Kuhninate  of  mercury  is  princi- 
pally used  as  a  detouaior  in  e.\ploding  guncolton  and 
other  explosives,  and  also  m  charging  percu.ssiou  caps 
and  primers.  The  volume  of  gas  generated  for  the 
amount  of  substance  is  relatively  very  large.  Disinte 
gration  of  the  s\d)stance  into  gases  is  so  rai)id  and  the 
pressure  e.vertcd  by  the  sudden  displacement  of  air  is  so 
violent  in  all  directions  that  the  term  detonate  has  been 
em])loyed  to  characteri/c  the  explosion.  Thus  we  say 
that  it  detonates  instead  of  saying  that  it  e.\|ilodes.  The 
gases  fomied  are  carbonic  acid,  nitrogen,  and  vapor  of 
mercury.  As  an  cxamjilc  of  the  tremendous  force  ex- 
erted by  the  sudden  displacement  of  these  ga.ses,  it  may 
be  stated  that  in  the  attempt  to  assassinate  the  French 
Emperor  in  185(S.  three  tubes,  each  containing  two  ounces 
of  the  fulminate,  were  exploded,  and  from  these  explo- 
sions there  were  produced  Till  wounds  upon  51  persons. 

Smukiless  Poieders. — So  calleil  because  they  emit  very 
little  smoke  as  compared  to  black  gunpowder;  and  un- 
like the  latter  they  exhibit  neither  llame  nor  burning  at 
the  time  of  explosion.  As  to  their  exact  composition  it 
may  be  stated  that  the}'  are  secret  compoumls.  In  a 
general  way  we  know  that  they  are  compo.sed  of  gun- 
cotton  (cordite),  dynamite,  or  picric  acid  (melinite). 
Some  of  the  smokeless  powders  that  have  been  analyzed 
show  ninety-four  per  cent,  guncotton,  five  per  cent, 
nitroglycerin,  one  ])erceut.  castor  oil.  Melinite  is  made 
up  of  picric  acid  with  collodion  jelly.  Aside  from  those 
composed  of  guncotton  or  picric  acid  as  a  base,  there 
is  a  class  known  by  various  names,  such  as  roburile,  rock- 
a-rock,  IicUolite.  securite,  etc.,  which  explode  only  upon 
mixing  twoor  more  substances,  as  chlorinated  dinitrobeu- 
zole  with  ammonium  nitrate,  chloride  of  potassium  im- 
pregnated with  liquid  hydrocarbon,  naphthalin,  phenol, 
or  benzin  in  fuming  nitric  acid.  etc. 

The  causes  that  influence  the  character  of  gunshot 
■wounds  may  be  treated  under  the  following  heads: 

MiiCH.\Nics  OP  Pno.iEC'nLES. — The  character  of  gun- 
shot wounds  has  been  as  much  influenced  by  the  discov- 
ery of  high  explosives  as  it  has  by  the  jierfectiou  attained 
in  the  manufacture  of  firearms.  These  t  wo  essential  pai- 
ticuliirs  involve  a  study  of  the  motion  of  bullets  in  lliglit 
in  order  that  the  lesions  inflicted  on  impact  may  be  prop- 
erly interpreted.  It  is  only  with  such  knowledge  that 
penetration,  smashing,  and  mutilation  of  tissues  can  be 
explained  in  a  given  case. 

Triijtctory. — The  trajectory  of  a  projectile  is  the  curve 
whicli  it  describes  in  space  from  the  muzzle  to  the  first 
point  of  impact. 

Veliirity. — In  speaking  of  the  flight  of  a  projectile 
in  space  we  einidoy  the  term  velocity,  and  this  in  turn 
is  usually  divide<l  as  follows: 

1.  Initial  Velocity. — The  initial  velocity  of  a  projec- 
tile is  its  nite  of  motion  as  it  issues  from  the  muzzle  of 
the  gun.  that  is,  the  number  of  feet  it  pas-ses  over  in  one 
second  of  time,  known  in  mechanics  as  the  foot-second 
system.  For  revolvers  this  rate  is  seldom  more  than  700 
foot  seconds,  whereas,  with  the  more  perfect  hand  rifles, 
it  is  as  much  as  2,400  foot  seconds 

2.  Remaining  Velocity. — The  remaining  velocity  is  the 
rate  of  speed  which  a  bullet  still  possesses  at  any  given 


point  in  its  flight.  Thus,  for  instance,  the  projectile  that 
may  issue  from  the  muzzle  of  a  given  weapon  at  the  rate 
of  i.MOil  fool  seconds,  is  so  influenced  by  the  gravitv  of 
the  earth  and  friction  against  the  air  that  its  flight  is  im- 
peded in  proportion  as  the  distance  from  the  gim  in- 
creases, so  that,  on  reaching  a  distance  of  .")(XJ  yards,  the 
velocity,  instead  of  being  1,800  foot  seconds,  "will  have 
fallen  to  yOO  foot  seconds 

Eiicni!/. — The  energy  of  a  bullet  has  always  been  of  in- 
terest to  surgeons,  because  its  power  to  do  work  is  meas- 
ured by  the  energy  which  it  possesses  of  overcoming  re 
■sistance  at  the  moment  of  imi)act  In  olden  times  when 
the  manufacture  of  firearms  was  imperfect  and  our 
knowledge  of  explosives  was  restricted  to  black  gun- 
powder, we  sought  to  increa.sc  the  energy  of  a  projectile 
by  increasing  its  mass,  but  to-day  superior  knowledge  in 
manufacture  and  modern  advance  in  the  use  of  explo- 
sives'enablc  us  to  attain  the  .siinie  <'nd  by  increasing  the 
velocity.  The  lalUr  nielh<id  is  more  elVective  in  this, 
that  formerly  if  we  chose  to  double  the  energy  of  a  pro- 
jectile we  doubled  its  mass,  whereas  today  we  double 
the  velocity  and  thereby  increase  the  energy  fourfold. 
The  following  table  illustrates  the  two  velocities,  and  the 
energy  of  our  present  service  bullet  and  that  of  the  Spring 
field  rifle  at  varying  ranges  up  to  2.(100  yards 

The  velocity  and  energy  of  the  jirojectiles  of  the  two 
weapons  at  ditlerent  ranges  are  as  follows ; 

Table  II.— Vklocitt  of  the  Projectiles  of  the  Two  Guns. 


Name  and  calibre  of  weapon. 

c-r 

Sprlngfleld.  calibre  .Vi 

•Experimental  SpringUeld,   calibre 
,30 

1,301 
2,000 

873 
1.103 

678 

got 

631 

428 
495 

Energy  of  the  Projectiles  (i.v  Foot  Pounds). 


Name  and  calibre  of  weapon. 

H  5  /. 

If! 

^  i^ 

«  c 

N 

it 

Springfield,  calibre  .45 

1,301 
3,000 

500 
220 

1,879 
1,954 

816 
59t 

507 
315 

313 
192 

tw 

*  Experimental  Springfield,  cali- 
bre .30  

lai 

'  Wliicb  corresponds  in  ballistic  value  to  the  Krag-JOrgensen  rifle. 

Eiitdtiim  qf  Biilliis. — As  a  bullet  issues  from  a  gun  two 
motions  arc  imparted  to  it ;  one  of  translation  and  one  of 
rotation.  The  former  is  due  to  the  pressure  of  the  pow- 
der gases  which  imiul  it  onward  into  space,  the  latter  is 
either  accidentally  or  purposely  given.  In  the  first  in- 
stance we  have  the  rotation  that  was  observed  with  old 
spherical  bullets  from  smoothbores,  in  which  the  direc- 
tion of  the  rotation  was  marked  by  the  last  point  of  con- 
tact of  the  projectile  with  the  inside  of  the  gun  barrel. 
The  axis  of  rotation  was  always  at  right  angles  to  the 
line  of  flight,  and  its  rapidity  was  always  variable.  In 
the  latter  instance  we  have  the  rotation  tliat  is  purposely 
conferred  by  the  gunmaker  in  grooving  the  inside  of  the 
barrel  with  from  two  to  five  or  six  spiral  grooves,  the 
direction  of  which,  \isually  to  the  right,  is  followed  by 
the  bullet  as  it  issues  in  a  rotatory  motion  from  the  muz- 
zle. This  rotation  is  purjiosely  conferre<l  on  elongated 
l)ullets  to  keep  them  moving  point  on.  The  axis  of  rota 
tion  with  them  is  parallel  to  the  line  of  flight,  and  not  at 
right  angles,  as  il  is  with  spherical  bullets.  The  velocity 
of  rotation  is  determined  by  the  sharpness  of  the  twist 
in  the  barrel  In  our  presint  service  rifle  the  twist  de- 
scribes one  complete  turn  in  about  ten  inches. 

S/i(ii>i' and  Deiixittj  of  J'rojtrtiltn. — The  character  of  a 
gunshot  wound  is  often  influenced  by  the  shape  and 
density  of  the  missile  that  inflicts  it.  The  tendency  with 
the  old  spherical  ball  from  smoothbore  guns  upon  im- 
pact with  resistant  hone  wjis  to  smash  or  conuninute  the 
bone  at  the  point  of  impact,  doing  little  or  no  damage  to 
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tlie  nlmft  ulmvc  or  bclnw.  As  I  lie  ttiillot  wni«  compoMHi 
of  (M)fi  Inid.  II  ntiiKUiiil  Ikhic  tiHiiiilly  niiiM'il  it  to  iminli- 
room  or  olhcrwiM-  Iohc  its  Hliupc.  tliiiR  milling'  to  tlic 
uinoiiiit  of  ('iiiniiiiniitioii.  Ijiti-r.  hs  tlic  ritli-  riiiiir  in 
voi;ui\  llic  CN  liiullii  colloiiliil  liiillils  wrP'  llll  Icxlurid. 
Till' ilTrcl  of  tlirsr  wiil^-r  likr  liiissili-s  was  to  jiiiiilnili' 
mill  priMluci' spliiiliriiiK  iiliovi' mill  lirlow  tlii' |>oiiit  of  iiii- 
imil,  lliuH  ciiusinir  ilis|ilii<i'iiifiit  of  larmier  fruiiiiiirils  of 
boiir  lii'voiiil  tlir  foyrr  of  fnictiirc.  Tlir  ilcforrimlioii  of 
till'  lnii"lrii  iiii-isilr  ailili'il  to  its  sectional  ana,  tlnrrliy 
iiuiKnifyiiiK  llir  ilisinnlivr  cITrcls.  Tlic  irtnliiK  y  to 
prnrlnilr  was  still  fiirllirr  incri-asiMl  by  tin- I'liiployinrrit 
of  jaikriril  projcrtilrs.      TlirliartI  riivrlopr  priscrvrs  tlif 


miiiiitinn.     That  the  trujfclory  of  the  new  rifle  Ih  flatter, 

mill  that  till- ilaiii;i-roiiH  HiMU'i'  is  riuiwiiiiriitly  );r('ut<T,  In 
also  iippari  lit,  since  Ihosi'  mts4'iI  in  luillistics  liiivc  shown 
IIS  llial  till'  point  blank  ran^i-  of  iln-  ulilir  ^'iin  of  the 
Spiinf.'tiilil  palliTii  is  ;!(MI  yarils.  while  that  of  the  Kra^- 
.li'irm-nscu  rillc.  our  present  service  gnu,  is  aljout  .'iTO 
yanls. 

The  uilvuiitikKL'  of  less  recoil  Is  perfectly  apparent  to 
any  one  who  will  shoot  the  two  last  iiiiiikiI  weapons  one 
after  the  other.  The  reiiiainiii);  ailvanla^'es  claiineil  by 
Ileblerwere  not  soreailily  ileteriiiiiieil.  (inaleraecuraey 
anil  less  deviation  by  » inil  hail  to  be  ilelerinineil  by  roiii- 
piirisoii  at  target.     Allhoii.L'h   the  Mnallbore  jfiins  and 
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Fio  23ai  -Showi  ttip  Penetration  In  Ilanl  link,  ninilnst  the  Groiu,  Three  Feet  from  the  Muizle.  of  the  followlnR  Projectiles :  1,  .'lo  calibre 
leaden  projectile,  wolKlit.  .VKI  pnilns ;  I.  v..  l.anO  f.  s.,  3. '2.  3.  ."10 onllhn-  (Jerinan-sllver  jacketed  proji'iillc.  welKlit  iSl  (milns ;  I.  v..  2,000 
1  s    5 '3      .•?,   '31) cnlll>i>' nkkel-.itwIJackeleU  projectile,  weight  i»  grains:  I.  v.,  2,0flU  f.  s.,  l'J."5.    The  lulior  was  not  ik-rorniwl. 


shape  of  the  jirojectile.  so  that  the  ailiiilional  amount  of 
dcslniclioncoiiseinuiil  uponilifoiniation,  so  often  noticed 
with  the  old  Icailin  bullet  upon  impact  with  resistJint 
bone,  is  st-ldom  noted.  The  tendency  with  it  is  to  per- 
forate and  lissure  bone  rather  than  to  cause  extensive 
conimiiiution. 

The  intriHluclion  of  the  modern  ritlc  of  reduced  calibre 
at  a  time  wliin  the  woilil  was  at  peace  rendered  e.xperi 
mental  evidence  neces.sjiry  to  show  what  niijrht  be  the 
difference  in  destructive  effects  between  it  and  the  older 
■weapons  of  luru'cr  calibre  and  lower  velocities  At  no 
time  in  the  history  of  tirearms  has  the  sidjject  of  the 
mechanical  effects  iif  projectiles  been  so  thoroughly  stud- 
ied as  it  has  durin;:  this  so-called  experimental  stage. 
The  experiments  of  military  surgeons  in  the  different 
countries  of  the  civili/ed  world  and  their  studies  of  the 
injuries  caused  by  gunshot  have  been  conducted  in  such 
a  thorough  fashion,  and  they  liave  entered  so  minutely 
into  the  mechanics  of  projectiles  generally,  that  a  report 
of  what  has  been  learned' cannot  fail  to  "be  of  practical 
value  to  the  civil  sis  well  as  to  l,lie  military  surgeon. 

Our  knowledge  of  the  ritles  of  reduced  calibre  propel- 
ling armored  i>rojectiles  dates  from  the  publication  of 
Professor  Hebler's  pamphlet  in  1882.  In  his  original 
monograph  Ileblir  claimed  certain  advantages  for  the 
reduced  calibre  rille.  among  which  were  the  tollowing: 
(1)  lighter  ammunition  ;  (2)  Hatter  trajectory  and  greater 
dangerous  space;  (3)  less  deviation  by  wind;  (4)  less  re- 
coil;' (.5)  greater  penetration;  (6)  greater  accuracy ;  (7) 
the  wound  produced,  while  being  suiQcient  to  disable, 
is  much  more  humane. 

Some  of  these  advantages  were  so  apparent  that  they 
couUl  not  be  refuted,  while  the  otiiers  required  the  proof 
which  could  lie  obtained  only  by  experiments  or  by  ob- 
servation of  the  actual  conditions  in  the  licld. 

That  the  ammunition  is  lighter  there  is  no  doubt,  since 
a  soldier  who  carries  KMl  rounds  of  the  older  ammunition 
can  carry  for  the  sjniie  weight  about  180  of  the  new  am 


ammunition  have  been  perfected  very  much  of  late,  it  is- 
yet  a  fact  that,  in  the  remote  ranges,  the  smaller  and 
lighter  projectile  is  more  influenced  by  wind  than  the 
heavier  and  larger  leaden  bullet,  and  that  forthese  ranges 
it  is  not  .so  accurate. 

Greater  penetration  was  another  important  adviintiige 
claimed  by  Hebler,  and  this  claim  was  sustained  by  ex- 
periment. In  unsea-sonid  oak.  tiring  acro.ss  the  grain 
three  feet  from  the  muzzle,  the  old  leaden  .4."i  calibre- 
bullet  from  the  Springfield  ritle  iienetrates  but  live  or  six 
inches,  while  the  steel-jackeleil  bullet  of  our  present  ser- 
vice rifle  at  the  same  distance  will  penetrate  nineteen  or 
twenty  inches. 

The  last  of  the  advantages  claimed  by  Ilebler.  and  the 
one  of  greatest  interest  to  mankind,  was  that  the  tnnind 
prodiicfd.  fhongli  snJUcieiit  ti>  ilixiMi .  in  iiiHch  more  humane. 
This  claim  could  be  determined  only  liy  ex])eriments  on 
cadavers,  and  on  the  lower  animals,  and  by  observation 
of  the  actual  conditions  in  battle.  In  all  the  Iciding 
countries  of  the  world,  from  1886  to  the  jirescnt  time, 
competent  men  have  been  experimenting  ii]>on  the  lower 
animals  and  upon  dead  human  bodies,  for  the  purpose  of 
ascertaining  the  character  of  the  wounds  inflicted  by  the 
different  missiles  employed  in  warfare.  The  Surgeon- 
General  of  the  Austrian  army.  .loliami  llabart.  Chauvel 
and  Xinier.  of  the  Kreiicli  aniiy.  Uriins.  of  Germany,  and 
many  others  have  furnished  us  important  data  upon  the 
effects  of  the  new  arm.  In  this  country  the  subject  was 
first  undertaken  in  1893  when  the  change  in  our  arma- 
ment took  place.* 

Although  there  was  some  difference  in  the  mechanism 
of  the  guns  used  by  the  different  experimenters,  the  pro- 
jectiles which  thev  propelled  differed  but  little  as  to  cali- 
bre and  destructive  effects.  The  most  of  the  experiments 
were  conducted  at  simulati-d  ranges.  That  is  to  say.  if 
the  work  at  Frankfonl  Arsenal  be  taken  as  an  example, 

»  Annual  Eeport,  Surgeon-General  United  Slates  Army,  18£6. 
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all  of  the  firing  was  done  at  fifty -three  feet.  When  it  wa.s 
desired  lo  obtain  tlie  etTerts  of  a  bullet  at  a  errtiiin  ranjic 
the  ihariT"'  of  |iii\vilir  was  rediiciil  in  (luanlilv  cnoiii;!!  to 
give  tlie  bulkt  the  remaining  velocity  for  that  ninj,'c. 
Tlie  resnil.s  thus  obtained  were  generally  iinifonu. 
and,  as  far  as  the  e.vperinK'nters  were  eonecrtied.  sulli- 
ciently  conclusive.  Some  critics  refused  to  accept  the 
results  of  the  exi>erimenters  a.s  final,  upon  the  ground 
that  the  simidaled  velocities  of  the  i>rojeclile,  and  the 
dead  tissues  lired  into,  did  not  repres(rnl  the  conditions 
that  must  obt-.iin  in  war.  It  is  specially  gratifying  to 
those  who  labored  upciii  the  prolilcms  iiivnlved  to  tiiid 
that  their  deductions  have  been  amply  justified  by  cliin- 
cal  evidences  in  war.  and  especially  by  the  revelations  of 
thciniy.  When  one  refiects  that  ithas  bei'U  the  usjige 
of  French  military  singeons  for  generations  to  study 
gunshot  wouncis  by  firing  into  cadavers,  and  that  it  is 
done  by  order  at  Val  de  Onlce  to  this  day,  the  practice 
Jias  this  claim  to  rccouuucnd  it  at  least. 

In  order  toinake  the  results  more  apparent  weadopted 
the  following  plan  at  Frankford  Arsenal;  We  noted  (1) 
the  effects  of  a  i>rojectile  of  larger  calil)re  and  lower  ve- 
hx'itiesupondilTerent  jiartsof  the  human  body  at  various 
ranges:  and  ("-)  the  ell'ects  of  a  projectile  of  the  smaller 
calibre  and  greater  velocities  upon  similar  parts  of  the 
human  body,  or  upon  parts  offering  about  the  same  re- 
sistance at  "similar  ranges.  The  larger  calibre  weapon 
selected  was  the  Spriiiglield  ritle,  calibre  .4.5,  the  gun 
which  liad  formed  the  armament  of  our  foot  troops  since 
1ST3.  The  smaller  calibre  weapon  employed,  and  to 
which  the  experiments  were  especially  directed,  is  known 
as  the  K.\perimenlal  Springfield  ritle,  calibre  .oO. 

The  following  is  a  descrijition  of  the  more  important 
ballistic  properties  of  these  wi-apons:  "The  Springfield 
rifle  is  a  .4,'j  calibre  gim.  the  projectile  of  which  has  an 
initial  vt^locity  of  l.MOl  foot  seconds.  Its  projectile  is 
made  of  compressed  lead,  cylindro-conoidal,  canuelured, 
and  hdiricated,  weighing  500  grains,  iiiiijressed  by  70 
grains  of  black  rifle  powder.  The  Experimental  Spring- 
field rifle  is  a  .30  calibre  gun,  the  projectile  of  wliich  has 
an  initial  velocity  of  3.000  foot  seconds.  Its  projectile  is 
made  of  a  Genuan  silver  jacket  filled  with  a  core  of  lead, 
and  is  not  cannehn-ed  or  lubricated." 

It  will  be  seen  by  Table  II.  that  the  initial  velocity  of 
the  smaller  calibre  projectile  is  far  greater  than  that  of 
the  larger  calibre,  and  that  the  striking  velocity  at  all  the 
ranges  is  greater. 

The  penetration  of  a  bullet  is  proportional  to  the 
square  of  its  striking  velocity ;  for  equal  velocities  the 
penetration  is  projiorlional  to  the  density  of  section. 
The  form  of  the  bullit  and  its  power  to  resist  deforma- 
tion have  a  powerful  influence.  The  penetration  of  the 
220-,!;rain  bullet  is  .greater  at  all  ranges.  This  quality  of 
penetration  in  projectiles  is  always  of  great  interest  to 
surgeons,  and  it  becomes  especially  so  in  this  instance. 
since  it  depends  to  a  material  e.vteut,  as  far  as  the  human 
body  is  concerned,  upon  the  almost  indestructible  liard- 
ness  of  the  projectile. 

In  the  experimental  work  referred  to,  the  penetration 
at  the  dilTerent  ranges  was  obtained  as  follows:  A  I.e 
Boidenge  chronograph  was  used,  the  distance  between 
first  and  second  targets  being  100  feet,  and  the  first  target 
being  'i  feet  from  the  muzzle.  The  remaiidng  velocities 
of  both  bullets  used  (.500  grains.  .45  calibre,  and  220 
grains,  .30  calibre)  were  computed  for  the  desired  ranges 
by  the  methods  given  in  Ingall's  "Exterior  Ballistics." 
To  find  the  penetration  at  a  given  range.  SJty  1.000  yards, 
the  i)rocedure  was  as  follows:  The  remaining  velocity  at 
this  range  computed  as  above,  was  found  to  be  fiT6  foot 
seconds  for  the  ."lOOgrain  bidlet.  The  charge  of  powder 
was  successively  reduced  until  a  charge  was  found  which 
gave  at  53  feet  from  the  muzzle  a  velocity  of  G70  foot 
seconds.  Cartridges  were  made  up  with  this  charge,  and 
the  cadaver  to  be  fired  at  was  placed  at  53  feet  from  the 
muzzle.  The  striking  velocity  of  the  btdlet  being  the 
same  as  that  of  a  bullet  fired  with  the  full  charge  and 
striking  an  object  at  a  distance  of  1,000  yards  the  pene 
tration  would  also  be  the  same.     At  the  ranges  of  1,500 


and  2.0110  yards  respectively,  it  was  found  necessary,  in 
order  to  record  the  low  velocities  obtained,  to  reduce  the 
distance  lielween  targets  to  ,50  feet,  which  caused  the 
velocity  to  be  deternuned  at  2H  feel  from  the  muzzle 
At  these  ranges,  therefore,  the  cadavers  were  placed  28 
feet  from  the  muzzle.  A  tackle  was  provided  for  trav-_ 
ersing  the  cadavers  and  liringing  a  portion  of  the  body 
to  be  fire<l  at  into  proper  position.  Barrels  filled  with 
sawdust  were  placed  behind  the  cadaver  ex|ierinu'nted 
with,  to  catch  the  bullels  and  preserve  them  fniin  defor- 
mation other  than  that  received  in  their  pas.sage  through 
the  body.  Each  bullet  was  marked  on  its  base  with  a 
number  or  letter,  for  the  purpose  of  identification,  and 
after  firing  at  each  range  the  bullets  were  collected  and 
exandned. 

Before  proceeding  to  the  observation  of  gunshot  in- 
juries ]iroper,  some  facts  were  noted  on  impact  and  ex- 
plosive effects,  as  follows: 

Iinpnet. — The  shock  as  shown  by  the  oscillation  of  the 
lind),  when  a  resistant  bone  was  hit,  was  always  greater 
with  the  leaden  bullet  of  .45  calibre  than  with  that  of  the 
smaller-bore  gun :  on  the  other  hand,  the  dillereuce  was 
reduced  to  a  nnninnun  when  the  soft  parts  alone  were 
hit.  It  often  happened  that  the  occurrence  of  a  fracture 
from  the  imjiact  of  the  smaller  projectile  was  determined 
only  after  a  careful  exandnation  of  the  wound.  This 
difference  in  shock  was  noted  at  all  the  ranges,  but  espe- 
cially so  after  the  5(Ml-yards  range. 

The  ndnimum  amount  of  shock  for  the  smaller  jirojec- 
tile  depends  upon  the  superior  penetration,  which,  as 
stated  already,  is  due  to  its  smaller  calibre,  greater  veloc- 
ity, and  last,  but  not  least,  because  it  preserves  its  shape 
unaltered.  The  fact  that  the  calibre  of  the  Springfield 
was  greater  sufficed  to  explain  the  greater  amoimt  of 
shock.  This  was  added  to  by  defonualion.  Part  of  the 
energy  was  consumed  in  the  flattening  of  the  bullet, 
while  the  remainder  was  conve}"cd  to  the  part  hit  in  the 
form  of  shock.  The  difference  in  the  amount  of  shock 
is  at  once  suggested  in  Table  II.,  already  cited.  It  will 
be  seen  that  the  striking  energy  in  foot  pounds  for  all 
the  ranges  is  greater  with  the  projectile  of  the  .45  calibre 
Springfield  rifle. 

Explomvc  Effects. — The  explosive  effects  caused  by  the 
projectile  of  the  Springfield  rifle  were  noticed  up  ti>  2(i0, 
and  in  some  instances  up  to  250  yards,  while  the  explosive 
effects  of  the  projectile  of  the  experimental  Springfield 
rifle  extended  in  some  instances  as  far  as  the  3.50yards 
range. 

The  term  "explosive  effects"  is  somewhat  confusing, 
as  it  is  apt  to  convey  the  idea  that  the  wound  was  caused 
by  an  explosive  bullet.  It  is  a  term  that  (hnilitless  owes 
its  origin  lo  the  sinularity  in  the  appearance  of  the  two 
wounds.  When  we  say  that  a  wound  shows  explosive 
effects,  we  mean  that  it  appears  as  though  it  had  been 
caused  by  an  explosive  bullet.  As  a  rule,  the  wound  of 
entrance  presents  no  special  features  to  which  attention 
should  be  called.  In  only  a  few  instances  is  a  certain 
amount  of  bone  sand  f(nind  in  the  tract  leading  to  a  frac- 
tured bone.  When  a  resistant  bone  has  been  hit,  the 
foyer  of  fracture  will  show  great  lo.ss  of  substance,  the 
bone  will  have  been  very  finely  conuuinuted.  the  pulver- 
ized bone  will  li;ive  been  driven  not  oidy  in  the  direction 
in  which  the  projectile  was  travelling,  but  in  all  direc- 
tions, and  the  i)ulpificalion  of  the  soft  parts  will  not 
only  be  limited  to  the  track  of  the  bullet,  but  utter  de- 
struction is  noticed  for  some  distance  iiUo  the  surroiuidin.g 
tissues.  The  wound  of  exitaiipears  like  a  bursting  forth 
of  the  skin:  the  track  leading  to  the  bone  is  conical  in 
shape,  the  base  of  the  cone  corres))cinding  to  the  wound 
of  exit  in  the  skin  and  the  apex  lo  the  scat  of  fracture. 

The  degree  of  explosive  effects  corresponds  to  the 
velocity  of  the  projectile  at  the  moment  of  impact  and 
the  resistance  offered  by  the  part  hit. 

The  bony  structures  are  iiot  alone  in  showingexplosive 
effects  with  high  velocities.  Explosive  effects  have  been 
noted  with  the  luiijectile  of  the  reduced  calibre  wea|ions 
up  to  .500  metres  in  "  very  vascular  tissues,  cavities  filled 
with  liquid  or  seini-Iiquid  or  viscous  masses,  such  as  the 
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.skull.  Iiiiirt,  livcT,  Hplpon,  kidncyit.  Htoiimcli,  IntMtinefi, 
jiiiil  liliiililcr.  w  liirh  imvi-  Wvn  iiltriliiili-il  by  some  oIhrt- 
vers  III  liyiliiiiilir  |irrH.siirr  " 

III  iirili-r  III  list  ilii'  iiilliii'iiri' iif  hyilniiilic  prcfuiurc  In 
••iiusiiij;  i'\|)liisivr  ilTi  I  Is  Miiiir  liiliri'sliiig  i'.xiH'riliU'iit.s 
wcrr  ('iiiiiliiclcit  III  Friiiikfiiiii  Arsi'iiiil. 

1.  Eiiiplv  powiliT  (iiiis  wore  llrcil  iiitu  iit  VBrimw 
nmci's.  I'lif  iirlHci-H  of  I'lilniiict'  ami  exit  were  fmiiiil 
jir<i|iiirl|iiiiiil    to    tlif    HJ/.o   of    tliv    |inijr('(il('H  ciiiployi'tl. 

rill-  ciins  well'  not  ck-foniicil,  showing  no  o.xploKJvc 
vlTcrls. 

2.  A  half  (lo/.fiior  morv  powilcrams  from  Ihi-siiinc  lot 
were  Illlcil  with  wi'l  sawdust.  The  cans  witi-  llrcil  into 
III  viirimis  nmiji'S  Tin-  oritlcu  of  riitmiH'c  in  cac  h  ra.sc 
prcsi'iilcil  no  special  features.  The  orillce  of  c.\it.  how- 
ever, fiirboili  project  lies  was  niarkeil  liva  liiirstiiiir  forth 
of  the  tin  ami  loss  of  the  conleiit.s.  'I  he  cans  hail  been 
expamleil  as  if  by  an  internal  force,  which  hail  been  ex- 
crteil  in  all  ilireclions.  The  explosive  elTccts  were  about 
Ihc  same  for  both  bullets. 

3.  Aiiollicr  lot  of  powder  cans  of  the  siinie  si/.e  and 
dimensions  was  tilled  with  water  and  tired  into.  The 
results  were  (|uite  similar  to  those  observed  in  the  case  of 
the  wet  .sawdust,  only  more  extensive,  and  the}-  were 
aliout  equal  for  tin-  two  |)rojecliles. 

The  followini:  observations  niioii  the  explosive  eflects 
of  projectiles  at  relatively  short  ranges  picture  in  n 
marked  degree  the  wounds  that  surgeons  have  to  tlfal. 
as  a  result  of  high  velocities,  and  unless  one  is  prepared 
to  interprci  their  true  cause  he  is  apt  to  fall  into  very 
erroneous  conclusions. 

Notes  of  Orxsnor  iN.ifiiiKs  on  tiik   IIim.vn   TJody; 

EXI'KICI.MKNTS  COXDICTKII   .VT    Fn.\XK1-<>HI)   AUSICNAL, 

Pknxsyi.v.vni.v.  ox    M.Mtrii    18th.   189:3,    with  the 

L.Vlir.K  .\XI)  SM.\I.L  C.M.IIIUK  PuO.IFXTII.KS,  FOR  THE 
PfltfOSK  OK  XoTIXI)  THE  Exi't.OSIVE  EFFECTS  AT 
HeI..\TIVEI.V   SHOItT    R.\X(iES. 

1.  Gunshot  injury,  left  humerus,  at  junction  of  middle 
and  lower  thirds;  bullet  No.  4,  calibre  .45:  range,  17 
yards.  The  wound  of  entrance  is  oval,  .5.'»  inch  in  its 
greatest  diameter.  The  wound  of  exit  is  marked  by  a 
ohiLsm  on  the  back  of  the  arm  four  inches  in  length,  'i.'Mi 
inches  in  width,  the  edges  of  which  are  ragged.  There 
is  eversion  of  muscle  and  fat.  The  soft  parts  contain 
minute  fnigmcnts  of  bone,  which  have  been  driven  some 
dishince  inio  the  tissues.  The  bullet  struck  the  humerus 
at  the  juiictioiuif  the  iniddleand  lowerthirds.  The  foyer 
<if  fracture  shows  a  loss  of  substance  of  the  shaft  1.60 
inches  in  length.  There  isextensive  comminution.  The 
fragments  (twenty-three  being  readily  counted)  are 
greatly  displaced,  and  the  majority  of  them  are  free 
from  the  |H>riosteum.  The  bullet  is  very  much  mush- 
roomed, having  lost  about  one  half  in  weight. 

2.  A  gunshot  injury  by  the  .30  calibre  [irojcctile,  at 
the  s'line  range,  ou  the  opposite  arm  produced  a  wound 
of  entrance  which  is  round.  .3")  inch  in  diameter.  The 
wound  of  exit  is  4.30  inches  in  length,  and  3.36  inches  in 
width.  It  is  marked  by  pulpitication  of  the  muscular  tis- 
sue, which  contains  bone  sjind.  The  missile  struck  the 
shaft  of  the  humerus  above  the  middle,  coimninuting  the 
bone  extensively,  but  not  to  the  extent  observed  in  the 
preceding  injury  with  the  .45  calibre  leaden  projectile. 
Fourteen  principal  fragments  were  readily  counted. 
They  are  large  and  not  so  much  displaced  as  in  the  injury 
ou  the  left  humerus.  The  larger  fragments  are  retained 
in  place  by  their  periosteal  attachment.  The  fissures  are 
not  so  extensive  in  the  shaft  above  and  below  the  seat  of 
injury.  Tlie  projectiles  were  recovered,  the  leaden  nu- 
cleus having  escaped  from  the  harder  metallic  mantle. 
The  cylindrical  part  of  the  envelope  is  intact,  the  conioal 
end  having  split  in  four  pieces,  one  of  which  is  entirely 
detached  fri^m  the  shell. 

3.  (Junshot  injury  of  the  left  tibia,  middle  third  ;  bullet 
No.  5.  calibre  .45:  range,  17  yards.  The  wound  of  en- 
trance is  round,  45  inch  in  diameter;  the  wound  of  exit 
is  marked  bv  a  longitudinal  tear  in  the  calf  3.16  inches 
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in  length  and  1.18  Indies  iu  width.  The  bullet  struck 
the  shaft  of  the  tibia  at  the  junction  of  the  middle  und 
upper  thirds.  Hhalliring  the  bone  extensively  The  wat 
III  eomminution  meiihiires  4  3(1  imhes,  the  fragnients, 
which  are  all  delached.  have  Ihih  dlsphicid  liai  kward. 
Ijirge  numbers  of  line  spicula  of  bone  have  been  driven 
into  the  muscle  of  the  calf.  The  soft  parts  are  reiliieed 
to  a  pulp  like  inii8.s  for  Home  distance  iV'yond  the  wallo 
of  the  chasm  like  opeidng.  The  llliiila  is  broken  at  the 
sjime  level.  The  projectile  was  split  into  two  lateral 
halves  at  the  conical  end.  one  of  wliieli  was  lost,  whilst 
the  other  remains  attached  to  the  cylindriciil  portion. 

4.  A  gunshot  injury  by  the  .3(1  calibre  projiitile  at 
the  same  range  on  the  o|iposite  tibia  shows  a  wound  of 
riitrance  which  is  round,  .30  inch  in  diameter,  and  a 
wound  of  exit  which  is  marked  by  an  oblique  tear  ex- 
lending  ffom  I  he  lower  part  of  the  popliteal  space  to  the 
lower  part  of  the  calf,  measuring  (1.06  inches  in  length 
and  2  36  inches  in  width. 

The  liullet  collided  with  the  tibia  at  its  inner  border 
4.30  inches  below  the  knee-joint,  comminuling  the  shaft. 
L'pon  removing  the  skin  the  wound  of  entrance  is  seen  to 
be  tilled  with  bone  sand,  the  periosteum  over  the  crest  of 
the  shaft  is  partly  torn,  on  the  outer  side  several  large, 
sharp  splinters  of  bone  remain  attached  to  the  perioste- 
um; the  posterior  wall  of  the  shaft  below  the  popliteal 
space,  two  inches  in  extent  vertically,  has  been  entirely 
destroyed  and  spicula  of  bone  and  medulla  are  .seen  in 
the  lacerated  muscle  of  the  calf.  The  libiila  is  fractured 
in  two  places  just  above  the  level  of  the  fracture  in  the 
tibia.     The  muscle  of  the  calf  has  been  reduced  to  imlp. 

The  iirojectile  was  very  much  deformed  ;  but  one  frag- 
ment of  the  metallic  mantle  was  recovered;  it  measured 
.79  inch  in  length  and  .39  inch  in  width.  The  leaden 
nucleus  was  mu.shroomed  and  is  only  half  the  original 
length. 

It  will  be  seen  from  the  foregoing  that  the  explosive 
effects  at  short  range  differ  but  little  for  the  two  projec- 
tiles, and  that  they  are  always  enormous. 

Notes  ox  the  Effects,  on  the  Humax  Boijv,  of 
THE  Pkojectiles  OF  Large  axd  Smali.  Calibre  Im- 
pressed BY  the  Velocity  Common  at  350  yards; 
ExPERi.MEXTS  Conducted  at  Frankford  Arsenal, 
Pennsylvania,  January  12tu,  1893. 

1.  Gunshot  injury  of  the  left  ankle;  bullet  No.  2.  cali- 
bre .30.  The  wound  of  entrance  is  1. 18  inches  below  the 
tip  end  of  the  internal  malleolus;  it  is  star-shaped.  .39 
inch  in  its  greatest  diameter.  The  projectile  entered  the 
astragalus  at  the  lower  margin  and  at  its  articulation 
with  the  OS  calcis.  A  portion  of  the  bone  belonging  to 
the  astragalus  at  this  point.  .59  inch  long  by  .39  inch 
wide,  is  lying  in  the  wound,  attached  by  periosteum. 
The  posterior  portion  of  the  trochlear  surface  of  the  03 
calcis,  ..59  inch  long  by  .39  inch  wide,  is  partially  de- 
tached. The  missile  pas.sed  between  the  os  calcis  and 
the  astragalus  and  emerged  through  the  upper  portion 
of  the  OS  calcis  ne.xt  to  the  outer  margin  of  the  articula- 
tion. There  are  .several  free  fragments  from  the  latter 
bone  in  the  wound  of  exit.  The  tip  of  the  external  mal- 
leolus was  crushed  by  the  projectile.  The  projectile  was 
not  deformed. 

2  Gunshot  injury  of  the  left  ankle  joint;  bullet  No. 
3,  calibre  .45.  The  wound  of  entrance  is  round.  3..54 
inches  in  diameter,  and  torn,  the  teare  radiating  from  the 
edges  of  the  wound.  The  wound  of  exit  is  irregularly 
(piadrilateral  in  shape.  .79  inch  in  its  greatest  diameter. 
The  bullet  entered  through  the  internal  malleolus  and 
made  a  grooved  fracture  of  the  astragalus,  there  is  com- 
plete pulverization  of  the  inner  half  of  the  articular  sur- 
face of  the  tibia.  The  missile  then  passed  out.  |)iercing 
the  posterior  portion  of  the  external  malleolus,  the  aiite- 
rior  portion  remaining  attached  to  the  shaft.  The  projec- 
tile was  mushroomed. 

3.  Gunshot  injurv  of  the  right  foot;  bullet  No.  4.  cali- 
bre .30.  The  wouiid  of  entrance  is  35  inch  in  diameter. 
1.18  inches  in  front  of  the  external  malleolus.     The  wound 
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f.t  ovi't  was  fimnil.  after  several  miiuilesof  patient  search 
iiij5,  to  lie  loeated  in  llie  soleiif  the  fool.  1.3s  inclK'S  from 
the  internal  nmlleohis.  It  is  niarki'il  hy  a  slil  like  open- 
ing  28  inch  in  lenirtli.  The  edires  of  the  slit  approximate 
each  other  thoroughly,  hence  the  diHiciilly  cxperieiiceil 
ill  locatini;  the  umiinl.  Thi'  projeclili'  enterid  the  os 
calcis  near  its  arliculation  with  the  cuboid  anil  lielow  the 
liead  of  the  astrairaliis.  fracturing  the  caleaneo  culioiil 
articulation,  splintering  the  lione  in  three  fmginents.  near 
which  a  small  amount  of  pulverized  boue  is  found.  All 
tlie  boni'S  of  the  tarsus  are  intact  e.vcept  the  os  calcis. 
Tlie  projectile  was  recovered  unaltered  in  shapi-. 

4.  Gunshot  injury  of  the  left  tibia  and  tibula  near 
knee  joint .  bullet  No.  .").  calibre  .'M.  The  wounil  of  en- 
trance is  rouiul,  .3!)  inch  in  diameter;  the  wound  of  exit 
is  marked  by  a  longitudinal  slil.  measiiriug  .311  inch  in 
length.  The  projectile  entered  the  anterior  portion  of 
the  head  of  the  tibia.  .3!)  inch  from  the  joint,  in  the 
middle  line,  jia.-^.sing  obliijuely  toward  the  outer  side,  and 
emerged  from  the  posterior  surface  of  the  head  of  the 
fibula.  The  oriliee  of  entrance  in  the  bone  is  ciiuivalcnt 
to  ihediamcterof  the  mi.ssilc;  the  oriliee  of  exit  is  irregu- 
lar. .31)  inch  in  its  greatest  diameter.  There  is  no  com- 
minution of  bone.  The  knee-joint  was  not  perforated, 
but  the  articular  surface  adjacent  to  the  outer  tuberosity 
shows  a  fissure  which  in  the  recent  state  was  not  appar- 
ent.    The  projectile  was  lost. 

5.  Gunshot  injury  of  the  lower  shaft  of  the  right 
femur;  bullet  No.  3.  calibre  .45.  The  wound  of  entrance 
is  1.57  inches  above  the  outer  condyle,  round,  and  .45 
inch  in  diameter.  The  wound  of  exit  is  in  the  upjier 
part  of  the  popliteal  space,  irregularly  quadrilateral  in 
8liai)e.  .TUinch  in  its  greatest  diameter.  The  bullet  en- 
tered the  lower  shaft,  i.5T  inchesabove  the  margin  of  the 
articular  surface,  .31)  inch  outside  the  middle  line.  Nine 
large  splinters  are  detached,  measuring  from  .6  inch  to 
3.50  inches  in  length.  There  are  a  number  of  deep  verti- 
cal fissures  in  the  upper  and  lower  fragments;  those  in 
the  lower  do  not  invade  the  joint.  The  projectile  was 
very  much  set  up. 

6.  Gunshot  injury  of  the  right  hip  joint.  Bullet  No. 
6,  calibre  .30.  The  wound  of  entrance  is  .35  inch  in 
diameter,  over  the  femond  vessels.  1.57  inches  below 
Poupart's  ligament;  the  wound  of  exit  is  in  the  middle 
of  the  gluteal  region  of  the  corresponding  side,  oval  in 
shape,  and  exceeds  very  lilllc  the  diameter  of  the  pro- 
jectile. The  bullet  entered  the  caiisular  ligament  at  its 
inner  margin  and  traversed  the  head  of  the  femur.  .71) 
inch  below  the  ligamentum  teres,  producing  a  grooved 
fracture.  The  course  of  the  projectile  was  horizontal 
and  clear-cut ;  a  fracture,  1.57  inches  in  length,  is  noticed 
extending  downward  through  the  ischium.  The  com- 
pact bone  adjacent  to  the  track  of  the  bullet  shoivs  fis- 
sures not  apparent  in  the  fresh  state.  The  missile  entered 
the  acetabulum,  1.97  inches  from  thi-  lower  margin  in  the 
cotyloid  notch.  Th(M)ritice  of  entrance  corresponds  nearly 
to  the  diameter  of  the  projectile;  the  orifice  of  exit  is  ir- 
regular, 1.97  inches  in  its  two  diameters.  A  fragment  of 
the  outer  plate  of  bone,  .39  inch  in  length,  hangs  at- 
tached by  periosteum.  The  projectile  was  not  in  the 
least  deformed. 

7.  Gunshot  injury  of  the  left  liip  joint;  bullet  No.  7, 
calibre  .30.  The  wound  of  entrance  perforated  the  skin 
on  the  anterior  aspect  of  the  thigh,  external  to  the  large 
vessels,  1.57  inches  below  Pou])art's  ligament.  The 
wound  of  entrance  is  round,  .30  inch  in  diameter;  the 
wound  of  exit  is  also  round,  in  the  middle  of  the  gluteal 
region,  and  it  barely  exceeils  the  diameter  of  the  missile. 
The  projectile  entered  the  anterior  convexity  of  the  head 
of  the  femur,  after  passing  through  the  capsular  liga- 
ment ;  the  acetabulum  was  not  involved  until  after  the 
bullet  liad  p.a.'^sed  ihrnugh  the  head  of  the  femur.  The 
projectile  traversed  the  head  of  the  femur  in  a  horizontal 
direction.  30  inch  above  a  horizontal  line  drawn  through 
the  centre  of  the  head,  and  emerged  at  its  [loslcrior  sur- 
face 1.28  inches  external  to  the  ligamentum  teres.  A 
fissure  is  seen  connecting  the  points  of  entrance  and  exit, 
and  extending  outward  along  the  upper  margin  of  the 


attachment  of  the  capsular  ligament;  there  are  smaller 
fissures  that  radiate  from  the  orifice  of  entnince.  No 
splinters  are  detached.  The  outer  lip  of  the  acetabu- 
lum, however,  was  split,  and  is  held  in  plac(-  only  by 
the  capsular  ligament  The  bullet  at  the  orifice  of  exit 
peiietrateil  the  acetabulum.  .5!)  inch  from  the  outer 
margin,  emerging  without  detaching  any  splinters,  ex- 
cepting as  noted,  and  left  clean-cut  orifices  upon  enter- 
ing and  leaving  the  bone.  The  orifices  of  entrance  and 
exit  in  the  globular  head  of  the  femur  are  round  and 
Cfpial  to  the  diameter  of  the  projectile.  The  orifice  of  en- 
trance in  the  pelvis  is  round,  and  exceeds  by  only  a  frac- 
tional part  the  diameter  of  the  projectile;  the  orifice  of 
exit  is  .50  by  .39  inch  in  diameter,  with  the  margins  of 
the  orifice  slightly  elevated.  The  bullet  was  not  de- 
formed. 

8.  Gunshot  injury  of  the  right  elbow  joint;  bullet 
marked  "E."  calibre  .30.  The  wound  of  entrance  is  fin 
the  external  aspect  of  the  arm  opposite  the  bend  of  the 
elbow,  2.36  inches  from  the  olecninou ;  it  is  round,  and 
equal  in  diameter  to  that  of  the  projectile;  the  wound  of 
exit  is  .59  inch  liilow  the  tip  of  the  olecranon;  it  is 
star  shaped,  and  .30  inch  in  its  greatest  diameter.  The 
projectile  passed  through  the  head  of  the  radius,  permit- 
ting the  outer  and  ]iosterior  aspect  of  the  forearm  to  re- 
ceive the  wound;  the  head  is  split  in  two  portions,  one 
half  of  which  is  finely  comminuted,  while  the  outer  half, 
together  with  its  jiorlion  of  the  neck  and  .79  inch  of  the 
shaft,  remains  in  place  without  much  damage  tothe  peri- 
osteum. The  pulverized  bone,  comprising  the  inner  half 
of  the  head,  lies  free  in  the  joint.  The  projectile  entereil 
the  ulna  .20  inch  below  the  joint,  near  the  posterior 
margin  of  the  lesser  sigmoid  cavity ;  the  olecranon  is 
completely  crushed;  fissures  extend  through  the  greater 
sigmoid  cavit}-,  and  the  posterior  portion  of  the  articular 
surface.  There  are  seventeen  small  splinters  detached 
from  the  periosteum  about  the  foyer  of  desi  ruction.  The 
projectile  was  slightly  dented  on  one  side  in  the  cylin- 
drical jiortion;  otherwise  it  sustained  no  deformation. 

9.  Gunshot  injury  of  the  right  .shoulder  joint ;  bullet 
No.  6,  calibre  .30.  The  wound  of  entrance  is  round, 
.30  inch  in  diameter;  it  perforated  the  skin  well  up  on 
the  anterior  aspect  of  the  shoulder,  .39  inch  below  the 
acromion;  the  wound  of  exit  is  irregular  in  i,hape.  .59  inch 
in  its  .greatest  diameter,  on  the  jiosterior  aspect  of  the 
shoulder.  4. 72  inches  from  the  wound  of  entnuice.  measur- 
ing over  the  shoulder.  The  iirojectile  entered  the  bone 
in  the  bicipital  groove  between  the  two  tuberosities  and 
travcrscfl  the  head  of  the  humerus,  crushing  the  head  in 
passing  out  jiostdriorly.  One  large  splinter.  1.18  inches 
by  .98  inch,  was  carried  through  the  orifice  of  exit  in 
the  bone  and  found  embedded  in  the  infraspinatus  and 
teres  minor  muscles.  Four  other  splinters  comprising 
the  globular  head  of  the  humerus  lay  about  the  seat  of 
fracture;  the  central  portion  of  the  head  is  jiulverized 
and  discolored  by  lead.     The  bullet  was  not  recovered. 

Notes  os  the  Di-.s-rnrcTivK  Effects  ox  the  IIf.M.\N 
15onv.  OF  the  I'ko.iixtii.es  of  L.vi«iE  and  Smai.i^ 
Cai.iijue  Impkessed  nv  the  Velocity  Common  at 
1.200  Yauds.  Exi'erimexts  CoxDrcTEi)  at  Fhaxk- 
FouD  AusENAi,,  Pexssvlvania,  Mauch  9ti!,  1893. 

1.  Gunshot  injury  of  the  lower  third  of  the  left  femur: 
bullet  marked  ".I,"  calibre  .45.  The  wound  of  entrance 
is  round,  .45  inch  in  diameter;  the  wound  of  exit  is  in  the 
upiier  jiart  of  the  popliteal  space,  marked  by  a  slit  run- 
ning oliliijuely.  1.38  inches  in  len.sth.  The  missile  struck 
the  shaft  of  tJic  left  femur  2.3(!  inchesaliovc  thearticular 
cartilagi'  on  the  inner  side  of  lUv  nxdian  line.  The  bone 
immediately  behind  the  point  of  impact,  covering  an  ir- 
regular space  1.5  by  2  inches  in  iliameter.  was  carried 
away  anil  lies  linely  comminuted  in  the  track  of  the  bul 
let;  only  a  fraction  of  the  numbir  of  the  splinters  of 
bone  could  be  recovered.  .Some  fragmenis  of  lead  were 
found  with  the  bone  .sainl.  Tlu'  projectile  was  very 
slightly  fiatteiied  in  the  cylindrical  portion  near  the  base: 
one-third  of  the  conical  portion  of  the  bullet  was  severed 
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<;uii>li<ii  \%  • 
f.iiiikiii.i   \i  . 


II  iiilft. 
II  iiii«. 


Illlrlltlly  and  togt;   the  ri'liialliin;.'  I»'>  IImkN  uii-  IIhIIiIk  iI 
llltl'l'llllv. 

'J  Ciiiisliiit  iiijiirv  of  till'  lii-ail  <if  the  rl);lil  liliiii;  liiil- 
111  rimrki-il  "K."  nililirr  Hii  'I'lir  wmiiiil  of  cntniiiri'  is 
.30    inch  iii   tliiiim-ti'r,  iiiid  .oU  iiii'li  ImIihv    tlii'  |iatcllii; 


IhiIiiiiI i    li-  iiiiMMi*     iNilii*  i|i:iti  j\   ult"\r  lilt    u[ijH  r   iii;ir 

^'iii  or  tlir  iirtii'iiliir  siiiriur      A  kiiiiiII  i|iiaiitil>  ul  tini'ly 
piilviri/i  il  III. IK   «ii-  f..iii.il  III  III.    A.. mill  i.f  cxil      'I'lurc 


no.  2357.— (iiiiwhoi  Injury  "f  tl"'  RlirM  Tllilii.  ut  tin'  Jiinrtd.n  of  tho 
rpiKT  mill  MMilli-  ThlnlK.  Iiv  llir  .■IIMallhn'  (iiTiimn-SllviT  Jurli- 
I'li'il  l'p.J.'<ill.'  Willi  llii'  Vi'|.»llv  I . .111111. .11  III  l.^im  Viir.l".  Til.'  \m- 
JiHlil.'  iM'ii.'iiiiii'.l  ilii.  «lmfl  six  liirli.-"  Iu'l.iw  Ihi'  kiiii.  Jnlnl.  Kxiiiii- 
liiiiil'.ii  liiiiiK'.linii'lv  iifur  ilif  Kli.'l  «iL«  lln-.l  ri'M'iili'il  im  iiinbllllj, 
iillli.iiiiili  u|».ii  .llMM.<'ll..ii  II  ilNtliii't  Cnii-tiit\'  n'H.H  i.lMvrvixl.  Tliu 
dlHI'luo'iiii'iil  ii(  till'  |iiiuii|>ul  (niKiiK'UIti  Ik  vt-ry  nllKliI. 


^C^ 


FIO.  3358.— A  PoBterior  View  of  Fig.  2357 


thi'  wmiml  of  exit  is  in  tlic  upper  part  of  tin-  calf;  it  is 
(iiiudrilalci-al  in  sliaiic,  HO  imli  in  its  laifri'st  iliamikT. 
Till'  proji'clilc  pcrfiinitrd  tho  lii-nd  of  the  tibia  in  the 
middle  line.  .39  ineli  liilow  the  articular  surface.  The 
diameter  of  the  tnick  of  the  projectile  corresponds  to  the 
diameter  of  the  missiU';  the  orilice  of  e.\it  is  on  the  pos- 
terior surface.  .39  inch  distant  from  the  articular  facet 
for  the  lihula.  No  larp-  fniu'inents  were  Inund  in  the 
tissues.  The  libula  and  the  articular  surface  of  the  head 
of  the  tibiii  are  uninjured.  The  projectile  was  not  de- 
formed. 

3.  Gunshot  injury  of  the  lower  end  of  the  rijcht  femur; 
bullet  marked  "  D."  calibre  .30.  The  wound  of  entrance 
is  round,  .30 inch  in  diameter.  .79  inch  above  patella;  the 


Fio.  awi.  -liunslioi  liijiirv  i.f  lln-  I^iw.t  Third.  ISlKlit  Fetnur,  hy  thn 
."•I  Ciilllir.'  (i.niiiiii-silviT  Jiiikeliil  l'n.J..<Mli-  wlili  tlie  Vi'liicliy 
('iiiiiiit.>ii  III  \.'Ji*>  ^'iinN.  'riie  jir..J.'.-tllf  iMTf<.niIi'«l  IliiMiiiiiTli.r  fun; 
iif  till'  Ih.iii'  iiIn.iii  Ils  inlililli'.  liiiMii-.lliiii'ly  iiIk.vi'  llie  ii|i|ii'r  iiiaririn 
iif  till*  nrtleiiliir  siirfiire.  iiiiikliii;  n  rlmiM-iil  |HTfi.nill..ii.  The  tin- 
sum  occumil  In  ilryliijr ;  It  wiim  iinl  pn-senl  In  the  ni-eiit  Htulc*. 


Fio.  33.i9.-r.iinsliot  Iiijurv  ..f  the  Hciul  of  the  RlKht  Tibui  l.>  tlit;  .311 
Calilire  iJeriniin-Sllver  Jinkeliil  I'liijeilile  Willi  the  Velocity  Common 
at  l.am  Viinls.  The  pnijei-tlle  jiertonileil  the  head  of  the  tllila  in 
the  miilille  line  .'.»'  below  the  artli'iiliir  surface.  The  dlaineler  of  the 
traok  of  the  bullet  la  the  bone  corresponds  to  the  diameter  of  the 
missile. 


Fio.  2360.— A  Posterior  View  of  Fl(r.  23a'.' 

■wound  of  exit  is  in  the  internal  and  upper  part  of  the 
popliteal  space,  marked  by  a  i|uailnlatcr;»l  orilice  havincr 
a  punchedout  appearance.  .79  inch  in  its  iireatest  diam- 
eter.    The  projectile  perforated  the  anterior  face  of  the 


Fio.  2362.— a  Posterior  View  of  Fig.  2361. 

was  no  tissuring.  and  the  articular  surface  was  uninjured. 
The  projectile  sustained  a  slight  flattening  of  its  tip  at 
the  conical  end. 

4.  Gunshot    injury    of    the    left     knee-joint:    bullet 
marked   "B,"  calibre  .45.     The  wound  of  entrance  is 


Fig.  2363.— Gunshot  Injury,  Right  Tibia,  near  the  Ankle,  by  the  .'30 
Calibre  Cennan-Sllver  Jacketed  Projectile  with  the  Velocity  Com- 
mon at  l.-im  Yanls.  The  bullet  perforated  the  tibia  on  the  anterior 
aspect  in  the  middle  line  2."I7  alKive  tin-  ankle  J.iint.  The  ..rillce  of 
entrance  lias  a  piiiiched-out  appearance  tiiunl  in  diameter  to  that  of 
the  projet'tlle.  The  Assure  occurred  In  drying ;  It  was  not  present  In 
the  recent  state. 


Fio.  236t.— A  Posterior  View  of  Fig.  2363.    Fissures  are  exaggerated 
by  drying. 

round.  .45  inch  in  diameter,  a  little  internal  to  the  mid- 
dle of  the  patella;  the  bullet  ransred  downward,  back- 
ward, and  outward,  indicting,  in  the  fleshy  part  of  the 
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calf,  a  wound  of  exit  wliirli  is  (iiiadrilalcnil  in  shape. 
.79  iiuli  in  lciii;lli.  The  Imllct  cntcri'd  llic  |mt<'llii  cm 
tlie  iniiiT  side  id  the  median  line  and  pas,sed  lliiiiii};ii  the 
outer  tondyle,  enicigint;  .79  inch  fr the  point  of  en- 


Fio.  236.'i.-The  SiXH-lmcn  Shows  Two  Pprfonitlnns  of  tlie  UIbIjI  Tlhln 
bv  the  ."liO  tiilllm'  (ieniiim-.SIIvHr  Jiickeliil  I'n.lcilili'  wlih  the 
VeliK-iiv  I'suallv  I'.ps.si-ssiil  M  l,:."!!!  Vimls.  Tlii' i"''''"''!!!'"!!  In  tlm 
inltldlf  of  the  shaft  slmws  tvvn  tl'^iire.s  eros.sliii;  eai'li  either  in  the 
form  ef  im  "  ■  ."  Then-  Is  n  eninplele  fnutim'.  Tlio  lower  per- 
fonillon  Is  ailenditi  with  less  UssurliiK.  There  Is  no  solution  of 
oontlmiltv. 


Fig.  2366.-A  Posterior  View  of  Kig.  ZK,. 

trance,  splitting  the  outer  tuberosity.  A  slight  outward 
displacement  of  the  frairnients  shows  a  lissuie  e.xtcndiug 
tipwiird  to  the  nmrgin  of  the  articular  cartilage.  The 
pnlelltt  is  broken  into  a  number  of  fragments.  Passing 
downward  the  bullet  entered  the  left  tibia,  carrying 
away  a  portion  of  the  outer  cartilage  ;uid  grazing  tlic' 
top  of  the  tibula.  The  bidlet  was  tlalteiieil  laterally 
along  its  cylindrical  and  conical  portions  on  one  side,  and 
flattened  at  the  conical  eiiil  alone  on  the  opposite  side. 

5.  Gunshot  injury  of  the  left  tibia  and  tibula  near  the 
ankle  joint;  bullet  marked  "G,"  calibre  .4.5.  Thewoiinil 
of  entrance  is  over  the  ankle  in  front,  round,  A'>  inch  in 
diameter.  The  wound  of  e.\it  is  just  above  the  external 
malleolus  between  the  teiido  Achillis  and  the  libula.  It 
is  marked  by  a  longituilinal  slit,  l.;i8  inches  in  length. 
The  bullet  entered  tla-  tiljia  1.18  inches  aliove  the  ankle 
joint  in  the  median  line;  the  missile  struck  the  tendon  of 
the  tibialis  auticus  mu.sele,  displacing  it  to  the  outer  side. 
The  inner  portion  of  the  shaft  and  internal  malleolus  re- 
main intact.  The  slitift  of  the  outer  side  is  fissured  ir- 
regularly ;  a  zigzag  line  extends  between  the  points  of 
entrance  and  exit.  The  libula  is  fracliired  at  the  same 
level.  The  bullet  is  llattetied  in  the  cylindrical  portion 
near  the  base,  and  llattened  laterally  tit  the  conical  end. 
the  flattened  surface  at  the  latter  point  being  very  irregu- 
lar. 

6.  Gunshot  injury  of  the  right  tibia  near  the  ankle; 
bullet  marked  "H,"  calibre  .30.  The  wound  of  entrance 
is  over  the  lower  part  of  the  leg  anteriorly,  round,  .30 
inch  in  diameter.  The  wound  of  exit  lies  in  the  same 
plact'  posteriorly;  it  presents  a  punclicd-out  app<'arance, 
is  triangular  in  shape,  .30  inch  in  its  gretitest  diameter. 

The  bullet  perforateil  the  tibia  on  the  anterior  aspect 
in  the  median  line,  2.17  inches  above  the  ankle  joint. 
The  orifice  of  entrance  has  a  punched -out  ai)])earance;  it 
is  .30  inch  in  the  vertical  and  .24  inch  in  the  horizontal 
direction.  There  is  a  fissure  3.75  inches  long,  extending 
upward  from  the  jierforation;  it  is  seen  through  the  peri- 
osteum, the  latter  being  intact.  Posteriorly  between  the 
foyer  and  the  wounil  of  exit  in  the  skin  many  tine  splin 
ters  of  boneare  distributed,  the  fibula  is  uninjured.  The 
bullet  is  very  little  flattened  at  the  conical  ciid. 

7.  Gunshot  injury  of  the  right  knee;  bullet  No.  1, 
calibre  .45.  The  wouial  of  entrance  is  .30  inch  internal 
to  and  above  the  jiittcUa;  it  is  round,  .45  inch  in  diam- 
eter; the  wound  of  exit  is  in  the  middle  of  the  poiditeal 
space,  star  shaped.  .59  inch  in  its  greatest  diameter.  The 
bullet  entered  Ihe  bone  I.IS  inches  above  the  articular 
surface.  The  diameter  of  the  perforation  corresponds  to 
the  diameter  of  Ihe  missile.  The  orifice  of  exit  poste- 
riorly a<lmits  the  index  fingei  tind  is  situiiled  in  the  popli- 
teal space  above  the  trochlear  surface  of  the  inner  side 


of  the  median  line.     The  bullet  was  recovered,  very  little 
dented  sit  Ihe  conical  end. 

K.  (Uinshot  injury  of  the  upper  third  of  the  left 
femur;  bullet  No.  2.  calibre  .45.  The  wound  of  en- 
trance is  rounil.  .45  inch  in  diameter;  the  wound  of  exit 
is  maiked  by  a  slit  like  ojieniiig  running  longitudinally, 
I. IS  inches  in  extenl.  The  lunjectile  entered  Ihe  tuite- 
rior  aspect  of  the  femur  anil  shattered  the  bone  above  its 
midille.  Nine  large  splinters,  from  4  inches  to  .40  inch 
in  length,  are  found  in  the  foyer  of  fracture,  and  only 
partially  held  by  Ihe  periosteum.  The  bullet  wa.s  set  up 
ami  dented  til  one  side  at  the  coidcal  end. 

9.  Gunshot  injury  of  the  upper  third  of  the  right 
femur;  bullet  No.  1.  calibre  .30.  The  wound  of  entrance 
is  round.  .30  inch  in  diameter;  the  wound  of  exit  is  in 
the  llesby  portion  of  the  thigh,  i|Uad]ilateral  in  shape, 
.79  inch  in  its  greatest  diameter.  The  bullet  entered 
the  bone  5. .50  inches  below  the  trochanter  major,  com- 
minuting the  shaft.  The  largest  fragment  is  4  by  1.18 
inches,  and  is  firmly  adherent  to  the  surrounding  tissues. 
The  specimen  shows  an  olil  united  fnicture  of  the  u|)per 
shaft  passing  oldiciuely  and  immediately  below  Ihe  tro 
chanters.  The  bullet  was  flattened  til  the  coidcal  end 
and  ilistorted  to  one  side;  the  leaden  nucleus  protrudes 
from  the  mantle  at  Ihe  base. 

lit.  Gunshot  injury,  right  tibia,  middle  of  shaft;  bullet 
marked  "T,"  calibre  30.  The  wound  of  entrance  is 
round,  .30  inch  in  diameter;  the  wound  of  exit  is 
marked  by  a  slit  in  the  calf,  .35  inch  in  its  greatest 
length.  The  bullet  struck  the  subcutaneous  surface  of 
the  tibia  at  its  middle,  splintering  the  lione.  into  .several 
large  fragments;  the  largest  one,  embracing  the  crest  of 
the  tibia,  is  5  inches  long.  Viewed  from  the  inner  side 
the  fissures  cross  at  the  point  of  imjiact,  so  as  to  form  an 
"X."  The  periosteum  is  intact  and  binds  the  fragments 
together  so  that,  as  the  dissection  would  indicate,  there 
is  no  reason  to  suppose  that  the  fracture  would  not  unite 
readily.  A  lar.ire  number  of  fine  si)linters  of  bone  were 
found  in  the  muscular  tract  of  the  calf,  near  the  .seat  of 
fiacture.  No  great  laceration  of  soft  parts  was  observed. 
The  libula  was  not  injured.  The  projectile  was  dented 
at  the  conical  end. 

II.  Gunshot  injury,  right  tibia  near  the  ankle  joint; 
bullet  fiiarked  "C."  calibre  .30.  The  wound  of  entrance 
is  round,  .30  inch  in  diameter;  the  wound  of  exit  is 
marked  by  a  .slit  .30  inch  in  length.  The  bullet  perfo- 
rated the  shaft  2  inches  above  the  internal  malleolus.     On 


FKi.  2307.— This  Sjieclmen  Shows  a  Complete  Perforation  In  the  Upper 
I'art  of  the  Shaft  of  the  Left  Tllila  liy  the  ."M  Calilii-e  lieriiiaii-silver 
.lacketed  Projectile  with  Ihe  Veloeity  Conniion  at  1.2nil  Yards. 
Thert^  is  also  an  injury  in  the  middle  of  the  shaft  t)y  a  ."J(t  ealibre 
projeetile  at  the  saiTie  rantre.  The  bnllet  stnick  the  crest  of  the 
tibia,  passinjr  wholly  in  front  of  the  medullary  canal,  and  producing 
a  t-'iitter  in  the  nest.  There  is  a  e<»mplete  fracture.  Tliere  is  uo  rec- 
ord of  the  injury  near  the  ankle. 


FIQ.  3368.— A  Posterior  View  of  Flu.  2:!fi7. 

removing  the  skin  the  oriflce  of  entrance  in  the  bime  pre- 
sents sharply  cut  edges,  and  it  corresponds  in  size  to  the 
diameter  of  the  missile.  The  bullet  passeil  out  at  the 
posterior  aspect  of  the  bono,  the  orilice  at  this  point 
being  irregular  in  shape  and  a  trifle  larger  than  the  ori- 
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tire  of  I'utranco.  A  fpw  Milintcrs  of  Ikwi-  were  foiiuil  iu 
the  inii'k  of  the  Imllct  Iciuliii);  from  the  bouc.  Tlic  pro 
ji'ciilf  witH  not  ilcfiiriiii'il. 

NoTKd    ON     TIIK     EkKK(T«.    ON     TIIK     Ilt'MAN     BoKY.    OK 

TiiK    l*uoJK<"rii.K!»   OK   Laiiok   ani>  Smai.1.  ('ai.iiiui; 
Imi-i(K!<xki>    iiy    TIIK    Vki.<htty    Common    at   v!,(HKt 

YaUKH.       EvI'KIIIMKNTW     roNDlCTKIl     AT     FllANKKoKI) 
AU.HKNAI..    I'KNNdYI.VANIA.    MaHCII    IOtII.     ISlCi. 

1.  Oiiiisliiil  injury  li^fl  til>iii.  iniilillc  lliinl;  liullcl  Xo. 
1,  nililirr  A'l.  Tlic  wmiliil  of  ciilniiicc  is  iiviil  in  slm|H', 
.51    ineli    in    its   gniitt-st    iliuincler.     Tlie  i)rojcclile  ro- 


Fl<!.  •i»at.-<;unsh"t  Inlurv.  I.owpr  Thlnl.  Illitlit  Kcniiir.  hv  the  .'.30 
Calllin-  (ii'rninii-.>^llvi'r  JiU'ki'tiHl  I'n0''<'tlli-  rniix'llitl  with  ilic  Veloc- 
ICy  I'siiiil  nt  S.i««i  YunLs.  Tliv  nnij"'!'!!'  iMiK'n'.l  tin-  Ikhii,'  .'78  above 
Itii'  urtli'iilur  Mirfiic'o,  iiinkliiK  "  ixTronillnii  willi  lunK  Hssurcs. 


Fig.  2370.— a  Posterior  View  ot  Fli;.  Sti'ii). 

niaincd  lodged  under  the  skin  of  the  calf.  The  bullet 
entered  the  snbcutancous  part  of  the  shaft,  .'5.. ")fl  inches 
ticliiw  the  knee  joint,  eausing  extensive  eonnniniitinn  of 
the  bone  at  the  foyer  of  fracture,  ineluding  2  inches  of 
the  shaft.  Some  of  the  fr:igments  are  free  whilst  others 
remain  attached  to  the  periosteum.  The  bullet  was  found 
under  the  skin  of  the  calf:  it  was  cleft  longitudinally 
through  the  conical  |)art,  onelialf  of  the  cone  having  be- 
come detached  from  the  cylindrical  part.  The  detached 
fnigment  \vius  found  embedded  in  the  tibialis  anticus 
muscle. 

•2.  Gunshot  injury  of  the  right  tibia  at  junction  of 
niiildle  anil  lower  thirds;  bullet  Xo.  4.  calibre  .30.  The 
projeclile  entered  side  on.  inflicting  a  woiuid  of  entrance 
which  nms  obli<iuely.  .98  inch  long  and  .:!9  inch  wide. 
Till'  bullet  lies  under  the  skin  jiosteriorly  in  the  lower 
|)arl  of  the  calf.  Tlie  bullet  guttered  the  inner  side  of 
the  libia  .">  12  inelies  above  the  inlcnial  malleolus.  On 
removing  the  skin  .several  spicula  of  bone  are  seen  in 
1  he  wound;  the  outer  border  and  crest  of  the  tibia  are 
uninjured  ;  the  posterior  surface  of  the  bone  is  splintered 
oyer  a  distance  of  3.15  inches  in  lines  which  railiate  from 
the  point  of  emergence.  The  periosteum  is  not  detached, 
excepting  in  the  line  of  the  pas.sjjge  of  the  projectile  ami 
over  ail  area  ailjaeent  to  the  posterior  luargin  of  the 
groove,  between  .20  and  .40  inch  in  diameter.  The 
libula  was  not  injured.  The  bullet  was  emln-dded  in  the 
muscle  i)f  the  calf  with  its  point  resting  against  the  skin 
and  its  base  |)resenting  in  the  track  through  the  muscle 
adjacent  to  tlie  bone,  a  di.stance  of  .79  inch.  The  pro- 
jectile is  slightly  flattened  at  the  conical  end,  otherwise 
it  is  unaltered. 

3.  Gunshot  injury  of  the  left  knee  joint :  bullet  No.  2, 
calibre  .40.  The  wounfl  of  entrance  is  round.  .45  inch 
in  diameter,  above  and  internal  to  the  patella ;  the  wound 


of  exit  in  in  the  lowur  part  of  the  poplit<-«l  «!•«<•<■,  oval, 
anfl  .1(1  inch  in  its  grnilest  illanieter.  The  bullet  per- 
fonile.l  ihe  libiu  I  IS  Inch.s  below  the  articular  Nurfiice. 
Till-  tirillce  of  eiilnince  in  the  Ikmu-  is  Hharpiv  d.-llni-d, 
irregular  in  shape,  ..'19  inch  in  'he  vertical  and  .HI)  inch 
in  the  h<iri/.ontal  line;  Ihe  oritice  of  ixil  is  also  irre).'iilur, 
't\t  inch  in  its  greali^st  diaiiieter.  There  is  a  fracture  of 
the  shaft  marked  by  a  (issure,  which  runs  downward  and 
l«ickward;  the  compact  lissueof  the  upper  and  posterior 
surface  of  the  bone  is  broken  by  radiating  llssiires  into 
six  fragments.  The  muscular triick  from  the  bone  to  the 
wound  of  exit  contains  somi-  line  spicula  of  Ijone.  The 
projectile  was  not  recovered. 

4,  Gunshot  injury  of  the  right  knee  joint ;  bullet  Xo.  0, 
calibre  .30.  The  wounil  of  entrance  is  round,  .31)  inch 
in  diameter  and  .39  inch  from  the  internal  border  of  the 
patella  at  its  middle;  the  wound  of  e.xit  is  in  the  upper 
pari  of  the  popliteal  space  marked  by  an  obli(|ueslii  like 
o|iining  .39  IimIi  in  length.  The  projectile  entered  the 
bone  .79  inch  above  the  articular  surface,  making  a  per- 
foration of  the  femur;  the  missile  passed  out  in  the  me- 
dian line  in  the  popliteal  space,  perforating  Ihe  jiopliteal 
vein,  biitleaving  theartery  uninjured.  The  wound  is  full 
of  venous  blood  clots.  Very  fine  spicula  of  bone  were 
found  in  the  track  of  the  projectile  leading  to  the  wound 
of  exit.  There  is  afi.ssure4.72  inches  in  length,  which 
extends  from  the  oritice  of  enlnince  in  the  direction  of 
the  shaft,  and  a  number  of  smaller  radiating  fissures  arc 
observed  to  start  from  the  orifi(c  of  exit.  The  projectile 
was  recovered  from  the  sawdust  very  much  dcfornied. 
The  metallic  jacket  was  ruptured  at  Ihe  conical  end. 
having  a  slit  running  along  Ihe  .side  of  the  cylindrical 
portion  at  the  end  of  which  a  transverse  slit  occurs, 
which  includes  one-half  of  the  cylindrical  part  of  the 
envelope;  the  leaden  nucleus  has  parted  entirely  from 
the  jacket;  it  is  flattened  at  the  conical  end.  beiit  upon 
itself  iu  the  cylindrical  portion,  and  scooped  out  on  one 
side. 

5.  Gunshotinjury  of  the  left  femur,  upper  third;  bullet 
Xo.  3,  calibre  .45.  The  wound  of  entrance  is  round, 
.45  inch  in  diameter,  the  wound  of  exit  is  on  the  outer 
and  posterior  aspect  of  the  thigh,  marked  by  a  longitudi- 
nal slit,  .59  inch  in  length.  The  projectile  made  a 
glancing  shot,  striking  the  outer  aspect  of  the  shaft  of 
the  femur  4.73  inches  below  the  trocliant<T  major,  and 
producing  an  oblique  fracture  of  the  shaft  from  above 
downward  and  inward ;  the  fragments  are  considerably 
displaced,  the  lower  shaft  lying  to  the  outer  side ;  the  peri- 
osteum is  detached  about  the  point  of  impact,  but  the 


Fio.  23,  l.-Gunsliot  Injunr  of  the  RlRht  Femur  at  Junction  of  Middle 
and  Upper  Thirds  by  ttie  ."311  Calibre  German-Silver  Jaekeied  Pro- 
ji-otllp  wlih  the  Velocity  Common  at  2.(«in  Yards.  There  Isa  well- 
inarked  perforation  with  exten.slve  llssunng. 


FIO.  2372.— A  Posterior  View  of  Fl(f.  2371. 

fragments  of  bone  are  not  loosened  to  any  very  great  ex- 
tent; there  is  a  fls.sure  extending  from  the  trochanter 
minor  downward  a  distance  of  G  inches.  Particles  of 
lead  were  found  in  the  foyer  of  fracture.     The  bullet 
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was  swminfrly  split  in  two  lalt-riil  lialvi's  nearly  equal  iu 
weight;  tlie  grejiler  half  only  was  iccDvi-red. 

(i.   Gunshot  injury  of   tlie  right    femur,   upper  third; 
bullet  No.   0,   calibre  .30.     The  wound  of  entrance   is 


Fia.  2373.— r;un9tiot  Perforation  of  tlie  Head  of  Left  Femur  and  Ace- 
talniluin  l)y  tlie  .';iO  Calibre  tiennan-silver  .Ju'keleii  I'rnieetile  with 
Veloeity  Coniinon  at  l,:!OtJ  Yards.  The  tuillet  appears  in  illustration 
undefurmed. 

round,  .30  inch  in  diameter;  the  wound  of  exit  is  trian- 
gular in  slia|)e,  .3!)  ineli  in  its  greatest  length.  The 
bullet  struck  the  shaft  of  the  femur  in  the  middle  line 
anteriorly,  7  inches  below  the  anterior  superior  spine  of 
the  ilium,  coinniimiting  the  bone  into  a  number  of  frag- 
ments, which  are  held  by  periosteum.  The  bullet  was 
flattened  at  the  conical  end ;  otherwise  it  is  unaltered. 

OnsEin ATiONs  ii-on  thf,  Fokegoing  Results.— .Sif^ 
Parts. — The  wound  of  entrance  corresponds  in  diameter 
as  a  rule  to  the  diameter  of  the  projectile.  In  the  middle 
and  remote  ranges  the  entrance  wound  measured  less  at 
times  than  the  diameter  of  the  projectile,  but  the  dilTer- 
ence  was  only  api)arent  since  the  wound  invarialily 
admitted  a  )>rojcctile  of  like  calibre  to  the  one  having  iii- 
flicted  it.  In  the  short  ranges  it  was  often  noted  that 
skin  overlying  lione  and  resistant  aponeurosis  wtis  apt  to 
show  a  wounil  of  entrance  actually  exceeding  in  diameter 
that  of  the  missile.  The  edges  of  the  wound  of  entrance 
were  at  times  clcarcut,  but  more  often  they  were  rolled 
ill,  and  often  blackened  for  a  distance  of  a  line  about  the 
circumference.  The  latter  circumstance  gave  rise  to  the 
notion  formerly  that  the  discoloration  was  due  to  burn- 
ing, but  from  exi>enments  to  be  cited  later  this  fallacy 
lias  been  forever  set  at  rest. 

The  wound  of  exit  of  the  .30  calibre  rifle  was  generally 
larger  than  the  wound  of  enlmnce,  and  beyond  the  zone 
of  exjdosivi'  cITecIs  especially,  it  was  generally  round, 
marked  at  times  liy  a  mere  slit;  again  it  was  star-shaped, 
Tshapi'd.  semicircular,  etc.;  the  edges  were  generally 
turned  out.  When  a  wound  of  exit  exceeded  in  diameter 
that  of  the  projectile  to  any  extent  the  circumstance  was 
generally  regarded  as  indicative  of  hone  lesion. 

Kfi'iftx  it/Kiii  the  S/iiiflu  of  l.imi/  liniiH.—Vy)  to  'i')(\  varils 
the  destructive  elTects  of  the  two  projectiles  are  alike 
severe.     Unless  guided   by    the  wound   of  entrance   or 


other  circumstances  it  is  dirticult  w  ithin  this  range  to  de- 
termine, by  the  ajipearance  of  the  injury  alone,  which  of 
the  inojectilis  has  caused  the  injury.  After  this  nmge 
the  destructive  elfeets  of  the  smaller  projectile  become 
less  than  those  of  the  larger  missile.  The  li.'isuring  is 
less,  the  s|)icula  of  bone  are  larger,  and  they  are  more 
apt  to  be  attached  to  the  periosteum.  These  differences 
are  es|)ecially  noticeable  from  the  500-  to  the  l..")Ollyard 
ranges.  At  ".i.dllO  yards  the  smaller  bullet  again  shows 
rather  extensive  comminution.  This  fact  has  been  noted 
by  all  observers,  and  it  has  been  variously  explained, 
though  not  in  a  very  satisfactory  manner.  It  has  been 
said  that  the  ludjeetile  has  lost  so  much  of  its  velocity 
of  translation,  when  it  reaches  this  part  of  its  course. 
that  it  is  apt  to  lodge,  and  that  the  velocity  of  rotation 
causes  such  a  disturbance,  when  it  is  about  to  engage. 
that  comminution  is  the  result.  The  angle  of  impact 
which  is  rarely  vertical  at  this  range,  has  been  brought 
forward  as  a  possible  cause.  Certain  it  is  that  a  number 
(jf  the  projectiles  were  observed  by  us  at  this  range  to  im- 
pinge siile  on  at  the  moment  of  impact. 

Effects  njxin  Joints. — Before  engaging  upon  this  part 
of  the  subject  it  may  be  stated  that  the  humane  wound 
of  the  small-bore  gun  is  especially  observed  in  the  joints 
and  soft  parts.  Owing  to  the  reduction  in  calibre  the 
wounds  in  the  latter  ptirtake  more  of  the  nature  of  sub- 
cutaneous wounds,  and  experience  shows  tliat  they  heal 
very  kindly  under  appropriate  treatment. 

It  is  not  necessiiry  in  this  instance  to  dwell  especially 
upon  the  destrueti\e  effects  of  the  larger  leaden  projec- 
tile upon  joints.  Suflice  it  to  say  that  the  greater  front- 
age, which  it  naturally  possesses,  is  made  greater  still  by 
deformation,  and  that  these  facts,  in  combination  with  a 
veloeity  suHieient  to  penetrate  a  joint,  serve  to  convert 
the  .45-calibre  projectile  into  a  very  destructive  missile. 

The  experiments  conducted  at  Frankford  Arsenal  show 
in  a  striking  manner  the  ditTerence  between  the  two  bul- 
lets in  their  destructive  efl'ects  upon  the  spongy  ends  of 
bones.  In  oriler  to  appreciate  this  difference  it  is  neces- 
sary to  go  beyond  the  zone  of  explosive  effects  for  the 
.30  calibre  projectile,  namely  3.50  yards;  even  within  the 
latter  range  perflation  withslight  lissuring  will  at  times 
he  noticed.  From  the  latter  range  to  the  l..~)UO  yard 
range  perforations  antl  gutterings  with  little  or  no  lissur- 
ing are  almost  invariably  seen.  Between  \.')0O  and  0.0110 
yards  the  specimens  show  perforations  still,  but  there  is 
a  tendency  to  tis.suring  again,  as  noted  in  the  shorter 
ranges  (see  Figs.  2363  and  2364). 

Defcrtiiiiiioii  of  Proiectiks. — The  dilTerent  kinds  of 
deformation  of  iirojecliles  represent  nearly  every  form 
of  alteration  known.     Those  of  the  leaden  projectiles  are 

Fifi.  23T4.— Speeimeiis  stiowinc  the  More  Common  Defomiatlons  of 
the  .';3t)  Calibre  (ieniiiiii-silver  .laekeletl  I*n.ijei'tile.  No.  1,  A  nor- 
mal .'30  ealibre  <_iel-^lJln•^ll\  er  jiieketed  projectile  whieli  was  never 
tired.  No.  2tl.  \  ."Ulealilire  iieriiiaii-siher  jarketed  pp'Jeetile  show- 
ing the  deformation  susiiiiiied  upon  fnietiirint.'  the  nuddle  of  the 
shaft  of  the  tiliiu.  when  pio]«.|ied  with  the  veloeity  usual  at  1,21*1 
yards.  No.  12,  A  .*;tO  ealibre  tierman-silver  jaeketed  projeetile 
showing'  tile  deformation  sustnintHl  upon  eniisint;  a  fnielure  with 
sliclil  i-oinminution  of  the  lower  half  of  the  hiiineriis,  whiU'  pro- 
pelled with  the  veh.eity  common  at  l..'i<«i  yanls.  No.  !1,  A  ."W  eali- 
bre (ieniian-silver  jacketeii  projectile  showin;.'  deformation  after 
fracture  of  the  midille  half  of  the  temur,  when  pnipelled  with  the 
veloeity  cniumt>n  at  l.."ttnl  yards.  No.  4.  .\  .'Jtllealibre  (iermali-silver 
jacketed  projectile  showiiij;  the  deformation  upttn  collidlIl^^  \MIli  tlie 
upper  third  i)f  the  femur  while  propelled  with  the  velocilv  coinmoii 
at  S.IKtll  yards.  .\o. :),  A  ."il)  calibre  (iernian-silver  pnijeclile  sliow- 
injr  the  deformation  sustained  upon  fraeturini?  the  middle  third  of 
the  tibia  when  proix-lled  by  the  vidoeily  usiml  at  2.11111  yanls. 

sullieienlly  familiaraiid  ric|uire  no  comment.  The  defor- 
mation of  the  jacketed  projectile  is  most  conunon  at  the 
conical  end  which  consists  usutilly  in  a  slight  dent  or  tlat- 
tening.  and  partial  siparations  of   the   metallic  mantle 
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fniiii  till'  IfiKlcii  luirtpus  an-  orriislnimlly  Rcrn;  rnmplrlr 
sc|>iiniliiiii  Ixiwii-ii  till-  jiickil  iiiul  mil  Irur.  is  II  viry  nirr 
(Kx-iirrt'UCf.     It  occurs  priiui|mlly  with   high  vcliK-iticH 

JJJJl 


Flo.  3(7.1.-  .'ijMN'tiiifnft  Showing  thi*  Mon-  Conimnn  Di'forniiitlniM  of 
Uif  .".*>  (  aliliiT  innniin-KllnT  Jiuki't.il  Iti.Ji'.tllf.  Nn.  4.  TtiUi  1»  a 
noriiinl  .:•'  ciilllvn'  iiiTiiiiiimllviT  Jiiik<'l<'<t  pnijivtlli'  wlilrli  wiui 
ni'vir  Ilo'il.  %•■.  .'ill.  \  .■;«iriilllin'iifniiiifi»llviT  Jiuki'li'<l  |ini)i'<Illi' 
aflar  iMllli'diii;  II  iMiiiMiinuliil  fnutiin-  ••{  tin'  lllilii  iiml  MImiIii  » llli 
llir  vi'loliv  oMiiiiii>ii  111  I'pii  yiinU.  N".  Vt.  .\  ."■*!  cnlllin'  liiriniin- 
MllviT  Jiu-kfltHl  ppijii-tlli-  whlrli  rallwil  iN'rrnniltnn  «»f  thf  iihlnM^nililM 
Willi  ilii'  vi|.«llv  ii!<iiiil  III  livi  viinl-i.  N".  .ei,  \  .^tiiiilllirf  in'miiin- 
8llvi'r  iiiiiMili'  |>n'J<t'illi'  wlili'h  InlllciiHl  n  |n'rfi>nilliin  tif  tlic  siirirlrul 

nii'k  "t  till'  liii rus  uiili  llillf  oniiinliuiilnii  »'llh  thi'  vcliHliy  rcmi- 

iiinii  iti  ;Crfi  viinld.  .\".  -I.  .K  ."HI  rallliri'  iti-nriaii-sUviT  JarkctiMl 
pnO"  111''  """T  liilllrlliii;  a  iH'rfi.nillon  » lih  nlliflil  Il».iiir1iiir  "f  llii' 
inlihlli'.if  till'  Kllad  nf  till'  IIMil,  wlii'll  pnilN'Mi-.!  Willi  llii'  vcliK-lly 
ii-HUiil  111  l.'Jmi  Minis.  No.  I.'i.  A  .'lai  ralllin'  iJi'niiHii-sllviT  )iirkt'tiil 
pr.]>'<illi'  adi'i-  liillli'ilni!  a  I'l.iiiplitc  fniriuri'  w  lili  cxt.risln'  ilssiircs 

nf  II ilililli'  of  111)'  nlinll  of  till'  fi'iiiiir.  ulilli-  pmiH'lliHl  h Itli  the 

vclut'lty  iiniiul  At  l.'Vm  yanlH. 

nt  dose  ruiiiri'.  whrii  Ihr  iirnji'ctilc  rnonuntors  resi.stnnt 
liimi'.  Si'piimlioii  of  llu'cnviiopi'  and  iiiirliiis  wusnoticcil 
very  scMom  in  tin'  iiiiihlli'  iiiiil  ivmoii'  niiif;r.s. 

Before  we  leiivr  llic  .sulijeel  of  the  work  done  tiy  e.\- 
periment.s  us  lo  the  ehiiriuter  of  giinsliot  ■wounds,  for  tlic 
more  pnietienl  one  in  the  eliniiiil  field,  it  may  tie  wel!  lo 
admit  lliat  the  dediielions  of  the  e.\perini('nter.s  liave 
iK'eii  questioned  by  ii  iiinnlur of  surgeons.  On  the  oilier 
hand,  the  e.\perimeiiters  themselves,  the  fireat  majority  of 
whom  have  larirely  dealt  with  gunshot  iiijunes  as  aetu- 
ally  observed  in  areideiits  and  in  war.  are  s;itistieil  lo  be- 
lieve that  the  expeiimeiital  wounds  tally  in  the  main 
with  tiios*'  whieli  we  meet  in  the  netual  eondilions.  and 
that  their  judgment  has  been  ami>ly  eontirmed  by  the 
accumulated  experience  iu  the  Spanish-American  and 
South-Afriean  wars. 

77/<'  Jliiil  Imjxirtfil  to  PrujirdlfK. — The  heat  imjiarted 
to  projectiles  by  the  ignition  of  the  ])o\vder.  the  resist- 
ance in  the  barrel,  etc.,  has  been  very  much  exaggerated. 
Some  have  gone  so  far  as  to  claim  that  the  small  jacketed 
bullels  are  rendereil  aseptic  thereby.  In  a  series  of  ex- 
perimeuts  conducted  at  the  Pathological  Laboratory  of 
the  Johns  Hopkins  University  and  Hospital,  and  also  at 
Frankford  Arsenal  some  years  since,  we  were  able  to 
show  that  this  daiir.  is  false.  In  order  to  arrive  at  some 
detinite  eonelusion  in  the  matter  a  series*  of  experiments 
were  undertaken  for  tlii-  purpose  of  obtaining  answers  to 
the  two  following  i|Ueslions: 

(1)  Are  projectiles  from  portable  hand  weapons  steril- 
ized by  the  ai  t  of  tiring? 

(2)  Can  a  septic  bullet  infect  a  gunshot  wound? 

Asa  preliminary  to  the  work  of  noting  the  efTects  of 
firing  bullets  that  had  been  previously  contaminated  it 
was  considered  jiroper  to  ascertain  the  condition,  bacteri- 
ologically  speaking,  of  bullels  in  their  original  jiackages. 
After  a  number  of  observalioiis  it  was  found  that  fifty- 
three  per  cent,  of  all  carlridges  in  Uiiir  original  packages 
were  absolutely  free  from  germs.  This  is  to  be  ascribed 
to  the  cleanly  methods  which  are  neces.siiry  iu  their 
inanufaclure. 

The  literature  of  gunshot  wounds  shows  that  the  ma- 
jority of  surgeons  of  the  past  and  present  limes  believe 
that  the  act  of  firing  destroys  any  infection  that  might 
have  been  accidentally  or  otherwise  placed  upon  the 
projeclile. 

In  order  to  a.scertain  the  facts  in  the  matter  we  fired 
projectiles,  after  they  had  been  slerili/ed  by  heat,  from 
revolvers  that  had  been  similarly  sterilized.  The  pro- 
jectiles were  recovered  from  sterilized  cotton  and 
dropped  into  gelatin  tubes.  The  latter  revealed  no 
growth. 
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Projectiles  covered  with  dust  were  then  llred  from 
slcrilizid  revolviTH  into  stiTllizid  entton.  A.k  eiieh  pro 
jeclile  was  recoverod  it  wiis  dropped  into  a  gelatin  liil>e. 
Colonies  ajipeared  in  every  inslnnie 

In  a  serii'Mjif  ex|ierimeiilH  with  the  .22  and  .8«  iiillbrc 
revolvers,  the  A't  calibre  Springlleld  rille,  as  well  an  the 
.HO  calibre  Kxperiinenlal  Springlleld  rille,  whosi'  balliiillc 
i|Ualilies  corri'spoiid  to  the  Krag  .lorginsen.  Mflnnlicher, 
iiiiprovi'd  Mauser,  I.ebel.  etc.,  tlie  projictiles  were  in  all 
inslaiicis  infi-cli'd  with  the  germs  of  antlinix  and  flre<l 
into  sli'rilized  malerials  and  into  animals.  The  lables  of 
results  show  that  unthnix  bacilli  or  sports  are  seldom,  if 
ever,  destroyed  by  the  act  of  firing. 

Bullets  infected  wiih  the  streptococcus  of  cryslpclaH, 
with  .some  of  the  sjime  culture  of  tetanus  mentioned  be- 
low, and  with  the  bacillus  pyogenes  soli  of  Holton.  were 
tired  through  the  ears  of  rabbits  with  a  .40  calibre  Colt's 
revolver.  The  erysipelas  coccus  was  communicated  to 
one  animal,  and  the  bacillus  pyogenes  soli  was  recovered 
from  the  wound  of  another;  tetanus  was  not  communi- 
cated. 

A  bullet  infected  with  a  culture  of  the  bacilli  of  tetanus 
was  fired  into  a  horse  with  the  modified  Springfield  rifle 
with  negative  results;  rabbits  inociilaled  with  some  of 
the  same  culture  died  promptly.  At  the  suggestion  of 
Prof.  Meade  Bolton,  of  the  .Jolins  Hopkins  Hospital,  a 
bag  of  tilanus  earth  was  placed  against  the  hip  of  an- 
other horse  and  llie  projectile  of  llie  .311  calibre  Experi- 
mental Springfield  rifle  was  fired  through  the  earth  into 
the  lleshy  part  of  the  ham  without  result. 

Lslcr,  a  series  of  experiments  were  conducted  to  show 
the  efTecls  of  firing  infected  bullets  into  animals  at  300 
and  .">00  yards.* 

Whither  bacteria  might  remain  on  a  projectile  in  tran- 
sit Ihiough  the  air  for  such  a  number  of  yards  had  often 
been  c(uesliiinid.  but  the  evidence  at  a  distance  was  iden- 
tical with  that  obtained  at  the  jiroxiinal  ranges. 

The  foregoing  results  have  justified  the  following  con- 
clusions: 

(1)  The  majority  of  cartridges  in  original  packages  are 
sterile  and  free  from  septic  germs. 

(2)  The  sterile  condition  of  cartridges  is  due  to  the 
thorough  disinfection  and  absolute  cleanliness  observed 
in  the  jirocess  of  manufacture. 

(3)  The  majority  of  gunshot  wounds  are  aseptic  be- 


FIG.  2;t76.— Specimens  Stiowinsr  rniisiial  Deformations  of  the  .'30 
Calibre  German-silver  .liickcli'd  Projii'tlles.  No.  4.  A  .'Illl  calibre 
Gennan-silver  pn'je^'illf  showiiitr  si-paniilon  of  the  nucleus  from  tho 
envelope;  the  nucleus  is  lunUy  imislinxtinetl,  and  only  a  fragment  of 
the  envelope  was  rei-overeil.  The  pnijei-lile  was  (Ired  Into  the  ann 
at  17  yards  with  the  full  eliarge  of  imwiler.  The  hiiiiienis  was  pul- 
verized :t  inches  In  extent,  and  the  »ift  parts  showed  extensive  ex- 
plosive effects.  No.  III.  A  .■:tli  ealilire  (iemian-sllver  jacketi'd  pro- 
jectile showinir  deformation  after  caiisini:  extensive  comminution 
of  the  femur,  when  proiM'lIed  with  the  veloi'ity  common  at  .VW 
yanls.  The  nucleus  alone  was  recoven-il.  No.  1,  \  .';S1I  calibre 
iiennan-sUver  Jacketeil  pn>Jectile  showinp  the  defonnation  sus- 
tained after  |«'rforatinir  the  lower  shaft  of  the  femur,  when  prr>- 
jielled  with  the  veU«lty  usual  at  iiiiiii  yanls.  The  nucleus  has 
esi'aiMil  fmiii  the  eiiveloiM*  thn>ii|?li  a  rent  in  the  conical  end.  The 
coniiivlty  in  the  nucleus  was  pnjiiahly  sustained  by  colliding  with 
another  projectile  In  the  sawdust. 

cause  Hie  vast  majority  of  the  projectiles  inflicting  them 
arc  either  sterile  or  free  from  septic  germs. 

(4)  Anthrax  spores  or  bacilli  when  applied  to  the  pro- 
jectile of  a  portable  hand  weapon  are  seldom  if  ever  en- 
tirelv  destroved  bv  the  act  of  firing. 

(5j  When  "a  gunshot  wound  is  inflicted  upon  a  sus- 
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ct-ptible  animal  by  a  projectile  infected  wjtli  anthrax 

bacilli  ihcaiiiinul  beconifs  infcotpii  willi  iiijtiiriix  and  dies 
in  till'  vast  majority  of  instaniTS  from  syid  infi  rtion. 

(0)  The  strfptiHCKCUs  of  erysipelas  and   tlie  bacillus 
pyogenes  soli,  when  placed  upon  the  pri>jeclile  of  the  .45 


Fio.  2377.— Deformation  of  Projectiles  after  FirtnR  into  a  Cadaver  at 
150  Yards,  a.  .*3<t  calibre  Geniian-silver  jackeleil  bullet  after 
fracliirinft  right  tibia,  middle  tliinl ;  ?),  .■.TO  calibre  (lennaii-silver 
Jacketed  liullet  after  fracturintr  ritrlit  hiimeril.s  in  middle  of  shaft  : 
c,  .".Vi  calibre  fferinaji-silver  jacketed  bullet  made  a  perforation, 
head  "f  ritdit  tibia  2  c.c.  l«;lo\v  articular  surface;  (/,  .'+.5  calibre 
lead  bullet  shattered  lower  Ilttli  left  femur,  causinir  extensive  flssur- 
Infir  Into  the  joint:  e,  .'4.') calibre  leaden  bullet  after  fractiirinp  left 
tibia,  middle  third;  /,  .'45  lead  bullet  after  shattering  the  upper 
third  of  right  humerus, 

calibre  Colt's  revolver,  are  certainly  not  always  destroyed 
by  the  act  of  firinjr,  and  they  are  liable  to  cause  infection. 

(T)  Projectiles  from  portable  hand  weapons  are  not 
sterilized  by  the  act  of  tirinir. 

(8)  A  septic  bullet  can  infect  a  gunshot  wound. 

PRIM.\nV      SVMPTO.MS     OF     GuNSHOT     WOVNDS. — TllC 

symptoms  usually  noted  in  gunshot  woundsare  (1)  pain, 
(2)  shock:  (3)  primary  hemorrhage:  (4)  thirst;  (5)  lodg- 
ment of  the  bullet ;  (G)  powder  burn,  and  (7)  multiplicity 
of  wounds  or.  more  i)roperly  speaking,  complications  of 
a  primary  nature. 

(1)  P<:iii. — The  amount  of  pain,  as  an  early  symptom 
of  gunshot  wound,  is  variable.  Indeed  it  may  be  said 
that  save  in  some  ca.ses  of  nerve  injtiry  it  is  not  a  symp- 
tom that  reflects  the  extent  or  gravity  of  the  inj^iiy  sus- 
tained. The  remembrance  of  the  amount  and  cliaracter 
of  the  pain  at  this  time  of  injury  is  usually  vague.  Some 
liken  it  to  a  smart  tap  from  a  cane,  others  to  a  thrill 
across  the  tissues,  or  to  a  slight  sting.     During  moments 


of  great  excitement,  in  the  case  of  soldiers  in  battle  or  of 
antagonists  in  duels,  theabsence  of  pain  is  not  tincoinnion. 
In  a  certain  ])ercenlngeof  ca.ses  there  is  the  very  opposite 
of  pain,  iiiimely  a  local  anicstl^esia;  the  parts  about  the 
area  of  injury  have  lost  their  .sensibility,  tlie  surface  is 
numi)  to  llie  sense  of  touch,  or  to  elfortsat  )iiiniiiry  dress- 
ing of  the  wound.  Stevenson  says  that  such  wounds  are 
apt  to  give  rise  to  septic  discharges.  Probably  in  these 
cases  the  vitality  of  the  parts  is  so  lowered  that  the  tis- 
sues fall  an  easy  prey  to  pyogenic  micro-organisms. 
Inquiry  among  the  wounded  at  Santiago  showed  that 
pain  was  largi-ly  related  to  the  idiosyncrasy  of  the  indi- 
vidual. Makin*  relates,  as  a  striking  instance  of  absence 
of  entire  pain,  the  case  of  a  man  shot  through  the  buttock, 
the  bullet  then  traversing  the  abdomen.  He  was  unaware- 
of  the  fact  until  he  found  blood  on  his  trousers  on  un- 
dressing, when  he  exclaimed,  "  AVhy  I  have  got  tliia 
bloody  dysentery."  It  is  related  that  he  died  in  thirty- 
six  hours. 

(2)  Sfiock: — Constitutional  shock  without  special  ten- 
dency to  loss  of  consciousness  is  generally  jucsciit.  The 
evidences  of  shock  are  most  marked  in  the  facial  expi'cs- 
sion.  Jlr.  Harold  Schwartz  was  iible  by  the  expres.sion 
of  the  face  alone  to  distinguish  the  Ciises  re(|uiring  imme- 
diate attention  after  battle.  Before  Santiago,  in  the  cases, 
of  Mauser  woumls  from  the  Siianish  rifle,  the  greatest 
amount  of  shock  followed  hits  in  the  upper  ]>iU't  of  the 
femur,  the  spinal  cord,  and  viscera.  Although  local 
shock,-as  shown  by  experimental  evidence,  is  much  less 
from  reduced  calibre  bullels,  the  assertion  on  the  |)!irt  of 
certain  observers  that  men  wounded  woidd  atlvance  after 
being  hit  a  number  of  times  was  not  true  of  the  wounded 
in  Cuba.  As  a  rule  to  which  there  were  few  exceptions, 
when  hit,  a  man  fell  back. 

(3)  PriHidvy  ILiDorrhaae. — Primary  hemorrhage  which 
threatens  life,  from  gunshot,  may  be  divided  into  two- 
kinds,  internal  and  external.  Of  the  internal  vari<'ty, 
that  resulting  from  injury  to  blood-ves.sels  in  the  interior 
of  the  trunk,  not  very  readily  accessible  to  surgical  aid.  is^ 
said  to  cause  the  majority  of  deaths  on  the  field  of  bat- 
tle, although  no  one  has  yet  offered  statistics  to  substan- 
tiate such  claim.  Of  the  external  variety,  which  might 
be  easily  stayed  by  the  surgeon  in  time  to  Siive  life,  thfr 
])ercentage  is  not  so  obscure.  Doubtless  direct  injury 
to  a  main  vessel  like  the  bi-achial  or  femoral  by  a  bullet 
of  large  calibre,  ends  fatally  in  the  majority  of  cases  in 
battle.  The  eases  of  this  cli;inicter  seen  by  the  surgeon 
in  time  are  generally  acknowledged  to  be  very  few  com- 
jiai-ed  to  the  whole  number  of  wotmds.  According  to- 
Longmorc  they  constituted  but  3  percent,  in  theCiimea. 
Otis  places  the  number  at  .0.')  per  cent,  in  our  Civil  War. 
Aside  from  the  internal  and  external  kinds  of  hemorrhage- 
in  which  life  is  immediately  thicatcned,  hemorrhiige  iit 
gunshot  wounds  is  not  of  special  consequence.  Much 
si>eculation  has  been  indulged  in  by  writers  upon  the 
supposed  influence  of  the  new  high-velocity  projectiles, 
in  causing  additional  hemorrhage  in  wounds  hereafter. 
Happily  tlie  apprehensions  in  this  i|uarter  have  not  been 
realized.  Speaking  of  the  external  variety  which  comes 
within  the  opiiortunity  of  the  surgeon  to  correct,  out  of 
1,400  wounded  in  the  Santiago  camiiaign  the  vast  major- 
ity of  which  were  inllicted  by  the  Mauser  bullet,  no  death 
took  place  fiom  this  cause  nor  was  a  single  ligation  nec- 
os.S)iry.  The  evidence  from  South  Africa  is  in  keejiing- 
with  our  observations  in  Cuba.  Making  states  that  hem- 
orrhage was  rarely  of  a  dangerous  nature  except  wliea 
the  larger  visceral  vessels  were  involved.  From  limb 
wounds  the  general  tendency  was  to  spontaneous  cessa- 
tion of  hemoirhage.  The  English  surgeons  had  ample- 
opportunity  to  observe  this  point  in  over  IS. 201  wounded 
exclusive  of  4, :{•")■")  deaths.  0(-curriiig  on  tin-  ticld.  J  l.csion 
of  vessels  without  tendency  to  fatal  lirimaiy  hemorrhage 
from  reduced  calibie  bullets  is  one  of  the  interesting 
revelations  from  this  projectile  that  will  lie  taken  up 
later. 


*  "  Experiences  In  Smith  .Africji,"  1001.  *  Op.  eit. 
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4.  II  iiklit 
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III  ihIm. 
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(4)  Thimt— Thin Hjinplom  Is  of  no »pc<iiil  linportanw. 

(.'>)  /.iKloiiieiit  of  liiill,tii.—\\M\  liiw-vi'liicity  «cii|Miim 
liki-  iiistiilK,  mill  the  nlil  fiitthiiieiiil  siimollilHin;  (fiiim.  tin- 
IcMl^'iiii'iit  iif  till'  missile  Is  very  I'umiiKin.  Tl"'  ilrvili)|i 
liiciil  iif  lii^lii'i'  vrliH'ilics  Ims  (Iniir  iiwiiy  with  this  ciiiii 
[iliciitinii  very  liiri.'rly  cxcipt  in  Idiih  niiinr  llriiiy  iiml  in 
tliiisr  insliincis  in  wliii  li  tin-  rniiiiii  iiliiinnf  ii  pmji  rlilr  liiis 
IxTii  Irssfiiiil  liv  strikin;;nrtnivi-rsini;iiliji(isin  its  liiuof 
fliftlil.  ThcnninlMriilriisisof  ln<lf;nii'nl  in  the  Siintiiip> 
rniiipaiKti  "»s  snrprisinjjly  liirfri'.  Iii-iii>.'  iilmnt  tin  per 
(•(•III.  on  the  siilf  111  till'  I'nitcil  Stiitcs  troops.  Tlir  Span 
isli  siirj;coiis  lis  will  Imil  oicasion  to  woinlcr  at  the  fry 
<iui'iiry  of  loiltrinint  of  our  Inillils  in  llicir  nini.  Still 
wlii'ii'tlic  nalurf  of  llir  Ililil  was  lakiii  into  consiilcnition 


FUi.   SJ7S.-I>«liri'il  niillfts.    1.  nniss-Jiirkrlwl  .'l.'i  onl    Ri^minRton 
l)iillfl :  2,  Klll|ilii(i  .■*•  lul.  Ifuileii  liiillil  ii.iiiililr'l  111  liiiiiilxio stick. 

tlio  raus<'  was  readily  understood.  The  Americans  had 
to  advance  tlirouirli  a  country  rich  in  jiinirle-like  vc{rctu- 
lion  so  that  the  remaininjr  velocity  of  the  projectiles  of 
the  two  armies  was  very  much  reduced,  thus  favoring 
arrest  in  the  tissues.  It  is  safe  to  say  thai  a  rille  of  lower 
velocity,  like  the  Spriiifrlield,  would  have  e.vhiliited  a 
very  iiiucli  higher  ))erceiitjige  of  lodged  bulls.  This  is 
contirmed  hytlie  English  'surgeons  in  the  lioer  War. 
There  were  inore  lodged  halls,  everything  considered, 
from  the  largecalibre  .Martini  I Icury  and  Snider. 

(tl)  I'liirihr  liiini  is  one  of  the  complications  of  gun- 
shot wounds,  at  close  nmgo  upon  exposed  parts  of  the 
body.  Giiiins  of  powder  unconsumed  at  the  moment  of 
ignition  lodge  iiiuler  the  skin  causing  tattoo  marks,  and 
at  relatively  close  range  there  is  superlicial  burning  of 
the  tissues,  "by  the  flame  of  the  igniteil  imwiler.  Powder 
burn  has  received  special  consideration  of  lale  in  its  med 
ico  legal  and  pathologicil  bearings.  Thus  the  degree  of 
powder  burn  is  very  much  moililied  by  the  distance  of 
the  injured  part  frniii  the  muzzle,  the  calibre  and  length 
of  liarrel,  the  iinioiiiit,  standard,  and  variety  of  powder, 
the  velocity  and  direction  of  I  he  wind,  etc.  Experiments* 
have  shown,  as  originally  pointed  out  by  Dr.  I).  B.  N. 
Fish,  that  the  burning,  scorching,  or  powder  brand  a.s  he 
calls  it,  is  always  located  on  the  liamnur  side  of  the 
weaiion  when  the  wound  has  been  inllicled  by  ri'Volvers 
especially  That  is.  if  the  hamnicr  is  held  up  the  powder 
bnmd  will  beabovc  the  wniMid  of  entiiiiice  of  the  bullet: 
if  the  weapon  is  held  with  tlie  haiuiiier  lotlie  left  the  pow- 
der brand  will  appear  to  the  left  of  thewiiund  of  entrance, 
if  to  the  right,  the  jiowiler  brand  will  be  to  the  right  of 
the  wound  of  entrance,  etc.  The  location  of  the  powder 
brand  as  described  is  explained  by  the  action  of  the  re- 
coil upon  the  point  of  support,  which  in  the  case  of  a  re 
volver  is  the  hand.  This  recoil  or  force  tends  to  cause 
the  weapon  to  levolve  about  tliis|ioint.  The  ball,  which 
precedes  the  gases,  intlicis  thi'  wound  of  entrance  before 
the  barrel  has  had  tinw  to  change  its  direction.  Hy  the 
time  the  ])owder  gases  issue  from  the  muzzle  the  recoil 
has  jiartially  revolved  the  weapon,  and  they  necessarily 
follow  the  new  direction  of  the  barrel  which  will  point 
above,  to  the  right,  or  left,  as  already  described.  The 
position  of  the  powder,  brand  has  alreadv  tigured  in  the 
courts  of  justice  in  distinginShing  ii  suicirie  from  a  homi- 
cide and  vice  vcrsji. 


•  Proceedings  of  the  Association  of  Mllltarv  Sarceons.  C.  9.,  18^. 


Tlie  Introduction  of  rertjiln  kind*  of  KmokL-loHii  jMiwdtT 
wliicli  prodiiee  neither  tiasli  nor  burning,  lis  nIiouu  by  our 
experiments  at  Fort  l>igaii.  tiiid  to  destroy  the  viiliie  of 
the  powder  brand  in  nudieal  jurisprudence.  Further,  if 
it  is  true  that  a  hoinieide  eaii  be  recognized  in  the  dark 
by  the  lliisli  of  the  igniting  black  powder  from  liU 
weapon,  the  iiM'  of  sinokeleiui  powder  will  liert*  again 
furnish  negative  evidence. 

Of  the  pathological  conditions  that  niiiy  arise  from  the 
lodgment  of  grains  of  unconsumed  powder  under  the 
skin,  so  coininon  in  so  ealleil  |iowder  burn,  it  is  a  fact, 
ascertained  by  experiinenlation,*  that  Hiicli  giains  of 
powder  when  contaminated  by  septic  cocci  purposely  or 
otherwiM' are  not  puriliid  by  the  act  of  llriiig  Kepeated 
experiments  w  illi  black  jinw  iler  purpo.sely  inoculated  with 
spi'cilic  micro-organisms,  gave  positive  results  w  lien  tiled 
into  media  and  lower  uiiimuls.  The  legiilts  were  not  so 
constant  with  certain  brands  of  sinokelcKs  powders:  for 
instance,  the  Pi-yton  brand  used  in  our  s<'rvice  rille  in 
IHiU.  when  conlaminated  with  the  less  resistant  oruan- 
isins  and  lireil  into  imilia,  gave  rise  to  no  growth  what- 
ever: nevertlieless.  when  it  was  treated  with  Hacillug 
anlhracis  and  tired  into  tiiedia  and  animals  iIk'  results 
were  positive.  Taken  as  a  whole  the  evidence  thus  ob- 
tained tends  to  conlirm  the  oi>inion  that  gunpowder  may 
be  at  times  the  medium  for  conveyance  of  .sejilic  influ- 
ences like  tetanus,  malignant  odema.f  etc.  ("uses  of  tho 
former  disea.se  reported  by  II.  Nimier  of  the  French  Army 
can  hardly  be  exjilained  ollierwise.{ 

(7)  Mnitijilirili/  iif  Won  nth. — Multiple  wounds  from  the 
sitme  bullet  are  recorded  in  all  works  on  military  surgery 
more  as  surgical  curiosities.  The  liability  to  such  occur- 
rences have  of  course  increased  with  the  velocity  and 
penetration  of  projectiles.  Now  that  the  velocity  of  the 
present  service-rifle  jirojectilc  has  recently  been  doubled 
and  its  penetration  trebled,  niulti|)le  wounds  are  more 
frequent  than  heretofore.  Instances  of  this  kind  from 
the  Jlauser  bullet  were  very  ficquently  seen  in  the  San- 
tiago campaign.  Thus  a  man  <'nlered  llu'  hosiiital  at 
Siboney  with  six  wounds  inflicted  by  one  Mauser  bullet, 
implicating  the  right  shoulder  and  both  breasts.  There 
were  a  number  of  instances  in  which  wounds  of  the  body 
were  associated  with  wounds  of  the  arm  or  forearm  or- 
both,  the  latter  being  in  a  state  of  flexion  at  the  time  of' 
injury.  Wounds  of  entrance  and  exit  in  the  lower  ex- 
tremity were  several  times  com jilicated  by  wounds  of  the 

scrotum  or  penis  by  the  same  bullet.     Captain 7tli 

Infantry  received  wounds  of  the  face  follmved  by  no  dis- 
figurement. The  i)rojectiIe.  a  Mauser,  entered  the  right 
eiieek  below  the  outer  canthus.  emerged  on  the  nasal  side, 
entered  the  nose  and  again  emerged  at  the  left  side.  The 
linear  scars  are  noticeable  only  on  close  inspection.  Had 
tliesi?  wounds  been  inflicted  by  a  leaden  bullet  of  larger 
calibre,  the  resulting  disfigurement  would  doubtless  have 
been  most  distressing. 

Pi,i>iii)iniis  Iiifliicitci'  of  Pro/rrtiks. —TUv  experimental 
work  already  alluded  to  demonstrates  that  there  is  lia- 
bility to  infection  from  an  infected  bullet.  It  docs  not 
necessarily  follow  that  the  gunshot  wounds  inflicted  by 
dirty  bullets  will  suppurate.  The  virulence  of  the  micro- 
orgiinisni  and  the  resistance  of  the  patient  fix  the  liability 
veiy  largely.  The  danger  of  infection  more  often  arises 
from  particles  of  clothing  or  dirty  skin  carried  into  the 
wound  by  the  bullet,  instances" of  such  infection  are 
.seldom  seen,  not  because  infected  material  has  not  been 
carried  into  the  wound,  but  more  often  because  the  viru- 
;  lence  of  the  organisms  so  carried  is  very  weak.  For- 
merly the  great  source  of  infection  lay  in  the  introduction 
of  dirty  fingers  and  probes  into  all  gnn.shot  wounds,  a. 
]iractic"e  reprehensible  to-day  even  under  aseptic  con- 
ditions. 

Diagnosis. — The  wound  of  entrance  will  nearly  always 
•rive  information  of  the  calibre  of  the  bullet ;  if  elongated, 
whether  the  angle  of  incidence  with  the  surface  was  a 
right  angle  or  not.     When  tire  bullet's  remaining  veloc- 

'I hid.  +/;>id..  p.  ITO. 
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ity  is  rcdurrd  fmm  rirorlict  or  cxlciulod  rnnj;(',  the  8<i- 
called  kevliole  cliiinuter  (if  th*  wound  of  entnince  will 
often  sugjiest  the  flirt.  A  Imllet  timt  sustiinis  defornia 
tion  by  eollidini;  with  ii  hiird  8id>stiine<'  like  mek  imd 
suhseiiueiitly  intlicts  ii  woiiiicl  willnften  fail  to  j,'ive  deli 
nite  evidence  of  its  oriiriiiid  (liiiiMeler.  mid  it  is  apt  to  up 
set  thereliy  the  eiileulationsnmde  from  the  size  and  shape 
of  the  wound  of  entrance.  The  ajipeaninceof  tlii'  wound 
of  v-^it  ii'i'l  of  <lie  aiea  arouiKl  it  oftin  drives  evidence  of 
the  extent  of  damage  sustained  liy  a  resistant  bone.  When 
the  wound  of  exit  is  two  or  three  times  as  large  as  the 
entrance  wound,  a  bone  lesion  may  be  taken  for  granted. 
With  the  employment  of  armored  project iles  we  some- 
times find  smaller  multiple  lacerations  around  the  exit 
wound.  In  the  ease  of  close  shots  these  may  be  due 
either  to  fnigiueuts  of  the  mantle  and  lead  core  of  the 
bullet,  when  these  separate,  or  to  small  jiieces  of  bone 
which,  liaving  received  the  transmittal  energy  from  the 
projectile,  have  shot  forth  acting  as  secondarj'  missiles. 
Bullet  extractors,  detectors,  and  probes  were  formerly 
used  to  locatf!  balls,  estimate  bone  lesions,  and  to  trace 
the  direction  of  the  channel  made  by  the  missile.  It  is 
needli'ss  to  state  that  these  luive  given  way  to  the 
more  advantageous  methods — fluoroscopy  and  skiagra- 
phy with  the  Hiintgen  my.  The  experimental  evidence 
already  quoted  establishes  the  fact  tliat  there  is  no  such 
a  tiling  as  an  aseptic  gunshot  wound.  The  shreds  of 
clothing,  particles  of  skin,  and  the  bullet  itself  infect  the 
channel  tract  at  once.  That  the  infection  is  generally  of 
a  low  order,  unattended  with  marked  systemic  disturb- 
ance in  the  vast  majority  of  cases,  is  due,  first,  to  the 
state  of  quietude  in  the  channel  tract;  second,  to  absence 
of  virulence  on  the  part  of  the  organism;  and  third,  to 
the  resistance  of  the  individual.  If  we  violate  number 
one  by  invading  the  channel  tract  with  probes,  or  if  two 
and  three  are  not  propitious,  suppuration  is  sure  to  follow. 
We  will  revert  to  this  subject  under  treatment. 

Prognosis. — The  prognosis  of  a  gunshot  wound  de- 
pends (!)  upon  the  amount  of  destructive  effects  sus- 
tained. (2)  upon  the  nature  of  the  anatomical  parts 
traversed.  (3)  upon  the  environment,  (4)  upon  the  man- 
agement of  the  case  when  it  falls  under  the  care  of  the 
surgeon,  and  (5)  upon  the  fatality  due  to  different  arma- 
ments. 

1.  Destructive  effects  are  proportional  to  velocity  and 
resistance  on  impact;  that  is  to  sa)',  when  a  projectile 
impressed  by  a  maxiiuum  velocity  collides  with  a  tissue. 
like  the  shaft  of  a  long  bone,  having  a  maximum  amount 
of  resistance,  the  result  is  a  maximum  amount  of  destruc- 
tion. On  the  other  hand  a  projectile  travelling  at  a 
maximum  amount  of  speed  through  tissues  like  muscle 

having  a  minimum 
amount  of  resistance 
will  not  exhibit  de- 
structive effects  be- 
yond the  area  of  the 
channel  wound ;  and 
conversely,  in  the  case 
of  a  projectile  travel- 
ling at  a  minimum 
am  ou  n  t  of  sjieed. 
although  it  may  col- 
lide with  a  resistant 
structure,  the  destruc- 
tive effects  will  be  re- 
duced to  a  minimuni. 
In  estimating  the  prob- 
able amount  of  de- 
Fio.  2379.— Examples  of  E.xpliislve  nut-  striictive  effects  we 
lets  In  our  rivll  War.  with  (iifl  (ail-    should    also    bear    the 

tires.    (I.  (iunliicr's  exploslvi?  biilli't ;    f  ,11 .,„       .  .     , 

/..  frairnii-nl  of  explosive  liullei  ex-    >'.'""«  "'K      m      nund, 
trailed  from  ililiih.  viz.:  everything  being 

equal,  destruction  of 
tissue  increases  with  the  .si'dional  area  of  the  pro- 
jectile, whether  natural  or  whether  it  be  acquired  by 
ricochet  or  impact.  Projectiles  of  certain  manufacture 
are  |iiirposely  made  to  ac(|uire  (ieformatioii  on  impact, 
and  they  cause  extensive  mutilation  of  tissue  when  they 


collide  with  resistant  structures.  They  are  used  by 
sport.smen  under  the  name  of  express  bullet.s.  or  soft- 
nose  bullets.  They  have  been  used  in  war  under  the 
iiameof  explosive  bulletsaltliougli  the  name  is  erroneous, 
since  they  do  not  disintegrate  liy  the  action  of  explosives 
in  tlieiii  as  we  lind  in  the  shells  of  tield  guns  or  canuon.s. 
The  soft  nose  bullet  is  one  that  has  tlie  armored  steel 
jacket  covering  the  lead  core  except  at  the  point.  On  im- 
pact the  absence  of  the  steel  envelope  at  the  point  in- 
vites disintegration  of  the  projectile  so  that  the  core  and 
ca.sing  break  up  into  many  jiieces  upon  striking  resistant 
bone.  Wounds  caused  by  such  bullets  are  murderous  in 
the  extreme  and  not  permissible  in  war  by  the  comity  of 
nations.  Their  use  is  tantamount  to  that  of  an  explosive 
Imllit  for  hand  weapons — a  thing  which  was  jiro-scribed 
bv  the  articles  of  the  St.  Petersburg  Convention  of  1S68 
(Kig.  2379). 

The  following  illustrations  from  Dr.  Makin 'shook*  are 
given  to  .show  the  normal  bullets  used  in  South  Africa, 


FiG.  2380.  — 1  and  2  show  the  steel  Jacketed  projectile  wiih  impainnent 
of  the  steel  envelope  by  Iliinp  suffleient  to  invite  cleforinatiun  on  ioi- 
jiact :  3.  copper-jacketi'd  express  bullet,  the  lead  lieinf;  exposeil  at 
tbe  end,  used  by  sportsmen  In  buntlDg  larffe  ^ame. 

those  that  were  deformed  by  ricochet,  and  also  the  ap- 
pearance of  the  soft-nose  bullet  before  and  after  impact. 
Fig.  23S0  shows  how  jacketed  bullets  may  be  filed  or 
otherwise  tampered  with  by  the  soldier  on  the  tield.  and 
3  on  the  same  figure  shows  an  express  bullet  used  in  hunt- 
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Fio.  2381.— Normal   Mauser  Bul- 
let. 


S»2.- Normal    I*e^Metford 
Bullet.     (Makln.) 


ing  large  game.  The  result  with  such  bullets  on  impact 
against  resistant  structures  is  the  same  as  that  described 
for  soft-nose  bullets  (Figs.  237.')  to  2377). 

2.  The  gravity  of  gunshot  wounds  is  measured  bv  the 
nature  of  the  iiarts  traversed.  Those  of  the  head,  large 
vessels,  spine,  and  viscera  are  the  most  serious. 

3.  In  inilitaiy  practice  environment  plays  a  great  n-ile 
in  the  prognosis  of  gunshot  wounds.  In  tlielixed  liospi- 
talsof  civil  life.  ei|uipped  wilheverv  neces,sary  appliance, 
with  aiii]ile  help  of  the  most  intelligent  kind,  the  civil 
surgeon  has  entire  control  over  his  cases  at  all  times;  in 
other  words  he  dominates  the  environing  conditions  as 
they  present  themselves;  whilst,  on  the  other  hand,  the 
military  surgeon  is  movable  and  moving  field  hospitals 

•  Of),  cit. 
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a  first  niil  (inssiiii;  In  i\  dirly  wound.  ^Vll.■n  tlir  liuttJc 
waxes  liiTtrlv  linn'  is  as  iiiiicli  mid  for  liil|>  al  tlic  front 
as  al  the  ri'ar.  to  sav  iiolliini.'  of  all  the  lalior  that  is  con 
staiitly  riiiuinil  of'llii-  n-lirf  corps  in  Iraiisportins.'  tlic 
woundid  from  tin-  liirlilini:  line  to  I  he  field  hospitals, 
oftentimes M'venil  niilesloihe  rear.  Under  lliese  cireiiin- 
stanees  it  is  ditficiill  to  provide  an  adei|\iate  amount  of 
help  to  till-  three  places  at  the  same  time.  Oefieiency 
in  help  for  the  wounded  is  the  residt— a  fault  that  has 
existed  in  lari;e  and  sudden  en!;a.<.'enienls  in  all  wars. 
Au'ai".  military  neeessily  compels  the  Hiovement  of  the 
wounded  so  often  that  ihc  iialieni  is  rolilied  of  needed 
rest,  it  is  a  dilticiilt  niattei  In  kce|i  liisdressin,!;sclean.  anil 
the  dan^irs  of  stpsis  are  lliereliy  maiinilied.  In  spite  of 
the  l>est  elTorls  of  the  military  surgeon  in  times  of  peace, 
wluii  he  himself  has  liul  few  opportunities  of  treating 
sick  and  wounded,  il  is  impossilile  for  hiu\  to  convert  the 
relief  corps  under  his  orders  into  nurses  liavini;  the  SJimc 
efticiencv  that  one  finds  in  civil  life;  sothat  this  valuable 
adjunct" to  the  care  of  the  wounded  is  far  lielow  the 
standard.  If  one  underlJM.k  to  picture  tlie  reverse  of  the 
conditions  that  prevail  around  the  civil  surgeon  he  could 


1 
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woiiikI  when  il  falls  under  the  nire  of  llie  Kur^iinii  wan 
never  so  thoroui:hly  exprewteil  iw  liy  NiiKsliaiim's  lril« 
saying:  "'riie  fate'of  the  piiliinl  with  agunshoi  uouiid 
lie*  in  the  hands  of  the  »uri{eon  who  applies  Ilie  llrst 
diwisinir  "  Thai  this  should  Ih' done  under  htrict  anii 
si'plic  precautions  goes  n  iihoul  Knylng.  .More  than  that, 
tin-  caulioii  against  the  iinnei-essjiry  use  ol  prolw-s  shmild 
be  siricllv  adhered  lo.  Kven  in  gunshot  f met iires  pre- 
s<'nling  extensive  eonuninulion.  there  is  less  danger  inn 
/<»'»«•:  liiiii-  policy. than  there  is  found  in  an  atlenipt  to 
riear  out  the  wound  without  adeipnile  preparation. 
There  are  certain  wounds  thai  need  close  inve>.lii;alion  lis 
siMin  as  possible  This  sliouM  be  thoroughly  done,  but 
not  before  the  proper  antiseptic  precautions  are  available. 
.I.  The  evolution  of  the  military  rille  has  w  itiiesse<l 
some  change  in  the  geneial   morlalily  on  the  field  of  bat- 


Fic.  2»M  -  Four  rommnn  Tvp.«!  of  ijHernl  Mbusit  Rlrorh^l  Bullets 
F^.n.  left  to  riu'l...  1.  SllI'I"T  fonn  ;  sliL'lit  •"^«"';;",'"'-' "";',, ""f",h? 
of  tin  i  Miirp  nmnmincKl  ilren-.-  "f  Ttiii  1.  with  lii.-.T.iti.m  of  th.- 
man  le  „pp,„il..  tl.e  *lmul.l.T  of  th-  tmll.-i.  n.is  i.  tli.'  w^:k« 
s^^Kit  forlworeasiins;  the  iilteniiioii  In  <une  nt  this  ix-siMon.  and 
r  jun.  .Ion  of  the  thleken..!  ,k,I>i.  of  It..-  "'«nt:..  »,">';"■''  »"7 
sides.  ;i,  IJitenil  ri.iwliet  Involvlne  nearly  llie  whole  l'''"-'"'  ' ''''"7 
nniilun-of  iiiiinlle  from  Immrteninir  of  eore  opi«^iii- ^llollllIor.    i. 

""';i'"Ha...n.l  ri h.-l  wUh  extensive  lon0lu,llnalr,,,.l,.i;;;o   man; 

tie.  Uip  Inner  lielne  Uirned  oiii  and  fonnlne  a  enitini:      tlaniP  . 
iMakhi.' 

not  do  so  more  aptlv  than  bv  pointing  to  the  predicament 
of  the  military  suru'eon  inactive  campaign.  Ilenre  the 
influence  of  environment  on  prognosis. 

4.  The  significance  of  the  management  of  a  gunshot 


L 

Fir.  2385 —'■  Disc  "-shaped  Ijileral  nieoehel.  Tht.<  form  Is  of  lltUe 
prnctleal  Imponanee.  as  the  veli«lly  ntalnwl  tiy  the  bullet  Is  low. 
and  no  perforatinK  po\viT  would  Im-  n-tained.  t  Is  Ifisc-rted  sepa- 
rately in  onlerto  complete  the  series  shown  In  FlK-  J3S4.    iMaklii.j 

tie.  but  contrary  to  expectations  the  mortality  has  not 
keiit  pace  with  "the  efflciencv  in  firearms:  if  anything,  it 
has  diminished.  This  is  due  partly  lo  the  humane  char- 
acter of  the  armored  projectiles.  |iartly  to  lighting  in 
open  order  and  while  lying  down.  This  is  well  brought 
out  in  the  subjoined  table  if  we  compare  the  number  of 
killed  and  wounded  to  the  force  engaged  in  battles  with 
the  old  armament  and  in  the  more  recent  ones  fought 
with  rcduccil  calibres  and  superior  velocities,  like  the  as- 
sault on  Santiago,  and  two  of  the  prominent  bailies  of 
the  Kiiuberley  Kelief  Foice.  viz.  ;  Helmont  and  Magers- 
fontein.  It  should  be  borne  in  mind  that  the  armies  con- 
cerned in  the  last  three  enL'a.u'cmcnts  were  always  on  the 
offensive  against  an  enemy  well  entrenched  on  heights. 
The  wounds  from  the  artillery  arm  were  less  than  one 
per  cent,  at  Santiago,  and  according  lo  press  reports 
thevdid  not  exceed  five  percent,  at  Belmont  and  Magers- 
fontein  so  that  the  casualties  as  a  whole  may  be  reirarded 
iis  a  fair  index  of  the  comparative  deadliness  of  the  new 
military  rifie. 

Table  iii.-Mortautt  ox  the  Fikld  or  Battle  from  the  old 
Axn  Xkw  arms. 


Waterloo,  1815 . .   British,     Hanover 
ians,  and  Uennan 

le0ons 

SoUerino,  1850  . .  French  and  Sardlii 

ians 

Austrians 

Shiloh.  ldl)2 rnlonlstsi 

I  Oinfetlerales 

fiettysburg.  1S()3|  Inionists 

Oinfeilenites 

Santiago.  ISIS  ..'  United  Slates  fon-es 

Spaniiirds 
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Fig.  itNi.-Kiipturi')!  MmisiT  Manilf,  to 
Illustrntf  the  Tendency  to  Coniplelo 
Longitudinal  Pissurluff.    (Makln.) 


OctASKiN.^i,  CoMi'i.K'.vTio.NS. — III  former  times  tlic 
complications  of  KUiisliot  wounds  constituled  by  far  the 
most  important  clinical  picture  of  this  clu.ss  of  wounds; 

they  consisted  of  in- 
Hainmation,  gan- 
grene, secondary 
liemorrliage.  aneur- 
ism, liospital  gan- 
grene, pya'inia.  tet- 
anus, erysipelas, 
traumatic  delirium, 
etc.  With  the  excep- 
tion of  those  result- 
ing from  injury  to 
1)  lood  -  vessels,  the 
coniplieati<jns  t  lia  t 
follow  gunshot 
wounds  in  our  day 
are  exceptional. 
They  will  be  taken 
up  later  under  the 
heading  of  Wounds 
of  the  Blood-Vessels, 
etc. 
Remote  Effects  of  Gukshot  Wounds. — The  ulterior 
anil  disabling  effects  of  gunshot  wounds  as  treated  by 
authors  have  reference  to  conditions  that  have  remained 
after  the  healing  of  the  wound  has  been  accomplished. 
In  the  past,  the  amount  of  invaliding  residting  from  the 
ulterior  effects  of  gunshot  wounds  among  the  soldiery 
ha.s  been  a  cause  of  great  e.vpeusc  to  the  stale,  and  of 
mucl.  pain  and  protracted  suffeiing  lo  the  wounded. 
Pain  and  the  ills  that  ensue  after  the  lodgment  of  foreign 
bodies  have  been  a  fruitful  source  of  the  protracted  suf- 
fering referred  to.  As  one  might  suppose,  the  disjibling 
effects  are  often  correlated  with  the  anatomical  structure 
or  bodily  region  involved,  A  source  of  remote  effects 
not  hitherto  described — plumbism  from  hxlged  missiles 
— has  recently  been  touched  uiion*  Ijy  Nimier  and  Laval. 
In  this  article  they  refer  to  what  seems  to  be  a  well-au- 
thenticated case  by  Kilster  and  Lewis  in  Arrh.  fiir  Chir.. 
t.  sliii.,  p.  321,  1892.  Cases  of  lead  poisoning  from  this 
source  are  seen  only  when  the  projectile  has  divided  into 
many  fragments,  or  when  the  wound  has  resulted  from 
fine  shot  that  remains  embedded  in  bone,  and  preferably- 
in  the  bone  marrow  and  vuider  the  periosteum,  both  of 
■which  possess,  to  a  remarkable  degree,  the  property  of 


FlO.  2^7.  -Two  r<>talned  Manser  bullet-*  whfcli  Iiad  produced  com- 
ntinuted  fractures  of  the  femur  of  iiiodenile  seventy.  Each  lia.^  piven 
way  at  Uie  slioulder.  but  (tie  mantle  ilevelofied  crea.ses  without  rup- 
tun-,  and  tlic  bullets  are  eurrespundlngly  bent.  Both  bullets  were 
travelling  at  a  moderate.  If  net  low,  degree  of  velocity.    (Makln.) 

absorbing  materials  into  the  general  circulation.  In  the 
cases  mentioned  the  symptoms  from  lead  into.xication 
disappeared  as  soon  as  the  missiles  were  removed.  Plumb- 
ism as  a  remote  effect,  already  tare,  will  be  very  cxceji- 
tional  liereafler  in  military  sui-gery  becausi'  of  the  use  of 
the  steel-jacketed  bullets,  and  Of  the  >- ray  in  diagnosis. 

*l£  Caduc^  September  7tb,  1901. 


The  lead  core  of  the  latter  bullet  very  seldom  separates 
from  its  envelope,  so  that  the  opjxirt unity  for  absorption 
under  the  most  favorable  conditions  will  very  seldom 
occur.  The  use  of  the  Rilutgen  ray  in  diagnfisis  will 
point  out  the  location  of  bullets  so  exactly  that  few  bul- 
lets will  be  allowed  lo  remain  in  the  tissues  long  enough 
to  produce  any  kind  of  remote  effects. 

The  amount  of  suffering  from  remote  effects  in  gun- 
shot wounds  diminished  very  largely  with  the  introduc- 
tion of  clean  surgical  methods.  Again,  the  use,  in  war, 
of  hard  steel-clad  bullets,  that  seldom  deform  or  disinte- 
grate on  impact  with  hard  bone,  have  materially  curtailed 


Fig.  Sl'^'-.    Apicirl   Ilicochet   Mauser  Bullet   (see  text).    The  mush- 

roomiii!.'  "f  tin re  Is  moderate,  but  the  destruction  of  the  anterior 

part  of  the  mantle  very  considerable.    (Makln.) 

the  after-effects  iu  wounds.  Projectiles  of  this  class  sel- 
dom lodge,  and  when  they  do,  their  lighter  weight  and 
polished  exterior  favor  permanent  encystment  with  few 
or  no  symptoms.  It  may  be  stated  also  to  the  credit  of 
the  reciuced-calibre  projectiles  that  they  seldom  carry 
clothing  or  pieces  of  the  accoutrement  into  the  wound 
track,  whereas  formerly,  with  the  employment  of  pro- 
jectiles of  larger  calibre,  this  complication  was  of  com- 
mon occuiTence.  Lastly,  the  use  of  the  .(-ray  in  localiz- 
ing projectiles  and  deliniug  the  amount  of  bone  injury 
has  played  a  prominent  part  in  curtailing  the  remote  ef- 
fects of  gunshot  wounds.  The  following  skiagrams  ex- 
plain some  remote  effects  before  and  after  operation  (Figs. 
2390  to  2398). 

Gener.\l  Tre.^tmest. — The  treatment  of  gunshot 
wounds  has  been  very  much  simplitied  in  late  years. 
The  civilian  treats  them  its  he  would  other  infected 
wounds,  in  accordance  with  the  rtiles  of  strict  antisepsis. 
He  does  not  invade  the  channel 
tract  except  for  special  reasons 
to  be  indicated  later.  In  simple 
uncomplicated  gunshot  wounds  a 
clean  dressing  and  rest  in  bed 
constitute  about  the  necessjiry 
measures  of  treatment.  In  mili- 
tary practice,  when  the  lack  of 
transport  and  sudden  accessions 
of  large  numbers  of  wounded  are 
thrust  upon  an  inadetpiate  corps 
of  helpers,  the  medical  depart- 
ment resorts  to  the  expedient  of 
furnishing  each  man,  upon  going 
into  battle,  with  si  tirst  aid  dress- 
ing composed,  in  our  army,  of  a 
package  live  anil  one-half  inches 
long,  one-half  inch  thick,  and 
two  and  one  half  inches  wide. 
Contents  of  package:  Two  anti- 
septic compresses  of  sublimated 
giiiize  in  oiled  paper;  one  anti- 
si'iilic  bandage  of  siiblimiited  cam- 
bric with  safety  l>iii ;  one  triangu- 
lar bandage  and  iisjifety  pin.  Tlie 
mode  of  application  is  illustrated 
on  the  bandage.     This  dressing  is 


Fl»i.  U.WI.-  i,r...\.,l  M„[i- 
ser  Bullet  Ueuit)Ved  from 
Anterior  .\l)doiiiinaL 
Wall  after  frossiup  the 
Uibs.  1  saw  several 
MU-li  removed  fnun  the 
lhora<»ie  wall,  and  am 
iui'lli»-d  t.i  attribute  tli« 
i:nKi\ int'  to  Impact  with 
the  nianriu  of  the  rlljs, 
I.Makin.; 
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I.uukhol    Uoiiiida. 
Uuushiil    \loiilida. 


tisiiiilly  iipplicil  bv  II  (iiiiinicli-  or  uMlcir  wlin  has  Imtii  In- 

utrucliil  in  llmt  iiicl  wurk  liy  tlic'  i liriil  (li|iiirlim>iit ;  or 

by  aiiiriiilM-riif  llii'li(i<<|>itiir('(ir|>s.  iind  Icssnfliii  liy  ii  iiii-d- 
Ical olllciT.    'I'lir  want  of  water  uml  time  H«-lcliiiii'i>eriiiit8 


no.  2380.  -Radioirrapb.  In  tho  case  of  a  marine  offlcer  who  received  a 
cbarge  of  tine  stun  iit  close  ranee  In  the  palm  of  the  left  hand  Au- 
(fust,  li««i.  Wonnil  nf  exit  was  on  dorfnl  surface  of  forearm  at 
Jiinoticin  nf  lipwir  and  mlildle  thirds.  Durliiir  the  next  four  months 
he  had  four  attjicks  of  lead  colic  and  suHen'd  from  plunihism.  In 
Deceuiln-r.  1!«IP.  the  shot  was  removed.  One  month  later  he  was 
tre«  fmm  all  syiupti>ms  of  plumblsm.    (Xlmler.) 

more  than  the  application  of  tbe  dressings  without  first 
clcansinjr  tlip  hands  of  tlie  operator  or  cleansing  tlie  skin 
about  the  woinxl.  It  is  needless  to  state  that  a  liicenited 
wound,  already  infected,  dressed  in  this  way  will  invari 
ably  suppurate  unless  redressed  very  soon.  The  fact  tliat 
the  simple  wounds,  which  predominate  so  largely  in  war, 
have  heretofore  done  well  under  this  treatment  has  caused 
many  observers  to  attribute  the  happy  results  in  gunshot 
W(.unds  to  the  value  of  the  lirstaid  (tressing.  The  most 
that  one  can  sjiy  in  favor  of  the  practice  is  that  it  adds 
no  infection  to  an  already  infected  wound,  which  would 
Cert.iinly  occur  if  nothing  intervened  between  the  wound 
and  the  dirty  clothing  of  the  soldier.  The  simple  wounds, 
and  many  that  included  perforations  and  fractured  bones, 
brought  to  the  Hesirvi>  Divisional  nosi)ital,  Siboney,  front 
the  line  near  Santiago,  exhibited,  as  a  rule,  no  evidence 
of  suppuration.  The  loose  state  in  which  the  dressings 
were  found  when  tliiy  reached  us— having  oftentimes 
been  imperfectly  readjusted  by  the  wounded  soldier  him- 
si'lf— made  it  dillicult  lo  believe  that  the  happy  result 
was  to  be  a.scribed  solely  to  the  dressing.  These  wounds 
were  generally  covered  by  dry  blood,  and  the  more  rea- 
sonable esplanatiou  suggeistedwas  that  healing  was  tak- 


ing i.lace  under  the  protective  Intlilelice  of  a  bl>N«l  clot. 
Intll  we  are  furniHh<-<l  with  Noinething  Utter  the  ndlllary 
surgeon  will  havi'  to  continue  the  u»e  of  lln.t  ai<l  pack- 
ages at  the  drejising  HUillons;  later,  at  the  Held  ho^pjlalH. 
where  the  appoinlinentH  are  iMller,  wouimIn  are  drewMil 
wlieii  nei-essary  under  KU<hawpKlHaH  Held  < litioriK  ordi- 
narily perniil.  II. re,  also,  neeestuirv  exploratiorih  and 
surgical  ojienilions  can  be  ilone  with  some  d.gne  of 
safely.  W  ounds  undergoing  suppunilive  procexMs  <aii 
here  be  thoroughly  wimhed  wiili  anlisepiie  Miluiions  anil 
dniined;  the  dres.Hings  can  be  elianged  as  often  as  necm- 
sjiry.  anil  with  persislence,  to  the  end  that  Kuppimitivo 
cases  .shall  be  kept  at  the  very  minimum  of  number,  for 
once  suppuralion  set-s  in  ainolig  the  wounded  in  a  hospi- 
lul  I  lie  task  of  lueventing  ils  spread  becomes  doubly 
(lillicull,  anil  this  is  especially  true  when  campaigns  arts 
prolonged.  The  .soldiers  in  jirolonged  tield  Work  lose 
their  normal  resistance,  whi4e  from  frei|uenl  Iransniis- 
sion.  pus  microbes  are  ever  acquiring  virulence  as  they 


Fig.  2301.— R,idioirraph.     In  the  case  of  J.  M showing  ununited 

fracture  of  humerus  and  lodircd  shot.  Wounded  June  25lh,  1-stKi.  by 
accidental  dischan?c  of  shotcun  within  a  distance  of  two  feel. 
Foreumi  and  hand  totally  punilyzcd  for  three  years.  Remote  effects: 
Ilall  Joint  in  huiiierus  i-ausini^  weakness  and  inii>alring  motion  of 
arm.    lladiograph  taken  October  &1,  lilOl. 

go  from  host  to  host.  We  are  speaking  here  of  field  con- 
ditions where  the  militaiy  surgeon  is  not  always  sure  of 
carrying  out  an  asejitic  technique. 

L'ldr/ed  Balh. — The  questions  as  to  whether  it  is  neces- 
sary, in  any  given  case,  to  remove  a  lotlgcd  ball  or  other 
missile,  and  as  to  what  is  the  proper  time  for  accomplish- 


445 


4>llii*>liol    Moiiii«l*>. 
CIIIIkIioI    \t  ollllll*. 
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Figs.  2:26  and  23!):J.— nartuigraphs  in  tlie  aise  of  C  M ,  showing  the  enurse  of  a  Mauser  bullet  through  the  metatarsal  brines.    Wounded 

•luly  1st.  isyh.  at  a  distance  of  BtlOyarils.  The  hall  ranged  transversely  across  the  fixit,  prating  the  metatarsal  l>ones  in  transit.  In  the  proc- 
ess of  healiiu:  os.seous  hriilpes  formed  uuiting  the  bones.  Renmte  effects:  pain  at  site  of  wound  and  limping  due  to  the  Ixmy  union. 
Itadiograph  taken  May,  liX»(.  operation  June.  laOO.  Excision  of  fourth  and  fllth  metatarsal  bones.  Result:  no  pain;  the  man  walks 
without  Umpiiig.    The  second  radiograph_was  taken  In  August,  1900. 


ing  tliis,  cull  for  more  thau  a  passing  notice,  at  least  in 
military  practice.     Save  in  cases  of  actual  necessity  (and 


Fig.  ^JKK. -Capiain  K — ,  I'niicd  sialics  .iriiiv  ;  ,.-ifi  imh,.  i.~  [iwui 
wh(tle  <'harge  of  .No.  ii  shot  f.tnr  fciM  from  muzzle,  entering  "uter  as- 
pect of  upper  thigh  from  iM-lttw  upward.  Then*  is  a  disiinci  l»ruit 
emanating  from  the  external  circimille.x  artery,  possitily  due  to  shot 
lodged  in  or  around  arterial  cuttts. 


tlicj-  are  very  lare).  wlieu  time  is  a  factor  as  it  often  is  in 
the  rush  of  tieUl  practice,  bullets  should  be  let  alone. 
An  incision  for  a  bullet  requires  time  and  an  additional 
dressing,  and  it  exiioscs  the  patient  to  an  additional 
danger  of  infection  amid  doubtful  surroundings.  The 
morbid  curiosity  of  the  laity  to  fiiui  the  ball,  the  restless- 
ness of  the  patient,  anil  the  lack  of  resolution  on  the  part 
of  the  surgeon  are  only  toooftenexliibite<l  in  thislateday. 
At  Siboney  it  wasiinpossible  to  restrain  the  surgeons  from 
the  practice  of  cutting  out  buUels.  notwithstanding  the 
strict  orders  to  the  contrary,  at  a  time  when  the  dressings 
were  running  short,  and  niililaiy  necessity  was  keeping 
the  wounded  almost  ccmstantly  on  the  move.  The  neces- 
sity and  the  time  for  the  e.xtraetion  of  a  lodged  missile 
are  iiiicstions  which  should  as  !i  rule  lie  left  to  the  sur- 
geons who  are  located  at  those  jioints  on  the  line  of  com- 
munication where  the  hospitals  are  ti.xed  and  provided 
with  .1  lay  inachines.  In  time  of  peace  the  military  .sur- 
geon should  t;ike  occasion  to  explain  to  the  soldiery  the 
evil  effects  of  proliing  for  bullets,  and  of  haste  in  operat- 
,ing  for  balls  whose  location  is  not  exactly  defined,  and 
the  utter  liarmlessness  that  comes  from  bullets  that  lie 
embedded  in  tissues.  If  a  bullet  is  lying  immediatclj' 
under  the  skin,  or  has  already  partially  protruded  through 
an  exit  wcumd.  it  should  be  at  once  removed.  Those 
lying  at  the  bottom  of  infected  tracts  shoukl  also  be  re- 
liioved.  as  they  ai'e  generally  met  with  in  the  sjiecial  effort 
to  disinfect  the  wound  by  irrigation,  etc.  Those  interfer- 
ing with  function  or  that  cause  pain  by  pressure  on  a  nerve 
should  be  removed  as  S'lon  as  definitely  located;  the 
same  is  true  of  projectiles  lodged  in  joints  or  in  close 
proximity  to  the  joint  structure.  An  effort  should  be 
made  to  "remove  all  missiles  of  irregular.  sh;irp  contour 
like  those  which  b;ive  been  deformed  through  ricochet 
or  by  fragmentalion,  and  also  pieees  of  shells,  imlessthey 
lie  in  inaccessible  regions  very  near  or  in  the  large  cavi- 
ties. Figs,  2-}()0  to  2404,  which  give  skiagraphic  views 
of  the  head  and  thorax,  illustrate  how  bullets  can  remain 
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IlEKKllK.NCi:    llAM'lln.iK    UF   TllL   .Ml  IM'    \l.   tjLlKNCl.: 


I.  II  iimIi«i1    \%  oil  iuIm 
<>ll  l|i»lli>l    \l  oil  lliln 


Fii.s.  U;i!i'i  AM>  itlit!,-  I!iiilli>k'n>|ihs  iiikvii  frcTii  Iwo  .lilTiTi  nt  'lin-rtinris.  Kiif.  :.':i'.i.">.  vii-w  ai  nu'lii  :iiii:li-^  i.i  cmrM'  ..f  l.ulli-t :  Hi;,  -'.r.*'..  vi.-w 
alniii;  iiiiiix'  ..f  liulli-I.  Ill  ihfi-asf  nt  K.  K  -.  sliinvliiirrxiilnslvc  i-HtvUi.  WuundiMl  Ociolur  siii.  l«i!i.  hv  un  mikinnvii  bullet  al  ii  dlslani-o 
of  UMi  yanls.  Ht>iiii>ti'  I'lTi-^is  :  l«iss  nt  pniuatloii  un<t  ^upulalloIl  ut  forearm  :  partial  paralvsls  nt  forearm  iiiort*  iiiHrkiit  on  tlie  cxlensur  sur- 
fuif.     iltnilioKnipli!>  takfn  May  Ut.  liut.i 


ciiilu'dilcil    in    rt'jtions  not  accessible  and  yet  cause   no 
special  liarni. 

W'/hikIh,,/  the  Blood-  Vcasfh. — Of  those  in  juries  of  blood- 


vessels which  do  not  teimiiiate  fatally  befor?  surgical 
aid  can  be  obtained,  the  niiniber  in  war  is  very  small 
when  coniiiared  to  the  total  uuinber  wounded,     it  is  re- 


-r.i..  Fi(i.  iai,-. 

Figs.  23flT  .tvD  239R.— Radlofrraplis  taken  from  two  dilTcrent  directions.    Caw  of  D.  M ,  sbowlne  fracture  of  radiiLs  and  iiliia  caused  by  a 

larsre-callbn-  bullet  at  a  dLstance  of  150  yards.    Tbe  four  fragnienis  united  io  a  solid  callus.    Keiuote  elTecls;  total  [laralvsls  of  wrist  and 
hiuid  with  loss  of  sensation  over  dngers. 
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Inted*  that  but  27  such  cases — .007  per  cent. — occurred 
out  of  3(i..")(W  wounds  in  the  iirmy  of  the  Potoumc  from 
the  Riipiiliiii  to  the  James.  I.'<ti4.  In  tlie  C'rinira  (Lonj;- 
niore)  of  4.434  wounds  recorded,  1.")  wounds  of  arteries,  or 
.03  per  cent,  of  the  whole,  came  under  observation.     The 


Fi(i.  SIM.— Rartlppraph.    Case  of  G.  W.  G ,  showine  Icaileii  slue 

li'.lL'1'il  in  Iwse  of  tonpiie.  The  hall  ontereil  liehiml  the  left  ear 
Ratliotrnipli  taken  fourteen  months  after  injury.  Hciuoie  effects ; 
left  lu'iniiMinitvsis  of  tonpue.  also  loss  of  taste  on  left  side;  loss  of 
lieaiinK  In  left  ear:  left  optic  neuritis;  partial  ankylosis  oflower 
Jaw  ami  painful  desliiltlion. 


■wounds  in  tliosc  days  were  inflicted  by  a  leaden  bullet 
prone  to  deformation.  There  has  been  much  speculation 
on  the  part  of  experimenters  as  to  what  would  be  the 
effect  of  the  new  military  rifle  upon  lilood-vessels.  We 
are  now  in  a  position  to  give  some  facts  that  have  been 
gathered  from  the  actual  conditions  in  war.  Whether 
the  i>ercentage  of  deaths  from  fatal  primary  hemorrhage 
on  the  field  has  inerease<l  must  still  remain  doubtful. 
The  superior  velocity  of  the  new  bullet,  its  direct  course 
through  tisstics,  and  pointed  form,  increase  the  chances 
of  its  wotmding  vessels  in  its  path.  On  the  other  hand 
the  smaller  calibre  of  this  missile,  its  tendency  to  preserve 
its  shape  unaltered,  and  the  simpler  bony  lesions  which 
it  intliets,  diminish  tlie  likeliliood  that  any  of  the  blood- 
vessels will  be  wounded  by  seeondai'v  projectiles — eitlier 
portions  liberated  from  its  own- substance  or  fragments 
of  bone  to  wluch  the  bullet  itself  had  communicated  its 
own  momentum. 

Of  fourteen  hundred  wounded  among  the  United  States 
forces  at  Santiago  by  the  JIauser  bullet  there  was  no  in- 
stance of  a  wound  of  a  large  vessel  retiuiring  ligation  on 
the  field.  While  we  have  no  figures  to  (lunte  from  the 
South  African  war.  .Makin+  informs  us  that  '^leaths  from 
external  primary  hemorrhage  were  rare."  Tlmsethat  re- 
cover from  injury  to  blood-vessels  forma  very  interesting 
class  to  the  surgeon  on  account  of  tlie  primary,  secondary, 
and  recurrent  liemorrhages;  as  well  as  on  account  of  the 
various  kinds  of  aneurisms  that  are  apt  to  occur  in  their 
clinical  history.  The  lesion  present  in  any  of  these  con- 
ditions may  be  contusion  or  laceration  without  perfora- 
tion, partial  or  complete  perforation  causing  complete 
division  of  the  vessel.  Of  the  fourteen  hundred  wounded 
above  mentioned  there  is  no  note  of  either  recurrent  or 
secondary  hemorrhage.  The  femoral,  the  external  iliac, 
and  the  ulnar  were  each  lied  once  for  dillusc  aneurism, 
the  radial  and  subclavian  were  tied  twice  for  the  same 
cause,  and  there  were  five  cases  of  gangrene  that  were 
caused  by  an  injury  to  blood-ves.sels  and  that  required 
ampulalion.  That  seconilary  liemorrhage  should  be 
absent  in  the  clinical  record  of  these  cases  points  to 
the  great   boon   that  asepsis   has  conferred   upon  the 


•Rkference  Handbook  ok  tiik  Medical  Sciences,  BrstodHlon, 
vol.  vll.,  p.  1».  t  Oil.  c«. 


wounded  in  war.  In  the  days  when  the  surgeon  wel- 
comed the  appearance  of  "laudable  pus,"  "no  wounded 
patient  was  considered  to  be  .sjitV  from  secondary  hemor- 
rhage .so  long  as  his  wound  remained  open  to  suppura- 
tion "  (Longmore).  Disinkgraliiin  of  the  arterial  coats 
from  .septic  arteritis  was  the  main  cause  of  secondary 
hemorrhage  in  the  pre-anliseplie  era,  and  now  that  we 
exclude  suppuration  almost  entirely  by  clean  surgical 
methods  we  are  in  a  ]iosition  to  appreciate  the  frequency 
of  secondary  hemorrhage  from  other  causes.  These 
causes  are  in  a  measure  picnliar  to  gunsliot  wounds,  and 
they  are  mun:ipt  to  be  seen  in  military  praetiee.  A  Jiro- 
jeetile,  some  of  its  fragments,  or  spiciila  of  bone,  may 
injure  the  external  coats  of  an  artery  at  the  time  of  the 
injury  witlnmt  causing  immediate  hemorrhage.  A  few 
hours  or  days  later,  in  transport,  when  rest  to  the  part 
cannot  be  secured,  liemorrhage  occurs  by  breaking  down 
of  the  inner  ((jat.  uiieoimeeied  wilhsuppuralion.  Makin 
i'lji.  ('(V. )  mentions  a  number  of  cases  of  this  kind  in  his 
South  African  experiences,  lie  sjiw  only  two  cases  of 
acute  traunuitic  gangrene,  both  following  gunshot  fract- 


FlG.  2400.— I/Migment  of  Manser  7  mm.  Bullet  (I.onR  Ranpe)  In  the 

Bmin.     Tlecoverv.      Private  J.  (i .   1st    Xehraska    Volunteers, 

wounded  at  Mariboa,  P.  I.,  Man-li  2Tth,  IsiW.  A  T  mm.  bullet  en- 
tered the  forehead  «  cm.  al)ove  the  orbital  ridpe  nnd  ;i  cm.  to  the 
left  of  the  median  line.  ]>a.s.'^t'd  diro<'ily  backwani  ami  dttwinvnni, 
and  lodircd  alKnit  nil  the  lentniinm.  well  within  the  skull.  He  was 
carried  t.iie  luih-  to  a  tield  hospital,  and  n^ached  Manila  iwi'lve  hours 
after  the  injui-y.  Cditiplcie  les-s  <>(  consciousness  for  several  hours; 
pradual  return  to  ci.iisciousjiess.  In  iM-d  four  weeks.  Primary 
heaiiu^r  of  wouml.  Kenirmil  tn  <pianers  June  KJth,  ISW.  cured. 
First  few  days  of  illness  were  maiked  by  severe  pain  in  head, 
nausea,  and  vomitinp.  More  or  less  jiain  existed  for  some  weeks, 
increased  by  mental  or  physical  exertion,  btit  pradualty  disappeared. 
Returiied  to  San  Foinciseo  with  his  iH'plment  in  Aupust.  quite  well. 
Railioprapli  laken  Aupust  -lllh.  l.siiit.  No  history  of  |>aralysls  other 
than  a  sliptd  weakness  of  ripht  ami  and  lep,  now  nearly  pime. 
Some  confusion  ()f  ideas  and  slowness  i>r  expivssion  existe<l  f«»r  a 
time,  but  no  convulsioiis  or  epilepiifnrm  seizures  ^K'curred.  No  loss 
of  visiiin  of  left  eye.  bjit  sliplit  pt-isis.  dlplojiia.  and  photophobia 
were  present.  Senses  of  smell  and  taste  more  acute  on  Ihe  right 
than  on  the  left  side.  Rellexes  active;  sphincters  not  Involved. 
Entered  mall  service,  and  went  back  to  Manila  on  duty. 

uro  of  the  thigh.  Among  the  very  interesting  features 
of  his  experience  may  be  menlicmed  the  nuudier  of  trau- 
matic aneurisms  observe<l  "and  most  fre(iuently  of  all, 
perhaps,  aneiirismal  varices  and  varicose  aneurisms.  The 
statement  ismadeof  the  increaseof  the  numbir  of  aniMir- 
isms  from  gunshot  wounds  in  direct  ratio  to  diminution 
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in   (lie   bI/.o  of  imiJiTlilcH  I'liiploywl."     W'v  sliould  not 

furfji't  tliiit  our  UiiiiwlrdKcof  llir  ocijirn'iiri' of  Iriiiiiniilic 
niU'iirisiiiK  with  lln'  liirnr  lalihrcH  wu-s  (•liiiiimil  in  pre 
niitis<'|itir  ilnvs.  We  Imvr  niisoii  lo  Iwlicvc  tliiit  Kiip- 
piinilioii.  « lilrli  was  so  iiiiivci-sitl  in  nuiisliol  woiimiIh  n\ 
llilil  liinr,  pliiyi'il  u  limikiil  loIr  in  liniiiimliiiir  ll"'  nisrs 
loiin  licforr  llir  irslciis  i.f  vis.s.ls  rcfrrnii  lo  liiiii  linif  to 
(l)'Vi'lop — siiy  in  ilrnlli  from  srcondary  licniorrlm);c,  in 
liKiitluu  uf  vi-sst-lH  on  the  pruxiniiil  Hitle,  or  iu  iiniputution. 


FUi.  -4"1.      HlMil"l.'niliil   >l|inM[ii.'  Miillfifl    HliiM-l,    llrtinlinil  liy  Uiici- 

clift,  liKlk'til  ill  Ult'lit  Itiick  iipiHwlIi'  Sevenlli  Inlorcostul  Siuice. 

Until  wf  Iciirn  the  fri'i|Ui'ncy  of  ancunsnis  from  tlic 
I'fTcct  of  tlir  largrr  calibri'S  iindrrour  present  methods  of 
wound  treatment,  we  are  liardly  in  a  position  to  estimate 
their  relative  freiiiiency  from  tlie  smaller  ealibres  under 
the  Slime  eonilitions. 

Injiirv  to  nerves  has  been  referred  to  under  Remote 
EITeets  of  Gunshot  Wounds. 

]\',iiiiiiIk  of  Jniiiln. — In  point  of  gravity,  until  reecnt 
years,  jrunshot  wounds  of  the  larger  joints  like  the  knee 
iiud  hip.  ranked  next  to  those  of  tlie  larger  cavities.  For 
tlie  eivil  pnielilioner  antisi'psis  has  upset  all  the  statisties 
of  former  times,  and  for  the  military  surgeon  antisep.sis 
and  the  use  of  armored  bullets  have  operated  to  make 
joint  wounds  anu>ng  the  most  humane  in  war.  Th:ii 
this  should  be  so  was  appreciated  by  all  the  military  sin 
geons  who  entered  the  experimental  Held  with  the  new 
military  ritle  long  before  it  was  put  to  actual  test  in  bat- 
tU'.  As  already  stated,  the  destructive  effects  in  a  gun- 
shot wound  are'  measured  by  the  velocity  of  the  projectile 
and  the  resistance  it  euc<m"nters.  The  spongy  structure 
of  the  epipliyseal  ends  of  bones  offers  a  minimum  of  re- 
sistance compared  lo  the  compact  substanceof  the  diaph- 
yses.  and  for  that  reason  the  lesions  of  joints  even  with 
the  high  veloiitv  weaiions  at  tlie  proximal  ranges  are 
very  limited  (Figs.  240:i  to  24l>!)).  The  tendency  of  the 
arniored  bullet  in  passing  tlirough  the  joint  ends  of  the 
long  bones  is  toward  a  clean-cut  perforation.  Fig.  2405 
shows  that  even  close  by,  the  tendency  to  inflict  a  per- 
foration remains  the  same.  At  the  remote  ranges  or  from 
ricochet,  when  the  projectile  has  lost  its  balance,  it  is  apt 
to  make  an  irregular  impact,  iu  which  case  the  bone 
suffers  more  or  less  commiuutiou.  The  joint  wounds  iu- 
VoL.  IV.— 29 


fliclcd  by  tlic  old  leaden  bullet  nf  larger  cnllbrc  are  al- 
ways serious  bei-ausi-  the  projectile  ineelH  eiioiigli  resiHt- 
anee  to  llalten,  (hereby  increasing  ilH  sectional  area;  llio 
wounds  of  entrance  and  exit  are  larger,  ri'iidering  iiioru 
likely  the  introdiieiion  of  septic  matter;  the  comminution 
and  lissuring  in  the  bune  are  more  extensive;  and.  the 
remaining  veloeily  being  always  less,  the  ball  Is  more  apt 
to  loilge.  If  we  lake  as  an  example  wounds  of  theiinee 
joint  a.s  obserx'ed  in  previous  wars  and  compare  them 
with  those  which  occurred  in  the  Kpanish  American  war, 
the  value  of  the  modern  treatment  as  well  as  the  more 
favorable  lesion  inttieted  by  the  jacketed  bullet,  ill  point 
of  economy  to  the  Stale,  in  saving  life  and  limb,  is  very 
striking.  Asludy  of  all  llie  gunshot  wouiidsof  the  knee, 
in  war.  in  which  the  bones  wiMe  impli<aled,  gives  a  mor- 
tality of  ,')7  3  per  cent.*  The  .Surgeon  (ieiieral's  Report 
for  lliuil  records  "24  injuries  inipiiealing  the  knee  joint, 
1  [iroved  fatal  .  .  .  after  amputalinn  of  the  thigh.  The 
missile  was  removal  in  4  cilscs,  and  amputation  was  per- 
formed in  1  ea.se,  tlii'  ])alient  recovering."  The  chiiriuter 
of  th(^  missile  in  this  group  of  2-t  cases  is  not  stated,  bill 
we  know  that  the  large  majority  of  the  bullets  were  lired 
from  reduced  (-11  libri-  rilles.  (If  JTcasesof  gunshot  wound 
of  the  knee  joint  reported  by  the  Surgeon-General  in 
IHilll,  from  tlie  Santiago  campaign,  14  were  returned  to 
duty,  and  3  were  invalided. 

\\'i>u iiitx  'if  the  Lmiij  ]i"ii4K. — The  injuries  inflicted  upon 
the  diaphyses  by  the  jacketed  bullet  do  not  make  so  favor- 
able a  showing  because  of  the  great  resistance  which  com- 
pact bone  olTei's  to  the  projectile  on  impact.  At  close 
rang-^  the  bone  is  linely  comininuted.  bone  sand  being 
diiveii  into  the  ehaniu'l  wound  and  in  all  directions.  The 
wound  of  entrance  is  about  I  he  calibre  of  the  bullet,  whilst 
the  wound  of  exit  is  much  larger,  showing  explosive 
effects.  The  bony  fragments  are  apt  lo  be  detached  from 
their  periosteum  and  fissures  extend  vertically  above  and 


Fk;.  l'4ic'.— Raciintrraiil!.    f  .xse  .■!   T.  II .  shnwlmr  Mau.scr  Lullet 

Ii'ilirivl  iil).>veiin(l  iMwU'riiiri"tlielii|)-]()tiil.  Wc.un.li-.l  .Inly  IsU  1SI8. 
Itailli.in-.ii'li  taken  iht.ilHT,  IWII.  The  Iwll  cntenil  l«i>e  IH>I.  |ia.>^lnK 
tliiMiwIi  iip|)er  left  anil  and  enlvrin^'  Iwily  upiKislte  sixlli  rtb  Iu  the 
niid-axiUnry  line ;  it  passed  down  to  position  seen  iu  radiograph. 

below  the  area  of  comminution.  In  the  mid  ranges  the 
fragments  of  bone  are  larger  and  are  still  attached  to  the 
periosteum;  the  explosive  effects  are  absent  and  the  fis- 
sures longer.  Guttering  of  the  bone  and  complete  per- 
forations without  solution  of  continuity  are  not  iufre- 
quentlv  seen;  subperiosteal  fractures  with  little  or  no 
tendency  to  displacement  of  fragments  are  also  not  un- 

•  "  Wounds  In  War,"  W.  F.  Stevenson,  Colonel-Surseon,  British  Army. 
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coiniiioii.  T)ie  results  of  the  treatment  of  jjunsliot  frac- 
tures ill  the  shaft  of  the  long  bones  brinj;  mil  more  forci- 
bly the  value  to  be  crediteii  to  our  jiresent  mclhoil  of 
wound  treatment  than  do  those  which  aii-  oliluinrd  in 


five  hundred  and  seventy-six  gunshot  fractures  of  the 
femur  iji  the  Civil  War  gave  a  mortality  of  40.2  percent., 
upper  third  4i).7  per  cent.,  middle  third  4(5.1  per  cent., 
lower  third  42.B  percent.     Of  43  cases  reported  in  the  an- 


rii; 


^'  11 1 ;. 


:.'lin. 


1  i.;s.  -IICJ  .\Ni)  24(H.— Radioirraplis  frimi  uvodillerfntilirei-iions.    Fiff.  24(1.3,  antero-poslerior  view  ;  Fiff.  24114.  lateral  new.    In  rase  (if  E.  K , 

shr)wln!.'  Euiishoi  wmind  of  knee  with  ball  lodged  in  tibia.  Wounded  October  2:!d,  1889,  by  a  liemiiiKlon  bullet  which  had  ricoehelled. 
Distance  about  2.50  yards.  The  ball  entered  outer  aspect  of  knee  Joint  1  em.  above  the  articular  surface,  piussed  down  and  in  tlmnnrh  the  joint, 
and  l<Klge<i  in  the  tibia.  Eemote  effects  :  chronic  arthritis  of  the  joint  with  weakness  and  partial  ankylosis.  The  bullet  was  removed  In 
.May.  ia«l. 


any  other  class  of  wounds.  As  stated  before,  the  destruc- 
tive effects  of  the  old  and  new  bullet  are  alike  severe,  and 
the  so-called  liuniaiie  faetor  so  constantly  observed  in 
wounds  iutlictcd  b^'  the  small  calibre  in  other  regions  is  ab- 
sent in,  for  instance,  the  case  of  the  femur.     Six  thousand 


nual  report  of  the  Surgeon-General,  United  States  Army, 

for  IflOO,  in  wliieli  16  arc  known  to  have  occurred  from 
small  bore  bullets.  1 1  wererelurned  to  duty,  ."idied.  and  the 
remainder  were  discharged  from  the  service,  a  few  still  re- 
maining under  treatment.    It  is  apparent,  therefore,  tJiat 


T.\J5LE  IV. —Number,  Regios.\i-  Distribution,  axd  Mortality  ok  Gunshot  Wounds  in  tue  Wounded  AVuo 
Came  Under  Treatment  in  the  American  Civil  War  akd  the  Spanish-American  War. 


Seat  and  character  of 
Injury. 

Number  of 
cases. 

Per- 
centage. 

Per  cent,  of  all 
wounds. 

Re- 
coverles. 

Deatlis. 

Undeter- 
mined 
results. 

Per  cent. 

of 
fatality. 

ClTll  War 

Head- 
Flesh  wounds 

Fractures  

Fle.sli  wounds 

-.739 

4,a50 

40 

31 

11.996 

S,2fi8 

61 

53 

4,748 

3,690 

20 

44 

'>4.S01 

32.992 

2MI 

140 

59.139 

27,274 

432 

130 

« 
36 
56 
44 

.59 
41 
54 

46 

56 
44 
31 
69 

62 
38 
67 
33 

68 
32 

77 
23 

3.14 
1.76 
2.74 
2.12 

4.87 
3.36 
4.18 
3.64 

1.93 
1.30 
1.37 
3.02 

****  '*9 

\3'.h 

19.84 
8.91 

24.06 
11-.09 
29.69 
8.91 

4.9 

4.86 

8.23 

7.82 

3.43 
4.39 

15.68 
29.44 

&).15 
38.57 

6,573 
42 

13,921 

101 

3,453 
35 

8.090 
426 

73.665 
K5 

2,67« 

18 

5,373 
13 

3,2*? 
29 

5,608 
1 

11.813 
9 

2,480 
2 

970 
0 

1.600 
0 

2,095 
0 

933 

0 

Spanisb-AmerlcaD  War. 

26.09 

Civil  War 

Chest— 

Non-iK-netratlng  . . . 

IVnetratiuK.. 

Non-p<Mietniting 

IVnctratinK 

Abdomen  — 

Non-penctratins  ... 

I'enelnitinK 

Non-i»'netratlnK  ... 

Penetrating 

UpixT  extreihllles— 

Flesh  wounds 

Fractures  

27.85 
11.40 

48.80 
45.31 

6.54 

Spanish-American  War. 
Civil  War 

Spanish-American  War. 
Civil  War 

Spanisb-Amerlcan  War. 

FU'Sh  wounds 

.0023 

Civil  War 

Ixtwer  extn'inlties— 
Flrah  wounds 

13.82 

Spanish-American  War. 

Ftoh  wounds 

F'raetures 

1.60 
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the  Kcncrul  inortHlily  luixilroppiHl  fnmi  id.'i  lo  II.  I  In  favor 

of  iiiiliM'pKiH.     Ai  till'  pri'M'iii  liiiii'  (III'  ili'iitli  mil'  of  tliiH 

rlllMtnr  wiillllils  iniTi'llsi'i  iim  lllr  injury  lirim  tllr  ^'IrlltlT 
iriH-liiiiiUT.  just  IIS  il  iliil  ill  till-  pri'iiiitJM'ptii'  rm  Kniiii  llir 
AiikIo  llocrwiir.  Miikiii  it|"irls;fi  fnirliirrsnf  llir  simfl  of 
till'  fi'iiiur.  Of  111!"-'  1ST  ptrrtiii.  ncrilriliiiiipulalinn.  I''>.)l 
per  rent.  wiTr  fiiliil.  Tlir  iiii'..sili'  imtiil  wiin  priiiripally 
llir  jiK'ki'lril  liiillrl  frniii  llii'  .Mitii-ur  ritlr. 

WdiihiIji  •>/  I/if  //<.(!/. —Itiiiittlml  woiiiuN  of  till'  lu-ail 
arc  usually  iliviilnl  iiiln  llisli  wuiiiiils  ami  fnirtiiri's. 
The  lallir'ari'  in-ccssarily  viry  fatal.  In  tlir  Civil  War 
till'  fatality  aiiiinii;  all  liiail  w.iiiiiils  that  rrarlnil  llic  hos- 
pitals \vas"'Js.!i:i  per  <  riit.  Tlii'  fatality  of  tln'  siunc  class 
uiiiUt  similar  roiiilitioiis  in  the  Spanish  .Vnnriraii  war 
was  about  tlir  saiiii'.  'ill.dll  per  rvnt.  Thr  Hint's  con- 
rrrnitit;  thi'  ri-lalivr  uiiiiibiT  of  the  two  arc  shown  in  the 
prri'iiliii^r  talili'.* 

Thr  li(riiri's  illiistniti'  thr  frniin-nry  of  Klam'iiis;  shots 
with  till'  slow  vilmity  Icmlcii  Imlh't  of  the  Civil  War  as 
coinpari'il  to  tlirir  lnfrr<|Ui'ni'y  with  Ihi-  hi^livflority 
stii'l  jiu'ki'lt'il  liiillit  in  pri'si'ut  use.  The  laliir  as  a  niU- 
travi'ls  in  a  stniit'lit  lim-  from  thr  point  of  inipaft.  licins 
sclilom  ili'llrrtiil  from  its  coursr  liy  nsisianl  lionc.  Tlu' 
ri'lttlivi'  incniisi'  in  the  iiumlHrof  fracluns  from  the  usu 
of  Ihr  miHlirii  military  ritlr  auiiniflits  thr  fatality  in  head 
wounils,  so  that  tlii'  liiinianr  fraliirrs  attriliiitahlr  to  this 
Wfaponalri'iiily  ri'tVrrnl  toilonot  ajiply  towoiimlsof  this 
ivgion.  These'  rrsults  wrre  fonloUl  by  thiM'.vprrinirnters 
ln'forr  the  opportunity  to  ob.serve  the  elleets  of  the  new 
arm  iu  the  actual  comlitions  of  war  hail  presented  it.self. 
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Omlttlnp  liiilln-et  iinil  pnizlnji  liltii.  alrnnut  every  bullet 

whjrh  hilsibr skull,  iipioa  miigr of  a.atHJyanU.  will  per- 
fonite  it.  mill  at  about  :!.IKMI  yanls  thry'uill  |H'nelmt« 
anil  irmaiii  liKl;;til  Tlir  ilrslriHtion  priMliiceil  in  tlio 
skull  ami  bniiii  by  iniHlrrii  biillrtH  is  so  exticini',  even  at 
loll);  niiii;is.  that  coiiiparatlvrly  few  patinils  will     ■■"  ••>■ 


Fl<;.  l^»ll■>.  — liaili"ffrapb.    In  ra.'^c  "f  W.  K ,  shonliiK  iH-rtonition 

uf  npiM'r  end  of  lihla.  Wnunilf<t  .liint'  iith.  ist*9.  bv  a  Knic-jririrrii- 
!i<'n  Imlli't  lit  a  (ll.staiiri'  i.f  1"  fret.  Thr  frartiirr  rxtrmliil  up  Into 
llir  liniH'  Joint,  a-s  shown  tiy  ihr  rs<iii>r  of  synovial  fluiil  after  injury. 
lUKliofmip))  lakrii  six  months  after  injury.  Keniole  etTfeUs :  slight 
wvakncss  ami  pain  at  site  of  wound. 

Stevenson  ("/>.  f(7.),  writing  in  189T  upon  the  proportion 
of  Mesh  to  fnielureil  wounds  of  the  skull,  states  as  follows: 
"In   future  Wat's  the  i>roporlion    will   be   very  differeal. 


*  llorctcir  ■'Military Surgery' 
Mil.  Sun?..  liWU. 


Prize  Essay,  Proceedings  Association 


1  11..  L'ln;.  liLsr  ..f  i.,.(it'rii  I'.iiil.i  11,  i»i., .  .]. .,!,;.  A  .  ....iir.  ;,..ui  was 
shol  hy  u  ririK'lU'I  hullrt  which  pa.'^.'^ii  ltiroii|.'ll  tlir  Irtl  thlk-h  and 
int'»  thr  riphl  knrr  joint,  whrn'  it  liMlj.'r<l.  When  adinittrd  two 
days  latrr  hr  was  found  (■►  hi*  in  thr  si-rond  wrrk  of  typhttld  fever. 
Ihr  biillrt  was  nniovrd  six  wii'ks  aftrr  Injury.  Thr  adhrsions 
wrre  broken  up.  Ili'siill  :  thr  joint  br<'atnr  firrfrrtly  sound  and 
useful.     (Fruii  "  A  Civilian  War  Hospital."  > 

long  enough  to  reach  the  field  hospital  for  treatment,  and 
for  the  large  majority  of  those  who  do,  treatment  will  be 
unavailing." 

Conreiniug  the  results  in  the  AngloBm-r  war,  Makin 
(o}}.  cit.)  states;  "injuries  to  the  head  formed  one  of  the 
most  fruitful  sources  of  death  both  upon  the  battlefield 
and  in  field  hospitals."  lie  mentions  some  "sensational 
immediate  recoveries"  among  head  wounds,  and  they 
doubtless  were  of  the  character  of  those  noted  by  us  in 
the  Santiago  campiiigii.  viz..  obliiitie  perforations  of  the 
skull  c;ip  involving  the  brain  tis-siie  at  a  limited  depth. 
The  gunshot  fractures  about  the  base  and  those  running 
deeply  through  the  brain  from  base  to  verle.>;  or  vice 
versa  were  uniformly  fatal.  Of  68  cases  of  gunshot 
fracture  which  were  reported  in  the  Surgeon  General's 
Report  for  IfllMi.  and  which  occurred  during  the  two  pre- 
ceding years.  .")4.4  i>crceiit.  eiiilrd  fatally  as  against  .59.3 
per  cent,  out  of  '2. .514  cases  noted  in  the  Civil  War.  Un- 
like wounds  of  other  regions  those  of  the  head,  unless 
properly  treated  at  once,  undergo  suppuration,  a  fact 
which  is  not  surprising  when  the  amount  of  dirt  over- 
lying the  scalp  is  considered.  The  surgeons  in  the  Cuban 
and  South  African  campaigns  are  unanimous  in  recom- 
mending early  and  free  exploration  of  all  ca.sesof  fracture 
of  the  skull  by  gunshot.  The  aim  should  be  t<i  relieve 
pressure  and  to  rid  the  wound  of  all  dirt  and  loose  pieces- 
of  twine  as  soon  as  po<sible. 

Vi'nnudH  of  the  Spine. — (lUnsliot  injuries  of  the  spine- 
are  the  most  fatal  in  war  hospitals.  Their  gravity  in- 
creases as  the  wound   approaches   nearer   to  the  head. 


ibl 


<;unHliol  ^VoiiikIh, 
fiiiuiiltol  Wonudii. 


KEFEUENCE   IIAMDliUUK   OF  THE   MEDICAL  SCIENCES. 
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FlCi.  -in:.— Itaiilotrrapli  in  Tiisc  of  L.  E.  K  — ,  Slmuint'  i.ii) 
Joint.  Wounii  inrtii'ti'il  by  ii  Maiw-r  Imllcl  at  a  ilislanc.' 
thfouirh  the  shoulder  joint,  (rrooviiij.' tliv  iipiwr  i-nil  or  I 
inner  l)onier  of  the  srupiila.  Keiiiote  elTei-ts;  paralysis 
ness  unit  impaired  nutrition  of  the  arm. 

Otis,  in  tlio  records  of  tlip  Civil  War,  places  tlieinortalily 
iu  tliecervictil.  dorsal,  and  Uiiiiliar  rejiioiisat  7(1  iiercent.; 
63.5  per  ceut. ;  and  4.")..")  percent,  respectively.  The  fa- 
tality increases  if  the  in  jury  involves  ;il   llie  .saiiie  time 


Fio.  24l«.— nnillopraph.  showinpr  traek  of  liiillet  throngh  lower  ends 
of  llliia  and  lltiuln.  Woiniil  was  caiised  liy  a  Mau.ser  liiillet  Fel)ni- 
ary  ™d.  lind.  at  a  disianee  of  Imi  yards.  Tlie  fnictiire  e.vtended 
down  int. I  the  ankle  Joint.  Ueniote  elTjfis:  osleoniyelltis  of  llbuhi; 
partial  ankylosis  of  ankle:  unalile  In  hear  any  Heluhl  on  foot. 
ItaUioKraph  taken  nine  months  after  Injury. 


any  of  llic  organs  in  tlie  neigh- 
lioriiio;  larfie  ciivities.  If  the 
.spinal  coliinin  alone  is  injured  the 
gravity  of  the  <ase  will  ileiieiid 
upon  the  fact  whelher  or  not  ihe 
colli  is  also  implicated.  In  fiact- 
iires  of  the  hody  or  laniinic.  the 
cord  is  nearly  always  involved, 
and,  sooner  or  later,  the  termina- 
tion is  in  death.  Injuries  of  the 
siiinotis  and  transverse  i>roces.scs 
arc  less  likely  to  lie  attended  with 
lesion  of  the  cord,  and  this  class 
therefore  constitutes  the  bulk  of 
recoveries  among  the  wounds  of 
the  spine.  Beyond  the  fad  that 
the  foyer  of  comminution  is  more 
restricted,  as  a  rule,  with  tliesmall- 
calilirc  bullets,  wounds  by  them 
are  as  severe  in  their  r<'Stilts  as 
those  from  the  large  calibres  of 
olden  limes.  When  the  sjiiual 
medulla  is  implicated.  Jlakin,  in 
his  experiences  in  South  Afiica. 
states  that  "the  cases  were  pro- 
])ortionately  the  most  fatal  of  any 
in  the  whole  body  to  the  wounded 
who  l(  ft  the  Held"  of  battle  or  tield 
hospital  alive." 

^y(>»,ld.■<af  the  ChtKt.—'Vhe  loss 
of  life  in  battle  from  penetrating 
gtinshot  wounds  of  the  chest,  iu- 
hicted  by  bullets  of  the  larger  cal- 
ibres, has  been  very  great,  varying 
between  C2..5  per  cent,  in  our 
Civil  War  and  91.1!  per  cent, 
among  the  French  troops  in  the  Crimea.  When  we  con- 
sider the  subsequent  mortality  from  secondary  involve- 


-Imt  W. 11111(1  iTlv.ilvinp  the  SliiiuMiM- 
of  Ii  feel.  The  hall  passed  dlivetly 
ie  hniiienis  and  emerpinp  over  the 
>f  deltoid  inusele  and  treiieral  weak- 


Fio.  2411!l.-('oniiiiinnteii  lYaetuie  of  the  Humerus.  Hani.'e  alx'iit  :t(KI 
Yards.  The  wouml  traek  t.iok  a  dlrei'tly  antem-iiosti'rior  course. 
Iinpai't  rrt'taneular.  Tlie  luuseulo-splral  nerve  was  eoniiilelely 
divided.  The  plate  alTords  a  irooil  example  of  the  soK-alled  "  Imtter- 
llv  '■  fracture.  Two  lone  doulily  wedce-sl.aiied  lalenil  frairments. 
niid  iiolnted  extremities  to  both  main  tnienienls,  are  shown.  The 
fraeture  hi'aled  well,  with  the  deposition  of  a  lante  masw  of  pro- 
visional eallus.  The  nniscHlo-splnil  nerve  was  tinited  by  suture 
some  three  ijionths  later.  (See  Uuttertly  fraeture,  KIg,  3305,  raiiscd 
exiwrimeutully.)    (Makin.) 
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ini-iits  like  piu'iiniDiiiii.  |>Ii-(iri(is,  |ililliiHiii.  vtc..  tlic  mor- 
liilily  ill  till'  I'Mil  is  lllllr  liss  if  any  limn  llmt  rrcunlcil  in 
pciirlnitinK  woiMiils  iif  till'  lii'jkil  uiiil  spini'.  Ilii|>|>iiv,  tin- 
liiiiiiiiiir  finliircsiif  t;ijn-ilnil  woiiiiils  inliiclnl  liy  llirsli'd 
I'lml   Inilli'ls,  lis  fiiiiliOii   liy  llic  rvpiriniiiilris. 


,, „ , , llllVl-   III 

niiily  Ih'i'Ii  siitisfnrlnrily  .slmwii  in  llir  S|mnisli  Aiiii'ricnii 
mill   Suiilli   Afriiiin  wiirs.      If  wi' Irnill  llir  furlnrs  lliiil 


Fh..  -41".     (  ..liiiiilliiil.'i    tiMi  ill!.-  ..f  lllr  llulli.  II.-.      .....ik.    ..".  ...l.l>. 

Vi'liM'llv  rxlriMiif.  Inipiul  wMni'Wiml  nlilliim-.  TIK'  liulli-l  fiitend 
anlcriorlv  nlnmt  tlm'<'  Imhrs  iil«>vf  ilu'  i'IIhiw  dva-se.  The  wnunil 
of  fxll  was  nil  ihi'  liiniT  iisihiI  nf  ilic  urni  iind  i-xplcwlvi-  In  rliar- 
nitiT;  II  sill!  iiii'lusim'il  fmir  liirtii-s  by  ihd  liiclu's  thrtf  wifks  iificr 
till'  liiliirv  wiiM  nii'lviil.  Till-  wmiiuls  supiuiniliMl  liK-allv.  luit  at 
till-  I'lid  nf  six  wii'ks  fair  iinlnii  of  thi'  lioiie  had  taki-ii  phici-  ami  lhi> 
woiiiiil  ot  I'xli  hail  niiilnictwl  lo  a  sinus.  The  iniLscuRy-splnil  niTW 
wiLt  1-iiiirus.si'd.  hut  nol  dlvhli'd.  Till'  skla^Tiini  was  taken  tliri'e 
wet'k.'*  after  the  nveptlon  ot  the  Injury.    (Makln.) 

iiri"  (•(im'liilcd  to  destructive  effects  in  wounds — viz.,  vi- 
Iwity.  scctiiiiml  area,  and  resistance  on  itupaet — we  Iind 
that  tlie  last  two  factors  (sectional  area  and  resistance) 
favor  a  liinitcd  amount  of  destructive  elTects.  Siuce  the 
Criiiiean  war  the  ealil)re  of  llic  niililai y  rille  has  been  re- 
duced nearly  one  half.  As  to  resislnnce.  the  hinir.  com- 
posed of  elastic  tissue  and  tilled  with  air.  invites  hut  linlr 
lateral  displacement ;  hence  the  great  dimiiiut ion  in  the 
mortality  of  lliis  class  of  wounds.  Of  1"J8  cases  of  penc- 
tr.itinjr  gunshot  wounds  of  the  chest  (reported  hy  the 
Surgeon-ttenenil  of  our  army)  which  occurred  during  the 
years  1><!I8  and  1S!»!)  in  Ciilia".  Porto  Rico,  the  Pliilippines. 
etc., .")."),  or  27  |)er  cent.,  ended  fatally.  As  to  the  results 
in  South  Africa,  wliere  the  experience  of  the  medical  de- 
partment was  much  larger,  Makin  states  that  "wounds 
of  the  chest  furnished  the  most  hopeful  class  of  the 
whole  series  of  trunk  or  vi.scersd  injuries.  Cases  of 
ir'iiiich  I'fl/if  luiirliuid  r/iKit  rf .wi<7*  "  [the  italics  are  ours] 
"afTorded  the  only  exceptions  to  an  almost  universally 
favonible  course, "both  as  regards  life  and  the  non-occur- 
rence of  serimis  after-elTects."  Notwithstanding  the  fa- 
vorable outcome  of  chest  wounds,  as  inflicted  by  the  new 
armament,  it  sliould  be  borne  in  mind  that  the  clinical 
historv  of  these  cases  is  a]it  to  be  accompaniid  by  compli 
cations  like  hiemolliorax  and  pyothorax.  Tlnappaiently 
trivial  nature  of  the  wound,  in  the  majority  uf  those  who 


lived  lo  reneli  the  Meld  lumpiliiU,  wiw  exeinplillol  lit  Ihii 
Keserve  DiviHioniil  Hospital  at  SilMiiiey,  in  men  who, 
ihoiigh  nIioI  through  iind  Ihroiigh  a  few  iliiyK  befon,', 
coillil  be  kept  prone  ill  lii'd  iiiily  by  the  liloKt  wulclirill 
niie  over  Ihem  i>f  ilie  iiiii-is  DiiiiliileKH  a  number  of 
the  si'iiuehe  olisiTved  iiflerw ard  in  lliese  iinii*  wiik  due 
til  iinpriidince  on  the  part  of  the  palienlH  in  disregarding 
Ihe  iiisl ructions  to  keep  ipilet. 

As  relating  to  this  point  it  may  be  stated  thai  Mukiii 
observed  in  South  Africa,  in  the  early  jiart  of  the  cam- 
paign when  the  patiei;ts  were  treated  near  llie  place  of 
bailie,  and  rei|iiired  but  little  subsequent  tniiis|Hirtation, 
iliat  h.'eiuothiinix  occurred  only  in  prubitbly  thirty  per 
cent,  of  ias<'S.  Later  on.  when  it  beeanie  lie  i  >  -saiy  to 
transpnrt  the  wounded  for  initeli  greater  ilislam  i' — re- 
I  lulling  in  some  inslances  journeys  of  two  or  even  three 
davs. — at  least  ninely  percent,  of  these  patients  "siilTered 
with  Inemothora.v  of  varying  degrees  of  severity."  In 
referring  lot  he  only  case  of  eiii|iyeina  s*'en  by  him  during 
the  whole  campaign,  he  infunns  ii^-  that  it  fullowed  the 


Fig.  3411.— Spurious  Perforation  of  the  Klhula.  Moderate  range  about 
1,1X10  var^ls.  The  injury  was  i  iiiised  hv  an  S  iniii.  bullet,  whinh  en- 
tertHl  liase  foremost  and  liKiced  in  the  calf.  The  fmeiun- Is  n'ally 
an  Inroinpieie  stellate  fonn.  two  well-markt-d  tninsversi'  tlssun-s  ix- 
tendlup  from  Ihe  imint  struck.  The  imsiiion  of  the  hullei  sutcests 
Its  entry  into  the  lliiili  l>a,se  foremost,  and,  as  It  is  reiaiiuil.  a  low 
velocity  may  be  assumed.  tFniiu  Makin's  "  Surgical  i;xperience  la 
South  Africa.") 

removal  of  a  lodged  bullet,  and  that  the  additional  wound 
doubtless  proved  the  source  of  infection  because  of  the 
difticully  of  maintaining  asepsis  in  wounds  treated  tinder 


•Grwnleaf:    "Gunshot   Wounds   of   lUc    Lungs." 
Journal,  vol.  Ixx, 


X,    V.  Med. 
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such  inlcslidniilile  surrniindinirs  iis  one  oncnuntcrs  in  tlif 
liilil.  Tlir  moral  which  lie  dniws  from  the  (■irciiinsUiiicc 
is  one  to  which  we  liii  veal  rem  ly  adverted — n  iikhy  im  lixh/id 
7ni.'<j<ift:i  in  tftifuhittiirfftirtJ'CijttiiiiHilhfijtMHi  vtiifttintt. 

Willi inh  iif  tlie  Alnli'iiii  II. — I'euetralinj;  giiiisiiot  wounds 
(if  Ihe  alidomen,  under  the  expectant  plan  of  treatment. 


after  operation,  or  a  mortality  of  5M.y  percent.,  nut  of 
'.';t4  eases  collected  from  various  sources  in  this  country 
and  Kuiope.  Coley's  stjilistics  show  a  ilealh  rate  of  53.8 
per  cent,  in  a  series  of  39  eases  opepited  up<in  duriuf;  the 
lirst  twelvi- hours  after  injury;  ami  a  moHality  of  7T.2 
per  cent,  in  '2"2  ca.ses  o])erated  upon  at  a  later  period.  In 
militury  practice,  in  the  conditions  that  obtain  in  active 
campaij;".  as  already  stated,  the  mortality  has  been  very 
larire.  the  death  rate  in  the  Crimea  for  the  Flench  and 
En;.'lish  tido)>sbein!r  iispi-ctively  91.7  per  cent,  and  92.5 
per  cent.  In  our  Civil  War  tiii'  fatality  reached  !l()  per 
cent.  When  we  rcmiinber  that  in  many  of  tliose  who 
are  thus  reported  to  have  recovered,  the  abdomen  was  in 
r<-ality  not  perforated,  weare  forced  to  the  coiichision  that 


Vui.  JiV.i. 

FIGS.  2412  AND  3413.— 2412.  Wound  of  Eiitranie ;  241.3,  Woiinil  of  Exii 

A.  F ,  wounded  In  lialtle  of  Calaiiilm,  P.  1.,  .lulv  :mh.  189i).  liy  n 

MausT  liullet  at  a  distance  of  2."i(l  yards.  Biillei  |ias.sed  tlimugb  luntr 
and  liver,  and  Injured  spine,  nemote  ellei'ts  :  lairtial  paralv.sis  of 
left  leg  and  neurlli.s  of  nerves  of  lower  Wg. 

■were  the  most  fatal  of  the  regional  wounds  in  both  mili- 
tary and  civil  practice;  the  mortality  ranging  between 
ninety-five  and  ninety  nine  per  cent.  Under  a  wise  selec- 
tion of  cases  and  the  employment  of  expert  techniijue  in 
operatinjr.  the  statistics  of  fatality  have  been  reduceil  by 
nearly  ;i  half  in  civil  hospitals,  while  on  jiccount  of  uii- 
avoidablecausis  the  death  rate  in  mililiiry  practice,  in  the 
field,  still  remains  very  hiiih.  In  civil 'hospitals,  where 
one  finds  all  the  modern  convenienci's  and  comforts  to 
promote  the  well-beins  of  the  wounded,  and  where, 
further,  the  surgeon,  aimost  from  Ihe  moment  of  the  re- 
ceipt of  the  injury,  holils  absolute  sway  over  his  sur- 
roundings, the  mortality,  as  shown  by  Grant's*  statistics 
of  operative  ca.ses,  amounts  to  .Vi.o  per  cent,  in  a  series 
of  253  cases.     Morton,  of  I'hihulelphia,  reports  138  deaths 


*  Va.  Medlral  Seml-Montlily.  January  12lli,  \iW. 


''■■       } 
p.      ' 


Flo.  2414. 


Portion  of  S|iiiial*<>liiiori,.-<lr'>»  lilt.' a  l.'Hliic-d  Huiu-i  wiju-li 
had  DivldiHl  Ihe  Spinal  Cord.     iMakin.) 


the  high  morlidity  given  wo\ild  luobably  have  to  be 
made  still  higher  if  it  had  been  possible  to  consider  only 
perforative  cases. 

The   encouraging   results   obtained    in   civil    hos|iitjils 
gave  the  military  sur.ireoii  hope  that  his  results  might  be 
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nearly  uh^coikI.  Tlii-HccxpiTUillipiis.  iis  ilir  wi|iirl  kIhiwr. 
werr'mit  rtiili/.nl  ( )f  1 1(1  riisi-s  nimrlrd  in  tlir  Aniiiml 
Hi'piirt  of  IhrSuritfiiii  (iiiirnil  nf  tlii'iiriiiv  fur  IIMMI,  — cawH 
wliii'li  iirriirml  in  Ilir  S|iHnisli  Aiiuriinn  war  iiml  iliirin); 
tlic  l'liili|i|iini'  iiisurnrtiiin. — tliiir  wrrc  HI   iIi'mIIis.  i)r  li 


f^unsliot  |M>rr<imtI(in  uf  tht-Hnmll  lnUiitini>,  witliiiiito|M-ni- 
live  inU'rfiTi'iii'i',  in  an  fatal  In  ilay  nn  llic  tIcM  of  Imtllc 
iiM  il  was  ilnriiiK  till' Criini'ii.  Smii-  nin- iiim-H  uf  rmiv- 
crv  Willi  fi-w  KyiiitiloiiiH,  cilcil  l>y  Miiklii.  iiiaki-  ll  ililll- 
cult  to  cnncfivc  liow  a  |)roji-clllr  <imli|  |il(iii);li  il8  way 
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FlOS.  241.J  AXI>  3410.— The  lesions  of  the  Intestines  were  iDQlcted  on  dogs  by  the  ."M  calibre  Kru«-JorKeusen  bullet  at  SOU  yards.    (GrUUtb.) 


Diiirtolily  of  70  per  rent.  The  evidence  of  perforation  was 
doubtless  l)a.s<'d  upon  llie  jiosition  of  tlio  apertures  and 
the  cDui-scdf  tlieliall  in  a  straij;lit  line  heUveen  these.  It 
is  fair  to  stale  that,  of  tlii-  30  pir  cent,  who  recovered,  the 
larire  inajiirity  sustained  no  injury  to  the  intestine.  The 
ex)>eriences  of  Makin  in  Snulli  Africa  lead  him  to  the 
iH'lief  that  pirforatiiifr  wounds  of  the  small  intestine  are 
very  fatal* — "every  patient  in  whom  the  condition  was 
certaiidy  diajrnosed  died.  "  The  talile  triven  below  in- 
cluiles  only  those  ca.ses  which  survived  lonijer  than 
twenty -four  hours,  upon  six  of  whom  he  operated.  It  will 
be  seen  I  hat  the  prognosis  varies  larjrely  with  the  anatomi- 
cal structure  involved  in  the  perforation.  It  should  be 
noted  that  of  the  ten  cn.ses  of  yxwwiWc  perforation  of  the 
small  intestine  there  were  ten  recoveries,  a  fact  that  goes 
to  show  that  in  all  probability  few  if  any  of  them  were 
perforative  cases  at  all :  and  that,  of  the  five  cases'of  per- 
foration of  the  "small  intestine  certain."  death  was  the  re- 
sult in  every  instance.     As  far  as  prognosis  is  coucerued, 
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through  the  abdomen  from  one  flank  to  the  other  with- 
out cutting  the  intestine.  Several  casesof  this  kind  were 
seen  at  Siboney  from  the  line  near  Santiago,  ami  they 
go  to  show  that  the  small-calibre  bullet  is  likely  at  times 
ito  traverse  the  intestinal  area  without  iiillicting  injury 
of  a  fatal  kind,  .\side  from  the  small  seclioiial  area  of 
the  bullet  which  woidd  favor  such  an  occurrcnci-,  it  has 
been  suggested  that  the  intestinal  lesion  is  apt  to  be 
minimized  by  fasting.  The  men  before  Santiago  bad 
been  on  scant  rations  for  one  week,  and  the  remarkable 
recoveries  among  abdominal  wounds  were  at  the  time 
attiibuted  to  the  empty  condition  of  the  alimentary 
canal.  We  know  by  experimentation  that  the  reverse 
condition  would  have  been  highly  favorable  to  the  in- 
fliction of  extensive  lesions.  Hesislanci-.  among  the  three 
factors  which  conduce  to  deslr\iclive  effects. — the  other 
two  being  velocity  and  sectional  area  of  the  projectile. — 
is  not  confined  to  the  compact  substiUice  of  bone.  The 
most  extensive  explosive  effects  are  met  in  cavities  filled 
with  fluid  or  semifluid  contents.  Grilbths'  *  expeiiments 
upon  dogs  on  the  Fort  Leavenworth  range  demonstrate 
that  when  all  the  conditions  arc  favorable,  the  intestines 
will  show  rents  varying  from  two  to  eight  inches  in  their 
continuity,  ^bn  (in  the  tield  of  battle  .so  wounded  do 
not  live  to  reach  the  relief  stations:  they  die  as  a  rule  where 
they  fell,  from  shock  anil  internal  hemorrhage.  In  .gun- 
shot wounds  of  the  abdomen  the  vital  (piestion  at  issue  is 
whether  or  not  the  wound  is  perforating  in  kind.  If  the 
evidence  points  with  reasonable  clearness  to  a  wound  of 
the  former  character,  the  treatment  res<ilvcs  its<df  into  a 
ca?liotomy  either  for  the  i)urpose  of  exploration  or  for 
that  of  femedving  the  injury  done  to  the  abdominal 
orsans.  Whether  surgical  aid  of  the  latter  kind  is  to 
be  practised  will  largciv  dejiend  on  the  conlidcnce  and 
skill  of  the  operator  anil  the  nature  of  the  environment. 
As  .stated  before,  owing  to  the  unpropitious  character  of 
the  latter,  laparotomy  on  the  field  or  in  field  hospitals  in 
war  has  thus  fsir  beeii  limited,  and  the  results,  when  the 
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practice  Ims  been  carried  out.  Imve  been  aiiytbini;  but 
eucour.igiug.  Of  tlic  tliive  lapiirotoiuies  done  iit  (Piie  of 
the  julviinced  liospitals  before  Saiitiajro,  the  uioilality 
was  one  hundred  percent.  In  order  to  aceonii>lish  sue 
cessful  alHh)niinal  work  in  war  it  will  be  neees.stiry  to  use 
a  great  ileal  of  f<irilliouglit.  so  that  the  operators  may  iiol 
be  hampered  by  the  endless  <lillkiillies  that  are  apt  to 
occur  in  active  canipaign.  It  is  possible  to  conceive  of 
a  tield  hospital  .so  thoroughly  ei|uipped  with  mateiial 
ami  personnel,  and  so  favored  liy  the  condition  of  the 
weatlier,  that  in  it  a  laparotomy  may  be  performed  with 
about  the  same  .sjifety  as  is  experienced  in  a  civil  orti.xed 
liospilal.  So  far,  the  idea  of  establishing  such  a  hospital 
has  not  been  acted  upon  seriously.  The  subject  is  one 
replete  with  |)nssibilities.  IjjiiU  A.  Jji  iiiirdc. 

GURJUN  BALSAM.— Wood  Oil.  A  vLseid,  copaiba- 
like turpentine,  obtained  from  half  a  dozen  or  more  ma- 
jestic Asiatic  trees  of  the  geiuis  l)ijjt<  i-or/7ri)ii!i.*  The 
'■  balsam  "  is  collected  by  making  deep  "  boxes  "  or  gashes 
in  the  trimk  of  the  tree,  scorching  them,  and  tiltiug  a 
bamboo  spout  to  their  luwist  parts.  The  yield  is  very 
great,  and  the  drug  forms  quite  an  important  article  of 
commerce  in  the  Kast.  It  is  ollicially  recognized  by  the 
Inilian  Pharmacopieia.  and  extensively  used  there  as  a 
substitute  for  copaiba.  In  other  countries  it  is  consider- 
ably used  to  adulterate  the  latter  drug. 

It  is  an  intensely  tluorescent,  thick  liquid,  of  a  mild, 
terebinthinous  odor,  and  a  bitterish,  aromatic  taste.  By 
tninsmitted  light  it  is  of  a  dc'cp  sherry  color,  and  per- 
fectly transparent;  by  reflected  light  it  ajipears  opales- 
cent and  greein'shgray.  It  is  soluble  in  chloroform  and 
the  e.s.sential  oils,  but  not  completely  so  in  alcohol.  It 
consists  of  thirty  or  forty  per  cent,  of  a  mild-smelling 
essential  oil  as.sociated  with  a  composite  resin,  compo.sed 
of  a  crystalline  guijuitic  acid,  and  an  amorphous  jiortion. 
As  it  is  collected  from  several  difTerent  trees,  its  appear 
ance,  and  also  probably  its  composition,  are  subject  to 
considemble  variation. 

Uses. — In  India  and  Asia  generally  as  a  substitute  for 
copaiba  in  the  treatment  of  gonorrlaea.  etc.,  and  as  a 
vaniish.  It  is  occasionally  to  be  got  in  this  country,  but 
is  prescribed  only  as  a  novelty.  IF.  P.  BoIIm. 

GUTTA  PERCHA.— The  inspissated  milk-juice  of 
Pdliii/iiiniii  (/till, I  (Hook,  f.)  Burck(fam.  Stipotareiv).  (No 
longer  otlicial  in  the  rniled  States.)  This  remarkable 
substance  is  admitted  into  the  i>harmacopo^ias  of  most 
countries  on  accinmt  of  the  elastic  varnish  which  can  be 
made  from  it,  and  of  its  value  in  the  making  of  plastic 
splints  in  surgery.  The  ])lant  is  a  large  tree  growing. 
now  or  formerly,  in  many  parts  of  Soutliern  Asia,  and  in 
the  great  islands  of  the  "Pacific.  Gutta  percha  was  first 
brought  into  European  use  in  1842,  having  been  previ 
ously  employed  by  the  aborigines  in  the  manufacture  of 
knife  and  weapon  handles.  From  the  vicinity  of  Singa- 
pore, where  it  was  pn^viously  abundant,  from  Penang 
and  other acccs.sible  places,  the  tree  has  been  i>ractically 
exterminated  by  the  wasteful  method  of  collecting  its 
valued  product.  It  still  exists,  however,  in  abundance  in 
the  Malay  peninsula,  whence  most  of  the  gutta  percha 
now  comes,  in  Borneo,  Sumatra,  and  other  places.  The 
method  of  collection  is  as  follows;  The  trees  are  felled 
and  the  bark  is  stripped  off,  when  the  milky  product  be- 
neath it  collects  upon  the  surface  of  the  wood,  and  is 
scraped  olT  and  put  into  a  hollow  leaf  or  other  convenient 
receptacle.  This  juice  quickly  coagulates  upon  exposure 
to  the  air,  and  the  putty  like  curd  is  moulded  while  yet 
soft  into  blocks  or  cakes  of  various  sizes  and  shapes.  It 
is  of  a  light  or  medium  brown  color,  often  gray  upon 
the  surface,  sometimes,  when  nearly  pure,  white  or  ash- 
colored,  of  a  peculiar  rubber  like  odor,  and  a  nither  flexi- 
ble consistence  at  common  temperatures  At  something 
above  1211  F.  it  becomes  very  plastic,  and  may  be  moulded 
into  any  shape  and  welded,  resuming  its  hardness  upon 

•Tlie  followlap  iin-  nicnllnnc-il  In  Uic  Pliiinniirtiirniplila :  D.  Iitr- 
hhintits  (iiiertn..  Ji.  innittti.'<  MoxUtitih,  I),  ulttttis  Ilox.,  T).  zculaiiicuH 
Thw..  D,  hitt^jklui*  Thw.,  Jj.  crt.-'p'itddi.v,  uihI  several  olbers. 


cooling.  Ordinary  gutta  percha  is  an  impure  substance, 
containing  inevitably,  by  the  method  of  its  collection,  a 
considerable  amount  of  coarse  admixture  of  vegeUible 
tissiu',  chips,  etc.,  besiiles  the  residues  of  the  evaporation 
of  portionsof  thcli(|uid  juice,  imperfectly  separated  from 
it  in  coagulating.  It  is  .soluble  in  chlomform,  turpentine, 
carbon  disulphide,  etc.,  l«ut  not  in  water,  alcohol,  acids, 
or  alkalies.  Its  purification  may  be  elTected  by  solution 
in  one  of  the  above,  or  by  ndxing  with  hoi  water  ami 
straining.  The  sheets,  in  which  form  it  is  generally  sold 
for  surgical  u.sc,  are  made  by  rolling  it  while  hot  between 
cylinders. 

The  i)rin<ipal  portion,  seventy-five  per  cent,  or  so,  of 
good  gutta  percha,  consists  of  an  amor|)hoiis  white  mass 
or  powder  lutving  the  general  properties  given  above, 
named  ,i7»?/((.  It  contains,  further,  from  fourteen  to  six- 
teen per  cent,  of  nllinn,  a  light  flaky  powder  soluble  in 
boiling  alcohol,  and  from  four  to  six  and  a  half  oi  Jiiintil, 
which  is  mthcr  more  soluble  than  either  of  the  above 
(Paycn). 

Gutta  percha  is  employed  in  medicine  only  on  account 
of  its  iihysical  ]iro|ierties.  A  nine  percent,  solution  of 
it  in  chloroform,  with  ten  parts  of  carbonate  of  lead 
added  mechanically  to  carry  down  coloring  matters  and 
impurities,  is  an  excellent  protective  varnish  for  abra- 
sions, excoriations,  and  small  wounds,  to  be  used  in  the 
same  way  as  collodion.  In  sheets,  from  one-eighth  to  one- 
fourth  of  an  inch  thick,  it  is  to  be  had  of  the  instrument 
makersasa  splint  material.  Forca,ses  in  which  there  isa 
good  deal  of  irregularily  of  .surface  to  be  fitted,  as  in 
fractures  of  the  jaw,  the  boiK'S  of  the  thumb  or  great  toe. 
or  the  metacarpal  or  tar.sal  bones,  it  is  very  useful;  also 
in  making  splints  that  must  be  often  taken  olV  and  reap- 
plied. The  form  of  the  splint  shoidd  be  cut  about  one- 
fourth  larger  each  way  than  the  desired  splint,  as  it 
.shrivels  when  softened  and  when  thrown  into  water  at  a 
temperature  of  about  130  or  140'  F.  or  more.  The  limb 
having  been  prepared  by  adjusting  the  parts. -shaving, 
bandaging,  etc.,  as  reiiuircd.  the  softened  splint  is  laid 
on  the  part  and  quickly  moulded  by  the  fingers  to  the 
desired  form.  A  bandage  where  necessary  is  then  ap- 
plied, and  cold  water  poured  overall.  AVhen  hardened 
the  gutta-]iercha  splint  may  be  taken  off.  trimmed,  and 
permanently  reapplied.  If  it  is  desired  to  piece  or  weld 
the  gutta-percha,  it  shouW  be  .softened  by  dry  heat,  as 
over  a  lamp  or  gas.  The  fingers  may  be  wet  while  hand- 
ling it.  Its  use  in  submarine  cables  and  other  electrical 
apparatus  is  very  extensive.  11'.  P.  Bolles. 

GYN/CCOLOGICAL     EXAMINATIONS.— IIistokv.— 

A  pmper  history  isa  neeess;iiy  |infaee  to  the  diagnosis 
of  every  gyna'cological  case.  It  should  not  of  neces-sity 
be  lengthy,  but  certain  facts  in  the  life  history  of  the 
patient,  peculiar  to  her  sex,  which  may  have  an  especial 
bearing  uiion  the  condition  of  the  female  organs,  .should 
be  carefully  iiuiiured  into. 

We  will  pa.ss  over  the  points  common  to  all  histories 
and  simjily  emphasize  those  having  a  gynaecological 
bearing.  The  menstrual  history  should  be  thoroughly 
ascertained.  The  age  at  which  the  menses  first  api)eared; 
the  duration  of  the  flow;  the  quantity  and  character;  if 
accompanied  by  pain,  whether  it  develops  before,  dur- 
ing, or  after  the  flow;  the  n-gularity  of  the  i)eriods;  and, 
finally,  the  history  of  the  menoiiause — these  are  all  sub- 
jects for  iniiuiry. 

In  judging  the  condition  of  the  menstruation  as  to 
duration,  quantity,  and  regularity,  it  is  well  to  remem- 
ber that  in  this  respect  every  woman  isa  law  imto  her 
self,  and  she  must  therefore  be  judged  according  to  hei 
own  standard.  But,  her  habit  in  this  respect  having 
once  been  established,  she  should  not  deviate  fioin  it. 

The  history  of  her  ]>regnancics  shoidd  be  thoroughly 
investigated,  as  about  two-thirds  of  all  patients  coming 
to  tlie  gyna'cologist  can  trace  their  siilTeriiigs  from  a  mis- 
carriage, a  dilbcuh  labor,  or  an  abnormal  puerperium. 

Pain  in  some  form  or  other  is  the  most  proiTiinent 
gynacological  symptom,  and  is  usually  responsible  for 
the  patient's  seeking  the  aid  of  her  physician.     The  pain 
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limy  be  in  tlu'  form  of  liiiuliu'lic,  l>iu-kacliL-,  pelvic  loiicn 
mils,  or  II  iwiisiition  of  licariiiK  dnwii;  or  il  miiy  be  rv 
fcrrud  to  soim-  purliciilur  piirt  of  llic  pelvis      lis  i'liiim<' 

I  (■  r  a  nit  I  octi  I  io  n 
rIiouIiI  I><-  niri'fiilly 
HKCf  rt  II I  ni'<l.  'I'lii.' 
i'onilitionof  the  liow 
fl«  is  11  Very  itnpor 
iiini  |>oiiit  for  in- 
ciiiiiy.  lis  so  iniiiiy  of 
llii'  troiilili's  ill  lliis 
rliiss  of  piiliunts  arc 
dill'  Io  pi'lvir  coll 
(fcsljon  iiidiici-il  liy 
(-lii'onii'  I'onstipalioii 
and  irivi,'iilar  lialiits 
of  j;oliifr  to  siool. 

Any  liladclcr  symp- 
toms should  lie  noted, 
espieially  liurnim.'  "r 
pain  on  iiiiiliirliioii 
ami  frei|iieiuy  of  I  lie 
act.  as  they  may  lie 
an  indication  of  goii- 
orrha'u,  a  disease 
which  is  now  recog- 
ni/.i'd  as  one  of  the 
most  potent  factors 
ill  the  etiology  of 
gynivcological  cases. 
The  c  li  a  r  a  c  t  o  r. 
(piantity.  etc.,  of 
any  discharge  should 
be  determined. 

Finally,  the  pres- 
ence of  those  symp- 
t  o m s  k n  o  w  u  as 
neuroses,  of  a  relle.\ 
character,  should  be 
recognized. 

For  the  details  of 
more  c.vtendeil  his- 
tory-taking the  read- 
er is  referred  to  such  works  as  those  of  Kelly,  Reed, 
and  Montgomery,  the  "American  Text-B<Mik  of  Gynie- 
cology,"  cTc.  For  ready  reference,  sjieed,  and  accuracy, 
we  believe  that  the  card -catalogue  system,  used  in  con- 
junction with  outline  diagrams  of  the  various  ])elvic 
planes,  in  which  it  is  ]>os.siblegi-.i|>hically  to  note  the  size, 
situation,  and  shape  of  growths,  displacements,  etc..  isof 
especial  value  in  recording  gynjvcological  cases  Rubber 
stamps  of  diagrams  of  the  pelvis  and  abdomen  have  been 
devised  by  Dr.  U.  L.  Dickinson,  of  Brooklyn,  and  their 
utility  is  testitied  to  by  many  eminent  gynivcologists  (sec 
Fig.  2-117).  Wliatevei- system  of  history  taking  is  adopted 
it  should  be  strictly  adhered  to,  as  routine  habits  will 
undoubtedly  guard  against  error. 

The  novice  will  do  well  to  remember,  if  he  wishes  to 
avoid  embarras-snient  both  to  himself  and  to  his  patient, 
that  all  subjects  of  a  delicate  nature  should  be  approached 
in  an  open,  frank  manner,  devoid  of  subterfuge  or  insinu- 
ations of  any  kind,  and  coupled  with  the  kindness  and 
dignity  of  manner  bclitting  a  gentleman. 

That  the  patient  will  submit  to  an  examination  should 
be  taken  as  a  nialter  of  course,  as  at  the  present  daj'  most 
women  know  that  such  a  procedure  is  a  necessity  and 
are  prepared  accordingly. 

.VN.F.sTirEsi.v. — In  virgins  it  is  desirable  when  possible 
to  examine  under  aua'slhesia.  for  as  a  rule,  a  first  exam.- 
ination  of  such  iiatients  is  very  unsatisfactory,  and  there- 
fore iiroductive  of  no  positive  diagnosis.  Nitrous  oxide 
is  an  ideal  aiiiesthetic  for  such  a  case 

If  It  is  possibh-  to  avoid  it.  a  vaginal  examination 
should  not  be  made  in  ri rr/i mn  iiiturtir.  In  the  majority 
of  eases  a  rectal  examination  will  answer  all  purposes. 
The  method  of  recto  abdominal  palpation  to  be  used  will 
be  described  later. 

Not  iufrequently  in  married  women,  if  there  happens 
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to  Iw  nn  unuRunl  rif^dity  of  the  iibdominnl  muitclc*  or  a 
Niiperabundance  of  fat.  It  |h  dcKirubh-  U>  employ  iiii  an- 
Mslliciic.  especially  when  the  iidviMibllily  of  an  o'pemtion 
is  dependent  upon  an  accuniti'  diagiioHls.  When  an  ex 
amiiiation  is  decided  upon  il  xhoidd  always  be  carried 
out  ill  a  thorough  manner,  and  this  neceH.silales  Ihiil  a 
HyHlematic  plan  of  proiedure  kIiouIiI  Im-  followed. 

Nf  km;.  — Whenever  possible,  a  third  parly  KhouUI  bo 
present,  not  only  for  the  comfort  of  the  palie'nl,  but  IIK  u 
protection  to  the  physician  from  the  miiliijoiis  eiinrgiit 
wliiih  the  ri-<orils  show  are  by  no  ineai  luon. 

If  llie   physician  can   liave  a  nurse  at    hi  this 

plan  is  l>y  far  the  best,  as  the  ready  iissisi;ih<  <  .ihm  -"loth- 
ing  iiillueiice  of  a  trained  female  assistant  i;o  far  lowanl 
rendering  the  ordeal  less  Irving  to  the  piitieiil.  and  en- 
able the  physii-ian  to  conduct  his  examination  with 
much  greater  facility.  When  a  nurse  is  not  available, 
a  female  friend  brought  with  the  patient  may  often  bv 
of  great  assistance  in  holding  a  speculum,  etc,  but  there 
will  be  many  occasions  when  the  general  jiractitioner  will 
have  Io  condiK'l  his  exaiiiiiialion  unaided.  While  an 
assistant  is  certainly  desirable,  .she  is  by  no  means  indis- 
pensable. 

T.\Bi,K.-^Thc  question  as  to  what  is  the  In-st  table  for 
gynieeological  examinations  is  one  that  is  oftt'U  asked 
by  the  novice.  The  simpler  the  table  the  better.  A 
cosily  complicated  table  or  chair  is  not  at  all  necessary, 
and  a  great  many  gyiuecologi.sls  work  with  one  of  the 
simplest  construction.  An  ordinary  solid  table,  four 
feet  long,  two  feel  wide,  and  two  and  one  half  to  three 
feet  high,  will  answer  for  all  ordinary  piirpo.si-s.  The 
foot  of  the  table  should  be  raised  about  two  inches,  and 
should  be  fitted  with  foot-rests.  An  extension  arm  or 
leaf  attached  to  the  right-hand  corner  is  of  great  utility 
when  (niploying  Sims'  posilion.  as  it  allows  the  legs  and 
feet  of  the  patient  to  have  a  proper  sii]>port,  when  the  but- 
tocks are  drawn  to  the  edge  of  the  table. 

A  valualileadjiinil.  in  the  writer's  opinion,  is  a  pair  of 
Eilebohls'  leg-holders. •  They  consist  of  two  perpendic- 
ular rods  that  are  al  ladled  to  the  corners  of  the  table  and 
have  slingsat  their  upper  ends.  The  feet  being  fastened  in 
the  slings,  are  elevated  to  such  an  extent  that  the  thighs 
are  Hexed  upon  the  abdomen  and  rotated  outward.  Tliis 
insures  the  greatest  amount  of  relaxation  of  the  abdomi- 
nal muscles,  ami  successfully  prevents  the  approximation 
of  the  patient's  knees.  It  is  therefore  of  especial  value 
in  nervous  palienl.s. 

I'hin'nn  til,  I'litifiit  tijton  the  Talih-. — If  a  nurse  is  not 
available,  the  physician  should  understand  how  properly 
to  place  the  patient  upon  the  table,  so  that  he  may 
not  appear  awkward  or  render  the  ordeal  unnecessarily 
embarrassing.  A  screen  shonlil  always  be  at  hand,  be- 
hind which  the  patient  is  instructed  to  retire  in  order  to 
loosen  all  tight  clothing  about  her  waist,  and  especially 
Io  unfasten  her  corsets. 

In  all  cases  the  patient  should  empty  her  bladder  be- 
fore going  on  the  table.  This  isa  detail  that  is  freipiently 
neglected,  and  it  is  the  cause  of  an  unsatisfactory  exam- 
ination in  many  instances.  It  is  likewise  of  advantage 
that  the  lower  bowel  should  be  emptied,  and  when  possi- 
ble the  patient  should  be  instructed  to  take  an  enema  be- 
fore coming  to  the  phy.sician'sollice.  The  patient  should 
be  first  jilaced  in  the  dorsjil  posilion  to  permit  of  the  bi- 
manual examiiialion.  A  stool  or  chair  is  placed  al  the 
foot  of  the  table  and  the  patient  is  directed  to  stand  upon 
it.  while  the  physician  holds  up  a  sheet  between  the 
patient  an<l  himself.  She  is  then  instructed  to  lift  up  all 
her  skirts  behind  and  sit  down  upon  the  edge  of  the 
table.  She  next  lies  down  and  the  sheet  is  thrown  over 
her.  while  her  feet  are  adjusted  in  the  foot-rests.  The 
folds  of  the  sheet  are  then  wrapped  about  each  leg  so 
that  there  is  no  part  exposed  but  the  vulva 

The  Ex.v.minatiox. — The  examination  for  purposes  of 
diagnosis  should  consist  of  two  parts — the  first  without 
instruments,  and  the  second  with  instruments.  It  may 
be  pos-sible  to  arrive  at  a  diagnosis  by  the  bimanual  touch 
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alone.  Imt  an  examination  confined  to  this  procedure 
nliinc  cannot  be  considered  llKiroiiirh  or  c()in|)lele;  an 
acliml  inspection  of  tlie cervix,  and  an  exploratiim  of  the 
uterine  cavity  are  in  many  cases  iiullspcnsalile  if  an  ac- 
curate opinion  is  to  lie  iiiven  ivs  to  the  cimdilions  present. 
Tilt  Kiiimiimlion  irilliiml  Instruiiit  iiIk. — This  shoidd 
be  conducted  systenialically.  A  goo<l  plan  is  to  investi 
gate  the  parts  from  without   inward,  conimenciug  with 


Fig.  3418.— Method  of  Separating  foe  Lahia  for  Inspection  of  Ex- 
ternal Cenitals. 

the  external  genitals;  then  the  vagina,  cervix,  uterus, 
ligaments,  and  the  appendages  are  examined  in  order. 

7'lir  InKpirtiiiii.- — This  is  an  extremely  important  part 
of  the  examinati(m,  and  it  is  too  fre(jueutly  omitted. 

The  labia  majora  are  .separated  with  the  lingers  of  both 
hands,  and  the  hood  of  the  clitoris  is  retracted,  .so  as  to 
reveal  any  adhesions  or  retained  concretions  which  may 
be  the  cause  of  irritation  sulficient  to  produce  neurotic 
disturbances.  The  meatus  urinarius  is  examined  for  car- 
uncle, prolapse  of  urethral  mucous  membrane,  or  metliri- 
tis.  Skene's  glands  are  to  be  observed  for  evidences  of 
intlammation  and  discharge.  These  glands  are  very 
often  the  site  of  a  latent  gonorrluea  which  would  be 
overlooked  unless  they  wc-re  carefully  examined.  The 
presence  of  a  discharge  in  the  urethra  or  from  Skene's 
glands  can  best  be  detennined  by  "milking"  the  anterior 
vaginal  wall  with  the  palmar  surface  of  the  index  finger. 
A  suspicious  ili.scharge  should  be  stained  for  gonoccocci. 

Prolapsus  of  the  anterior  and  poslerior  vaginal  walls 
^eystocele  and  rectocele)  and  ]uocidenlia  uteri  should 
be  looked  for.  and  so  also  should  varicose  veins  of  the 
vulva  which  are  the  result  of  some  obstruction  to  the 
circulation  and  may  be  indicative  of  a  tumor  or  growth 
blocking  the  pelvis. 

The  amount  of  prolapsus  can  be  best  judged  by  get- 
ting the  patient  to  strain  or  bear  down  as  if  at  stool, 
while  the  examiner'.s  fingers  separate  the  labia.  This 
method  shows  the  degree  of  relaxation  of  the  vulvar 
outlet  and  the  amount  of  supporting  power  of  the  pelvic- 
floor  muscles.  Injuries  to  the  levator  fibres  and  the  pel- 
vic fascia  are  thus  accentuated.  The  degree  of  lacera- 
tion of  the  perineum  should  never  be  estimated  by  a 
superlicial  inspection,  aslhere  may  be  an  ample  cutaneous 
covering,  but  with  no  body  back  of  it.  If  thi' body  of 
the  perineum  be  grasped  between  the  thumb  and  fore 
linger,  after  the  latter  has  first  been  introduced  into  the 
rectum,  the  amount  of  muscular  structure  can  be  readily 
determined. 


Bartholin's  glands  should  always  be  examined  for  cvi- 

dencesof  intlammation.  which  isalmost  invaiiably  gonor- 
rhieal  in  characler.  Latent  gonorrhu'a  will  be  discovered 
l>y  the  careful  examiner  in  the  vicinity  of  these  glands 
in  a  sur|irising  numlier  of  cases.  Nonnally  the  mouths 
of  the  duels,  w  hich  are  sitiialed  on  each  side  of  the  labia 
majora  just  below  the  centre,  and  usually  behind  a  lag 
or  ear  of  the  remains  of  the  hymen,  are  of  the  same  color 
as  Ihe  surrounding  mucous  membrane.  The  normal  se- 
cretion which  can  be  expressed  from  them  is  a  glairy, 
colorless  fluid  like  white  of  egg.  Whenever  the  mouths 
of  the  glands  seem  to  be  much  darker  in  color  and  t«  Ije 
eroded,  suspicion  should  at  once  be  aroused.  If  gonor- 
rlnea  is  still  ])resenl.  the  .secretion  expressed  from  Ihe 
glands  will  be  found  to  be  lurbid  or  purulent,  and,  if  care- 
ful search  is  made.  goiKJCcocci  will  usually  be  found.  In 
such  a  case  Ihe  gland  itself  can  be  felt  between  the  thumb 
and  linger  to  be  decidedly  enlarged  and  sometimes  tender. 

The  anus  and  rectum  should  be  searched  for  hemor- 
rhoids, fis.sure,  fistula,  etc.  The  rectal  mucous  meni- 
lirane  can  be  readily  everted  by  the  finger  placed  within 
the  vagina. 

Any  inflammatory  condition  of  the  vulvo-vaginal 
mucous  membrane,  if  associated  with  copious  purulent 
discharge,  can  hardly  escaiie  the  notice  of  the  careful  ob- 
server, who  willrecognizeit  asaspccific  infection.  Like- 
wise the  presence  of  condylomata,  chancroids,  venereal 
warts,  etc..  will  readily  be  detected.  It  should  always  be 
borne  in  mind  that  an  innocent  wife  is  frequently  a  suf- 
ferer from  dis<'ases  of  this  <-lass  through  no  fault  of  her 
own,  and  in  utter  ignorance  of  their  nature. 

The  BinianiKtl  Touch. — .\fter  completing  the  inspec- 
tion, the  physician  will  next  lubricate  the  examining  fin- 
gers with  some  lubricant,  as  vaseline,  glycerin,  or  lubri- 
chondrin.  (The  advantage  of  the  latler  is,  that  it  is 
readily  soluble  in  water,  so  that  the  hands  can  be  speed- 
ily cleansed  after  they  have  been  .smeared  with  it.) 

The  examiner  should  accustom  himself  to  the  use  of 
the  fingers  of  either  hand  in  the  vagina,  as  it  is  easier  to 
reach  the  left  appendage  with  the  left  hand,  and  the 
right  appendage  with  the  right  hand. 

At  first  it  is  best  to  use  the  index  finger  alone  in  the 
vagina,  but  later,  if  the  vagina  will  permit,  the  middle 
finger  should  be  used  in  conjunction  with  the  index 
finger.  In  introducing  the  fingers,  they  should  be  first 
Hexed  and  the  vulvar  ojiening  approached  by  sweeping 
the  knuckles  of  the  flexed  fingers  over  the  iierineum  from 
below,  until  the  kiDichUn  slip  into  the  vaginal  orifice,  then 
the  fingers  are  straightened  until  they  find  their  way  over 
the  perineum  into  the  vagina.     By  the  employment  of  this 


Fio.  ail9.— Position  of  Finders  for  Vaginal  Examination 

method  it  will  be  possible  to  avoid  touching  the  clitoris, 
urethra,  and  vestibule  with  Ihe  ti|is  of  Ihe  fingers,  and 
should  the  circumstances  of  Ihe  case  not  permit  of  an 
inspection  (as  in  an  einergeni'v  examination,  with  the  pa- 
tient in  bed).  Ihe  entrance  to  the  vagina  can  always  l)e 
found  with  Ihe  greatest  ea.se  and  without  causingauy  pain 
or  distress  whatever  to  the  patient. 
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4. )  iiii-«  (ilo^lf  hI 
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AfUT  tlip  flnfcrra  hiivc  f^lniKl  ontrancf  Into  tlie  vagina, 
the  HJZf.  lliickni'Hs.  iiml  'U'lisiijvi'iirHA  of  tin- orpin  iin- to 
Im'  moImI.  Tlic  iiiiKoiis  iiic-iiilinini'  nmy  prcwnl  iiHiiiootli, 
velvety  feel  iih  wluii  llic  rujiie  lire  oblitemteil.  nr  it  iiiiiy 


Fui.  2<2n.-ninmmial  F.xanilnntlon.  with  iho  Patient  on  the  Table. 

feel  liiirsh  nnil  irnuiular  as  in  ecrtain  forms  of  vaginitis. 
S|msiii  of  ilir  vasiiiia  (vairiiiisiniis)  may  be  observed  as 
tile  lingers  pass  the  inlmitiis. 

It  is  iiii|><)rlant  that  the  tinkers  slionlii  be  held  in  a 
manner  lliat  will  insure  deip  penetnition  into  the  pelvie 
cavity.  The  hand  must  be  rendered  as  narnnv  as  possi- 
ble to  permit  its  pas.saj:e  between  the  ischial  tulH'rosities. 
When  this  is  aeromplished  the  whole  jielvie  tliiorcan  be 
]>iished  up  or  invau'inaled  .so  as  irrejitly  to  increase  llie 
peiielnilion  of  the  examining  tinirers,  and  llins  ren(hM- 
a(  ee.ssiblc  to  the  touch  parts  which  cannot  otherwise  be 
reached. 

The  band  should  be  held  in  a  perpendicular  jiosition 
with  the  thumb  extended  so  as  to  avoid  the  symphysis. 
The  index  and  miildle  lingers  rest  in  the  vagina  with  the 
l>almar  surface  of  their  tips  inclining  upward.  The  ring 
and  little  lingers  are  llexnl  upon  the  palm  at  the  mi/ldl,- 
joint.  It  will  be  seen  that  this  will  give  the  minimum 
of  breadth  to  the  hand,  allowing  its  pa.ssjige  between  the 
ttiberosities.  while  the  periiicuni  is  ]nislied  up  on  the 
knuckles  of  the  ling  and  little  linger  (see  Fig.  •2410).  The 
mistake  is  fre«|uenily  made  of  Hexing  tiie  iingei-s  at  their 
junction  with  the  metacarpal  bones.  This  will  bring  the 
whole  length  of  the  tbinl  |ilialanx  of  llie  lingers  across 
the  pelvic  outlet  which  will  render  it  impossible  for  the 
band,  whicb  is  then  at  its  greatest  width,  1o  eiiler  the 
pelvis.  If  iiecessaiy.  the  thumb  may  lie  closed  iip<in  the 
index  finger  so  that  it  will  pa.ss  under  the  pubic  arch. 

The  elbow  of  the  examining  hand  .should  rest  against 
the  examiner's  hip.  and  all  pres.sure  should  be  made  by 
throwing  the  weight  of  the  body  upon  the  elbow,  thus 
allowing  the  muscles  of  the  forearm  and  arm  to  be  at 
rest,  which  greatly  facilitates  the  vaginal  touch  (see  Fig. 
2420).  As  the  tingers  pass  on  toward  the  upper  portion 
of  the  vagina,  they  should  convey  to  the  examiner  a 
knowledge  of  the  direction  of  the  canal,  of  any  abnormal 
relaxatiiai  of  its  walls,  and  of  the  presence  of  cysts  or 
other  abnormal  growths.  The  jiresence  or  absence  of 
f.ecal  matter  in  the  rectum  can  be  readily  made  out 
with  the  linger  in  the  vagin.i.  Sometimes  hard  scybalous 
masses  may  be  mistaken  for  an  abnormal  growth  by 
a  careless  observer,  but  they  can  usually  be  indented  on 
pres.sure.  However,  if  there  is  any  doubt,  an  enema  will 
promptly  clear  up  the  diagnosis.  As  soon  as  the  cervix 
lias  been  n  ached,  llii  lingers  should  be  rotated  until  their 
palmar  surfaces  are  <lirccted  upward,  and  their  tips  should 
be  slipped  under  the  cervix  until  that  organ  rests  upon 
them.     The  relation  that  the  cervix  bears  to  the  axis  of 


the  vaginn  Rhniild  In-  acriinit<-ly  not<Kl,  When  tlie  iitcrui 
Is  in  Its  normal  poHitlon.  iisaxisis  npiiroximulely  at  rl(,'lil 
angles  to  the  axis  of  the  vagina  Therefore  the  tip  of 
the  examining  linger  shoulil  toiicli  the  anterior  wall  of 
llie  cervix  lus  it  reacliiK  the  uppir  portion  of  the  vagina. 
Should  the  examining  linger  directly  enter  the  mouth 
of  the  cervix,  il  would  be  all  indication  that  the  uleniil 
was  displaced  backward  (relroverti-d),  and  that,  therefore, 
the  axis  of  that  organ  was  panillel.  or  continuous,  with 
the  vaginal  axis — unless  furlberexaminatioii  showed  that 
the  body  of  ihe  uterus  was  Hexed  upon  the  cervix.  In 
ca.si-s  of  exlreme  relrodisplacemeiit.  the  cervix  would  l)C' 
found  to  !»■  poiiiliiig  upward  toward  the  syniphysis.  and 
the  enlcring  linger  would  encounter  the  posterior  cervi- 
cal wall  (see  Fig.  ".Mill. 

In  anleversion  the  cervix  will  be  found  to  point  back- 
ward, its  axis  forming  an  acute  angle  with  the  axis  of 
the  vagina. 

It  must  be  borne  in  miml  that  the  position  of  the  uterus 
can  be  greatly  itilliieiiceil  by  the  amount  of  urine  in  the 
bladder.  .\  full  bladder  will  throw  the  uterus  into  a 
position  of  retroversion.  Kirors  will  be  avoided  if  the 
pricaiition  is  taken  to  have  the  bladder  emptied  iK-fore 
the  examination. 

The  condition  of  the  cervix  itself  can  readily  be  deter- 
mined by  the  sense  of  touch.  The  number,  extent,  and 
location  of  laceration.^  (if  any  are  present)  should  be  noted. 
Il  is  iniporlant  also  to  determine  the  degree  of  i)alulency 
of  the  OS.  and  whether  any  granular  erosion  or  carcinoma- 
tous induration  i-xisls.  The  presince  of  dense  .scar  tissue 
in  the  angles  of  hucrations  should  be  felt  for.  and  the  ef- 
fort should  be  made  to  a.scerlain  whether  there  is  any 
hyperplasia  of  the  cervix  or  any  cystic  degeneration  of 
the  Xabothian  glands.  Cysts  of  the  glands  of  the  cervix 
give  to  the  touch  the  impre.s.sion  of  the  presence  of  buck 
shot  under  the  mucous  membrane. 

The  normal  position  of  the  cervix  in  the  vagina  is  usu- 
ally at  a  point  corresponding  lo  about  the  junction  of  the 
up|)er  and  middle  thirds,  and  onlinarily  it  is  not  dillicult 
to  reach.  In  some  cases,  when  there  is  a  very  deep  va- 
gina, or  when  the  pelvic  muscles  are  rigid  and  unyielil- 
ing,  it  may  be  dillicult  to  reach  the  eervi.x.  It  is  a  good 
plan  to  iilace  the  external  hand  gently  upon  the  lower  ab- 
domen in  commencing  the  examination:  then,  if  the  cer- 
vix cannot  be  readily  reached,  gentle  pressure  should  lie 
exerted  in  the  direction  of  the  axis  of  the  pelvie  inlet. 
This    will     depress 

the  uterus   and  .. -.  ..-       ■-. 

bring  it  av  i  t  h  i  n 
touch  of  the  tin 
gers  in  the  vagina. 

If  the  uterus  is 
Iirolapsed.  the  cer- 
vix will  naturally 
be  found  nearer  the 
vulva  than  is  nor- 
mal, (are  must  be 
taken  to  dilTerenti- 
atc  a  prolapsus  of 
the  uterus  from  an 
elongated  or  hyper- 
trophied  cervix. 

After  the  e.xami 
nation  of  the  cer 
vix  as  above  de 
scribed,  the  next 
step  will  be  to  ex- 
amine the  uterus  as 
a  whole.  The 
knowledge  o  b- 
tained  by  the  sim- 
ple vaginal  touch  of  the  cervix  must  be  further  ampli- 
ticd  by  the  bimanual  touch,  if  f>ne  wishes  to  arrive  at  a 
complete  diagnosis  of  the  position  and  condition  of  the 
uterus.  It  is  obvious  that  if  a  flexion  of  the  uterus  ex- 
ists, the  position  of  the  fundus,  as  indicated  by  the  rela- 
tion of  the  cervix  to  the  vaginal  axis,  will  be  incorrect. 

In  commencing  the  bimanual  examination  the  physician 


FtO.  S»21.— Tlip  Relation  of  the  rierus  to 
the  Vaginal  Axis  In  the  Different  Dis- 
placements. 
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should  puss  the  tips  of  the  vn^inal  fii)>rcrs  uiulpr  the  cer- 
vix, so  tliiil  it  sliall  rest  upon  llicir  palmiirsMrfiices.  Tlio 
fxtcrnal  liaiid  rests  upon  tlic  aliiloim-ii  midway  between 
tile  sy iiiplivsis  and  tlie  umbilicu.s,  ready  to  make  counter- 
pressvire  from  above. 

Tile  management  of  flic  external  hand  is  a  very  impor- 
tant matter.  Too  vigorous  pres,sure  is  the  rule  with  the 
novice,  and  it  will  promptly  insure  failure.  Such  a  pro- 
cedure will  cause  the  patient  to  resist  to  the  uliiiost  the 
rude  invasion,  by  contracting  her  abdominal  and  pelvic 
nuiscles.  It  is  therefore  well  to  bear  in  mind,  from  the 
very  beginning,  that  in  the  majority  of  ca.ses  more  can  be 
accomplished  by  genllenes-s  of  manipulation  and  skill, 
than  by  physical  force.  When  it  is  necessary  to  use 
deep  pressure,  it  must  be  done  slowly  and  gradually,  so 
as  not  to  alarm  the  patient,  liy  tlie  exercise  of  strategy 
in  distracting  the  patients  mind  from  the  examination, 
as  by  asking  questions  and  by  getting  her  to  take  deep 
inspirationsrwc  shall  be  alile  to  seize  the  moment  when 
the  abdominal  niuscles  are  relaxed  and  gain  the  desired 
entrance  into  the  pelvis  with  the  external  hand. 

The  fourtingcTs  of  theextemal  hand  should  always  be 
kept  close  together,  and  the  jialmar  surfaces  of  the  fin- 
gers should  be  useil  as  much  as  possible  and  not  the  tips. 
To  ■separate  the  fingers  and  to  use  the  tips  is  decidedly 
uni)leas;uit  to  the  patient,  and  will  cause  her  to  resist. 

The  first  object  of  the  bimanual  examination  should  be 
to  get  the  uterus  between  the  two  hands,  so  that  it  can 
be  palpated.  With  the  cervix  resting  upon  the  fingers  in 
the  vagina,  slight  upward  pressure  in  the  direction  of 
the  inlet  of  the  pelvis  is  made,  while  the  external  hand 
makes  gentle  counter-pressure  from  abo\e,  gnidually 
increasing  until  the  fundus  of  the  uterus  is  reached. 
This  can  be  told  by  the  fact  that  the  pressure  on  the 
fundus  is  at  once  commimicated  to  the  fingers  in  the 
vagina,  upon  which  rests  the  cervix  (see  Fig.  2423). 

While  holding  the  uterus  in  this  manner,  the  size  and 
shape  of  the  organ  can  be  judged,  and  also  the  amount 
of  moliility  that  it  possesses.  The  uterus  should  nor- 
mally give  the  impression  of  being  suspended  between 
clastic  ligaments.  It  is  movalile  forward  or  backward, 
upward  or  downward,  in  response  to  moderate  pressure. 
On    the  pressure    being    removed,    the    organ    should 


Fig.    2422.— Locating   tlie   Fundus   and   Cervix   by   the   Bimanual 
MethcKl. 

promptly  regain  its  normal  position.  In  examining  for 
the  mobility  of  the  uterus  in  this  way.  valuable  knowl- 
edge can  be  gained  as  to  the  presence  or  absence  of  adhe- 
sions, or  of  infiltration  of  the  vaginal  vault  or  broad  liga- 
ments, which  would  cause  various  degrees  of  fixation  of 
the  uterus. 


The  size  of  the  uterus  can  be  judged  after  a  little 
practice,  as  one  soon  learns  the  impression  that  the  nor- 
mal uterus  conveys. 

Any  irregtilarity  on  the  surface  of  the  fundus  uteri, 
such  as  might  be  caused  by  fibroids  or  malignant  growths, 
may  be  determined  by  the  external  hand. 

The  various  positions  that  the  uterus  may  assume  must 
be  diagnosed  by  comiiaring  the  relation  that  the  cervix 
bears  to  the  vaginal  axis,  and  the  position  that  the  fun- 
dus occupies  as  determined  by  the  external  hand. 

If  the  cervix  is  at  right  angles  to  the  vagina.  an<i  the 
external  hand  discovers  the  fundus  about  midway  be- 
tween the  umbilicus  and  the  symphysis,  the  position  of 
the  uterus  is  normal. 

Should  the  uterus  be  anteverted  or  anteflexed.  it 
would  be  ueccssiiry  to  explore  with  the  external  hand 
right  v.p  to  and  behind  the  symphysis,  until  th<'  fundus 
had  been  located.  The  position  of  the  cervix  woiiUl  iu- 
dicate  whether  the  uterus  was  anteverted  or  antellexed, 
and  this  could  be  further  confirmed  by  slipping  the  va- 
ginal fingers  in  front  of  the  cervix,  when  with  theextemal 
hand  on  the  fundus  any  sulcus  or  bend  in  the  organ  could 
be  easily  appreciated. 

Three  varieties  of  antetlexion  may  be  recognized.  The 
body  of  the  uterus  may  be  in  its  normal  relation  with  the 
pelvis,  while  the  cervix  is  bent  so  as  to  lie  in  the  axis  of 
the  vagina,  instead  of  at  right  angles  to  it.  This  is 
spoken  of  as  anteflexion  of  the  cervix.  The  opposite  of 
this  condition  may  exist,  the  cervix  being  in  its  proper 
position,  while  the  body  is  bent  forward  upon  the  cer- 
vix. This  variety  is  designated  as  anteflexion  of  the 
body,  in  contradistinction  to  the  above.  Then  again  the 
third  variety  may  occur,  in  which  Iiotli  cervix  and  l)ody 
are  out  of  their  normal  jxisitions.  the  flexion  being  very 
acute,  and  the  cervix  and  body  closely  ai)i)roacliing  each 
other. 

When  the  uterus  is  displaced  or  flexed  backward,  the 
search  for  the  fundus  is  made  toward  the  sjicral  promon- 
tory. It  is  ap|iarent  that  if  the  fundus  is  at  or  Itelow  the 
level  of  the  promontory,  it  will  be  found  extremely  ditli- 
cult — unless  there  is  unusual  relaxation  of  the  abdominal 
muscles,  or  unless  we  employ  a  general  aniesthetic — to  get 
the  uterus  between  the  hands;  indeed,  in  some  cases,  it 
is  simply  impossible  to  accomplish  this. 

The  fact  that  the  fundus  could  not  be  fotind.  and  that 
the  cervix  was  pointing  in  the  axis  of  the  vagina,  would 
be  strong  |iresumptive  evidence  that  there  was  a  back- 
ward displacement  of  the  organ  beyond  the  sticral  prom- 
ontory. 

Retroversion  is  classified  by  most  authors  into  three 
degrees:  When  the  fundus  points  toward  the  sacral 
promontory,  it  is  a  retroversion  of  the  first  degree.  If 
it  points  into  the  hollow  of  the  sacrum,  being  practically 
continuous  with  the  vaginal  axis,  it  is  the  second  degree. 
When  the  fundus  is  still  lower  in  the  pelvis,  and  the 
cervix  begins  to  point  ujiward  toward  the  symphysis,  it 
is  classified  as  the  third  degree.  (See  Fig.  2421.)  In  the 
second  and  third  degrees  of  retroversion,  it  is  often  im- 
possible to  reach  the  fundus  with  the  external  hand  by  the 
ordinary  method  of  examining.  In  such  cases  the  diffi- 
culty may  be  overcome  if  the  uterus  be  drawn  down  by  a 
tenaculum,  until  the  cervix  is  nearly  at  the  site  of  the 
hymen.  If  the  index  finger  be  inserted  into  the  rectum 
while  the  uterus  is  drawn  down  it  is  freiiuently  |ios- 
sible  to  palpate  the  body  and  fundus  with  great  facility. 
Kelly's  corrugated  tenaculum  is  designed  cs])eeially  for 
this  purpose,  as  it  enables  the  examiner  firmly  to  hold 
the  tenaculum  with  the  external  fingers  of  the  lower 
hand,  while  the  counter  pressure  is  made  as  usual  with  the 
upper  hand  on  the  abdomen  (see  Fig.  2423).  This  method 
enables  the  examiner  to  reach  the  fundus  with  both  • 
hands. 

Retroflexion  of  the  uterus  can  be  difl'crentiated  from 
retroversion  by  the  presence  of  a  distinct  sulcus  or  angle 
being  felt  at  the  junction  of  the  cervix  with  the  body. 
When  a  sulcus  cannot  be  felt,  and  the  fundus  is  out  of 
reach  of  the  finger  in  the  jiosteiior  vaginal  fornix,  it  is 
to  be  inferred  that  the  uterus  is  not  retroflexed.     The 
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Fi(i.   '.Mai.-  Itwlii-AlHliinilnnl    Pnlpiition    vfhlle    Drawing    Down   (i 
Ri'IrudlsplncMt  lu-rus  wlib  Kelly's  CoiTiigaled  Tenaculum. 

in  siii-Ii  a  position  has  citluT  been  drawn  over  to  one  side 
liy  tlie  eontnictioii  of  adhesions,  or  it  is  pushed  over  by 
the  presence  of  a  eyst  or  growth  tilling  the  opposite  side 
of  the  pelvis. 

Xoriiially  the  pelvic  organs,  with  the  exception  of  the 
ovaries,  are  not  sensitive  to  ordinary  palpation.  Deep 
pii'ssiire  upon  ihcst'  organs  Avill  cause  a  nauseating  jiain, 
aeeonipanied  with  faintness.  similar  to  that  produced  by 
pressure  upon  the  leslicles.  Tenderness  of  the  uterus  will 
generally  indicate  disease  of  that  organ,  as  endometritis  or 
inetrilis,  although  lliere  is  a  certain  class  of  patients 
wlios<>  organs,  even  when  not  appreciably  disi'ased.  mani- 
fest an  abnormal  degree  of  hypep.eslhesia  Pelvic  sen 
.sitiviness  is  one  of  the  prominent  symptoms  of  au  hys- 
terica! patient. 

One  of  the  most  importjint  items  of  infoniiation  to  be 
derived  from  the  examination  is  the  consistency  of  the 
iilcriis  and  the  surrounding  structures,  as  determined  by 
the  sense  of  touch  Each  structure  has  its  own  standard, 
and  the  examiner  must  lirst  l)ecomc  thoroughly  familiar 
Willi  the  normal  consistency  before  he  can  appreciate  de 
viations  wliiili  indie  ate  pathological  changes.  The  soft, 
triable  eoiidilion  of  a  carcinomatous  cervi.x,  the  boggy 
impression  conveyed  by  a  subinvoUited  or  n>dematous 
uterus,  the  hard  plaster  (if  Paris  like  feel  of  the  vaginal 
vault  in  pelvic  peritonitis,  the  fluctuating  sensation  of  a 
tiiiid  tumor  or  abscess,  are  but  a  few  of  the  coiiilitions 
which  must  depend  upou  a  comparison  with  the  normal 
for  their  diagnosis. 


After  the cvainiimtioii  of  the  uleriiK  Imit  Ih-cii  coiniiletol. 
till-  iitti'lltion  shniild    next   be  iljlecteil   to  the   ligilllienlil 

Hhic  h  ai<l  ill  its  support  Tliesi-  llgaiiieiits  are  prone  lo 
inllauimaloiy  thickening,  which  iiiiiy  give  rise  lo  pain, 
and  which  frei|iieiitly  interfereH  wltli'lhe  nonnnl  iiiohility 
of  the  organs. 

Tin-  anterior,  posterior,  and  lateral  forniced  of  the 
vagina  are  In  be  palpiiled  to  nsoertaiii  the  condition  of 
the  iilero  vesiiid.  litem  sacnil,  and  broad  llgiiiiientH. 
Normally  thi-  vaginal  vault  is  elaslic  to  the  touch,  and 
should  iiidiiralioii  and  llili-kenini;  of  (he  ligaiiieiils  Ik- 
piesi'iil.  these  conditions  can  usually  be  made  out  by  pal- 
pation. 

The  vaginal  fornices  must  he  carefully  explored  by 
biiiianiial  touch,  for  the  presence  of  cysts,  growths,  pro- 
lapsed ovaries,  collections  of  Hiiid.  etc.,  whicii  may  oc- 
eiipy  the  ciil-de  sac  of  Douglas  or  the  utero- vesical 
-pace. 

Hy  comparing  one  lateral  fornix  with  Ihif  oilier,  as  re- 
•.'aids  the  ease  with  which  the  examining  lingers  may 
be  moved  in  dilTeient  directions,  anil  also  by  comparing 
the  two  sides  as  regards  the  de.gree  of  pain  elicited  by 
jiressiire,  one  may  obtain  eonsidenible  information  in  re- 
gard to  the  jiathological  coiidilions  that  may  be  present. 

It  is  not  possible  in  a  limiled  article  like  the  present 
one  to  do  more  than  hint  at  the  diagnosis  of  the  many 
complicated  comliiions  which  will  be  found  in  exainina 
tinns  of  the  vaginal  fornices.  It  is  hardly  necessary  to 
sjiy  that  years  of  experience  may  be  reipiired  before  il  is 
]ios.sible  loriaie  to  iici|iiire  the  tiirtnn  cnulitiix  necessary  lo 
ascertain,  liy  digital  exploration,  the  pathological  condi- 
tions that  are  present  in  the  pelvic  cavity  in  any  given 
case.  The  most  expert  gyniecologisis  not  iiifrei|iiently 
see.  on  opening  the  abdomen,  that  llieir  diagnosis  was  at 
fault.  A  thorough  aiipreciation  of  the  normal  condition 
of  the  parts  will  enable  the  novice  more  readily  to  recog 
nizi-  palholdgieal  deviations,  and  especially  is  this  true  of 
the  uterine  apiiendages.  It  is  a  freiiuent  occurrence,  in  the 
writers  experience,  to  come  across  men,  in  active  general 
practice,  who  state  that  the  palpation  of  the  uterine  ap- 
pendages is  a  closed  book  to  them.  Diagnosis  of  disea.ses 
of  these  important  organs  is  entirely  beyond  their  reach 
for  the  reason  thai  they  cannot  feel  the  adue.xa.  although 
they  repeatedly  examine  cases  in  their  i>ractiee.  They 
can  often  make  a  diagnosis  as  to  the  po.sitiou  of  the 
uterus,  the  condition  of  the  cervix,  or  the  pelvic  fliMir, 
but  the  condition  of  the  ovary  and  tube  is  like  the  "  will- 
o -thewisp;"  it  easily  evades  the  simpler  methods  of  ex- 
amination. 

In  examining  for  the  ovaries  and  tubes,  the  novice  will 
fretiiienlly  attribute  his  failures  to  the  shortness  of  his 
phalanges,  and  he  will  endeavor  by  pure  physical  force 
to  gain  further  entrance  into  the  pelvis,  witii  the  result 
that  he  causes  needless  iiain  to  the  sutTerin.u  patient.  As 
she  is  frightened  by  fears  of  worse  pain  to  come,  she  sets 
lo  the  utmost  her  alulominal  and  pelvic-floor  muscles,  in 
order  to  resist  the  rude  invasion  with  which  she  is  threat- 
ened, and  thereby  makes  it  impossible  for  the  examiner 
to  get  within  reach  of  the  adnexa  with  his  examining 
fin.srers.  The  novice  usually  has  no  deliuite  plan  of  pro- 
cedure in  his  mind,  and  his  one  idea  as  to  the  position  of 
the  ovary  is.  tliat  it  lies  on  one  side  of  the  uterus  at  or 
near  the  plane  of  the  fundus,  just  as  he  has  seen  it  pic- 
tured so  often  in  his  text-books. 

A  careful  observance  of  the  preliminaries  to  the  ex- 
amination— such  as  loosening  the  corsets  and  clothing, 
emptying  the  tJadder.  etc. — is  essential  to  success.  It  is 
well  to  lemeinber  that  it  is  ea.sier  to  reach  the  left  ap- 
pendage with  the  left  hand  in  the  vagina,  and  the  right 
appendage  with  the  right  hand. 

The  first  stej)  necessary  to  the  palpation  of  the  adnexa 
is  to  locate  the  fundus  of  the  uterus,  as  with  the  fundus 
as  a  guide  the  location  of  the  aiipeiidages  is  made  easier. 
This'  is  done  after  the  manner  previoiislv  described  and 
.shown  in  Fig.  24','2.  After  the  cervix  and  the  fundus  of 
the  uterus  have  been  located,  the  next  step  is  to  remember 
that  the  tube  and  ovary,  unless  bound  down  by  adhe- 
sions, are  mot<iblc.  as  call  well  be  brought  to  the  e.\am- 
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iner's  mind  when  he  remembers  how  often  he  has  seen 
the  operator  bring  up  the  appendages  out  of  tlie  pelvis 
upon  the  abdomen  of  a  patieftt  through  an  abdominal  in- 
eision.  and  how  loosely  they  have  appeared  to  him  to  be 
atlailu'd  to  til*'  horn  of  the  uterus. 

To  this  fact  is  to  be  attributed  the  failure,  in  many 
cases,  to  reach  these  organs.     The  novice  e.vamines  in  one 


Fig.  aia».— PaliialiiiB  the  Adnexa  by  the  Bimanual  Method.    CaU.-h- 
ing  the  appeiulaKc  l)et\veen  the  tips  of  the  opposing  llDBere. 

place  for  them,  and  as  they  are  slippery  bodies,  they  are 
as  ditlicult  for  him  l<>  get  hold  of  with  his  external  and  in- 
ternal examining  fingers,  as  the  proverbial  eel.  There 
fore  he  must  endeavor  to  i-nli-h  these  oi'gans,  and  as  they 
may  lie  or  Ix-  pushed  into  any  paft  of  tlie  space  between 
theniiddle  line  of  the  body  "and  the  lateral  pelvic  wall, 
he  must  systematically  search  each  half  of  the  pelvis. 

It  is  better  that  one  hand  do  the  searching,  the  other 
remaining  stationary  for  the  time  being,  to  act  as  a 
counterpoint.  After  locating  the  cervix  and  fundus 
uteri,  the  examiner  should  slip  the  vaginal  finger  or 
fingers  to  one  side  of  the  cervix  into  the  lateral  fornix. 
and  should  make  pressure  with  them  in  a  direction  up- 
ward and  backward,  at  a  point  midway  between  the  cer- 
vix and  the  pelvic  walls.  These  fingers  should  then  re- 
main stationary,  while  the  four  fingers  of  the  exteiiuil 
hand,  curved  in  the  shape  of  a  scoop,  are  employed  in 
systematically  exploring  the  area  from  the  fundus  to  the 
side  of  the  pelvis,  in  lines  radiating  to  the  examining 
fingers  in  the  vagina.  It  may  frequently  be  necessary 
to  go  over  the  ground  repeatedly  before  the  ovary  can 
be  ciiught.  The  position  of  the  vaginal  fing<'rs  is  to  be 
varied  from  time  to  time,  antero-posleriorly  and  laterally, 
so  as  to  cover  new  planes.  As  soon  as  the  ovary  and 
tube  an;  imprisoned  between  the  scoop  formed  by  the 
exteiual  hand  above,  and  the  fingers  in  the  vagina  below, 
their  character,  size,  sensibility,  and  consistency  can  be 
made  out  as  they  slip  between  the  opposing  finger  tips 
(see  Fig.  2434).  The  normal  tube  can  be  traced  from  the 
horn  <if  the  uterus:  it  feels  like  a  cord  of  about  the  diam 
eter  of  a  slate  pencil,  and  it  is  not  painful  to  moderate 
pressure. 

The  normal  ovary  feels  as  large  as  a  walnut,  and  when 
it  is  subjected  to  pressure  the  patient  experiences  the 
same  sickening  sensation  and  pain  as  does  the  male  when 
his  testicle  is  similarly  pressed  upon.  The  opposite  side 
of  the  pelvis  is  lo  be  explored  in  a  similar  manner  for  the 
other  appendage,  the  right  liand  being  used  in  Die  vagina 
for  the  right  adnexa  and  rice  rersn. 

In  cases  in  which  this  method  does  not  succeed,  the 
examiner  should  resort  to  recto-abdominal  palpation.  In 
this  method  the  index  finger  is  introduced  into  the  rec 


turn  instead  of  into  the  vagina,  and  the  palpation  is  made 
with  the  opposing  hand,  as  in  the  bimanual  examination 
just  described. 

When  the  uterus  is  retroverted  or  relrotlexed,  recto- 
abdominal  |)alpalion  is  usually  preferable,  ami  is  a  gieat 
gain,  especially  if  the  uterus  is  dnivvnilcnvn  id  the  vaginal 
outlet  by  a  tenaculum  or  volscllum.  whiili  permits  the 
fundus  to  be  reached  posteriorly,  and  brings  the  iidnexa 
within  the  radius  of  the  examiidng  linger  (see  Fig.  242:5}. 
In  commencing  the  practice  of  bimanual  palpation  it  is 
wise  to  select  a  patient  who  has  borne  children,  who  is 
thin,  and  who  has  relaxed  abilonnnal  walls.  In  women 
who  are  fat,  and  who  have  rigid  abdominal  muscles, 
even  the  expert  must,  in  many  cases,  necessjuily  resort 
to  complete  anasthesia  before  he  can  makea  positivediag- 
nosis.  The  beginner  must  not  feeldiscouniged  if  he  fails 
satisfactorily  to  feel  the  adnexa  in  his  first  attempts,  but 
by  exercising  patience  and  persistence,  avoiding  haste, 
paying  careful  attention  to  all  the  minor  details,  and  hav 
ing  a  definite  i)lan  of  procedure  in  his  mind,  he  will 
surely  attain  ultimate  success. 

The  differential  diagnosis  of  the  various  pathological 
ciiiiditions  thai  may  be  found  about  the  uterus  is  such  an 
extensive  subject  thai  it  can  only  be  touched  upon  here. 
In  general,  fluid  accumulations  or  cystic  growths  that 
can  be  felt  through  the  vaginal  vault  are  fliagnosed  by 
the  sense  of  fluctuation  and  elasticity. 

If  a  mass  is  diffuse,  boggy,  ill  defined,  immovable,  and 
tender,  one  would  suspect  an  iuflanunatory  exudate.  If  a 
mass  gives  evidence  of  fluctuation,  of  increased  heat,  and 
of  being  very  painful  when  pressed  upon,  while  the  jia- 
tient  at  the  same  time  gives  a  history  of  exposure  to  in- 
fection, of  fever,  and  possibly  of  chills,  the  presence  of 
an  abscess  would  be  indicated.  In  inflammatory  affec- 
tions of  the  tubes  and  ovaries,  these  organs  frequently 
are  displaced  into  the  cid-de-siic  and  fixed  by  adhesions. 
Generally  a  hydro-  or  pyostdpinx  is  of  a  sausage  shape, 
and  can  be  traced  to  the  uterine  cornua. 

Whenever  the  bimanual  examination  discovers  the 
presence  of  a  large  growth,  or  it  is  .self-evident  that  the 
l>atient  has  an  enlargement  of  the  abdomen,  abdominal 
palpation  must  be  practised.  S|)ecial  works  will  have 
to  be  consulted  for  the  details  of  the  technitiuenecessiiry. 
Gentleness  of  touch  is  here  as  essential  to  success  as  in 
the  vaginal  examination.  The  novice  will  do  well  lo 
avoid  giving  a  positive  opinion  as  to  the  nature  of  an 
abdominal  enlargement.  Pregnancy,  ascites,  fat.  gas, 
facal  accunuilatii)us,  a  disteucled  bladder,  are  but  a  few 
of  the  conditions  that  juust  be  differentiated  from  tumors. 

A\hen  the  ijresence  of  a  growth  is  certain,  not  only  its 
character,  but  also  its  relations  to  the  pelvic  organs, 
must  be  carefidly  studied.  The  presence  of  adhesions  is 
judged  by  the  amount  of  fixation  that  exists.  It  is  a 
good  plan  to  examine  all  abdominal  enlargements  in 
various  postures.  Percussion  is  of  value  in  mapping  out 
the  relations  of  the  intestines. 

It  should  be  borne  in  mind  that  in  acute  inflamma- 
tory affections  of  the  pelvic  contents,  appendicitis  and 
ectopic  gestation  shoidd  be  carefully  diffejentialed. 
Fiikewise.  at  the  present  time,  a  gyiuecological  examina- 
tion can  scarcely  be  considered  complete  without  an  in- 
vestigation of  the  mobility  of  the  kidneys. 

Kraminirtwii  icith  Instruments. — After  the  bimanual 
examination  has  lieen  completed,  the  instrumental  ex- 
amination is  in  order. 

The  instruments  necessary  are  few,  and  comprise  a 
Sims  speculum,  a  bivalve  speculum,  a  depressor,  dress- 
ing forceps,  single  tenaculum,  double  tenaculum  or  bullet 
forceps,  probe,  sound,  and  a  small  flexible  spoon  curette. 
Cystoscopic  tubes,  a  urethral  endoscope,  and  an  aspirat- 
ing syringe  would  render  the  armamentarium  complete. 
Suitjible  basins  for  cleansing  .solutions,  etc..  should  be  at 
hand,  and  also  an  abundanceof  absorbent  cotton.  Theab- 
sorV)ent  cotton  should  be  made  into  cotton  balls,  as  they 
are  convenient  and  greatly  facilitate  the  cleansing  of  the 
vtdva.  vagina,  etc. 

T/ie  Sjieculiim. — Of  all  the  many  varieties  of  specula 
that  have  been  devised,  there  is  none  better  than  the 
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The  Sims  spe<iibim 
alone  iIih-s  only  a  small 
part  of  the  exposing'  ol 
the  vauina  It  is  in  (he 
Sims  posture  thai  the 
great  virtiieof  this  mitli 
<mI  lies.  In  the  eoriecl 
Sims  position,  the  pelvis 
is  tillid  over  at  an  nnirle 
of  forty  live  diirrees.  so 
thai  the  int<-sliiies,  etc  . 
gntvitate  out  of  the  pel 
vie  brim,  as  if  out  of  u 
basin.  This  pnnliices  a 
vacuum  ill  the  pelvis, 
an<l  when  the  .speculum 
relniits  the  periiu-uin 
anil  opens  the  labia,  the 
air  rushes  in  anil  bal- 
loons the  vairiiia.  so  that 
its  folils  ale  oblilcnileil, 
permitting     an     iinoli. 

strucled  view  of  the  vaginal  vault  and  the  cervix.  In 
this  position  the  uierus,  unless  ti.xed.  can  be  drawn  down 
nearly  to  the  oritice  of  the  vagina,  so  that  treatment  or 
examination  is  greatly  facilitated. 

The  bivalve  speculum  gives  but  a  limited  view  of  the 
cervix,  and  alToids  only  a  small  amount  of  space  in 
which  instrumental  manipuUitious  can  be  carried  out. 
Furthermore,  if  the  uiirus  is  in  Ilie  normal  or  in  an  aiite- 


iusiable  lit  the  vaginul  orillce,  nnil  It  eun  Im."  convertt-U 
inio  a  Sims  speculum.  In  wlecling  a  bivalve  Npeeiiliim, 
care  should  be  taken  to  s<-e  thai  the  anterinr  blmie  is  from 
n  half  an  inch  to  an  inch  shorter  Ihuullic  posi<  ri<>r  blade. 


-  -Ni.>-. 


>"*« 


Fio.  S4SS.— Graves   Bivalve  Vaslnal  Speculum. 

verted  position  it  is  sometimes  extremely  difficult,  through 
this  pattern  of  speculum,  to  pass  a  sound  or  to  make  intra- 
uterine applications. 

.•V   good  example   of  a   bivalve  speculum  is  that  of 
Graves  (PMg.  2425).     It  has  the  advantage  of  being  ad- 


Fio.  3*28. —Correct  Posture  of  Patient  and  Nurse  In  ilie  Sims  Position. 


I       Various  self-retaining  Sims  specula  have  been  devised. 

'  and  while  none  of  them  is  as  good  as  the  instrument 
held  by  an  assistant,  the  examiner  will  l)e  able  to  get 
along  fairly  well  with  one  of  these  instruments.  Perhaps 
one  of  the  simples!  and  best  is  Cleveland's.  Khrich's 
modilication  is  also  very  serviceable. 

The  tirst  requisite  toa  successful  examination  wiili  the 
Sims  speculum  is  a  proper  Sims  posture.  The  nurse, 
or  the  physician,  will  direct  the  patient  to  sit  up  on  the 
table  and  then  to  lie  on  her  left  side  with  the  left  arm 
flexed  behind  her  back.  Both  knees  are  then  to  be  ilniwn 
up  in  the  direction  of  the  chin,  the  uppermost  knee 
lying  above  the  under  one.  In  this  |)ositioii  the  sole  of 
tiie  right  foot  will  lie  above  the  left  ankle.  The  left 
hand  of  the  nurse  should  then  be  passed  under  the 
lower  bullock  until  the  crest  of  tlieiliumcan  be  grasped. 
Traction  should  then  he  made  on  the  crest  of  the  ilium 
until  the  lower  buttock  shall  have  been  drawn  to  the 
edge  of  the  table,  while  at  the  sjime  time  the  right  hand 
pushes  the  upper  buttock  in  the  oi)posite  direction.  This 
mananivre  will  tilt  the  jielvis  so  that  the  brim  will  lie  at 
an  angle  of  about  forty  live  degrees  with  the  table.  To 
prove  that  the  jielvisis  properly  tilted,  all  that  is  necessary 
is  to  hold  a  straight  rod  at  right  angles  to  the  table  and 
against  the  lower  luittock.  when  it  will  be  seen  that  the 
upper  buttock  is  four  or  tive  inches  beyond  its  neighbor. 
If  the  clothing  has  been  previously  loosened  aboul  the 
lower  abdomen  and  waist,  the  intestines  will  gravitate 
out  of  the  pelvis.  The  legs  and  feet  should  lie  on  an  ex- 
tension leaf  at  the  right-hand  corner  of  the  table.  Fi- 
nally, the  patient  is  covered  with  a  sheet  so  that  only  the 
vulva  is  exposed  (see  Fig.  24261. 

The  |)hysician  sits  at  the  foot  of  the  table,  and  al  his 
right  hand  there  should  be  a  stand  upon  which  the  in- 
struments, basins,  etc..  are  arranged  within  convenient 
reach.  A  wanu  carbolized  solution  should  be  used  for 
immersing  the  instruments.  Care  should  be  taken  to 
warm  them  properly  before  they  are  used.  The  nurse 
standson  the  physician's  left,  facing  him  and  close  to  the 
side  of  the  table!  With  her  left  hand  the  nurse  raises  the 
upper  buttock  and  labium,  keeping  her  lingers  separated 
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and  pxtendod  and  taking  care  not  to  use  tlie  tips  at  all. 
but  toriill  up  the  Imtlcick  with  the  palmar  surfaces  nf  the 
fingers  uuly.     If  the  points  of  the  lingers  are  used  like  a 


IntroducinK  Sims'  Speculum. 

claw,   it    is  decidedly  unpleasant  to  the  patient.     The 

physician  draws  down  the   lower  buttock  and   labium 

with  his  left  hand  in  a  preciselj^  similar  manner,  while  he 

grasps   one  end  of  the  speculum  with  his  right  hand, 

being  careful  to  have  the  index  linger  project  bej'ond  the 

bin  of  the  speculum  for  an  inch  or 

more  (see  Fig.  2427).    The  speculum 

and  linger  sliould  have  previously 

been  well  lubricated.     The  iilea  of 

the  projecting  finger  is,  that  it  is  to 

enter  the  vagina  in  advance  of  the 

speculum  as  a  pilot,  so  as  to  gvnde 

the  tip  of   the  instrument  behind 

the  cervix. 

The  direction  of  the  vagina  must  be  borne  in  mind. 
As  the  patient  lies  in  this  position,  the  vagina  will  nm 
in  a  direction  toward  the  centre  of  the  sacrum.  As  the 
finger  enters  the  vagina,  the  speculum  follows  after,  en- 
tering laterally;  that  is,  the  Hat  of  the  blade  corresponds 


the  instrument  is  given  to  the  nurse,  who  shoulil  grasp 
it  firmly,  ihi' lingers  surrounding  the  external  blade  wliile 
the  thumb  lies  in  the  groove. 

The  nurses  duties  are  to  hold  the 
speculum  exactly  as  it  is  given  her. 
and  to  keep  the  upper  bultock  re- 
tracted. She  can  best  do  this  with 
conifoi't  to  herself  and  sjilisfaction 
to  the  examiner,  if  she  stands 
straight  up,  facing  slightly  away 
from  the  jthysieian,  so  that  the  arm 
holding  the  speculum  is  wrapped 
about  iier  b(Kly  Her  arm  is  thus 
steadied,  and  there  is  no  occasion 
for  any  strain  on  the'  nuisdes  of  the 
hand  or  forearm  (see  Fig.  '242fi).  If 
she  is  directed  to  increase  the  trac- 
tion on  the  instrument,  she  simjily 
rotates  her  whole  body  anil  does  not 
bring  into  play  the  muscles  of  lier 
arm.  I5y  this  method  a  nurse  can 
hold  a  speculum  for  a  long  period 
without  becoming  tired,  and  it  is 
far  more  .satisfactory  than  stooping 
over  the  patient,  grasping  the  sjiec- 
iduni  by  the  shank,  and  keeping  up 
all  the  tension  with  the  arm  nuis- 
des which  soon  tire  and  cause  un- 
steadiness. 

The  Dij))-(iuu»: — As  the  perineum 
is  retracted  and  the  vaginal  walls 
are  exposed  to  view,  the  cervix  will 
usually  be  hidden  behind  the  an- 
terior wall  of  the  vagina,  which 
bulges  somewhat  in  front  of  it.  We 
should  therefore  next  use  an  instru- 
ment called  a  depressor,  to  depress 
the  anterior  vaginal  wall.  The  depressor  is  practically 
a  spatula  or  spoon  (see  Fig.  '2428).  which  sliould  be  held 
between  the  thumb  ami  fingers  of  the  left  hand  and  gently 
used  to  i)\i9h  aside  the  bulging  anterior  wall  so  that  the 
cervix  may  be  brought  into  view.     Care  should  be  taken 


Fig.  24^1.— Hunter's  Depressor. 


while  using  this  instrument  that  the  wrist  of  the  hand 
is  drop])ed  below  the  line  of  vision. 

'T/ie  Dressing  Forceps. — As  soon  as  the  cervix  is  brought 
into  view  a  dressing  forceps,  holding  a  cotton  ball,  is 
used  to  cleanse  the  cervix  and  vagina  of  anv  secretion 


Fio.  2429.— Bozeman's  Uterine  Dressing  Forceps. 


to  the  direction  of  the  cleft  between  the  labia  As  soon 
as  the  index  finger  feels  the  cervix,  the  speculum  can  lie 
easily  guided  behind  it  into  the  posterior  vaginal  fornix. 
The  speculum  is  then  rotated  to  its  final  position  so 
that  it  will  retract  the  perineum.     The  external  end  of 


that  may  be  present,  after  which  a  cotton  ball  saturated 
with  carbolic  or  other  solution  is  used  to  bathe  the  ])arts. 
Of  the  dilTerent  forms  of  dressing  forceps  there  is  a  suf- 
ficient variety  to  suit  the  taste  of  the  examiner.  One 
having  a  curve  is  of  advantage  as  it  enables  the  right 
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hand  to  keep  out  of  thi>  lino  of  vIhIoii.  Rozvnuin'*  for- 
0(>im  Is  a  iiiunl  llluNtmtioii  of  tliiit  iiiMtriiiiu'iit  (hoc  Pig. 
a42«) 

Hy  lilt'  ins|ic<liciii  iif  llir  ciTviv  iiml  llic  vii^'o"'  ^*''  '"■'■ 
cniiblcil  III  vrrifv  tin-  iliiiKnuxi^  iiiiiilr  liy  viiKiniil  lnuili. 
Tlir    ciiiiilitiiiii   iif    tilt'    vii^'lii:il    iniit'oiiH   iiii'inliniiii'.    tln' 
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fin'St'iifo  t)f  llslulif  iir  iif  tifiilriffs.  Ilif  t'xttnl  of  ctTxit-iil 
iiffnitiniis.  Iiy |irr|>liisiii  nf  llir  ttTvix.  uiiil  trtisiiiiis  arc 
nil  l)riiii>;lil  liiln  vit'W. 

T/ii  Ti hiiriihiiii. — Tlif  iit'Xt  sit'p  is  to  st'izf  tlif  ciTvix 
l)V  tilt'  iintt'iior  lip.  s<i  tliiit  it  iimy  l)t'  tlniwii  tlowii  fur 
I'fiistT  iiispiiiiiiii  iiiiil  iilsi)  fur  tlir  piiipiisi'  iif  steady iiii; 
tlif  iirjjaii  wliilf  a  siminl  or  ntliir  iiislniimiil  is  lieiiig 
passtil  iiitii  llir  iilcnis.  Tlif  siiiiilf  Imok  Ifiiaculiiiii,  us 
slitiwii  ill  Fiir-  '.J-I3II.  is  tlu-  stylf  of  iiisiniiiifiil  usually  em- 
ployt'il.     It  shoiilil  1m.'  liutiki.'il   iiiln   llii-  tcrvix   llirough 

tlif  t)S. 

Kor  tlif  purpi)S«'S  of  fxaminaliuii  and  nf  iiiakin;:  intra- 
iitfriiif  applitaliiiiis.  tlif  tloiiblu  tfUiifuluni  has  iiiauy  ad- 
vaiilaiifs  ovtr  Ilif  singlf  iii- 
striinu'iit. 

Nil  inatttT  how  export 
tlif  fxaniiiifr  may  Iif.  In- 
caiiiiiit  liflp  iiiakiii>,'  ii  iiiiiii 
bfr  of  piiiutiirfs  willi  tlif 
siiiiiU'  iiistruiiit-nt  tliiriiii; 
tlif  foursf  nf  his  fxamina 

tiiiii    and    liiiilnunl,      Thf '    ' 

instruiiifiit  taiiiiiit  In-  lift 
on  the  cervix.  Iiut  must  1" 
held  by  one  hand,  so  that  if 
iMitli  hands  arc  nccdfii  ilui- 
injr   ihf    pre panitiim  of   an 

a)>plifaliir,  ftc,  Ilif   inslru  Fig. 

nifiit  niiisi  lif  ri'iiuivfil  and 
tlitn    aflirwaid    iiappliid. 

It  frfiiiifiilly  liars  thrmiirli  a  friable  cervix,  causing  at 
times  a  bnlhi'rsiime  hfiiiorrhagf.     All  of  tlifse  tlisadvan- 
tagfs  can  be  avoidcii  by  using  a  ilouble  tenaculum  such 
as  Skene's  (sec  Fig.  24:!1),  or  the  oiilinary  bullet  forceps 
will  answer.     With  the  tloiible  tenaeiiliim  two  punctures 
only  are  made  in  Ilic  anterior  lip  of  the  cervix,  instead  of 
half  a  diizfii.     Tin- iiistnimiiil   is  clampi'd  on  by  means 
of  tlif  latfli.  sn  that  no  hand   is  rii|uirfil   In  linld  it.      It 
will  nf  itst'lf  act  as  a  tlf  prfssor  to  keep  back  the  bulging 
anterinr  wall.     So  long  as  it  ifmains  fast- 
eneil  to  the  cervix,  the  uterus  will  be  under       ^__^^^_- 
perffft  conlrol.     A   retroverted   uterus  can     '-'       ''^^'°" 
be  replaced  with  great  fiisc  with  this  iiistru- 
mi'iit.     This  is  accoiuplislitd  by  drawing  on 
the  cervix  anil   inakiiiir  it  discribf  a  tin  If 
backward  into  tlif  iinstcrinr  fornix.     Il   is  of  course  to 
be  undfislond   that   nidinary  cari'  will  be  exercisfd,  and 
that   Ilif  instruminl  is  at  all  times  tn  bf  used  wilh  the 
same  gentleness  ami   tlelicacy  as  the  single  tenaculum. 
Great  care  should  be   used   in   dniwiug   tlown  the   cer- 
vix,   as  this   is   a    proceilure 
that  may  do  much  hann  anil 
cause    consitieniblf    ])ain,    if 
adhesions    or    intlammatniy 
conditions  exist.    The  biman 
ual  fxaminatinn  slinuld  havf 
prf  viously  disclnsfd  iiiiv  cnn 
ditinn   of   immobility  of  the 

organ,  or  any  lack  t'lf  elasticity  of  the  ligaments.  Un- 
less the  uterus  can  be  ilrawn  ilnwn  easily  wi'.hout  force, 
the  prncfdure  should  not  bf  attfinpted. 

Thf  Pi-nheiiml  (hi  .^"/«rf.— After  the  cervix  and  its  siir- 
rountlinsrs  have  been  inspected,  the  next  procedure  will 
be  tn  examine  the  cavity  nf  the  uterus  by  means  of  the 
prnbe  or  Ihe  sniintl. 

The  iirobf  is  a  viry  flexible  piece  of  copper  or  silver 
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wire,  with  nil  olive  Hlinped  lip,  nnd  Ih  i1ei<if;neil  to  iH-iitl 
on  liiffling  the  KlIghtfHl  nbstriictloM  It  In  then'ftirt'  u 
Hiife  iiiHlruiiifnl  with  which  in  make  uii  explnnilion  tif 
the  iileriiif  cavity  (see  Fig.  'iVM). 

The  snuiid  is  nf  u  larger  ilianifter.  nnd  Ir  iiiiicIi  HtilTcr 
Ihan  Ihf  pmbf,  but  is  capable  nf  belii^  iH'iit  into  UIIT 
shapf  that  may  1m'  retiiiirftl. 
"'iinipstin's  Kiiiiiiil  is  ihi'  inslrii- 
iiiiiil  usually  iiiiplnyid  (sfi-  Fig. 
.')!t:i|.  It  has  a  biilliniiH  tip  and 
at  a  pnini  two  aiitl  a  half  inches 
frniii  the  enil  there  is  un  enlarge- 
int-nt  which  dfiiolcs  Ihf  iinrniiil  leii^lli  of  ihc  uterine 
canal.  The  shaft  is  markftl  in  incht-s  for  purposes  of 
iiifiisurf  Ilif  111. 

Thf  .snuiiil  is  an  instruiiifiit  capablf  of  inlliciing  much 
daniage.  and  requires  great  care  in  its  use.  (Jreal  harm 
may  be  done  by  emplnyinj;  it  ntklissly  and  unskilfully. 
The  novice  had  bftlir  by  far  usf  tin-  probe  niily.  Inr  liis 
investigatinns.  until  he  has  acijuirfd  a  sulliciciit  kiinwl- 
edge  of  the  lf('liiiii|Uf ,  and  .smiif  skill  in  his  inanipiilations. 
Thf  probe  will  reveal  nearly  as  much  as  tlie  sound, 
anil  thfrf  is  no  fspfcial  advanlagc,  in  ihf  majority  of 
inslaiices,  in  employing  the  more  ilangerous  iiistiu- 
iiicnl. 

The  first  precaution  to  he  taken  Iwfore  invading  the 
uterine  cavity  with  any  iiistniment.  is  to  a.scerlain  the 
date  of  the  last  menstruatinn.  If  this  precautinn  is 
omitted  the  physician  will  frequently  find  that  be  has  un- 


intentionally interrupted  a  com- 
ineucing  iiregnancy,  sometimes 
to  the  delight  of  his  patient, 
who  may  have  had  such  an  ob- 
ject in  view  in  requesting  an  examination  for  other 
trouble.  The  technii(Ue  of  using  the  souml  is  practi- 
cally the  same  as  that  for  intrntliicing  the  prnbf. 

The  instrument   shnuld  never   be  introiliicfil    without 
having  the  cervix  clearly  in  view,  so  that  it  maj-  be 


Fig.  24.'i2.— rtfrtne  Probi'. 

passed  directly  into  the  canal  of  Ihe  cervix  without  com- 
ing in  contact  with  the  surrounding  parts.  The  method 
of  introducing  the  instrument  by  sense  of  touch  should 
be  condemned  just  as  strongly  as  the  old  method  of 
catheteriziug  a  patient,   when    it  was  considered  desir- 
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FIO.  3433.— E.  Simpson's  Sountl. 

able  for  the  physician  to  be  able  to  introduce  a  cjitheter 
into  the  bladder  under  a  sheet. 

Any  instrument  that  is  to  enter  the  uterus  in  the  course 
of  anexamination  shnuld  lie  sterilized  as  if  for  an  opera- 
tion. Boiling  is  perhaps  Ihc  sjifest  plan,  but  when  the 
conveniences  are  not  at  hand,  the  instrument  can  be  im- 
mersed in  ninety-tive-per  cent,  carbolic  acid  for  a  few 
moments,  and  then  in  alcohol  to  neutralize  the  acid. 


The 
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Iiiiii.'iniial  I'Xiiniinalioii  will  liavc  iriv,.)!  the  iilivRiciaii  a 
fairly  aciuralc  idea  as  to  Ilic  sliapc^  of  the  ulcnis.  anil  he 
slioiilil  sliapr  his  prulic  orsouiiil  a((iinlirii;ly.  'I"hc  instru- 
iiunt  is  til  he  hi'lil  li^'htly  liitwriii  tlir  Ihiiinli  anil  forr- 
linircr  anil  llii'  i  rrvix  sliailii'it  hy  the  ti-naciiluiii.  The  tip 
is  then  passed  into  the  external  os  anil  allowiil  to  linil 
its  way  alonj;  the  canal.  It  will  frequently  become 
ohstriicleil  at  the  internal  os  tiy  a  shoiililer  or  pocket  in 
the  luucous  membrane,  in  which  case  a  gentle  twisting 


ihietion  tbrouKli  the  vaginal  vault.  Cystic  or  indanima- 
tory  nias.ses  which  are  situatcil  low  ilown  in  the  |ielvis,  anil 
which  can  be  palpated  by  the  examining  linger  through 
the  vaginal  vault,  can  be  sjifely  punctured  with  the 
needle  and  the  contents  withdrawn  by  the  syringe  for 
examination. 

'r/if  .Vkrosrnpe. — The  aid  of  the  microscope  for  differ- 
ential diagnosis  is  of  especial  value  in  gynieeologieal  ex- 
aminations.    The  recognition  of  the  gouococcus  by  the 


Fig.  StM.— Skene's  Curette. 


motion  or  withdniwnl  w  ill  enable  the  sound  to  pass  the 
obstacle.  The  probe  will  pass  a  constriction  al  the  in- 
ternal OS.  while  the  sound  may  be  arrested.  Sometimes, 
in  anteilexion.  the  const  rid  ion  may  be  spasmodic  in  char- 
acter; if  such  is  the  case,  the  stricture  will  relax  if  the 
sound  is  held  lirmly  against  it  fora  few  moments.  When 
the  instrument  reaches  the  fundus,  the  forclinger  is  slid 
along  the  .shaft  until  it  comes  in  contact  with  the  cervix. 
The  probe  or  sound  is  then  withdrawn  and  the  depth  of 
the  \Ueriiie  canal  can  readily  be  noted. 

The  sound  should  not  be  used  to  determine  the  mobil- 
ity of  the  uterus.  It  is  such  a  powerful  lever  that  the 
uterine  niueosii  will  be  unneeess;irily  injured  even  if 
worse  damage  is  not  done.  The  degree  of  mobility  of 
the  uterus  can  be  determined  better  and  more  safely  by  the 
bimanual  examination.  In  the  healthy  uterus  the  sound. 
if  skilfidly  |)assed,  should  not  cause  eitlierpain  or  hemor- 
rhage. The  occurrence  of  one  or  both  of  these  symptoms 
denotes  a  disea.sed  condition  of  the  endometrium.  The 
patency  of  the  external  and  internal  os,  irregularities  on 
the  uterine  nuicosii.  and  the  presence  of  growths  in  the 
canal  are  ascertained  liy  means  of  the  sound.  The  sense 
of  touch,  as  communicated  through  the  sound,  is  here 
brought  into  ])lay,  and  this  necessitates  that  the  instru- 
ment must  be  held  very  lightly  between  the  thtiinb  and 
lingers  in  order  to  appreciate  any  delicate  variation. 

The  use  of  the  sound  as  a  repositor  is  to  be  condemned. 
Any  evidence  of  acute  inlianunalion  of  the  uterus  or  its 
appendages  prohibits  any  intrauterine  manipulations. 

77(1'  Ciiritte. — The  curette  is  a  valuable  instrument  for 
diagnostic  purposes.  The  curette  for  this  purpose  should 
be  small,  so  as  to  pass  the  internal  os  without  dilliculty. 
It  should  be  dull  and  very  tlexible,  so  that  no  damage 
can  be  done  with  it.  The  spoon-shaped  curette,  as 
shown  in  Fig.  24:i4.  is  especially  ada|)tcil  for  diagnosis, 
although  a  dull  wire  curette  may  be  used.  The  spoon 
curette  enables  one  to  scra|ie  off  shreds  of  tissue  and 
epitheliinn  from  the  endometrium,  which  .should  be  ex- 
amined under  water  to  disclose  their  gross  appearance, 
while  they  are  to  be  submitted  to  microscopic  examina- 
tion for  more  accurate  diagno.sis.  All  that  has  been  sjiid 
in  regard  to  employing  the  sound  ajiplies  eiiually  to  the 
curette.  The  instrument  must  be  properly  sterilized, 
and  given  the  shape  of  the  canal  which  has  been  accu- 
rately asceiiaineil  by  means  of  the  sound  or  probe.  It  is 
to  be  used  with  all  gentleness.  The  curette  is  not  to  be 
u.sed  in  thcolliee  tocurette  the  uterus  as  foran  operation  : 
it  should  serve  simply  as  a  means  of  procuring  a  small 
amount  of  tissue  or  debris  from  the  uterine  canal  for 
diagnosis  only. 

l>iliiliitii>n  of  the  Cervix. — This  is  a  procedure  w  hich  is 
sometimes  nece.s-sary  in  order  to  admit  the  jiassjige  of  the 
examiner's  linger  into  the  uterine  canal  for  jmrposes  of 
diagnosis.  As  it  is  of  such  a  luiture  as  to  require  an 
ana'sthelic  for  its  projier  performance,  as  well  as  the 
usiuxl  preparations  for  a  surgi<-al  operation,  its  descrip- 
tion does  not  belong  in  this  article. 

ICj-iiiitimilioii  of  tlic  L'nthrii  and  lilatlder. — Thissubject 
is  fully  treated  in  Volume  II.  of  this  work. 

The  Aspiriitiiifi  Si/n'iif/e. — The  ordinary  aspirating 
syringe  used  in  exploring  the  chest  for  pleuritic  effusions 
is  ail  thai  is  neces.sjiry.  It  is  desirable  to  liave  a  long 
curved  needle,  as  the  curve  greatly  facilitates  its  intro- 


microscope  is  of  jirime  importance  in  investigating  the 
character  of  vaginal  or  other  discharges.  In  factit  is 
impossible  to  be  sure  of  the  character  of  a  discharge 
without  its  aid.  As  the  imjiortanl  position  that  the 
gonococcus  holds  as  an  etiological  factor  in  diseases  of 
women  becomes  better  known,  the  necessity  for  the  u.se 
of  the  micro.scope  by  the  gynieeologist  ap|)ears  in  a 
clearer  light.  Commencing  epithelioma  and  carcinoma 
are  to  be  detected  with  positiveness  only  by  submitting 
uterine  scrapings  or  small  pieces  of  cervical  tissue  to  mi- 
croscopical examination.  It  must  also  be  resorted  to,  in 
many  cases,  in  differentiating  malignant  from  nou malig- 
nant growths,  George  Oiiii/  H'ti/'d,  Jr. 

H/€IVIATEMESIS.     See  Stomach,  Diseases  of. 

H/EMATIDROSIS  is  a  functional  disturbance  of  the 
sweat  apjiaraius  whereby  blood,  through  disipedesis  into 
the  coils  and  duels  from  their  surrounding  vascular 
plexus,  becomes  mingled  with  the  sweat  and  appears 
with  it  upon  the  normal  skin,  producing  the  phenomenon 
of  so-called  "  Mood//  xireiit. "  It  is  an  exceedingly  rare  occur- 
rence, and  when  observed  the  svibject  has  been  generally 
a  highly  neurotic  person  undergoing  some  strong  emo- 
tional disturbance.  Insome  instances  it  has  seemed  to  be 
a  form  of  vicarious  menstruation.  It  has  berti  observed 
in  the  newborn.  The  points  where  it  has  been  observed 
to  occur  are  the  face,  cars,  umbilicus,  feet  and  hands  in 
limited  areas,  giving  rise  to  the  term  "bleeding  stigmata" 
and  other  names.     Treatment  is  that  of  the  patient. 

(%ir/r.i  T"irii!<li('nd  Dude. 

H/EMATOCELE,     RETRO-UTERINE     OR     PELVIC. 

See  Kilr.t-i'l,rii„    rr,;ii„iii,-ii. 

H/EMOGALLOL.  H/EMOL.— Tw  o  patented  compounds 
prepared  from  the  coloring  matter  in  the  blood  and 
thought  to  be  more  readily  ;d>.sorbeil  than  other  i)rep- 
aratioiis  of  iron.  The  first  is  obtained  by  the  action 
of  pyrognllnl,  the  latter  by  the  action  of  zinc  dust. 

Ila'inogallol  is  a  brownish  red  |iowder.  very  soluble  in 
water.  The  dose  is  from  gr.  v.  to  x.  three  times  a  day. 
Ihemol  is  a  black  powder,  also  very  soluble  and  admin- 
istered in  the  sjxme  dose.  They  have  been  recommended 
for  the  treatment  of  chlorosis  and  anaMuia. 

Itiiinnifitit  SiiHtU. 

H/€MOLYMPH  GLANDS.  HISTOLOGY  AND  PA- 
THOLOGY.)— The  iKeiuolyinph  glands  are  lymphailenoid 
slriirlures  occupying  a  position  interuiediale  between 
the  spleen  and  ordinary  lymphatic  glands.  In  structure 
they  closely  reseinble  the  latter,  the  essential  ilitTerenee 
between  the  two  being  that  they  possess  blood  sinuses 
in  place  of  lymph  sinuses.  Transition  forms  between 
the  two,  however,  exist;  a  glauil  may  contain  both 
lymph  and  blood  sinu.ses;  but  the  ju'cseiu-e  of  the  latter, 
however  small,  is  sutlicieut  warrant  for  its  clas.siliealion 
as  a  ha'molymph  gland.  There  are  also  transition  forms 
between  the  ha'molymph  glands  and  spleen,  many  of 
the  former,  particidarly  in  the  lower  animals,  possessing 
a  spleen-like  pulp.  The  spleen  itself  maybe  regarded 
as  a  h.einolymph  gland;  and  undoubtedly  many  of  the 
so-called  accessory  spleens  fall  into  the  class  of  hiemo- 
lymph  glands. 
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OfciiiiiKNiK— The  cxlstcnco  of  liirnidlvnipli  pliinds 
wiiM  llrsl  iiiiliriil  ill  the  liiwcr  aiiiiimis,  |mrliciiliirlv  llmsr 
iisnl  fur  fond  |nir|ios»-s.  In  llir  slier,  pij:.  luiil  ulircp 
llii-m-  slnuliins  arc  vrrv  miiiiiroiis  in  llir  |iri-vrrl<linil 

fill,  anil  coiispiriioiis  liiM-ausc  of  ilicir  ilicp  lil 1  color. 

From  tlii'ir  niiiiilii'r  ami  si/.i-  in  iIii'M'  aiiiiiuils  it  is  n'a.Hoii 
hI)U'  to  suppose  lliat  llirir  fiiiictioii  is  uf  iiiiportiiiui' 
Itiilriicrs  mill  iiirat  ilrnlrrs  havr  liin^  hrm  acipiaintiil 
witli  lliiir  ^rross  iippinniiiics.  lull  liavf  iisiially  irpinlrd 
llicm  as  hliMiil  clnis  Krom  the  Mirnlilic  sidr  llirv  liiivi' 
liri'li  slniimrlv  llru'lrrli'd,  tlioii^li  as  lailv  as  I.TiT  l.cv 
diir  poiiiird  out  llic  riosc  rcst'iiililaiiii'  l«lwrcii  Ilicsc 
);laii(ls  and  the  splci-n.  Morr  rrcciilly  tlicv  have  lircoiiic 
objicls  of  srirnlili<-  invcstiffatioii,  and  liavf  hccii  found 
III  lie  pri'sriil  also  in  ilir  j;oal.  horse,  dog,  ml,  ftuiiit'ii- 
pig,  I'oiniiiiiii  fowl,  and  liirkev. 

Their  presence  in  liiiin  has  only  lately  liecmiie  a  matter 
of  careful  study,  though  lyinpli  glands  with  liluod- 
containing  sinuses  have  lieeii  many  limes  dliseived. 
Such  tindings  were,  however,  inlerpieted  as  ordinary 
lymph  glands  into  whose  Ivmpli  sinusis  there  had  lieeii 
a  lieniorrhage  or  liackwaril  How  of  IiIikkI.  II.  Gilibes. 
in  1.'<H4.  was  the  lii-sl  observer  to  consiiler  such  glands  lo 
be  permaiieni  and  independenl  slriKtiircs.  .\  similar 
view  was  taken  by  Kobertson  in  ll^itO.  and  lo  this  ob- 
MTver  we  owe  the  desigiialion  h:cinolyiniili  gland,  this 
name  having  been  suggested  lo  liini  by  Dr.  Kussell. 
The  coHsUinl  presence  of  these  glands  in  the  human  body 


Firm,  r.ynipli  gIniirlR  conUlnliig  Ii|..ih|  sums- s  iincoii 
staiitly  pri'Heiit  in  the  human  body  in  all  coiiditioiiH  unil 
at  all  ages. 

Second  The  Htriictiire  of  such  glanilN  dJITers  in  many 
respects  from  that  of  ordinary  lymphalic  glaiidH:  anil 
the  appearance  presented  by  heinorrliagie  lymphatic 
glands  is  wholly  unlike  that  of  a  hii'inolymph  gland. 

Third  These  glands  in  the  human  body  sliow  iiiuny 
points  of  similarity  to  the  hii'inolympli  glands  fonnil  In 
the  steer  and  sheep,  and  tlii'  latter  from  their  number, 
si/c,  constant  oceiirreiice,  anil  individual  structure  iiiUHt 
be  regarded  as  organs  dxi //(/// /in  without  i|Uesllon. 

I,o(  ATio.N.  —  In  the  lower  animals  the  hatiiolyniph 
glands  ari'  found chielly  in  the  pri'Vert4.'bnd  fat.  along  thu 
course  of  the  aorta,  renal  and  adrenal  vc8.sols,  brim  of  the- 
pelvis,  and  in  the  rout  of  the  mesentery.  They  rarely 
extend  far  owl  iiitn  the  latter,  but  are  occasionally  found 
in  the  omeiiluni  and  epipluica.  'I'hey  are  also  of  rare  oc- 
ciinence  in  the  mediastinal  region.  In  man  they  are 
found  in  greatest  iiumliirs  in  the  prevertebral,  retroperi- 
loneal,  and  ci'rvical  regions,  in  the  neighborhood  of  the 
adrenal  ves.sels,  along  the  brim  of  the  pelvis,  in  the  root 
of  the  mesentery,  but  rarely  e.Meiiding  far  out  into  it. 
and  ariMif  very  rare  occurrence  in  the  epiploica  and  omen- 
tum. They  are  also  rare  in  the  mediaslinal  tissues  and 
along  the  thoracic  aorta,  e.xcepl  under  coiidilionsin  which 
there  is  a  geuenil  enlargement  of  all  the  lianiolynii)li 
glands  of  the  body,  as  in  certain  forms  of  auxmia  aud 
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Fifi.  2435.— Common  Type  of  Hicmolyniph  Gland  from  Steer.    Pcriplieral  blood-sinus.    Camera  lucida  drawing,    leltz  objective  3;   eye- 
piece No.  11.    Reduced  onc-lhlrd. 


was  conlirmed  later  by  (iibbes  and  Vincent,  and  more 
recently  by  the  preseiU  wiiler.  According  lo  the  inves- 
tigations of  the  latter,  lymph  glands  containing  blood 
sinuses  are  found  constantly  in  llie  lniman  body,  at  all 
ages,  and  in  both  normal  and  pathological  individuals. 
That  these  glands  are  organs  loii  i/cinrin  and  not  hemor- 
rhagic lymphatic  glands  is  evident  from  the  following 
facts: 


Icuktcmia.  This  fact  suggests  the  possibility  of  new 
formation  of  these  structures  in  these  disea.ses  or  their 
e.xistencc  as  resting  glands  too  small  to  be  found  under 
normal  conditions. 

Histology.— BM«oc*;.—Ha!molymph  glands  are  found 
in  the  prevertebral  fat  of  this  animal  to  the  number  of 
sev.i-al  hundred.  Their  deep  red  color  contrasted  with 
the  w  bite  fat  in  which  they  lie  embedded  makes  them 
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very  oonspiciious.  Tliey  vary  in  size  from  ii  |)inp()iiit 
to  riiiit  of  a  largi'  clii-rry  or  almoiui.  In  many  lln'  lilood 
sinuses  occupy  so  large  a  i)art  of  tlie  gland  that  tlicy  re- 
semble  blood    clots.      Their    gross    appearance    varies 


Fig.  34;SI'>.  — One  of  the  varieties  of  Hiemolymph  Gland  from  Sheep.  The  hlood-sinuses  form  the  (rreater  part 
of  thepland:  the  small,  irreiruar  islands  of  lymphadenoid  tissue  are  surrounded  on  all  sides  by  blood- 
sinus.    Cument  lucida  drawiup.    Leitz  objective  3 ;  eye-piece  No.  II.    Reduced  one-third. 


greatly  owing  to  the  different  proportions  between  the 
amount  of  lymphoid  tissue  and  the  size  of  the  blood  si- 
nuses in  different  glands.  On  microscopical  e.\aminati(m 
they  show  a  great  variation  of  structure  in  regard  to  the 
amount  and  arraugeiiient  of  the  lymphoid  tissues  and  the 
number,  size,  and  course  of  the  blood  sinuses.  The  cap- 
sule of  the  gland  is  usually  very  thin  and  contains  yel- 
low ela.stic  tissue  and  unstriped  muscle.  The  lymphoid 
tissue  is  often  very  scanty,  consisting  of  small  islands 
lying  in  the  large  blood  sinuses,  or,  on  the  other  hand, 
the  greater  part  of  the  gland  may  be  composed  of  lym- 
phoid cells  while  the  sinuses  are  small.  In  the  large 
glands  Iriibecidie  of  connective  tissue  pass  from  the  cap- 
side  toward  the  centre  of  the  gland.  The  sinuses  are 
usually  large  and  jirominent.  and  in  the  majority  of 
cases  make  up  the  greater  part  of  the  organ.  They  are 
both  peiipheral  and  central,  with  communicating 
branches,  and  are  traversed  by  a  coarse  reticulum,  whicli 
may  be  very  scanty  or  so  close  and  mesh-like  as  to  give 
an  appearance  resembling  spleen  ptdp.  The  reticulum 
is  line(l  throughout  with  flattened  endothelitnn.  The 
lymphoid  portion  shows  usually  a  division  into  cortical 
and  mcclullarv  zones.  Germinal  centres  may  he  pi-esent 
in  the  cortical  portion,  and  in  these  numerous  mitotic 
ligurcs  may  be  found.  In  the  medullaiy  ]iortion  the 
lymphoid  tissue  is  usually  arranged  in  colunuis  between 
the  blood  sinuses.  The  cells  of  the  lymjihoid  areas  are 
chiefly  lymphocytes,  but  large  mononuclear  cells,  mono- 
nucl<-ar  eosinophiles.  transitional  and  polynuclear  forms 
are  numerous.  Many  of  the  cells  of  the"  reticulum  and 
also  of  the  endothelial  cells  lining  the  blood  sinuses  show 
a  ma.st-cell  granulation.  In  the  central  sinuses  large 
mononuclear  phagocytes  are  found  in  gieal  numbers  in 
the  meshes  of  the  reticulum,  and  these  usually  contain 
disintegrating  red  cells  and  blood  ])igment.  The  glands 
are  supplied  by  numerous  large  arteries  which  on  enter- 
ing the  organ  quickly  break  up  into  small  vessels  feeding 
the  sinuses. 
Sheep. — The  hiemolymph  glands  arc  as  large  and  luom- 


inent  in  this  animal  as  in  the  steer,  and  in  structure 
closely  resemble  those  found  in  that  animal.  As  a  rule. 
they  contain  more  lymphoid  tissue,  and  the  sinuses  are 
relatively  smaller.     Their  capsule  is  also  more  delicate. 

Till-  type  with  central 
lymphoid  tissue  and  peri- 
phcnil  sinus  is  more  com- 
mon than  in  the  o\. 
Phagi  H-\  t  es  containing 
red  cells  and  i>igment  are 
also  less  common,  and  the 
degree  of  hainolysis  is 
evidently  le-ss.  Giant  cells 
resembling  those  of  the 
bone  marrow  are  not  in- 
freciuently  found  in  the 
retictdum.  A  very  re- 
markable feature  is  the 
large  niunber  of  mast  cells 
present ;  in  many  glands 
nearly  all  of  the  cells  in 
the  central  lymphoid  area 
may  show  this  granula- 
tion. Germinal  centresare 
not  so  numerous  as  in  the 
glands  of  the  steer.  Hed 
blood  cells  are  founil 
throughout  the  reticidiuu 
Cif  I  he  lymphoid  areas. 

//'<  rut .  — T  he  ha' m  o- 
Umph  glands  of  the  horse 
have  received  but  slight 
attention.  They  have 
been  found  chietly  in  the 
neighborhood  of  the  kid- 
neys, no  thoroiigh  study 
of  the  preverlebral  region 
having  been  ma<le.  They 
api>ear  as  dark  red  bodies 
of  varying  size  and  shape,  the  largest  about  2,5  cm,  in 
diameter,  the  average  diameter  Iieing  aliout  l.o  cm.  On 
section  they  resemble  very  closely  the  glands  of  the 
sheep;  but  usually  contain  a  larger  amount  of  lymphoid 
tissue  which  is  grouped  in  regular  nodes,  each  of  which 
is  surrounded  by  a  welldetined  blood  sinus,  usually  of 
uniform  width.  Cells  containing  disintegrating  red  cells 
and  blood  pigment  are  numerous,  more  so  than  in  the 
case  of  the  steer  and  sheep. 

Guilt. — Hannolymph  glands  similar  to  those  in  the  steer 
and  sheep  are  stated  to  have  been  foimd  in  this  animal, 
but  no  detailed  description  has  been  given  <if  them. 

Pii/. — The  first  observations  of  ha'tnolymph  glands 
were  tho.se  made  by  Leydig  in  IS.iT.  on  ihe  gross  ap- 
pearances of  glands  lying  along  the  thoracic  aorta  in  the 
pig.  which  bore  a  close  resemblance  to  splenic  tissue,  and 
were  regarded  by  him  as  inti'rmediatestructures  between 
lyni|diatic  glands  and  Ihe  spleen,  lla'inolymph  glands 
are  also  mentioned  liy  Clarkson  as  occurring  in  this  ani- 
mal, but  nodescriiition  of  their  microscopical  ap|)earance 
has  ever  been  pidilislied, 

Dif/. — li.emolymph  glands  occur  constantl}' in  the  pre- 
verteliral  peritoneal  fat,  ahmg  the  brim  of  the  pelvis,  and 
near  the  renal  ve.ss<'ls.  They  may  be  of  large  size.  In 
puppies  they  resemble  closely  those  of  the  sheej>;  but 
in  older  dogs  they  are  not  very  easily  distinguished  liy 
the  naked  e\e  from  ordinary  lymphatic  glands,  in  this 
respect  being  similar  to  those  of  the  human  body.  They 
may  often  be  recognized  by  a  reddish  peripheral  zone 
or  by  red  .streaks  corrcsiionding  to  Ihe  blooil  sinuses. 
Phagocytes  are  numerous,  and  hiemolysis  may  occur  to 
a  great  degree  as  shown  by  Ihe  large  amounts  of  blood 
pigment  present. 

/wir  — Small  oval  or  lenticular  Invmolymph  glands  can 
almost  always  be  found  at  the  lower  border  of  the  i)an- 
creas.  near  the  kidneys,  and  in  the  gastrosjilenic  omen- 
tum. Tin;  sinuses  are  both  iHrijiheral  and  central :  and 
are  of  large  size.  They  are  usually  tilled  with  red  cells: 
but  may  be   partly  or  wholly  empty.      Phagocytes  are 
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llit-iiKii)  ni|ifv 
(•la  111!  M, 


inimrniiiH,  iiiiil  tin-  cvlilciipcs  of  liii'iimlyHln  nrt<  uxiiully 
iniirktil  The  lyinpliolcl  iIshuc  roiisiKlM  of  hcilli  corticnl 
unci  iiiiiliilliiiT  /.ciiirs.  Ilic  foriiur  v«t_v  (Iriiitc  but  Hliiiwing 
11"  f.'rrmiiml  ii'iilri's, 

<i'iiii,ii-l'i'/ — IIii'MiiilvMipli  kIuikIs  liiivc  Imtu  cilwrVCll 
in  lliis  iiiiiiniil  liv  tturkirs  in  tlir  writer's  lulMinilory. 
Tlii-v  iiiiur  in  I  lie  prcviTliliriil  lissiii'S  us  niinuli'  iiiiiMLs 
iisinillv  liM>  sniiill  Id  (»■  n'oijjtni/.tMl  liy  tin-  niikol  ryv. 
Tliiir  niiirnsciipiciil  iippriinmci-  is  vitv  siniilar  l<>  timl  of 
ninny  of  the  liii  ini>lynipli  ;;liinil.H  ill  iiiiiii.  Tlir  siniiwH 
ari'  siimll  ami  arc  iiMially  partly  collapst'il.  tlic  lyiiiplioiil 
arian  air  drnsr  and  only  ranly  slmw  j;iriniiiiil  ii'iilics. 

fV/i.-X, /I  —Dark  rcil  t'lands  nscinlilinjr  liarnolympli 
jrlanils  to  the  naked  eye  liavr  Ixtii  found  in  the  abdoini 
nal  fat.  mar  tlir  stoinacli.  anil  liilow  tin-  irctuiii.  On 
inicn>siopical  i\ainiiiatiim  the  jircatcr  part  of  tlic  ^laiid 
is  found  |o  III'  coniposcd  of  liluod  sinus  lillcd  with  iiiirlc- 
atid  ri'il  ci-lls  There  are  iiuimrous  (•oininwnieatiiijj 
liniiiclies  Ixtween  the  eeiitnil  and  periphenil  sinuses, 
rit'inent  and  plia>;oeyles  eontaiiiiii);  red  cells  are  aliiin- 
daiit  Ked  eells  are  numerous  Ihrougliout  the  relieuluui 
of  the  lynipliiiid  areas 

'rmkiii. — (Jlaiids  similar  to  those  in  the  ehieken  are 
fouud  ulso  in  the  turkey. 

FMfK. — Tile  head  kidney  of  eortjiin  Teleostean  lislies 
is  nnnloKous  in  structure  to  the  hii'iiiolymph  glands  of 
the  hijfher  verlelmites.  Iieinj;  composed  of  irregular 
nias.'ies  of  lymphoid  tis.sue  sepnmted  froiii  each  other  liy 
lilood  sinusi's.      Tin-  peri|dieral  sinus  is  of  larire  size. 

Ilu'iiiolyniph  glanils  have  also  been  sought  in  tlic  moii- 
Kill.  idlJ'it.  fill,  nqiiiriil.  iiidiik,-.  /hiIi/i /mi/,  iiinli.  iiif/iuii, 
imrriil,  iliii-k.fiinj.  /"<((/.  ami  many  fishes  without  success. 
As  these  investigations  were  based  almost  wholly  upon 
naked  eye  appearances, 
it  is  highly  probable 
that  careful  iiiicroscopi- 
eal  investigation  of  the 
tissues  of  these  animals 
will  show  Ihein  to  bo 
present.    . 

if  It  n. — Ly  in  p  li  oi  d 
si  ructures  "  containing 
sinuses  tilled  with  red 
1iI(>(h1  cellsare  constantly 
present  in  the  human 
body.  To  the  naked 
eye  they  are  not  nearly 
so  proniiiu'iit  as  the 
glands  of  the  sheep  and 
steer  becaus<-  of  the  fact 
that  their  blood  .sinuses 
under  ordinary  condi- 
tions are  more  or  less 
collapsed  after  death. 
Those  possi'.s.sing  large 
sinuses  are  dark  red  in 
color;  those  with  siiiall 
or  collapsed  sinuses  are 
recognized  by  theirdark 
periiihenil  /one  and  red 
■-treaks  correspomling  to 
the  blood  sinusi'S.  The 
Search  for  these  glands 
may  be  greatly  facili- 
tated by  ti.xing  the  pre- 
vertebral tissues  in  four- 
jiercent.  formalin, 
which  bleaches  other 
tissues,  but  darkens  the 

blood  containing  areas.  In  this  way  the  blood  sinuses 
are  brought  out'very  much  more  distinctly. 

The  human  Inemolympli  glands  vary  greatly  in  locn 
lion,  number,  and  size,  seldom  occurring  in  exactly  sim- 
ilar manner.  They  are  larger  and  consecpiently  more 
( asilv  found  in  early  adult  life  than  in  old  age,  becoming 
alrophic  in  late  years.  They  are  present  in  the  new- 
born. No  dilTereiu-e  has  been  observed  in  their  occur- 
rence in  the  se.xcs.     They  lie  for  the  greater  part  deeply 


enibcilded  in  fnt  tlsNue,  and  ponwHS  a  very  rlcb  viiHciiliir 
supply.  The  average  size  is  Ihiit  of  a  mi'iall  pen;  their 
relative  proportion  to  ordinary  lyinphalir  glandii  In 
1  to  2(1-1  to  W.  but  ill  Mime  cawH  lliey  are  found  In 
such  large  iiumberH  us  to  suggest  tin-'  [lossibillty  of 
new  forination  or  of  resting  glands  taking  on  un  active 
slate. 

On  micros<-opicHl  e.xiiiniiialion  the  human  hiemolynipli 
glands  show  an  excei-dingly  great  variation  in  siructiire. 
It  would  st'ciii  inadvisable  to  attempt  to  classify  tliese 
variations,  inasmuch  as  confusion  would  result  from  the 
numerous  Ininsition  forms  found  Kroadly.  two  distinct 
types  may.  however,  bedislinguished,  and  to  these  I  have 
applied  the  terms  n/ili  inili/inii/i  i/lii ihIk  iwil  iiiiininr-h/iiiiili. 
1/1,1  iiiIk  un  iiKlicating  their  struct  lire  and  probable  function. 
It  must  be  under.stood  that  there  are  no  hard  and  fast 
lines  between  these  types,  all  ]iossible  transition  forms 
existing  betweiMi  them,  as  also  between  them  and  ordi- 
liarv  lymphatic  glands. 

'1  he  spleiiolyniph  gland  is  the  more  common  fonii  and 
is  found  cliielly  in  the  neighborliood  of  tin-  solar  plexus, 
adrenal  and  renal  vcs.sels,  and  in  the  deep  tissues  of  the 
cervi<'al  region,  and  occasionally  in  the  mediastinal  region, 
omentum,  and  nie.senlery.  '1 1 1 esc  glands  are  usually 
round,  posses.sing  ii  distinct  liiliim  into  which  u  large 
plexus  of  ves.sels  pa.sses.  The  capsule  of  connective  tis- 
sue contains  unstriiied  muscle  and  y<'llow  elastic  tissue. 
It  may  be  very  thick  in  |)ropoition  to  the  size  of  the 
gland,  but  not  infre<|uently  is  very  thin  and  delicate. 
From  the  capsule  tnibecuhe  of  varying  size  run  into  the 
organ  cutting  it  up  into  irregular  lobules;  in  small 
glands  no  distinct  trabecuUe  may  be  present.  Immedi- 
ately beneath  the  capsule  there  is  a  blood  sinus  of  vury- 


FIG.  24ST.-.\  romninn  Variety  of  Ha?niolymph  Gland  from  llie  Human  Ketroperitoneal  ne(rfon.  Periplicrat.. 
communleailnp  and  ceiilnil  sinuses,  lieiween  wtileli  lie  tfie  ma.sses  of  lymphadenoid  lls.sue.  Camera  luoida 
drnwint'.     l.eitz  olijeeilve  ;(:  eye-piei-e  N\».  If.    Ileiiuceii  ...ne-third. 


ing  width  which  usually  runs  entirely  around  the  j'cripli- 
ery  of  the  gland,  but  very  often  only  for  a  jiortion  of  the 
way,  being  frequently  interrupted  by  masses  of  lym- 
phoid tissue  reaching  to  the  external  <iipsule.  Branches 
of  the  peripheral  .sinus  run  toward  the  centre  of  the 
glantV accompanying  the  trabecule.  In  the  central  por- 
tion they  often  becoiiie  very  large  and  iiromiiieiit.  The 
lumen  of  the  sinuses  is  tniversod  by  a  coarse  reticulum 
through  the  meshes  of  which  the  blood  circulates.     In 
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tlie  large  central  sinuses  the  reticular  meshwork  may  at 
times  l)e  very  sraiity. 

The  ritieulum  of  the  sinus  appears,  in  part  ui  least,  to 
be  liiiril  with  cmiothcliiil  cells,  but  these  are  w  illi  !;ri'at 
(lillieully  made  nut,  iiiiil  in  many  places  the  1)Iiiim1  sccims 
to  be  in  direct  contact  with  the  reticular  surfaces.  The 
circulation  is  Iberefore  of  the  type  ilcscribed  as  .sinu- 
soidal. The  nuclei  of  the  cells  of  the  reticulum  stain 
much  more  lijjlitly  than  those  of  the  neii,'hl)orin!;  lyni- 
plioid  tissue.  There  is  apparently  a  direct  conliiunition 
of  the  sinus  reliculum  with  the  rcticidum  of  the  lym- 
phoid areas;  and  the  latter  may  be  re.sianied  as  the  same 
structure  enclosiii!;  in  its  meshes  masses  of  lymphocytes. 
The  number  anil  size,  as  well  as  the  general  arranireuK'nt 
of  the  blood  siiMises,  vary  greatly,  so  that  scarcely  any 
two  glands  resemble  each  other  in  these  respects 

Tile  lymphoid  tissue  lying  l>etween  tlu'  blood  sinuses 
resembles  tliat  of  the  spleen  or  ordinary  lymphatic  gland. 
It  varies  very  much  in  amount,  sometimes  forming  a 
mere  network  between  the  sinuses,  while  in  other  eases 
it  may  form  the  chief  part  of  the  gland.  Usually  the 
greater  mass  of  lymphoid  tis,sue  is  toward  the  pen])herv, 
forming  the  inner  Ijorder  of  the  i^riphiial  sinus;  but 
frec|ueutly  extinding  to  the  eapsuh',  breaking  up  the 
peripheral  sinus  into  small  sections  that  run  for  a  short 
distance  only.  Small  round  collections  of  lymphoid  cells 
resembling  splenic  follicles  are  often  seen.  These  occur 
more  frequently  at  or  near  the  periphery,  but  they  may 
occasionally  be  found  near  the  central  portion  of  the 
gland.  They  may  be  jiartly  or  wholly  surrounded  by 
the  blood  sinus.  The  cells  in  the  central  portion  of  the 
follicle  stain  more  lightly  than  those  at  its  peri|ihery. 
Serial  sections  showtliat  these  nodes  are  almost  jierfectly 
rotind  in  the  ma.jority  of  cases.  Usually  they  possess  uo 
arterial  relations,  but  occasionally  a  small  capillary  is 
found  in  them  which  tuider  certain  pathological  condi- 
tions may  become  gradually  converted  into  a  small  ar- 
teriole with  thickened  walls.  The  resemblance  iu  this 
case  to  the  splenic  follicle  is  very  complete. 

The  cells  of  the  lymphoid  area  are  for  the  greater  part 
small  lymphocytes.  These  vary  greatly  with  respect  to 
the  relative  size  and  staining  power  of  the  nucleus  and 
the  relative  amount  of  protoplasm.  Next  to  the  small 
lymphocytes  the  large  luononuclear  leucocytes  are  the 
most  common  form  present.  These  also  vary  much  in  size, 
form,  and  staining  power.  Transitional  and  jtolynuclear 
leucocytes  are  also  present  in  varying  numbers.  A  small 
number  of  basophile  and  mononuclear  eosinophilcsisalso 
usually  present;  mast  cells  are  rare  iu  the  majority  of 
cases,  but  occasionally  a  gland  may  be  found  in  which 
the  majority  of  the  cells  of  the  central  portion  are  mast 
cells,  as  is  so  frequently  the  case  in  the  luvmolymph 
glands  of  the  steer  and  sheep. 

The  reticulum  of  the  lymphoid  areas  resembles  that  of 
the  blood  sinuses,  and  is  directly  continuous  with  it. 
In  its  meshes  lie  the  cells  of  the  lymphoid  tissue  and  also 
numerous  red  blood  cells.  The  latter  fact  suggests  the 
presence  in  the  lymphoid  tissue  of  very  line  lilood  spaces 
similar  to  those  in  the  spleen  pulp,  bul  dilTering  froiu  the 
latter  in  that  the  blood  spaces  are  smaller  and  the  reticu- 
lum is  more  dense.  The  reliculum  of  the  lar.se  sinuses  is 
much  more  abundant  and  of  a  coarser  mesh  than  that  of 
the  lymph  sinu.ses  of  the  lymphatic  glands.  Small 
fibrilUe  of  I'lastic  tissue  and  unstriped  muscle  may  be 
scattered  through  it.  In  its  meshes  there  are  constantly 
present  large  mononuclear  jihagocytes  containing  disin 
tegrating  red  cells  and  blood  ))igmcnt.  These  cells  arc 
also  found  in  the  relicidum  of  the  lymi)hoid  tissue  in 
connection  with  free  pignu'iit ;  but  they  are  always  more 
numerous  in  the  reticulum  of  the  medullary  sinuses  than 
elsewhere.  Under  normal  conditions  their  lunnbcr  in 
individual  glands  varies  .irri'atly,  the  a|>pearances  sug 
gesting  a  possible  cyclical  function  of  haiuolysis. 
Glands  containing  many  of  lliese  cells  may  be  founil  side 
by  side  with  others  whose  reticular  spaces  contain  but 
few.  The  same  appearances  are  found  in  the  ha-mo- 
lymph  glands  of  the  lower  animals,  particularly  in  those 
of  the  dog  and  rat,     Multinudear  giant  cells,  eosiuophile, 


basophile.  and  mast  cells  may  at  times  be  found  in  the 
reticular  meshes.  The  origin  of  the  phagocytes  has  not 
yet  been  definitely  determined;  they  may  arise  either 
from  leucocytes  or  from  the  endothelial  cells  lining  the 
rcticidum, 

.Seattered  masses  and  droplets  of  a  fiichsinophile  hya- 
line substance  are  often  found  throughoul  the  lymjihoid 
tissue:  they  an'  usually  most  numerous  towani  the  per- 
iphery of  the  gland.  They  are  frequently  seen  as  highly 
retractile  spherules  lying  in  the  meshes  of  the  reticulum 
or  enclosed  in  phagocytes.  They  are  evidently  the  prmI- 
nct  of  the  destruclioii  of  red  cells,  as  all  stages  of  their 
formation  can  be  found.  In  some  cases  the  spherules 
are  seen  partly  (Xtruded  from  the  jihagocyte.  They  fre- 
(pieiitly  give  an  iron  reaction,  especially  those  found  in 
I)hagocyti<'  Cells, 

M,\uuow-i,Y.Mi"ii  Gi..\NT>s, — This  type  of  hajinolymph 
gland  is  of  very  much  less  frequent  occurrence  in  the 
normal  body;  bul  is  much  more  prominent  in  certain 
pathological  conditions,  suggesting  the  possibility  of 
resling  glands  or  new  formations.  In  some  c-a.ses  they 
appear  to  arise  directly  out  of  adipose  tissue.  They  have 
been  found  only  in  llie  relroperitoneal  region,  along  the 
verlebrie  and  brim  of  pelvis,  and  always  in  close  proxim- 
ity to  the  large  ve.ss<ls,  abdominal  aorta,  vena  cava,  com- 
mon iliacs.  adrenal  and  renal  vessels.  TIk'V  are  present 
most  frequently  behind  the  aorta  or  between  it  and  the 
vena  cava.  These  glands  are  usually  tiattened  and 
elongated,  their  greatest  dimension  lying  parallel  to  the 
axis  of  the  neighboring  vessel,  Tliey  may  possess  a 
distinct  hilum,  but  the  number  of  vessels  entering  is  not 
so  great  as  in  t  he  case  of  the  splcnolyniph  gland.  Lymph 
ves.sels  are  also  found  iu  connection  with  these  glands. 
Xot  rarely  the  marrow  lym|)li  gland  is  found  asa  slender 
cylinder  .several  centimetres  in  length  embediled  in  fat. 
On  section  these  glands  are  white  or  pinkish  in  color 
with  fine  red  stresiks  corresponding  to  the  course  of  tlie 
blood  sinuses.  Their  consistence  is  very  soft,  and  on 
section  they  present  an  almost  homogeneous  surface. 

The  capsule  is  thin  and  contains  but  little  unstriped 
muscle  and  yellow  elastic  tissue.  Delicate  trabecuhe  run 
from  it  toward  the  centre  of  the  gland.  Beneath  the 
capsule  there  is  a  peripheral  blood  sinus  of  small  size 
which  usually  runs  entirely  around  the  gland,  and  from 
this  there  are  narrow  branching  sinuses  accompanying 
the  trabecuhe  toward  the  centre  of  the  gland.  All  of  the 
sinuses  are  filled  with  a  coarse  reticulum  through  the 
meshes  of  which  the  blood  circulates.  Dilated  sinuses  as 
in  the  splenolymph  glands  are  not  present.  The  course 
of  the  sinuses  is  distinctly  shown  by  the  lighter  staining 
nuclei  of  the  reticulum  and  the  presence  of  red  cells. 
Lymph  .sinuses  may  also  be  present.  Between  the  si- 
nuses lies  the  lymphoid  tissue  arranged  in  irregular  lob- 
ules. It  is  in  much  greater  amount  than  in  the  case  of 
the  splenolymph  glands.  Throughout  the  lymphoid 
tissue,  near  the  central  portion  of  the  glanil,  fat  cells  arc 
present,  either  singly  or  in  small  groups.  This  may  be 
regarded  as  one  of  the  most  striking  characteristics  of 
this  type.  Collections  of  cells  resembling  follicles  are 
not  present.  The  reticulum  of  the  lymphoid  areas  is 
more  delicate  and  scanty,  and  contains  but  little  elastic 
tissue.  The  cells  of  the  lymphoid  areas  present  a  much 
more  striking  variety  of  form  and  staining  properties 
than  in  llie  splenolymph  glands.  Jlononuclear  eosino- 
])hiles  and  mast  cells  are  more  numerous;  and  multi- 
nuclear  as  well  as  large  mononuclear  forms  with  deeply 
staining  knobbed  nuclei  may  be  present.  Giant  cells 
resembling  tlios(>  of  the  bone  marrow  are  occasionally 
found,  and  in  certain  patludogieal  states  of  the  blood 
may  be  very  numerous.  No  nucleated  red  cells  have 
been  found  under  normal  conditions.  Pha.ffocytes  con- 
taining red  cells,  i>igmenl,  fiichsinophile,  hyaline  liodies, 
and  leucocytes  oceur  to  a  less  extent  Ihan  in  llie  spleno- 
lymjih  glands.  Numerous  red  cells  are  found  scattered 
throughout  the  reliculum  of  the  lymphoid  tissue  sug- 
gesting the  presence  of  smaller  blood  spaces. 

Transition  forms  between  spleno  and  marrow  lymph 
glands  are  found,  and  also  between  the  latter  and  ordi- 
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of  lime  miisl  be  i-ei|iiireii  for  the  rimiplele  cireulalion 
Ihriiiiixh  Ihe  inlrieale  meshes  of  the  reliculum  crossing 
llie  sinuses.  The  relations  of  the  lympliatie  anil  blood 
systems  in  these  glands  are  also  unknown.  It  is  pos.sil)lc 
thai,  in  Ihe  human  body  at  least,  a  mixture  of  blood  and 
lymph,  the  so  called  li.emolymph.  may  be  |>riseiil  in  the 
sinusis,  and  thai  direct  commiinieation  between  the  two 
systems  occurs  in  these  irlaiids. 

1>kvki.ii|'Mi;nt. — Xo  work  has  yet  been  done  upon  the 
development  of  the.se  structures.  They  are  found  as 
fully  developed  organs  in  the  newborn  child,  and  have 
Ih-cii  found  at  an  early  period  in  the  fielal  calf.  They 
are  witlmul  doubt  to  be  regarded  as  individual  organs 
whose  early  stage  of  development  runs  parallel  with 
those  of  the  lymphatic  glands,  ruder  certain  [lalliolog- 
ical  conditions  it  is  possible  that  they  may  be  developed 
from  ordinary  lymphatic  glands  or  from  adipose  tissue 
in  compensation  for  the  spleen  or  bone  marrow. 

FiMTios. — The  liaMiiolympli  glands  are  so  numerous 
in  Ihe  steer  and  sheep  that  their  function  is  obviously  of 
importance.  In  other  animals  and  in  man.  while  con- 
stantly present,  they  do  not  under  ordinary  circumstances 
attract  attention  t  hrongli  either  their  numbers  or  their  siw. 
The  constant  presence  of  phagocytes  containing  disintc- 
gr.iling  red  cells  and  pigment  would  indicate  that  cxten 
sivc  hicmolysis  is  one  function  carried  on  in  these  struct- 
ures. As  before  mentioned,  the  presence  of  glands 
containing  many  phagocytes  in  their  sinu.ses  side  Viy  .side 
with  those  whose  sinuses  contain  only  red  cells  would  in- 
<licate  a  cyclical  function;  and  there  are  many  other 
appearances  to  suggest  this.  I'nder  normal  conditions 
no  evidence  of  the  formation  of  red  cells  has  been  ob- 
served, unless  the  occasional  |iresence  of  bone-marrow 
giant  cells  may  be  taken  as  an  indication  of  this  jirocess. 
The  presence  of  these  in  the  sinuses  may.  however,  be 
explained  on  the  a.ssumption  of  giant-cell  embolism. 
Under  pathological  conditions,  such  as  anirmia  and  leu- 
k.'pmia.  the  ha'inolymph  glands,  particularly  those  de- 
scribed as  marrow  glands,  show  evidences  of  increased 
functional  activity  in  the  hyperplasia  of  all  the  glandular 
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lymphoid  cells.  In  addition  large  niinilHTN  of  giant  cellii 
may  be  found  in  the  leiiculum  of  the  hiniiM-s  anil  in  the 
lymphoid  ureuii,  fvideiilly  formed  in  the  gland;  hImi  nii 
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deated  red  cells,  myelocytes,  etc..  may  be  ])re.sent.  .so 
thai  the  .irland  may  come  to  resemble  lymphoid  marrow. 
These  ehan,ces  arc  not  shared  by  the  other  lymiih  glands 
of  the  body.  The  lia-niolymph  glands  are  also  to  be 
regarded  as  important  centres  of  leucocyte  forniatifin. 
After  splenectomy  or  in  certain  pathological  conditions 
of  the  spleen  the  splenolymph  glands  may  compensate 
for  this  organ  llirough  hyperplasia  and  increased  hanio- 
lytic  activity.  In  short,  the  ha'molym[)h  glands  normally 
possess  a  luemolvtic  function  and  give  rise  to  leucocytes: 
under  pathological  conditions  they  may  also  become  cen- 
tres of  red  cell  formation. 

Pathology. — The  more  common  pathological  proc- 
esses, such  as  congestion,  inflammation,  tuberculo.sis, 
metastases  of  malignant  tumors,  etc..  have  been  found 
affeclin.s:  llie.se  glands  in  common  with  the  ordinary  lym- 
phatic ghiiiils.  In  a  limited  group  of  conditions  such 
striking  changes  occur  that  they  must  be  regarded  as 
specific  in  character.  These  changes  are  contincd  entirely 
to  cases  showing  more  or  less  marked  ])athological  alter- 
ations of  the  blood. 

An.smia. — In  all  of  the  cases  of  an.cmia  examined 
either  the  splenolymph  or  the  marrow-lymph  glands 
•showed  cliangesof  greateror  less  extent.  These  changes 
varied  with  the  nature  and  degree  of  the  ana-mia. 

Piinl-himorrliiiriie  Anmuin. — In  a  case  of  fatal  anamiia 
following  repeated  and  prolonged  attacks  of  epistaxis 
the  only  lymph  glands  showing  change  were  those  of 
the  retroperitoneal  region,  particularly  those  in  the 
neighborhood  of  the  solar  plexus.  These  were  moder- 
ately enlarged,  of  a  jiink  color  and  soft  consistence.  On 
microscopical  examination  lliey  presented  a  structure  re- 
sembling in  the  most  striking  wav  Ihe  lymphoid  marrow. 
Throiigiiout  Ihe  reliculum  of  Ihe  sinuses  and  lynijihoid 
areas  were  numerous  giant  cells  in  all  respects  resembling 
those  of  the  marrow.  The  lindings  admitted  of  but  one 
interpretation:  these  giant  cells  must  have  been  formed 
wHhin  the  .eland,  most  probably  from  the  reticulum  or 
the  endothelium  lining  it.  Large  numbers  of  mononu- 
clear eosinophiles.  nucleated  red  cells  of  large  and  small 
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size,  large  mononuclear  leucocytes  corresponding  to 
myelocytes,  and  all  possible  varieties  of  transitional 
forms  were  also  present.  Tlie  lK)ne  marrow  of  tliis  casi' 
showed  scattered  areas  of  lymphoid  marrow,  and  in  both 
the  liver  and  spleen  ehanires  were  found  sujrL'esting  a 
return  to  a  fietal  mode  of  bl<H)d  formation.  Numerous 
nucleated  red  cells  were  presi-nt  in  the  bUxxl.  The  re- 
maining lymph  glands  showed  only  a  fibroid  hyperplasia. 

tkcoiiihiry  ('•leluetic  Anttmia. — In  a  large  number  of 
cases  examined  showing  a  more  or  less  si-vere  cachectic 
anivmia  both  marrow-  and  splenolymph  glands  showed 
increased  hiemolysis.  but  no  evidences  of  the  tormation  of 
red  blood  cells  were  present. 

Splenic  Antrmin. — In  a  case  of  splenomegaly  with 
severe  an.tmia.  the  jiatient  dying  after  splenectomy, 
numerous  minute  nodes  of  lymphoid  tissue  were  found 
scattered  throughout  the  adip<ise  tissue  of  the  mesentery 
and  retroperitoneal  region.  The  majority  of  these  ]ios- 
sessed  a  small  arteriole  showing  a  much  thickened  wall; 
in  some  cases  the  lumen  was  com|>letely  obliterated  by 
the  proliferation  of  the  iutima.  The  new  tissue  blocking 
the  vessel  in  many  cases  showed  a  hyaline  change,  and 
the  concentric  arrangement  in  some  instances  bore  a 
strong  resemblance  to  the  thymus  corpuscles.  In  some 
oises  the  hyaline  tissue  had  undergone  calcification. 
This  new  formation  of  lymphoid  tissue  resembles  very 
much  the  changes  found  in  the  omentum  of  animals 
whose  spleens  had  been  experimentally  removed,  and  is 
probably  to  be  interpreted  as  compensjition  for  the  ilis- 
eased  spleen.  The  si)lenolymph  glands  in  this  case 
showed  also  such  changes  that  they  rcsemble<l  splenic 
tissvie,  both  to  the  naked  eye  and  on  microscopical  ex- 
amination, being  regarded  "at  the  autopsy  as  accessory 
spleens. 

Pernicious  Anamia. — In  five  cases  of  pernicious  anae- 
mia examined  the  changes  in  the  hicmolymph  glands 
were  so  constant  and  so  marked  that  the  writer  regards 
them  as  specific  in  nature.  In  the  more  rapidly  progress- 
ing forms  the  number  of  splenolymph  glands  is  so  great 
that  they  must  be  regarded  either  as  new  formations  or 
as  resting  glands  become  active.  In  one  case  over  sixtj- 
of  these  glands  were  removed  from  the  cervical,  thoracic, 
and  retroperitoneal  regions:  and  in  another  over  thirtj' 
from  the  retroperitoneal  region  alone.  The  glands  are 
enlarged  and  darker  in  color,  often  a  chocolate  brown. 
On  microscopical  examination  the  central  and  communi- 
cating sinuses  are  found  almost  filled  with  large  phago- 
cytes containing  red  cells  and  pigment.  The  processes 
of  luemolysis  are  increased  to  an  extraordinary  degree, 
particularly  in  the  rapidly  progressing  forms.  The 
spleens  in  these  ca.ses  showed  but  little  evidences  of  lue- 
molysis, while  liver  and  kidneys  showed  marked  hseino- 
sideVosis.  No  evidences  of  increased  activity  on  the  part 
of  the  bone  maiTow  were  found:  on  the  contrary,  in  all 
of  the  cases  there  was  marked  atrophy  of  the  red  marrow 
associated  with  osteoporosis  and  the  fomiation  of  cystoid 
cavities  tilled  with  liipiid  fat. 

In  one  ca.se  of  progressive  ana;mia  extending  over 
three  years,  characterized  by  repeated  severe  attacks  of 
epistaxis,  hffmateme.sis,  and  bloody  stools,  the  only  path- 
ological changes  of  importance  found  on  autopsy  were 
in  the  retroperitoneal  lymph  glands.  These  were  enor- 
mously enlarge<i,  forming  an  almost  continuous  double 
row  oil  each  side  of  the  abdominal  aorta  and  diverging 
below  along  the  brim  of  the  pelvis.  Each  gland  was  3 
to  4  cm.  in  length  and  1  to  2  cm.  in  thickness.  They 
were  almost  cylindrical,  somewhat  tiatteued.  and  were 
dark  red  in  color,  almost  black.  On  secticm  the  blood 
flowed  freely  from  the  greatly  dilated  veins.  On  micro- 
scopical examination  a  great  hyperplasia  of  the  lymphoid 
tissue  was  found,  extending  lieyond  the  original  capsule 
of  the  gland  into  the  surrounding  fat  tissue.  The  ap- 
pearances suggesteil  strongly  the  pos.sibility  of  a  direct 
conversion  of  fat  into  lymphoid  tissue.  N\imerous 
mononuclear  eosinophiles.  nucleated  red  cells,  and  occa- 
sional giant  cells  were  present  throughout  the  reticulum 
of  the  lymphoid  areas.  Mitotic  figures  were  numerous. 
The  presence  of  blood  siuusi-s  proved  these  glands  to  be 


luemolyroph  glands  of  the  marrow-lymph  type,  and  the 
pritcess  was  interpreted  as  a  compensatory  hyperplasia 
for  the  bone  marrow  which  was  atrophic  and  cystoid. 

lAiihnnia. — In  a  case  of  mixed  leuka-nna  an  enormous 
hyperplasia  of  the  marrow-lymph  glands  similar  ti>  the 
aiiove  was  found.  On  microscopical  examination  the 
blood  sinuses  were  found  filled  with  giant  cells  which 
were  also  scattered  throughout  the  lymphoid  arejis. 
Monon\iclear  eosinophile  cells,  nucleated  red  cells,  mye- 
locytes, and  an  almost  infinite  variety  of  leucocytes,  es- 
pecially well  shown  in  specimens  stained  with  the  tri  acid 
stain,  liiade  up  the  lymphoid  portions.  The  resemblance 
to  Ivmphoid  marrow  was  very  close.  a.s  in  the  case  of 
fatal  ana'mia  following  epistaxis.  The  other  lymph 
glands  showed  but  slight  enlargement  due  to  the  in- 
creased numberof  leucocytes  present.  The  bone  marrow 
showed  but  little  lymphoid  increase;  the  spleen  was 
greatly  enlarged.  The  changes  in  the  marrow-lymph 
glands  are  to  be  interpreted  in  this  case  also  as  being 
evidence  of  the  ability  on  the  part  of  these  glands  to  take 
up  the  blood-forming  function  of  the  bone  marrow. 

I^ncneiitiiiiK. — In  cases  of  pyaemia  showing  marked 
leucocyte  increase  the  ha'molymph  glands  exhibit  evi- 
dences'of  increased  activity  in  the  cells  of  the  lymphoid 
areas,  as  shown  by  numerous  mitoses.  The  mononuclear 
eosinophiles  are  also  increased  in  number,  and  nucleated 
red  cells  and  giant  cells  may  also  be  found. 

ExrEUiMENT.\L  PATnoLOGY.  —  In  animals  whose 
spleens  have  been  removed  the  ha-molym|ih  glands  show 
hyperplasia  and  evidences  of  increasi'd  ha'inolysis.  In 
poisoning  with  hiPmolytic  agents  such  as  pyrogallic 
acid,  muscarin,  toluylendiamin,  etc.,  these  glands  show 
greatly  increa.sed  lui'inolysis,  the  sinuses  being  packed 
with  phagocytes  containing  red  cells  and  pigment. 

SfMMARY. — By  the  above  ca.ses  it  is  shown  that  under 
pathological  conditions  of  either  the  spleen  or  bone  mar- 
row, the  hsmolymph  glands  may  assume  either  a  ha?mo- 
lytic  or  a  lurmatopoietic  function;  and  that  in  all  condi- 
tions characterized  by  increased  lurmolysis  the  chief  seat 
of  the  blood  destruction  appears  to  be  located  in  the 
sinuses  of  these  organs.  Aldred  Scott  Warthin. 
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H/€MOPERICARDIUM.— Blood  in  the  pericardium  is 
a  nu'-  ciiiiiiiiiou  and  <<(  small  clinical  interest. 

Etivlony. — In  tuberculous  and  malignant  diseasesof  the 
liericardium,  just  as  in  similar  diseases  of  the  peritoneum, 
the  exudate  is  usualh'  bloody.  By  liKmopericardiiim  is 
meant  a  hemorrhage  into  the  pericardium.  This  accident 
occurs  under  the  following  conditions; 

(1)  As  a  result  of  traumatic  injury  from  without,  or 
by  foreign  bodies  penetrating  the  o'sophagus  from  within. 

(2)  Such  hemorrhages  have  been  found  associated  with 
scurvy,  purpura,  leukit^mia,  and  allied  conditions. 

(a)  From  rupture  of  the  heart  or  a  cardiac  aneurism. 

(4)  From  rupture  of  an  aneurism  of  the  aorta  or  jnil- 
monary  artery.  The  first  part  of  the  aorta  is  usually  in- 
volved and  it  may  be  by  only  a  pinhole  rupture. 

(5)  From  rupture  of  smaller  vessels,  namely,  one  of  the 
coronary  arteries,  or  of  ves.s<'ls  in  a  new  growth. 

Anntomieal  C/iar<iclen>. — The  (|uantity  of  blood  vaiies 
much.  It  is  greater  when  the  opening  in  the  aorta  is- 
small.  AVIien  an  aneurism  bursts  into  the  pericardium 
the  average  amount  of  blood  usually  found  is  said  to  be- 
about  seven  ounces.     When  the  hemorrhage  takes  place- 
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tliriiiiKli  II  Hiiiall  hole,  it  limy  ri-ucli  twriily-four  ouucfH. 
A  Iniuiiiiilir  riisi'  liiis  Iktii  ri'|iiirli'il  in  wlilcli  iivcr  »ix 
piiiis  i>r  tliiii.  cliiik,  tliiiil  IiIiiimI  \V{'ri'  ri'tiiciviil  froni  iIh- 
|H'riniriliiiiii  in  iIk'  <'iiurx'  i>f  tlinc  lioiim.  Tin-  palii-iil 
rwiivfriil.  'I'lir  IiIimkI  iimy  a|>|M'iir  us  ii  soft.  ivd.  jelly 
likr  lint.  A  viiriiilili'  iiiiioiiiit  iif  MTiiiii  limy  Imve  scpii' 
nilcci  from  it. 

(liiiioil  llintiirji. — The  eonililioii  iimy  iK-tMir  mulilenly. 
The  iiSMi<'iat<'<l  disease,  sueh  as  aiietirisiii.  may  have  been 
previously  ilemonslrateil.  When  the  lninorrha;;i'  takes 
place  throni.'h  a  hir);e  rent,  immediate  or  very  rapiii  dialh 
usually  occurs,  litherfrom  the  elTects  of  the  hemorrhai,'c. 
or  from  pjinilysis  of  the  heart.  The  fatjd  event  may  In- 
precedi'd  liy  trnive  eanliae  symploms.  When  the  uceu 
mulalion  takes  place  i;nidually  the  patient  may  livu  for 
some  lime,  complainin.i;  of  cardiac  upprcssiuii  or  ]miu, 
ilyspncea.  and  fainlness. 

I'/ii/Hii-iil  Sif/iit. — Thesi'  are  not  likely  to  be  noted  in  the 
Huddeii  eases.  When  the  profjress  is  sjowir  there  is  a 
more  or  less  rapid  increase  in  the  area  of  cardiac  du)ncs.s; 
the  ape.\  beat  disiippeant  and  the  heart  sounds  become 
weak. 

Til  lit  incut. — In  the  majority  of  eases  treatment  is 
limited  to  the  relief  of  symploms.  lliemoslalics  are  use- 
less. In  the  protnieted  eases  cardiac  stimulants  may 
prolong;  life.  A  few  patients  recover  as  a  result  of  aspi- 
ration of  the  pericardial  sac.  Jaiiuii  Jiac  Anieill. 

HEMOPHILIA.— (Synonyms:  Ilemorrhairic  Diathesis 
or  Idiosyncnisy,  lla'morrhaphilia.  Ha'niatophilia,  Hered- 
ity Hemorrhage;  Ger..  JJihiioji/iilii ,  lUnttrkrniiklieit. 
liliitniir/il,  lihitiiiiijmiielit ;  Fr. .  Jttiiin/i/ii/it .  Otto,  an 
American  physician,  cave  the  name  Bleeder  [Ger.,  Bluter; 
Fr..  Uiiiiiiiit'  mi'/iiiiiit^  loan  individual  patient.) 

Dkkixition. — An  hereditary  and  cciiif;enital  disease, 
cimntcterized  by  a  tendency  to  frequent,  obstinate,  and 
proloimcd  lu'inorrha.ires.  e-\ternal  or  interstitial,  sponta- 
neous or  traumatic,  associated  withswcllingof  the  joints. 

lIlsTuitY. — Our  knowledu'e  of  this  disease  is  modern. 
Its  historians  have  been  able  to  lind  the  records  of  but 
few  probable  cases  or  families  prior  to  the  present  cen- 
tury, and  even  these,  with  the  exception  of  the  cases  re- 
ported by  llochstetter  and  Sir  W.  Fordyce,  may  all  be 
considered  doubtful  examples,  and  Lrgg  cannot  admit 
IJanyer's  ca.se  to  be  beyond  doubt.  It  was  left  for  Amer- 
ican physicians  accurately  to  fix  the  chai-.icteristics  of 
thedisease.  Otto.  E.II.  Smith. Hay,  the  Buel  brothers,  and 
Coates.  in  the  i^arly  jiart  of  the  last  century,  and  Hu.^hes, 
Gould.  Harris.  Hutchinson,  Holtoii.  and  Dunn,  in  the 
past  thirty  years,  have  been  the  chief  contributors  to  its 
literature.  The  early  writers  lirst  demonstrated  its  hered- 
itary nature.  In  the  .second  and  third  quarters  of  the 
last  century  the  Germans  were  prolific  workers.  Xasse, 
Riekeii,  SchiUdein,  and  others,  were  of  the  earlier  writers, 
Wachsmuth's  monograph,  Lange's  statistics,  Virchow's 
complete  description  in  his  "  Ilandbuch,"  the  mono.graph 
of  Gmndiilier,  the  most  complete  published,  and  the  arti- 
cle in  "Ziemssen's  Ilandbuch."  by  Immermaun.  familiar- 
ized modern  German  phy.sicians  with  the  affect  ion.  The 
exhaustive  monograph  of  Legg  is  the  principal  contri- 
bution made  by  any  En.silisli  physician. 

Etioi.oov. — Sex  and  heredity  are  the  most  important 
factors  in  the  etiolo.gy  of  hicmophilia.  It  occurs  with 
greatest  fre(iuency  in  the  male,  the  ratio  having  been 
put  as  high  as  eleven  males  to  one  female.  Females  do 
not  usually  jiresent  typical  cases,  and  danger  to  life  is 
less  in  the  latter  sex. 

Hereditary  disposition  is  so  essential  that  its  absence 
in  a  supposed  ca.se  is  sufficient  to  negative  the  diagnosis, 
although,  it  is  true,  it  is  dillicult,  often  impossible,  to 
trace  genealogy  among  the  lower  cla.s.ses.  Legg  believes 
all  or  nearly  all  cases  may  be  traced  to  an  hereditary 
origin.  It  has  been  suggested  that  this  hereditary  ten- 
dency is  the  result  of  the  intermarriage  of  near  relations. 
The  fact  that  it  occurs  lar.irely  among  Germans  and  .lews 
favors  this  argument,  for  in  both  classes  such  marriages 
are  common.  .V  common  ancestry  for  all  bleeders  has 
been  assumed  by  some  authors. 


While  the  feiimles  are  not  the  blecdem  of  a  liii'iiiopliHic 

family,  tin-  disposition  is  tmimmllted  through  tlieiii. 
The-  mother,  not  a  blei-dir,  will  traiihinit  the  tcndeni'V  to 
her  sons  They  in  turn  are  not  likely  to  conduct  Ihe'ditt 
ease-  to  their  children,  but  the  tend.'ncv  paswn  through 
the  dauxhters  to  the  grandson  The  fe'maU-s  that  iraiis 
mit  the  tendi'iicy  are  usually  in  perfect  hmltli,  iillhough 
cases  have  been  reported,  iii  rare  iiihlanccK.  in  whiih  the 
mot  her,  a  bleeder,  transmitleil  It  to  the  children  of  both 
sexes.  The  cases  are  still  more  rare  in  which  the  father, 
a  blcider,  will  pass  down  Ihe  tendency  to  I'ither  the  »oni» 
or  Ihe  daughters,  respectively.  .V  male  lion  bli'cder  in 
a  hiemophilic  family,  seldom  transmits  the  disease  to  IiIh 
descendants,  Tnuismission  through  the  female  line  is 
Ihe  rule.  It  is  said  that  the  lirst  born  of  a  tamilv  arc 
less  liable  to  become  bli-eders.  This  tendency  to  bleed 
ing  may  continue  for  many  generations.  The'Clitherow 
family,  reporleil  by  l-egg,  have  exhibited  the  tendency 
for  tw(i  hunilri'il  years.  The  lamilies  of  Teiiiiu,  Switzer- 
land, trace  tin'  disposition  through  live  gcnenitions. 

One  peculiarity  of  bleeder  families  that  has  hi  en  noted 
is  the  marked  intellectual  power  of  the  individuals; 
another,  the  great  fertility  of  the  families.  Although 
they  have  many  children,  few  reach  adult  age.  as  the 
number  is  much  les.sened  by  death  from  hemorrhages 
in  early  life,  the  mortality  at  that  period  being  very 
great,  " 

The  disposition  to  bleed,  Grandidier  believes,  may 
gradually  be  lost  in  a  family.  He  has  himself  seen  one 
such  example,  and  another  has  been  reported  by  Legg. 

It  was  noteii  above  that  among  Germans  ha-mophilia 
is  common.  In  fact,  some  think  it  a  disease  jM-culiar  to 
the  Anglo-Germanic  races,  Dunn's  analysis  of  21!)  fam- 
ilies shows  its  distribution  about  as  follows:  Germany, 
94;  Great  Britain,  .52;  North  America,  23:  France,  22; 
Prussia  and  Poliind,  10;  .Switzerland,  "J;  and  the  remain- 
der in  other  Eurojieau countries.  The  condition  is  nirely 
found  in  the  negro,  as  has  been  pointed  out  recently  by 
Steiner  (Johns  Hopkins  IIosp,  Keports,  1900)  who  re- 
ports one  case  and  refers  to  one  other  decribed  by  Had- 
lock, 

Hwmophilia  spares  no  social  cla.ss,  though  cases  are 
re])orted  more  frequently  from  the  middle  and  lower 
cla.sses.  Its  presence  or  absence  is  not  influenced  by 
geographical  position,  and  the  nature  of  the  food  is  also 
without  ellect  on  it. 

While  it  has  been  asserted  of  many  cases  of  hicmo- 
philia that  they  arose  spontaneously,  yet  nothing  is 
known  of  the  circumstances  contributing  to  their  origin. 
Legg  rightly  criticises  the  case  of  Mutzenbecher.  in 
which  the  disease  was  reported  to  have  arisen  <k  /loro. 
A  mother,  suckling  her  child,  received  a  great  fright, 
after  which  the  child  nursed.  Shortly  afterward  symp- 
toms of  haemophilia  developed.  Two  other  sons,  also 
bleeders,  were  subsequently  liorn,  a  fact  which  renders 
very  probable  the  hereditary  transmission  in  this  ca.se. 

The  circumstances,  aside  from  traumatism,  influencing 
the  occurrence  of  hemorrhage,  or  which  may  be  the  pre- 
disposing or  exciting  causes  of  the  accident,  in  a  person 
belonging  to  a  luvmophilic  family,  are  the  age,  the  con- 
stitution, and  the  temperament  of  the  individual:  the 
time  of  day,  the  season  of  the  year,  and  the  climate. 
Hemorrhages  have  not  appeared  for  the  first  time  after 
the  twenty-second  year;  it  is  rare  for  them  to  appear 
after  the  twelfth  year,  and  in  the  larger  number  of  in- 
stances the  lirst  attack  occurred  before  the  fifth  year. 
Its  most  usual  appearance  is  about  the  end  of  the  first 
year.  Hemorrhage  from  the  umbilicus,  after  sloughing 
of  the  cord,  is  vei\v  rare. 

Bleeders  are  always  in  good  health  except  that  they 
sulTer  from  anicmia.  They  often  have  blue  eyes,  light 
hair,  a  thin  skin,  and  prominent  veins. 

Instances  are  recorded  in  which  the  hemorrhages  oc- 
curred most  frequently  at  night.  The  winter  season  and 
a  cold,  damp  climate  favor  attacks  of  hemorrhage. 

Those  who  consider  the  disease  to  l)ean  infectious  con- 
dition have  scanty  evidence  to  support  their  view.  Bac- 
teriological examinations  have  been  entirely  negative, 
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nnd  the  miuiifpstalionsof  the  disease  cannot  be  explained 

by  llu'  tliciirv  of  iMri<lion. 

Symi'Iiims. — The  <>(<Miir('nce  of  trc(|uent,  obstimitc, 
mid  priilonjred  lii'iiionliajjcs.  spoiiiiiiicous  or  trnumatir, 
with  their  sc<iuclii'.  and  tlie  joint  maiiifistalioiis,  are  the 
casentiiil  symptoms. 

Lcgi;  miikcs  tlircp  degrees  of  hipinopliilia :  in  tlie  first 
form,  the  most  typical  and  severe,  there  is  a  tendency 
to  every  kind  of  hemorrhaj;c.  spontaneous  or  tranmalic. 
intei'stilial  or  siipcrlicial.  The  joint  s\vellin;;s  arc  also 
marked.  In  the  second  form,  spontaneous  lic-morrhafTcs 
only  are  present,  witli  rhenmatic  i)ains.  In  the  third 
dejiree  spontaneous  ecchynioscs  alone  are  observed.  The 
tirst  degree  is  most  often  seen  in  men,  the  second  in 
women,  and  the  third  in  members  of  l)lcedi'rs'  families. 

Krtiiiiii!  lkiiii>ri/iii!/i>i. — These  are  usually  capillary. 
Even  a  tniumatic  hemorrhajre  is  of  that  nature.  In  one 
case  (lila.sxden's)  a  ves.sel  wliicli  had  been  litfated  soon 
gave  way  on  account  of  the  thiiuiess  of  its  coats.  One 
of  the  cases  reported  by  Dunn  bad  an  ulcer  in  the  nostril, 
from  which  the  s|iontancous  hemorrhages  would  spring. 

Spontaneous  hemorrhages  are  often  jircceded  by  pro 
dromal  manifestations.  These  are  usually  the  symptoms 
of  plethora  or  nervous  symptoms.  In  children  great 
cheerfulness  and  liveliness,  attacks  of  crying,  morbid 
fears,  and  even  convulsions,  have  been  noticed.  In 
adults,  a  good  temjier.  with  great  restlessness  and  sensi- 
tive emotions,  are  seen.  I'aiu  is  often  complained  of  in 
the  locality  in  which  the  hc>morrhage  is  about  to  occur. 
These  prodromal  symptoms  disappear  after  the  hemor- 
rhage sets  in. 

Tiie  seat  of  the  hemorrhage  in  the  spontaneous  form 
varies  with  the  age— in  childhood,  the  nose  and  mouth 
are  the  most  frequent  localities;  in  adidt  lite,  in  addition 
to  thesi'  situations,  the  stomach,  tlie  bowels,  the  urethra, 
the  lungs,  the  female  generative  organs,  etc.* 

Of  interest,  in  regard  to  local  origin,  is  the  case  ob- 
served by  D.  Hayes  Agncw  (quoted  by  Osier),  in  which 
hemorrhage  occurred  from  cuts  and  bruises  above  the 
neck,  but  never  from  those  below. 

The  frequency  of  occurrence  of  spontaneous  hemor- 
rhages varies.  They  may  occur  daily,  or  at  intervals  of 
days  or  weeks.  Ke.sal  (I.egg)  points  out  two  forms  of 
spontaneous  hemorrhages.  In  one  they  are  small  in 
quantity,  but  frequently  repeated,  occur  without  pro- 
dromal signs,  and  always  from  the  same  mucous  surface. 
In  the  other  form  there  are  prodromes,  the  hemorrhage 
is  excessive,  and  does  not  usually  cease  spontaneously. 
Just  as  it  is  impossilile  to  estimate  the  usual  frequency 
of  occurrence,  so  it  is  dillieult  to  calculate  the  length  of 
time  the  hemorrhages  may  continue.  It  is  variable,  from 
a  moment  to  weeks,  the  latter  with  varying  intermissions. 
Epista.xis  is  the  most  fatal  of  all  forms  of  spontaneous 
hemorrhages;  it  has  proved  fatal  in  twenty-four  hours. 

Traumatic  hemorrhages  are  due  to  blows,  cuts, 
scratches,  etc.  Even  after  the  most  trivial  operation  the 
hemorrhage  may  be  fatal.  The  amount  of  bleeding  from 
a  wound  varies  in  bleeders  from  time  to  time — at  one 
time  scarcely  any  hemorrhage  will  be  observed;  at  an 
other,  with  the  same  wound,  the  bleeding  can  scarcely 
be  checked.  So,  too,  families  appear  to  differ  as  to  the 
extent  of  injury  they  can  sulTer  with  impunity.  In  one 
family  venesection  can  be  performed;    in  another  the 

•Tlic  fiillinvlnp  siatMcs  arc  IntoresMnc,  mainly  from  (imndldler, 
also  titioitHl  by  Ia-hh^  and  hy  Osier.  S|K>ntanenus  Heniorrhaffes— 
Iwalllies  and  freqiuMiey:  Fn>iii  Ilie  nose.  IWi  limes;  tlie  mouth,  4;t; 
8toinarIi,  l.'i;  iMtwels,  ;«>;  iirelhra.  lii;  tiiii^s,  17:  cert^tiral  hemorrliape, 
2;  swollen  place  on  scalp,  4  :  tomriie.  4;  fln(ter-tliis,  4  ;  ear,  .i;  eyelids, 
;J;  t4-ar  [lapiilH, :};  female  jrenenilive  oivans,  10;  nleer  of  skin.  ~: 
navel  tlunir  healed).  2.  Fatal  hemorrhaires  have  nceiirred  from  the 
followinir  wounds  ;  Blow  on  head.  11  tiim-s  ;  slight  seralehes  on  skin 
or  aliniston  of  ilermis;  lai-erati<>n  <if  fnenum  of  the  lip;  slight  out  lii 
aduelwonnd,  bite  of  ihr- ioni;ue  17  rases):  fall  on  the  month  ;  blow 
on  the  iiosi' ;  blow  of  astoneon  theflnffer:  ent  in  pariia;  the  nails: 
fall  on  the  head  with  meninireal  liemorrhajre  (-  elites,  brothers) ;  ami 
niplure  of  the  hymen  on  the  neddinc  nichl. 

Deaths  after  oiHTiillons  :  ('uttini.'  of  fnenum  linmia'.  1 :  lepohinf,  ."i: 
venesi'etlon,  4 ;  blister.  :i;  extnietion  of  tiKith.  1:^;  ein'umelsion.  H ; 
cuniiar  umlillical  roni.  4;  \ae(-Jnation.  :^;  llstnlu.  stone,  tii^iiture  of 
eiiniiid,  of  niiliai,  of  ulnar,  of  feuionil  arteries,  auiputution  of  arm 
and  of  tlii);h,  1  emh  ;  phiiuo9lf>,  S. 


application  of  blisters  would  be  dangerous  (Legg).  A 
superliciaJ  lacenited  wound  is  thought  to  be  more  serious 
than  a  deep,  cleancut  one.  The  healing  of  a  wound 
may  occur  with  or  without  suppuration,  a  profuse 
bleeding,  when  it  occurs,  will  prevent  liealiug  by  tii'st 
intention. 

The  amount  of  blood  lost  by  either  form  of  hemorrhage 
is  sometimes  enormous.  The  famous  case  of  Coates  lost 
half  a  gallon  in  twenty-four  hours,  and  three  gallons  in 
ten  days.  Thores  ease  (Legg).  thiit  of  u  boy  aged  five, 
lost  nearly  a  iiound  from  a  small  wound. 

The  result  of  these  repeated  liemorrhages  isa  profound, 
and  often  fatal,  anaMnia.  Digestive  troubles  also  often 
develop  afterward,  and  in  some  cases  a  depraved  appe- 
tite has  been  observed  (Buel's). 

Severe  ]ialpitatiiins.  dyspna'a,  vertigo,  syncope,  and 
other  evidences  of  an.emia  may  be  oliserved.  Enlarge- 
ment of  the  heart  and  systolic  munnurs  at  the  biise  and 
in  the  ves.sels  of  the  neck  may  be  ilelected.  The  urine 
after  a  hemorrhage  fre(|ucntly  contains  iilbumin.  Fever 
has  been  observed,  but  is  not  constant. 

Errhjfniost'H  and  Pcterhhi',  liitt  rstitiiil  Jlcinnn'hitijeit. — 
They  may  be  spontaneous  or  traumatic.  The  spontane- 
ous varieties  in;iy  occur  without  external  bleedings,  or 
may  pri'Cedea  heniorrh;ige.  They  are  si'cn  in  early  child- 
hood. They  are  similar  in  appe;irance  to  purpura,  and 
are  seated  chietly  on  the  trunk  and  limbs.  They  vary 
from  a  pin's  lieail  to  a  iiuarter  of  a  dollar  in  size,  are 
tender  on  pressure,  and  on  disaiipearing  jiass  through 
the  same  changes  that  an  ordinary  traumatic  ecchymo.sis 
does,  and  exhibit  the  same  ]ilay  of  colors.  The  trau- 
matic eccliynioses  are  larger  than  the  spontaneous:  they 
may  cause  death  by  hemorrhage  into  the  connective  tis- 
sue. Blood  tumors — liiematonias — may  follow  the  slight- 
est blow.  They  may  become  as  large  as  a  child's  bead 
and  are  of  a  bluish-lilack  color.  By  some  authors  it  is 
thought  they'  may  arise  spontaneously. 

Joint  Affect  ill  II «. — Legg  believes  that  the  joint  affec- 
tions are  sometimes  due  to  traumatism.  In  other  in- 
stances the  origin  is  not  understood,  the  exciting  causes 
being  exposure  to  cold  or  dampness,  and  variations  in 
temperature,  particii!;uiy  in  the  spring  and  :iutumn. 
The  larger  joints,  chietly  tlie  knee-joint,  are  the  ones 
affected.  Tliey  become  painful,  hot,  much  swollen,  soft, 
and  boggy.  Often  the  affection  develops  suddenly. 
Jliirked  constitutional  symptoms,  as  fever,  anorexia,  and 
general  pains,  attend  the  attack.  The  pain  is  increased 
by  motion.  The  duralion  of  the  affection  varies  from  a 
few  days  to  many  months.  It  may  change  frniii  joint 
to  joint,  or  the  swelling  may  altern;ite  with  a  lienior- 
rliage.  Once  iiff'cctcd,  the  patient  is  liable  on  the  slight- 
est provocation  to  have  a  recurrence  of  the  disease.  He- 
peated  attacks  may  lead  to  destructive  lesions  in  the 
joints,  with  crippling  and  deformity. 

Persons  affected  with  Inemophilia  often  suffer  from 
general  rlieiimatic  pains,  xvhich  vary  in  degree  with  at- 
mosplieric  changes. 

It  is  .said  tluit  some  bleeder  families  are  very  sensitive 
to  cold  and  dampness,  and  tluit  bleeders  are  very  sus- 
ceptible to  the  action  of  mercury.  They  are  not  differ- 
ently affected  by  various  diseases  than  are  non-bleeders, 
"They  appear  more  liable  to  acute  affections  within  tlie 
chest  "  (Legg).  Hheumatism  and  scrofula  are  sjiid  to 
occur  frequently :  gout  is  very  rare.  Gangrene  is  espe- 
cially liable  to  occur  after  traumatic  hemorrhage. 

Moniiii)  .\n.\tomy. — The  lilnnd  is  usually  normal. 
After  a  luofuse  hemorrhage  or  a  series  of  small  ones,  it 
liarlakes  of  the  nature  of  the  blood  of  amemia.  I'nder 
these  circuinstatices  the  white  corjuisclps  have  been 
found  in  excess,  the  red  in  smaller  numbers,  and  the 
h;emoglobin  reduced,  i.e..  the  natural  result  of  hemor- 
rhage. The  fibrin  is  aiiparently  not  greatly  diminished. 
The  salts  are  said  to  be  increased.  Becent  studies  indi- 
cate an  actually  decreased  co;igulability  of  the  blood. 

There  are  no  cluiracteristic  aiuitomical  changes. 
Blagden  called  attention  to  the  thinness  and  trans])arc!i<-v 
of  the  vessels.  One  observer  found  the  lai\se  vessels 
smaller  than  normal;  another,  an  increase  in  the  size  of 
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the  Hii|M-rlU'ial.  in  pniportiiin  to  llii>  ct-ntnil  vi'hwIh  (Iin- 
iiicrniiiMii).  Wiluin  (liiiii);lil  that  tlii'  itrtrrii'S  rcM'inliliMl 
llir  Miiiii.  Kiilty  ili-;;iiiinilii>ii  <'f  tlic  lii-iirl  Inis  liiiri 
riillllil.  Kiilil  iillS(T\ril  liliilifinitiiill  iif  Illr  rlliliillli'lilll 
I't'lls  ill  siimll  iirlrrii's  anil  vrins.  iiml  "  livilropic  iIiki'Ikt 
iitiiiii  "  iif  llii'  iiius4'iilar  liliii'H  KIrlii.  Aiklaiid.  iiml  utliiT 
olist'i'vi'i-H  fail  III  I  iiiiliriii  llirsi'Htiiilii'S.  Tlii'  JniiilN.  whi'ii 
iiiviilvi'il.  ail' till' M'ltl  of  IiIihhI  rMmvasiitiiiii ;  not  iiiilv 
till'  ciiviiy  liiii  till'  ti>isiii'sariiiiiiil  arr  iiillllralcil.  liuvvlliy 
liiis  sliiiwii  that  till'  <'liaiii;i'S  in  tin-  arliiiilar  slriicliiri-s 
ciiiiniit  In'  atlriliiilril  in  Ihi'  imri'  ilTiisiun  nf  lilnoil.  As 
ill  artlii'ilis  ilr|iii'iiiaii->.  Ilir  ('ai'lllat'iiioiis  rnvrriii;:  nf  tlit' 
arlii'iilai 'riiil-<  Ixroiiiis  lilirillalnl.  ami  in  Ilir  |>ails  iiiii^st 
cxpiisi-il  III  tricliiiii  may  III' rniilril  anil  inllaiiiiil.  'I'Iiito 
is  also  tlicsaiiir  li'iiili'iiry  to  llir  rorination  of  rcilionilrosi'S 
wliirli  ill  liiiii'  may  lu'i'oiiiroslcopliyU'S.  I'liliki'itrllirilis 
ilrfoi'iiiiins.  liliroiis  iiillii'sioiis  may  form,  resiiltiu);  in  lim- 
itation of  million. 

I'athoi.ooy. — This  is  ohsruri'.  AVhili-  a  conjrcnilal 
fniiiilily  of  tin-  vessels  is  saiil  to  exist,  it  has  never  been 
proven.  It  has  Imcii  ohserveil  thai  hleiiliTS  always  suf- 
fer from  proili'omii'  .symptoms,  which  are  diie  loanin- 
rreas4'  in  the  volume  of  the  lilooil.  Hence,  variability  in 
the  volume  has  been  iiivokeil  as  causal.  Distiirlieil  iu- 
nervalion.  iliminishiiii;  from  lime  to  lime  vascular  tone, 
is  Ihoiiirhl  by  many  to  be  ilu- pMlliolii<;ical  factor.  It  is 
nieiely  an  liypoUiesis.  as  li:ive  been  all  su;,';;eslions  thus 
far  put  birwaid  re;:ar(iini;  the  pmlinloiry  of  liiemophilia. 
As  su,i;f,'('sleil  by  Kiililiorst,  il  may  be  possible  that  the 
chanires  in  the  bloml  are  of  a  chemical  nature,  not  to  be 
<liscovere<l  by  our  present  inelhoiis. 

Di.MiNosis. — -Many  cases  of  a  heniorrhairic  diathesis 
occur,  the  e.xact  nature  of  which  it  is  dillicull  to  deter- 
mine. Especially  is  it  so  with  this  diathesis  in  women. 
If,  however,  there  is  no  liLsiory  of  heredity,  if  the  hemor- 
rliau'cs  did  not  occur  in  early  life,  prior  to  twelve  years, 
anil  if  she  should  not  transmil  it  to  her  sons,  il  is  not 
likely  III  be  a  case  of  haniophilia.  The  hereditary  pre 
liisposilion,  the  spontaneous  and  tniiiinatic  liemorrhagcs 
st'ttiii!;  in  early  in  life,  and  the  joint  symptoms,  are  con- 
clusive evidence  of  the  nature  of  a  ca.se.  Cases  arisi>, 
no  doubt,  in  which  hercdilv  cannot  be  determined,  and 
which  may  yet  be  the  foiindei's  of  a  stock  of  bleeders. 
One  of  the  writer's  cases  is  pos-sibly  of  this  class.  Since 
theajreof  live  months  spontaneous  bleedings,  often  to 
syncope,  have  occurred;  since  puberty  (the  patient  is 
now  twenty  two  ycai's  of  aj;e)  plethoric  ]irodronu'S  have 
preceded  the  attacks.  The  jiatient  undertook  to  learn 
carpenterin.!;.  but  had  to  give  it  up  on  account  of  trau- 
matic liemorrlia,i:e.s.  Extractions  of  teeth  liaxe  caused 
serious  hemorrhages.  Annually  the  patient  is  afflicted 
with  severe  joint  symptoms,  rheumatic  in  cliaraclir. 

I'mbilical  hemorrhatrc  in  the  new  born  is  not  due,  or 
but  rarely,  to  ha'mophilia.  but  is  usually  the  result  of 
liver  disease  or  .sy])hilis.  Tlie  hemorrhai.'ic  conditions  of 
the  new-born,  probably  infectious  in  character,  referred 
to  as  trnnxitiiry  hipiiiophilin.  ajMnlniieouK  hemorrhage,  or 
in/eelit'iia  hirmophifin  of  the  neirborn.  can  bedistinguislied 
from  true  li;emo|)hilia  by  their  transitory  character,  the 
occurrenceof  spontaneous  hemoiTliages  in  ililTerent  parts 
of  the  body,  their  acute  course,  their  self  limited  cliarac- 
ler.  the  early  appearance  of  symptoms,  and  the  fri'ipiency 
of  umbilical  liemorihage.  jaundice,  and  higli  fever. 
I'urpiira.  simplex  and  haiiiorrhajiica.  scurvy,  peliosis 
rheumalica.  toxic  and  septic  purpura,  must  be  ex- 
cluded 

Phogsosis. — The  first  bleeding  is  rarel.v  fatal.  The 
youni:er  the  (latient.  the  more  grave  tlie  prognosis. 
Ibemophilia  is  more  serious  in  boys  than  in  girls,  and 
more  so  in  the  delicate  than  in  the  .strong.  Witli  advanc- 
ing years  the  prognosis  improves.  (Jflen.  ispeci,illy  if 
the  ]>alient  sulTer  from  joint  complicjition.  the  tendency 
to  hemorrhage  may  disappear  for  a  number  of  years. 
Ijong-continued  oozing  is  a  serious  form  of  hemorrhage. 
The  bleeding  after  the  extraction  of  a  tooth  is  very  seri- 
ous, as  is  also  the  hemorrha,ge  from  lacerated  and  con- 
tused wounds.     Face  injuries  are  also  serious. 

TnK.vTMF.NT. — If  a  person  sufTering  from  ho^mopbilia 


prcHfnt  the  HyinptomH  indicatlvu  of  an  iiiihcIc  nf  lii-mor- 
rhage,  an  active  purgative  should  be  iiilininiKleriil  aiiil 
Ihr  paliiiil  put  on  low  dill  williuiii  NliniulanlH  Ofleii 
an  altiick  is  averlid  thereby.  Olio  lulviM-d  the  hulplmte 
of  s(«la:  Forilyci',  llie  sulphate  of  niat.'iieKia.  Veiiewc 
tioii  has  been  resorted  to  under  similar  rirciimHlanecH  If 
asTioiitaneous  hemorrhage iMcur.  opinioim  diller,  whether 
locheck  il  ornol  isiidvisable,  Wachsmulh.  I,eg>;.  EriKli, 
and  olherH  claim  thai  apoplectic  symploms  or  grave 
dyspnii-a  may  arise  if  it  is  ihecked."  'I  he  taller  author 
advi«ales  veiiesiclion.  Il  is  certain,  if  the  hiniorrhii);!- 
is  not  loo  profuse,  a  bleeder  always  feels  beller  atlir  it. 
'  When  il  is  del  iileil  locheck  the  hemorrliii);!' the  iiiiiIiihI 
I  of  treatmeiil  depends  largelv  on  Hie  sial  of  the  blieiliiig, 
I  and  is  similar  to  Ihe  plan  aifopted  in  the  Iraumallc  varie- 
ties if  it  arise  from  exlernal  parts.  Inlernal  remediesare 
more  fri'i|uenlly  reipiiied  in  the  sponlaneous  form,  but 
are  used  inbolh.  Ergot  orcrgolin.  the  latter  by  inoiilh 
or  by podernialically,  haniamelis.  gallic  acid,  opiiini, 
alum,  lurpriilini',  and  preparations  of  iron,  have  been 
used  wilh  benelil.  I.egg  rrcomminds  the  line  Hire  of  Ihn 
perchloride  of  iron,  ijiirly  lo  forty  minim  doses  every 
two  hours,  together  wilh  a  purge  if  there  is  no  in- 
testinal hemorrhaire.  Transfii.sion  may  be  resorted  to 
when  external  and  inlernal  remedies  iire  used  without 
avail. 

The  ])riiiciples  that  govern  the  Irealinent  of  any  Iruti- 
malic  hemorrhage  ajijily  in  a  case  of  h.'emopliiiia.  A 
few  of  the  usual  methods  imisl  be  modilied  as  follows: 
Ligation  of  Ihe  artery  should  never  be  performed;  llie 
actual  cautery  should  be  used  as  a  last  re.sort  only;  care 
in  exercising  |)ressure  should  be  used  on  account  of  the 
pos.sibilily  of  ecchymosi's  and  sloughing  taking  place; 
plugging  of  Ihe  nans  should  only  follow  failures  to  con- 
trol bleeding  by  other  means.  The  wound  should  be 
cleansed,  rest  seiured.  cominession  used,  the  artery 
pressed  upon  if  possible,  cold,  and  especially  ice.  or  very 
hot  water  a|iplied  to  the  bleeding  jiarts.  and  tinally. 
styptics,  as  the  astringent  salts  of  iron,  preferably  Moii- 
sel's  .solution,  the  nitrate  of  silver,  alum,  and  oilier  well- 
known  astringents  should  be  tried.  The  famous  siyplic 
of  Paneoast  is  a  clean  and  most  eflicient  ap|>licalion. 
Gelatin  in  tiveper-cent.  solution  may  be  used.  A  hem- 
orrhage from  the  extntction  of  teeth  may  be  controlled 
by  means  indicated  above,  by  replacing  the  tooth  in  it.s 
socket,  by  taking  a  plaster  of  Paris  cast  of  Ihe  jaw.  by 
retaining  the  jaw  in  ])ositiou  by  a  roller  lumdage,  or 
liiially  by  the  cautery. 

Hecenlly  the  physiological  principles  of  coagulation 
have  been  applied  to  the  treatment  of  hemorrhage. 
A.  E.  Wright  recommends  the  local  use  of  a  solution  of 
(ibrin  ferment  in  an  aqueous  calcium  chloride  .solution. 
Schmidt  and  von  ManteulTel  have  conlrollida  hemorrhage 
after  tooth  extraction  by  application  of  Srhmidl  s  zymo- 
plaslic  substance  after  cocainizalion.  For  llie  e|iislaxis 
Wright  also  recommends  the  inhalation  of  carbon  dioxide 
through  the  nostrils. 

Traumatic  liemorrhage  must  be  prevented  by  avoiding 
all  surgical  operations  on  a  person  aflected  with  ha-mo- 
Iihilia.  unless  life  is  in  peril,  and  bv  preveiitin.!:  him  from 
engaging  in  any  occupation  in  which  he  is  liable  to  re- 
ceive an  injury.  A  tooth  should  not  be  extracted  under 
any  circumslance. 

In  the  interval  between  Ihe  hemorrha.sres  the  patient 
should  use  a  generous  but  non-stimulating  regimen, 
should  live  in  the  fresh  air,  should  avoid  exposure  to  cold 
and  dampness,  and  should  be  free  from  all  excitement. 
Iron  and  cod  liver  oil  should  be  used,  unless  plethora 
should  ensue.  The  prolonged  use  of  the  Hock  Bridge 
alum  water,  of  Virginia,  has  been  of  service  in  some 
cases,  in  reducing  the  frequency  of  liemoiTliages. 

Surgical  principles  must  be  invoked  in  the  treatment 
of  the  joint  alTeclions.  Ke.sidence  in  a  damp  locality, 
or  exposure  to  cold  and  dampness  is  particularly  likely 
to  cause  and  aggravate  these  complications.  If  they  are 
obstinate,  a  warm,  dry  climate  must  be  sought. 

The  marriage  of  the  daughters  of  a  family  of  bleeders 
should  be  prohibited.     In  this  way  only  can  the  advance 
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of  the  disease  be  checked.  If  the  brothers  are  marked 
subjects  of  the  disea*'  ihrir  marriage  should  be  pre 
vented.  ./.  II.  Minuter. 

It.  M.  Pearce. 

H/CMOPTYSIS.— El ymdlo.cically  rnnsiderpd,  the  word 
lm'in(i|il_vsis  sii;iiitifs  the  (■.\]u'etoniti(iii  nf  liloiid.  witliutil 
reiriird  to  its  source  or  (imiiilily.  Praeliciilly.  howtver. 
the  term  has  come  to  imlicate  the  expectoration  of  p\ire, 
or  of  almost  pure  lilood.  emauatiuf:  from  the  resi)irulory 
orgaus.  viz.,  from  the  laryii.x,  trachea,  lirouchi,  or  hini;s. 
The  expectonitioii  of  rustv,  prune  juice,  or  irreciiish 
sputa,  in  pmumonia;  of  blood  streaked  sputa  in  bron 
chilis;  of  jelly  like  mas,ses,  as  in  cancer;  or  of  chocolate 
colored  material  in  hepatic  abscess,  does  not,  therefore, 
properly  constitute  an  example  of  luenioptysis  in  the 
ordinary  acceptation  of  the  wiud.  The  term  is,  however, 
applied  by  some  authors  to  the  expectoration  of  blood 
in  suliieient  (pianlities  to  be  microscopically  discovered, 
even  if  the  sputa  cimtaining  it  be  largely  composed  of 
other  constituents.'  The  spitting  of  blood  which,  having 
been  extr.ivasated  at  points  more  or  less  remote  from  the 
respiratorv  organs,  ami  having  readied  llie  jibarynx,  lias 
gravitateil  into  the  air  passjiges  (as  in  hamatemesis,  and 
in  buccal,  tesopbageal,  or  nasal  hemorrha.5es),  may  be 
designated  as  pseudo  ha'moptysis  or  spurious  haemop- 
tysis. The  expectoration  of  blood  follows  brouchor 
rliagia  and  pncuniorrhagia  in  so  large  a  pro]iortion  of 
cases  thai  only  ha'mopty.sis  due  to  llieso  causes  will  be 
considered  in  this  place,  the  reader  being  referred,  for  in 
formation  regarding  laryngeal  and  tracheal  hemorrhages, 
which  are  comparatively  rare,  to  the  articles  in  this 
H.\xi)iio"K  treating  of  diseases  of  the  larynx  and  Irachea. 
An  absolute  discrimination  between  bronchial  and  pul 
monaiy  hemorrhage  being  verj'  difficult,  and  of  slight 
importance  from  a  therapeutical  standjjoint,  will  not  be 
insisted  on  in  the  present  article.  Furlhermore,  as  the 
etiology  and  pathology  of  liiemoptysisare  fully  discussed 
under  other  headings  (the  various  diseases  of  the  heart, 
lungs,  bronchi,  larynx,  etc.),  it  seems  best  to  omit,  in  the 
present  article,  all  discussion  of  this  part  of  our  subject, 

Sv.MPTOM.\Toi.oGV. — The  clinical  history  of  h;emopty 
sisenibraces;  I.  Prodromal  Symptoms;  II.  Actual  Symp- 
toms, or  tliose  of  the  attack,  and  III.  Consecutive  Symp 
toms,  or  sequela;. 

I.  Piudroiiml  Symptoms. — Premonitory  symptoms  are 
often  ab.scnt  in  ha'moptysis,  particularly  if  it  be  due  to 
traumatic  causes,  to  the  nijiture  of  an  aneurism,  or  to  in- 
cipient phthisis."  Under  these  circunislauces  the  hemor- 
rhage occurs  either  without  an  evident  exciting  cause, 
while  the  patient  is  quiescent,  or  it  is  precipitated  by 
some  physical  effort,  such  as  lifting,  riding,  running,  or 
dancing.  Subjective  precursory  phenomena  generally 
precede  ha'moptysis  from  active  or  passive  congestion, 
and  in  cases  of  recurrent  hivmoptysis.  The  most  note 
worthy  premonitory  sjmptoms  are  cold  extremities,  ac 
celeraled  pulse,  vertigo,  ceidialalgia,  epistaxis,  thoracic 
opjiression,  constriction,  distention  or  warmth,  a  dry 
hacking  cough,  vague  general  discomfort,  slight  dysp 
no'a,  and  cardiac  palpitation.  An  objective  ])rodronial 
symptom  is  cerebral  congestion,  accompanied  by  flush 
ing  of  the  face,  throbbing  of  the  carotids,  and  au,2:meiited 
rapidity  and  force  of  the  pulse.  Important  suggestions 
relaiive  to  the  possible  occurrence  of  hicmoptysis  may  be 
derived  from  the  previous  history,  particularly  if  this  in 
eludes  evidences  of  phthisis,  of  cardiac  disease,  or  of  one 
of  the  dyscrasia'.  Prodromes  may  be  ob.ser\ed  several  days 
before  a  imlmonary  hemorrhage,  ree\irring  at  irregular 
intervals  before  the  attack,  or  they  may  directly  precede 
the  ha'moptysis. 

II.  Actiuil  Si/mptoms,  or  titote  of  (he  Attack. — In  an  or- 
dinary case  of  ha'moptysis,  whether  inaugurated  by  pre 
monitory  .symjilonis  or  not.  the  pati<nt  experiences  a 
sensation  such  as  might  be  referred  to  the  trickling  of  a 
warm  liquid  beneath  the  sternum,  perceives  a  saline, 
sweetish  taste,  and,  on  dealing  his  throat,  expectorates 
blood  without  effort.  Cough,  attended  by  characteristic 
large,  moist,  tracheal  ami  bronchial  n'des,  now  begins,  or 


may  have  preceded  the  first  bloixly  expectoration,  and 
ea<'h  paroxysm  of  coughing  leads  to  the  expulsion  of  a- 
variable  (juantity  of  bjood,  which  is  generally  fluid,  arte- 
rial in  color,  of  alkaline  reaction,  frothy  from  the  admix 
lure  of  air,  and  often  mingled  with  mucus  or  muco]>us. 
If  the  (luantily  of  blood  be  small,  and  its  expulsion 
gradual,  it  is  often  venous,  or  even  black  in  color,  and 
more  or  less  completely  coagulated.  Coagula  emanating 
from  the  lung  are  usually  of  low  specilic  gravity,  on  ac- 
count of  the  air  bubbles  which  they  contain.  Blood 
easts  of  the  bronchi  may  be  expectorated.  The  quantity 
of  blood  rejected  varies  within  wide  limits.  In  some 
cases  only  a  few  drachms  are  expectorated,  in  others, 
particularly  in  iKcmojitysis  from  ruptured  aneurisms, 
from  phthisical  or  other  cavities  and  in  imeumorrhagia. 
several  pounds  may  be  rejected.  If  the  blood  is  so  abun- 
dant thai  it  fails  to  find  a  ready  exit  through  the  buccal 
cavity,  which  rarely  happens  it  flows  in  an  almost  unin- 
terrupted current  from  iioth  nose  and  mouth,  quickly 
producing  syncope,  or  even  convulsions  and  death.  A 
certain  quantity  of  blood  is  often  swallowed,  giving  rise 
to  hxmatemesis  or  to  mela'na.  The  uniulerrupted  dura- 
lion  of  ha'moptysis  is  very  variable,  ranging  from  a  few 
minutes  to  several  days.  A  single  attack  sometimes  oc- 
curs, but  lucmoptysis  is  generally  recurrent.  The  inter- 
vals between  successive  attacks  vary  from  a  few  h(jurs 
or  days  to  months  or  years.  Eidihorst  affirms  that  mala- 
rial hanioplysis  recurs  periodically  at  the  time  when  a 
febrile  paroxysm  should  be  expected.  A  similar  period- 
icity may  obtain  in  amenorrho'al  luemoptysis.  ILenio]!- 
lysis  manifests  a  strong  tendency  to  self-limitation,  but 
it  may.  in  exceptional  cases,  espi'cially  when  dependent 
upon  phthisis  or  on  ha'inophilia,  recur  so  often  as  ti> 
cause  death  by  exhaustion.  Only  in  rare  instances  does 
the  spitting  of  blood  prove  immediately  fatal  from  lapid 
asthenia,  or  from  asphyxia  due  to  obstruction  of  the  air 
passages. 

The  first  sight  of  blood,  especially  in  an  initial  ha'mop- 
tysis, engenders  characteristic  exciieraent  and  terror  on 
the  patient's  part;  but  when  a  few  safely  surmounted 
paroxysms  have  demonstrated  their  comparative  innocu- 
ousness,  his  mental  eiiuilibrium  is  often  little  disturbed 
by  the  onset  of  a  new  hemorrhage.  In  cases  of  moderaie 
hwmoptysis  the  constitutional  symptoms,  a.side  from 
mental  perturbation,  betra3-ed  by  an  anxious  expression 
and  by  gentle  tremor,  are  at  first  those  of  slight  shock, 
i.e..  pallor,  faintness  or  nausea,  chilliness,  and  enfeeble- 
ment  of  the  pulse.  These  symptoms  are  succeeiied  by 
congestion  of  the  face  and  by  augmented  force  and  fre- 
quency of  the  heart's  action,  which  iilienomcua  gradu- 
ally disappear  after  the  cessation  of  the  hemorrhage.  Ii> 
cases  of  more  copious  luemoptysis  the  facial  congestion 
gives  place  to  returning  pallor,  the  pulse  becomes  irreg- 
ular and  compres,sible.  the  respiration  suspirious,  the 
surface  clammy,  and  the  mind  apathetic.  Restlessness, 
tinnitus  aurium.  urgent  Ihirsi,  falling  temperature,  nau- 
sea, musca;  volitanles,  dimness  of  vision,  increasing  as- 
thenia, transient  syncope,  and  convulsive  twitchings  are 
symptoms  which  complete  the  clinical  picture.  In  the 
woret  cases  of  ha'mopty.sis  the  phenomena  just  enume- 
rated appear  in  rapid  succession,  and  death  results  either 
from  syncope  or  from  suffocation,  due  to  obstruction  of 
the  air  passages  by  fluid  and  coagulated  blood  Ibemoii- 
lysis  from  hemorrhagic  infarction  generally  ensues  forty- 
eight  hours,  or  even  later,  after  the  occurrence  of  pul 
monary  embolism,  which,  if  the  embolus  be  of  .scpiic 
character,  is  frequently  annoimccd  by  a  chill.  For  the 
symptoms  peculiar  to  hemorrhagic  infarction,  ride  tin- 
article  on  Luiif/.  Iiifuretioii  of  the.  Hanioplysis  from  the 
other  predisfKising  and  exciting  causes  described  under 
the  caption  Ktiologn,  as  cancer,  aneurisms,  abscess,  and 
gan.ffiene,  will,  of  course.  Vie  accompanied  by  the  symp- 
toms |iecidiar  to  these  diseases.  That  ]>ulmonary  iir 
bronchial  hemorrhage  and  hanioplysis  are  not  conver 
tible  terms  is  shown  by  the  fad  that  liemorrhages  from 
the  lungs  sometimes  occur  without  giving  rise  either 
to  the  prodromal  or  to  the  actual  symptoms  of  haiuop- 
tysis.     These  symptoms  may   be  absent  either  if  the 
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Ilfi-liiii|il  )  aIm. 


iiiiaiility  of  cxlniviuuitcil  lilnoil  he  InKiKnlllcHiit  iiiiil  iin- 
)i<'i';;(i  rriihH<ir|ili<>ii.  or  if  it  lii'  ko  liiri;<'  us  lo  |iri'rliiili'  the 
|i(issiliility  i>f  ilH  r\|)iiiiiniliciii  liy  cmisiii);  siiililrii  ilriitli. 

Tllr  pfiljifiriit  mi'i/hm,  nsiiir  from  tlinsr  illlr  In  llli-  cHhcjihi'S 
laiisiii^'  liii'iiiiiptysjs.  nil'  iisimlly  uiiiiii|ii>rliiiil.  If  iJir 
aiiiirk  III'  sli^'lil.  tlirri'  iniiy  l>i'  no  pliysiial  Hi;;ii!>,  or  moist 
rail's  iitav  sliow  tin-  prcsi'iiri'  of  IiIihnI  in  ilii'  alvooli. 
Innncliiolrs,  anil  hronrlii  No  aililitiorial  si^Nis  will  In- 
iliscovcri'il.  iinlrss  rnnsiilrrablr  ronsuliilalion  liaH  Ih'cm 
pniiluri'il  liy  till' acciiinulat ion  of  liloml  in  llir  air  |ias.sii);i'S 
anil  llir  intrrslitiiil  |niliiionaiy  lissms,  w  Inn  iliilni'ss.  ami. 
innviili'il  tliat  till'  lironi'lii  l>r  iinolislriulril,  liromlio 
vrsii'iilar  or  lironrliial  i'i'S|>iralion  ami  inrrrasril  vmal 
fniiiiliis  may  111- fonnil.  If  llir  Inomlii  air  mmplili'ly 
or  (onsiiliralily  olislrmtril.  lluTr  will  hr  iliminiilion  or 
tilisrinc  of  rcspinitoiy  ami  of  vocal  siirns. 

TiiKATMKNT. — Till'   imiicatioiis   for   tlic    treatment    of 
Inemoplysis  are:  tirst.  the  arrest  of  an  actual  attack;  sec 
onil.  till'  prrvinlion  of  its  reiiirreiice  liy  trealmeiit  of  the 
ciuisalivealTi'cliims;  ami  tinally,  the  relief  of  its  cons*'Cii 
tive  symploins 

Kneru'i'tic  tlierapeiilical  ineasuics  ure  not  imlicateil  in 
milil  attacks  of  hanioplysis.  liuc-nnicli  as  local  ileple 
tioni'Mrlsa  beneticial  ilTccI  upon  piilinnimry  coiij;estioii. 
which  is  the  cause  of  most  sliijit  liemiirrlia,i;es.  it  is  ail- 
visjilili-  not  to  interfere  with  nature's  elTort.s  for  the 
relief  of  excessive  intravascular  tension,  but  to  second 
tliciu  by  measures  temliii!;  to  the  accoinplishmenl  of  the 
same  eiiil.  Wliellier.  therefore,  the  cnnirislimi  be  active 
or  passive,  perfect  ipiicscencc,  in  a  semi  nciimbinl  ]iosi 
tion,  shoiilil  be  strii'lly  eiijoiiieil  upon  the  patient.  The 
.slaleiuent  thai  hainoiilysis  is  useful  in  lelievinj;  jiulmo 
nary  consrestion.  ami  that  its  occurrence,  fiiven  the  usual 
preexist inu'  confiestion.  is  desirable,  should  be  confi- 
dently made,  and  is  usually  e(Ic<'tive  in  quieting  the 
patient's  apprehensions.  The  sickrooni  must  be  kept 
cool,  well  ventilated,  and  free  from  all  persons  whose 
demeanor  would  tend  lo  exritemisirivingR  in  the  jiatient's 
mind.  The  bed  coveriiiirs  are  to  be  so  liirlil  as  not  to 
compre,s.s  the  chest.  The  |iaticnt  should  be  fri'i|Uently 
reinimled  peraistently  to  restrain  his  desire  to  cough. 
Mild  revulsive  measures,  such  as  the  application  of  mus- 
tard leaves,  or  of  dry  cups,  to  the  exposed  parts  of  the 
chest,  nud  of  stimulating  iiediluvia,  are  in  order,  as  is 
derivation  by  means  of  a  gentle  saline  ])urgative.  If  the 
pulmonary  iiypenemia  be  active,  cardiac  sedatives  may 
lie  employed,  one  of  the  best  being  the  tincture  of  aco- 
nite, ill  two-drop  doses,  every  twenty  minutes,  until  a  re- 
duction in  the  force  and  fn'iiiiency  of  the  juilse,  or  tin- 
glin.ir  in  the  throat  and  finger-tips  is  observed.  Should 
the  hyi'i'ianiia  be  jiassive.  as  in  uncompensated  heart 
lesions,  the  tincture  of  digitalis,  in  ten  drop  doses,  should 
be  administered,  every  hour,  for  the  pur|iose  of  strength 
oiling  the  heart  s  action.  In  cases  of  more  profuse  or 
])rol meted  ha'mo]ilysis  the  sjime  rules  regarding  the  pa 
tienis  position  and  surroundings  should  be  rigidly  en- 
forced, and  more  potent  tlierii]ieulical  measures  adopted. 
If  the  hemorrha.ire  be  occasioned  by  excessive  active 
Iiypenemia  the  patient  being  strong  and  plethoric,  or  by 
so  great  passive  congestion  as  to  threaten  laidiae  paraly- 
sis, venesection,  to  eight  or  ten  ounces,  alfords  prompt 
relief.  This  treatment  is  particularly  adapted  to  the  ini- 
tial hiemoptysisof  tuberculosis,  and  to  pulmonary  hemor- 
rhage from  rarefaction  of  the  aliiiosphere.  troiii  the  in- 
halation of  irritating  substances,  and  from  violent  physical 
<'Xeitions 

If  the  patient  will  not  submit  to  the  operation  of  phle 
botomy,  active  congestion  may  be  measurably  controlled 
by  a  brisk  saline  purgative,  by  emetic  doses  of  ipecac, 
as  recommended  by  Trousseau  and  Graves,  and  recently 
advocated    by    >Ias.sina   and    Peter,  but  which  must  be 
avnided  in  luemoptysis  from  cavities  because  of  its  ten 
deiicy  to   prevent   ciosure  of  bleeding  vessels,  or  by  the 
following  tlierai)eulic  agents,  which  are  useful  in  all  vari- 
eties  of   profuse   pulmonary    hemorrhage.       The    most 
jiolent  of  these  is  cold,  which  is  best  apiilicd  by  means 
of  an  ice  bag,  of  moderate  weight,  placed  over  the  pri 
inary  bronchi,  or  on  that  part  of  the  chest  to  which  the 


iletecllon  of  rflUii  points  ax  llie  pmlmlilc  neat  of  liemor 

rliage.  Siiiall  piecesof  IceNhoiilil  Ih' coiiNtaiilly  iIIhwiIviiI 
in  the  iiioiilli  and  swallowed.  The  Im'hI  furm  I'lf  nourish 
llieiit  is  ciild  milk,  taken  in  i|iiaiilitii'S  of  eight  oiiiiceN.  lit 

intervals  iif   Iw ■  three  hours.      I'livsiciil   exaiiiiiiatlonH 

should  be  studiously  aviiided.  as  lafeulated  to  iiicreaw 
and  to  excite  liainoptysiH.  and  as  airordiiit.'  no  important 
results.  Lit'iition  of  the  extremities,  whii-h  is  hoiiietiiiieH 
II  very  etilcieiit  hienioslatic  meiiHiire,  acts  by  retaining  the 
venous  blood  in  the  limbs,  while  the  arterial  eurri'iil  Ih 
not  arrested  :  but  il  miisl  lieeaiilioiisly  emploved,  lest  HVn- 
cope  or  venous  Ihroiiibosis  be  iiidiiceil.  'rlieM'  iiiitowurd 
results  may  be  prevented  by  the  simiillaiieoiis  ligation 
of  onlv  two  members,  by  liming  the  li^raliin-s  in  place 
for  only  a  few  niinules,  conseculively,  and  by  removing 
llieni  so  soon  as  hainoptysis  ceaws.  Ligation  must,  iml- 
iirally,  be  underlaken  only  under  the  pliysiiian's  imme- 
diate direclion  and  supervision.  Krgot  is  probably  the 
most  ettieienl  hainoslatic  remedy.  It  may  be  exhibited 
in  the  form  of  the  lliiid  extract,  in  doses  of  one  or  two 
draehiiis.  diluted  with  an  ounce  of  water,  every  Imlf- 
liour  or  hour,  until  the  hemorrhage  ceases  or  a  decided 
diminution  in  the  force  and  fii'i|iiency  of  the  |iiilsi'  ig 
observed.  Should  the  sloiiiaeh  prove  rebellious,  half  an 
ounce  of  the  lluid  extract,  diluted  with  an  eipial  iiuantity 
of  lukewarm  water,  may  be  given  by  rectum,  and  re- 
peated every  hour  until  the  physiologiial  elTects  are  pro- 
duced. If  it  is  desirable  that  the  action  of  the  drug  lie 
very  speedily  exeiled.  half  a  iliai  hm  of  the  lluid  extract, 
or  three  grains  of  irL'oliii.  dissnlvid  in  cnual  parts  ;.dy- 
eerin  and  water,  sliould  lie  subeiitaiieinisly  ailniiiiistered, 
every  half  hour,  uiilil  tliedisireil  result  is  obtained.  One 
grain  of  opium,  or  one  lourlli  grain  of  the  sulphate  of 
nior|>hine,  iireferably  in  lluid  form,  must  be  immidiately 
administered  for  the  purpose  of  checking  cough,  and  of 
inducin.i;  mental  and  pliysical  ()uictiiile.  The  opiate 
should  be  repeated  in  doses  of  half  the  size  mentioned, 
every  two  hours,  until  hemorrhage  ceases  or  the  |)liysi- 
ological  efTecIs  of  the  mediciiie  .'ire  obtained.  The  most 
speedy  and  satisfactory  niilhod  of  administering  the 
narcotic  is  by  hyiiodermatie  injection  of  the  sulphate  of 
morphine,  particularly  if  simple  enicsis  or  haiiiateinesis 
coexist  with  the  Ineinoptysis.  (l|iiati'S  are  contraindi- 
cnted  wlien  fatal  accumulation  of  blood  in  the  air  pas- 
sages is  threatened.  At  such  times  ex]iect oration  should 
be  encouniged  and  facilitated.  Many  authorities  reeoni- 
mend  that  several  teaspooiifuls  of  dry  eonimon  sjilt  be 
administered,  if  no  other  remedy  be  at  hand,  largely  for 
the  desirable  moral  elTeet  resulting  from  medication  in 
general,  and  partly  on  account  of  the  unexplained  but 
well  attested  restraining  effect  of  Siilt  uixin  Inemoptysis. 
Inhalations  of  astringents,  preferably  of  Monsel's  solu- 
tion, or  of  the  lif/iiorfern  M«f/>iir/i!oii<li,  diluted  twenty- 
five  times  with  water,  and  administered  in  the  foini  of 
spray  generated  b,v  an  atomizer,  are  sometimes  useful. 
The  acetate  of  lead  in  two-grain  doses,  or  gallic  acid  in 
twenty  grain  doses,  every  tliri'e  hours,  is  often  adniin- 
istered  internally,  although  the  question  of  their  value 
is  still  debatable.  Hartholow  extols  the  virtues  of  tur- 
pentine in  luemoptysis  dependent  upon  luemopliilia 
and  purpura.''  It  may  be  exiiibited  by  mouth,  in  twenty- 
<Irop  doses,  in  emulsion,  or  on  sugar,  or  its  vajior  ma.v  be 
inhaled,  for  one-quarter  hour,  at  intervals  of  two  hours. 
Afttr-TrciitiiKiil . — The  objects  of  the  after-treatment 
are  the  prevention  of  a  recurrence  of  hainoptysis.  and  the 
relief  of  its  consecutive  symptoms.  The  former  indica- 
tiim  is  best  fulfilled  by  the  removal  of  predisposing  mor- 
bid conditions,  and  by  the  avoidance  of  exciting  causes. 
JIany  of  the  diseases  predisposing  to  liiemoptysis.  al- 
though, unfortunately,  not  amenable  to  curative  meas- 
ures, ma.v  be  favorably  infiuenccil  by  judicious  treatment. 
Pernieioiis  malarial  fever,  of  the  hemorrhagic  type,  may- 
be controlled  by  quinine  and  by  other  antijieriodics. 
Vicarious  amenorrhaial  hainoptysis  is  to  be  combated  by 
means  tending  to  excite  the  normal  menstrual  flow,  and 
scorbutic  pulmonarv  liemorrha.ce  by  good  food  and  veg- 
etable acids.  In  cases  of  jiuerperal  or  marantic  venous 
thrombosis,  the  utmost  qie-tude  should  be  enjoined,  in 
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onlcr  tlint  pulmonary  ombolisin.  resiillinj;  in  infrtrotion 
anil  ha'nii>|i|ysis,  may  be  averted.  Acute  ami  cliKiiiic 
jiulnKinary  inllainniations  must  he  suhjeeteil  to  appro 
priate  treatment,  anil  earnest  elTorts  maile  to  establish  a 
fompeiisiilioii  for  e.\islinj;  organic  canliiie  diseases. 

The  cvcitinj;  causes  of  hiemoplysis  most  easily  avoided 
are  those  producing  active  jiuhnonary  congestion,  such 
as  violent  physical  elTorts,  mental  e\eilement,  great  rare- 
faction of  the  atmosphere  and  the  inlialalion  of  irritating 
vapors  and  gases.  The  chief  direct  .sequela' of  h.-eniop 
tysis  are  bronchitis,  bronchopneumonia,  ana'mia.  and  as 
tiienia.  The  first  and  second  are  to  be  treated  in  accord 
anci'  with  generally  recognized  methods.  The  aiaemia 
and  asthenia  are  tobe  combated  with  tonics,  preparations 
of  iron,  nourishing  food,  moderate  and  regular  out  of- 
donr  exercise  in  pleasant  weather,  and.  if  extreme,  by 
alciiholics  rationally  adnunisteri'd.  If  no  other  cause  for 
a  given  attack  of  h.-emoptysis  ciin  heiliscnvered.  it  shmdd 
be  regarded  as  a  probable  iidtial  symptom  of  pulmonary 
tulierculiisis.  and  approiuiate  prophylactic  measures 
should  be  imme-'intelv  inaugurated. 

Willhnn  n   Fliiil. 

Rfferkxcks. 

'  FJoliliorsI :  Iliindhmli  d.  spec.  I'litli.  u.  Tli..  l.ss:!,  Bd.  I.,  p.  490. 
'J.  HuBlii's  lieunctt:   Ueyriolds'  System  of  Medicine,  vol.  vll.,  p. 
124,  I'hilndilptiia. 
»  13iinliolo\v  :  I'rac.  of  Med.,  p.  3T8,  New  York,  1880. 

H/€MOSTATICS.— lla'tnostalic  drugs  are  such  as  are 
eniplii\rii  loeiiiitrul  liemorrhage.  When  the  hemorrhage 
occurs  upon  an  exposed  surface  or  from  some  accessible 
cavity,  oidinary  surgical  measures  are  usually  resorted 
to:  b"\U  if  the  bleeding  is  not  amenable  to  surgical  treat- 
ment or  if  it  occurs  in  some  ileejily  sealed  organ,  it  be 
comes  necessiiry  to  make  use  of  astringent  and  styptic 
drugs  These  may  be  made  to  act  directly  upon  the 
parr  by  applying  them  to  the  bleeding  point,  or  their 
Invmostatic  effect  may  be  obtained  by  internal  admiuis 
tration. 

Whenever  bleeding  occurs  tlu'  efforts  of  nature  are 
directed  toward  a  spontaneous  cure.  There  is  at  once  a 
contraction  of  the  injured  vessel,  the  torn  coats  of  the 
artery  retract,  and  the  cscajung  blood  is  coagulated  by 
contact  with  the  surrounding  tissues  and  upon  exposure 
to  the  air.  Should  the  loss  of  blood  be  severe,  there  is  a 
weakening  of  the  heart's  action  and  a  lessening  of  the 
blood  pressure  xvhicli  greatly  aid  nature's  efforts.  These 
chan,!res  afford  us  an  indication  for  treatment,  and  it  is 
upon  these  principles  that  we  select  our  remedies  and 
endeavor  to  overcome  the  trouble. 

The  local  application  of  extremes  of  heat  and  cold  is  a 
very  conmion  and  a  very  effective  means  of  controlling 
hemorrhage.  Ice  almost  immediately  contracts  the  ves- 
sels and  blanches  the  part,  and  the  emidoyment  of  very 
liot  water  produces  in  a  similar  luaimer  a  sjiasinodic  con- 
traction of  the  vessels,  and  exercises  a  more  marked  effect 
in  coa.ixulating  the  Wood.  The  custom  of  applying  cold 
to  the  thorax  with  the  object  of  checking  hemorrhage  in 
the  lungs  or  to  the  abdomen  when  the  intestines  are  the 
seat  of  the  trouble,  is  of  donlitful  value,  unless  the  bleed 
ing  ves.sels  are  clo.se  to  the  surface.  Many  hold  that  it 
may  do  more  harm  than  good  by  diivin,ir  the  blood  from 
the  surface  to  the  organs  beneath.  The  a]>plication  of 
lieat  to  the  spine,  although  less  common,  is  jirobably  a 
more  rational  mode  of  treatment,  the  heat  being  applied 
over  the  ganglia  which  control  the  nerve  supply  of  the 
part.  Both  heat  and  cold  are  most  elTci  live  when 
brought  in  direct  contact  with  the  bleeiling  surface. 
Lumps  of  ice  may  be  swallowed  in  Inematemesis.  or  in- 
serted into  the  rectum  or  vagina  if  the  intestinal  canal  or 
the  uterus  is  the  part  affected  In  the  same  way  the  ap- 
I)lication  of  hot  water  to  the  open  wound,  or  a  hot  injec- 
tion in  uterine  hemorrhage  is  idwaysof  service  and  much 
more  desirable  than  a  cold  a|)plicatioD  if  there  is  nuich 
depression. 

The  local  actions  of  Invmostatics  differ  somewhat. 
Some  cause  a  firm  clotting  of  the  blood  and  are  termed 
styptics,  while  others  produce  their  effect  by  acting  more 


directly  upon  the  vcs.<«Os,  Of  the  styptics,  the  best 
known  are  the  sidls  of  iron,  especially  tlie  subsulphate 
and  persulphate  alum,  acetate  of  lead,  and  tamnc  acid, 
all  of  which,  although  they  exercise  a  consttnnging  effect 
upon  the  vessels,  act  almost  entirely  by  causing  tirm, 
adherent  coagulation,  not  only  of  the  blood  but  also  of 
the  adjacent  albuminous  tissues,  liy  the  time  when  this 
mass  becomes  detached  the  bleeding  ]ioinlsare  obliterated 
and  a  healthy  surbue  remains.  The  h;emostalics  which 
act  more  directly  tipon  the  vessels  are  alcohol,  oil  of  tur- 
pentine, a  weak  solution  of  acetate  of  lead,  antipyrin,  and 
suprarenal  extract.  Suprarenal  extract,  as  well  as  its  de- 
rivative adrenalin,  is  the  most  tyi)i(  al  of  this  class,  and  is 
probably  the  most  valuable  lo<al  ha-mostatic  that  we 
possess.  It  produces  a  most  powerful  contraction  of  the 
vessels,  and  this  pi-rsisls  for  a  lon.g  time  A  solution  of 
adrenalin,  1  in  10  1100,  renders  the  conjunctiva  or  any  of 
the  mucous  membranes  almost  devoid  of  blood.  It  has 
been  much  employed  to  secure  bloodless  operations  upon 
the  nose  and  throat,  as  well  as  to  check  hemorrhage  from 
any  mucous  surface. 

The  effect  of  the  internal  administration  of  ha'inostatics 
is  not  so  detiidte.  nor  is  it  readily  explained,  but  clinical 
experience  has  taught  us  that  several  drugs  may  be  de- 
pended upon  for  their  ha'uiostalic  action.  Ergot,  hy- 
drastis.  oil  of  turpentine,  and  aromatic  sulphuric  acid 
have  all  proved  of  service.  They  act  upon  the  muscular 
elemeiUs  of  the  arterial  coats,  causing  a  marked  diminu- 
tion in  the  calibre  of  the  vessels;  their  efl'ect  is  particu- 
larly marked  on  iiiistriped  mus<ndar  tissue. 

Tannic  acid  and  vcgetalile  ]U(])arations  the  astrin- 
genc)'  of  which  is  due  to  tannin,  are  much  employed  in 
this  way  and  have  been  thought  to  be  decidedly  benefi- 
cial. "Tannin,  however,  is  never  absorbed  into  the  blood 
except  as  gallic  acid,  which  does  not  coagulate  albumen 
and  possesses  very  slight  astringent  properties.  E.xcept 
in  hemorrhages  from  the  stomach  and  bowels,  tannic  acid 
probably  exerts  no  true  ha-mostatic  effect.  In  such  ca.ses 
the  drug  probabh-  produces  an  astringent  effect  because 
it  is  brought  into  direct  contact  with  the  affected  parts. 
The  same  argument  applies  to  the  tise  of  the  mineral 
astringents,  as  alum  and  acetate  of  lead,  for  they  both 
actively  coagulate  albumen  and  are  thought  not  to  pass 
beyond  the  luucous  membrane  of  the  intestines.  Lead, 
however,  enters  the  circulation  as  an  albuminate  and  has 
a  decided  action  in  causing  mtiscular  contractions.  Its 
effect  upon  renal  hemorrhage  is  marked,  but  upon  other 
organs  its  value  is  not  so  certain.  The  action  of  alum 
is  less  certain,  it  is  ab.sorbed  as  an  albuminate  and 
exercises  an  astringent  effect  when  exereled  by  the  kid- 
neys and  skin  Its  beneficial  action  in  hemorrhage  from 
other  organs  is  doubt  fid. 

In  addition  to  the  help  obtainable  from  astringent  rem- 
edies, it  is  possible  to  derive  considerable  assistance,  in 
our  efforts  to  control  hemorrhage,  from  the  use  of  seda- 
tives and  revulsanis,  which  secure  rest  and  lessen  con- 
gestive states.  Formerly  these  ends  were  attained  by 
such  drugs  as  tartar  emetic,  aconite,  lobelia,  and  tobacco, 
and  from  a  resort  to  venesection,  Exceiiting  in  cerebral 
hemorrhage  these  remedies  are  now  never  resorted  to. 
Instead,  we  place  the  patient  in  the  most  favorable  ]iosi- 
tion  to  secure  bodily  ease  and  functional  rest  of  the  im- 
plicated oigan.  If  the  lungs  are  affected,  talking  is  for- 
bidden .  if  the  l)leediiig  is  from  theiligeslive  organs,  food 
is  restricted  and  icctal  feeding  substituted  ()])iuni  is 
always  of  the  greatest  service  In  all  forms  of  heinor 
rha.ge  there  are  much  restlessness  ami  mental  anguish, 
which  interfere  with  all  our  efforts  to  effect  a  cure. 
Opium  overcomes  this  disturbance  by  putting  the  mus- 
cles at  rest  and  by  calming  the  mental  irritability.  It 
also  favors  functional  rest,  not  only  of  the  organ  affected, 
but  also  of  the  heart  and  circulalion.  It  should  be  given 
freely  (opium,  from  one  to  three  grains;  or  morphine, 
half  a  grain).  The  only  contraindications  to  its  employ- 
ment all'  cerebral  hemorrhage  or  Ihose  conditions  which 
are  ehaiacteri/.ed  by  extreme  prostration  and  by  the  fact 
that  the  respiratory  function  is  markedly  weakened. 
Active  purgation  must  not  be  neglected  unless  thebleed- 
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iii^  H  fniiii  I  III-  Hloiiiarli  or  int(>8lim>H.     Such  n-inodifii  as 

ciilciiMcl  ('<iiii|iiiiiii<l  jjiliip  powilcr.  I'liiU'riiiiii.  iiinl  criitoii 
nil  ihimIiiit  frci' cviiiimlicuis,  Irsscii  all  riiiinc.slivc  sIuIih 
of  tlir  iklHloMiiiiiil  anil  llionicir  oriy[»iiH,  iiiiil  iciUku  iIic 
gfiicriil  I)IimkI  pri-H-surc  Htniimont  Siiuill. 

HAIR  DYES.  INJURIOUS  EFFECTS  OF.  AIiIii.ukIi 
il  !■>  iiMi|iii"<li<iiial>lv  Iriii  llial  llir  ijijiiriniis  ilTi'ils  of  hall' 
tlvi's  liavr  lirrii  ^'I'lisslv  i'.\a);K*'niti'il,  pliysiciaiiH  hIiouUI 
Iwar  ill  niiiiil  tlii'  wiili'Sjircad  lialiit  ot  dyi'iiiK  the  hair, 
whin  calli'il  iipnii  III  trrat  irilaiii  nlisciiir  nrrvmis  syin|i 
liiins  anil  atv|iiral  li-siniis  nt'  llic  skin.  TliU  lialiil  is  mil 
nrw  .  imr  is  il  niir  nl  tlir  passiii;;  fails  of  llir  ilay.  It  has 
lii'i'ii  ham  III  I  iliiwn  to  us  frmii  I  he  must  iciiiolr  aiilii|iiity, 
anil  ils  voiarirs  lire  to  In'  fmiiiil  not  only  anions  Ihi'  pen- 
pli'S  of  III!'  Kasl.  hut  also  iiiiion;;  lliosi'  of  tlir  wckU'I'ii 
iirinisplii'i'c.  Thus,  for  cxiunplr,  we  lliiil  that  cvi'ii  the 
priiiiilivi'  Aincriian  Iiuliaii  foiiml  it  rxpnlirnt  todyr  liis 
hair  Thcicfori',  in  virw  of  the  privalcmi'  of  thcciisloin 
mill  H  hni  wr  (onsiiiiT  tlu'  vny  fi'W  cases  that  arr  thcrchy 
injiiii'il.  \\i'  air  jiistilii'il  in  roniiiii;  to  the  conclusion  that 
(III-  ivil  cllccis  have  liccii  ^'ossly  cxajiKcmtcil. 

The  animal.  vi';;clalili'.  ami  miiici-al  kin^iloms  liavc  nil 
Inch  ilniwii   upon   to  fiiniish   their  i|iiola  of  siihstanccs 
for  ilyi'ini;  the  hair  anil  hearil,  until  tinally  liiodcrii  cliciii 
istry  has  lieeii  called  upon  to  perfecl  the  art. 

Il  Would  lie  lieyond  the  scope  of  this  article  to  enter 
into  a  full  description  of  the  si-vcral  hair  dyes  and  the 
siihsiances  that  have  heeii  employed  for  this  purpose,  il 
will  sultiee  iisto  iiiiike  a  short  siimniary  of  the  ones  most 
commonly  us<'d,  such  as  pyroLrallic  acid,  walnul  hulls. 
indiiTo.  heiinii,  curcuma,  hydroiren  pero.vide.  potassium 
liiehroiuate.  silver  nilnite.  sidls  of  lead,  cop])er  ami  iron, 
and  last,  but  not  least,  chloride  of  parapheiiyleiidiamin 

The  in jurious  elTects  of  hair  dyes  may  lie  divided  into 
three  classes:  First,  injury  to  the  liair.  .second,  injury  to 
the  i;eiieial  system  .  third,  local  injury  other  than  to  the 
hair 

In  the  lirst  class  we  would  place  hydrogen  peroxide, 
which  at  the  same  time  that  it  destroys  the  pigment 
extracts  the  fatty  matter  from  the  hair  and  thus  destroys 
its  vitality. 

As  an  example  of  the  second  cla-ss  the  most  common, 
most  talked  ahoiit  is.  of  course,  chronic  .snturiiine  into.xi 
cation  with  ils  attendant  tniin  of  symptoms,  wristdrop, 
colics,  etc.  ;  this  heini;  due  to  the  ahsorptioii  of  the  sills 
of  lead  hy  the  hairy  .scalp.  At  the  present  time  we  .sec 
liilli'  of  this  condiiion.  but  years  ago  it  was  relatively 
common. 

In  the  third  u;roup  we  must  place  a  number  of  trivial 
accidents,  such  as  staininf;  of  tlie  skin  with  the  salts  of 
smli  metals  as  iron,  copper,  manganese,  silver,  cadmium, 
etc. 

The  stains  of  iron,  manjranese.  and  cadmium  may  lie 
removed  liy  weak  solulioiis  of  acids,  while  the  brown 
stains  of  cop]ier  and  the  black  .stains  of  silver  will  be 
made  to  disappear  by  the  application  of  cyanide  of  po- 
tassium and  iodide  of  potassium. 

Chromic  acid  or  acid  ehromate  of  potjis.sium  will  dye 
the  hair  yellow,  but  they  are  both  caustic  and  poi-son- 
oils. 

The  accidents  brought  about  by  )iyrogaIlic  acid  and 
paniphcnylendiamin  chloride  are  more  serious  in  char- 
neler  Pyrosjallic  acid  will  sometimes  jiroduce,  when 
used  in  sufflcicnt  slreiijith  anywhere  about  the  face,  a 
severe  dermatitis  with  (edema,  while  if  employed  about 
the  eyes  it  is  apt  to  be  followed  by  leilema  of  tlie  eyelids. 
by  conjunctivitis,  and  by  extensive  inHamraation  of  the 
mucous  lining  of  the  nasal  cavity. 

Ever  since  the  introduction  of  paraphenylendiamin 
chloride  as  a  constituent  of  hair  dyes  many  more  in 
stances  of  injuries  due  to  hair  dyes  have  been  brought 
before  the  profession  The  injuries  that  have  sometimes 
followed  the  use  of  the  drug  include,  among  others,  der 
nialitis  of  the  hairy  scalp,  of  the  back  of  the  neck,  of  the 
face,  etc.  — ill  fact,  a  dermatitis  of  that  part  of  the  skin 
that  was  brought  in  contact  with  the  ilrug.  In  .some 
cases  the  iullainmaliou  has  e.xteudcd  to  the  neighboring 


parUi,  while Ciitli<liniiiii  reeordn a ciui« in  wliltli  the  whole 
body  was  alTecled. 

The  chaiacier  of  the  eriiiillon  varies  from  ii  HJiglit  cry- 
Ihema  ton  vesicular,  papular,  or  piistidar  leKloii ;  it  inny 
also  be  iirlicarial  in  eharailir;  iidema  miiv  be  well 
marked,  w  Idle  priiriliiH  may  be  intenw.  The  i'ruption  Ih 
soiiielimcs  accompanied  bv"  an  eleMilioii  of  tempeniliirc. 

The  (//.(//H/MiM  is  sometiiiies  attended  with  dilllculty. 
Koiirnier  gives  as  diagnosiic  poinu  the  NiiddemieHH  of 
onset  of  symptoms,  the  rapidity  of  extension  of  theenip- 
liiiii.  I  he  enormous  swelling  of  till' eyelids.  SometimeH  the 
patients  will  aid  us  by  connecting'  cause  and  cfTecl,  On 
the  other  hand,  as  in  other  conditions,  too  iiineh  relianci; 
should  not  be  jilaced  on  their  statements,  us  they  are  apt 
to  iiiislcail  us  voliinlarily  or  otherwise. 

There  is  nothing  special  to  otTer  in  the  way  of  Irr/it- 
iiiriil :  these  injuries  should  be  treated  cxaclly  in  the 
same  manner  as  one  would  treat  similar  lesions' in  other 
conditions,  provided  that  before  the  institution  of  any 
line  of  treatment  the  original  cause  be  removed. 

The  y//".(//i'/«Vi  is.  as  a  rule,  very  good,  although  Brocq 
claims  that  in  rare  instances  the  condition  proves  rebel- 
lious to  treatment.  JV.  J.  I'onee  tie  Leon. 

HAND.— Cn'solliiis  calls  the  hand  "the  minister  of 
reason  and  wisdom."  .\s  the  active  servant  of  the  brain, 
adjiisled  for  the  most  delicate  and  varied  u.s<'S,  il  has 
always  been  held  in  peculiar  honor.  The  coatof  arms 
of  the  surgeons'  guild  of  the  Middle  Ages  was  a  hand, 
with  outspread  fingers  and  an  eye  in  their  midst,  typify- 
ing thus  tile  noblearl  of  cliiruigie,  which  name  was  itself 
derived  from  x"l>.  U'C  hand,  and  ipyov,  work.  Hespect 
for  this  importjinl  member  has  <'ven  been  carried  so  far 
that  it  lias  been  supixised  to  contain  a  force  within  itself 
capable  not  only  of  intelligent  action,  but  of  transmission 
beyond  the  body.  \Vlien  we  regard  the  high  degree  of 
nius<ular  coordination  w  hich  it  pos.sesses  we  readily  see 
whence  originates  the  first  of  these  popular  fancies,  for 
the  hand  of  the  skilled  musician,  artist,  or  handicrafts- 
man is  a  very  dilTeienl  organ  from  that  of  the  untrained 
and  ine.xpert  novice.  The  very  word  "handy  "  expresses 
this  idea. 

As  to  the  second  notion,  it  appears  to  be  founded  upon 
the  extraordinary  degree  of  tactile  sensibility  which  the 
hand  possesses  The  laying  on  of  hands  has  been  a 
favorite  method  of  healing  from  the  very  earliest  his- 
torical period,  and  is  still  prevalent,  not  only  where  the 
royal  touch  is  believed  to  be  a  sovereign  remedy  for 
"king's  evil,"  but  also  among  the  so-called  liealing 
mediums. 

The  mesmeric  passes  were  believed  to  be  efficacious 
only  when  ])erformeil  with  '.he  ends  of  the  fingers,  in 
order  that  the  "force"  might  be  drawn  olT  into  the  pa- 
tient's body.  Von  Heiclienbach's  patient.s  sjiw  flames  of 
"od"  force  issuing  from  the  ends  of  the  fingers;  many 
worthy  people  have  no  doubt  that  a  nervous  headache 
can  be  cured  by  somi^  transfer  of  this  force  by  means  of 
passes  over  the  brow  of  the  siifFcrcr;  and  we  liavc  lately 
had  a  revival  of  the  old  astrological  theory  of  an  "astral 
fluid"  which  is  more  transmissible  from  those  with 
pointed  fiugi'is.  Obscure  nervous  sensations  felt  in  the 
fingers  and  along  the  nerve  tiacts  are  believed  to  be 
caused  by  this  force  or  fluid.  Owing  probably  to  this 
superstitious  reverence,  we  liiidthat  the  pliy.siciansof  the 
.Middle  Ages  used  the  detached  hand  of  a  corpse  for  the 
.scattering  of  tumors  and  the  reduction  of  swellings. 

The  use  of  this  strange  remedy  still  survives.  The 
author  has  recently  found  several  authentic  cases  of  such 
application.  In  one  it  was  used  for  the  cure  of  a  white 
swelling,  and  in  another  for  a  protracted  intermittent 
fever,  a  female  hoiuoo|iaIliic  physician  vouching  for  its 
ellicacy.  She  explained  this  to  the  writer  by  stating  that 
the  "morbid  processes  going  on  in  the  dead  hand  attracted 
the  disesisc  and  removed  it"  ('.).  Sometimes  the  virtue 
of  the  deceased  is  believed  to  have  a  marked  influence. 
This  was  sliown  in  the  case  of  a  well-known  Catholic 
priest  who  died  rccentiv  in  Washington,  and  in  that  of  a 
Carmelite  nun  in  Baltimore.     >Liny  applications  of  the 
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demi  hand  wore  made  iu  botli  cases  for  the  cure  of  the 
sitk  mid  atHicted,  sliowing  that  the  old  belief  is  still 
active. 

Another  superstition  which  had  a  proniinent  place  in 
the  black  art  of  the  MiddU'  Au;es  was  that  of  the  "hand 
of  irlory."  This  was  a  dead  n,i;ht  hand  of  a  niiirderer 
prepared  with  appropriate  conjiinitions,  in  which  was 
placed  a  nia.;;ic  candle  made  of  nmrderers  fat  and  the 
hair  of  the  dead.  This  was  believed  to  prevent  sleepers 
from  awakening  and  to  open  locks  and  bars.     As  late  as 


Humphry  shows  the  size  of  the  band  and  the  foot  rela- 
tive to  the  stature  taken  as  100: 


Hand.    Foot. 

Man 11.K2    18.B6 

liorilla 14.54    20.69 


Hand.  Foot, 
rhlmpanzee  . . .  lato  2I.IKI 
OranK 2<'.S)     ioM 


Fio.  24.'?9.— Skeletons  of  the  Thoracic  Limb  of  Lower  Vertebrates,  showing  the  Gradual  Development  o(  the  Hand. 

1831,  such  a  hand  was  left  by  thieves  in  a  house  in 
Lousrhcrew,  Ireland.  Thieves  in  Mexico  use  for  a  similar 
purpose  the  left  hand  and  arm  of  a  woman  dying  in  her 
first  childbed,  and  in  1875  a  Jlobile  negro  carried  around 
with  liim  the  hand  of  his  murdered  victim  to  insure  him- 
self against  detection. 

Sir  Charles  Bell,  the  author  of  the  celebrated  "  Bridge- 
water  Treatise  on  the  Hand,"'  says;  "We  ought  to 
define  the  hand  as  belonging  exclusively  to  man,  corre- 
sponding in  sensibility  and  motion  with  that  intelligence 
which  converts  the  being  who  is  weakest  in  natural  de- 
fence, to  a  ruler  over  animate  and  inanimate  nature." 
However  flattering  to  our  ]jride  this  statement  of  the  great 
physiologist  maj'  be,  modern  investigation  has  shown 
that  it  is  not  anatomically  correct,  as  there  is  nothing 
in  the  structure  of  the  human  hand  that  distinguishes  it, 
except  in  degree,  from  that  of  anthropoid  apes.  Even 
Huxley's  statement,  that  the  apes  do  not  po.ssess  an  ex- 
tensor of  the  metacarpal  bone  of  the  tlunnb,  is  open  to 
question.  Comparative  anatomy  shows  us  in  fact  that  a 
general  typical  form  for  the  thoracic  lindi  and  hand  per- 
vades the  entire  vertebrate  series.  This  is  especially 
marked  in  the  mammalia,  and  in  many  cases  the  student 
of  human  anatomy  has  no  dilticulty  in  determining  at 
once  the  dilTennt  bonesof  the  forefeet  of  an  animal  which 
lie  has  never  beforescen.  In  onccase  within  thea\ithor's 
experience,  a  professor  of  'obstetrics  who  was  not  an  an- 
atonnsl,  was  obliged  to  examine  a  class  in  anatomy,  and 
procured  from  the  cabinet  the  skeleton  of  a  bear's  fore- 
paw,  which  he  ])assed  around  as  belonging  to  the  human 
skeleton.  As  the  functions  of  the  member  vary,  the  dif- 
ferent i)arts  become  reduced  or  increased  either  in  size  or 
in  ninnber,  but  a  general  ]dan  pervades  the  whole,  and 
the  tin  of  a  fish,  the  wing  of  a  bird  or  a  bat,  the  paw  of 
an  animal,  are  all  constructed  on  a  single  type. 

While  the  dilTerences  between  the  Inunan  hand  and 
that  of  the  higher  apesare  not  essential,  being  oidy  those 
nf  degree,  yet  the  relative  proportions  of  the  dilTerent 
partsdisliuguish  it  markedly.     The  following  table  from 


This  superior  length  is  due  niaiidy  to  the  metacarpal 
bones  and  i)halanges. 

With  regard  to  the  i)rinntive  origin  of  lindis  two  dis- 
tinct views  have  been  advanced  by  anatonusts.     Accord- 
ing  to   the    first    the 
lU.  IV.  proximal  part  of  the 

limb,   which   we   are 
accustomed     to     call 
the   shoulder  or   pel- 
vic    girdle    (scapula 
and   clavicle    for  the 
arm,  innominate  bone 
for    the    leg),    arises 
from  visceral   arches 
of  the  vertebra',  and 
upon  these  radial  bars 
of   cartilage    are    set 
for  the  support  of  the 
tins.     The  iielvic  gir- 
dle is  thought  to  have 
bectmie  shifted  back- 
ward   in    a    marked 
degree.     A  complete 
homology,  therefore, 
is   believed    to  exist 
between  the  thoracic 
and  the  pelvic  lindjs. 
The  op])osing  view, 
which    has    recently 
been  rapidly  gaining 
ground,    is   that    the 
shoulder   and    pelvic 
girdles    are     formed 
from  coalesced  vertebral  elements. "  It  is  held  that  the 
most  primitive  form  of  limb   is  simply  a  lateral    skin 
fold   extending  along   the   whole   body,  and   that    into 
this  certain  cartilaginous  processes,  or  rays  (aclinophoros 
of    Ryder,   pterygophores    of    Parker),  extend.      Each 
of    these   may   bear  several   others    extending    radially 
through  the  fin.     When  necessary  for  more  special  forms 
of  locomotion,  the  actinophores  become  united  into  solid 
bars  constituting  the  shoulder  and  pelvic  girdles,  and  the 
other  skeletal  elements  are  distally  situated  rays.     Fig. 
3439  shows  various   forms  of  fins   found    in    prinutive 
fishes:  and  it  will  be  seen  that  there  is  a  certain  general 
resemblance  to  a  hand  with  a  large  number  of  digits.    Ac- 
cording to  this  view  there  is  no  ab.solute  homology  between 
the  thoracic  and  jielvic  lindis.  but   only  a  homodynamy. 
Between  fishes  with  fins  ami  am]dubia  with  feet  there  "is 
a  gap  which  has  not  yet  been  tilled  tip  by  the  discovery 
of  intermediate  forms,  but  it  appears  jirobablc  that  the 
limb  in  its  reduced  state  is  the  result  of  adaptation  to 
walking  instead  of  swimming. 

In  swimming  it  is  necessary  only  to  propel  the  body 
forward,  in  walking  it  must  be  also  supportivl  and  raised  : 
hence  the  necessity  of  the  strong  proximal  bones  and  the 
bending  at  the  shoulder,  elbow,  and  wrist,  ami  at  the 
hip,  knee,  and  ankle. 

Fig.  '.24:!9,  IV.,  shows  how  closely  the  plan  of  the  hand 
and  arm  of  an  amphibian  corresjioiKls  with  that  of  man. 
From  this  point  uj)  through  mammals  there  are  many 
modification.s.  jiroduced  by  the  jieculiar  functiims  which 
the  limbs  are  called  upon  to  perform.  When  of  use  for 
prehension,  digging,  etc.,  the  five-fingered  type  remains, 
and  it  is  in  fact  the  most  persistentof  all :  but  occasionally 
the  occurrence  of  extra  digits  in  the  human  species  re- 
minds us  of  a  far  (lit  ancestry,  in  whom  the  rays  were 
more  numerous.  When  the  anterior  limbsare  used  more 
for  locdinotion  they  become  variously  ninditied  by  stress 
and  impact,  and  lose  unnecessary  digits.  The  reduction 
always  takes  place  laterally.  Fii'st  the  thumb  becomes 
rudimentary  or  disappears,  iheu  the  little  finger,  next  the 
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M'coiul  lliiKiT,  llii-ii  till'  fourth,  and  hooii.  The  (liwiiHslon 
of  the  viirioim  CHUM'S  fur  this  is  iif  rxtrcnii'  inlrrcsl,  liut 
would  cMTi'd  (lie  |iro|icr  llniils  of  lliis  mtirlr.  Tlit' 
|iriii('i|iMl  l\  |ilriil  foruis  lire  show  II  in  Kij-.  'iiW. 

Kinlirvolo^ical  cviilriiic  its  to  the  di'Vclopiiictlt  of  the 
hiiiid  ii;;i<'('s,  us  fur  Its  it  citii  itt  iinscnt  In-  uiiiU'rslood, 
with  llii'  titi'ts  olisi'rvrd  in  tlir  itniiiiiil  scriis. 

Till'  lirst  riidiiiii'iil  itjipi'itrs  its  u  lliicki'iiiii);  itiid  crcH- 
<i'iiiii-  i>riiiiili«'ntiirr  (SIT  Kit;.  '-i-l-II.  -I>.  whirh  jtniws 
littt'iiilly  from  thr  liody  wiill.  Kiirtlirr  oiit^'rowth  iiiiiv 
III' iirrrsli'd  itl  this  puiiii,  iind  in  tliitt  ciisr  wr  hitvi'  a  rliild 
liorii  with  a  liitml  spriiii;iii:;  dinrily  troiii  the  slioiildcr.  a 
s|irri('S  of  iiioiislro>it>'  nniiniliii);  onr  of  tlic  lli|ipi'r  of  a 
seal,  and  licncr  ciilU'd  phoioniclus.  Noriimlly.  Iiowcvrr. 
ollirr  si-fimi'iits  ail' drvcloprd  liil  with  tin- ti  1st  liiiil  and 
till-  body  wiilliFii;.  'Jill.  II).  and  in  ilicv  ilir  hones  of 
the  arm  develop.  The  formation  of  the  lin^'eis  is  lirsl 
indicated  hy  notches  aloni;  the  cd^'e  of  the  di'<lal  liiid 
from  w  hichconverj;iii>;  j,'roovesnin.  indicating  the  fiiluie 
interdiftiliil  spaces  (Fill.  •J-t-ll.  (').  The  lirst  i:'""^'*' that 
appears  is  that  hetweeii  the  thiinili  and  the  foretin^er. 
The  leniiinal  phiilani;essoon  liecome  free.  Imi  Ihiieiimin 
ini;  poll  inns  ol  the  liiii:ersaii'  united  iinlil  llie  tliini  iiioiitli. 
If  developmenl  is  arrested  here,  we  liiive  the  liiiL'eis 
reinainiiii:  with  a  web  between  them,  as  in  the  amphibian 
paddle  and  in  some  (|Uitdrupeds.  The  lliumbs  become 
free  lirst. 

The  varied  structures  of  connective  tissue,  cartilage, 
bone,  muscles,  nerves,  and  ves.sels  all  develop  f;ritduitlly 
within  this  rudimentary  lunl.  as  they  do  in  oiher  parts 
of  the  body,  by  a  dilleri'iiliation  of  mesoblaslic  cells. 

Some  inteieslinir  probleiiisare  connected  with  the  time 
and  order  of  ossilicalion  of  the  various  parts.  Tlietypi<al 
plan  of  the  hand  is  shown  in  Fig.  243!'.  IV.  In  the  wrist 
there  are  originally  nine  boues.  which  are  arntnged  in 
two  rows;  those  of  the  liret  are  named  .systematically, 
the  intermedium,  between  ulna  and  radius,  ultiare.  raili- 
itle.  and  correspond  to  the  scaphoid,  semilunar,  and 
cuiieifonn  bones  of  man.  There  is  then  a  centiale 
(Sometimes  two.  us  shown  in  the  ligure)  foiiiiil  in  many 
.ipes  and  rodents,  repieseiiled  in  the  second  iiioiilli  of  fie- 
tal  life  liy  a  small  independent  carliluge:  and  then,  in  a 
.■second  row.  carpales  I..  II..  III..  IV..  and  V..  each  bear- 
ing a  nielacarpal   hone.     The  tii"st  three  of  these  corre- 


Kiii.  iHl.-iMiiilnc».,f  ihi' .Aiilerl'.r  Kxin-iiil- 
Iles<pf  Hiiiiinn  Kiiilirvns  lit  iMfTcn'iit  Auvn. 
i.\llen  TiKiinpwiii.  afier  Ills.)  .t.  M  fuar 
wei'ks;  /i,  ul  live  wei-'ks;  (/.  ul  seven 
week ;  D.  ut  nine  or  ten  weekn. 


Flo.  S44II.  Skelelnn  of  H«nd  or  Forefoot  of  SLt  Mainnmls.  I..  Man  :  II..rto(r:  III.,  pig;  IV.,  ox;  V.,  tapir: 
VI..  tion)4'.  r.  tlailliis:  a,  ulna;  n,  soaiihoid;  h.  si'inlluDar ;  c.  cuneiform;  d.  trapezium;  r,  trapezoid: 
/.  OS  ninflmiim ;  (/.  nnrlfonn ;  p.  pisiform;  I.  ttiumtj;  ~,  index  linger;  3,  middle  flnger:  4,  ring 
Bnger;  .5,  Utile  linger.     IGegenbaur.) 


spoiid  to  the  trapezium,  trapezoid,  and  os  magnum,  the 
fourth  and  fifth  unitiugto  form  the  unciform.  The  pisi 
form  boni'  is  genenilly  held  not  to  be  an  essential  carpal 
element,  but  a  sesamoid  developed  in  the  tendon  of  the 
extensor  carpi  uliiaris.  .\  radial  sesamoid  occdrs  in  some 
apes,  and  is  oQcasionally  found  in  man. 
Vol..  IV.— 31  " 


At  birth  all  the  carpal  iMtneH  are  cartlluKlnuUK.  OhhIII- 
cntion  begins  in  the  os  inagnum  (llrHt  year),  then  follow 
the  unciform,  cuneiform,  semiluitiir,  waphoid,  tnipezoid, 
and  iritpe/.iiini  in  about  iliitt  order,  and  ut  liitervalit  of 
from  nine  montlis 
to  It  year,  so  ihat 
the  carpus  proper 
Is  complete  diir 
ing  the  eiglilh 
year.  The  pisi 
form  is  sontew  hat 
hiler,  not  ossify 
ing  until  from  the 
I  e  n  I  h  to  t  It  e 
twelfth  year. 

The  metacar 
pals  follow  the 
rule  of  long  biinc^ 
and  ossify  much 
curlier,  eoinmenc 
ing  ill  the  shaft  at 
about  the  ninth 
week  of  fotallife. 
an  epiphysis  re- 
maining cartila- 
ginous.      Ill     the 

metacarpal  bone  of  the  thumb  this  epii)liysis  is  at  the 
pro.xiniul  cud,  but  in  the  others  it  is  distal.  The  epi- 
physis begin.s  to  ossify  about  the  Ibird  year.  The  pha- 
langes os,sify  in  a  siiiiiliir  niiiiiiier,  but  the  epiphyses  in 
them  are  always  at  the  proximal  end.  The  agreement 
in  ossilicatioii  lielwceii  the  tiist  niitacarpal  and  the 
phalanges  has  given  rise  to  much  speculation.  It  has 
been  suppiLsed  to  indicate  that  the  niissing  bone  of  the 
thumb  is  not  a  phalanx,  but  n  true  metacarpal.  Sap- 
pev  ^  believes  the  mctacui  pal  cjiiphysis  to  be  the  metacar- 
pal proper,  the  remaining  part  being  a  phalan.x,  which 
would  make  the  thumb  agree  with  the  other  digits  as  to 
the  number  of  segments,  as  is  the  case  with  some  other 
mammals,  the  sloth,  for  example.  The  metacarpal  bone 
jiroper  has.  lie  supposes,  atrophicil  so  as  to  allow  the 
thumb  to  be  set  failher  back  and  obtain  more  perfect  op- 
positbility.  It  appears  doubtful  whelher  we  ought  to 
accept  this  iuterprelatiou,  as  a  proximal  epiphysis  occa- 
sionally appears  in  the 
second  metacarpal,  and 
some  aniniitls  have  both 
))ro\imal  and  distal.  It 
isstiggcslcd  that  too  much 
weight  should  not  be 
given  by  osteologists  to 
cjiiphysiul  ossifications,  as 
it  appciirs  ]irobable  that 
their  i>ie.sence  or  absence 
depends  very  much  upon 
the  activities  of  the  ani- 
mal in  producing  strains 
upon  the  skeletal  ele- 
iiieuts. 

The  hand  is  regarded 
as  divided  topographi- 
cally into  three  rcuions; 
the  wrist,  middle  liuud, 
and  fingers  —  correspond- 
ing to  the  skeletal  tiivis- 
ions  of  carpus,  metacar- 
pus, and  phalanges. 

REtilON  OK  Titk  WnisT. 
— Externally  this  region 
is  not  very  prccisel.v  de- 
fined. Its"  upper  limits 
arc  generally  regarded 
as  marked  in  front  by  the  ujjper  transverse  crease 
which  runs  across  the  forearm,  always  quite  well 
marked  even  in  extreme  extension.  Its  lower  limits  are 
marked  bvanotlier  furrow,  which  curves  around  the  base 
of  the  thumb.  Behind,  the  marks  of  limitation  are  by 
no  means  as  clear.     Upon  strongly  extending  the  hand 
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(ilorsjil  llfxion)  Ihere  appear  three  or  iiiori'  furrows  wliieli 
correspoiul  in  a  jreiieral  way  to  tlie  joints  of  the  wrist, 
viz.,  the  radio  earpal.  medio  carpal,  and  earpo  inetaear- 
pal.  Althoiijrh  deseril)eilas  siieh  liy  .Maliraifrne.  they  are 
not  praetically  ^ood  guides  to  the  joints  in  i|iie>;tion. 

The  ninseles  of  the  arm  as  tliey  reach  the  wrist  all  lie- 
coiiie  reduced  toeompanilively  small  tendons,  which  pass 


B.  V.  I1(!X.  carpi  mdlotip. 


B.  tentlinuna  ra.lialiv. 


B.  T.  nexonimpropriorum.  ■•'■'^  ? 


j  B.    Bubtcnd.    flex. 
(     cnn>t  ulnarifi. 
Ant.  iiiinuliir  l:i;t. 


B.  tendinusa  ulnaris. 


Fig.  2M2.— Synovial  Sheutlis  o(  tlii;  I'ulmar  Surface  of  tlie  Hand. 

down  over  this  region  to  be  inserted  Ijelow,  the  fle.vors 
lying  on  the  anterior  surface,  and  the  extensors  on  the 
posterior  and  external.  The  wrist  is,  therefore,  the  nar- 
rowest part  of  the  limb,  and  this  adonis  an  increased 
facility  of  motion  to  the  hand  as  a  whole.  The  bony 
parts  are  so  arranged  as  to  form  an  arch  with  the  concav- 
ity forward,  filled  with  the  descending  flexor  tendons. 
and  the  great  vessels  and  nerves.  I'nder  the  skin  of  the 
anterior  surface,  which  is  smooth  and  without  hairs,  can 
easily  be  felt  the  itrominent  points  of  this  arch,  viz.,  on 
the  radial  side  the  tubercle  of  the  scaphoid,  on  the  ulnar 
the  i)isiform.  These  vary  in  prominence  in  different  in- 
dividuals. It  is  not  iinconunou  for  iiniustructed  jtersons 
to  suppose  that  they  have  "'a  bone  out.''  and  unscrupu- 
lous quacks  take  advantage  of  this  notion  to  work  sup- 
posed cures. 

Upon  flexing  the  hand  a  tendon  starts  u]).  This  be- 
longs to  the  palmaris  longus,  and  in  a  lean  wrist  it  can 
be  plainly  seen  to  spread  out  and  become  continuous  with 
the  palmar  fascia.  On  the  radial  side  of  the  palmaris  ten 
don,  and  close  to  it,  can  be  easily  felt  the  tendon  of  the 
flexor  carpi  radialis.  liehind  and  between  these  two  lies 
the  median  nerve.  AVhen  the  superficialis  volte  artery  is 
large,  it  may  be  seen  to  pulsjite  wliere  it  lies  alongside  of 
the  tubercle  of  the  scaphoid.  The  radial  ai  tery  usually 
does  not  appear  here,  having  already  passed  outward 
under  tlie  extensor  tendons  of  the  thumb  to  reach  the 
back  of  the  hand.  The  point  where  the  pulse  is  usually 
felt  is  not,  stricll\'  speaking,  within  theanatomieal  region 
of  the  wrist,  but  upon  the  lower  end  of  the  radius.  It  fs 
adminibly  adapted  for  the  jiurpose,  as  the  artery  here 
lies  upon  a  bony  bed,  may  be  ea.sily  compressed,  and  is 
about  to  make  a  sudden  and  abrupt  curve.  Hence  a 
careful  palpation  shows  at  once  the  amount  of  tension  of 
the  arterial  wall.  I$y  extendin,s  the  wrist,  the  artery 
may  be  slightly  stretched  and  the  structures  above  it 
rendered  tense,  so  that  it  may  be  still  more  easily  felt. 
Occasionally  the  superficialis  vohe  is  given  oft  higher 
than  usual,  and  makes  a  secon<lary  ]uils)ition,  the  " inilsiis 
duplex"  of  old  authors  (not  the  pidsus  dierotus).  In  this 
case  it  is  easy  to  contnd  it  l)y  jiressing  it  against  the 
scjiphoid.  On  the  ulnar  side,  tlie  flexor  carpi  ulnaris 
tendon  shows  prominently  in  flexion  of  the  wrist,  as  it 
passes  down  to  its  insertion  in  the  pisifornt  bone,  and 
externally  to  this  the  pulsjition  of  the  ulnar  artery  tuay 
be  felt.  The  tendons  of  the  flexors  of  the  fingers  lie 
deeper. 


The  skin  upon  tlie  front  of  the  wrist  is  lirndy  bound 
to  the  deeper  structures  by  a  very  thin  layer  of  subcuta- 
neous tissue,  and  it  is  therefore  dillicult  to  make  a  flap  from 
it  in  amputating  the  forearm.  Flexion  has  produced  a 
number  of  transverse  markings.  These  are  the  inxretii 
of  the  chiromants.  a  word  derived  from  the  .\rabic.  sig- 
nifying w  rist.  There  are  usually  three  of  these,  and  they 
are  not  only  prominent  in  all  states  of  th<'  hand,  but  are 
found  in  fcetal  life.  An  atleiH|it  has  therefore  been  made 
to  give  them  signiticance  as  characteristic  signs,  but  wlwn 
we  rellect  that  the  band  of  the  fietus  is  also  movable  and 
actively  used,  and  that  its  condition  is  one  of  pronounced 
flexion  of  all  the  joints,  it  is  not  surprising,  in  view  of 
the  peculiar  relations  of  the  skin  ami  subdermal  tissue, 
that  these  as  well  as  the  lines  of  the  palms  should  be 
formed. 

Across  the  front  of  the  wrist  passes  a  thick  band  of 
fascia,  called  the  anterior  aiuiular  ligament.  This  being 
attached  to  the  bony  prominences  on  either  side,  confines 
the  tendons  in  the  dee))  carpal  furrow  or  canal.  The 
coniin\ial  friction  of  the  tendons  along  this  furrow  has 
caused  extensive  synovial  sacs  or  sheaths  to  be  formed. 
(Occasionally  but  a  single  one  occurs,  enclosing  all  the 
tendons.  The  usual  arrangement  is,  however,  for  two 
sheaths  (Fig.  2-142).  one  ihiin<ti  triidinoMi  xihmris)  sur- 
rounding the  tendonsof  both  su|)erficial  and  deep  flexors, 
the  other  (/<'(/•«(  tendinmn  ;vfrf(V!//.i)  surrounding  the  tendon 
of  the  flexor  longus  pollicis.  The  ulnar  sheath  is  almost 
alwa.ys  continuous  with  the  sheath  of  the  little  linger, 
and  amputation  of  that  digit  is  therefore  more  apt  to  be 
followed  by  extensive  suppuration  than  that  of  the  index, 
middle,  or  ring  fingers.  These  extensive  .synovial  sacs 
are  very  troublesome  when  inflamed,  as  they  may  lead  to 
extensive  suppuration  of  the  forearm,  and.  indeed,  death 
has  been  known  to  follow.  An  amputation  of  the  hand 
is  much  less  serious. 

Upon  the  dorsal  surface  of  the  wrist  the  skin  is  much 
more  movable,  somewhat  hairy,  and  without  jironiinent 
furrows.  Under  it  may  be  seen  two  prominent,  bony 
eminences — first,  the  round  head  of  the  ulna,  second,  the 
moreobscure,  iiointed  styloid  processof  the  radius.  From 
this  latter,  running  toward  the  thumb,  the  tendon  of  the 
extensor  of  the  metacarpal  bone  of  the  thumb  appears  on 
extension,  and  a  short  distance  from  it  the  extensor  of 
the  first  phalanx.     The  triatigular  space  between  these 

*-...B.  V.  ext.  longi  iwUicis. 


B.  V.  extcns.  carpi 

ulnaris. 

Post,  annular  lig. . 


B.  T.  exl.  min.  dig.. 


B.  T .  ext.  com-  \ 
mnnis  et  indlcis.  f 


ext.  carpi  radial- 
orum. 


j  B.  V.  abd.  long,  et 
)   ext.  brev.  polliciB. 


FIG.  2443.— Synovial  Sheaths  of  the  Dorsal  .Surface  of  the  Hand. 

has  been  called  hi  tidiature  aiiiitomiqtir.  or  analoinisl's 
snufT-box,  because  it  was  formerly  the  custom,  w  hi'U 
snuff-taking  was  fashionable,  to  carry  siiulT  to  the  nose 
in  this  little  hollow  (llyrtl).  Uy  pressing  deeply  on  this 
space,  the  beating  of  the  radial  artery  may  be  felt  as  it 
pa.sses  under  the  tendons  to  reach  tlie  first  metacarpal 
interspace,  where  it  passes  into  the  palm.  It  here  rests 
on  the  scaphoid  and  trapezium.     Over  Uie  back  of  the 


482 


lillKlilNi  i;  UA.NDllouK   OF  THK  .Mi;i>|i   \i.  SCIENCES. 


iiiiiiii. 
iiiiiiii. 


u  rhl  unci  hiiiicl  the  IiihImu^  »  liirli  i  niiii'ilowii  rniiii  aliiivc, 
iiiiil  lire  tit  llrsi  (liisi'lx  |iii'ss)'i|  tiii:i'ilii'r.  lnL'iii  !'•  Niiriiiil 
oiil  III  !;••  Ill  ilii'ir  ri'H|i<'(  livr  jtiMrlioiis  Tliisi'  ii'iidniis 
iiri'.  friiiii  uilliiii  iiiituiiril.  tllll^k'  nf  llir  I'Miiisiu'  ciirpi 
iiliiiiri<.  i-\li'iiMir  iiiiiiiini  iliL'ili.  vxtciiMir  iiiiiiiiiuiiis  ilJKi 
liiriiiii.  I'Mi'iiMir  iiiilii  In.  iiiiiI  the  cxlniMiirs  nf  Ilir  lliiiiiili. 
'I'lii'M'  Ifiiiliiiis  ari'  iiUii  ciiiillni'il  liy  iiii  iiniiiiliir  liiriiiiii'iil, 
mill  arc  fiiriilslinl  willi  syiioviiil  slii'allis,  as  sliou  ii  In  Fifi. 
'JM:t  'I'lii- alTciiiiin  |iii|iiilarly  known  as  wti-iiiii);  siin-w 
(KuuKliuii)  is  nillicr  riiinmuii  in  connirliuii  with  ilics*' 
tSieathft. 

The  small  bniirt  nf  llii' skcli'ton  of  llic  wrisi  air  iin 
iliiiililnlly  i>r  ('i>ii>iil('ralilr  valiii'  In  liniikiiiK  ami  ilis 
|ii'i-sln^'  till'  slinrks  iraiisniillcil  from  ilir  lower  Imnil 
Till-  K'-ncral  |iiaii  of  its  const riicl ion  has  linn  alrcailv 
iilliiilcil  to.  \Vc  may  consider  the  niiliiis  as  liearinjr.  lirsi. 
the  sca|ihoiil  (ratlialel.  which  in  turn  hears  the  tra|ii'/iuiii 
mill  Irape/oiil  (carpalcs  I.  and  II.).  the  supporters  of  the 
tirst  and  siioiid  nietaearpals:  second,  the  .seiiiihinar  lin 
tenni'diiiini.  which  hears  the  os  niafniiin  (earpale  III.i 
and  the  third  metacarpal  The  ulna  does  not  dinelly 
join  with  the  wrisl.  its  carpal  hone,  the  ciineirorni 
(ulnare).  heiiif:  Mpaiated  from  it  hy  the  Irianiiiiliir  liliro- 
(iirtilajre.  This  hears  the  unciform  (carpales  IV.  and  V. 
uniled)anil  the  fourth  and  fifth  metacarpals.  The  joints 
and  lipiincnts  of  the  wrist  will  be  treated  in  a  s«-panite 
article. 

Uki.iun  ok  tiik  Midki.k  II.v.Mi. — The  muscles  which 
hiloiiir  to  the  hand  proper  are  arraiifieil  in  twoirroups. 
one  upon  the  radial  side,  making;  an  elevation  called  the 
thenar  eniineiice:  another  on  the  ulnar  side,  cjilled  hy 
correspondence  the  hypotheiiar  eniiiience.  The  upper 
part,  where  these  two  join,  is  called  the  hall  of  the  hand, 
or  hy  French  anatomists  Ic  t'llou  ili'  In  niniii.  The  central 
portion  between  the  eminences  is  the  hollow  of  the  hand, 
and  it  can  be  contnictiil  and  deepened  hy  the  action  of 
theinuscles  on  either  side.  Bccavise  of  this,  it  was  called 
hy  the  old  anatomists  ixinilniii  Diniji  iiin.  or  Diojjenes' 
cup.  ill  allusion  to  the  story  that  the  cynic  philosopher, 
on  seeini;  a  shepherd  drink  from  his  hand,  vowed  to 
liciiccforth  use  tliis.  as  the  simplest  ]i(issil)le  utensil,  in- 
stead of  the  rude  wdodiii  cup  which  lie  had  lu-retoforc 
ileemed  the  acme  of  siiii|)licity.  Arotiiid  this  hollow  are 
set  the  so-called  "mounts"  of  chironiaiicy,  governed,  ns 
is  asserted,  by  the  seven  planets.  The  thenar  eminence 
is  styled  the  mount  of  Venus,  and  we  may  sec  a  survival 
of  the  old  notion  in  the  fact  that  amonir  the  vulvar  a  titil- 
lation  of  this  surface  is  heliived  to  e.\cite  aniatorv  pas- 
sion.* It  is  possible  that  there  may  be  an  anatomical 
Imsis  for  this  belief.  An  inspection  of  Fit;.  24.")!  w  ill  show- 
that  the  resrion  in  ipiestion  lies  in  the  houndary  between 
tile  distribution  of  the  ulnar  and  the  median  nerves,  and 
is  siiniewhat  less  fully  sup))lied  than  are  other  parts  of 
the  hand.  It  is  therefore,  like  other  resrions  with  the 
same  clianieler  of  nerve  distribution,  susceptible  lo  that 
oliscure  form  of  nervous  excitement  called  "ticklinir," 
which  is  known  to  cause  a  variety  of  relie.x  acts.  We 
are  as  yet  hardly  sutlicieiitly  versed  in  the  laws  of  tnins- 
mission  of  impulses  to  decide  absolutely  that  this  may 
not  have  a  rcllcx  elTect  connected  with  the  jrenital  ap- 
paratus, csiiecially  if  aided  by  an  association  of  ideas 

The  lower  part  of  the  hypothenar  eminence  is  called  by 
palniisters  the  mount  of  the  Moon,  its  upper  the  mount 
of  Mars.  At  the  root  of  the  four  lingers  are  the  other 
mounts,  which  anatomical  peculiarities  are  caused  by  the 
insertion  into  the  roots  of  the  lingers  of  the  strong  palmar 
fa.scia,  by  slips  between  which  the  tissues  bulge.  The 
mount  of  Jupiter  belongs  to  the  inde.x,  Saturn  to  the 
mediums,  the  Sun  to  the  ring  lin.irer,  and  Alerciiry  to  the 
little  linger.  That  this  absiml  farrago  is  not  entirely 
obsolete  the  author  has  had  ample  evidence,  as  several 
intelligent  people  have  assured  him  that  they  believe 
that  these  eminences  have  power  lo  attract  the  seven 
ililTerent  qimlitics  of  •'astral  lluid."  and  the  doctrine  has 
been  fully  set    forth   in   more   than   one  serious   treatise 


•  Imfo  says  of  Oesdemona ;  "  Dlrtst  Ilinu  nut  sec  her  paddle  with 
till'  pnlin  of  his  hand?  Leeheri-  liv  this  hand,  an  index  and  obscurv 
pmloguc  tu  the  history  of  lust  and  fpul  Ibougbls." 


within   the   last   ten   yi  ;i 
seem  as  if  the  advani  > 
century,   instead  of  eMjii;;iii-|ii 
had  caused    pseudo  sciences  to 
l>a/.xled  and  bewildered  liv  the 


Indeed,    it    would 

'    ivitliin   the  [ircM-nt 

■■■A   i;^Mlo^lllt   pretension, 

prill;.'    up  by  the  wore. 

•viclinci  s  seen   on  everv 


hand  of  the  power  of  science,  those  iinl  rained  in  I  he  exact 
methods  of  scieiititic  resi'iirch  are  unable  in  distinguish 
between  the  true  and  the  false,  and  a  vast  Held  is  left 
open  lor  cliarlataiisand  visionaries.  The  oldastrologistK 
bi'lieved  not  only  that  the  hand  was  governed  by  the  in- 
lluence  of  the  stars,  but    that   rertiiiii  signs  were   llxcd 


KiG.  2444.-Siirfare  Markings  on  the  Palm  of  the  Hand.  The  thick 
l)la«*  Urn*  represent  the  rhief  ereiises  on  Ihe  tikin.  (Altered  from 
Treves.) 


upon  it  before  birth,  and  became  a  basis  from  which  to 
interpret  the  individual's  cliamcter  and  constitution. 
Since  this  character  and  con.stitution  have  their  limita- 
tions, signs  for  these  also  were  found  in  the  hand;  and 
they  further  assumed  that  future  events,  such  as  sickness, 
death,  and  other  matters  of  fortune  or  misfortune,  could 
be  foretold.  There  were  many  who  went  much  farther 
than  this  into  all  llie  e.xccs.ses  of  charlatanry. 

The  hand,  being  the  servant  of  the  mind,  is  modified 
and  changed  according  to  the  use  to  which  it  is  put; 
hence,  say  the  palniisters,  this  organ  is  the  appropriate 
index  of  character,  and  the  lines  of  the  hand,  caused  by 
the  nervous  influences  actuating  dilTcrent  muscles,  and 
the  tension  and  stress  exerted  on  the  skin,  must  be,  if 
truly  interpreted,  a  most  significant  guide.  A  little  re- 
flection will  show  that  the  modern  disciples  of  palmistry 
have  fallen  into  the  siime  error  as  have  the  physiognomists 
and  phrenologists,  in  that  they  expect  to  obtain  exact 
and  detailed  particulars  by  examining  physical  characters 
w  lii(  h  are  highly  generalized,  being  the  result  of  a  great 
number  of  separate  physiological  processes  and  acts. 

Certain  general  notions  as  to  bodily  constitution,  use. 
and  adaptability  can  undoubtedly  be  made  out  upon  the 
inspection  of  the  hand  :  but  there  appears  to  be  no  war 
rant  for  any  exact  details.  The  principal  lines  are  shown 
upon  Fig.  2444. 
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It  will  lie  seen  tlial  tlicy  form,  rudely,  tlii'  lillcr  M. 
The  oiu'  niiiniiii;  aroiiiiil  tlii'  luill  of  tlii'  lhiiii\l>nii<l  nmrk- 
iiig  olT  the  llieimr  omiiirncc  was  known  to  llie  old  cliiro 
iniints  as  tlu'  lima  viialis.  or  lino  of  life.  Jlcasunnicnls 
alimjr  this,  niaile  by  descriliiiiir  arcs  of  circles  from  the 
scvenil  mounts,  were  believed  to  represent  <lilTerent 
|)eriods  of  life,  and  any  break  in  the  line  at  the  points 
■where  these  crossed  was  .sjiid  to  indicate  sickness  or  death 
at  that  period.  Tliis.  irravely  set  forth  in  all  recent  works 
-on  palmistry,  also  appears  in  books  of  the  sixteenth  cen- 
tury, ami  i)robal>ly  farther  back.'  This  fold,  with  aii- 
lollicr  which  occasionally  occiiis  runninir  from  the  wrist 
toward  the  tinker,  ceiitndly  throuirli  the  palm,  and  called 
the  saturnine  line,  or  linea  forlumv.  indicates  to  an  anato- 
mist only  the  action  of  the  adductor  pollicis  in  drawing 
the  thumb  over,  and  is  deeii  or  almost  entirely  absent  as 
thethundi  has  >:reat  or  little  tle.xion.  The  statement  is 
made  by  Laniier.'"  that  the  siiturniiie  line  is  not  found  in 
any  but  those  of  pure  Caucasian  race.  As  it  is  well 
marked  in  the  chimpanzee,  this  seemed  open  to  doubt, 
and  the  author  has  examined  the  hands  of  several  negroes 
to  ascertain  if  the  statement  had  any  foundation.  In 
all  those  examined  it  showed  with  great  clearness,  even 
better  than  in  wliitt's. 

From  the  radial  border  of  the  Iiand.  near  the  upper 
end  of  the  linea  vitalis.  arises  the  linea  cejihalica.  or  head 
line,  which  passes  obliquely  across  the  jialin.  disappear- 
ing near  the  ulnar  edge.  The  value  of  this  line  to  a  sur- 
geon is  considerate,  as.  where  it  crosses  the  fourth 
metacarpal  bone,  it  marks  the  superficial  palmar  arch 
(see  Fig.  2-444). 

The  arch  may  in  some  individuals  be  seen  to  pulsate 
strongly  at  this  point.  The  commencement  of  the  line 
indicates  the  metacarpophalangeal  joint  of  the  index 
linger.  It  appears  to  be  caused  bj*  the  flexion  of  the 
four  fingers,  and  corresponds  rather  closely  to  the  origin 
of  the  lund)ricales  from  the  flexor  tendons. 

Another  line,  not  .so  extensive,  is  the  linea  mensalis. 
or  heart  line,  which  extends  across  under  the  mounts  at 
the  bases  of  the  third,  fourth,  and  fifth  fingers.  It  is  a 
little  behind  the  iueIacarpo-i)halaiigeal  joints,  and  ex- 
presses Ile.xion  there  of  the  three  outer  fingers,  which 
iisuallv  act  together.  The  name  mensalis  was  given  it 
because  the  names  of  the  mounts  were  also  names  of 
months. 

Besides  the  lines  described,  a  luimber  of  others  are 
mentioned  by  the  chiromauts,  and  in  some  hands  there  is 
a  complete  network.     These  might  be  of  value  for  the 


Fio.  244.'>.~nor1zontal  Se<tliin  of  the  Ilunil  througli  ttie  Middle  of  the 
Tlienar  mid  HyiMiiliermr  Kinliien.i-s.  iTillaux.)  a.  Metacarpal 
lM)nc;  }i.  Ilrst  dorsal  Interoweiis ;  r,  palmnris  l)n>vls:  d,  ulHiiictor 
mill,  dik'ltl :  c.  llexor  hivvis  iiiin.  die;  ;.  opi¥)nens  mln.  diK.;  ». 
flexor  brevia  poll.;  }i.  alxliieior  |>oll.;  i,  oppoiieiis  |x>ll ;  )  ad- 
diietor  iioll.;  /(.  tlexor  long,  poll.:  I,  dorsal  tnterossel ;  m,  palmar  in- 
leross>-l;  ii.  llexor  salillnds  :  o.  llexor  prof imdus;  )).  superllo.  voliv ; 
q.  median  nerve,  and  (on  Inner  .side)  ulnar  arterv  and  nerve;  r, 
dwp  palmar  anli ;  1.  palmar  fa«-la;  i.  outer  septum;  3,  Inner 
8«'ptuni :  4.  deep  fascia  of  palm. 

purpose  of  proving  personal  identity  in  medico  legal 
cases.  The  occui)ation  of  the  individual  may  occasion 
marks,  callosities,  and  discolorations  of  the  skin,  altera- 
tions of  the  uuils  and  hairs,  formation  of  special  biirsiv. 


and  even  changes  in  the  articulations,  muscles,  and 
bones,  which  are  of  importiince  in  determining  idculily. 
Tlie  limits  of  this  article  will  not  jjcrmit  of  a  full  treat- 
ment of  this  subject,  which  has  been  very  carefully  ex- 
amined by  Veniois. "  The  shape  of  the  hand  may  be 
permanently  altered  by  the  use  of  tools.  The  e|)idermis 
of  the  hofny  hand  of  a  laborer  may  be  so  thick  as  to  pre- 
vent the  eru]>tion  of  an  abscess.  The  subcuianeoiis  con- 
nective tissue  of  the  palm  is  composed  of  short  and 
thickly  set  fibrous  bands,  which  firmly  unite  the  skin 
with  the  deep  fascia,  forming  partition  walls  of  little 
chambers  which  contain  fat.  When  the  tissue  is  cut 
through,  these  little  adipose  mas-ses.  released  from  their 
confinement,  extend  beyond  the  edges  of  the  wound. 
This  arraiigement  secures  a  considerable  degree  of  elas- 
ticity and  proUction.  Absces.ses  do  not  usually  point 
under  thicker  jiarts  of  the  .subcutaneous  tissue,  but  seek 
the  ball  of  the  thumb  and  the  hypothenar  eminence 

The  deep  fascia  is  a  strong  and  firm  sheet,  triangular 
in  shape,  the  palmaris  loiigus.  its  tensor,  being  inserted 
at  the  point  of  the  triangle  Indeed,  so  continuously  are 
the  two  united,  that  we  may  jiroperly  consider  the  fascia 
to  be  an  expansion  of  the  tendon.  It  occurs,  however, 
when  the  muscle  is  wanting.  Opjiosite  the  fingers  it 
splits  into  four  processes,  which  are  inserted  liy  these 
.slips  at  the  bases  of  the  fingers  and  into  the  sheath  of  the 
flexor  tendons  and  the  first  finger-joint.  Acting  through 
these  slips,  the  palmaris  acts  therefore  as  a  flexor  of  the 
fingers.  A  chronic  shortening  of  this  sheet  is  known  as 
Dupuytreu's  contraction,  anil  is  always  accompanied  by 
a  permanent  bending  of  fingers.  The  little  linger  anil 
ring  finger  arc  most  affected :  the  thumb  never,  as  it  re- 
ceives only  a  very  insignificant  slijt  of  the  palmar  fascia. 

A  baud  of  fascial  fibres  stretches  across  the  roots  of  the 
fingers,  and  is  known  as  the  superficial  transverse  liga- 
ment. A  thin  fascia  also  se|)arates  the  interos.seous  mus- 
cles from  the  rest  of  the  palm.  The  metacarpal  bones  of 
all  the  fingers  except  the  thumb  are  bound  together  at 
their  lower  ends  by  a  strong  strij)  c;Uled  the  transverse 
metacarpal  ligament,  and  processes  extend  between  this 
and  the  paliuar  fascia,  making  thus  distinct  "chambers 
through  which  pass  the  llexor  tendons  as  they  go  down 
to  the  fingers.  It  is  through  this  pa.s.S!ige  that  suppura- 
tion extends  from  the  fingers  into  the  palm. 

Another  series  of  orifices  at  the  sides  of  the  fingers 
permits  the  collateral  vessels  and  nerves  and  the  tendons 
of  the  hunbricales  to  reach  the  fingers. 

The  structures  beneath  the  palmar  fascia  are  contained 
in  three  compartments,  wliich  are  separ.ited  by  intermus- 
cular septa:  one  (see  Fig.  244.5).  external,  separates  the 
muscles  of  the  thenar  eminence  and  becomes  continuous 
below  with  the  -sheath  of  the  adiluctor  pollicis.  pa.ssing 
with  it  to  be  inserted  into  the  third  metacarpal:  theothen 
internal,  is  attached  to  the  anterior  border  of  the  fifth 
metacarpal,  separating  off  the  muscles  of  the  hyiiotheuar 
eminence.  The  middle  compartment  is  the  most  impor- 
tant, as  it  c<mtaius,  besides  the  flexor  tendons  and  their 
accessory  muscles,  the  vessels  and  nerves  of  the  palm. 
The  following  table  (on  page  48.5)  gives  the  principal 
facts  regarding  the  muscles  of  the  palm,  as  Stated  by  ibe 
best  authorities. 

It  should  be  noted  that  between  the  two  heads  of  the 
flexor  brevis  jioUicis  the  tendon  of  the  long  flexor  of  the 
thumb  passes,  lying  in  the  groove  of  tlie  traiiezium. 
The  deej)  hea<l  of  this  muscle  (sujiiilied  by  the  ulnar 
nerve),  as  usually  described,  shotdd  rather  be  (ailed  a 
jiortion  of  the  adductor  pollicis.  with  which  it  is  some- 
what closely  allied.  The  palmaris  brevis  probably,  by 
its  contraction,  assists  to  protect  the  ulnar  artery  and 
nerve,  which  pass  directly  under  it.  When  the  fist  is 
firmly  clenched,  this  muscle  assists  in  tightening  the 
|)almar  aponeurosis,  and  its  situation  is  marked  by  a  lit- 
tle hollow  on  the  ulnar  side  of  the  hand.  It  is  not  usu- 
ally capable  of  independeiil  action,  but  the  author  has 
found  some  persons  who  had  the  power  to  move  it  at 
will,  thus  wrinkling  the  skin.  It  appears  to  be  a  muscle 
derived  from  the  panniculus  caruosus,  like  the  small 
muscles  of  the  face. 
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Iliiiid. 

Iliiiiil. 


nrlirln. 


rii>NAii  MiHcuot. 

AImIui'I'T  |>iUIcIii 

opiMillfliM  iMiltlrb  .... 
Flrjor  brvvlii  |x)lllcl« .  .| 

Vildui-iorpolllrU | 

llTroTiir.N'AR  .Mrsci.»>' 
Ab<lui'ii>r  iiiiiiliiil  illitlil. 

i<pp<ini-ns  minimi  UlKlll. I 

Fii'KT    kn-vla    minlmli 

iliirtil.  I 

l'«liiiurl!ilin'Vl.< 

Mkiiiin  MrgcLO.     I 
Lumlfrlinti's 


InwrUon. 


1'nt|M./tiiiri   mill   iiiinii* 

liir  hifidiii'iit. 
Tni|>*./iuiii  iinil    unnti. 

Iiir  lliriiniriit. 
Tni|N./>>iil.  «•!«  inuynuiii. 

iiiiil   iiit-iii<-un*ttl*'»  11- 

iiriil  III. 
Shiifl    <>r    inrlaranwl'' 

III. 

PlfllfiTiM  an<l  t**n<lon 
Ilfxor  i*Britl  iilimfift 

.\nniilHr  llimiiii'nt  iin<l 

unrlfonn. 
Aiiiiiiliir  llinimi'nt  ami 

un<-tr«'nii. 
Ihiliiiiir  ru.M*la  nntl  nii- 

iiuliir  llinim<*ni. 

lUillnl  slilitt  of  u-ndim 
III  llcxor  pru(undiu 
diKlluniiu. 


Iliw'   rinii    plmluox  »r 

Uttiinli. 
Mi'iiiriiriMilc     I,    nUiiiff 

whole  l«-ll|fll). 

IliLx.  tliX  iwlunx  of 
ttiinnli,  will]  Mfin- 
iiioliN. 

lliiM'  nntl  pliuUnx  iif 
tliuinti. 


Inni>n'uiiiiii. 


M<-<lluii AlidurUand  mlniiii  iliumh  and  cxIi'IkIk  Mi-imd 

phalanx. 

Mdllun Brlnmi  tint  iiiflararpiil  forward  and  n4au«  11 

I    Inwanl. 
I  UiKT  hi'iiil  niiillun.    Flexes  and  ixilaUv  Ilral  plialanx  ut  tliumb. 
Inner  head  ulnar. 


I'Inar  . 


ItaM'  nm  phalanx  dlirir  I'Inar 
v.,  with    Mllp   t*>  ex- 
lenNor  tendon.  ! 

riimr  l»ipler  im-loear-   llnar  . 

IMlIf  V. 

Iliix.  nr>l  pimliinx  dlirit   Ulnar.. 

V. 
Skin  of  Inner  lionler  u(  I'Inar. 

INilin. 


Palmar  IntcniRivl 

DornallnltTussel 


Metai-an'Sh'S    II.,    IV., 
and  V. 

Adjm-ent  !(lile?*i»f  nieia- 

[    rari*i^l>.  tiiop'  iMirtlen- 

i     larlv  u|ton  thtve  of  the 

flnifcr  wherr  Insertion 

oceurs. 


Radial  sldeo  of  lendonn 
of  exteniuir  roniiiiintlii 
dlirltonini  and  Oral 
phalanKe?*.  | 

na.Mi(  r>f  nr>t  plalnnire<t 
dlirtt.  II..  IV,.  and  V. 

Base. if  llr>t  phalunitesl 
illirli.  II  .  III.,  and 
IV..  and  to  exlensori 
trndun. 


Flml  Iwo  by  nu^ 
dian,  last  two  by 
ulnar. 


Ulnar  . 
Ulnar . 


Adduria  thumb. 


Draws  llttiv  OnguT  away  from  oihem. 


Drawn  little  nimer  forwanl.  narrows  hand,  and 

di-4'iN'ns  hi>llow. 
Kee|n  phalanx  Ilrnily  ilown  In  imuplnnr. 

Draws  up  lntei;iHiient  on  Inner  nlde. 


Extensors  of  liLot  two  phalanges,  flexors  of  flrxt 
phalunires  when  these  an-  winlllexed  by  the 
dorsal  Intenissi'l.  The  fln«t  and  mn-<iimI  an-  hIv 
ductors  and  r^>iators,  the  third  and  fourth  ad- 
diiriorsand  nilalor>.. 

Exlen.'^>rs  of  last  two  phahmires,  adduclot?  and 
ntlator**.  tlexors  of  Ilrst  |thalanire<«. 

Flexors  and  alMltirtors  of  first  phalanires,  and  lit 
sllphl  detTi-e  rotators.  The  third  extends  last 
two  phalautfes. 


The  Uimbricales  are  so  called  because  of  their  round, 
wdfiii  like  ii|ipciin»iice.  Tlie  cild  titmtoiiiisls,  because  of 
tlii'ir  use  ill  liexiiiiraiiil  exleinliiig  the  lingers,  called  them 
liiliii  iimles.  or  liihller's  tiiuscles. 

Diiihitiiie  "  noticed  lliiit  in  persons  who 
were  siilTeriiifr  from  lead  iianilysis.  and  had 
therefore  no  control  ovir  the  extensor  iniis- 
cles  supplied  from  the  nuisciilo  spiral 
nerve,  lliere  wtts  still  some  power  of  ex- 
tension in  the  second  and  third  phalanges. 
The  statement  made  in  the  table  as  to  the 
action  of  the  luinbricalrs  is  that  of  Adam," 
foiinilcd  upon  observations  made  on  the 
cadaver,  and  wiih  electrical  excitation  with 
special  iiistrunniits. 

Fiir.  2441)  shows  the  manner  of  insertion 
of  the  lumiiiicales.  as  well  as  that  of  the 
interos.sei  and  the  Hcxor  tendons. 

Besides  the  muscles  mentioned  in  the 
table,  the  tendons  shown  in  Fiir,  244G  lie  in 
the  hollow  of  the  hand.  As  they  approach 
the  tinirers.  the  tendons  of  the  supertieial 
llexor  lie  immediately  ujion  those  of  the 
deep,  and  in  fact  embrace  them  in  a  groove 
upon  their  under  surface,  this  groove  dei'pening  until  it 
at  last  lieeomes  a  slit  through  which  the  teudons  of  the 
deep  tlexor  pass.  It  is  therefore  impossible  to  cut  the 
tendons  of  the  superficial  flexor  without  at  the  same 
time  cutting  those  of  the  deep  flexor. 

The  ba<k  of  the  hand  is  convex,  and  shows  plainly  the 
metacarpal  liones.  When  laid  upon  a  flat  surface,  it  is 
conipanitivcly  flat,  but  whin  the  tlexor  tendons  act  they 
]iull  the  liones  together  in  such  a  way  as  to  increase  the 
convexity,  Thi'  ailaptability  of  this  for  the  purpose  of 
firmly  seizing  objects  may  be  seen  by  reference  to  Fig, 
24411,"  When  the  fingers  lire  extended  and  spread  apart, 
the  extensor  tendons  shown  iu  Fig.  2447  are  well  dis- 
played. 

Shallow  furrows  appear  between  the  tendons,  and 
at  the  lower  ynrl  of  the  dorsum  the  heads  of  the  meta- 
carpal bones  hccome  prominent  .\t  the  base  of  the 
fins:ers  the  .skin  liecomes  thinned  out  into  an  inler- 
digital  wib  semilunar  in  shape.  The  web  between 
the  thumb  and  the  index  finger  is  thicker  and  more 
marked  than  elsewhere,  because  it  contains  in  front 
the  adductor  of  the  thumb  where  it  becomes  free  from 
the  first  dorsal  interosseous  muscle,  which  covers  it 
in  the  upper  part  of  the  interspace.     As  the  skin  and 


fascia  on  the  dorsal  surface  of  the  web  are  thinner 
than  on  the  palmar.  absces.ses  of  the  palm  which  reach 
the  base  of  the  fingers  usually  discharge  behind. 


Fig.  2446.— Bonesof  Two  Fingers,  with  the  Insertionsof  the  Tendnn.a.  (R.  (}ualn.>  li» 
-4.  the  tendons  of  the  flexor  niusrles  are  Iwnind  to  the  boni-s  by  the  tlbmus  sheath. 
In  B.  the  sheath  has  been  rt*tiuive»l,  as  well  as  the  vinrula  aeirs.soha;  1,  nieta- 
larpal  lifine ;  2,  tendon  of  the  tlexor  subliinis :  tendon  of  the  flexor  pnifnmliL<  ;  ', 
perforation  of  the  sublimls  by  the  profundus  tendon ;  4,  tendon  of  the  extensor 
communis  digltorum :  a,  lumb'ricalls  muscle ;  6,  one  of  the  interosseous  muscles. 


The  skin  of  the  dorsum  is  in  many  respects  the  oppo- 
site of  that  of  the  palm,  being  thin,  easily  movable,  hairy, 
especially  toward  the  ulnar  side,  and  but  slightly  sensi- 
tive, fEdema  is  much  more  quickly  shown  here,  the 
subcutaneous  tissue  Vicing  loose  and  numerous  veins 
course  through  it.  Some  idea  can  be  obtained  of  the 
tonicity  of  the  vascular  walls  by  noting  their  visibility 
through  the  skin.  They  vary  much,  however,  in  differ- 
ent individuals. 

The  deep  fascia  forms  the  sheaths  of  the  tendons  as 
they  pass  down.  These  tendons  are  arninged  in  two 
sets,  which  may  be  sjiid  to  represent  a  superficial  and  a 
deep  extensor  similar  to  the  arrangement  of  the  flexors. 
To  the  superficial  extensor  lielong  the  tendons  of  the  ex- 
tensor communis  and  the  extensor  minimi  digili,  which 
■pass  down  under  the  annular  ligament  almost  vertically, 
diverging  to  their  respective  insertions  after  reaching  the 
doi-suin,  '  The  tendons  of  the  communis,  which  go  to  the 
last  three  fingers,  are  united  by  oblique  hands.  This  re- 
stricts the  motion  of  the  ring  finger  to  a  considenible  de- 
gree, and  it  cannot  be  fulU'extended  when  the  Iliinl  or 
fifth  digit  is  held  firmly  tiexed.  Subcutaneous  sectiou 
of  these  bands  is  sometimes  resorted  to  for  the  purpose 
of  giving  pianists  more  independent  movement  of  the 
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ring  finger.  To  tlie  deep  extensor  set  belong  those  mus- 
cles wliicli.  arisinsT  lower  down  upon  tlie  forciirni.  run 
somewhat  ol)li(|Uely  across  the  others  to  l)e  inserted  into 
the   index   linger  and   thi-  ihuinl)      These  are  ihr  three 


nieta- 


Tic.   344S.  — CiiriM^-nu'ljicanMil 
jDint  iif  Hit-  Tbiiiiih. 


Fio.  3447.— Superllciiil  Miisrlcs  anil  Tendons  nn  tlie  Bark  of  the  Wii.st 
and  Hand.  ( .\ ftcr  Boiiisri'iy. i  The  posicrior  annular  ligament  of 
the  wrist  is  re(>n*senteil.  I.  t-'xtensor  ossis  irictararpi  poUicis;  1'.  its 
insertion  ;  -.  exlensijr  tiriiid  intfrnodii  i>olli('is ;  -'.  its  insertion  :  ;j. 
tendon  of  extensor  seenndi  iniernodii  jxtljiois:  4.  extensor  eom- 
inunis  di<;itoruin  ;  4',  tendon  of  tlie  middle  llnjrer  reeeivini.'  ttie  in- 
sertion iif  tile  second  unci  ttiird  dorsjit  interos-seciis  nniseles;  4". 
divisii)n  of  the  tendon  into  threi'  portions.  t>1  whieh  the  median  is 
inserteii  iiito  the  seeond  phalanx,  the  two  lateral  passinp  on  to  be 
inserted  at  4'"  into  the  terminal  |>lialanx  ;  .">.  extensor  minimi  diRlti: 
3',  its  Junction  with  the  slip  of  the  comm<m  extensor:  l».  jilaeed  on 
the  lower  end  of  the  ulna,  jxiints  to  the  extensor  oan'l  nlnaris ;  ti'. 
insertion  of  this  muscle  into  the  hase  of  the  fifth  metucart>al  Imiie; 
7.  part  of  the  llexor  carpi  lUuaris;  S.  jilaced  on  the  os  nuignuni. 
|N)ints  to  tlie  insertion  of  the  extensor  <-arpi  radialis  lirevior:  S', 
placed  on  the  hase  of  the  second  metacarpal  lione.  in»ints  to  the  in- 
.sertion  of  The  extensor  carpi  nidiiihs  lonirior-;  it.  tendon  of  extensor 
luiticis ;  10.  small  pall  of  the  adducror-  pollicis.  and  inner  head  of 
the  tiexor  brevis  pollicis;  11.  llrst  dorsal  interosseous  or  abductor 
Indli'is :  in  the  other  ttinM'  inten»s.seous  sjiaces  ai'e  seen  in  succes- 
sion, from  the  radial  side  inward,  the  iiiseriion  of  the  tli-st  palmar, 
seeond  doisal.  third  dorsal,  second  palmar,  fourtii  dctrsal.  aiid  third 
palmar  interosseous  iiuiscles ;  1^,  abductor  minimi  diglti. 

extensors  of  llic  tliiiinb  and  llie  extensor  indieis.  Many 
varieties  occur  wliich  contirm  this  view.  In  apes  the 
ixtensor  indieis  also  sujiiilies  the  middle  linger,  and 
sonietinies  the  ring  linger  as 
well.  The  extensor  secundi 
iiiteriiodii  pollicis  (which 
should  lie  called  exiensor 
hingus  pollicis)  also  sends  a 
tendon  to  the  index,  and  sonie- 
tinies to  the  niedius.  Similar 
variations  occur  in  man.  Kos 
ler'^  found  the  tendon  of  the 
indieis  nii<l  the  long  exicn 
sor  of  the  thumli  united  liy  a 
<  ross  liainl  like  those  which  ap 
pear  on  the  tendons  of  the 
common  exiensor. 

TIk-  hones  of  the  miildle 
liand  are  Ihe  five  metacarpals,  each  eonciive  toward 
(he  palm,  anil  having  a  soniewliat  prismatic  shaft 
with  two  enlarged  extremities.  Closely  applied  al  the 
ba-ses   they  spread  along   Ihe  shaft  so  thai    they   never 


touch  tlierc,  while  again  ul   Ihe  lower  end  lliey  can  be 

lirotight  together.  There  is  thus  left  room  for  the  in 
teio.ssei  muscles.  The  lirst  metacarpal  is  an  exception. 
as,  in  order  lo  ])reserve  the  iiidcpendiiici-and  opposahility 
of  the  thiimli.  Ilie  hase  is  set  over  iiiiil  in  fioiil  of  the  line 
of  Ihe  ollicrs.  and  its  distal  end  is  not  coiilinid  by  liira- 
ments.  .Since  il  is  slniped  more  like  a  phalanx  than  like 
Ihe  others,  ansitoniists  luive  not  failed  toaild  Ibis  to  other 
evidence  wliicli  hiis  been  adduced  to  prove  that  Ihe 
Ihnnili  has  no  true  metacarpal.  The  joint  by  wliicli  il 
articulates  with  the  trapezium  is  a  .saddle-joiiil.  Ihe 
movement  being  free  in  two  phuies.  vi/..  that  of  llexinn 
and  exiensioii.  and  that  of  ailduclion  and  iilidiiciion.  It 
is  not.  however,  limited  to  these,  as  circiiiiiiliirtion  can 
lake  place  unite  easily.  There  is  no  rotation.  The  caji- 
siile  is  thick  and  stiong,  and  dislocation  is  very  rare. 

The  situation  of  the  joint  is  easily  made  out  by  run- 
ning the  linger  upward  along  the  shaft  of  the  bone  until 
it  reaches  the  piocess  at  the  hase.  inimedialely  above 
which  is  the  iirticiilation.  The  process  is  made  more 
pi'oniiiicnl  by  stiongly  Hexing  iiiiil  iiddiictiiig  the  thumb, 
and  Ihe  iiitcrarlicuhir  line  Ciiii  then  be  easily  made  mil  in 
most  individuals.  The  other  metacarpals  are  united  to 
the  wrist  bones  anil  to  each  other  by  articulations  which 
are  lixid  by  niciins  of  inteios,seous  ligaments,  which  make 
their  disarticulation  very  dif- 
ficult. The  tiftli  joint  has 
the  most  nioveiiietil. 

The  rounded  lower  etids  of 
the  iiiilacariials  are  of  iiu- 
|)orlance  in  forming  an  iirch 
which  strengthens  Ihe  hatiil. 
For  this  reason  tliey  should 
he  preserved  in  amputating 
the  fingers,  when  it  is  jiossi 
hie  to  do  so.  The  arlicular 
surfaces  here  are  diivctcd  in 
such  a  manner  as  to  have  the 
planes  of  movcnicnt  converge 
toward  Ihe  middle  of  the 
hand.  This  greatly  increases 
the  power  of  grasp  of  the 
|)halanges.  as  the  tiglilcr  the 
tingei'S  close  the  more  stieii 
uotis     becomes     Ihe     lateral 


Fk;.  2449.-The  lA'nirth  of  ilie 
Fingers  as  .\dapted  in  tira.sti- 
ing.     iHumiihrj.  I 


pressuie.      The    convergence 

of  the  fiexor  tendons  assists  this.  The  extensor  tendons 
pass  over  the  most  prominent  jiiirt  of  the  metacarpal 
heads  behind.  The  third  metacarpal,  Ihough  not  the 
longest,  1ms  its  head  more  prominent,  iitid  is  usually  the 
one  wliicli  receives  injury  from  striking  heavy  blows. 

The  FiXGF.ns. — The  anatoniiial  luinns  of  the  five 
digitsor  fingers  are  Ihe  (lollcx  or  thumb,  indieis  or  index, 
medius  or  middle  finger,  annularis  or  ring  finger,  and 
aiiricularis  or  little  fiiigrr.  the  latter  piesuinably  so  called 
because  of  its  use  in  clciining  Ihe  meatus  auditorius. 
They  are  of  notably  dilTerent  length,  but  somewhat  nicely 
adjusted  to  the  functions  of  grasping,  as  will  be  seen  on 
holding  a  ball  in  the  hand,  as  shown  in  Fig.  2-440.  The 
middle  lingii-  is  the  longest  and  has.  therefore,  Ihe  long 
est  circumference  to  span,  and  the  others  are  so  adjusleil. 
iis  to  leni;tli.  that  lliey  cnuie  very  nearly  to  the  same 
level  at  their  lips.  For  this  reason  all  tools  which  ai'e  to 
be  grasped  by  the  hand  should  have  a  swelling  in  the 
handle  opposite  the  iiiiddle.  so  as  to  insure  a  good  grip. 

The  usual  arrangeuienl  as  to  length  of  the  lingers  is 
that  in  Ihe  extended  hand  the  thumb  does  not  ipiite  reach 
Ihe  second  phalanx  of  the  index,  the  midiiisislongerlhan 
the  annularis  by  half  a  nail,  and  Ihe  auricularis  reaches 
only  to  the  hist  phalanx.  Theieis  consiilerable  variation 
in  the  length  of  the  index.  In  about  two  thirds  of  the 
cases  ( Miintega/./.a  '■)  the  index  is  shorter  than  Ihe  ;innii 
laris.  reaching  only  to  the  root  of  the  nail  of  the  medius. 
In  others  the  two  lingers  are  nearly  of  the  same  length, 
and  rarely  Ihe  index  exceeds  Ihe  annularis  in  length. 
Keker "  considers  the  shortness  of  the  index  lo  be  a 
chnracterislic  of  apes,  and  thinks  that  when  relatively 
longer  il  is  an  allribiite  of  a  higher  form  of  hand.     lie 
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Diiils  il  IniiK'T  ill  woiiii'ii,  wliii  nIiiiw  in  iIiih,  iis  in  iimiix 
aiiiitoiiiii'iil  fi'iilini's.  siKii.H  of  ii  imrcr  iiioriiliiiliiKiciil 
fiiriii.  Ciinis*  (liH'H  licit  iiii'iitiiiii  till'  IciiKlli  <>f  iIk'  tliip'i". 
1)111  llciirt'S  wlmt  lie  mils.  iifliT  irAr|iriitit;iiy.'  tin-  iilnil- 
iNlir  liiiiiil  (Ht'i'liti'lii'  Hiiiicl.  iiiiilli  |isyi'liii|iii'),  wliirli  nIiows 
It  loiij;  iiiilfX.      It  Is  iiiiliiTil  liy  llyilP'  lluil  llir  U|i|iiiri'iil 


Km.  24.W.-TIH'  Conviilslvi'  lliiml.     IWunuT.") 

U-n.irlli  iif  the  I'iii;;  niid  iiiiU'X  IliijriTs  iimy  lii'  iiilliii'iic<'<l 
liy  till'  piisluri' i>r  till'  liiinil.  If  tlic  liiiiiil  is  liiiil  tint,  sii 
tliiil  till'  axis  of  tlic  nii'iliiis  ('iiiii'S|ii)nils  willi  llml  of  tlir 
oiitiii'  iinii.  tlu'  iiiili'X  iisiiiilly  ii|)|>i'aisii  litlli'  slmrtci  tliiiii 
llii-  riiifr.  lint  iilMlnct  llic  liiind.  and  the  linir  tiiigrr  will 
upprar  ii  wlioU'  imil's  Imiitli  liiii!.'i'i'.  (irilnin.i: '"  Ims 
ivrriilly  irivi'ii  the  results  <if  twii  liiindrcd  cilisiiviitimis 
very  canliiiiy  Inkcii.  He  liiids  tlml  'lii'  liii.ir  linirir  is 
iisiiallv  ilir  liinircr.  yet  tlu'  ri'vcrsr  is  not  iincuniinoii.  and 
moll'  (iiiiuiiit  in  fc'nialis.  In  tlir  fool  tlir  si  rond  toe  is 
usually  till'  loniiisl.  but  a  •;ri'alir  li'iii:tli  of  tlii'  bii:  toe 
is  not  rare,  also  more  fri'iiiicnt  in  fi'inalis.  Tliis  Irnds 
sonii'  support  to  tlic  tliooiy  that  llu'  fool  has  no  digit 
lloinologiiiis  with  the  thiinili. 

Till'  jri'iienil  relation  of  llie  middle  tinker  to  the  rest  of 
the  hand  is  expressed  liy  LaniriT'"  as  follows:  If  a  meas- 
uremeiil  lie  taken  from  the  os  niairiium  lo  the  end  of  the 
tinker,  the  various  parts,  as  ineasurecl  from  the  angles  at 
the  joints  maile  liv  tlexion,  will  lie  in  the  proportion  of 
8:5;:!:  2.  that  is  to  say.  the  middle  lianil  is  as  lonf;  as 
the  three  other  portions,  and  the  liasal  phalanx  is  as  long 
as  the  middle  and  uii.Kual  toi-'ellier.  The  lensrth  of  the 
ditire  hand  has  lieen  used  liy  artists  as  a  canon  of  jiro- 
porlion  for  the  whole  body,  liciii!;  set  at  one  ninth  of  the 
whole  heiu'lit.  The  Kgyptian  canon  seenis  to  have  lieen 
based  upon  the  leiiL'lli  of  the  iiiiUx.  which  was  recUonecl 
ns  one  iiiiieleinlli  of  the  hciirlit.  .Many  measures  used  as 
rou.gli  eslimates  are  taken  from  the  hand:  the  len.irth  of 
the  iniddle  tinirer  from  kiuickle  to  point  is  reckoned  as 
one-eighth  of  a  yard,  and  from  the  tip  of  the  thumb  nail 
to  the  second  joint  as  about  half  of  that,  anil  is  called  one 
nail.  The  breadth  of  the  hand  is  used  as  a  measure  for 
horses,  and  is  reckoned  at  fonr  inches.  The  breadlh  of 
thetliiimb  is  the  |iouce  or  inch  of  the  old  French  meas- 
ures. Of  coiiisi'  all  these  are  liable  to  vary  because  of 
individual  piculiarity." 

It  should  be  noted  that  the  proportions  of  the  hand  to 
the  entire  lieiL'ht  are  attained  very  early,  at  least  by  the 
fifth  year  ((Jueti'lel  ■•').  The  niciuber  appi'ars  to  have 
the  Sfi'me  early  physical  develop.nient  that  the  brain  has. 
and  the  hand  <if  the  new  born  child  is  structurally  that 
of  the  .'idiilt.  dilTerinir  only  in  si/.e. 

The  lliumb  has  from  very  early  times  held  the  place  of 
honor  amoii,;:  the  diL'its.  as  the  loss  of  it  deprived  the 
hand  of  r.iticli  of  its  power.  It  is  especially  by  the  su- 
periority of  the  thumb  that  man's  hand  is  distinguished 
from  tliat  of  the  hiu'lier  apes.  Tliere  are  no  less  than 
eight  niuscles  attached  to  il.  and  this  gives  a  freedom 
aiid  varietv  of  motion  which  is  not  possessed  by  any 
other  disrit.  To  cut  off  the  thumb  was  an  old  method 
of  disabling  an  enemy,  by  prevenung  him  from  properly 
usin.i;  his  weapons,  and  soldiers  soniclimcs  lesorted  to 
this  mutilation  to  exempt  themselves  from  military  duly 
— as  those  of  our  own  time  have  been  known  lo  atnpii- 
tjtte  the  terminal  jilialanx  of  the  index  to  unfit  themselves 


for  pulling  llie  Iriimer  of  ii  gun.  Il  is  fioin  iliix  i  iinloiii 
that  the  word  pollnion  Ih  wiiil  to  Imve  iiiIm'Ii,  being  ii 
corruption  of  pollirr  liiiiirim.  The  piilinlNters  exalt  tlit; 
tliiimb  far  above  the  other  digitN.  D'Arpeiitigny  sayit: 
" r .\iiimiil  MiiiHiii'ir  ml  (liiiiH  III  iiinin,  ihniiimr  r*l  iliiimlr 
imiii't ." 

The  Ksi|uiniaux  Innlitioii  Ih  that  woman  wiih  origiiuilly 
fornied  from  the  Ihiiinb  of  iniiii.  The  Ihiiinb  was  used 
by  III!'  spectators  of  Komaii  gladiatorial  combats  to  indi 
C'/ite  wlietlier  the  coinpiered  party  should  die  or  live.  In 
1,11  Vendee  a  large  lliiinib  indicates  a  predilection  for  the 
black  art.  and  to  bite  the  tliunib  is  a  grave  iiiKull  in 
Slot  land  and  Italy.' 

The  unusual  streiiglh  of  the  muscles  which  an-  at- 
laclied  to  till'  Ihuinb.  making  it  an  ellicieiit  portion  of  a 
pair  of  fori'cps  when  applied  to  the  other  tlngiTK,  leailH 
also  to  its  being  atVected  by  convulsive  action  In  almost 
all  cases  of  this  kind  the  thumb  is  tirnily  clenched  and 
drawn  into  the  palm  (.see  Fig.  '.Moll).  This  may  be  of 
service  as  a  medicolegal  sign,  as  it  is  almost  always 
found  in  those  who  have  died  a  violent  death,  and  cousc- 
iiueiilly  sulTired  spasmodic;  contraction  of  the  muscles 
(luring  the  last  a.irony. 

The  index  or  pointing  linger  has  been  called  I  he  gynae- 
cologist's eye.  It  is  somewhat  more  sensitive  to  tactile 
impression  than  the  ollieis.  and.  being  supplied  with 
special  muscles,  it  is  particularly  serviceable  as  (lie  aut<tg- 


Fic.  3l.il.-  nislrlliiiliiin  of  Nerves  In  tin-  Palm  of  the  Hand.  (Til- 
laiix.i  M.  Mi'iliiin  nerve:  f.  uliiiir  nerve:  a.  a,  a.  a.  a.  a,  col- 
lateral liraiichi's  of  the  ini'illan  iiene  :  h.  dorsal  bnincli  of  the  ulnar 
nerve:  c,  miisiiilar  liramhcs :  t(.  supertlcial  Imimh :  ..  deep  branch; 
/,  anastomotic  branch. 

onist  of  llie  thumb.  It  is  always  best  to  preserve  this 
finger  and  the  thumb,  if  possible,  in  injuries  to  the  hand, 
as  by  themselves  they  make  quite  a  serviceable  organ. 


•  vide  Homcoand  .Iiillet,  Act  I.,  .sc.  2. 
them,  which  is  a  disgrace  If  they  bear  it." 


'  I  will  bite  my  thumb  at 
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The  ring  linger,  or  annularis,  is  so  calleil  from  llie  fact 
tliat  it  lias  tii'iMi  (Mistomnry.  since  Iliclime  of  the  Romans, 
to  eairy  linirs  ii|)oii  it.  This  has  tiecn  sjiiil  to  onirinate 
in  the  faet  that  they  supposed  it   to  be  especially  eon 

necteil  with  the  heart, 
either  because  it  is 
supplied  liy  two  nerves 
(see  Fig.  '.2451).  or  more 
probably  because  the 
vena  salvatella  runs 
prominently  frnm  it  up 
the  arm.  Owing  to 
the  coiuieetion  of  the 
tendons  this  linger  is 
somewhat  protected  by 
those  licside  it.  and 
consecniently  is  le.ss 
liable  than  the  others 
to  injury,  and  this 
affords  ample  reason 
why  it.  as  well  as  the 
left  hand,  should  be 
chosen  to  wear  the 
ring.  The  old  anato- 
mists called  it  the  dig- 
itus mcdicus.  Ill-cause 
they  were  accustomed 
to  mi.\  medicines 
with  it. 
Upon  the  palmar 
face  of  the  fingers  are  seen  certain  transverse  furrows, 
well  marked.  'These  are  important  giii<les  to  the  .joints 
and  should  be  well  noted  (see  Fig.  2-444).  They  are 
not  correctly  given  in  any  of  the  books  on  palmistry 
which  the  author  has  consulted,  which  shows  that  in 
point  of  accuracy  their  "science"  leaves  something  to 
be  desired.  The  folds  nearest  the  iialm  are  single  for 
the  index  and  little  fingers,  double  for  the  others. 
They  do  not  correspond  exactly  to  the  metacarpo 
phalangeal  joints,  but  are  three-fourths  of  an  inch 
below.  The  middle  folds  are  double  and  exactly  oppo- 
site the  joints,  the  lower  folds  are  all  single  and  a  tritle 
above  the  joints.  Upon  the  thumb  theie  are  also  three 
folds,  the  upper  and  lower  folds  correspond  to  the  joints 
very  nearly,  the  mifldle  one  having  no  topographical 
significance.  The  skin  on  the  fingers  is  remarkably  rich 
in  papilliE;  the  number  of  these  containing  nerves  in- 
creases as  we  proceed  toward  the  finger  tijis  These 
papilla;,  both  on  the  fingers  and  palm,  are  anauged  in 

lines  forming 
characteris- 
tic curvilin 
car  ridges. 
Upon  the 
eminences 
formed  by 
the  pulps  of 
the  fin  ire rs 
and  the  eminences  of  the 
palm   these  are  arranged   in 


elliptical  or  spiral  patterns, 
and  it  has  been  seriously  pro- 
posed to  use  these  as  a  means 
of  identifying  individuals. 
In  certain  cases  tluy  have 
been  of  .service.  Faulds-^ 
mentions  that  by  means  of 
finger  marks  upon  a  greasy 
glass  it  was  ascertained  who, 
among  a  number  of  .servants, 
had  been  drinking  some  rec- 
tified spirit ;  aiul  another  case 
in  which  a  criminal  was  de- 
tected by  an  impression  of  sooty  finger  marks  on  a  white 
■wall.  lie  considers  that  the  Mongolian  races  have  a  special 
and  characteristic  pattern.  The  city  autlKoitics  of  San 
Francisco  recently  considered  the  luopriety  of  register- 
ing all  the  Chinese  who  arrived  at  the  port  by  taking 


Fig.  J4o3.— The   Feeble   Hand. 
( Warner.) 


an  impres.sion  of  the  thumb.  It  is  said  that  the  legal 
expression  "my  hand  and  seal." arose  from  the  custom  of 
scaling  papers  with  the  thimib. 

Beneath  the  skin  the  subcutaneous  tissue  is  like  that 
of  the  palm — a  series  of  little  cu.shions  of  fat.  On  the 
last  phalanx  this  is  called  the  pulp  of  the  finger.  Still 
ileeper  is  found  the  canal  fur  the  flexor  tendons.  The 
fibres  of  this  sheath  are  less  thick  opposite  the  joints,  so 
as  not  to  iiupede  fiexion.  They  are  continuous  above 
with  the  palmar  fascia  The  canal  cimtains  in  the  thumb 
only  the  tendon  of  the  long  llcxor,  in  the  other  fingers 
the  tendons  of  the  sttpcrficial  and  deep  fiexons.  They 
are  united  to  the  sheath  by  small  bands  termed  retina- 
cula.  Opposite  the  first  phalanx  the  Hexor  sublimis 
splits  and  the  two  halves  fold  around  the  de<'p  flexor, 
again  imiting  behind  it  by  their  margins.  They  then 
separate  and  are  inserted  intn  the  second  phalanx  (see 
Fig.  244(),  B).  The  deep  flexor  is  inserted  into  the  ter- 
minal phalanges.  Some  persons  have  power  to  use  it  in- 
dependently. 

On  the  dorsal  surface  of  the  fingers  the  skin  forms 
elliptical  folds  at  the  articulations  of  the  first  and  second 
phalanges,  and  simply  a  few  tnmsverse  foldsat  the  articu- 
lations of  the  second  and  third.  Under  the  skin  the  ex- 
tensor tendons  form  a  broad  aponeurotic  sheet  into  which 
the  cxiiancled  tendoi^  of  the  lunibricalcs  and  interossei 
are  inscrt<(l.  This  sheet  terminates  with  the  insertion  of 
the  extensor  into  the  last  phalanx. 

The  nails  which  terminate  the  digits  are,  as  is  well 
known,  really  epidermal  elements.  They  are  found  in 
the  embryo  at 
about  the  third 
month  of  preg- 
nancy. Their 
growth  is  always 
from  the  root,  and 
the  rate  at  which 
they  grow  can 
frequently  be 
noted  by  the  spots 
which  occur  upon 
them,  and  thus  a 
general  notion 
may  be  obtained 
of  the  vigor  of  the 
processes  of  nu 
trition. 

The  joints  of  the 
fingers  have  a  general  resemblance  to  each  other,  the 
luemcarpo-plialangeal  being  merely  a  little  broader. 
The  ends  of  the  phalanges  broaden  out  somewhat  at 
their  extremilies,  and  when  the  body  becomes  emaci- 
ated, as  in  a  wasting  disease,  these  ends  become  very 
prominent,  and  the  di.sorder  known  as  clubbed  fingers 
results.  At  the  metacarpophalangeal  joint  of  the 
thumb  there  are  two  sesamoid  liones.  which  are  believed 
to  be  one  of  the  causes  of  the  dilliculty  of  reducing  a  dis- 
location at  that  joint.  Similar  structures,  usually  carti- 
laginous, however,  are  found  on  the  jialmar  surfaces  of 
eacli  of  the  phalangeal  joints.  In  ne.srroes.  or  in  those 
laborers  who  use  the  hands  much  for  heavy  work,  they 
may  all  be  ossified,  as  they  are  in  the  forefoot  of  a  bear. 
The  articulations  are  all  imperfect  hinge  joints,  having 
lateral  ligaments  and  a  thickening  of  the  capsule  on  the 
palmar  surface.  It  should  be  remembered  that  the  ar- 
ticular line  is  always  found  beyond  the  angle  formed  by 
the  llcxion  of  the  phalanges. 

The  nerves  of  the  hand  are  three  in  number.  Their 
distribution  to  the  palmar  surface  is  shown  in  Fig.  24.51, 
and  the  muscles  they  supply  are  mentioned  in  tlie  table 
on  pa,!ie  48.5. 

To  those  mentioned  there  should  be  added  those  Avhich 
come  down  fmm  above.  Of  these  the  flexors  are  supplied 
by  the  median  and  ulnar,  the  extensors  by  the  radial.  The 
ulnar  supplies  the  llcxor  carjii  ulnaris  and  the  principal 
part  of  the  deep  flexor,  leaving  to  the  median  that  (lor- 
tion  which  goes  to  the  index  finger,  which  might,  there- 
fore, properly  be  classed  as  a  separate  muscle. 


Fig.  24.54.— The  Tonic  Hand.    (Warner. 


488 


REFEKENCK   HANDHODK   OP  THE  MEDICAL  SCIENCES. 


■  iMIIll. 
Ilniul. 


AfKT  (W'Cliiinof  llic  iiii'iliiiu  iicrvi-  a  i-iinsiilmilili-  iiinvr 
mrlll  is  left  III  till'  llllflrrM.  |iriilllllii>Il  llrilllf  flTfllrll  tiy 
till'  slimililir  iiiiiwirs  urtiiiK  i»i  'lo'  iirni.  Ili'Vimi  iif  tlii* 
wriHt  liy  llir  flrxnr  riii|ii  iilimrin,  tlii'  tli'Nl  |iliiiliinKi'!< 
tk'Xi'U  liy  till'  iiilt'iiiHHi'i,  the  otliiTs  liy   the  ilii'|)  llcxiir. 


Fio.  24.V).— The  Nerrnus  llnml.    iWoniiT.) 

Till'  tIniMiti  siilTi-rs  most,  iiiul  wi'  iimy.  iiccorilinKly,  siiy 
ilmt  till'  iiHiliiiii  iiirvo  I'spwiiilly  pn'siilcs  ovit  tlii'  move- 
iiu'iits  of  tliiil  iliirit. 

Ill  till'  sjiiiu'  way  u-i  iiKilility  is  imt  iiitiii'ly  lost,  so  also 
is  si'iisihilily  I'lliiim  il  Ii>  MHiir  rxtnil.  The  Hiiii'slhrsia 
iliH's  not  ciiriTspoiiil  with  ilii'  illsirilmliuii  of  tlic  iiitvc. 
Till'  ri'iisnii  fur  lliis  is  liilirvnl  to  lir  fiuiiiil  in  llii'  cnllat- 
cnil  limiiclii'S  wliicli  run  frniii  tlir  ulimr  to  aiiastdiinisr 
with  till'  ini'iliaii.  Tlii'iv  is  iin  iloiibt  that  tlii'  aiiastlicsia 
afliT  scctjiin  riiiitiiiiirs  to  jjrow  less,  ami  it  lia.s  been  siiir- 
jri'steil  tlial  wlii'ii  ('erlain  parts  are  (iisalili'il.  utlier  nerves 
may  seiiil  nut  lilunients  frmn  llie  tine  plexus  into  whieli 
the  nerves  break  up  before  going  to  supply  the  papilla?, 
in  onler  to  supply  I  he  neeil. 

The  eorrelalive  aelioii  of  the  muscles  and  nerves  has  a 
very  inarkeil  result  upon  what  may  be  ealleil  the  ]iliysi- 
ognoniy  of  the  hanil,  Warner"  lias  earefiilly  studied 
tills  suiijeet.  and  deseribes,  among  others,  the  following 
tvpes,  which  relate  to  the  expression  of  the  emotions: 
The  convulsive  hand  (Fig  -M.Ml) .  in  which  llie  Ihiinib  is 
forcibly  and  violenlly  adducled.  the  lingers  are  |)ressecl 
closely  togelhir  anil  seniitlexed  on  the  Ihunili,  the  hand 
assuming  a  conical  sha|)e.  The  o|.posite  of  this  is  the 
hand  in  fright  (Fig.  2-1'VJ).  the  phalanges  and  the  wrist 
being  exleiided.  The  whole  attitude  is  that  of  repelling 
an  abhorrent  object.  In  i>ure  horror,  not  accompanied 
by  fear,  the  hands  are  thrown  widely  back,  the  arms 
uplifted,  the  tingers  open.  A  ])assi'iiger  upon  a  tntin 
that  nin  over  n  man  told  me  her  first  intimation  of  an 
accident  was  seeing  tlirougli  the  window  a  person  as- 
sume this  atlilude  as  the  tniin  shot  past.  Thi'  convul- 
sive wringing  of  the  hands  is  an  expression  of  (|uile  an 
o])posite  order,  indicating  intense  anil  continued  painful 
emotion,  and  instead  of  the  hand-washing  motion  pcr- 
fonneil  by  tragic  actors,  is.  when  genuine,  a  passing  of 
one  hand  down  the  other,  with  ii  convulsive  twist  at  the 
ends  of  the  lingers. 

The  feeble  hand  (Fig.  34531  is  indicated  by  a  dropping 
of  the  thumb  and  a  bending  of  the  |ilialanges. 

The  Ionic  hand  in  rest  (Fig.  24.")4i  is  like  this,  but  dif- 
fers in  the  dcgreeof  the  action.  The  nervous  hand  (Fig. 
•24-~)->)  has  the  wrist  slightly  bent,  and  the  metacarpo 
phalangeal  joints  liyiierextcnded,  and  the  first  and  lliinl 
interniMles  slightly  flexed. 

The  energetic  liand  (Fig.  '24'~)6)  is  the  opposite  of  this, 
the  wrist  being  extended  and  the  small  joints  in  flexion. 

The  vessels  of  the  haiu]  have  recently  been  the  subject 
of  careful  study  by  liourceret.-*  and  he  has  arrived  at 
some  conclusions  which  seem  imporlant  and  new.  By 
a  very  ingenious  process,  and  using  a  series  of  injections, 
he  has  been  able  not  only  to  fill  the  entire  arterial  and 
capillary  system,  but  the  venous  system  as  well,  inject- 
ing from  tile  heart  outward,  notwithstanding  the  valves. 

The  arrangement  of  tliearterieshasalready  been  alluded 
to.  The  radial  and  ulnar  form,  as  shown  in  Fig.  2444, 
two  arterial  arcadi's  known  as  the  superficial  and  deep 
palmar  arches,  the  first  of  them  being  made  l)y  the  radial 


and  the  deep  briiiiehof  the  ulnar.  TotlieKC  miiy  be  lidded 
a  lliird  arch  over  the  buck  of  the  wrlsl.  foriiied  by  col- 
lateral braiielieH  of  the  two  iriinkH.  From  tliese  arelieH 
pass  bninchcH  which  supply  ihi-  lingers,  being  of  conNliJ- 
I'l-iible  si/.e  tlirouglioiit  their  leiiglli,  even  to  (he  liiHl  plm- 
laiiges,  and  not  iiecoinpanied  by  veiiii'  eomitcK.  The 
iibji'cl  of  this  excessive   vascular  siipplv  is  not  only  the 


niilrilion  of  the  tIngerH,  but  also  to  inalntaiii  the  liiMlily 
warnilh  Ihere  They  eommtinieate  by  two  w-ls  of  I'lipif- 
laries.  one  small  and  inlindid  for  nutrition  only,  the 
other  large  and  inlended  for  increasing  the  heat.  TheKu 
<-apillaries  are  nrraiiged  in  very  complieiited  lortiiosilies, 
like  little  b.ills  of  laiiirled  thread.  They  open  immedi- 
ately into  the  veins,  which  are  also  reinarkable  for  their 
flexiiosities.  Any  eonsideralioii  of  the  hand  would  be 
incomplete  without  some  remark  concerning  the  separate 
iisi'  of  the  I  wo  hands.  Uigh  I  handedness,  or  ralhir  right- 
sidedness.  for  the  matter  is  not  by  any  means  coiillned  to 
the  hand,  is  the  rule  among  all  nices  of  men.  and  some 
traces  of  it  may  be  seen  in  the  animal  creation.  The 
elephant,  for  example,  is  said  to  use  the  right  tusk  more 
than  the  left,  anil  Iliis  is  accordingly  called  the  servant 
tusk."  Left  hanileilness  is  the  exception,  occurring  in 
about  nine  per  cent,  of  individuals.  .Many  attempts 
hnTc  been  made  to  explain  this,  and  Franklin's'"  plea 
for  the  left  hand,  and  (liiirles  Hciidcs  essay '•"  upon  the 
injury  mankind  inlliits  upon  itself  by  the  continuous  use 
of  the  right,  are  well-known  curiosities  of  liti'rature.  It 
appears,  however,  that  there  is  reason  to  suppose  that 
we  have,  in  dcxtnil  preference,  iiK'rely  a  fiirllier  dilTer- 
entiation  like  that  which  has  resulled  in  the  development 
of  the  feel  and  hands  from  four  originally  similar  organs. 
The  left  hemisphere  of  the  brain  appears  to  be  assuming 
control  of  the  more  compliealed  motor  functions  per- 
formed by  the  right  side  of  the  binly.  while  the  right 
hemisphere  attends  more  especially  to  the  nutrilive  fiinc 
lions  through  the  sympalhelie  system.  It  isnoledlliat 
the  senses  of  temperature  and  of  weight  are  usually  more 
aeiile  in  the  left  hand.  Perhaps  this  is  in  some  degree 
due  to  its  less  frequent  use.  Granling  this,  we  have  to 
search  for  the  origination  of  the  tendency.  IlyrtI  "  sup- 
poses it  to  arise  from  the  fai't  that  the  innominate  artery 
carries  more  blood  to  the  right  side.  Dwight  and 
others '-*.-■',""  think  it  depends  upon  the  situation  of  the 
left  carotid  at  the  top  of  the  arch,  surmising  that  it  re- 
ceives a  swifter  current  of  blood,  which  goes  to  the  left 
brain,  controlling  the  left  side.  Bliimenbach  supposed 
that  it  was  due  to  a  deviation  of  the  innominate  artery 
to  the  left.  Breschet  thought  that  there  was  an  innate 
tendency  to  a  predominance  of   nutrition  on  the  right 


Fig.  2456.— The  Encrjretlc  Hand,    i  Warner.) 

side  in  foetal  life.  The  right  side  of  the  spine  develops 
first  and  so  throws  the  heart  to  the  left.  Comte"  sug- 
gests that  it  is  due  to  the  fact  thai  the  f»etns  in  ntero  lies 
ustially  on  the  left  side,  owing  to  the  obliipiity  of  the 
pelvis,  and  that  this  occasions  a  precocity  of  develop- 
ment of  the  right  side.  The  percentage  of  left-handed 
jiersons  is  about  that  of  presentations  where  the  fanus 
lies  on  its  right  side. 

An  ingenious  explanation  is  offered  by  Buchanan." 
who  holds  that  the  centre  of  gravity  lies  on  the  right  side 


489 


Iliiiifl**  ami    l<'liiut'ri*, 
IIiiikIm  mill    l''lMi:«-r*>, 


KKFEKENt  !•:   llAMHioiiK    (iK   TlIK   MEDICAL  SCIKNCES. 


owing  to  the  weight  of  tlii>  livpr,  ami  that  this  causes  a 

greater  devel()|iiiiciit  of  the  milsrles  tlierc.  It  is  possihle 
tliat  several  of  lliesi-  causes  may  have  hail  an  elVeel  ii|i(iii 
the  inatler.  An  ellieieiit  eaiise  iiia\  In-  roiiiid  in  Ihe  >iln- 
alii'ii  i>f  llie  hear!  iipim  Ihe  left  siiie.  A  savaye  si«in 
learns  that  his  eneniv  is  vulneralile  fliere,  ami  lakes  pains 
topniteel  himself  by  wilhdrawinir  the  left  side  and  using 
the  weaiimi  with  the  right.  The  constant  persistence  of 
this  use  i>f  the  liL'lil  arm  as  the  weapon  hearing  member 
lias  proliably  ri'sulted  in  organic  dextral  preference,  and 
li'ft  liandediiess  may  be  considered  an  atavism. 

Frank  Uahcr. 

'  Dell.  Sir  Cliiirli's:  Tin-  lliimi.  its  M'Tliunlsm  unit  Vliul  Kmiow- 
mcnis.  as  K.viiuliiir  Deslirn.  I.uniloii.  Is-Vi. 

=  Sii|ii>i'y.  I'll.  I  . :  .Viiiiliiiiilc  Ui'.srri|>ilvc,  veil.  I. 

'  l)'.u-|H'inl;riiv.  S. ;  Lii  ('liiriii;iiiiiiije.  <m  I'nrl  <le  reei>nnaitre  les 
liMiilaiiccs  lie  riiui'lllpfnie  d'apiis  lis  foriiii's  de  hi  iiialii,  I'aris, 
IS4;i. 

*  Cariis.  r.  {;.:  t'l'tu-r  Criiini  iiiiil  IliMlcutnii'/ <Ii'r  versclileiienen 
Fornu'ii  tier  llainl  in  vefsctiiiHU'iH'ii  INm^uhch.  stiiii(.'uri,  istti. 

'Till'  Hand  PlirennlnKinillv  CiuisliliTed ;  Ixiiii;  a  liliiiipse  al  ilie 
rii'lalliiii  <'(  the  Mind  with  the  iiiranl/atliin  uf  llie  Body,  London, 
ISIS.    I  Mainly  a  ri'pixidiKtlon  of  Caius  and  dWrpenticny.) 

*  Dcsliarrvilii'S.  .\d.;  Ia*s  ni\sten-s  de  la  main.  n*veh'S  et  expliiiues, 
Paris.  ISiVi.    I  .Ml  rwenl  works  on  palmisirv  mpv  hiively  from  this.) 

'  I)e  Melz,  V. :  llnndlKiuk  of  Modern  ralniislry.  .New  York,  1SS4. 

"  Frtlh.  H.,  and  Allen,  K.  H.:  The  LaiiKiia^'e  of  the  Hand,  London 
and  New  ^ork  (Uoiitledgel,  n.  d. 

"  Iji  i-'rande  eliyiimianee  iiatun'lle,  ou  I'art  imrtalt  de  sc  connoitre 
s<iy-iiu'Miie.  tinn'S  de  lens  les  plus  praves  Antheurs  anciens  et 
miMlenies  qui  out  Iniitte  de  cette  niatien',  Paris,  1577. 

'°  Lander,  i. :  Anaionile  der  ausseren  Fornien  des  nicnschl. 
Knrpei-s.  Wien,  Lss-l. 
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HANDS  AND  FINGERS.  DISEASES  AND  DEFOR- 
MITIES OF. —  The  hand  is  such  an  iiiipcirtaiil  and  essen- 
tial lai  lor  in  the  practical  eeoniiniy  of  life  that  Ihe  pallio- 
logical  conditions  lo  which  it  is  subject  and  which  tend 
to  impair  its  usefulness  form  iin  important  tield  <d'  medi- 
cal science  and  practice  It  is  a  topotrrapliical  region  so 
well  nairked  olT.  iiiiil  is  subject  lusucii  special  patholo^'ic 
and  etioloijic  faclnrs,  that  the  morbid  cnnilitions  which 
alTect  it  niidxe  up  (|uite  a  distinctive  and  well  marked 
group  of  diseases.  The  diseases  lo  which  the  hands  and 
fingers  are  stiliject  eompri.se  a  considenible  variety  of 
ennditions.  diverse  in  their  nature  and  cause,  with  the 
only  element  of  unity  lesIinL'in  their  common  site.  A 
eomparalive  coiisidcralion  of  all  llusc  various  conditions 
may  prove  of  advantage  in  i|Ueslions  of  dilTerentiid  diag- 
nosis, and  some  of  the  rarer  nffeetioiis  may  be  pointed 


out  wkirli  from  not  being  often  observed  may  prove  puz- 

zlinir  when  cases  ari'  met  with. 

Si'KciAi.  l*\i  iiDi.oou M.  A.M>  Etiological  Factohs. 
— The  hand  exhibits  a  niimbei  of  ehanicleristics  that  ex- 
ert special  inllucnces  in  determining  and  bringing  about 
Ihe  morbid  conditions  to  which  It  is  subject. 

.\mong  these  special  caiisalive  factors  is  the  peculiar 
analoniicid  coiistru<-tion  of  lliehiin<l.  The  hand  is  esscn- 
liiUly  a  delicate  motor  mcchaiiism  and  arrangement  of 
joints,  ligaments,  tendons,  and  the  like,  idl  so  nicely  ad- 
justed Iliat  sli:;ht  impediments  (as  in  trigger  linger)  may 
result  In  uialcrial  defonuily  or  iinpidrmenl  of  function." 

.\iiiither  condition  that  subjccis  Ihe  hand  to  certain 
forms  of  disease  is  its  use  und  its  'exposed  situation,  ren- 
dering it  esiieeially  liable  to  mechiinical.  Iratimalie,  at- 
mospheric, irritalive.  tmil  other  iulluences.  The  con- 
stant usa.ire  of  the  hand  incident  to  variinis  occupations 
produces  corres]iondinir  reactions  and  morphological  and 
pathological  cnnsei|uenccs.  as  in  w  liter's  cramp  and  the 
stitTcniiig  and  liardeiiiiig  eflecis  of  manual  labor.  The 
hand  is  much  exposed  to  injuries,  mechanical,  chemical, 
Ihermic,  while  its  being  habit ually  uueovered  by  cloth- 
ing and  thus  exposed  to  meteorological  and  other  irrita- 
tive intluences  makes  it  subject  to  certain  skin  alfeclions. 

The  siliialion  of  the  hand  at  it  disiance  from  the  circu- 
latory centres  is  iinother  factor  that  gives  rise  to  x'arious 
pathological  conditions.  The  great  disiance  of  the  hand 
from  the  heart  causes  a  relative  weakness  of  the  <ircula- 
tioii  in  this  ineiuber,  which  results  in  the  occurrence  of 
circulatory  disturbances  like  stasis,  clubbed  tiugers, 
tedema.  and  Uayiiaud's  disease  in  this  locality. 

Its  distant  sitiialion  also  renders  the  hand  liable  to 
sulfer  eonsequeiices  of  injuries  or  lesions  ]irimarily  locat- 
eil  at  |>oiiits  between  it  and  the  trunk  or  the  bodily  cen- 
tres. The  motoruicchaiiism  of  ihe  hand  is  located  chietiy 
in  the  forearm,  while  the  va.scular  and  in'rvons  trunks 
that  supply  it  course  along  the  entire  uppiT  extremity. 
so  that  diseases  or  injuries  of  any  of  these  structures  iu 
any  ])art  of  their  course  ma.y  result  in  morbid  conditions 
seated  iu  the  hand. 

Other  conditions  there  are  which  affect  this  region  e.\- 
dusively  or  iieculiarly.  for  physiologiciil  reasons  that, 
though  obscure  or  unknown  to  us.  are  yet  real  .and  opera- 
tive. Tlii'se  may  be  regarded  as  idii)]iatliic  pathological 
factors  and  diseases  of  the  hand,  e.xeinpliliid  by  Dupuy- 
tren's  contraction. 

Classification. — The  affections  of  the  hand  and  lin- 
gers include  those  that  are  peculiar  lo  or  alTect  this  re- 
gion exclusively:  those  that  may  occur  elsewhere,  but 
show  a  predilection  for,  or  exhibit  s]iecial  features  or 
modifications  in.  this  locality  :  those  conditions  iilTcetiiig 
the  hands  equally  and  indilfereiitly  with  other  parts  of 
the  body;  and  Ihe  luaiiifestations.  exhibited  by  the  hand, 
of  general  disease.  The  condilioiis  of  most  pertinence 
to  the  jiresent  subject  are  those  more  or  less  peculiar  to 
the  hand  or  those  that  exhibit  sjieeial  features  in  this 
locality. 

It  is  not  easy  to  fonnuUHc  a  completely  satisfactory 
and  logical  classilication  of  all  the  affections  of  the  hand 
and  fmgers  on  any  uniform  basis.  There  are  several 
grounds  on  which  classiliciitioii  may  be  baseil,  but  no 
one  of  lliem  alone  in  the  present  state  of  our  knowledge 
is  sullicient  to  afford  a  practical  and  adeiiuate  classilica- 
tion. 

From  one  standpoint  a  division  can  be  in:iile,  with  ref- 
erenci'  to  the  manner  in  which  the  etiological  factors  are 
brought  to  bear,  into  conditions  arising:  from  local 
causes,  either  external  or  internal:  from  extension  (by 
coniinuity  or  contiguity  I  from  neighborinir  structures 
that  are  affecled  :  rroiu  causes  jnutritivc.  toxic,  inetjislat- 
icl  brought  to  bi'ar  through  the  medium  of  the  circulation  : 
or  from  im|iressioiis  ilerivcd  from  Ihe  nervous  system. 
The  dillicully  with  a  strictly  etiological  classilication 
consists  in  the  fact  that  identical  pathological  conditions 
may  result  from  very  dilTcrenl  causes. 

.\n<dher  basis  of  cliissilicalion  of  diseases  of  the  hand 
rests  upon  llieir  pathological  nature,  as  parasitic  and  in- 
fectious conditions,  neoplasms,  traumatisms,  senile  con- 
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iiii|iiiiri-il  liy  imr  i^'iiomticc  of  llic  i-swriliiil  |mlliiil«t;iriil 
iiiiiiirriil  iimiix  iiliM'iiri'  iilTrcljiiiis.  AiioiIhi'  ilivisiuii  ih 
III  licfnuiiil  in  llir  iliiri-ri'iit  ri');iiiiis.  lissurx.  mnl  iiiiiiloiiii 
I  111  stnicliiri's  iiivolviHl,  ii.s  llii'  iilTrrtliuw  iif  tlii'  iiiiilx.  Ilio 
lu-rfiiis.  Ilir  skill.  Ill)'  lii;iiiiii-iits.  III)'  jniiitb,  i-lr.  TIiIk 
ilivisiiiii  ii|i|ilirs  wi'll  ill  iminv  nist's.  hut  in  lliiisi-  I'linili 
linns  ill  wliicli  inni'i'  tliiiii  mir  si'l  nf  tissues  or  .Hlriictun's 
is  liiviilvi'il  II  sjilisfmliiiv  iiiTiiiit'''ini  "<  "iiulil  Im-  ilitlicult. 

Til iisiili'iniiiiiis  nii'iiliiini'il  niiilili'  us  tn  mark  otT 

soiiii'  well  ilrllni'il  i.'T'iiU|>s  iit  ilisiiiKcs  uf  the  liiiuil.  \N  liili' 
lillirr  iiinrliiil  riiniliiiiinsiiri'  imi  I'usily  Kusi'i'|>tilili'  of  ('liiss- 
ilinilioii.  Till-  liillii«  iiii;  iirninjiiiiH'iil  nf  llir  disciiM-s 
iiiiil  ilrfiiriniliis  nf  ilii-  Imnil  iiiul  lini;crs  will  lir  fdlloweil 
in  lliis  iirtii'li'; 
Con^i'Mitiil  1111(1  ilcvclopiiu-iilul  lUioiiiiilies: 

Arlit'iriii. 

KctiiHliirlylisin, 

n,V|>ii|<li>iliin);isiii. 

I'lilvriiiiriii 

l*i<l\il:irl\  lisni. 

P(ilv|iliiil!intrisni. 
8vn(liutx  lisin 
('icfl  liiiixl 

Cimirriiiliil  CI  msl  rid  inns. 
DrlU'diniis  nf  till'  liiinil  iiiul  fiugors. 

Cliili  hanil. 

C'l-niriniliil  ilrllrclinns  of  tlif  tiusors. 

T^jitriiil  ilrllirtinns  nf  the  tinkers. 

Biii'k\v:iril  ilillrdinns  of  the  fingers. 
Micrncliciria  anil  inidiiiladylisin. 
Hypi-rtrn|iliy  of  liaiulaiiil  linjrcrs — oliciromegaly  and  dac- 

lylniiu-,iraly. 
Xcoplasins. 
i'ysls. 

Tniuinatisnis  ami  injuries. 
Inllaniniatnry  roni  lit  ions. 
Infectious  anil  parasitic  eomlitious. 

isuppunitivc  anil  allied  eomlitious. 

Tuberculnsis 

Syphilis. 

Other  infections  and  parasiles. 
Necrotic  conditions, 
rieers. 

i'ieatrieial  contnidions. 
Aciiiiired  <lcforniilics. 
KlTcds  of  occupation  on  the  hand. 
.\ITe<tiniis  of  the  nails. 
AITcclioiis  of  the  skin. 
.VfTedioiis  of  the  Imisie. 
AITedions  of  tlic  hones. 
AlTeclinns  of  the  joints. 

AJTcdinns  of  the  tendons  and  tendon  sheaths. 
^Vileetions  nf  connective-tissue  structures; 

Dupuytf-cn's  contniction  of  the  palmar  fascia. 

Contnidioii  of  the  digital  fascia. 

Ilaniincr  linger. 

General  palmar  induration. 
Trigger  tingcr. 
Circulatory  disorders. 
Muscular  alTeclions. 
Xervous  alTeetions. 
Senile  (lianges. 
Condition  of  the  hand  in  general  diseases. 

CONOENIT.M-    .\NI)    DEVELOPMENTAL   ANOMALIES. 

The  classof  developmental  anomalies  in  general  should 
include  all  abernilioiis  or  faults  of  development  manifest- 
ing themselves  at  any  time  during  the  period  of  develop 
menl.  incliiiling  not  only  coiulitions  arising  in  the  pre- 
natal period  (as  polydactylism I.  but  also  those  that  make 
their  appearance  in  childhood  and  up  to  the  time  of  ma- 
turity and  complete  physical  development  (as  certain 
forms  of  hammer  finger).  In  this  section  it  is  proposed 
to  consider  only  certain  congenital  abnormalities  of  the 
hand  which  develop  during  the  intra  uterine  period  of  ex- 
istence. 


The  anoiiiiiliesor  development  iiuili-rconKJderoliiin  em 
brace  llie  folloulng  enndiiions 

1.  Cniiditiniis  ill  whicli  lie  le  is  a  iletii'ieni  degrri-  nl 
devclnpiileni,  rithi-r  (ill  a  ildli  U  ri<  \  HI  the  iniiiibrr  of  the 
Kiriii'liiral  parts  iitTeeted,  or  r  ,1  v  ill  their  »('.v 
The  congenital  numerical  di  1  ,  >  rluiiiiiig  lo  llie 
hand  are:  iir/ninn.  in  which  lli>  li.iinl  is  lacking  iilto 
geliier:  erlri'tltirli/limii.  ill  which  one  or  iiiori-  llni;ers  an- 
missing;  and  lii/ii-ji/iiiliiiii/iiDii,  in  whii-li  the  niiniber  of 
plialan;.'es  in  a  di^'it  is  lielow  llie  noniial.  The  coiiLreni 
tal  deticieiK'ies  in  si/e  of  the  hand  and  tingers  will  lie 
considered  in  coiinection  with  niicrocheiria  and  niieroilMc- 
tylisin. 

2.  ('onditions  in  which  there  is  an  e.vce.ssive  develop 
inent ;  either  (</)  an  e.vce.ss  in  llie  number  of  Htrii<:lural 
parts.  /Htfi/r/ifiriit,  jHtli/thtrtiffium,  and  j">hfi>htihiiiijifim,  or 
supernumerary  hand,  lingers,  nr  phalanges  respectively; 
or  (A)  a  congenital  e.vce.ss  in  size,  or  hypertrophy,  which 
will  be  consiilered  in  connection  with  (rheironiegaly  and 
iladylomegaly. 

3.  Coiiililions  of  perverted  development  (qiialilalive  or 
morpholngical  nillier  than  qiianlitalive);  as  syndactyl- 
ism, the  union  of  tingers;  cleft  hand;  congenital  con 
stridions;  ilelledinnsof  the  hand  and  liiigerslclub  hand, 
etc.);  congenital  dislocations;  congi'nilal  neoplasms; 
and  various  unclassitiable  ileformilies  and  conditions. 

In  many  cases  anomalies  of  the  types  mentioned  exist 
separate  and  ilislind;  in  many  other  cases  anomalous 
conditions  of  dilTerent  types  are  associated  logdherand 
coexist  in  the  same  memlier.  as  where  a  supernumerary 
finger  is  of  rudimentary  structure,  or  a  dub-hand  is  ec- 
trodactyloiis. 

Subjects  exhibiting  congenital  anomalies  of  the  region 
under  consider.ilion.  especially  numerical  deficiencies, 
often  exhibit  oilier  divelopMiental  faults  or  abnormities 
in  other  p.-irls  of  the  body,  as  harelip  or  cleft  palate,  thus 
testify  in. ir  to  the  existence  of  a  deep-seateil  and  general 
developmental  vice.  Such  anomalies  of  the  hand  are  es- 
pecially a.s.soeiated  with  corresponding  anomalies  nf  tin- 
foot.  In  many  casi-s  hereditary  transmission  of  the  de- 
formity is  marked. 

The  cau.ses  of  these  congenital  anomalies  are  obscure. 
They  arise  largely  from  deep-seated  and  innate  tendeii 
eies  lo  aberrant  development,  often  li(-i-eililary.  The 
aberrant  tendency  is  sometimes  very  definite  and  fixed, 
precisely  the  same  abnormity  appearing  in  dilTcrent  gen- 
erations. Some  eases  may  perhaps  be  due  to  abnor- 
malities of  the  early  enviioninent  of  the  developing  em- 
bryo. 

Another  class  of  causes  that  i>rndiice  congenital  defor- 
mities of  the  hand  is  to  be  found  in  intrauterine  traiima- 
tisiiis  or  other  prenatal  pathological  proces,ses.  Thus, 
intra-uterine  ain]>ulalion  may  c.-iiise  lo.ssof  the  entire  hand 
or  parts  of  it;  juenatal  iilcenitions  may  be  followed  by 
abnormal  union  or  ailhesions  of  parts,  as  in  .some  cases  of 
syndactylism;  (lefnrmilies  may  perhajis  aii.se  from  cica- 
trization or  from  adhesions  to  other  parts  of  the  fo-tus  or 
afterbirth,  or  in  other  ways.  Deformities  eaiiseil  by  such 
prenatal  inoibid  conditions  are.  of  course,  not  real  devel- 
opmental aberrations;  but  as  the  results  produced  in  the 
two  ways  are  rarely  distinguishable  they  may  be  consid- 
ered together. 

Maternal  impressions  durin,<r  pregnancy  are  sometimes 
adduced  in  explanation  of  congenital  anomalies  of  the 
hand  (as  elsewhere);  as  in  the  alleged  ca.se  of  an  officer's 
wife,  who  after  her  hiisliand  lost  his  right  hand  gave 
birth  to  children  exhibiting  the  same  deformity.  It  is 
Very  doubtful  if  maternal  impression  really  plays  any 
part  in  the  production  of  such  deformities.  Some  al- 
leged instances  are  coincidences;  others  are  afterthoughts, 
a  pa.st  incident  being  recalled  after  the  birth  of  an  alTect- 
ed  child.  Considering  the  ditliculty  that  is  found  in 
demonstrating  the  hereditary  tran,smission  of  ac<iuired 
characters,  it  is  obvious  that  to  prove  that  a  developing 
fietiis  can  be  infiiienceii  by  maternal  impressions  is  a 
matter  of  far  greater  difiiculty. 

The  use  of  tlie  x-rays  now  afTords  means  of  investigat- 
ing and  diagnosing  the   precise  condition  of  the  bony 
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piirts  ill  these  deformities  tliat  were  lacking  to  tlie  early 

observers 

AciiEiHiA,   or  total  congeiiitiil  absiiue  of  the  entire 
haod.  occurs  very  rarely.     It  might  arise  either  as  a  de- 


dactyly.  The  Anger  involved  may  alone  be  wanting,  the 
eorrespoiiding  inctaeariial  bnnc  being  present;  or  the 
metacarpal  bone  may  also  be  lacking;  even  the  corre- 
sponding portion  of  the  carpal  bones  is  sometimes  want- 


FlG.  2457. 


Fl(i.  34.t8.  liG.  2459. 

FKiS.   21.57  TO  2460.— ECTRODACTVLISM. 


Fio.  24.i7.— C<«>?<>JiiIal  Alisencc  ot  MiiMli'  FiTii.'pr.     (Fort.) 

Fi(i.  24.'>S.— Ahsi'nce  iit  MidJh- and  Hiiii.'  Fini.'iM>i.    (Cluttnn.) 

Fio.  24.51'.— .\tiseiice  of  Iiiilct,  Mlililli.  ami  Kins.'  Finders— "  plnce  de  homard.' 

Fill.  24(iO.-Ali»enre  o(  Four  Dibits.     lAuiiandale.) 


(Annandale.) 


velopnicnlal  abnoniiity  or  frinii  intrauterine  aiiiiniliition. 
It  would  iialiirally  ix'cur  in  connection  with  a  irrcater  or 
less  ilcticii-ncy  in  ilevi-iopnicnt  of  the  opiicr  extremity, 
as  when  ilii-  limb  is  entirely  wuntinir  (cctroniclia)  or  is 
partly  wanting  (licminielia).  When  the  upper  extremity 
is  only  partly  developed,  it  is  more  usual  for  a  rudimen- 
tary hand,  or  one  or  more  lingers  rudimentary  or  well  de- 
veloped, to  be  present  on  the  stump  than  for  all  trace  of 
a  hand  to  be  absent.  Tyjiical  aclielria  may,  however, 
occur,  as  in  a  case  reported  bv  James  Finlavson  (Archives 
iif  I'liliiiliicK,  Fhiladcliihia.  ISOO,  vol.  vii.,  p.  (iT4). 

PlKicoMKHS  is  the  rare  condition  in  which  the  hand 
(or  foot)  is  attached  directly  to  the  trunk,  like  the  flipper 
of  a  seal,  the  upper  (or  lower)  extremity  uniting  it  to  the 
body  being  absent  or  extremely  abbreviated. 

EcTHolJACTYLis.M  consists  in  the  congenital  absence  of 
one  or  more  fingers  (or  toesi.  resulting  either  from  defec- 
tive development  or  intrauterine  amputation.  It  is  one 
of  the  less  common  forms  of  congenital  abnormity  of  the 
hand,  occurring  considerably  less  frciiucntly  than  poly- 
dactylism  or  syndactylism.     In  the  cases  that  do  occur 


FUi.  2461.  Fio.  24«2. 

FlOS.  2481  A.ND  2402.— HYPOPHALANGisM.    (Anniindnle.) 

Fin.  SKil.— Absenr-e  of  Distal  riinlan^i-s  of  Tint*  Fingers. 
Fill.  24(12.- Absence  of  all  the  Plialaiares  of  all  ibe  Fln(rers. 

both  hands  are  usually  alTected  simultaneously;  less 
commonly  either  hand  may  be  alTected  alone.  Other  de- 
formities of  the  hand  or  upper  extremity,  or  of  the  foot 
or  other  parts  of  the  body,  are  apt  to  coexist  with  ectro- 


ing.  Owing  to  the  association  of  other  deformities  and 
abnormal  conditions  the  lingers  present  may  be  usefuV 
ami  functional,  or  not.  The  influence  of  heredity  in  re- 
ported cases  is  well  marked.  Some  cases  of  appari'iit 
ectrodactylism  may  arise  from  intimate  union  of  two 
digits. 

Any  of  the  lingers,  and  from  one  to  four  in  number, 
may  be  lacking.  The  particular  Angers  that  may  be  in- 
volved, and  the  extent  to  which  the  metacarpus  and  car- 
pus may  be  affected,  give  rise  to  an  iudelinite  number  ot 
possible  combinations  that  may  occur.  There  are  two 
or  three  particular  conditions  that  occur  with  such  com- 
parative frequency,  however,  that  they  maj'  be  specially 
mentioned. 

In  a  considerable  proportion  of  cases  the  thumb  alone 
is  missing.  This  occurs  especially  in  as.sociation  with 
congenital  absence  or  deficiency  of  the  radius.  Non- 
development  or  partial  development  of  the  radius  is  in 
nearly  all  cases  accompanied  by  absence  of  the  thumb, 
its  nietacariuis,  and  one  or  more  of  the  corresponding 
carpal  bones  (Fiirs.  '2\''>.  2476.  247T).  In  the  case  of  ab- 
sence of  radius  illustrated  in  Fig.  2477.  there  is  a  rudi- 
mentary thumb  present,  but  articulated  to  the  head  of 
the  metacarpal  bone  of  the  index  finger. 

It  is  rare  for  any  of  the  digits  other  than  the  thumb  to 
be  lacking  alone,  it  being  more  common  for  two  or  three 
fingers  to  be  absent  than  one  of  them  only. 

One  of  the  common  forms  of  eitrodactylism  consists 
in  the  absence  of  llie  indi'X.  niidiUe.  and  ring  fingers. 
This  leaves  thi;  thumb  and  little  finger,  (dten  opjioseil  to 
each  other,  somewhat  like  the  jaws  of  jiincers;  the  term 
"pince  de  homard"  (lobster  claw)  has  been  applied  to- 
this  particular  condition  (Fig.  24.59). 

Little  can  be  done  in  the  way  of  treatment  to  improve 
ectrodactylism.  unless  by  amputation  or  other  operation 
an  unsightly  deformity  may  be  removed  or  some  impedi- 
ment to  function  obviated. 

Hvi'oi'iiAi.AN<;isM  is  the  congenital  absence  of  one  or 
more  i)halanges  and  the  corres))onding  soft  parts  from  a 
digit.  It  is  an  abnormity  of  somewhat  similar  character 
to  ectrodactylism.  the  deficiency  being  less  in  degree.  lu 
hypophalangism  either  one.  two,  or  all  three  phalanges- 
may  be  lacking,  the  finger  in  the  cases  in  which  all  three 
Jihalangcs  are  missing  (Fig.  24f!2)  being  re]ires('nted  sim- 
[ily  by  a  rudimentary  nodule  of  .soft  tissue  perhaps  sur- 
mounted by  a  nail.  When  all  traces  of  the  hard  and  soft 
tissues  of  the  finger  are  lacking,  the  condition  becianes 
one  of  ectrodactylism.  Hypoi>halangisni  is  a  very  rare 
deformity,  and  may  occur  in  association  with  polydac- 
tylism   or  ectrodactylism,  supernumerary  fingers  being 
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lliilliln   immI 
lluiifia  uliil 


l''lll;:iTn, 
l''lliUfr«. 


FIO. 


24t».  —  I>.illlile 
tiill.l 


ortriioiily  luirtlully  ilovclopod.  Tlivcundliloii  Ihoov  fomi 
<}(  limrliyilitctyiisiii  or  short  tliit;<-r 

Ciiii;;('iii(ul  iiiioiiycliiii  or  iili-iiii'i'  of  tlir  imiN  will  lie 
!*|iokl'll  of  III  t'dlllliM'lioll  Willi  lllr  lllTlTtinns  of  llic  iiiiils. 

I'ol.vt  llKllilA.    or  f'l/Hiiiuiiiiniii/  hiiiiil  (doiilili-  Imiiil. 
<li('liririii.  uls4i  (iilji'il.  nut  very  aplly.  Iiifiiriiiit'ii.  or  liiliil, 

liiiiiih  Till'  ili'Vclo|itiiciil 
of  II  sii|ii'riiiiiiirniry  liiiiiil. 
ill  iiilililioii  to  fill'  iioriiiiil 
liiiiiil.  is  a  roiKi'lvulilc 
I'oiiilitloii.  but  is  i-xceed 
luirly  i!ir<-.  A  v^ry  few 
I  a*is  arc  on  rc<  onl  wliii  li 
limy  111-  classiliiil  asdoiilili' 
liaiiil.  Ilioii^li  siii'li  casts 
iiu'ruc  into  |iolyilactylic 
conclitions.  In  t licsi.' cases 
I  lie  iloiililo  lianils  each 
piissisM'il  from  ciu'hl  lo 
twelve  lingers  in  all;  the 
two  Imnils,  which  were 
not  normally  developed, 
were  either  iiniteil  more 
or  less  aloiii;  the  adjaeeni 
sides,  or  the  two  parts 
Hand.  (Clul-  were  sepaniled  by  a  bifiir 
cation  exienilinj;  to  the 
carpus.  Kacli  hand  had 
its  own  si't  of  muscles  and  tendons,  .so  Ihal  the  two 
parts  could  close  over  and  ftnisp  each  other:  this  feat- 
ure is  a  dlstini;iiishini:  chanict eristic  between  double 
hand  and  simple  polyilaclylism.  The  only  trcalment 
called  for  is  the  removal  of  useles.s  or  unsightly  digits 
to  improve  the  appearance. or  function  of  the  member. 

Poi.VD.xcTVi.isM.  ut  Htijiernumciiiry  finger  (or  loc),  is  the 
presence  on  the  hand  or  foot  of  more  than  the  normal 
number  of  difiits  The  supernumerary  lingers  vary  in 
the  degree  of  their  developiiieiit  fnnn  those  that  are  ru- 
dimentary to  those  that  an'  (|uile  pirfcct  aii<l  well  devel- 
oikmI.  This  is  line  of  the  commoner  of  the  developmen- 
tal anomalies  of  the  hand.  More  often  there  is  only  one 
supernumerary  linger,  but  a  greater  number  may  be  pres- 
ent. One  case  is  recordetl  in  which  the  subject  possessed 
thirteen  lingers  on  each  hand  and  twelve  toes  on  each 
foot;  another  case  had  twelve  lingers  on  each  hand;  sev 
cral  cases  of  ten  lingers  on  the  hand  have  been  observed 
and  from  that  number  down  the  cases  become  more  nu- 
merous. It  is  mure  usual  for  both  hands  to  be  alTectcd 
together  than  for  one  hund  to  be  involved  alone,  and  the 
feet  are  apt  to  exhibit  a  corresponding  abnormality. 

Syndactylism  is  .sometimes  associated  with  polydactyl- 
ism.     Hereditarv  transmission  has  been  observed  in  nu- 
merous cases,     't'he  cause  of  the  anomaly  evidently  rests 
in  an   innate   aberrant  develop- 
mental tendency. 

All  the  parts  that  enter  into 
the  structure  of  nnniial  fingers 
may  also  be  present  to  a  greater 
or  less  degree  in  supernumerary 
digits,  bones,  joints,  tendinous 
and  muscular  attachments,  nails, 
etc.  The  most  i>erfectly  devel- 
oped supernumerary  tingei^  are 
as  eompleti'  and  mnbile  and  use- 
ful in  all  respects  as  the  ordinary 
fingers:  from  this  perfeetuess 
the  degree  of  development 
ranges  down  to  rudimeut^try 
structures  which  are  distin- 
guishable from  congenital  tu- 
mors only  by  the  presence  of 
bony  or  cartilaginous  tissue  or  a 

rudimentary  nail  The  muscular  connection  and  the 
movability  and  functional  value  also  range  from  a  good 
degree  of  usefulness  down  to  immovable  and  useless 
digits. 

There  is  an  indefinite  variety  in  the  possible  forms  and 
combinations  in  which  the  deforniitv  may  be  manifested. 


Tlioinns  Anuundule's  clasKitlcntlnn.  which  NecinH  uii  itatiii 
fu<lory  as  iiiiy  liropused.  Is  iis  folloWH: 

1.  Cases  in  w  liich  the  Hiipi-riiutMeniry  digit  Uii  riidiiiien 
tary  and  dellclent  slnn  '  iM-d'to  tTie  hand  or  un- 
olhir  digit  by  wifl  tissu  i,,w  pedicle  and  with 
out  any  articulation  (Ki.  ,,..,  ||„-  most  Midimentnry 
of  Ibis  class  of  Miperniiininiiy  linger  may  pnnliciiHv 
aiiioimt  simply  to  a  tumor,  the  digital  iiatiiic  of  which 
is  shown  only  by  the  preseuce  of  bmiy  tissue  in  its  Into 
rior  or  a  rudiiiientaiy  nail.  Supernunieniry  digits  of  iIijh 
kind  arc  usually  sitiialed  on  the  ulnar  side  of  the  hand  or 
little  linger,  but  they  occasionally  occur  on  the  niilial 
side  or  any  other  jmrlion  of  the  hand  These  digits 
usually  have  verv  little  mobility  or  functional  aiiion 

2.  Cases  in  which  I  he  supernumerary  digit,  more  or  ledn 
well  developed  and   free  in  its  distal  portion,  is  given  off 
from  and  arli<  uliites  with  llie  side  or  head  of  a  iiietucar 
pal  or  phalangeal  bone  belonging  to  a  normal  digit,  or 
coinnioii   to  the  two  digits  (Fig    24<!."ii.     Some  of  these 
cases  appear  as  if  a  finger  were  liifiircated.  the  two  divi 
sions  being  nearly  equal  and  svmmetrical:  in  other  cases 
one  of  the  digits  finiii  its  less  development  orasymmeiri 
cal  position  is  evidintly  superniimirary.      Often   the  ex 
till  digit  is  not  very  movable  or  useful,  but  sometimes  it 
has  good  funetioniil  power. 

The  suiieriiumerai y  digit  may  articulate  with  (a)  the 
side  of  the  metacarpal  or  phalangeal  bone  common  lo  it 
and  the  normal  finger,  in  which  case  it  has  its  own  artic- 
ular and  synovial  struduie  entirely  distinct  from  the 
corresponding  aiiiculation  of  the  normal  finger:  or  it 
may  articulate  with  0')  the  head  of  the  common  metacar 
pal  bone  or  phalanx.  In  the  latter  case  there  may  be 
two  separate  articulations,  with  sepamte  joint  cavities, 
or  there  may  be  only  one  synovial  cavity  common  lo  the 
articulations  of  the  two  digits.  Sometimes  the  metacar- 
pal or  i)halangeal  bone  to  which  the  two  digits  are  at 
tjiched  bifurcates  and  has  a  separate  articulation  on  each 
of  the  two  heads.  It  is  iiiipnrtant  to  bear  in  mind  the 
nature  of  the  articulation  in  amputating  in  thesi'  ca.ses. 

The  thumb  is  not  uncomiuonly  I  he  seat  of  this  form  of 
polydactylism.  being  either  bifurcated  (Fig  3465)  or  giv- 
ing olT  a  supernumerary  thumb  from  its  side. 

3.  Cases  in  which  the  sii|)ernumerary  finger  is  a  prac- 
tically perfect  and  fully  developed  digit,  complete  in  it- 
self in  all  its  parts,  and  distinct  from  the  other  fingers, 
having  its  own  ]dialanges.  metacarpal  bone,  and  attach 
meut  to  the  carpus  (Fig.  2-106).  Such  fingers  are  usually 
as  useful  and  good  as  the  normal  fingers.     Some  cases  of 


Fio.  3»04. 


FIG.  24<V>.  Fig.  2468. 

Fig.  24W,  24K.  AND  3W6.— Polydactylism.    (Annandale.) 


double  hand  may  be  partly  regarded  as  instances  of  this 
form  of  polydactylism.  Supernumerary  fingers  in  rare 
instances  are  associated  with  a  corresponding  excess  of 
development  in  the  forearm,  as  with  a  supernumerary 
radius. 
4.  Cases  in  which  the  supernumerary  digit  is  intimately 


493 


Ilall«lw  aiKl    Flll;£or«». 
IlaudK  auti   VlnurrB. 


KKKKKKNCK    IIA.N|)I!< " 'K    (>F   'llli:    MKIUCAI.   SCIKN'CES. 


iinilid  aloiij:  its  wIkiIc  Iciistli  to  the  normal  iliirii  — iliiil 
is,  a  comliinaliKii  ol  syiiilacl  vlisiii  wiili  |inl\  ila<'lylisiii. 
The  sii|(fiiiiiiiuiaiT  (li^il  may  lie  more  nr  liss  well  (level- 
o])e(l.  having  st-paralu  nu'tacurpul  and  plialaiiireal  lioncs 

of  its  own.  or  possess 
in.ir  only  phalanges 
which  are  arlieiilaled 
III  the  nietaeai  pal  lione 
or  a  phalanireal  Imne 
common  to  il  ami  ihi' 
normiil  clifrit.  Such  a 
donliU'  linger  is  broad 
and  is  apt  to  jiossi'ss 
two  nails.  Thethiiml) 
is  said  to  lie  oflenest 
alToeled  ill  this  nian- 
ner. 

The  treatment  of 
polydaelylism  (■oiisists 
in  "amputation  of  the 
supernumeniiy  digits, 
for  the  purpose  of  im- 
proving the  appear- 
ance of  the  hand  or  re- 
moving useless  struct- 
ures that  may  be  an 
actual  impediineut  to 
the  function  of  the 
hand  or  impair  its  iiropcr  development.  As  a  super- 
numerary digit  tends  to  retard  and  impair  the  devel- 
opment of  the  normal  linger  to  which  it  may  be  attached, 
amputation  shouhl  be  i)erformed  as  early  in  life  as  is 
practicable  and  convenient.  In  some  instances  there  has 
been  observed  a  tendency  for  new  rudimentary  digits  to 
grow  out  from  the  stumps  of  amputated  siipernunuiaiy 
lingers. 

In  considering  and  practising  amputation,  however. 
careful  attention  must  be  jiaid  to  the  danger  and  conse- 
quences of  injuring  a  .ioint  of  one  of  the  normal  fingers 
and  thus  causing  an  ankylosed  and  still'ened  digit  that 
may  be  worse  than  the  original  |)olydactylic  condition. 
When  the  supernumerary  linger  is  coiiiiecled  by  soft  tis- 
sues onlv,  or  lias  its  own  distiiiel  and  separate  articulation 
and  joiiit  cavity,  the  oiieration  is  simple  and  void  of  evil 
cousefjuences  if  jiroperly  carried  out  so  as  not  to 
interfere  with  other  joints.  But  in  those  cases  in 
which  the  extra  digit  has  an  articulation  in  com- 
mon with  the  normal  digit  or  articulates  with  the 


Fig.  31117.— Pol.vphalBiKrtsm.  the  Thumb 
Possessini;  »  Superiniinerar.v  PhalaiLX. 
(Annandale.) 


Kic.  iliiX. 


ilii  i.'iiii.  but  witlioiil  opening-tile  joint  itself  This  will 
necessitate  leaving  a  small  poiiion  of  the  pro.\iiiial  end 
of  tin-  siipiTiiumerary  di.irit.  liiit  any  slight  ileformity 
thus  occasioiieil  may  be  preferable  to  the  impairmenl  of 
function  that  will  be  caused  by  a  slilTened  liiigi'r.  In 
such  casi's  the  use  of  the  j-  rays  prior  to  operation  may 
alTord  valuable  information  as  to  the  precise  relatir>ns  of 
the  articulations 

P(M,vi'ii.M..\x<iisM  (or  "hyperidialaiigism  "')  is  the  very 
rarecoiiditiou  in  which  a  digit  possesses  a  supernumerary 
phalanx,  or  more  than  the  normal  number  of  phalanges 
(Fig.  2407).  In  the  cases  that  occur  the  thumb  is  the 
digit  oflenest  allc'Cted.  though  cases  involving  the  index 
and  middle  lingers  have  been  observed.  In  a  very  few 
instances  in  which  a  siiperniimerarv  phalanx  was  jiresent, 
the  iibaiangcs  generally  were  so  shortened  that  the  con- 
dition of  braehvdactvlv  or  short  finger  was  manifested. 


;sVXI).\tTYI,ISM 

consists  in  the  union,  fusion,  or  grow  th  of  adjacent  dig- 
its to  eadi  other  by  their  contiguous  sides.  It  usually 
arises  as  a  true  developmental  anomaly  from  an  innate 
aberrant  tendency  of  growth;  or  it  may  exceptionally  be 
aeijuired.  either  in  the  intra  uterine  period  or  at  any  lime 
during  life,  from  the  a<lhesion  or  growth  tog<'ther  of  ul 
cerated  digital  surfaces  or  from  cicatricial  contractions. 
The  site  of  union  may  extend  the  eiilire  length  of  the 
fingers;  or  it  may  involve  only  the  proximal  ]>ortion  of 
the  fingers,  to  a  varying  extent,  leaving  the  distal  por 
lions  free  and  .separate;  or,  rarely  (probably  from  the 
union  of  ulcerated  surfaces),  the  distal  ]iortioiis  of  the 
fingers  may  be  united  and  the  proximal  jiortioiis  separate 
(Fi.ir.  i4(i!l).  The  union  may  (.ousist  of  a  thin  foM  or  web 
of  skin  stretching  across,  between,  and  connecting  ihe  two 
fingers,  the  true "'  webbed  fingers  "  ;  or  the  connection  may 
be  more  intimate,  involving  more  or  less  of  the  subcuta- 
neous and  internal  tissues  of  the  fiugere,  ranging  up  to 
cases  in  which  even  the  bones  are  united.  Cases  have 
been  observed  iu  which  the  distal  phalangeal  bones  were 
fused  together,  w  bile  the  proximal  phalanges  were  sepa- 
rate (Fig.  iiTU).  Two  fingers  alone  may  be  united,  or 
three,  or  four,  may  be  connected  together;  rarely  all  the 
digits  are  bound  together  iu  an  unshapely  deformed 
mass.  The  index  and  middle  fin- 
gers are  not  uncomnionly  united. 
Syndactylism  is  not  a  very  un- 
common condition,  and  is  cme  of 
the  most  frequently  observed  de 
velopmeutal  anomalies  of  the 
liaiiii.  In  the  true  congenital  or 
developmental  form  of  syndacty 
lism.  hereditary  transmission  is 
often  observed,  and  both  the 
hands  are  frequently  involved  to- 
gether, though  the  fingers  affected 
may  be  ilifl'ereut  on  the  two  sides. 
The  hands  and  feet  are  often  in 
volved   simultaueouslv.      In   ac- 


FlG.  3409. 


FIG.  3J70. 


Figs.  3lt>8  to  3470.— Syndactylism. 


Fig.  3I*<.— SvnduclTllsm.     (Clarke.)    The  dotted  lines  represent  amputated  supernumerary  Bngers. 
Fig.  3lfi!).— linUm  of  Distal  Piirlloiis  of  FIneers.     (Annandale.  after  Otto.) 
Fio.  3170.— Fusion  of  Distal  Phalanges,    (.\unandale,  after  (Itto.l 


comraon  carpal  joint,  it  must  be  remembered  that  the 
process  of  disarticulation  will  necessarily  cause  an 
opening  to  be  made  into  the  joint  of  the  finger  that 
is  to  i>e  left.  Ihereby  rending  il  extremely  iiahle  to 
ankylosis.  In  such  cases  il  may  be  preferable  to  am- 
putate by  cutting  through  Ihe  base  of  ihe   bone  near 


quired  syndactylism  heredity  is  of  course  not  observ- 
able, and' onlv  one  hand  would  ordinarily  be  affected. 

Tin  1 1  me  lit. —The  only  treatment  of  this  condition  is 
operative.  The  best  age  for  operating  is  usually  staled 
as  from  four  to  six  years,  when  the  fingers  are  of  siitli- 
cieut  size  for  easy  manasemcnt  and  control,  and  before 
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f;ni\vlli  in  iiiitti-riully  lultTfcrcd  with  liy  the  dcformlly. 
Ill  liliiNt  niW'N  il  is  riisy  ciiiiIIkIi  Id  I'tU'i'l  il  hi'|iiiniliiili  lii' 
IwiM'ii  till'  tli){it'<.  Iiiit  til  |ircvriil   llif  iiiw  Niiifmrt  friiiii 


f;ro\viii);  tunrllirr  or  lonliviiilr  ii  iiTiirn-iico  of  tlif  <lf        lliim   uliviuli'H   ri'iiiliicrciici;.     Il    U   |iriiljulili'   tlm(    IIujih 


Fii..  :.'i;i.     liiitiii's  iiiMTiilloii  fur  Synilni'iylLsMi.  Iiiintiil  iiiiil  I'lilinor 
Views,  ShuwliiK  l*iiiimry  liirtsloiiM.    i  Aflrr  SU'diimn.) 

foriiiily  fnini  ciciilricial  (■iiiitriu-liiui.  is  nflcn  a  miiltcrof 
sonic  liilliciilly  iiii(i  i'((|iiircs  spcfial  |iliislicsiiif;i(iil  ini-tts- 
ures.  It  is  iictH'SSiiiy  to  ptiy  spi-ciiil  iitlt'Utioii  to  tlii;  tic- 
niuli'il  siirfttfc  ill  llic  inti'idiiriliil  iiiis)<'- 

AVlini  tin'  well  is  limad  ami  lliiii  surccssfiil  mid  pcriiiii- 
lU'tit  srparation  of  iIk'  iiniti'd  <lii;its  may  lii' olitainalilc 
by  llic  simple  hkiIkuI  <<(  ciHIiiiir  the  wcli  in  twn  lon^itil- 
dinally  down  its  mi<ldli'  line,  ami  siituiiiiir  Ilic  edges  of 
tlie  incised  sliin  toirelliciover  I'acli  tinirer.  'I'lie  edges  of 
till'  wound  in  the  interdiirital  angle  slioiild  especially  be 
brought  logelher  and  sutured.  Thi'  linjH'rs  should,  us 
in  111!  operations  for  syndaelylisni.  be  dressed  separately, 
so  lis  to  keep  the  wounded  surfaces  apart  unlil  healing 
is  complete.  Heciirrencc  may,  however,  follow  this 
procedure. 

In  some  rases.  es|ieeially  when  the  union  is  very  close, 
ns  the  preliminary  step  in  Ireatmenl  an  ojiening  may  be 
made  Ihrougli  the  tissues  eoiineeting  the  iligils  at  the 
pro.xinial  end  of  the  conlemplated  separation.  In  this 
opening  a  glass  or  metal  tube.  wire,  or  a  bundle  of  silk- 
worm gut  is  kept  unlil  the  sides  of  the  hole  heal  over 
and  become  completely  lined  with  epitheliiiui.  When 
this  is  well  accomplished  llic  lingers  are  cut  ajiart  for  the 
remainder  of  the  distance,  and  thccilgesof  the  wounds 
arc  appro.\imaleil  and  sutured  in 
the  lii'st  manner  |iniclicablc.  The 
lireliminarv  establishment  of  a 
healed  surface  at  the  interdigital 
angle  or  commissure  prevents  the 
recurrence  of  union  from  that 
point. 

Didot's  plastic  operation  (Figs. 

2471  and  2172 1  ajiiiiars  to  be  the 

most     freiiuently    employed     for 

syndactylism,  especially  for  cases 

with  a  long  and  thick  web.     By 

this  method  longitudinal  incisions 

are    first    made    lliroiigh  the  skin 

along    the    niiddorsal  line  of   one 

finger  and  the  median  (lalmar  line 

of    the    other  linger    (Fig.    2471). 

FIR.  24?.'.-Dldot'3  Opera-    Beginniugatthe.se  incisions  rect- 

tlon   for  Svnilacivllsm,    angular    llaps   are  then   dissected 

in  (■i.«.|i  seetloii.  Show-    olT.  and   the   tissues   uniting   the 

lilB  .Mi'tliiHl  of    Dlswcel-    .  ^.  .    .i  i 

liiK   HIT   and    SiiiurlnK    '"'"    fingers   are    cut    through    so 

ttip  Haps.    (After  stol-    that  one  of  the  digits  has  a  Ha]) 

°'""'  adhering  to  its  dorsal  .siirfaee  and 

the  other   a    flap  adhering   to    its 

palmar  surface.     Each  fiap  is  then  brought  around  the 

finger  to  which  it  is  attached  and  its  margin    sutured 

neatly  to  the  edge  of  the  skin  so  as  to  cover  the  surface 

denuded   by  dissecting   olT   the   flaps.     The  method  of 


fonnlnir  the  llapn  and  of  suniriin.'  them  in  Ihi-ir  new 
poKJiioiis  is  gnipliicall\  !    Ill   Klg   247'J.     TlnV 

proeisliire  keeps  the  hcalji  .  ,  well  M'piinited,  and 


Fig.  2473.— Norton's  fliienilloii  for  S.vnilact>ilsiii.     (t'roin    Bra<lford 
anil  Lovett.) 


should  also  be  drawn  together  and  sutured  in  some  such 
manner  as  is  employeil  in  Norton's  operation  in  order  to 
close  and  cover  the  raw  surface  in  the  interdigital  angle. 
From  the  stretching  of  the  llaps  sometimes  necessitated 
there  may  at  times  be  some  tendency  to  sloughing  of  the 
tissues;  but  in  general  the  results  of  Didot's  operation 
are  very  satisfactory  and  successful. 

Norton's  o|)iralion  (Fig.  2473),  which  is  recommended 
for  eases  in  which  there  is  a  short  but  ample  web,  con- 
sists in  the  formation  of  horseshoe  shaped  Haps,  dorsal 
and  palmar,  which  are  stretched  and  sutured  together  so 
as  to  cover  the  interdigital  angle.  The  web  is  divided 
lengthwi.se,  and  the  divided  edges  are  brought  together 
along  each  finger. 

Zcller's  operation  (Fig.  2474),  which  is  recommended 
for  cases  similar  to  those  forwhich  Norton's  is  employed, 
consists  in  the  formation  of  a  triangular  dorsal  flap, 
which  afti'r  section  of  the  web  is  brought  into  the  inter- 
digital angle  and 
sutured  in  place. 
Agnew's  openition 
is  similar  to  Zcl- 
ler's. 

Fowler's  opera- 
tion (Dennis'  "Sys- 
tem of  Surgery," 
vol.  ii..  ]i.  ISG)  is 
recommended  for 
obstinate  and  in- 
tractable cases.  In 
this  procedure  a 
preliminary  longi 
tudinal  opening  or 
slit  is  made  through 
the  well  between 
the  proximal  ends 
of  the  pro.ximal 
phalanges,  at  the 
site  of  the  future 
interdigital  angle. 
From    the    dorsum 

of  the  hand  two  long  narrow  flaps  are  then  cut,  one  on 
each  side  of  this  opening  and  with  their  attached  bases 
near  the  slit.  The  flaps  are  then  twisted  around  a  (|uarter 
of  a  circle  and  dniwn  through  the  slit  so  that  the  skin  sur- 
faces of  the  llap  are  opposed  to  each  other  and  their  de- 


FiG.  :MT4.— ZellPr's  Operation  for  Sviidac- 
tylisiii.  Showinc  Lines  of  Incision  and 
Outlines  of  Flaps  (which  are  not  shown 
siinicieatly  long).    (Treves.) 
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uiidcd  surfaces  arc  broiiiilit  in  rinitacl  with  the  raw  sur- 
faces of  the  slit  with  which  llicv  arc  ilcsi;.'iicil  li>  liccomc 
iiiiilcil.  Tlic  tla|is  shiiiilil  lie  lull;;  eiicm^h  to  jiroject 
thr<Mii.'h  the  pahiiar  asjurt  of  the  slit  alioiil  a  ceiitiinelre. 
anil  they  ilo  not  re(|uire  to  lie  sutured  in  place.  The 
areas  left  li_v  the  removal  of  the  Haps  on  the  hack  of  the 
hand  can  be  closed  by  sutures.  When  the  wounds  heal, 
there  will  be  a  jiermancnl  openini;  through  the  web, 
lined  with  skin.  Tlie  remainder  of  the  web  is  then  di- 
vided, and  the  healed  commissure  will  |)revent  recurrence 
of  tiie  mul'Uniuu. 

C'l.KKT  n.vNii. 

The  contrary  cnn<lition  to  syndactylism,  the  union  of 
|iarts  normally  scpanite,  is  clcil  hand,  or  a  .separation  of 
paits  ni^rmally  united.  Cleft  hand  consists  in  the  sepa- 
ration of.  or  division  between,  adjacent  tingers  extending 
farther  toward  the  carpus  than  normal,  that  is,  into  the 
metacarpal  region.  It  is  a  very  rare  condition,  and  is 
almost  invariably  associated  with  other  developmental 
anomalies.  In  nearly  every  case  it  is  as.sociated  with 
eitrodactylism.  especially  with  lack  of  the  middle  tinger 
(see  Figs."  24.")T  and  •24.')S);  other  anomalies,  as  syndactyl- 
ism, may  also  be  present.  In  a  case  reported  by  Charles 
X.  I)owd  [Aiiiiiil.1  of  Siirrjcrji.  Philadelphia,  vol.  x.xiv.. 
Is'.Hi.  p.  211).  the  n'umbcr  (if  tingeis  was  normal,  but 
there  was  syndactylic  union  of  the  metacarjial  bones  of 
the  ring  and  little"  lingers;  the  unsightly  appearance  of 
this  case  was  relieved  by  a  plastic  operation.  This  condi- 
tion should  nt)t  be  confounded  with  dicheiria.  to  which 
the  term  "bilid  baud"  is  often  rather  inappropiiately 
applied. 

COKGESITAL  COXSTHICTIOXS. 

Congenital  annular  constrictions  of  the  fingers,  as  well 
as  of  otlier  portions  of  the  extremities,  have  been  observed, 
liut  are  very  rare.  They  are  apparently  produced  by 
tight  turns  of  the  umbilical  cord  or  of  amniotic  bands 
around  the  members,  constricting  the  tissues;  they  are 
henci'  ]iroduccil  in  the  same  manner  as  are  intrauterine 
amputations  but  with  the  constriction  not  carried  to  a 
suHicient  degree  to  cause  complete  amputation. 

Deflections  of  the  H.vnd  .vxd  Fixcjers. 

A  large  proportion  of  the  deformities  of  the  hand  con- 
sists of  deflections  or  deviations  of  the  baud,  fingers,  or 
phalanges  from  their  normal  ilirection  or  position.  The 
(Icllection  may  be  in  a  forward  or  palmar  direction  (that 
of  tlexion ).  a  backward  or  dorsal  direction  (superexten- 
sion), or  a  lateral  direction  (either  to  the  radial  or  to  the 
ulnar  side),  or  in  intermediate  directions.  These  devia- 
tions are  often  called  contractions;  but  this  designation 
is  not  very  satisfactory  as  a  general  term,  since  all  the 
deflections  are  not  due  to  a  contraction  m  pull. 

The  |)oint  of  deflection  is  in  almost  all  cases  at  one  of 
the  joints,  either  the  wrist  joint,  or  the  metacarpo-idialan- 
geai  joints,  or  the  interphalangeal  joints.  Occasionally 
the  (ietle<  tion  may  arise  in  the  course  of  the  bones,  as  in 
mal  union  at  an  angle  after  fracture,  or  curvature  of  the 
bones  in  osteomalacia. 

No  complete  and  systematic  dassitication  and  nomen- 
clature for  these  detlections  have  been  formulated.  De- 
tlecticms  of  the  band  at  the  wrist  joint  in  the  dilTereut 
directions,  especially  the  congenital  cases,  have  been 
called  "chill  hand,"  after  the  analogy  of  club  foot.  No 
such  designations  as  club  tinger  or  club  jihalanx  have 
been  employed,  though  such  terms  or  their  eiiuivalcnts 
woiihl  be  useful.  The  term  "clinodactyly "  has  been 
employed  as  a  generic  designation  for  deflections  of  the 
fingers  (Fort),  but  has  not  come  into  general  use. 

Using  as  a  basis  the  situation  and  the  direction  of  the 
deflection,  the  following  scheme  for  the  anatomical  classi- 
fication and  nomenclature  of  the  various  detlections  of 
the  liaii<l  and  fingers  is  propo.seil  and  will  be  used  here; 

Deflections  of  the  hand  at  the  wrist  joint  —  "club 
hand  "  ;  forward  deviations,  iminiis  Jhj:iiii ;  backward  de- 


viations, manni  niperertensus ;  deflection  to  the  radial 
side.  manu»  tarttn;  deflection  to  the  ulnar  side,  iikiuuk 
rtifffim. 

Deflections  of  the  fingers — "clinodactyly":  forward, 
(lir/itiiK  JleJ-im  ;  hackwunl.  (lif/itim  Kii/icrij-leiiifiiit ;  to  the 
nidial  side,  diijitim  nirim  ;*  to  the  ulnar  side,  digitus  rtil- 
ffiin.*  For  tli^  thumb,  the  terms  j>fllt:r  J/cj-iig.  jx/lle.r 
siijien.rteii'i'ii',  jKilh.r  niriin.  ami  jmllij-  i:i/;/iiii  can  be  used 
for  the  corresponding  deflections.  These  terms  relating 
to  the  fingers  could  be  employed  for  deflections  at  either 
the  metacarpophalangeal  or  interphalangeal  articula- 
tions; but  if  greater  precision  were  desirable  where  the 
deviation  was  at  an  int(r|ihalangeal  joint  and  the  bend 
ing  involved  only  the  middle  or  distal  jihalanx.  the  terms 
pluifaiix  JkJd.  jiliiilmi.r  sn/ii  rcrli'iini,  p/iiiliii(.r  nirii.  and 
jihiihinx  fiilrjn  could  be  emjiloyeil  for  the  forward,  back- 
ward, radial,  and  ulnar  ilellections  resjiectivelv. 

For  defl((  tions  in  tbeinliiniediatedirectious  compound 
terms  could  be  employed  as  in  talipes. 

This  terminological  dassitication  would  be  practical 
and  useful  for  placing  and  designating  the  anatomical 
condition  or  particular  form  of  deviation  iiresenl  in  par- 
ticular cases;  but  it  would  not  be  a  satisfactory  classifi- 
cation from  an  etiological  or  pathological  standpoint  or 
for  clini<-al  purposes,  since  dilleieiit  detlections  may  be 
produced  liy  the  s;ime  cause,  or  the  same  deflection  may 
arise  from  different  causes.  In  most  cases  the  deflections 
are  simple  and  distinct  enough  to  permit  of  ready  classi- 
fication. 

Deflections  of  the  hand  or  fingers  may  be  congenital, 
arising  from  developmental  anomalies,  oractiuired.  They 
occur  in  connection  with  a  considerable  variety  of  etio- 
logical and  pathological  conditions,  which  may  be  briefly 
summarized  as  follows; 

Dcrmatogenous  deflections,  in  which  the  deformity  is 
produced  by  lesions  of  the  skin,  as  scleroderma. 

Dcsmogenoiis  deflections,  produced  by  lesions  of  con- 
nective-tissue structures,  fascias.  ligaments,  etc..  as  cica- 
tricial contractions.  Dupuytren's  contraction  of  the  pal- 
mar fascia,  hammer  finger,  contraction  of  the  digital 
fascia. 

Arthrogenous  deflections,  produced  by  lesions  of  the 
articulations,  as  arthritis  of  various  forms  (gouty,  rheu- 
matic, rheumatoid,  tubi'iculous.  etc.),  dislocations,  al- 
tered configuration  of  joints  (developmental,  senile,  in- 
flammatory), ankylosis  in  malposition. 

Osteogenous  deflections,  from  lesions  in  the  bones, 
inal-uniou  after  fracture,  osteomalacia,  abnormal  devel- 
opment. 

Tendinous  deflections,  from  injuries,  division,  or  adhe- 
sions of  tendons. 

Muscular  or  myopathic  deflections,  from  abnormal 
muscular  conditions,  as  abnormal  development,  myositis, 
atrophies,  iscluvmic  paralysis,  and  abnormal  innervation. 

Nervous  or  neuropalhic  deflections,  from  paralytic, 
spa.stic,  or  trophic  conditions. 

Deflections  of  the  fingers  and  phalanges  from  their 
normal  position  and  direction  are  much  commoner  than 
are  deflections  of  the  band  at  the  wrist  joint,  partly 
because  the  small  digital  articulations  are  more  subject 
to  arthritic  conditions,  partly  because  the  muscular  and 
motor  mechanism  of  the  fingers  is  more  extensive  and 
more  complicated,  and  hence  more  exiiosed  to  morbid  in- 
fluences. Of  the  deflections  of  the  fingers  the  forward 
deviations  are  much  the  commonest  and  most  varied  as 
to  cause,  while  the  lateral  and  backward  deviations  are 
much  less  freciueiit. 

As  there  is  so  great  a  diversity  in  the  etiological  and 
pathological  nature  of  these  deflections,  it  is  more  sjitis- 
factory  to  treat  the  dilTerent  varieties  in  connection  with 
the  various  pathidogical  conditions  with  which  they  are 
associated  than  to  consider  all  thehaiitl  ami  finger  deflec- 
tions in  one  general  group.  Couseiinently  at  this  point 
consideration  will  be  given  only  to  club  hand,  congenital 
deflectionsof  the  lingers,  lateral  dcflectionsof  the  fingers, 
and  biickward  deflections  of  the  fingers,   reserving  the 

*  Tliese  deslguatlom  are  as  proposed  by  Joacbtmstal. 
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ri'iiiiiiiiliig  fonnnof  ileviulioii  for  Irfaliiu-iit  in  llii-lr  up- 
]iri>|irjiil<'  coiincclli'iis 
C'l.i  II    II  v.M>.— TliU   liTiii   ill   its   iiKWI   f;cmnil   wiiw 

COIllll     III'    llppliril    lo    III!    ili'tll'rti<>ll>    lif   III!'    Illtllll   lit    (lie 

wrist  juiiit,  con- 
f!  I'  II  i  I  a  1  cir  ac- 
ipiirril.  Iiiit  as  or- 
iliimrily  um^mI  il  i-s 
cliirlly  rliipliiyid 
III  ilrsi).'lialr  Hilly 
till-  cull  gi'iii  ta  I 
1 1  inns  <if  tlic  lie- 
Iciriiiily. 

Till'  cases  of 
ciiiiL'i'iiital  club 
liaiiil.  wliicli  is  a 
rare  I'lunlitioii, 
may  lie  ilivided 
intii  siiiiie  lliiee 
classes,  as  fol- 
lows: 

1.  Tlie  lirst  class  comprises  llio«i'  eases  ilepending  on 
coiitmclioiis  and  allered  aiiiitomieal  eonditioiis  of  the 
oirpiii  siruetiires  in  a  iiiaimer  entirely  aualogous  to  con- 


\ 


no.   24T.'>.— <"iii.' 
wnri'iif  HiKliii' 


..  wlih  M>- 
'llolTii.l 


Fra.  2470.— Tongcnllul  Club  Haml.  with  Di'llcli'iii'v  u(  Kadliis.  Dorsal 
View. 

genital  cluh  foot.  This  form  of  coucenital  club  hand  is 
e.veeedingly  nire.  as  llie  hand  is  very  little  subject  to  the 
developineiilal  anomalies  and  intra-uleriue  conditions  that 
give  rise  to  talipes. 

2.  (Jf     the     rare  ^ 

cases  f)f  eonjieiiit.'il 
club  IhiikI  that  do 
occur,  the  larsrest 
proportion  consist 
of  anomalies  associ- 
ated with  develop- 
mental  deticieney  or 
absence  of  the  ni- 
dius.  This  and  the 
followini;  class  of 
deformities  are 
caused  by  condi- 
tions (|uile  dilfereiit 
from      those      that 

give  rise  to  ordinary  talipes:  tlic  term 
club  hand  is,  however,  generally  ex- 
tended to  the  cases  associated  wiih  de- 
fective development  of  the  bones  of  the 
forearm.  In  tliis  form  of  club  hand  tlic 
radius  is  either  totally  absent  or  only 
]iartially  develoi)ed.  the  distal  exireniiiy  beinir  deficient 
in  the  latter  case.  The  hand  is  articulated  on  the  lateral 
aspect  of  the  ulna  in  the  position  of  maiius  varus  (Figs. 
2477.  2478(  at  a  considerable  and  even  a  ridit  angle  to 
its  normal  situation  The  tliumband  ci>rres|ionding  car- 
pal bones  are  usually  lacking,  though  exceptionally  pres- 
Voi..    IV.— 3i 


Flc.  2477.— riul>  Hiiiid. 
Willi  IK'llili'iH  Devel- 
upilieiK  of  Itii'  Itiiilills 
iimi  Riul  liiu'iiift  r.v 
Tliuiiilt.     (t'lutlou.) 


ent.  as  in  Fig.  2477,  in  a  rudimeulary  condition  and  iruus- 
posed  silimtioii. 

:i.  Much  more  rarely  than  the  radius,  the  ulna  is  ab>wnt 
or  defective,  giving  rise  to  au  iibnormal  position  unil 
eclriMlactyloiis  condiliun  of  the  liund  curreHponding  to 
the  radial  deformitv. 

The  ireatineiit  of  congenital  club  hand,  if  undertaken 
sullicieiitly  larly  in  life  while  the  Joint  structures  are 
pliuiile  ami  ailaiitable,  con- 
sists of  gradual  correction 
of  (he  deforined  position 
with  maintenanci'  of  tlio 
hand  in  the  iiiiprovid  |io- 
silion  until  permanenl  re- 
sults are  attained.  Violent 
and  abrupt  measures  arc 
not  Kenenilly  ilesirable,  but 
the  correction  should  be  ac- 
complislied  by  gradual 
steps,  a  p  para  t  us  (Fig. 
247U),  splints,  or  plaster-of- 
Paris  dressings  being  em- 
ployed in  the  intervals  to 
niaiiilain  and  render  per- 
manent each  step  gained. 
Mas-sage  and  electricity 
may  be  useful  to  improve 
the  nuirilion  of  the  mus- 
cles of  the  forearm. 

In  older  patients  the  joint 
is  apt  to  become  so  lixwl 
that  attempts  at  correction 
of  the  deformity  may  re- 
sult in  impairing  the  usefulness  of  a  hand,  which,  though 
deformed  ami  unsightly,  still  has  good  fuiielional  jiower 
and  is  a  useful  niemlier.  Treatment  in  such  cases  should 
be  very  conservative,  and  utility  should  not  be  sacrificed 
for  the  SJlke  of  appearance. 

Congenital  and  DiiVKLOi-MKNTAL  Dkfi.ections  of 
TDE  FiSGEKS. — Congenital  detlections  of  the  fingers  are 


Fli..  24T.>.-(  liil'  llanil,  witli  Con- 
eenluil  Alwi'iue  of  itadlus  and 
"Thnmh.  ((.'Union. »  Fnini  siiiiie 
ea'ii?  as  that  illustniled  In  FlK. 
2477. 


Fm.  2479.-A|n>aratiis  for  Treatment  of  I  lull  Hand.  (After  Du- 
breuil.)  Al  the  wrist  Is  a  iiniver^<al  joint  to  allow  for  movement 
and  Uxation  In  various  positions. 

rare,  ■n-hile  the  acquired  deviations  are  common.  The 
common  form  of  hammer  finger  is  a  developmental 
anomaly  scarcely  manifest  at  birth  liut  gradually  ap- 
pearing during  the  period  of  development.  Tamplin 
reported  an  instance  of  congenital  contraction  of  the 
thumb  in  a  flexed  and  adducted  position,  in  a  case  of 
double  talipes  and  contraction  of  the  knee,  t'ongenital 
deflections  of  the  digits  or 
jihalanges  are  most  com- 
monly in  a  lateral  direc- 
tion. 

Latf.rai.  Deflections 
OF  THE  Fingers  ou  Pha- 
langes may  be  congenital 
and  developmental,  or  ac- 
quired. The  acquired 
forms  arise  chiefly  from 
cicat  ricial  contractions, 
joint  changes  (especially  ar- 
thritis deformans),  disloca- 
tions, injuries,  ankylosis  in 
malposition,  senile  changes, 
or  in  as.'weiation  with  liy- 
pertrophied  fingers.  Of 
the.se  a  ccneral  deviation  of  ,    ,  „  j,  ,t^ 

the  four  ulnar  fingers  tow-    '^■„«ecrn^<'SrpK„*i'^ 
ard  the  ulnar  side  is  a  com-      'i-humb.    (Gross.) 

497 


Iiiiiiils  ami    l''lii:£4'rft. 
Ilitiitif*  mill    l>*tii;:t'rH. 


HLFEUENCE   IIANDHOOK   (JF  Till:   MEDICAL  SCIENCES. 


moil  ami  cliiinictiTistic  coiulitiou  in  certain  senile  and 

rlieilllllltoid  l;iS('S. 

A  snmll  niiiiibcr  of  cases  have  been  reported  in  wliicli 
the  (lislal  pliahuix  of  ihe  Ihiiiiili  has  liccii  coiijrciiilally 
bent  lalerallv.  lilhcr  to  the  ulnar  or  to  the  radial  side,  at  a 
sharp  aiiu'le.  tSonicof  Ihisci  usifs  were  hereditary,  olliiis 
were  associated  wilh  other  deformities,  as  elid)  fool ;  the 
cause  of  this  al)nonnit.v  is  henei'  developMient.il.  The 
trealinent,  if  undertaken  sullieiently  early,  slioidd  consist 
ill  firiidual  correction  of  the  deformity  and  li.\alion  by 
si>lints  until  permanent  improvement  is  obtained.  He- 
nioval  of  a  wedgcsliaped  piece  of  bone  from  the  phalan.x 
lias  proven  succe.ssful  in  one  case;  while  division  of  Ihe 
lateral  ligament  and  c.xsection  of  a  jiortion  of  the  head 
of  the  phalanx  did  not  irive  satisfactory  results  in  an- 
other instance. 

There  is  another  well-marked  chiss  of  lateral  dellcc- 
tions  of  the  phalanges,  alVecting  chielly  the  little  lingers, 
xvliicli  occurs  occasionally,  often  associated  to  a  certain 
degree  with  hammer  finger.  Kxceptionally  the  dellccliou 
may  be  toward  the  ulnar  side,  or  Hie  middle  |)halanx  may 
lie  the  one  bent,  or  the  ring  linger,  or  some  hiiger  other 
than  the  little  linger,  may  be  aU'ecled;  but  usually  this 
abnormity  manifesls  itself  as  a  radial  dellection  of  the 
terminal  phalanx  <if  the  little  linger  (phalan.x  vara).  The 
deviaiion  is  not  generally  more  than  about  twenty-live 
or  thirty  degrees,  and  both  little  lingers  are  usually  af- 
fected together.  Anderson  stales  that  among  eight  hun- 
dred school  childn'U  there  were  six  ca.ses  of  such  lateral 
detleclions,  in  liveof  which  the  little  linger  on  Ijotli  hands 
was  affectetl.  and  in  one  the  ring  finger  of  one  hand  was 
involved.  This  lateral  jihalaiix  dellrction  is  not  infre- 
(piciitly  exhibited  by  little  lingers  that  are  also  alTected 
with  thecondition  t<Tmed  hammer  finger:  and  the  writer 
has  observed  one  case  of  jihalanx  vara  of  both  little  fin- 
gers in  a  woman  who  had  a  hammer  toe  but  no  hammer 
tiugers,  but  whose  mother  and  mother's  brother  had 
hammer  lingers.  Radial  dellccliou  of  the  distal  jihalanx 
of  the  little  finger  is  said  to  be  common  in  idiots  of  the 
so-called  Jlongol  type.  Tlu;  condition  is  of  develo])- 
mental  origin  caused  by  irregular  development  of  the 
phalangeal  articulation.  The  abnormity  is  .somewhal 
unsightly,  but  is  not  troublesome  in  any  other  way. 
The  only  advisable  treatment  is  the  use  of  splints  for 
a  time  to  straighten  the  finger. 

B.\CKw.\ui)  Deflections  of  the  Fingers  (digitus 
su|)erextcnsus). — Superextensions  of  the  fingers  or  ]iha- 
langes  are  among  the  less  common  of  the  detlections  of 
the  fingers:  they  are  mostly  acquired,  and  are  due  to 
various  conditions. 

The  terminal  phalanx  of  the  thumb  in  many  persons  is 
capable  of  exten.sion  backward  from  the  straight  line  to 
a  marked  degree,  flexion  not  being  inlerfered  with:  this 
is  a  normal  developmental  condition.  The  terminal 
phalanges  of  the  other  fingers  are  occasionally  markedly 
extensible  backward,  and  in  such  cases  ])ower  of  flexion 
is  sometimes  somewhat  impaired. 

Cicatricial  conlractious  fullowing  dorssil  ulcers,  c(m- 
traclions  of  the  dorsid  digital  fascia,  joint  lesions  like 
arthritis  deformans,  adhesions  of  extensor  tendons,  sec- 
lion  of  flexor  leinhms,  spasm  of  extensor  muscles,  paraly- 
sis of  flexor  muscles,  are  the  other  princijial  causes  of 
supercxtended  fingers  or  phalanges.  In  a  considerable 
])roportion  of  ca.ses  of  hammer  finger  there  is  a  hyperex- 
tendcil  condition  of  the  iiroximal  phalanges  of  the  af- 
fected fingers;  and  superextension  of  thedistal  ])halangcs 
in  hammer  fingers  has  been  observed.  In  Dupuytren's 
contraction  the  writer  has  seen  in  one  case  a  superex- 
tension of  the  distal  ])halanx  caused  by  a  band  of  con- 
tracted fascia  thai  crossed  from  the  palmar  to  the  dorsal 
aspect  of  the  finger.  In  dactylomegaly  there  is  not  in- 
fre(|uently  phalangeal  superextension. 

The  trealment  of  digital  and  (dialangeal  superexten- 
sions must  be  guided  by  general  principles  and  the 
conditions  present.  Some  cases  will  hanlly  reiiuire  treat- 
ment, others  are  insusceplibli'  of  improvement.  Grad- 
ual or  forcible  correction  of  the  deformity  with  fixation 
by  splints,   division  of  contracting  tendons  or  fibrous 


hands,  or  lengthening  or  shortening  of  tendons  by  plas- 
tic procedures  may  result  in  les.sening  the  deformity  and 
impairment  of  function. 

MiCROCIIKIICI.V    .\NI)   MlCUODACTVLISM, 

or  abnormally  small  size  of  hand  or  fingers,  may  be  due 
to  retarded,  deficient,  or  arrested  devel(>i>nieii"t,  or  to 
atrophy  or  retrogression  after  full  devilopm<-nt  has  been 
once  attained.  Both  congenital  and  uc(iiiired  cases  are 
distinguishable. 

llracliijiUifttihi.  or  short  finger,  is  a  form  of  microdac- 
tyly in  which  llie  deficiency  in  size  affects  especially  the 
length  of  the  finger. 

In  dwarfs  and  in  conditions  like  achondroplasia,  the 
hand  ami  fingers  are  small  but  not  diniiiiislied  in  size  in 
proportion  to  the  rest  of  the  body  or  of  the  upper  ex- 
tremity; such  cases  are  hardly  to  beclassed  as  real  micro- 
cheiria  or  niicrodaclyly,  in  which  the  small  size  is  rela- 
tive as  well  as  ab.solute. 

Brachydactvly  is  caused  by  congenital  absence  of 
j)h:dang<'s  (hyiiophalangism)  or  liy  abnormal  shortness  of 
the  phalanges  or  metacar]ial  limies.  Cases  have  been 
observed  in  which  a  suiieinumeiary  phalanx  even  was 
present,  but  with  sulficient  abbreviation  of  the  phalan.ires 
to  constilule  a  condition  of  bracliydactyly.  Bracliy- 
dactyly  and  other  forms  of  con.2renital  microdactyly  are 
rare.  Delieient  size  of  the  thumb,  apparenlly  develop- 
mental, occurs  in  a  certain  jiroportion  of  the  cases  of  os- 
sifying myositis:  in  this  disease  a  corresiionding  anomaly 
of  the  great  toes  occurs  much  more  freiiuently.  Fingers 
associated  with  developmcMlal  abnormities,  suehassuper- 
nunierary  or  syndactylic  digits,  are  apt  to  be  retanled  or 
stunted  in  development  unless  the  impediment  is  early 
removed.  Injuries  or  disea.ses  atfeeling  digits  during 
the  iieriod  of  development,  in  infancy  or  childhood,  may 
arrest  or  retard  their  growth  .so  that  they  may  not  attain 
full  development.  Loss  of  tissue  or  destruction  of  bone 
from  injuries,  inflammation  (tuberculosis,  etc.).  ulcera- 
tion, and  the  like,  will  if  not  re]ilaced  result  in  diminu- 
tion of  size.  After  full  giowth  is  attained  atrophy  and 
decrease  in  size  may  result  from  injuries,  local  disease, 
trophic  inrtuences  from  nervous  lesions,  etc. 

Hypertrophy  of  thk  II.vnu  or  Fingers 

(cheiromegaly  or  macrocheiria,  dactylomegaly.  inega!o- 
daclylism.  or  inaero(Uulylism). — Aside  from  such  con- 
ditions as  neoplasms,  (edema,  and  <laetylitis.  enlarge- 
ments and  hyperfrophies  of  the  hand  and  fingers  are 
mostly  compreliended  under  Ihe  following  groups: 

Congeiiilal  and  idiopathic  hyiierlrophy. 

Ele)iliauliasis. 

Gigantism. 

Acromegaly. 

Hy pert ropliic  jHilmonary  ostco-arthropathy. 

llippiicratic  or  clubbed  fingers. 

,Myx<edema. 

Syringomyelia. 

Ctmfjv.iiital  (U(tl  Ttliopiit/iic  l/i/jtcrtrnji/ii/. — The  fingers, 
hand,  and  more  or  less  of  the  upper  extremity  are  some- 
times the  seat  of  a  peculiar  hy|)ertrophy,  which,  though 
rare,  presents  a  well-marked  clinical  type.  This  hyper- 
trophy is  of  the  same  general  nature  as  the  condition 
called  "congenilal  hypertinphy  "  w  hi<'h  alTccts  various 
other  parts  of  the  body,  though  the  fingers  are  a  favorite 
seat.  Somelimes  other  parls  of  the  body  are  alfected 
along  with  the  hand,  as  in  the  unilateral  hypertrophy 
where  the  ui>pcrand  lower  extremity  on  the  Siune  side 
are  enlar.Ercd. 

When  the  upper  extremity  is  involved  it  is  far  com- 
moner for  a  iiortion  only  of  the  fingers  or  of  the  hand  to 
be  hy|iertropliied.  the  remaining  fingers  being  normal; 
very  larcly  tin'  entire  extremity  may  be  enlarged.  Some- 
times even  w  hen  there  is  a  general  enlargement  of  the 
limb,  some  of  the  fingers  are  relatively  much  more  en- 
larged than  the  others. 

The  hypertrophy  is  often,  though  not  always,  maui- 
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l|jiii«l(k  II  mi 
IIiiiiiIm  iiikI 


I'  lll;:rrii. 
I'lii::i'rk. 


fist  111  biilli.  llic  iilTcclcil  tliiKiTH  iM'iiij;  ilii'ii  ii|i|iriK'iiilily 
mill  iimirriiillv  liirtrrr  lliiiii  llif  ullicit  Kiirtlirr  rtiltirnr 
iiifiit  prixiTcl-i  |iiiiL.'rc'ssivcly.  iir  iiiiiy  tiikr  pliiri'  ni|iiill,\' 
III  siiiiir  liiiir  (liiriiii;  lln'  |>iTii>cl  <>(  ili'vi'lii|>iiii'iil.  Ciisi's 
■  if  II  lii|.'li  ilr^ri'i' iif  liv|iiilri)|ili.v  iiiiil  ili  ri>riiiil>  arc  rv 
liiliil<'it  in  vxiiiiK  I  liilcii'iii,  lliiiiiu'li  tlir  ■'iiliiri;i'iiiriit  iiiiiy 
il('Vi'lii|i  cvrll  ill  iidiills.  Till' ('iiu<<<' of  till-  li\  |irrlrii|iliy 
is  ii|i|iui'i'iilly  some  liliM|iiitlilr  ilfV(lii|iiiiriiliil  ili'niiif;r 
iiiriil,  llic  prrcisi' 
imliirc  of  wliicli  is 
\iii  kill)  w  II.  Till- 
Ciillllitiiill    is    Solllr 

liiiifs    nilli-il    (1111 
griiitnl     (■U'|>iiiiiiii 
asis,  anil  liiis  lin  i 
tliiiii^'lii  liv  Minic  I" 
Im'   II    fiiriii  of  t'li 
|iliiuitiiisis.       Soiiii 
(if  till'  ciisrs  ii|M>rl 
I'll,      iiiili'cil.      iiiii.\ 
liiivc    lii'cii   mil   in 
stances  of  cli'pliiiii 
tinsis.     Kilt    if    tin- 
term    (•Icpliiintliisis 
l)f    limited    to    liy 
prrtropliics     pro- 
(liiii'il  liy  occlusion 
of   the  Iviiipli   VIS 
scls.    cspcciiilly    liy 
rlic  liliiriii.   there  is 
prolnilily  ii  genuine 
(lilTerenee    lielweci; 
the  two  coiiililion^ 
Ileieilitiiry      tnins- 
inission  of  cmiireii 
ital    (lactylomeiiiily 
lias  not   iK'eii   cspc 
ciiilly  noicil. 

The  liy  perl  ropliy 
often  does  not  in 
volve  all  the  tissues 
iinifornily.  Init  af 
feels  ('specially  the 
liony.  falty.  and 
vascular  tissues. 
The  hones  are  hy 
l)erlropliied.  and 
sonietinies  there  are 
joint  lesions.  The 
aifipose  tissues  are 
often  relatively  in 
cieased.  even  to  the 
production  of  lipo 
inatous  I  11  III  11  IS. 
Areas  of  e.\ces.sive 
(ievelopnienl  of  vas 
ciilar  structures  an 
fix'Ciucnlly  cxhiliii 
ed.  in  the  form  ni 
anpriomata.  ani:ie< 
t  a  s  (■  s,  vas  c  u  1  a  r 
nirvi.  varicose 
veins,  lymphanjrio- 
inala.  etc.  The  ar- 
teries are  said  not  to  ho  enlarged  so  much  as  the  veins 
and  capillaries.  Muscular  strength  is  sometimes  in- 
cri^ased.  often  not.  but  the  usefulness  of  the  member  is 
often  impaired.  The  skin  is  usually  not  greatly  altered. 
iSyndactylisni  is  sometimes  present.  Freiiuently  some 
of  the  hypertrophied  phalanges  or  lingers  are  iletiectccr 
laterally  or  backward,  froiii  articular  changes.  The 
metacarpal  portions  of  the  allected  lingers  may.  or  may 
not.  partake  of  the  hypertrophy. 

The  enlargement  is  both  in  length  and.  markedly,  in 
thickness.  Various  gradations  of  hypertrophy  may 
occur,  from  slight  enlargement  up  to  great  deformity 
and  dis;ibility.  In  typical  ca.ses  the  overgrowth  is  fre- 
(jucntly  gigantic,  so  that  the  member  may  be  highly  ile- 


FHi.  atM.— (niiiteniml  llypenniiili.v  of  Mlilille  iiiul  Iiide.t  FliiRers  in  Mulattn  (iirl  Ayiii 
Eleven  Yeiirs:  Ilepi>rte<l  as  a  (.'ase  ol  I'onseuital  Elephanliasis.     (T.  L.  Terrj.) 


formed,  iiiisiglitly.  and  um-Ickk,  liicniiw  of  the  iniilille 
linger,  for  iiisiiiiice,  to  a  lengih  of  IH,  14.  or  litem,  (11^ 
in  I.  and  to  a  cireuiiifei'i'iiee  III  its  Iuimi' of  :|'>  cm.  (Ill  in.  |. 
has  been  noted  in  more  ihiin  one  caiu'.  In  one  inHliiiue 
the  hiiiiil  weighed  twelve  poiiiiilK. 

This  hypei'ti'opliy  in  in  the  great  majority  of  ciim.-ji  mil- 
laleml,  and  only  except loniiUy  are  linth  liiiiid''  alTeeteil. 
In  the  iinilati'i'iil  ciises  the  riiilil  mid   left   limidH  are  in 

volved  Willi  aboiiL 
'■•I  II  a  I  frei|Uency. 
with  perhapH  a 
slight  diirerenci'  in 
lavor  of  the  right. 
In  the  bilateral 
eases  dilTerent  lin- 
gers may  be  alTect- 
ed  on  I  lie  t  w  o 
hands.  The  mid 
die  and  inde.\  tin 
gers  are  miieli  the 
most  fre(|uentlv  in- 
volved, the  niidillc 
moreoflen  than  the 
inde.v  linger.  The 
thumb  is  alTected 
in  a  considerable 
proportion  of  the 
cases,  the  ring  and 
little  lingers  infre- 
i|neiitly.  Till' three 
radial  digits  arc 
iherefori-  much  the 
most  liable  to  the 
disease.  It  is  more 
usual  for  two  or 
more  adjacent  lin- 
gers to  be  hyper- 
Irophied  together 
I  ban  for  one  linger 
io  be  affected  alone, 
ihoiigli  any  of  the 
diirils  mav  be  en- 
larged alone.  The 
commonest  combi- 
nalions  are  for  the 
lliiimb.  index,  and 
niiildle  lingers,  or 
for  the  index  and 
middle  lingers  to  be 
alTectcd  together, 
next  for  the  mid- 
dle linger  to  be  hy- 
pertrophied alone: 
the  other  lingers 
and  combinations 
arc  less  freipieutly 
involved. 

Treatment  of 
congenital  dactylo- 
tnegaly :  In  incipi- 
ent ca.ses  ligation  of 
the  trilintary  ar- 
teries may  be  tried 
with  a  view  of  di- 
minishing the  supply  of  nutriment  and  hence  retarding 
the  hypertrophic  process:  success  cannot  be  very  con - 
lidentiy  expected  for  this  procedure.  Compression  of 
the  growing  lingers  offers  little  hope  of  successful  re- 
sults. AVhen  fully  developed  amputation  may  be  reip 
iiisite  to  improve  the  appearance  and  usefulness  of  the 
hand,  or  to  prevent  the  extension  of  the  hypertrophic 
process  to  the  remaining  porli(m  of  the  hand  or  limb. 

ElephiiDtiiiniK. — Kxceedingly  rarely  is  the  hand  or  up- 
per extremity  the  seat  of  true  elephantia.sis.  that  is.  hy- 
pertrophy from  lymph  stasis,  especially  due  to  ooeliision 
of  lymiih  vessels"  by  tilaria.  though  a  few  cases  are  said 
to  have  been  observed.  Elephantiasis  and  the  idiopathic 
hypertrophy  just  considere(i  have  points  of  resemblance 


499 


IIhikIh  iiikI    |''liiu<-r«. 
IIuiiiIm  iiimI    I''Iiiu(*i'"*« 


liEFEHEXCK   HANDBOOK   OF  Tlli:   MEDICAL  [SCIENCES. 


ami  have  been  confounded  with  each  other  in  some  in- 
stances, but  there  is  ihiubtlcss  a  detinile  palholonical 
dislinetioii  !)et\veen  tlie  two  ciindilions.  The  treat nieiit 
is  the  same  as  tlial  of  congenital  dactyloniegal.v  and  of 
elephantiasis. 

All  elcphantiasifonii  hypertrophy  sometimes  follows 
healinj:  ol  lupus  vuliraris  on  Ihe  hand,  from  eliroiiic 
(edema  ]>i'odueed  liv  occlusion  and  obliteration  of  lymph 
and  blood- vessels,  with  teiiileney  to  rccuneut  dermatitis, 
cellulitis,  and  lyiiiphanirilis. 

Gir/iiiithm. — In  this  eonililioii  the  liand  and  liiiirers 
participate  in  the  general  eiilari.'cineiil  of  the  boily,  but 
their  development  is  not  proportionally  greater  than  that 
of  the  rest  of  the  body. 

Aeriiiiieiidhi. — In  this  rare  condition  the  hands,  along 
with  the  feet  and  bones  of  the  head,  undergo  genenil 
liypertrophy.  with,  later,  eonstilutioiial  disturbances.  It 
occurs  rather  more  commonly  in  females,  and  usually  he 
gins  to  develo]!  at  the  age  of  about  twenty-five  to  thirty 
yeai's.  Etiologically  and  palhi'logically  il  is  supposed  to 
be  usually  associated  with  some  niorliiil  loiiilition  of  the 
pituitary  body.  It  is  a  chronic  and  slow  ly  progressing 
condition. 

In  the  upper  extremity  the  lesions  are  diiefly  confined 
to  tlie  hand  and  w  list.  whi<-h  are  enlarged  by  a  general 
hypertrophy  of  all  the  tissues,  soft  and  hard.  One  of 
the  liist  manifestations  of  the  disease  is  an  increase  in 
thickness  of  the  liiigeis.  so  that  gloves  and  rings  become 
too  small.  When  the  trouble  is  fully  (lcvelo]ied.  the 
hand  is  enlarged  generally,  and  is  described  as  having  a 
"spade  like"  aiijiearance.  Its  function  and  usefulness 
are  niiiiiiiiaire(l.  The  fingers  are  broad  and  sausage- 
shaped,  and  the  terminal  phalanges  are  not  bulbous  or 
larger  than  the  rest  of  the  digit.  The  nails  are  usually 
broad,  flat,  grooved,  and  friable. 

Along  wiih  the  hands  the  feet.  face,  and  head  are  cor- 
respondingly alTeeled.  The  results  of  treatment  have 
not  lic<-ii  very  satisfactory. 

Ili/pi  itniji/n'r  I'liliiiniiiirii  (Mci'-arthropathii. — This  is  a 
rare  coiulition  in  wliieh  the  hands  and  feet,  with  the  dis- 
tal portions  of  the  forearms  and  legs,  undergo  liypertro- 
phy in  association  with  chronic  pulmonary,  pleural,  or 
bronchial  disease,  such  as  phthisis,  tuberculosis,  empy- 
ema. I'.neumonia,  syjihilitie  and  malignant  thoracic  dis- 
ease, chronic  bronchitis,  etc.,  mostly  conditions  in  which 
the  arterialization  of  the  blood  is  impaired.  The  eondi 
tion  is  rare,  only  about  sixty  cases  being  recorded. 
Adults  and  males  are  alTected  most  frecpiently.  though 
children  and  females  are  not  exempt.  Usually*  the  hy- 
pertrophic condition  develops  insidiously,  gradually,  and 
slowly,  but  in  exceptional  instances  it  has  a  sudden  onset 
and  raiiid  develojunent.  lieconiing  well  detined  in  the 
ccnirse  of  six  or  twelve  weeks. 

The  hypertrophic  condition  consists  in  a  general  and 
symmetrical  enlargement  of  the  hands  and  feel  and  the 
distal  extremities  of  Ihe  forearms  and  legs,  other  parts  of 
the  body  being  scarcely  atTeeted.  In  the  members  in- 
vfilved  the  bones  are  especially  affected,  being  increased 
in  length  and  thickness,  partly  by  increased  subjierios- 
teal  bone  formati(ai,  partly  from  the  develo])inent  of 
■wart-like  bony  nodules;  the  joints  are  also  .somewhat  in- 
volved, from  synovial  effusion,  erosion  of  articular  carti- 
lages, etc.;  the  soft  jiarts  are  less  implicated.  In  the 
upper  extremity,  the  lower  enils  <if  Ihi' railius  and  ulna. 
the  carpal,  metacarpal,  ami  phalangeal  bones  may  all  be 
involveil.  The  terminal  jdialanges  are  usually  markedly 
enlarged,  giving  the  digits  a  club-shaped  or  druinstiek 
appearance.  The  nails  are  much  increased  in  size  and 
very  convex,  both  transversely  and  longitudinally,  and 
arch  over  the  ends  of  the  lingers. 

Pain,  sometimes  severe,  is  present  in  the  hands  in 
most  cases,  at  least  at  some  period  in  the  course  of  the 
tliseasc. 

Among  the  features  by  which  this  condition  can  be 
ditTereiitially  distinguished  from  acromegaly  may  be 
mentioned  the  association  with  pulmonary  ilisease.  the 
absence  of  any  enlargement  of  the  bones  of  the  head, 
such  as  occurs  in  acromegnlv.  and  the  bulbous  enlarire 
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mcnt  of  the  terminal  i)halanges  and  the  slmjie  of  the 
nail,  which  are  not  manifested  in  acromegaly. 

The  essential  pathological  nature  and  cause  of  hyjier- 
trophie  pulmonary  osteoarthropathy  arc  not  yet  deter- 
inini-d.  'I"he  prevalent  French  theory  is  that  tlieeiilariie- 
meiit  is  produced  by  ehroiiie  intlaminalory  i)roces.ses 
induced  by  ttixaMuic  irritation.  The  condition  proliably 
has  .some  relationship,  and  is  even  jierhaps  idiiilical. 
with  clubbed  or  Ilippocralic  lingers. 

There  is  no  delinile  treatment 

lU]ilim-ratic  or  Ciiililntl  J-'iiif/ei-K. — The  term  clubbed 
linger  is  employed  to  designate  conditions  in  which  the 
termiiuil  phalanges  or  ends  of  the  digits  aieenlargeil  and 
bull)ous.  I  hat  is.  larger  than  the  remainder  of  the  fingers, 
giving  them  a  club 
or  drumstick  shape. 
The  lingers  in  hyper- 
trophic pulmonary 
o  s  t  e  o  -  arthropathy 
and  sometimes  in 
myxedema  exhibit 
this  condition.  The 
term  clubbed  tingeis 
is  commonly  used. 
and  the  term  Ilippo- 
eratic  lingers  is  spe- 
eilically  used  to  des- 
ignate a  bulbous 
enlargement  of  the 
ends   of  the    lingers. 

with  a  longitudinal  curvature  of  the  nail,  that  is  occa- 
sionally present  in  chronic  conditions  in  which  the  cir- 
culation is  weakened,  especially  in  pulmonary  tubercu- 
losis and  heart  diseases.  The  enlargement  of  the  linger 
tips  is  brought  about  by  a  chronic  state  of  or  tendency 
to  passive  congestion,  which  occurs  in  these  parts  be- 
cause, from  their  peripheral  situation  and  distance  from 
the  heart,  the  strength  of  the  circulation  is 'here  at  a 
minimum.  The  condition  can  be  treated  only  by  at- 
tention to  the  general  disturbance  which  causes  it. 

^fl/.rll•(h'»>l(. — The  hands  anil  tingers  share  in  the  general 
enlargement  of  myxo'dema,  which  it  is  unneee.s.s!\rv  to 
consider  generally  here.  There  is  no  jiittingon  pressure, 
the  fingers  may  be  cluljbed.  and  the  nails  are  unafTected. 

S;/fuif/(imi/tli(i. — In  a  \'ery  few  cases  of  syringomyelia 
there  has  been  observed  a  general  increase  in  size  of  one 
of  the  hands  and  uiiper  extremities  from  hypertro]ihy  of 
all  the  tissues.  It  is  iiossible  that  occasionally  clieiroineg- 
aly  may  result  from  trophic  iulluences  in  other  morbid 
nervinis  conditions. 

Neoplasms 

of  various  kinds  may  develo]i  upon  the  hands  or  fingers, 
but  exhibit  h-w  features  of  special  iniporlanee  dilfereiit 
from  those  manifested  in  other  situations.  Conditions 
more  or  less  simulating  tumors  occur  in  various  inllam- 
matory,  arthritic,  tuberculous,  syphilitic  processes,  etc. 
Aside  from  warts,  this  region  is  not  jiarticularly  prone 
to  the  development  of  neoplasms.  In  .some  cases  the 
tumors  are  of  congenital  and  develoiimental  origin,  in 
others  trauma  exerts  etiological  intlueuce.  in  many  cases 
the  cause  is  obscure. 

The  congenital  tumors  of  the  hand  and  tingers  compose 
a  group  of  cases  in  which  the  tumor  is  present  at  birth. 
Neoplasms  of  this  class  that  have  been  observed  are 
rudimentary  supernumerary  tingers.  dermoid  tumors  and 
cysts,  tibromala.  lipomata.  ehondromata,  and  augiomata. 
Such  congenital  tumors  are  not  eommou. 

As  already  stated.  siiperDiiim  niri/  Ji»f/ir>i  are  often  of 
,  so  rudimentary  a  structure  that  their  digital  nature  is 
shown  only  by  the  luvsence  of  a  small  amount  of  osseous 
or  cartilaginous  li.ssue  or  a  nail;  such  structures  prac- 
tically amount  to  tumors.  These  are  usually  attached 
hv  a  soft  pedicle  and  are  most  commonly  situated  on  the 
ulnar  margin  of  the  hand  or  little  ling<-r.  If  we  conceive 
such  structures  to  he  still  more  rudimentary,  lacking  all 
traces  of  bonv  or  cartilaginous  tissue  or  nail,  we  will 
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linvo  left  simply  tiiiiiors  rumpnfKMl  of  fll)roiK  tlnsilc  rov- 
tnil  will)  skill,  itiiil  liiivin^'  no  ilisiiiui  di^'ilal  rliiinii'iir 
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serve  il.  iiftcu  piilunciilatoil  ami  on  tin-  ulnar  side  of  the 
liaiiil.  and  in  smni'  cases  an-  (Imilitless  siiinniuuierary 
digits  (if  ixtrenuly  rudiincntary  clianutcr. 

Dfriiioiil  Cj/'tn  or  Tumors,  coiij;enital,  containing  epi- 
dermal tissue,  hair,  and  seliaceous  matter  in  their  inte- 
rior, arc  fX'cusionally  encountered  in  the  resrion  under  con- 
sideration. Some  of  them  are  also  perhaps  supernumerary 
digits  of  very  rudimentary  and  aliernuit  type. 

Wiirix — the  familiar  verruca  vulgaris — are  verj'  common 
on  the  hands  and  lingers,  wliieli  are  their  favorite  seats. 
They  are  especially  common  in  chiliihood.  occurring  sin- 
gly or  in  numliers.  They  consist  of  hypertrophied  and 
elongated  papilla'  of  the  corium  surmounted  by  thick- 
ened anil  liorjiy  epidermis.  Among  the  methodsof  treat- 
ment may  he  mentioned  cutting  oil  the  growth  with 
knife  or  scissors  and  applying  caustics— as  silver  nitrate, 
pota.ssium  hydnite.  or  chromic  acid,  solid  or  iu  solution 
— to  the  deiiudeil  surface. 

Fihromiitii  occur  occasionally,  situated  in  the  subcuta- 
neous tissues,  or  connected  with  tendons,  periosteum,  or 
bone. 

Li)xm>ol<i  are  rare  in  this  situation.  They  may  occur 
in  connection  with  congenital  dactylomegaly.  They  are 
usually  dilTuse.  not  circumscribed,  and  continuous  with 
the  subcutaneous  tissue. 

Choiidroniiitti  are  the  commonest  (a.side  from  warts)  of 
the  benign  neoplasms  of  the  hand  and  tingers.  Some- 
times they  are  congenital,  sometinies  result  from  trau- 
matism, usually  arisi'  without  assignable  cause.  They 
occasionally  develop  in  the  soft  tissues,  but  usually  arise 
from  the  interior  or  the  surface  of  the  bones,  the  perios- 
teum, or  the  joints.  They  may  be  tirm  or  soft,  may 
break  down  and  ulcerate,  and  may  ossify.  They  may  be 
single  or  multiple,  may  involve  one  or  several  tingers. 
one  band  or  both  hands.  Often  they  attain  a  large  size 
and  occasion  great  deformity  and  disiibility,  so  that  am- 
putation may  be  required. 

OKlt'iiiitilii'  iUH\  exostoses  occur  occasionally,  arising 
especially  from  the  bones  or  periosteum,  and  may  occur 
in  association  with  chondromata.  yenromntii  are  said  to 
have  been  observed  in  the  hand.  Angiomntn.  nscvi,  and 
erectile  tumors  sometimes  occur  in  this  situation. 

EpitheUi'iiiii  develops  in  the  skin  of  the  hand,  as  in 
other  situations,     .iarcomn  may  attack  the  hand,  origi- 
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its  v.irious    forms,   muv 

Vid\  e  lllole  titan  one  tilt, 

The  Ireatment  of  iieopliuiiiiH  of  Ihc 
hand  and  lliigeiH  must  Ih-  guided  by 
genenil  principles  and  the  eiri-uiii- 
Nliinces  of  the  casi-.  Iteiiioval  or  ex- 
cisioii  of  till'  Itiinor,  or  amputation  if 
del'ormily  is  extremi'.  are  ihi-  ordina- 
ry proeedtiies.  The  mali^'llaIlt  til- 
mors  retptire  complete  removal  or 
amputation. 
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occiisionnlly  develop  in  tliiH  region. 
Dermoid  cysis  have  been  iiieiiUoned. 
Si'baeiiitis  eysis  occasionally  occur, 
sometimes  induced  by  Irtitiinatism; 
cysts  rc.s<-mbling  wens  in  all  respects 
even  occur  on  the  palmar  surfaces, 
which  are  free  from  hair  and  sebace- 
ous glimds.  Aneurisms  and  hydatid 
tiitd  cyslicercus  cysts  rarely  occur 
here.  Ganglion  will  be  considered 
subsequently. 

TU.M'M.VTIS.MS   .\.M)    l.N.nUIKS. 

From  its  exposed  .situation  the 
hand  is  very  subject  to  injuries  of 
external  origin,  mechanical,  chem- 
ictil,  thermic,  etc.  Mechanical  traii- 
mtilisms  cause  wounds,  contusions, 
sprains,  dislocalions.  fractures.  Various  chemical  sub- 
stances proiltice  irritation,  iuliammiitiou,  ulceration,  or 
necrosis.  Heat  causes  burns  and  scalils;  cold  produces 
frost  bite. 

lIV^i/Hrf^of  all  kinds — incised,  lacerated,  contused,  punc- 
tured, gunshot^ — are  of  common  occurrence.  Not  infre- 
(luently  portions  of  tingers  or  entire  digits  are  cut  or  torn 
completely  off.  The  treatment  is  that  of  wounds  in  gen- 
eral, the  chief  objects  aimed  at  being  li!emo.stasis.  a.sepsis, 
coaptation.  Aseptic  womulsheid  well  ami  nipidlyiii  this 
sittiation.  but  if  infection  occurs  healing  may  be  very 
slow;  asepsis  is  lhercf;ire  highly  important,  especially 
after  bites  of  animals.  Tendons  and  nerves,  if  severed, 
should  be  carefully  sutured  to  avoid  subsequent  impair- 
ment of  function.  The  hand  should  be  immobilized 
while  healing. 

When  portions  of  the  fingers  are  entirely  cut  off  or 
hang  by  a  small  neck  or  shred  of  tissue,  there  is  some 
hope  of  obtaining  complete  reunion  of  the  severed  por- 
tion. The  parts  should  be  well  cleaned  and  sutured 
nicely  together.  Well -authenticated  cases  are  on  record 
in  which  a  part  of  a  finger  completely  cut  off  has  perfectly 
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reunited  to  the  stump  when  sutured  back  in  place,  so 
that  an  attempt  should  at  least  be  made  to  save  the  fin- 
ger iu  all  such  cases.  A  case  has  been  reiiorted  in  which 
the  hand  was  almost  severed  from  the  forearm  at  the 
wrist,  all  the  blood-vessels  and  muscles  and  most  of  the 
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lioiii's  bciiiLT  <livi<l('il.  Ii'aviiii;  only  tlii-  iilim  iiiiil  a  small 
|)()rIion  (if  --kill  iiilail;  cvi-ii  In  this  case  fiddd  nnlim  was 
iililaincil  willi  ri- I'StalilislinunI  <<{  llic  ciiciilaliciii  and 
finiiiinn  (if  llic  hand.  Such  cases  illuslialc  llic  advisii 
liiliiv  iif  conservative  Irealnieiil  of  wounds  of  the  hand, 
and  of  the  attempt  to  save  as  miicli  of  the  member  ns 
possible. 

OmtiixiiiiiK  and  crush  injuries  of  the  hand  and  tinjreis 
are  very  common,  and  exhiliit  all  i;radaiions  from  sliirhl 
bruises  to  eases  in  which  the  hand  is  crushed  and  laccr 
ate(l  into  a  shapeless  mass.asin  niachinerv  injuries.  The 
treatment  is  to  be  jjuided  by  the  circumstances,  but  it 
shdidd  be  as  conservative  as  possible,  and  it  slioidd  be 
remembered  tliat  this  rejiion  |)osses.ses  u'reat  reparative 
power  if  uninfected.  Complete  destiuetion  of  the 
cods  of  the  lin,!;eis  by  crush  injuries,  the  nail  and  all 
the  soft  tissvies  to  the  bone  being  destroyed,  may  be 
followed  by  regenerjilion  .so  complete  that  scarcely  any 
trace  of  the  injury  will  be  perceptible.  Unlike  the 
lower  extremity,  lost  parts  of  the  hand  or  upper  e.\- 
tremilv  cannot  be  sjUisfaclorily  replaced  by  mechani- 
cal apparatus,  so  that  in  injuries  every  attempt  should 
be  made  to  save  as  much  as  pos.sibic  of  this  useful 
and  unreplaccablc  member.  Parts  should  not  be  am- 
putated unless  or  until  it  is  evident  that  repair  is  im- 
possible. 

Fordijn  bodieK.  like  bullets  or  splinters  lodged  in  the 
member,  bitcii  and  utingn  of  insects,  and  other  poisoned 
wounds,  etc.,  .should  receive  the  customary  treatment, 
infection  beinsr  especially  guarded  against.  Spinins  and 
dinlocdlionti  will  be  considered  in  coiuiection  with  the  af- 
fections of  the  joints.  Fractu nn  of  the  metacarpal  or 
phalangeal  bones  are  simple  of  treatment,  requiring  re- 
duction and  immobilization. 

Bnnm  mid  si-nldx  of  the  hand  are  very  common,  causing 
superticial  dermatitis,  uieenition.  or  mure  or  less  necrosis. 
If  the  destruction  of  tissue  is  e.Mensive  they  are  exceed- 
ingly apt  to  be  followed  by  deforming  and  disabling 
cicatricial  contractions. 

Fro.it  Bite.  —  From  their  small  size,  exposed  situation. 
and  distance  from  the  circidatory  centres,  the  lingers  are 
often  frozen,  being  exceeded  in  their  liability  to  this  ac 
cident  only  by  the  ears  and  toes.  Frost  bite  is  apt  to 
cause  complete  necrosis  of  the  tissues  involved,  though 
the  gangrene  may  he  slow,  even  weeks,  in  attaining  its 
full  development.  The  frozen  i)arts  should  at  lirst  be 
thawed  out  very  slowly,  as  by  the  use  of  cold  water,  in 
order  to  avoid  iutlamraatory  reaction.  The  subscciuent 
treatment  is  that  of  the  necrosis  which  may  supervene, 
removal  of  the  slotighs  by  poulticing,  caustics,  or  exci- 
sion, asepsis,  and  protection  of  the  resulting  tilcer;  and 
if  the  gangrene  is  extensive  enough  and  when  the  limits 
of  the  necrotic  process  are  demarketl,  amputation,  pre- 
serving as  much  viable  tissue  as  possible, 

Inki..\m.\i-\i(>kv  Conditioss 

in  the  hand  and  fingers  may  arise  from  mechanical, 
chemical,  or  thermic  irritation,  or  from  tropliic  impres- 
sions in  some  nervous  diseases;  but  they  are  chiefly  (iro- 
duced,  and  to  a  more  serimis  degree,  by  iufeclicm  with 
the  pyogenic  and  other  micro-organisms. 

Inllammation  in  the  hand  may  occur  in  any  part  of  the 
member;  it  may  alTect  special  tissues  or  structures  ex- 
clusively (as  the  joints,  tendon  sheaths,  bones,  etc.,  to' 
be  considered  subse(iuently),  or  it  may  invc>lve  various 
contiguous  li.s»u(s.  Inllannnalion  affecting  the  tissues 
of  a  digit  in  general  is  termed  dactylitis,  though  this  des- 
ignation is  chietly  cm]>loyed  in  coinicction  with  tubercu- 
lous and  syphilitic  dactylitis.  Lesions  of  trophic  crigin 
will  be  considered  in  connection  with  the  corresponding 
nervous  disorders.  Inflammations  of  infectious  origin 
are  intimately  associated  with  the  other  pathological 
pr(')Cesses  presented  by  the  infection,  so  that  often  prac- 
tically the  two  can  scarcely  be  sepantted.  The  treat- 
ment of  simple  inflammations  must  be  guided  by  the  cir- 
cumstances of  the  case,  the  cause,  and  the  associated 
conditions. 


iNFECTIOirS  AXD   PaIHSITIC   CONDITIONS. 

From  its  e.vjxised  location  the  hand  is  especially  liable 
to  infections.  Pathogenic  micro  (irganisms  are  very 
easily  introduced  through  wdunds,  often  so  minute  as  to 
escape  notice  at  the  time,  through  lilisters,  through  bites 
and  scratches  of  animals  and  insects;  a  considerable  vari- 
ety of  infections  may  thus  become  established.  Much 
the  most  fre(|Uent  of  the  infectious  conditions  of  this 
member  are  tliose  of  sup|iurative  nature.  A  small  jiro- 
porlion  of  infections  arc  represented  by  tuberculosis, 
syphilis,  gonorrhu-al  lesions,  lepnjsy,  scabies,  tinea,  and 
others. 

SfPPfUATIVE   AXB    Rl!L.\TKD    InFL.\MM.\TORY   CoXDI- 

Tioxs.  caused  principally  by  the  pyogenic  staphylococci 
and  streptococci,  are  the  commonest  of  the  infections  of 
the  hand,  and  occur  in  a  variety  of  forms,  as  infected 
womids.  celliditis.  erysipelas,  and  abscess.  In  the  ini- 
tial stages  of  these  conditions  the  morbid  process  may  be 
purely  iiiliainmatory.  suppuration  setting  in  later."  In 
some  mild  cases  the  morbid  process  does  not  pass  beyond 
the  stage  of  simple  inflamination,  being  arivsted  before 
suppuration  occurs.  In  some  forms  of  erysipelas  also 
typical  suppuration  does  not  occur. 

The  simjilesl  form  of  pyogenic  infection  is  that  exhib- 
ited by  iiific/til  irmnttlx.  in  which  the  tissues  adjacent  to 
the  injury  are  inflamed  or  supp\irating. 

In  more  severe  eases  the  infection  extends  to  tissues 
more  distant  from  the  wound.  The  treatment  is  the 
Siime  as  that  of  similar  conditions  elsewhere. 

The  terms  cellulitis  and  erysipelas  are  in  certain  cases 
used  interchangeably.  Three  forms  may  be  distinguished 
— indurative,  exudative,  and  suppurative.  • 

litdiinilh-e  En/si/nliiK  is  the  form  characterized  by  a 
slightly  elevated,  red,  indurated,  inflamed  area  on  the 
skin,  advancing  into  healthy  ti.ssuc.  This  is  the  form  com- 
monly encountered  in  facial  erysipelas;  it  occasionally 
occurs  on  the  hand,  originating  from  minute  wounds, 
and  only  exceptionally  proceeds  to  suppuration.  Its 
treatment  is  that  of  the  facial  form,  a  vaiiety  of  proced- 
ures being  available,  as  cold  ajiplications.  tincture  of 
iodine,  painting  with  solution  of  silver  nitrate,  injections 
of  antiseptics,  moist  antiseptic  applications,  sedatives 
and  emollients,  etc, 

Ki-inliitirc  Celliilitix  is  an  infectious  condition  that  often 
involves  the  upper  extremity.  The  infecting  organism 
gains  enti-anee  at  a  wound  about  the  lingers  or  hand, 
often  insignilicaut  and  unnoticed.  The  earliest  symp- 
tom, often  overlooked,  is  a  faint  red  and  inflamed  streak, 
perhaps  a  little  tender,  extending  from  the  point  of  in- 
fection up  the  arm;  this  is  caused  by  an  inflununation  of 
tlie  sidicutaneous  lymphatic  channels,  up  which  the  in- 
fection rapidly  extends.  Next  a  large  accumulation  of 
serous  fluid  occurs  in  the  subcutaneous  ti.ssues,  causing  a 
great  distention  and  swelling  of  the  lingers,  hand,  fore- 
arm, and  more  or  less  of  tlie  entire  upper  extremity. 
This  lasts  for  several  days  before  it  subsitles.  and  is  ac- 
companied by  fever  and  much  iiaiii  (from  the  tension). 
Sometimes  the  case  luoceeds  to  a  general  phlegmonous 
cellulitis,  often  resolution  takes  place  without  stippum- 
tion.  The  treatment  consists  in  disinfection  of  the  orig- 
inal focus  of  infection  if  it  is  discoverable;  inunersion  of 
the  swollen  parts  in  ice  water,  for  hours  and  even  days 
to  mitigate  and  arrest  the  process;  multiple  incisions 
through  the  skin  if  necessary  to  relieve  tension  and  pain 
and  allow  escape  of  fluid;  application  of  moist  antiseptic 
and  sedative  applications;  tight  bandaging  to  keep  the 
swelling  down,  etc. 

.S"/)/"""'n«'  Cilhilitin (phlegmonoiis erysipelas,  abscess, 
etc.)  is  a  suppurative  inllammation  of  the  connective 
tissues  beneath  the  skin.  It  may  be  difftise  or  circmn- 
scribed.  It  may  involve  an  extensive  area,  with  consid- 
erable danger  to  life,  or  it  may  be  localized  and  contined 
to  a  small  region  (abscess).  The  portal  of  infection  may 
be  obvious,  or  the  origin  may  be  (|uite  obscure.  The 
process  begins  with  a  simi>le  inflanunalion,  gradually 
proceeding  to  suppuration ;  or  in  mild  and  abortive  cases 
the  trouble  may  at  no  time  proceed  as  far  asdeliuitc  sup 
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lluiiils  ittiil    I'lii::*  rn. 

Illllldx   1111(1     l-'l  il;j*'rn. 


|iunilii>ii  Till'  trctiliiii'iit.  in  p'lii'nil.  is  llml  nf  kiiiIi 
I'liiiililiiiiis  nciirnillv :  in  tin-  nirly  Kitip's  iiiii-iii|i|h  In 
ulKirl  llir  pnH'i-sx  mill  itvrrl  siippiiraliiili  liy  rulil,  iip|ilii-ii 
lion  iif  liiu'liiri'iif  iiHliiii'.  unit  tin-  like;  wlim  snppiimlioii 
l»  nmnili-slly  ini'vitiilik'  il  iimy  Int  fmiiuniticil  liy  pmil 
tirrs  mill  wiiriii  itpplinitiiins:  miil  iis  Hnnn  iis  siippiinilii<ii 
fiiirly  wis  in,  fni'  im'i>i<>n  iiml  open  liralinrnl  of  tin' 
iilisccss.  Siippiiriilivi'  proirvsis  in  llir  limiil  miil  lin^'i  is 
arc  iipl  III  inn  a  very  slow  mid  protnninl  innrsc  hifoic 
lliiiil  ri-ciivi'ry.  lliis  iiifinlicr  not  appiiiriii};  to  liiivc  nipiil 
ami  \  i;:orons  rcat'livc  ami  ivpantlivc  power  in  such  con- 
ililioiis. 

No  part  of  till'  limid  is  •■xcnipt  from  suppurative  in- 
tlninnmlioiis  or  alis<'i'>s<'s.  Iml  iiTlaiii  rrL'ions  arr  so  siili- 
jiTl  to  llii'si'  infi'i'l  ions  ami  cxliiliit  siuli  special  features 
llial  II  few  special  forms  of  tlie  intliiinnialory  priM'ess  arc 
plainly  ilistiiii;iiis|ialile  anil  rvi|uiii'  special  altt'iilion. 
iimni'ly.  paroiiM-liiii.  wliillow,  palmar  aliscess. 

lioils  anil  carliiiiiclcs  may  occur  in  Iliis  silualion,  lint 
tlic  liainl  is  not  a  favorite  scat  of  lliese  lesions. 

/'.n'><ii//i-///iMlnfei'lioiis) — Tlie  orilinary  ai'Utc  paroiiy- 
rliia.  popularly  terincil  "  riin-arouml"  or  "  rin;;  aroiinil." 
is  an  inllmnination.  sometimes  ninnini;  on  to  suppuiu- 
tioii.  of  the  tissues  at  tile  sides  and  roil  of  tlic  nails.  Il 
is  produced  by  the  various  ]iyou;cnic  liacteria,  whicli 
fjaiii  access  at  the  root  of  the  nail;  there  are  also  syphi 
litieaiid  tnlierciilous  formsof  paronychia  which  are  more 
chronic.  The  intlainmalion  involves  the  cutaneous  and 
sulK-iilaneous  tissues  of  the  circnnuin<;nal  region,  only 
one  linjrcr,  as  a  rule,  lieinsr  alTected  at  a  time.  At  tirst 
the  orilinary  jilicnomena  of  inllainnialion  are  niaiiiresled 
— redni's.s.  ])aiii.  tumefaction.  The  pain  and  tendernc.ss 
arc  not  usually  severe,  hut  are  sullieieiil  to  cause  <onsiil- 
emlile  annoyance  and  irritation.  Many  cases  do  not  go 
iH'Vond  simple  intlamnialioii.  but  others  i)r<iceed  to  sup- 
puration, and  ill  severe  ca.ses  the  nails  iiia.v  bo  cast  oil. 
and  ulceration  may  cusiic.  AVIiilc  usually  acute  and  of 
short  duration,  the  course  of  paronychia  may  sometimes 
be  subacute  and  jirolonjied.  The  inllammatiou  is  apt  to 
Im.'  more  severe  and  more  proloiified  in  those  of  jienerally 
lowered  conslilulional  condilion  or  with  specific  taint. 
Paronychia  is  a  conimon  alTcelion. 

In  the  early  sta.ires.  with  the  view  of  chcckinc  further 
progress  of  the  iullammalion  and  to  relieve  pain,  appli- 
cation.s  of  iodine,  cold,  emollients,  sedatives,  or  poultices 
may  be  employed.  To  promoti'  suppuration  when  inev- 
itable, poullices  are  useful,  and  when  pus  formation  is 
established  free  incision  should  be  praclisedand  the  lesion 
treated  like  .ordinary  abscesses.  The  trouble  usually 
yields  readily  totreatmenl.  In  casesof  debility  orspecilic 
taint  constitutional  trcalmeiit  ma.v  faiilitate  healing. 

Wliilliiir,  t'lliiii.  or  Piiiiiiriliiiiii  (panaris),  is  a  localized 
suppurative  iullammalion  of  the  tissues  of  the  palmar 
portions  of  the  digits.  Abscess  may  affect  the  dorsal 
tissues,  but  is  inncli  more  frequent  in  the  palmar  regions 
of  the  lingers,  where  it  presents  special  features.  As 
regards  pain,  dnralion  of  disjibility.  and  loss  of  tissue, 
whitlow  is  a  condition  of  no  littli' gravity.  Very  often 
there  is  uo  percept ible  wound  by  which  the  infecting 
bacteria  gained  entrance.  Sometimes  the  condition 
arises  after  a  slight  bruise,  blister,  or  other  traumatism 
unacconi)>a!iicd  by  any  solution  of  continuity  of  the 
surfate  skin,  a  slight  contusion  of  the  tissues  probably 
pmdiicing  a  local  lowering  of  vitality  and  lessening  of 
resistance  that  delerinine  the  ilevelopnient  of  infection 
at  the  point.  A  lowered  conslilulional  condilion  may 
sometimes  be  a  predisposing  cause.  Destructive  proc- 
es.ses  in  the  tinirers.  often  culled  whitlows,  are  generated 
by  trophic  intliiences  in  certjiin  nervous  affections,  no- 
tably syringomyelia,  but  these  have  rather  a  necrotic 
character  tlian  the  infections  nature  of  true  whitlows. 
Any  of  the  phalanges  of  tlie  finger  may  be  afTcctid. 
more  frei|Uently  and  often  nuirc  seriously  the  distal 
jdialanx.  Only  one  finger  is  ordinarily  involved  at  a 
time,  and  whitlow  is  a  i|uile  common  affection. 

Three  groups  of  tissues  may  be  involved  in  the  intlain- 
malion— the  skin  and  subcutaneous  tissues,  the  peiios- 
teum  ami  bone,  and  the  tendons  and  their  sheaths.     The 


inllaniinalory  pi..(iss  may  originate  In  any  of  lliew  lU- 
siies,  bill  usiially  ■  xtenilH  from  one  group  to  iiiiother. 
The  course  of  the  ilisi-iuiv  vurien  ncfurtlltig  tu  which 
phalanx  is  alTeeted. 

The  tliittitl  jihtittimiiM  ai< 
alTecled   Ihan   the  iiiiddli 
llmnmatioii    begins    in    tie     -ii.iin. 
shows  llie  signsof  iiillanimalion     ii 
If  llie  infective  process  stalls  d(  e] 


il    more  frei|uently 

il  oneH.  If  the  In- 

i.l    ti  •■       -Uln 

liii-v  ,hi. 

II     li-  ..1  mil 


it.s4'lf  be  red  or  inllanied.  but   the  ^  ;s  liKsiicH 

will  be  ii'demalous  from  tin-  inllamm  'late,  and 

the  linger  at  this  point  will  be  tense  and  xwolleii  and  the 
sent  of  .severe  tlirnbliing  pain.  In  the  distal  phulungeH 
there  are  no  ti'iidons  and  sheaths  to  enter  inio  the  cilsc, 
but  the  subcutaneous  til  nous  i  issues  aieiiilinmlely  uniteii 
with  the  periosteum,  and  iiillanimalion  of  the  subcutane- 
ous tissues  is  almost  certain  loexlend  to  the  periosteum 
and  bone,  especiall.v  if  thorough  incision  is  not  early 
practised.  This  involvement  of  the  bone  in  the  inllani- 
inalory process  is  what  renders  whitlow  in  the  distal 
phalanx  a  rather  serious  condition.  At  first  the  morbid 
process  is  purely  of  intlainmatory  nature,  but  very  early 
siippiinilidii  develops.  Osteomyelitis  sets  in.  and  the 
plialaiigial  limie  becomes  carious  and  necrotic.  The 
ciiiiise  of  the  trouble  is  exceedingly  slow  and  protracted, 
and  weeks  often  elapse  before  healing  is  complete. 

The  fingers  jiossess  quite  .slight  resistance  and  reactive 
powers  against  deep-sealed  suppurative  proce.s.ses,  per- 
haps from  the  relative  circulatory  weakness  of  these  di.s- 
tal  inembers.  Pain  is  marked,  often  excruciating.  The 
tissues  at  the  height  of  the  ])roce.ss  are  boggy  and  infil- 
trated with  serous  and  purulent  lliiid,  and  the  inllamma- 
tion  lends  to  extend  proximally.  Owinir  to  the  freijuent 
deep  silu.'ition  and  contineminl  of  the  infected  area,  the 
iullanimalion  is  jipt  toextend  deep  and  far,  causing  great 
destruction  of  important  structures  bef<ire  it  will  make 
an  opening  spontaneously  through  the  skin.  Granula- 
tion is  slow  to  develop,  but  when  well  established  the 
sinus  is  in  a  healing  condition  and  on  the  way  to  obliter- 
ation. 

Whitlows  involving  the  inidilh  or  prorimal  phiilnn(jFS 
are  rather  less  coiiinion  and  geMcrally  less  .serious  and 
protracted  than  in  the  distal  phalanx.  In  these  situa- 
tions the  tendinous  striicturesare  interposed  between  the 
subcutaneous  tissues  and  the  periosteum  and  bone,  and 
to  a  large  extent  (irotect  the  latter  from  involvement. 
The  escape  of  the  bony  structures  from  infianinialion 
considerablv  mitigates  the  severity  of  the  ca.se.  The 
morbid  process  readily  extends  along  the  tendons  and 
tendon  sheaths,  and  from  destruction  of  their  ti.ssiie  or 
the  foi  Illation  of  adhesions  may  cause  considerable  jier- 
mancnt  dis;ibility  and  impairment  of  function.  Aside 
from  the  special  conditions  otTered  by  the  presence  of 
the  tendons  and  the  partial  protection  of  the  bone,  the 
clinical  features  of  whitlow  in  the  two  |>roxinial  pha- 
langes are  much  the  ssime  as  in  the  teriniiial  phalanges. 
The  infiammatinii  may  begin  deep  in  the  tissues,  the 
more  superficial  slruclures  being  aileniatous  and  swol- 
len, and  the  surface  not  especially  reddened.  The  infec- 
tion may  ext<nd  greatly  in  the  tendon  sheaths  if  an  open- 
ing is  not  made  in  time  through  the  overlying  tissues. 
There  is  special  liability  to  extension  of  infianinialion 
along  the  tendon  sheaths  of  the  thumb  and  little  finger 
into  the  palm.     Pain  is  severe  and  healing  is  slow. 

In  treatment  of  whitlows,  at  their  very  inception  an 
atte:iipt  may  be  made  to  abort  the  intlainmalion  by  tinc- 
ture of  iodine,  application  of  cold,  or  subciilancous  in- 
jections of  antiseptics  like  jdicnol.  Such  measures  will 
not  often  be  successful,  and  if  the  infective  process  con- 
tinues to  advance,  radical  treatment  should  be  earlv 
adopted.  Deep  and  thorough  incision  into  the  inflamed 
tissues  is  then  neces-sary.  Mere  incision  through  the 
skin  is  not  sufiicient  unless  the  trouble  is  all  superficial; 
the  opening  must  be  carried  down  into  the  focus  of  in- 
fection. To  secure  thorough  opening,  therefore,  in  the 
distal  phalanx  the  incision  should  be  carried  down  to  the 
periosteum;  in  the  other  phalanges  incision  to  the  ten- 
dinous structures  will  usuallv  be  sufiicient.     Free  expos- 
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uio  of  tlic  affectefl  rcjrion  relieves  tension  nnil  piiin  nnil 
jiiiivlilfs  II  sort  of  siil'ely  vent,  tcnilini;  to  prevent  llic 
fiutlier  deep  extension  of  suppuration.  All  friiijrincnls 
of  neerolic  bone  sliould  lie  removed,  and  eurellini;  may 
lie  neeessjirv.  I'oulliees  are  useful  lioili  In  lore  aii<l  after 
the  ineision  is  made,  to  promote  jius  formation,  relieve 
pain,  and  stimidate  granulation.  Draiimire  sliould  lie 
provided  for.  and  the  ineision  not  allowed  to  close  pre- 
maturely. Packing  with  iodoform  gauze  nll'ords  drain- 
age ami  stimulates  healing.  Anodynes  to  relieve  iiain 
will  often  he  required,  and  in  deliilitated  patients  general 
tonic  ireiitment  is  indicated.  Healing  must  he  e.\pected 
to  he  very  slow, -tiiul  some  perniaiKiil  deformity  or  im- 
pairment of  the  motor  jiowers  often  follows. 

Pabiiiir  Almeess. — Abscesses  in  the  palm  of  the  hand 
often  involve  the  sheath  of  the  fle.\or  tendons  in  this  situ- 
ation, either  primarily,  or  by  extension  froni  the  digital 
tendon  sheatlis  or  from  the  subcutaneous  tissues  and 
fascias  of  the  palm.  The  anatomical  arrangement  of  the 
sheaths  of  the  tlexor  tendons  in  the  digits  ami  palm  is  an 
important  factor  in  jialniar  abscess.  In  the  jialm  is  a 
large  synovial  sheath  eonimou  to  the  llexor  tendons;  this 
is  continuous  with  the  sheath  of  the  tendons  belonging  to 
the  thumb  and  little  linger;  but  the  flexor  tendon  sheatlis 
of  the  index,  middle,  and  ring  lingers  are  closed  at  their 
proximal  ends,  and  are  not  connected  with  the  large 
common  sheath  in  the  palm.  Conseciuently  inflamma- 
tion of  the  tendinous  structures  of  the  thumb  and  little 
linger  can  easily  extend  into  the  large  jialmar  tendon 
sheath,  and  \\w.  versa,  while  in  the  other  tliiee  digits  in- 
tlamniatory  processes  do  not  extend  from  digits  to  palm. 
In  whitlows  of  the  thumb  and  little  linger  special  care 
should  therefore  be  taken  to  prevent  extension  iuto  the 
palm.  The  iuflammator_v  jiroeess  nia\'  exteiul  wideh', 
especially  if  not  adequately  treated,  involving  more  or 
less  of  (lie  tissues  of  the  entire  hand,  even  to  necrosis  of 
the  metacarpal  orcarjial  bones.  Palmar  abscess  is  mani- 
fested by  swelling,  severe  pain,  heat,  coustitntioual  dis- 
turbance, fever,  etc.  It  is  quite  a  serious  condition,  and 
may  result  in  more  or  less  stifTeuing  of  the  lingers,  per- 
manent injury  of  the  tendons,  and  impairment  of  the 
motor  functions  of  the  hand;  even  death  nia\'  occur 
from  exhaustion,  general  sepsis,  or  hemorrhages. 

The  main  feature  of  treatment  of  palmar  abscess  con- 
sists in  early  and  free  ineision,  so  as  widely  to  expose  the 
inllamed  parts.  Care  shouhl  be  taken  to  open  the  main 
suppurating  foci,  and  not  to  stop  with  opening  iuto 
small  secondary  sinuses  or  superlicial  anlematous  areas. 
Radical  ineision  relieves  tension  and  pain  and  localizes 
the  process  so  as  to  prevent  further  extension.  Longi- 
tudinal incisions  in  the  palm,  along  the  middle  line  of  the 
metacarpal  bones,  can  b<'  freely  made  beyond  the  level 
of  the  web  of  the  thumb  without  interference  with  the 
digital  vessels  or  iialmar  arches.  Aside  from  the  special 
points  mentioned  and  the  greater  area  involved,  the  clin- 
ical features  and  treatment  of  palmar  abscess  and  of 
whitlow  are  much  the  same. 

TiBF.ncfLosis. — The  hand  and  fingers  are  subject  to 
tuberculosis  like  other  parts  of  the  body.  Infection  may 
arise  not  only  in  the  usual  way,  by  internal  conveyance 
of  the  bacilli,  but  also  by  direct  inoculation  through  slight 
wounils  from  contact  with  external  infectious  material, 
as  in  the  case  of  persons  whose  oeeupation  necessitates 
the  handling  of  diseased  and  dead  tissues,  like  physicians, 
nurses,  butchers,  cooks,  cattlemen,  tanners.  Notwith- 
standing this  exposure  to  external  infection,  tuberculous 
lesions  of  the  hand  and  fingers  are  not  common.  The 
bones,  joints,  tendon  sheaths,  and  skin  are  the  structures 
chiefly  afTected. 

Tuberculous  osteomyelitis  or  osteitis,  with  enlarge- 
ment, chronic  suppuration,  sinus  formation,  caries,  ne- 
crosis, loss  of  considerable o.sseous  substance,  and  the 
usual  idienomena  of  this  condition,  may  involve  any  of 
the  bones  of  the  hand,  sometimes  primarily  (so  far  as  the 
hand  is  concerned),  sometimes  secondarily  liy  extension 
from  a  lupus  vulgaris,  occasionally  by  extension  from 
a  tuberculous  joint.  Tuberculous  arthritis  affects  by 
preference  the  larger  jointsof  the  body,  though  the  wrist 


joint  is  sometimes  affected :  tuberculosis  of  the  wrist  and 
joints  of  the  lingers  more  often  arises  by  extension  from 
foci  in  llie  neighboring  bones  or  skin  than  primarily. 
Chronic  tuberculous  inilanimation  of  the  tendon  sheaths 
(See  below,  p.  .Ml!)  in  the  forearm  and  hand  may  arise, 
either  primarily  or  by  extension.  In  all  these  (  ascs  the 
c<mrse  of  the  disea.se  is  protracted  and  chronic,  though 
recovery  may  ensue.  Sometimes  the  tuberculous  in- 
volvement of  the  hand  occurs  in  association  with  tuber- 
culosis elsewhere,  as  in  the  vcrtebiie  or  lungs;  in  other 
eases  the  infection  may  make  its  lirst  appearance  in  the 
hand.  From  tlie  hand  the  disease  may  ext<'nd  to  the 
lymphatic  glands  of  the  arm.  or  general  infection  of  the 
body  may  occur;  in  .some  cases  the  system  may  escape. 
Great  deformity  of  the  hand  may  follow  after  healing  of 
the  lesions,  from  cicatricial  contratfionsand  lossof  tissue. 

The  chief  clinical  forms  in  which  tuberculosis  of  the 
skin  appears  in  the  hand  arc  lupus  vulgaris  and  tuber- 
cidosis  verrucosa. 

Lupus  n/tr/tirh  affects  the  face  most  fre<|uently.  but  in 
a  considerable  ludportion  of  casesat  lacks  tlieextremities, 
including  the  hand  and  fingers.  Thedorsumof  the  hand 
is  the  locality  chiefly  aflecled,  the  disease  only  very 
rarelj'  beginning  in  the  ]ialni.  The  disease  occurs  or  be- 
gins chiefly  in  childhood.  It  runs  a  very  slow  and 
chronic  course,  though  at  times  it  makes  rapid  progress. 
Lu]ius  vulgaris  sometimes  originates  directly  from  ex- 
ternal ino<-ulation.  but  the  infecting  bacilli  are  usually 
derived  from  sources  within  the  body,  and  the  condition 
is  often  secondary  to  other  tuberculous  lesions.  Clini- 
cally the  alTeetion  arises  from  soft,  lirownish-red,  paiidess 
nodules  which  develop  in  the  corium  singly  or  in  coales- 
cent  aggregations  and  cause  a  slight  projection  above 
the  cutaneous  surface.  The  nodules  may  run  their  course 
as  such,  and  undergo  involution  and  ab.sorption.  leaving 
a  superficial  des(|uanialing  area  and  a  sunki-n  ci<"itrix; 
or  lliey  are  very  apt  to  break  down  and  form  shallow 
ulcers;  or  the  alTected  tissues  may  proliferate  in  exuber- 
ant fungoid  granulations.  After  pursuing  an  exceed- 
ingly protracted  course  for  months  or  years,  the  ulcers 
may  heal,  and  great  cicatricial  contraction  or  elcphantia- 
siform  enlargement  may  result.  In  the  hand  the  tuber- 
culous process  may  extend  from  the  skin  downward  to 
the  subcutaneous  tissue,  tendons,  and  bones,  causing 
widespread  involvement  of  the  jiarts  (as  in  tuberculous 
dactylitis),  with  suppuration,  abscesses,  sinuses,  caries, 
and  necrosis  of  bone.  After  healing  from  such  a  condi- 
tion great  deformity  is  ajit  to  result,  the  fingers  being 
distorted,  nuitilated,  twisted,  thickened,  ankylosed,  etc., 
from  cicatricial  contractions  and  loss  of  tissue. 

Tuherctihms  rerniCDsa  is  a  form  of  cutaneous  tubercu- 
losis difTering  in  some  of  its  clinical  features  from  lupus 
vulgaris.  It  arises  chiefly  from  direct  external  inocuhl- 
tion  of  the  skin  with  the  tubercle  bacilli,  and  hence  oc- 
curs mostly  in  adults  whose  oceuiiation  ex|ioses  them  to 
the  handling  of  infected  tissues  or  other  material.  The 
hands  and  fingers,  especially  their  doreal  surfaces,  are 
therefore  the  cominonesl  .scats  of  tuberculosis  verrucosa, 
though  other  parts  of  the  body,  as  the  elbows  and  knees, 
are  also  subject  to  it.  The  essential  lesion  of  tuberculo- 
sis verrucosa  begins  as  a  jiaptile  in  the  corium,  w  liich 
becomes  pustular,  then  breaks  down  and  forms  a  small 
ulcer,  upon  which  jiapillary  growths  develop,  and  after 
some  time  become  c<ivered  witlia  horny  mass.  The  cliar- 
acleristie  feature  of  fully  developed  verrucose  tuberculo- 
sis is  the  tendency  to  horny  or  warty  paiiillary  prolifera- 
tion.    The  disease  extends  slowly  from  a  centre. 

The  simplest  form  of  the  trouble  is  the  i-trnirii  inrni- 
(^cHjfrt.  also  called  ■' ])ost-mortem  wart"  and  "anatomical 
tubercle,"  which  is  a  small  nodule  found  on  the  fingers 
or  hand  of  persons  exposeil  to  local  inoculation,  as  phy- 
sicians or  nurses  engaged  in  clinical  or  autopsy  work. 

Fully  developed  tuberculosis  verrucosa  is  similar  in 
nature,  but  of  greater  extent.  In  this  condition  there 
are  slightly  elevated  horny,  warty  piitches  on  the  skin, 
varying  in  size  from  small  areas  to  large  placpies  cover- 
ing the  entire  dorsum  of  the  hand  and  even  extending 
over  on   the   palm.     The   patches  are  aggregations  of 
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wiirty  ikmIiiIoshiuI  slowly  cxUinil  iit  tin-  piTipliory.  They 
liurc'iiii  iTyllu'iiiiitniiH  lionlrr.  insiilc  Hliiili  is  ii  /(iiic  nf 
|iiistulrs:  llir  I'cnlri- cif  Ilic  luilcli  in  ix'i'iipiiil  liy  iiii  lit; 
ftrrfriiti"!'  "f  wiirlv  luiirnlrs  <oviTi'il  wlili  cruslH  iiihI 
liiiriiy  iiiulcriiil.  'I  licrr  nmy  Iw  crosiniis  iinil  iKsiins.  Iml 
lliiTi'  is  litllr  U'IkIcik  y  ti«  ulri'mlicm  Tlii'  (ciiirr  iimy 
uiiiliTu'iiriJuiliilinii.  Ii'iiviiii;  ii  iiiilriil  ririilrix  suiniiiiiiliil 
liy  11  ilis4iisi'  riii;;.  Tlir  cniirsc  cif  the  ilisriiHC  is  very  slow 
1111(1  cliinnir.  soiiii'iiincs  i-oiitiiniitiK  fnr  yi-iirs,  I'suiilly 
llir  >;i'ii<'nil  (iinilitiriii  is  imt  iiiipiiiri'd,  unci  tlic  li'sjoii  in 
iiiit  iiriliiuirily  fiilliiwrd  l)y  scricms  rcsiills:  iri'iicnil  tiibi-r- 
ruliisis  limy,' linwcvcr.  orlKiiiiitc  from  (lie  ('utiiiiiMnis  in- 
fi'clidii. 

In  liotli  lupus  vnlu'iiris  iinil  vcrriirous  tiihcirulosis  llic 
t'ssciilitil  li'siim  is  liilirrclt'  fnniiiilion  in  tlir  <'iiriuiii,  iind 
in  Iwiiji  luliircli-  tmiilli  have  txrn  ilcinonslniU'd. 

In  MildilidM  to  llirsc  Iwn  types  (if  cutiiiKMUis  tuhorcil- 
Idsis  oilier  cliiiieal  forms  of  tiilierculoiis  (lerniiilitis  and 
celliililis  may  oeenr.  Cliidiiic  paronychia  of  nilierciilous 
oriiiin  has  Ihcii  oliwrved:  and  some  cases  of  "  iiialiL'iiant 
paronychia."  in  wjiicji  there  is  extensive  ulceration  and  a 
pidlfacled  and  severe  local  condition,  are  supposed  to 
Ih'  of  tulicrculous  nature.  An  inltanimatoiy  tuliereulous 
tumor,  nol  of  warty  naliire,  has  liecn  known  to  follow  a 
slight  wound  on  the  hand  caused  liy  the  tliumli  nail,  in 
the  case  of  a  physician  who  at  the  time  was  treating  two 
cast's  of  tuliereulous  laryngitis  (SeliamherL'). 

1  iilitreiiUiiit  tliirliiUlii,  or  tuberculous  intlainmatioD  of 
various  tissues  of  the  digits,  though  an  uncommon  con- 
(liliiHi.  presents  some  distinctive  features.  It  may  arise 
as  a  secondary  extension  from  lupus  vulgaris  in  the 
vicinity  as  already  stated,  liul  the  more  typical  cases 
originate  in  tuberculous  osteomyelitis  of  the  phalanges. 
Tubercle  formation  begins  in  the  marrow  of  the  phalnu- 
geal  bones,  especially  neartliearticular  ends;  the  cortical 
bone  becomes  gnidually  involved,  while  new  bone  is 
simultaneously  forined  by  the  periosteum.  In  this  man- 
ner the  i>halanx  assumes  a  eliaraeteristic  fu.siform  shape. 
enIari;(Ml  at  its  middle.  Later,  the  process  may  extend 
to  neighboring  tissues,  joints,  and  librous  siruelures.  and 
there  is  usually  a  tendency  to  suppuration  and  sinus 
formation.  Caries  and  necrosis  of  the  lioiie  is  apt  to  fol- 
low, and  from  the  destructi(Mi  of  a  part  of  or  even  an 
entire  phalanx,  deformity  results  after  healing,  especially 
shortening  of  the  finger.  The  skin  is  thickenetl.  tense, 
and  may  be  pale.  red.  or  purple.  Pain  is  slight;  the 
affected  part  may  be  hard  or  soft.  The  disease  occurs 
especially  in  childhood,  and  often  in  association  with  tu- 
iM-rculosis  elsewhere,  as  in  the  vertebras  or  there  may  be 
a  family  history  of  tuberculosis.  The  disease  is  very- 
slow  anil  chronic  in  its  course.  Recovery  from  the  locfll 
trouble  may  follow,  often  with  deformity:  or  general 
tuberculosis  may  ensue.  Onetligit  alone  may  be  affected, 
or  a  number  (not  necessarily  adjacent)  may-  be  succes- 
sively involved.  The  proximal  phalanges  are  apt  to  be 
the  ones  affected. 

Tuberculous  dactylitis  is  (piite  similar  in  its  clinical 
nianifestaiions  tosyphilitic  dactylitis,  and  has  often  been 
mistaken  for  the  latter.  The  history  (personal  and  fam- 
ily), the  effects  of  specific  treatment,  etc.,  must  be  taken 
into  account  in  making  the  diagnosis.  The  enlargement 
of  the  phalanges  is  more  spindle-shaped  in  the  tubercu- 
lous form,  more  spherical  in  the  syphilitic  form.  The 
condition  may  also  resemble  whitlow,  chondromata.  ex- 
ostoses, sjircoma.  and  by iiertrophic  conditions;  but  the 
history,  the  course  of  the  case,  the  tendency  to  su|ipura- 
tion.  and  other  clinical  features  usually  permit  ready  dif- 
ferentiation from  these  conditions.  As  to  prognosis,  a 
protnicted  course  of  the  disease  is  to  be  expected,  but 
recovery  often  results  and  may  be  usually  expected  if 
general  tiiiierculosis  does  not  occur. 

The  trentiiimi  of  tutjerculous  lesions  in  the  deeper  tis- 
sues of  the  hand  is  the  ssime  as  that  of  such  conditions  in 
general — constitutional  treatment  (cod-liver  oil.  arsenic, 
etc.).  opening  of  suppurating  foci,  curettage,  injections 
of  iodoform  emul.sions.  etc.  In  the  cutaneous  forms  of 
the  disease  vigorous  local  treatment  often  effects  a  cure. 
Curetting  is  very  useful  for  ulcerating  and  granulating 


surfuces,  In  conjunction  with  cuumiIck  like  iillver  nitmlv, 
arsenic,  and  Hiilieylicacld  prepanilionH.  Nodular  and 
warty  lesioim  are  well  treated  with  lliernio  or  galvaiio- 
eaiilery  or  puncture.  Small  iireiiH  may  Ih'  exelsi'd.  but 
cicatricial  eontnictioii  or  reciuiiiK  e  of  ilie  diMiise  in  llio 
scar  may  follow;  skin  grafiint--  "  ■■  '■■  'i-.ful  ireiitment 
for  ulcers  followiiii;  excision.  ri.  in  crossing 

s«'rie8ofcl(is(- parallel  lines,  has  !■  recommended, 

but  rei|uires  repeate(I  seances  and  ii  U>uti  lime. 

Svriiii.is. — Like  other  parts  of  the  body,  the  hand  iimt 
fingers  are  subject  to  various  inanirestatioiiH  of  syphilis, 
ImiIIi  inherited  and  ac(|uire(l  forms  of  the  dihea-se:  a  few 
special  features  are  exhiliiled  in  this  rcL'ion.  The  chief 
syphilitic  lesions  encoiintiicd  on  the  hand  are  the  chancre, 
various  syphilides.  syphilitic  paronychiu,  syphilitic  ony- 
chia, gummata  and  inllamiimtory  processes  in  the  deeper 
tissues,  syphilitic  dactylitis. 

The  fingers  and  hand  are  occasionally  the  seat  of  the 
initial  r/ntni-ir.  the  primary  inoculation  laking  place  at 
this  point  not  infre(piently  in  physicians  from  exposure 
III  lliir  infection  in  the  course  of  clinical  work,  or  in 
others,  not  innocently,  from  libidinously  handling  the 
genitals.  The  inoeidalion  is  apt  to  take  place  about  the 
nails,  though  the  chancre  may  be  situated  on  oilier  parts 
of  the  hand,  and  may  resemble  paronchyia  or  whitlow. 
The  chancre  is  usually  red.  thickened,  elevated,  indu- 
rated, and  circumscribed,  but  ordinarily  does  nol  show 
much  tendency  to  ulceration.  Its  course  is  slow.  It  is 
folUiwed  by  enlargement  of  the  epitroclilear  gland,  and 
often  of  the  axillary  glands. 

Jtost  of  the  varieties  of  ni/pliiUileJi — macular,  papular, 
vesicular,  pustular,  tubercular — may  affect  the  skin  of 
the  hands.  The  palms  are  (|uite  favorite  seals  for  the 
development  of  many  syphilides,  especially  the  papular 
and  sijuamous  forms,  and  exhibit  a  special  tendency  to 
desquamation  of  the  lesions.  The  dorsum  of  the  hands, 
on  the  contrary,  is  comparatively  quite  exempt  from 
most  forms  of  cutaneous  .syphilis;  the  ulceratinir  tuber- 
cular sypliilide.  however,  fre(|uenlly  involves  the  liack 
of  the  liand.  The  moist  syphilitic  papule  may  affect  the 
interdigital  angles. 

Partly  owing  to  its  thick  epidermis  and  marked  des- 
quamating tendency,  the  palm  (with  the  sole)  exhibits  a 
special  form  of  sy])hili(le.  the  )>alniar  (and  plantjir)  syph- 
ilide.  The  lesions  of  this  condition  consist  of  irregular 
patches,  only  slightly  elevated,  covered  with  .scales,  be- 
neath which  is  the  dull  red  infiLtratedcorium.  The  mar- 
gins of  the  patches  are  especially  scaly.  The  patches 
may  coalesce,  forming  serpiginous  areas,  and  deep  fissures 
into  the  coriuin  may  develop.  Sometimes  instead  of  des- 
quamating the  epidermis  becomes  hard  and  horny.  Sub- 
jective symptoms  are  ordinarily  absent.  The  lesions 
may  occupy  only  a  small  area,  or  may  extend  over  the 
entire  palm,  only  rarely  proceeding  to  the  dorsjil  surface 
or  beyond  the  wrist.  They  may  ilevelop  early  or  late  in 
the  course  of  syphilis,  are  very  chronic  in  their  course,  ex- 
ceedingly obstinate  and  resistant  to  treatment,  and  show 
marked  tendency  to  recurrence. 

Syphilitic  Paronychia,  or  involvement  of  the  tissues 
about  the  nails  (of  fingers  or  toes),  exhibits  three  chief 
types,  a  dry  or  corneous,  an  inflammatory,  and  an  ulcer- 
ative form. 

Dry  or  Conxwix  Syphilitic  Paronychia,  the  common- 
est form,  is  characterized  by  a  horny  thickening  or  jiro- 
liferalion  of  the  ciicumungual  epidennis.  with  repeated 
exfoliation.  It  begins  as  a  small,  hard,  horny  mass  at 
the  side  of  the  nail,  which  increases  in  size,  and  may  ex- 
tend entirely  around  the  nail  or  even  invade  the  entire 
dorsum  of  the  last  phalanx.  This  thickened  c]>idermis 
cracks  and  exfoliates,  leaving  the  surface  ragged  and 
scaly.  There  is  slight  tenderness,  and  a  yellowish-white 
color.  The  corium  is  more  or  less  infiltrated,  and  in  bad 
cases  mav  be  thickened,  fissured,  excoriated,  and  pain- 
ful. Th(j  nails  are  only  slightly  affected.  The  jiroccss 
is  very  indolent  and  recurrent,  lind  occurs  in  the  second- 
ary stage  of  the  disease.  Several  fingers  are  usually  at 
fected  successively. 

Inflammatory  Syphilitic  Paronychia  begins  ais  a  paptile 
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or  iiodiiU'.  usuiiUy  nt  the  siilc  of  Uie  iinil.  somelinies  over 
the  iiiiilrix.  which  piiisurs  a  very  slow  ((iiiisc  wjllniut 
HC'tivc  inlhiiniiialiciii  or  tciKlciicy  lo  siippiiiiilion  nr  ulcer' 
alidi).  and  disjippears  liy  ahsorptidii.  The  alTecleil  urea 
is  hard,  dusky  red.  slifrhtly  tender.  Onychia  nnly  e.\- 
eeptiniially  e<ie.\isls.  It  is  nften  lonliiied  lo  a  single 
di,!,'il.  It  occurs  in  the  .secondary  .stage,  especially  in 
those  of  poor  health  and  often  in  children  with  congeni- 
tal syphilis. 

I'Innttirf  Si/ji/iilitir  I'moiii/rliiii  is  a  severe  condition 
caiiseil  by  a  jruminatous  process,  with  necrosis,  in  the 
coriiini  and  subcutaneous  tissues.  It  is  a  secondary  or 
perhaps    rather   a 


terii;  pheiiouie 
uoii.  I  develops 
especially  in  se- 
verc>  neglected  or 
debilitated  cases 
of  .syjihilis.  It  is 
often  eonlined  to 
a  single  linger, 
and  is  verychronie 
initscour.se.  The 
lesi(«i  consists  of 
an  inddleni  ulcer 
with  underinincd 
edges,  atid  sur- 
r  o  u  II  d  e  d  by  a 
iiiiscd  <lusky  or 
red  border.  An 
ab\Hidant  thin  .se 
III  purulent  dis- 
charge is  given 
olT.  From  e.xten- 
sion  of  ideciation 
to  the  nmliix  and 
nail  IhmI,  the  nail 
beeonies  iliscol- 
tired,  underniiued. 
and  loo.sencd.  and 
may  be  cast  off. 
In  severe  casi'S 
the  granulations 
become  exuberant 
haps  embedded  in 
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anil  fungous;  the  cast-off  nail  is  per- 
their  midst  as  an  irritating  foreign 
body ;  the  tissues  about  the  ulcer  swell  and  become  in- 
durated: the  entire  dorsiil  surface  of  the  phalan-\  may 
be  invaded;  and  the  digit  may  become  clubbed.  If  the 
nail  bed  and  matrix  are  destroyed  no  new  nail  will  be 
formed  when  the  \deer  cicatrizes. 

In  the  treatment  of  syjiliilitic  paronychia,  mercury 
alone  or  with  the  iodides  is  indicated.  The  iodides 
should  be  given  especially  freely  in  the  ulcerative 
form.  Local  treatment  should  be  followed  according 
to  the  indications.  The  affected  finger  tips  shindd  be 
protected  from  irritation  by  fingerstalls,  etc.  In  the 
ulcerative  paronychia  removal  of  the  nail  will  often 
be  desirable  to  prevent  its  acting  as  an  irritant  foreign 
body. 

Si/ji/iilflic  Oni/rliiii  is  an  altered  condition  of  the  nails  (of 
botli  tingcrs  and  toes)  caused  by  defective  nutrition  and 
not  of  iiHlammatory  nature.  It  occurs  in  the  secondary 
stage  of  syphilis,  both  in  the  acipiireil  and  in  the  congeni- 
tal forms,  and  sometimes  appears  in  very  young  infants. 
Several  nails  are  usually  involved,  cither  simultaneously 
or  successively.  It  is  oidy  exceptionally  associalid  with 
paronyclii:i.  All  the  forms  pursue  a  very  chronic  pain- 
less course;  ultimately  recovery  is  perfect,  and  normal 
nails  are  reproduced. 

Sypinlitic  onychia  exhibits  a  number  of  different  clini- 
cal varieties,  as  follows; 

1.  In  the  commonest  form,  "onyxis  craipiele."  in  mild 
cases  the  nail  liecomes  dull  and  lustreless,  yellowish,  brit- 
tle, and  breaks  easily  on  its  edge;  a  similar  condition 
may  also  oiiin-  in  other  chronic  or  debilitated  conditions. 
In  severe  eases  the  nail  in  addition  becomes  marked  by 
|)arallel  ridges,  and  the  free  edge  thickens  and  cracks 
and  breaks  easily,  leaving  an  irregular  broken  margin. 


This  condition  is  sometimes  associated  with  dry  paro- 
nychia. 

•J.  In  a  second  variety,  the  nail  gradually  and  insidi- 
ously separates  from  the  nail  bed.  begiiming  distaily  and 
extending  toward  the  root  of  the  nail.  The  separated 
portion  is  discolored.  I'stially  the  nail  is  only  partially 
detached,  but  occasionally  it  is  entirely  cast  oil. 

3.  In  another  form  the  growth  of  the  nail  or  formation 
of  the  nail  siihslance  is  entirely  or  partially  arrested. 
The  boUMilary  between  the  old  nail  aial  the  new  jjortion 
is  foinied  by  an  irregular  transver.>;e  line,  which  ad- 
vances toward  the  end  of  the  nail.     The  old  nail  becomes 

di.si-olored, ridged, 
loo.sincd.  and  fi- 
nally drops  oiT, 
and  its  place  is 
taken  by  epider- 
mis or  by  a  thin 
and  imperfect  nail 
structure. 

4.  There  is  also 
a  hypertrophic 
form,  in  whicli  the 
nail  becomes 
greatly  thickened, 
with  its  surface 
dry,  uneven, 
cracked  and  split, 
yellowish,  dirty, 
unsightly. 

Besides  these 
varieties  other 
forms  of  syphil- 
itic onychia  some- 
times occur,  sim- 
ilar in  their 
general  nature,  all 
being  conditions 
of  lowered  nutri- 
tion. The  treat- 
ment consists  in 
t  h  e  administra- 
tion of  mercury 
(rather  than  iodide),  with  tonics,  etc..  in  debilitated  con- 
ditions. The  linger  tips  should  be  protected  by  stalls, 
etc.  The  prognosis  is  good,  and  well-formed  nails  are 
almost  always  ultimately  produced. 

Oiimmutoiiii  ami  Jnfliiinniiit'/rj/  Processes  may  involve 
the  deeper  tissues  of  the  hand  anil  fingers  in  much  the 
Siimc  way  as  in  other  parts  of  the  body.  The  stdicutane- 
ous  tissues  may  be  the  seat  of  gununata.  which  may 
breakdown  and  ulcerate;  the  palm,  however,  is  almost 
exempt  from  this  lesion.  The  tendon  sheaths  aljout  the 
fingers  are  subject  to  gummata  and  to  chronic  and  acute 
S)'philitic  inrtammation.  The  bones  and  periosteum  may 
be  affected  in  various  ways,  in  the  form  of  gummata, 
periostitis,  osteomyelitis,  osteitis,  caries,  necrosis. 

tfypliilHir  Jhirtylilia  is  a  specific  involvement  of  the 
tissues  of  the  digits  [iresenting  distinctive  clinical  feat- 
ures, first  delinitely  recognized  by  R.  W.  Taylor  in  1871. 
It  is  one  of  the  tertiary  or  late  manifestations  of  syphilis, 
and  occurs  both  in  aciiuired  and  in  inherited  forms  of  the 
disease,  and  hence  both  in  children  and  in  adults.  The 
fingers  are  oftciier  attacked  than  the  toes.  Any  of  the 
fingers  may  be  alVectid.  but  the  middle  and  ring  fingers 
are  said  to  be  oflenest  involved.  One  linger  may  be  af- 
fected, or  several,  sinuillaneously  or  successively.  The 
lesion  consists  essentially  in  a  gummatous  infiltration  of 
the  soft  or  hard  tissues,  which  is  apt  to  undergo  necrosis 
and  ulceration,  together  in  some  eases  with  chronic  in- 
flammation and  secondary  pyogenic  infection.  Two 
varieties  of  the  disease  are  distinguished:  (1)  that  in 
which  the  subcutaneous  and  ligamentous  structures  are 
primarily  and  ehielly  affected,  and  ("3)  that  in  which  the 
bone  or  periosteum  bears  the  brunt  of  the  disease. 

1.  In  the  lust  variety,  or  "syphilitic  panaris,"  the  sub- 
cutaneous fibrous  tissues  ami  the  ligaments  about  the 
joints  undergo  gummatous  infiltration.     The  dorstd  sur- 


3485.— Syphilitic  Onyi-tiia.    (Original.) 
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Fir.,  t. — Ruyimud's  Disciise.  Showing  Gangrene  of  the  Finger.     (Personal  observation.) 
Fig.  2. — Paronychia  Caused  by  Infection  witli  Bacillus  Pyocyaneus.     (Personal  observation.) 
Fig.  3. — Digital  Chancre. 
FtG.  4. — Tinea  (ircinala  on  the  Han<l. 
{Illustrations  drawn,  from  cases  observed  by  Dr.  J.  B.  Nichols,  by  H.  C.  Slacatee,  M.D.,  of  Washington.  D.C.) 
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BIiiikIm  iiiiil    t-'luiivm. 


fitci'H  lire  nilluT  iiion-  lliiblr  !■>  litis  rnriii  lliiiti  llic  |>iiliiiiii' 
siirfiircN,  Miicl  till'  |ini\liiiiil  |iliiiliiiii;i'h  tii'r  cspi  riiillv  iif 
firlcd.  'I'lic  |iiiiis  iiiriili'il  iiicniisr  in  h\/.v  iiiiiI  lire  Iiiim' 
anil  Imi'il.  nr  sufl  iiml  Hi'iiilllui-liiiilini;.  Tin-  nvi'ilviiii.' 
skin  is  imrplisli  nr  viultt  in  rulnr.  'I'lir  Kuniiniiln  niiiv 
lirnik  iliiwn.  lint  do  mil  linil  In  siiiipimiti'  Tin-  ilisnisr 
|iri>riss  ill  llir  liiriiniinls  sciniiliinisi-Miiiils  In  llir  iiilirii 
liir  slinrlinrs  limiiitli  llir  synuvial  nirniliniiiis.  llir  arlir 
iilar  carliliiiirs.  or  limir;  bul  llir  jiiini  usually  rscapi'S 
siiiiiiis  inviilvi'tiii'iit.  Till'  cniirsi'  of  llir  alTi  rliim  is  vrry 
rlirnnir  anil  iirarly  |iiiiiilrs.s.  anil  it  is  soinrtiniis  vrry  rr 
sistanl  III  Irralnirnl  ami  Imils  In  rrriir.  This  riiiiililinii 
may  lir  (lisiini;iiisliril  frniii  gmil,  ariilr  rliriiniiitii'  ailliri- 
tis.'nr  wliillnw  by  its  rlironic  painless  cniiisc;  frniii  rlini- 
inatoiil  art  111  it  is  by  llir  Incalinii  <<(  tlir  initial  Irvimis  in 
tlir  jninis,  llii-  rarly  ilillrilimi  nl'  the  plialan;ris.  ami  Ilir 
nun  ilisinlnraliiin  nf  llir  skin,  in  llir  lallrr.  as  will  as  by 

llir  I r(iiiiilanl  syinplonis  ami  liisloiy.     Tlir  prnftiinsis 

is  jfooil.  ami   rrrovrry  with  a  nsrfiil  IliifTrr  may  be  iilti 
lualrlv  rxprclril,  iinlrss  tlir  jnints  arr  seriously  dainaiiril. 

2.  fn  llir  sri-oml  anil  niorr  typiral  form  of  sy pliililir 
ilaclvlitis  llir  ossious  tissues  ami  peiiosteiim  are  primar- 
ily anil  espeeially  airertril.  In  a  sy  pliililir  eliilil  orailiilt. 
\vitli  or  williniij  oilier  sypliililir  inanifeslalioiis.  a  plia- 
liinx  in  one  or  more  tiiiL'ers  l)ii;iiis  In  enlarirr.  Tlir  pior 
rss  bri:iiis  as  a  i;uiiiniatous  ;,'ro\vlli.  raiisin^  markril  rii- 
hiriirniriit.  ami  niiiy  be  nssociateil  willi  iiillamiiiatory 
romliiions  (oslritis,  osteomyelitis,  prrioslilis).  If  the 
marrow  riivily  is  lirsl  involvrii,  the  symptoins  arr  more 
ariilr,  pain  is  more  srvrre,  tlie  inrrrasr  in  size  morr 
rapid.  In  rniinrrtion  with  i;iiniiiialous  in  lilt  ration  of  the 
hard  bony  siibstaner.  osleilisoeeiirs.  either  rarefyini^osle 
itis.  with  destriietion  of  the  boiir.  or,  later,  formative 
o>leilis  rausiiis;  new  formation  of  bone  Gummatous  dr- 
posils  in  the  prriosteum  may  produer  multiple  small 
tumors. 

In  lypiral  eases  there  is  marked  spherical  or  fusiform 
enlarirrmelit  of  the  adeeted  phiilanx.  The  soft  ]iarls  are 
strrtelird  ;  thr  skin  is  piirplr,  violrt,  livid  or  red,  shiny 
or  dull.  Wlirii  tlir  irimiiiiatiiiis  eiilargemeMl  is  advaneed 
thr  new  tissur  breaks  ilowii  into  a  liuid  discharge  or 
rlirrsy  mass;  uUrralion  takrs  place;  .secondary  iiileclion 
Willi  the  ordinary  pyosenie  germs  may  occur,  and  sup- 
puniting  sinuses  are  formed.  Extension  to  the  joints 
may  follow,  produeing  synovitis,  arliiritis,  or  general 
gumnialous  iiivolvrmriit  and  disorganization  of  tlirartie- 
larslniclurrs.  Pain  varies,  frequently  not  lieiiig marked, 
but  sometimrs  .srvere,  often  worse  at  niglit.  I'sually 
only  one  phalanx  in  a  digit  is  alTected,  sometimes  more. 
The  proxini.il  jihalanx  is  Ihe  one  most  often  invaded; 
not  infrei|Ueiitly  the  mrtararpal  bone  sulTei's.  The 
course  of  the  disease  is  ehrouic,  or  often  subacute. 

After  recovery  the  new  tissue  may  entirely  disappear, 
or  permanent  changes  rrnmiii.  Decrease  in  size,  with 
altenition  in  length  or  thickness,  may  follow  necrosis  and 
destruction  of  bony  substance;  increased  size  may  result 
from  frirnialive  osteitis.  Cicatricial  contractions  may 
supervene.  .loiiits  may  be  destroyed,  or  false  joints  may 
be  prodiued  (from  non  union  after  necrosis  of  bone),  cou- 
stiliiting  a  very  disjibliiig  Hail  joint.  Harely  ankylosis 
results.  Tile  prognosis  on  the  whole  is  favorable;  in- 
volvement of  a  single  iihalanx  without  extension  to  the 
joint  is  apt  to  recover  without  bail  consequences.  Loss 
of  substance,  the  formation  of  flail  joints,  ankylosis,  or 
cicatricial  contractions  may  impair  appearance  and  use- 
fulness, and  often  to  a  great  ilrgrrr. 

Thr  diagnosis  of  syphilitic  dactylitis  from  tuberculous 
dactylitis  has  already  been  considered.  From  ordinary 
whitlow  it  may  be  dilTerentiated  by  its  less  painful  and 
morr  chronic  coiir.se  and  development,  and  the  history  of 
tlieea.se.  From  cartilaginous  and  bony  tumors  it  may 
be  dislingiiished  by  its  less  sharp  localization,  the  ten- 
dency to  necrosis,  ulceration,  and  suppuration,  the  his- 
tory, and  the  results  of  specific  treatment.  From  vari 
ous  hypertrophic  conditions,  Ihe  clinical  course  and 
features  and  the  intlamniatory  and  ulcerating  phenomena 
of  syidiilitic  dactylitis  >vill  enable  the  diagnosis  to  be 
made. 


Ill  the  Irriklment  of  n\  pliililir  ilartvliliM,  (lie  iiMJideii, 
with  or  without  iiirmirv,  lihoiilil  be  vigorously  ailiniiiiH- 
trrril,  with  loiiirs  if  iiiilieulrd.  'I'on  much  kIioiiIiI  not  be 
done  locallv.  (fUnimata  hIioiiIiI  not  br  oprtird  or  le- 
iiiovril,  and  iimpuiiilion  is  lonlniimliraled ;  but  if  Kiip- 
puraiion  sris  in  it  shoidd  br  trratrd  on  nrdinury  Hiirgieal 
principles,  by  opening  of  abscesses  and  KiliiiHeH,  eiiret- 
tillg,  removal  of  necrosed  bone,  eir. 

OriiKii  Inkwtiiinh  .\.mi  IVmumiks,  —  Infeetion  nf 
wounds  with  other  than  the  ordinaiy  pyogenic  biieleriii 
is  liable,  from  its  exposure,  to  occur  in  the  hand,  as  in 
some  post  inortem  wounds,  labonilory  infielinns,  iiifee- 
lion  with  the  gas  barillus,  anthrax,  glandrrs,  rabiex, 
Irtanus,  rtr.  Sonir  of  tlirsr  infections  are  very  nialig- 
iiaiit  and  grave,  though  fortiinalely  uiirommon.  'I'lie 
morbid  cniiilition  is  nianifrstrd  rillirr  lorally  or  syslrmi- 
rally,  or  in  both  ways.  Thr  loral  loniliiion  roiiHlHts  in 
an  inllaninialory  process  in  the  lissiirs  adjarint  to  the 
wound,  with  clinical  features  varying  according  t<)  the 
infective  agent. 

The  systemic  manifestations  are  of  .sepliciemie,  nicla- 
static,  or  toxaniie  chaiacter,  and  constitute  the  element 
of  danger  in  these  cases.  In  some  ((indilions,  as  in 
rabies  and  Irtanus,  substantially  thr  rntirr  clinical 
picture  is  made  up  of  the  constitutional  manifestations, 
there  being  |)raclically  no  morbid  condition  at  the  point 
of  original  entry  of  the  infrclion. 

The  trealnirnt  of  infected  wounds  of  the  hand  is  \\w 
sjimeasthat  of  these  wounds  generally — elforls  at  local 
destruction  of  the  infecting  iiarasites  and  their  toxins, 
and  cure  of  the  local  inllaniniatorv  lesions,  with  appro- 
priate measures  to  combat  the  general  manifestations. 

Oniiiirrliii'ii  may  alTecl  the  lianil  in  the  form  of  gonor- 
rliieal  arthritis  of  the  linger  joints,  which  are  a  rather 
favorite  site  for  gonorrhiral  rlieiimalisni ;  also  occasion- 
ally as  a  gouorrho-'al  thecitis  or  other  inllanimatory 
affection, 

Lepriint/  affects  the  hands  severely,  especially  in  the 
ana'Sthetic  variety.  In  tubercular  leprosy  the  nodular 
masses  may  develop  in  the  fingers  and  hand,  though  this 
member  does  not  usually  suirer  .so  severely  in  this  respect 
as  other  parts  of  the  body;  the  nodules  about  the  lingers 
may  break  down  and  ulcerate.  lu  aua'stlietie  leprosy  the 
hand  is  apt  to  become  exceedingly  deformed  and  muti- 
lated, from  di.sintegration  and  necrosis  of  the  joints  and 
bones,  ulceration  of  the  skin  and  sofi  tissui-s,  atrophy  of 
the  tissues,  and  delleetions  and  contractions  of  the  digits. 
The  tiugers  and  even  pints  of  the  hand  often  drop  off 
spontaneously.  Tin;  parts  areaiiiesthetic.  and  the  course 
of  the  alTection  is  very  slow  and  chronic.  Clavv-liuDd 
sometimes  occurs  in  leprous  neuritis. 

Scabies  usually  makes  its  first  appearance  on  the  band, 
whence  it  is  conveyed  to  other  parts  of  the  body.  The 
sides  of  the  fingei-s  and  the  interdigital  angles  are  the 
points  |iarticulaily  attacked.  The  trir/n/ji/ii/loii  fungus 
frei|Uently  invades  the  back  of  the  hand,  in  the  clinical 
condition  luiowu  as  tinea  circinata.  At  least  three  I'ases 
of  lii/ihitid  or  ri/nlin:irii!<  cysts  in  the  hand  are  on  record: 
one  in  the  subcutaneous  tissues  of  the  |)almar  surface  of 
a  proximal  phalanx,  one  beneath  the  palmar  fa.seia  in  the 
palm,  one  originating  within  a  inoximal  iihalangeal  bone 
and  causing  distention  of  the  phalanx  to  the  size  of  an 
orange,     Elep/ianiiasis  has  been  already  mentioned. 

XKCItOTIC   CONDITIO.NS 

arise  in  the  hand  as  elsewhere.  Two  factors  especially 
conducive  to  necrosis  which  are  operative  in  the  hand  are 
Ihe  exposure  of  the  member  to  traumatic  accidents,  and 
its  distant  circulatory  position,  which  makes  it  not  only 
suffer  from  relative  circulatory  weakness  but  also  subjects 
it  to  the  consequences  of  any  impediment  to  the  blood 
How  at  any  point  between  it  and  the  body  centres.  In 
this  respect  the  hand  sutTers  less  than  the  foot.  Gan- 
grenous and  necrotic  conditions  in  the  hand  arise  from 
various  causes,  such  as  destructive  violence  or  chemiail 
action,  burns,  frost  bite;  from  interference  with  the  cir- 
culation, bv  occlusion  of  the  blood-vessels,  in  thrombo- 
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sis.  t'lnbdlisms,  tmuinntisnis.  finliutfTitis  (il)lit(r!iiis(«in)lc 
gniiLTcni-i;  ill  assdciatiiiii  with  iiifrtlidus  ami  inllamiiia- 
tory  proiossis,  as  in  carluiiiclcs  and  necrosis  of  bone: 
iu  tropliic  condiliiins  like  syringoinvcliu,  leprosy :  in 
ergotism,  Raynaud's  disi'ase.  diabetic  gangrene,  etc. 
The  clinical  features  and  trentnieut  vary  according  lo  the 
circumstances. 

Ulceus 

occur  in  a  considerable  variety  of  conditions,  as  in  syph- 
ilis, epithelioma,  lupus  vulgaris,  from  injuries,  intlani- 
niatory  and  infectious  processes,  trophic  influences,  and 
after  separation  of  the  slough  in  gangrenous  cases. 

CiCATItlCIAI,   CoNTUACriOSS 

often  occur  about  the  hands  and  fingers,  with  cfinsc- 
qucnces  ranging  up  to  extreme  deformity  and  <lisability, 
the  usefulness  of  the  band  being  at  times  almost  com- 
pletely destroyed.  These  contractions  may  develop  after 
the  cicatri/ation  of  wounds  or  tdcers  of  any  sort,  as  after 
lup\is  or  .syphilitic  ulcers,  but  especially  after  the  healing 
of  ulcers  from  burns.  Protracted  granulation  favors  the 
development  of  deforming  cicatrices.  The  deformities 
produced  are  very  various,  consisting  of  palmar,  dorsal, 
or  lateral  deflections  of  the  fingers,  actiuired  syndactyl- 
ism, etc. 

The  successful  treatment  of  these  cases  is  quite  diffi- 
cult, as  there  is  a  strons  tendency  to  recurrence  after 


FIG.  24*6.— cicatricial  Contraction  in  the  Hand.    (Gross.) 

ordinary  plastic  procedures.  As  a  jiropliylactic  measure 
may  be  mentioned  treatment  of  ulcers  likely  to  be  fol- 
lowed by  contracting  cicatrices  in  such  niiuiner  as  to 
shorten  the  period  of  granulation  and  h«iling,  as  by  at- 
tention to  asepsis  or  by  skin  grafting.  Still,  iu  slow- 
healing  ulcers  like  those  from  burns  there  is  little  cer- 
tainty of  escaping  later  contraction.  Even  the  keeping 
of  the  parts  in  a  corrected  or  overcorrected  position  by 
splints  or  appliances  is  not  very  sticcessfvd. 

The  ordinary  jilastic  operations  sometimes  succeed,  but 
often  ill)  not  seciu-e  permanent  residts.  Aiuong  such 
procedures  may  be  mentioned  the  lifting  of  a  V-shaped 
flap.  e.\section  of  the  cicatricial  tissue,  straightening  of 
the  parts,  and  final  suturing  of  the  wound  in  a  Y-form. 
The  Thiersch  and  Reverdin  modes  of  skin-grafting  for 
filling  defects  after  dissecting  o\it  the  vicious  tissue  are 


FIG.  248".-C)calrlclal  Contraction  In  Hand.    (Erlchsen.) 

not  very  successful.  A  medicinal  method  of  treatment 
of  this  and  similar  conditions,  by  the  administration  of 
tbiosinamin,  has  been  highly  commended  by  a  few,  but 
has  not  come  into  general  use.     Thisdrug  issuid  to  exert 


FKi.  3«S8.— Clcalriclal  Contraction 
with  Backward  DeBoctlou  of  Lit- 
tle Finger.    (Ericbsen.) 


a  selective  disintegrating  action  on  scar  tissue;  it  is  ad- 
ministered liyjiodermically.  II.  1  to  (i.2  gm.  being  injected 
dee|>  into  muscles  (triceps  or  glutei)  every  three  days,  or 
by  the  mouth,  0.3  daily  in  capsules,  kept  up  if  neccssarj' 
for  weeks. 

The  treatment  recoinmeniledasmost  successful  in  these 
cases  is  a  radical  transplantation  of  a  skin  flap,  one  cud 
of  which  is  left  with  it.s 
original  attachmrnt  and 
vascular  supply  intact  un- 
til ilic  thip  is  lirnily  uiiitid 
in  its  new  jiosition.  The 
contracting  .scar  tissues 
are  divided  and  removed 
as  much  as  possible,  and 
the  deformity  is  corrected. 
Into  the  ga))  thus  left  a 
llap  of  proper  size,  com- 
liused  of  the  entire  Iliick- 
nessof  the  skin,  is  brought 
and  sutured.     Oneeiiilof 

the  Hap.  aflording  the  best  vascular  supply,  is  left  un- 
severeil  from  its  original  attachment  until,  after  two  to 
four  weeks,  the  flap  is  well  united  in  its  new  po.sition. 
This  Hap  can  be  taken  in  any  convenient  situation  from 
tbe  tliora.\.  abdomen,  or  liack.  and  the  band  and  arm 
bandaged  in  place  until  union  is  comjilete.  when  the  flap 
is  cntiiely  ilctaclieil  from  its  original  situation.  In  some 
cases  it  is  probable  that  a  similar  flap  could  be  taken 
from  the  dorsum  of  tbe  hand  and  twisted  around  in 
position  to  fill  a  defect. 

In  intractable  cases  of  great  deformity  amputation  may 
be  indicated,  though  it  should  be  remembered  that  often 
a  poor  finger  is  more  useful  than  no  finger  at  all. 

Acquired  Deformities. 

The  deformities  to  the  aciiuircment  of  whicli  the  hand 
is  subject  are  so  various  in  their  possible  forms  and  di- 
versities that  tlu'V  are  hardly  susceptible  of  useful  classi- 
fication. They  may  consist  in  loss  of  substance  or  jiarts, 
as  frimi  traumatisms,  amputations,  necrosis  of  bone  or 
other  tissue;  in  abnormal  adhesions,  in  contractions  of 
tissue,  in  deflections  and  distortions  of  fingers  and  hand 
from  numerous  causes,  in  nutritive  alterations,  in  the  re- 
sults of  occupation  (occupation  deformities).  Most  of 
Uie  congenital  forms  of  deformity  may  be  duplicated  liy 
acquired  conditions,  as  acquired  acbeiria.  ectrodactylisri, 
or  hypophalangism  from  aminitation  or  necrosis,  ac- 
quired syndactylism  from  adhesions,  acquired  club  hand 
or  clinodactylv.  The  causes  and  nature  of  acquired  de- 
formities arc  so  various  that  no  general  statenu-nls  as  to 
treatment  can  be  made;  each  case  must  be  managed  ac- 
cording to  its  character. 

Effects  of  Occupation  on  the  Hand. 

The  elTecis  of  an  individual's  occupation  or  habitual 
mode  of  life  and  environment  nisiy  become  marked  by 
reactive  consequences,  structural  and  functional,  upon 
various  ])arts  of  the  body,  and  especially  upon  the  hand, 
since  this  member  is  so  actively  and  constantly  exposed 
and  employed.  The  effects  iiroduced  on  the  hand  by 
occupation  are  not  only  of  some  clinical  importance  but 
are  also  of  anthropological  interest  and  medico  legal  sig- 
nificance. An  exten.sive  stiuly  of  the  elTecIs  produced  by 
a  large  number  of  occupations,  especially  from  a  medico- 
legal standpoint,  made  by  .M.  Vernois.  may  be  found  in 
the  Aiiiiitleii  dc  r/ii/(/uii('  ji'i/ilit/m  it  ilc  iiudiciite  legale, 
18G2,  2d  series,  vol.'xvii.,  pji,  104-100. 

Among  the  many  various  factors  whicli  produce  effects 
on  the  hand  may  be  mentioned  friction  and  pressure,  as 
from  the  use  of  instruments  and  tools  or  the  manipula- 
tion of  machinery,  which  may  have  liypertrophii-.  irrita- 
tive, or  destructive  consequences;  frequent  exposure  to 
chemical  substances,  with  irritant,  caustic,  enndlient, 
staining,  or  other  action;  exposure  to  jihysieal  agencies, 
heat,  cold,  weather,  sun;   deposition  of  foreign  matter; 
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llie  fre(|iu-iil  n-pi'tllion  of  rIIrIiI  tnuimiitifimR.  "occunn- 
tinii  iimiills."  iiiliiimti-ly  |irrHliu'iiii,'  ■■iiiiiuliilivi'  n-NtiltN. 
Aiiv  of  till'  tissiirs  anil  anv  |>iti't  i>t  tin'  Iniiiil  iiiiiy  Ih'  the 
wai  iif  llir  altiniliniis  |ii'iHluri'il  liy  ■iiriipatinn.  anil  tlii' 
rliaiif^rs  may  lir  rillnr  miranir.  willi  ilillnllr  slnicliiral 
altriiitiniis.  iir  fiinrtional  anil  wjllniiil  anatniniral  cliaiiKis. 
'hir  iKirtliMilar  cliaiijk''^  wl  np  vary  in  llnir  sitr  anil 
iiaturr  aci'iPiiliii);  to  ilir  clri'iiiiislanri'i  Wliilr  main 
aviirations  ill)  not  iiroiliiri'  ili-tliiitc  ctfrrts  on  tin'  lain 
iitlirrs  ilo  iiriMlini'  ilislinrtivr  anil  rliararti'ij-iiii'  ri'sults. 

Only  a  lirii'f  ion>.iilrtatlon  of  tin-  p'lirral  ilTirts  |iro- 
iliK'ril  ill  till'  various  tissnrs  ran  lir  allrin|iti'il  licri'.  For 
full  anil  lU'tailfil  iiifonnatioii  mi  the  Kiihji'i't  rcfcrciico 
may  lii'  made  to  siitli  works  as  that  of  Yernois,  alri-udy 
citi'il. 

Till-  cpiilrrmis.  from  its  supcrtliial  anil  I'Xposi'il  jiosi- 
lion,  naturally  I'xliitiils  markril  ctfcits  from  iisr.  From 
I'oiitimiril  pri'ssuri'  or  friction  it  ln'cumrs  vrry  often  liy- 
pertropliii'il.  Iliiekelieil.  ami  liiirileiieil.  esperially  on  the 
palm,  anil  eillier  over  llie  whole  palmar  surface  or  in 
circumsirihiil  ami  ilisliiiclive  localilies  (onllosities)  ac- 
ciirilini.'  to  the  site  of 
pressure,  as  on  the  left 
Iliijjer  lips  of  violin- 
ists. Or  from  expos- 
ure to  water  anil  other 
fluids,  caustics,  alka- 
lies, acids,  and  similar 
stronj;  clii'inicals,  the 
epidermis  may  lie  soft- 
ened, thinned,  atro- 
phied, or  even  entirely 
destroyed. 

The  cutis  vera  may 
from  the  action  of  irri- 
tants, etc.,  undi'ri.'o  in- 
llammatory  chansres, or 
present  erythema,  lilis 
ters.  pustules,  ulcera- 
tions, lissiires.  cracks. 
etc.  Later  in  such 
cases  the  skin  exhibits 
cicatrices.  The  skin 
may  he  discolored  from 
the  action  of  chemicals 
and  dyestulTs  or  expos- 
ure to  the  sun  and 
weather.  Foniirn  ma- 
terial, powders,  flour, 
etc.,  in   many  casi'S  is 

deposited  under  the  nails  or  in  fissures  or  folds  of  the 
skin.  Foreign  ivuticles.  as  of  iron  or  iron  oxide  in 
grindstone  workers,  may  heconie  permanently  embedded 
iu  the  skin,  |>roiluiinir  a  tattooaue  elTect  similar  to  the 
]iarticles  of  iriinpowder  often  fomid  di'imsiti  il  iu  the 
cutis.  Impretrnalion  of  the  skin  with  substances  like 
resins  or  sulphur  may  produce  a  correspondiiiir  distinct 
odor.  Increa.si'  or  decrease  of  the  delicacy  of  the  sense 
of  touch  may  be  produced  by  jiractice  or  i)y  tliiniiiug  or 
thickening  lif  the  epidermis.  The  temperature  of  the 
hand  may  be  alTecled  by  alterations  in  the  development 
of  the  superficial  vessels,  being  lowered  in  those  w  lio 
work  with  their  hands  in  cold  water,  or  habitually  ele- 
vated and  increased  iu  those  who  work  in  hot  places 
(as  bakers). 

The  nails  are  subject  to  special  changes,  as  discolora- 
tion by  chemicals  or  dyes,  wearing  olT  of  the  edges,  or 
livperlrophy  at  iiarticular  points.  The  hairs  may  be 
discolored,  or  destroyed  in  jdaces  by  ]iressuie  or  chemi- 
cals. 

The  subcutaneous  tissues  may  be  thinned  or  thickened 
by  the  same  factors  that  produce  like  results  on  the  cuti- 
cle and  cutis.  The  hands  of  those  engaged  in  hard  man- 
ual labor  often  exhibit  a  marked  general  palmar  indura- 
tion, the  skin  and  underlying  tissues  being  generally 
thickened,  hard,  rigid,  and  inelastic,  and  somewhat  con 
tracted  so  that  the  fingers  are  held  slightly  flexed  and 
their  full  extensibility  is  somewhat  impaired.     From  the 
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iiclinn  of  irrltiintH  Kuliciitiineoiiii  a>dpmatoiiii  acciiinula- 

tiiins  may  be  developed.  Enlarged  liiirKie  iniiy  appear  at 
points  exposid  to  pie^Hure,  as  on  the  l)uck  of  the  right 
wrist  in  sawyers  (Vernois). 

The  veins  of  the  hand  may  become  dilated  from  habit- 
iial  exposure  to  heat.  I'lie  inuKcles  may  to  a  certain  ex- 
lent  iM'come  liy  pert  rophiid.  atlophleil,  or  Kliiirleiied,  ac- 
cording to  their  use  or  disuse.  .Special  niiiKi'iilar  activity 
and  mobility  and  manual  dexterity  are  developed  in  iiiiikI 
oeciipaiions,  as  in  pianists  and  many  otheitt.  Habitual 
holding  of  the  hand  in  certain  positions,  as  with  drivers, 
somelimes  results  in  more  or  less  rigid  fixation  of  the 
hand  or  fingers  in  a  flexed  or  oihir  position — the  nrrujiii- 
lii'ii  DT  /ill/lit  niiitnii'hiri.  Overuse  of  groups  of  muscles 
somelinu'S  causes  them  to  alrophv — tirriiimtion  mniiciilitr 
iitrnjilii/.  The  nerves  do  not  undergo  perceptible  ana- 
tomical alterations,  but  various  occupations  may  produce 
serious  functional  nervous  disorders  of  the  hainl,  forming 
the  important  clinical  class  known  as  "occupation  neu- 
roses," typilied  by  writers'  cmmp. 
The  articulations  may  be  variously  alTected  by  occu- 

patioii.  .Sometimes 
the  mobility  of  the 
joint  is  increased, 
sometimes  il  is  dimin- 
ished, or  there  may  be 
complete  ankyloses. 
The  linger  joints  may 
be  enlarged,  from  cx- 
jiosure  to  repeated  in- 
jury, as  in  baseball 
players.  Partial  luxa- 
tions may  occur,  and 
deflections  of  the  pha- 
langes may  be  pro- 
duced  (as  a  backward 
ilc-vialion  or  superex- 
tcnsibilily  of  ihe  distal 
phalanx  of  the  thumb 
in  jewelers).  F"rom  be- 
ing kept  in  habitual 
sjiecial  positions,  cor- 
responding changes 
may  take  idace  in  the 
articular  siruclures.  as 
pressure  atrophies, 
iengthcniiig  or  short- 
ening of  ligaments,  etc. 
Even  the  bones  may 
undergo  changes,  as  a 
spatuliform  flattening  of  the  phalanges  from  pressure. 

From  this  restime  it  will  be  seen  tluit  a  great  variety  of 
changes  in  the  hand  may  be  produced  by  the  occupation, 
varying  in  their  situation,  extent,  and  character  accord- 
ing to  the  particular  causative  factors  that  may  be  at 
work  in  each  case.  The  alterations  may  be  anatomical 
or  physiological,  structural  or  functional.  Three  or 
four  clinically  important  groups  of  conditions  may  be 
specially  distinguished  and  mentioned:  oceupntion  tie- 
f'lniu'lh's.  in  wliich  alterations  of  form  are  produced; 
iicnipiitioii  dermrit'ixes.  embracing  in  general  changes  ]iro- 
duced  in  the  skin:  ocevpation  dermaillia  and  other 
inllammatory  processes  conserpient  upon  tlii'  occupa- 
tion; ixivX  ocf'ipatinri  iieuroiii'K.  covering  the  morbid  fuuc- 
tioiial  nervous  conditions  induced  by  occupation  or 
habit. 

As  an  examjile  of  occupation  deformities  may  be  men- 
tioned the  eff'ects  often  produced  in  thchandsof  baseball 
players,  which  are  very  chanicteristic  (Fig.  2-t83).  The 
tyjiical  changes  in  these  cases  consist  in  an  enlargement 
of  one  or  more  of  the  distal  phalangeal  joints,  along  with 
slight  lateral  or  palmar  deflection  of  the  terminal  ])ha- 
langes,  which  have  a  shortened  a])pearance.  .s^ometimes 
the  affected  joints  are  partially  or  completely  aukylosed, 
though  not  always  so. 

No  general  ruies  as  to  treatment  can  be  laid  down,  as 
the  lesions  and  factors  are  so  various  in  different  cases. 
Change  of  occupation  is  obviously  a  therapeutic  measure 


Baseball    I'laver,    Showing   Characteristic    .Mlenitloiis. 
(Original.) 


509 


IIuikIm  mill 
llaiiilM  mill 


I'iii: 
■''In: 


lUCKKIlENCE   lIANDIiooK   OF  •rilK   MKHK  Al.   SCIENCES. 


of  geneml  npplicability  in  tbi-se  eases.  OrciipiUion  dtr- 
iimlitis  aiul  (uriiiiation  iiiiiroscs  will  l>c  R'f(ri<<l  to  .suli- 
SfqlK'lllly. 

Afkectkins  i)K  Tiric  X.mi.s. 

Those  lire  iisimllv  liciilcd  in  full  in  works  on  dpiinn- 
loloiry.  iinii  will  be  only  liriclly  ivvicwcd  licic,  Tlic  le- 
sions of  lliesestnirliiresniay  liediviileil  intoinllaniinatory 
anil  neerotie  eonililions  (paionyehias).  changes  in  the 
siil)slanee  of  the  nails  (nutrilive  or  Irojihic  changes), 
alrophy.  aksenee.  hypertrophy,  elianjies  in  I'oriii,  changes 
in  color,  and  parasitic  condilions. 

Iiijtiiiiiiiiiil'ii-ji  iiikI  yiciiitii-  I'oixUtions — Paront/cliia. — 
The  nail  sulislance  Ironi  its  histolocrical  structure  cannot 
itself  lie  the  seal  ol  real  inllannnatioii.  'i'he  tissues  con- 
tiguous to  the  nail  and  from  which  it  derives  its  growth 
and  nutrition  (the  lied.  nialri.\.  and  root  of  the  nail),  are, 
however,  suhjeet  to  special  forms  of  inllammation,  and 
to  such  conditions  the  terms  onychia  (or  onychitis)  and 
paronychia  are  variously  given.  The  term  onychia  is 
also  applied  to  certain  purely  nutritive  and  trophic  lesions 
of  the  Iiiiils.  Olliei  atVeelions  of  these  tissues  ill  their 
clinical  features  resenilile  inllamnialorv  paronychias, 
though  primarily  rather  necrotic  in  character.  The  chief 
varieties  of  paronychia  are  the  traumatic,  infections, 
nialiguant.  sy])liiliiie.  tuberculous,  diabetic,  to.xic,  and 
tidpliic  forms,  besides  those  forms  in  which  the  cutane- 
ous tissues  adjacent  to  the  nails  arc  alVeeted  with  various 
skin  diseases,  especially  eczema  and  psoriasis.  Of  these 
forms  of  paronychia,  the  common  acute  variety  due  to 
infection  with  pyogenic  bacteria  and  the  syiihilitie  and 
tuberculous  varieties  have  been  already  consiilercd. 

TniiiiiKitir  0»!/i'/tiii  ami  Piiroiiychiii  is  that  caused  by 
injuries,  especially  contusions.  In  cases  of  great  vio- 
lence the  nail  may  he  loosened  and  immediale'y  cast  olT. 
In  less  severe  cases,  elTusion  and  transformalion  of  blood 
may  give  the  nail  a  black  color;  in  the  course  of  time 
the  nail  often  becomes  slowly  and  gradually  loosened 
from  its  bed,  in  whole  or  in  part,  and  may  be  entirely 
cast  oil.  If  infection  occurs  the  case  is  materially  aggra- 
vated. The  ti-iidency  is  toward  reiiairaiid  recovery,  with 
ultimate  reiuddnction  of  a  jierfect  nail.  The  ])ar1s 
should  be  kept  protected,  dead  nail  should  be  removed, 
and  infection  guarded  against. 

Miili<iiiiii({  l'(tri»iyi-](iii  (or  malignant  onychia)  is  an  in- 
dolent inllamniatory.  supi)\irating.  necrotic,  or  ulcerative 
affection  of  the  nail  matrix  and  bed.  originating  in  a 
slight  traumatism,  and  contineil  usually  to  a  single  nail. 
It  alTects  especially  i)er.sons  of  lowered  vitality  and  in 
unhealthy  condition,  especiall}'  those  of  scrofulous  diath- 
esis, diabetics,  and  those  prone  lo  infections:  it  is  com- 
monest in  children.  It  begins  with  simjile  inllammation, 
later  proceeding  to  suppuration  and  idceration.  Tint 
nail  becomes  thickened,  opaque,  discolored,  loosened, 
and  cast  olV.  The  course  of  the  di.sease  is  slow.'ind  indo- 
lent, and  may  become  chronic;  or  the  nicer  may  slowly 
Ileal,  and  an  imperfect  nail  be  formed.  The  inliamma- 
tion  frequently  extends  to  the  subcutaneous  tissues  or 
the  bone.  In  .scrofulous  cases  the  process  is  jirobably 
sometimes  really  tuberculotis.  The  treatment  consists  in 
local  measures  to  stintnlale  healing,  and  in  vigorous  con- 
stitutional and  tonic  treatment. 

Jliii/idir  J'/iri'iii/r/iiK  is  the  form  of  diabetic  gangrene 
in  which  the  circumimgual  tissues  are  the  seat  of  the 
necrotic  process  or  tendency,  shown  by  sluggish  iiiHam- 
mat ion  or  ulceration.  The  treatment  is  that  of  the  con- 
stitutional disease. 

y'wjvV  /'(ii"ii>/r/iiii,  that  produced  by  the  action  of  to.xic 
agents,  is  well  e.xcniplilied  by  the  characteristic  local 
lesions — ulcers  at  the  roots  of  the  nails — inoduced  by 
arsenic  in  the  hands  of  those  who  work  with  this  sub- 
stance. The  obvious  treatment  is  discontinuance  of  the 
cause. 

Tmjihir  I'lO-inii/i'/iin  is  the  necrotic  luid  intlanunatoiy 
process  about  the  nails  which  results  from  morbid  ner- 
vous action  in  vainous  neuroses  such  as  syringomyelia  or 
Miavan's  disease,  "glo.ssy  skin,"  Haynaud's  disease,  lep- 


rosy. The  jiroccss  is  (iriniarily  degenerative  and  necro- 
tic, but  the  lowered  vitality  of  the  tissues  predisposes  to 
sluggish  infection  and  intlammalion.  The  destruction 
of  tissue  may  be  extensive,  involving  even  the  bone,  and 
the  course  is  apt  to  be  prolonged.  The  treatment  is 
local  and  that  of  the  cause. 

.\iilritiir  Alliriili'iiii  11/  t/ir  .Yk/Yk.- — While  the  nail  sub- 
stance ])iopcr  is  scarcely  liable  to  inllammation,  it  is  sub- 
ject to  nutritive  and  troiihic  alterations,  mostly  of  a 
degenerative  character,  which  may  be  produced  by  a 
considerable  variety  of  cau.se.s. 

The  term  onychia  is  ajiplied  to  some  forms  of  these 
alterations.  The  changes  of  a  degenerative,  maluutrilive, 
or  trophic  character  which  the  nails  may  exhibit  are  very 
various,  such  as  loss  of  lustre,  changes  in  color  (white 
spots,  etc.).  softening,  britlleiiess.  friability,  fragility, 
thinning,  thickening,  longitudinal  or  transver.se  furrows 
and  ridges,  laminations,  exfoliation,  splitting,  irregular- 
ity of  surface  (elevations  and  depressions),  etc. 

These  trophic  alterations  may  be  grouped  into  three 
etiological  classes:  (u)  those  due  to  local  conditions  or 
causes,  as  paronychia,  dermatoses,  trauma ;  ih)  those  due 
to  constitutional  diseas<-s.  especially  tli<jsi>  with  a  lower- 
ing of  the  general  iiutrilion  or  vitality,  and  {<■}  those  due 
to  morliid  trophic  intluences  of  nervous  origin. 

The  paronychias  do  not  all  cause  imiiairment  of  the 
nutrition  of  the  nail,  but  in  some  cases,  as  in  malignant 
]iaronychia.  ulcerative  syphilitic  paronychia,  and  trophic 
or  necrotic  paronvcliias,  the  nail  substance  is  apt  to  suf- 
fer, or  may  be  entirely  cast  oil.  Skin  diseases  affecting 
the  nails  or  adjacent  cutaneous  tissues,  especially  eczema 
and  ]isoriasis.  may  cau.sc  malnutiitive  changes  in  the 
nails.  Similar  elfects  ma}'  be  produced  by  trauma,  con- 
tact with  strong  chemicals,  parasitic  ailcctions  of  the 
nails,  etc. 

Severe  constitutional  diseases  in  which  there  is  a  great 
drain  on  the  vital  powers  and  the  general  nutrition  is 
lowered,  such  as  acute  fevers,  syphilis,  scurvy,  diabetes, 
gout,  cancer,  and  others,  also  senility,  may  |irodnce 
trophic  changes  in  the  nails.  The  syphilitic  onychias 
have  been  already  described.  After  acute  diseases  the 
ungual  changes  apjiear  in  the  iieriod  of  convalescence. 
Transverse  furrows  or  white  bands.  re]iresenting  tempo- 
rary arrest  of  growth,  sometimes  aijpear  after  tyidioid 
fever  and  other  diseases.  In  relapsing  fever  two  or  three 
such  transverse  markings  sometimes  occur,  one  following 
.•uid  corresponding  to  each  febrile  iiaro.xysm.  Longitu- 
dinal ridges— "reedy  nail" — occur  in  gout,  senility,  and 
other  conditions. 

In  the  third  class  of  cases  nutritive  changes  in  the  nails 
are  produced  by  morbid,  trojihic,  nervous  intluences 
arising  from  various  nervous  disorders,  as  in  association 
with  neuiitis— multi]ile  neuritis,  gouty  neuritis,  leprosy, 
"glossy  skin" — or  with  central  nervous  diseases. 

In  the  treatmentof  these  condilions  the  nails  should  be 
kept  trimmed  and  in  good  order.  ])rotected  by  a  coating 
of  wax,  and  guarded  against  injury.  The  local  or  gen- 
eral condition  giving  rise  to  the  ungual  lesions  should 
receive  the  appropriate  treatment. 

Atrojilii/  iif  the  S'dii  can  scarcely  be  distinguished  from 
certain  forms  of  nutritive  alterations,  and  is  similar  in  its 
etiology  and  pathology  to  the  latter. 

Alineiicc  iif  the  Xtiil.1  (AiiDiijii-liin)  may  be  congenital  or 
aciiuired.  Harely  the  nails  are  entirely  absent  from  birth, 
either  without  any  other  developmental  anomaly  or  in 
association  with  devcloiimental  defects  like  hypopha- 
langism.  The  nail  may  be  totally  and  permanently 
lUiolisbed  by  traumatisms  or  diseases  causing  c<inipli'te 
destruction  of  the  nail-forming  tissues. 

JljIpi'Hropliji  iif  //it'  ynil  [Oiii/r/iiiii.ris)  may  consist  iu 
an  increase  in  thickness,  or  in  a  lateral  expansion  (in- 
growing nail).  Hoth  conditions  are  much  conunoner  in 
the  toes  tli.'in  in  the  tingers.  In  many  (■•■isrs  enlargement 
of  the  nail  is  a  result  of  nutritive  abnormality,  the  in- 
creased nail  substance  being  discolored,  friable,  brittle, 
fragile,  etc.  IIy])ertropby  of  the  linger  nails  occurs  iu 
connection  with  congenital  dactylomegaly.  traumatism, 
occupation  effects,  lack  of  cleanness,  syphilis  (h3pertro- 
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phic  K.V|iliilitic  uiivcliiiil.  ftiiignus  growlhu.  clirnnir  «kln 
triiiiMcs  ill  till-  vicinity  lilo' cc/i'inii  iiiiil  iworiiisiM.  niilrl' 
livi'  mill  iiriiriilrii|iliir  ilitlilriiri-K.  'I'lir  tnatiiirllt  it  lliilt 
iiT  llir  riillM-. 

r/i.iiii/iM  ill  Form  iif  llif  Siiilii  limy  ri'j*iill   fr.nii  Iniiitiiii- 
tisiiiM.  iMrii|iiitioii  fiTii-ts,  iiiilrilivi-  or  rirciiliilory  ilistiirli- 
Kill  Ts.  iir  liHiil  iIIm'iimv      All   iiuTi-iisi'il   Iniiisvrrw  riirvii- 
tiiri' in  siiiil    to  III' lu'iHliirril  liy  kv  jiliilis.  Iii'iiii|ili');iii,  anil 
fiiT  iiiTH|iiriiiiiiii.     All  iiirrriisi-il  liiiiLMluiliniil  riirviiliiro 
nrniri   in    lli|>|M«-nitir   IIiixitn  iiihI    liy iiiTlriipliir 
piiliiioiiiiry  iislrii  iirlliriipiitliy.     "Spnoii  nail"  is  a 
rniiiliiiiiii     ill    wliirli    till'    nail    is   rniiriivi'    Iraiis 
vrrsi'h  .  with  I'vrrtiil  rili^i-;^    it  lias  lici'ii  nlisi'rvril 
in  rniiiiriliim  witli  wasiim:  ilisrasi'S.     Cliaiiircs  in 
ri'lalivi'  linitlli  ami  Inraillli  nf  tlir  nails  may  alsi>  v 

iK'iur.  as  in  rirki'ls,  in    which  I  he  nail  is  saiil  l" 
be  ri'lalivcly  simrlciii'il. 

CtiiiiiijtAiii  Cfitm-  <•}'  Ihf  Mttiln  r.iay  iirisi'  fiiiin 
stainini;  t>y  extrinsic  siihslaiiccs  or  frimi  intrin 
sic  patlii>li>i;ical  priMisscs. 

Till-  ciiininniirst   chance  of  color  is  to  white,  in 
the  fiiriii  "f  while  spots,   white  banils.  or  white- 
ness nf  Ihe  entile  nail.       U'AiVi    x/i'il'i  on  the    nail 
("lions  iiniriiinni")  are  very  coninmn  in  ihililren, 
usually  iicciirrin;;  without  percept  ihle  cause;  they 
may  also  lie  proiliiceil  liy  in.jiiries.  trophic  altera- 
tions,   ami    conslitiilional    ili.seases.     Their   patli- 
oloifv  is  not  well  umlerstooii.    They  are  attrilmteil 
to    the    presi'iice    of    air   in    the    nail    siilistaiice.        ►"""••  -*^- 
Ti-iiimriiiu-    ir/iil,<   luiiiih    sometimes    appear  after 
febrile   attacks,    somcliines    occur   in    iiersons   iu 
pooil  health,  sometimes  are  coiifieliital.      VoiniMe  irliiteii- 
iiiij  of  the  nail  occurs  nircly,  us  after  severe  fevers  or 
in  panilyiics, 

llliirk' Dhfiliiriitii'ii'i  of  the  nails  are  common,  from  ex- 
tnivasalion  ami  tninsloriuation  of  blooil  pitrment  after 
contusions.  Small  black  spots  rarely  appear  on  the  nails 
after  severe  illness. 

I'liriiKiUf  Afirliiiiiaof  Ihe  ynih. — The  nails  may  be  iii- 
viiileil  by  various  parasites,  either  fungous  (onychomy- 
cosis) or  animal.  The  commonest  form  of  onychomyco- 
sis is  that  produceil  by  the  trichophyton  fungus;  this, 
however,  is  infreipient,  anil  usually  secomlary  to  or  asso- 
ciati'il  with  liiiea  trichophylina  elsewliere.  Rarely  the 
nails  are  alTecliil  by  faviis.  Xails  iuvaileil  by  fungous 
growth  are  thiekeneil,  soft,  brittle,  lustreless,  grayish  or 
ycllowishwliite.  ami  in  a  liefirlive  nutritive  comlition. 
The  appiaraiicO  is  similar  lo  that  of  nails  sulTiriiig  mal- 
nutritive  or  trophic  alterations,  so  that  the  illagnosis  is 
with  most  cortaiuty  made  by  microscopical  e.vamina- 
tion. 

Scabies  occasionally  affects  the  nails. 

The  treatment  of  liails  infecteil  with  parasites  consists 
in  removal  of  the  nail  by  scraping  or  applications  of 
caustic  alkali,  with  |)anisiticiile  applications  (crecsote, 
acetic  aciil,  mercury  bichloride,  sulphur,  etc.). 

AFFfXTIOXS  OF  TIIK   SkIS. 

The  conridenition  of  the  dermatoses  of  the  hand  and 
tin.uers  belongs  to  the  province  of  dermatology  and  can 
be  only  very  brietly  touched  upon  here.  The  skin  of  the 
hand  is  in  general  subject  to  disease  in  a  similar  manner 
to  the  rest  of  Ihe  body;  but  special  or  ])iculiar  features 
are  c.xhibiled  in  many  of  Ihe  dermatosi'S  of  this  Incalitv, 
caused  by  exposure  of  the  hand  to  atmospheric  and 
meteorolo.iiical  couiiiiions.  to  aiule  or  chronic  irritant  in- 
tltienccs  of  niechauicul  or  chemical  nature,  and  other  fac- 
tors. 

Some  dermatoses  affect  the  liands  indifferently  or  simi- 
larly or  along  with  other  parts  of  the  body,  wiihoiit  anv 
peculiar  features  or  special  susci'iitibilily  or  insuscepti- 
bililv.  as  iiiiuphigus.  dirnialilis  herpeiiformis.  liclieu 
ruber,  ichthyosis,  impetigo  herpetiformis,  prurigo,  her- 
pes zoster,  molluscum  contagiosum,  scleroderma,  my- 
cosis fungoiiles,  cornu  cutaneiim,  and  many  others.  To 
some  dermatoses  the  hand  is  not  at  all  subject,  ivs  sebor- 
rha'a,  tinea  versicolor:   or  less  subject  than  other  locali- 


ties, OR  (mnm,  pHoriiuilH.  To  Koini<  ilomiultwm  Ihe  liiiiuj 
is  especially  prune,  and  more  sum  epiible  than  are  iniiiiy 
other  parts  of  the  body,  lliou;.'li  »  iilioiit  niiiiiifi'Kliiig  any 
specially  dislimlive  lialuirs,  as  nylhema  miilliforme, 
herpes  iris,  pellagiii.  fraliibosia,  inipillL'o,  impeligo  con- 
tagiosa, callosity,  warts,  flossy  skin,  pompliolyx.  limn 
ciri'inata,  scabies,  occupation  ilernialosiH.  Some  Hkin 
alfeclions  miiy  exhibit  peculiar  fealures  alioiil  the  Imnil, 
us  Konie  forms  of  ec/ema  and  syphilides.     S>iiie  ilerniu- 
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I   loses  are  peculiar  to  the  hand,  or  to  the  hand  and  foot, 
as  kerjitosis  iialmaris.  affections  of  the  nails. 

In  luanv  instances  there  is  a  marked  difference  in  the 
liability  of  the  palmar  and  dors:il  surfaces  of  the  hand  to 
skin  disease.  Thus,  the  absence  of  hairs  and  si'baceous 
glands  in  the  palm  renders  this  area  iiisusieplible  to  ilis 
eases  of  these  structures,  as  acne.  The  dorsum  of  the 
hand  is  more  prone  lo  tuberculous  dermatoses,  erythema 
multiforme,  keratosis  .senilis,  tinea  circinata;  while  the 
palm  is  luore  subject  to  most  syphilides. 

Erzeiiui  in  its  different  varieties,  acute  and  chronic, 
often  occurs  upon  the  hands,  the  liability  of  which  to 
this  dermatosis  is  increased  b.v  the  exposure  of  these 
members  to  meteorological  intluences  and  lo  chemical 
irritants  (especially  alkalies).  The  chapping  of  hands  is 
a  form  of  eczema,  induced  by  exposure  to  irritating  in- 
fluences. Onychias  may  result  from  eczema  of  the  nails 
or  their  vicinity.  On  the  palms  eczema  exhibits  special 
features.  Eczeiua  about  the  hands  is  apt  to  be  pro- 
tracted and  chronic,  and  very  resistant  to  treatment. 
P»/>r!V7ji(.«  may  occur  both  on  tlie  palms  and  backs  of  the 
hand,  but  is  less  common  in  this  lixality  than  in  other 
situations.  Occurring  in  or  about  the  nails,  it  mav cause 
an  onychia.  The  backs  of  the  hands  arc  anion,!;  the  coni- 
raonest  seats  of  <>;•////« ///<j  iiiiillifonni  aui\  /ifrjimiiin.  The 
bands  are  also  favorite  seals  of  iinpelino  and  impetiffo 
eontafliosii.  The  hand  may  be  affected  with  dermatitis 
heriietifiirmis,  pcmphifjus,  /icr/iis  zonltr.  Ueheii  miter,  ich- 
thyimf.  and  many  other  skin  diseases  iu  a  manner  similar 
to  or  along  with  other  parts  of  the  body.  Tinea  eirciiiatu 
is  comiuon  on  the  back  of  the  hands.  Fariiii  is  much 
more  nirc  iu  this  situation ;  somclinies  the  nails  become 
involved  from  scratching  an  infected  scalp.  The  hand 
is  the  favorite  seat  of  ,mi/iir«.  Ainhniii  sometimes  o<'ciirs 
here  and  causes  constriction  and  amputation  of  the  fin- 
gers and  even  of  the  forearm.  I'lunji/ioli/.r  (or  di/nidnme) 
is  a  rare  vesicular  affection,  miming  on  to  maceration 
and  exfoliation  of  the  epiderm'is,  that  involves  chielly  the 
palms  and  soles,  though  it  may  extend  to  or  occur  in 
other  localities.  Ciilloitili(.i  are  very  common  about  the 
palm,  resulting  froiu  habitual  pressure  or  friction;  man- 
ual labor  also  causes  a  .ireneral  hardening  of  the  palinar 
epidermis.  Cwd*  occasionally  occur  on  the  hand.  Ker- 
iitonis  jKilmaris  isarare  condition  in  which  the  epithelium 
of  the  palm  becomes  converted  into  a  homy  plate. 
Glosji}/  akin  is  a  trophic  affection  of  the  skin,  due  to  nerve 
lesions  or  injuries  generally,  affecting  especially  the  fin- 
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cers;  the  skin  umlcTgocs  innliiiitritivc  chiiiigcs,  or  even 
Hcliiiil  iifciosis,  with  oiiycliia  ami  \Ki\ii.  Srlirixhiiini  is  ii 
Hiic  coiKlilioii  iif  sclciiisis  anil  cniiti-actiiiii  of  the  skill  l)_v 
which  the  liaiiil  as  well  as  nthi  r  paiis  of  the  IhhIv  may 
lie  allcclcil ;  in  the  hanil  it  may  prcMliuc  ^'nat  dcforiiiily 
anil  ilisjibiliiy.  thr  lini.'rrs  iKJiii;  partly  llrxcd.  riiriil.  iiii- 
iniivablr.  siiriiitinu's  twistnl.  anil  in  ilir  later  sta^ris  with 
.iltopliic  chaiifics.  Tiibciruloiis  ami  syphilitic  ilciinalo- 
Sfs.  wiirls,  iim!  nffections  of  the  unils  have  been  alrciwly 
nilisidcicd. 

y>(;-«/<i^7/.>r  of  various  kinds  is  coniinon  on  tin- hands, 
due  to  their  exposure  to  initatiiiir  conditions.  Dermati- 
tis traumatica  results  frnni  trauniaiic  irritatiim.  derma- 
lllis  calorica  liniii  e.vposure  In  the  rays  of  the  sun  or  to 
other  sources  nf  heal  and  cold,  burns,  frost  bites.  In 
dermatitis  lueilicaiiicnlosa  lesimis  sometiuies  ajipear  on 
the  hands  (as  troni  the  internal  use  of  copaiba  and  chloral  I. 
The  hands  are  very  subject  to  dermatitis  venenata,  re- 
sulting from  direct  contact  (either  accidentally,  tempo- 
rarily, or  habituallyt  with  irritating  or  toxic  siibstances, 
as  in  thus  derinatitis. 

Allied  to  derinatitis  traumatica,  raloiira.  and  venenata 
is  a  group  of  conditions  which  may  be  collectively  desig- 
nated itffifjMttioH  thnintt'tst^t  or  in'i'iipiitiiin  denntititis,  to 
which  the  hand  is  very  subject  from  repealed  ami  habit- 
ual exposure  to  a  variety  of  pathogenic  influences  inci- 
dent to  the  occupation  iiuisued.  The  changes  in  the 
epidermis,  curium,  and  subcutaneous  layer  produced  by 
occupation  traumatism  have  been  detailed  above.  In 
some  occupations  acute  dermatitis  may  be  set  up  from 
lime  to  time.  Tims,  surgeons  are  sometimes  subject  to 
all  acute  inllaiuniatorv  condition  of  the  skin  of  the  hands 
and  forearms  from  hard  scrubbing  and  pioltmged  expos- 
ure to  liijuiils  and  to  irritant  chemicals  like  soft  soap, 
mercuric  bichloride,  and  oxalic  acid. 

For  detailed  information  as  to  the  clinical  features  and 
treatment  of  the  various  dermatoses  of  the  hand  refer- 
ence should  be  made  to  works  on  dermatology. 

Affections  of  the  Brns.E. 

The  burs;t?  of  the  wrist,  hand,  and  Angers  may  undergo 
development  or  enlargement,  forming  a  variety  of  gan- 
glion, either  from  pressure  or  irritation  (as  in  some  occu- 
pations), from  rlieuinalic  or  gouty  causes,  or  from  causes 
not  apijarent.  Karely  they  may  vmdergo  iutlammation 
— bursitis. 

Affections  ok  the  Bones. 

The  affections  of  the  bones  of  the  hand  are  not  suffi- 
ciently distinctive  to  require  special  consideration  here. 
The  involvement  of  the  bones  in  developmental  abnor- 
malities, hyperlrojihic  conditions,  cartilaginous  and  bony 
liinii'is,  fractures,  infectious  conditions.  sy|iliilis.  and  tu- 
berculosis, has  beeu  already  considered.  Osteomyelitis, 
osteitis,  periostitis,  and  other  bone  lesions  do  not  preseut 
unusual  features  in  the  hand.  In  rickets  the  hand  is 
little  affected;  the  nails  ami  terminal  phalanges  are  sjiid 
lo  be  shortened  in  tliis  condition.  In  osteomalacia  the 
bones  of  the  hand  and  lingers  may  beconie  curved  and 
bent :  the  distal  phalanges  especially  are  tiattencd.  bent 
backward,  blunt,  ami  clubbed.  The  articular  ends  of 
the  boucs  may  jiarticipate  iu  affections  of  the  joints. 

Affections  of  the  Joints. 

The  articulations' of  the  hand  and  fingers,  while  liable 
like  other  joints  to  the  various  artliropathic  conditions, 
present  somedistiiictiveaml  i>eculiar  jiatliologic features. 

Iiijin-iix. — The  ordinary  injuries  which  these  joints 
may  siilTer — wounds,  blows,  contusions— do  not  differ  in 
their  clinical  chanict eristics  or  treatment  from  the  like 
injuries  of  joints  in  ge'nend.  Sprains  of  the  wrist  or  lin- 
ger joints  rec|uire  the  usual  treatment,  iininubilizatiou, 
se(lativc''or  coiinterirritan!  applications,  etc. 

Dinl'iriitii'iiK  i>{  the  joints  under  considenition  mav  ac- 
cording to  site  be  divided  into  radiocarpal,  carpal,  carpo- 


metacarpal, metacarpophalangeal,  and  phalangeal  dislo- 
cations. From  an  etiological  standpoint  they  may  be 
divided  into  three  clas.ses:  congenital  dislocations,  spon- 
taneous (aciiuired)  dislocations,  and  the  ordinary  triiu- 
niatic  dislocations. 

O'ligoiitdl  JJislt/CHli"iig  of  any  of  the  joints  of  this 
region  may  occur  and  have  been  observed,  though  very 
rarely. 

A  few  cases  of  dislocations  of  the  wrist  existing  at 
birth  have  been  observed,  forming  a  variety  of  club 
hand.  The  dislocation  may  be  either  forward  or  back- 
ward, and  is  generally  a.ssociated  with  a  shortening  of 
the  forearm.  iJoth  hands  may  be  affected.  The  hands 
are  usually  well  funned  and  (|iiile  useful. 

A  few  cases  are  also  recorded  of  <iiiigenital  dislocation 
of  the  phalanges,  at  either  the  nietacarpoi)halangeal  or 
iiiterphalangeal  articulations,  and  in  a  jialmar,  dorsal,  or 
lateral  direction.  Several  tingcrs  arc  visually  involved 
simultaneously.  The  treatment  consists  in  prolonged 
use  of  splints  or  corrective  apparatus,  with  section  cf 
ligaments  if  necessary. 

f<lx>i>liiin'<>iix  Dixloailioitg  or  subluxations  of  the  wrist 
or  linger  joints  may  occur  in  consequence  of  deforming 
or  destructive  joint  lesions,  as  in  arthritis  deformans,  or 
suppurative,  tuberculous,  or  .sy|)liilitic  arthritis. 

There  is  a  special  class  of  cases  in  which  a  sjiviitaneo'is 
(interior  subUuation  of  the  irrist  graduallv  develops  in 
adolescents  engaged  in  hard  man uai  labor.  In  this  con- 
dition there  isajiartial  forward  dislocation  of  the  carpus, 
with  an  undue  juiimineuce  of  the  luwer  ends  of  the 
radius  and  ulna  posteriorly,  a  diminished  range  of  exten- 
sion, an  increased  range  of  llexion.  and  a  prominence  of 
the  flexor  tendons.  The  ligaments  are  lax  and  the  boms 
soft.  Pain  is  usually  present,  at  least  until  full  growth 
is  attained.  This  condition  develops  from  about  the  age 
of  fifteen  to  twenty-live  years,  in  persons  (especially 
females)  engaged  in  hard  manual  work  while  the  bones 
and  joint  structures  are  still  soft.  weak,  aud  undevel- 
oped. The  superior  strength  and  excessive  action  of  the 
flexor  muscles  is  supposed  to  be  the  determining  cause 
of  the  anterior  displacemeut.  The  deformity  is  dillicult 
to  overcome.  The  treatrueut  consists  in  the  use  of  cor- 
rective apparatus,  stimulation  of  the  strength  and  nutri- 
tion of  the  extensor  muscles  by  massage,  electricity,  and 
exercise,  the  use  of  spring  apparatus  to  reinforce  and  aid 
the  action  of  the  extensors,  and  susjieusiou  of  excessive 
use  of  the  flexors. 

TraiDiKitic  Dislocation!!. — Dislocation  of  the  wrist  at 
the  radiocarpnl  junction  may  occur  backward  or  for- 
ward, or  extremely  rarely  laterally  (outward).  This  ac- 
cident is  far  less  common  than  Colics'  fracture  of  the 
radius,  which  usually  results  from  violence  at  this  jioint. 
Reduction  is  effected  by  traction  and  direct  nianiini- 
lation. 

Dislocation  of  the  distal  row  of  carpal  bones  from  the 
proximal  row  has  been  noted  in  a  very  few  instances. 
Dislocation  of  single  cariial  liones.  forward  or  backward, 
may  also  occur.  In  some  persons  with  weak  and  lax 
wrist  joints  single  carpal  bones  may  easily  and  repeatedly 
sli))  backward.  Reduction  is  etiected  by  luessure  back 
into  place,  with  use  of  a  tight  bandage  lo  prevent  recur- 
rence. 

Dislocation  of  metacarpal  bones  at  the  rarjxmictncarpol 
junction  rarely  occurs.  The  metacarpal  bone  of  the 
thumb  is  the  one  ofte'nest  dislocated  at  this  joint,  the 
dislocation  being  forward,  backward,  or  outward.  The 
other  metacarpal  bones  may  al.so.  very  rarely,  be  dis- 
located either  forward  or  backward.  The  bones  may  be 
dislocated  singly,  or  more  than  one  may  be  involved  si- 
multaneously. Reduction  is  usually  easily  effected  by 
liressure  of  the  bone  into  place,  after  which  it  should  fur 
a  time  be  kept  in  position  by  splints  or  bandages  to  pre- 
Acnt  lecurrencc. 

Dislocations  at  the  metacariioplialanijeal  articulations 
may  be  either  forward  or  backward.  The  anterior  luxa- 
tions do  not  usually  present  special  dilViculties  in  reduc- 
tion, which  is  accoiu|)lishcd  by  traction  or  by  flexion, 
together  with  direct  pressure. 
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The  iNtckwiinl  (liHloctitinii  i>{  the  proximal  plinliinx  nf 
till'  tliiiinli  Ih  M  niiiililioii  of  soiiif  wrinimiirHH.  rnilii  tlir 
illlllciillv  Miiiii'tiliii'M  rnrMilIilrl'i'il  ill  I'lTicI ill);  ri'illirliiili. 
Till'  |iliiiliili\  limv  lir  MipiriMrliilril.  nr  lirlil  liiirkw Mill 
at  an  iiiii;li'  willi  (In-  iiicljicaipal  liniir:  or  In  ii  still  worse 
(li'i;ir<'  of  liixalioii  llir  liiisi'  of  tlir  plialiiiiv  tiiay  ovi-rliip 
anil  lir  Iii'IiIikI  tlii'  lirail  iif  Ilir  tnclaraipiil  lioni',  tin- 
plialiitix  lyiii);  in  tlii>  saini-  ilirrrtioii  us  tlir  tnrtacarpus. 
The  iinti'i'ior  lipitiirlit  of  tlir  Joint,  wliirli  is  tirinly  iinilril 
uilli  till'  plialanx  Init  only  loosi-ly  to  tlir  inrtararpal 
hour,  is  lorn  loose  from  the  latter  lione.anil  if  it  lieeoiiies 
iiiterposeil  lietweeli  t III' emis  of  tlie  two  ilispliieeil  hones 
it  forms  a  serious  olistaele  to  reiliietion.  The  lateral  lii; 
uinents  anil  the  sesanioiil  hones  in  the  teiiilons  of  the 
llexor  lirevis  pollieis  niiiy  also  intervene  hetiveeii  the  two 
hiines.  while  the  slipping;  anil  retention  of  the  hase  of  the 
phalanx  between  Ihetwolenilonsof  insertion  of  the  llexor 
iirevis  also  interferes  with  leiliution.  I'reinatnre  at- 
tempts to  Ilex  the  ilisloeiiteil  phalanx  only  airirravale  the 
troillile  anil  shoiilil  therelure  In'  larefiilly  avoiileil  In 
reiliietion.  the  metaearpal  lioiie  slioiilil  he  piisseil  towaiil 
the  palm  to  relax  the  llexor  lirevis:  the  phalanx  shoiilil 
lie  siiperexleiiileil  Well  haekwaril :  the  hase  of  the  plia 
laiix  shoiilil  then  hepiisheil  by  ilirert  pressnie  into  plaee, 
or  until  the  anterior  iiiar;;in  of  its  urticiilar  surface  en - 
pipes  the  posterior  eiijri'  of  the  metacarpal  joint  surface; 
then  hy  llexioii  of  the  phalanx  the  bone  can  be  made  to 
come  into  place.  If  this  fails,  rotation  of  the  |)halanx  to 
free  one  siile  of  the  joint  iinil  then  the  other,  coiubineil 
with  ilireel  pressure  or  exleiision.  may  siicceeil.  Soine- 
tiines  all  inethods  of  mauipiilalion  fail,  anil  a  cutting 
operation  may  be  necessary  ;  in  this  case  the  anterior  liff- 
amcnl  may  be  put  in  jiroper  position  Ihrouirh  a  median 
palmar  incision,  or  the  tendon  of  the  llexor  brevis  and 
the  lateral  lijjamcnt  may  he  divided  on  one  side,  or 
pulled  aside.  In  case  of  entire  failure  to  elTect  reduction 
a  moderate  dcsiree  of  movement  and  usefiihiess  of  the 
thunili  will  usually  be  ultimately  obtained. 

Disloialions  of  the  other  lingers  at  the  metacarpo- 
phalaiiLTeal  articulations  are  less  conimon  than  of  the 
thumb.  They  present  similar  features,  sometimes  simi- 
lar dilliculties  in  reduction  of  the  backward  luxatious, 
and  reipiire  the  same  trcatmuut  as  iu  the  case  of  the 
thiinib. 

Dislocations  of  ]>halanses  at  the  interphnlnnqeid  &n\c- 
tilatioiis  aie  common,  and  may  take  place  in  a  i>almar, 
dors;d.  or  lateral  diieclion.  Heduction  is  usually  easily 
accomplished  by  traction  and  pressure. 

A  backward  dislocation  of  the  terminal  phalanx  occurs 
<'specially  in  baseball  players  (described  by  R.  Abbe),  in 
which  the  end  of  the  middle  phalanx  is  tisrhlly  caiiglit 
between  llie  llexor  tendons  and  thrinigh  an  opening  in 
theanteiior  ligament,  rendering  reduction  dillicult  and 
often  necessitating  incision  upon  tlu;  joint  iu  order  to 
correct  the  displacement. 

Aiihiilimn  of  the  wrist  or  smaller  jointsof  the  hand  and 
flngei-s  is  very  common,  resulting  usually  from  trauma- 
tisms, blows,  and  wounds.  Very  slight  injuries  are  often 
sullicieiit  to  cause  ankylosis  of  these  joints.  Even  pro- 
longed immobilization  may  cause  stiffeuing,  even  of  the 
wrist;  hence,  in  conditions  like  fractures,  requiring  pro- 
longed lixation  of  the  hand  or  lingers,  it  is  advisable  to 
practise  passive  uiovemenl.  massjige,  etc.,  of  the  joints 
at  sulliiiently  short  intervals.  Operations  about  the  fin- 
ger joints,  even  if  entirely  aseptic,  are  exceedingly  apt 
to  he  followed  by  ankylosis;  in  considering  the  ailvisa- 
liility  of  operation  in  various  cases  this  danger  should 
be  borne  in  mind,  as  the  condition  desired  to  be  remedied 
may  be  |irefenible  to  jiiLssible  or  pinbable  ankylosis  con- 
sei|iii'nt  upon  operation.  After  such  operations  the  joint 
should  be  exercised  freipiently  and  for  a  long  time  to 
prevent  ankylosis  as  far  as  possible. 

Ankylosis  may  also  be  a  sequela  of  inllaiunialory,  in- 
fectious, or  nicrotic  conditions.  Congenital  ankylosis  of 
the  small  joints  of  the  hand  and  lingers  occurs  rarely, 
sometimes  being  a  hereditary  abnormity  of  development. 
In  a  con.siderable  proportion  of  cases  of  ossifying  myo- 
sitis a  developmental  ankylosis  of  the  carpometacarpal. 
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inctiu»rpi)plialaiigeal.  or  interplmlungeal  urticulutlon  of 
the  thiimli  Is  pii'sent 

There  is  Utile  elianeeof  completely  reitturliig  the  inotijl 
ity  of  an  ankyloseil  linger  joint,  though  Hrthreclomy  or 
breaking  up  of  the  adhesions  and  bands  may  beatleni|it<'il. 
If  the  joint  is  ankyloseil  at  an  inconvenient  angle  an 
iinpiovi'inent  in  tin'  poNition  can  ut  least  lie  obluiiie<l  by 
operation. 

Arl/iini/i  iiiii/M  ] hjlirl iiiim  of  thi'  hand  or  lingers  may 
arise  from  a  variety  of  causes,  as  altered  conlluunilioii  lif 
the  joint  structures  (as  in  arthritis  diformans),  ankylosis 
in  malposition,  adhesions  and  contraelinns  of  the  articu- 
lar lissiies,  intlammatory  or  necrotic  processi'S,  develop- 
mental abnorinitii's,  dislocations,  etc.  The  clinical  feat- 
ures and  treatment  of  these  conililions  vary  with  the 
cause.  Hammer  linger,  due  to  shortness  of  the  lateral 
liganients,  is  an  arlhrogenous  dellection  that  will  be  con- 
sidered subsequently. 

h'li/iirf/iiiii'iil  of  the  Joints  of  the  hand  is  very  common, 
and  while  (unless  associated  with  partial  or  complete  an- 
kylosis) it  usually  causes  little  oi-  im  disability  or  impair- 
ment of  function,  it  is  unsightly.  It  arises  from  very 
diverse  causes.  Enlarged  joints  an;  very  frequently  pro- 
duced by  injuries  (see  Fig.*248!»),  and  sometimes  only 
slight  injuries  are  sullieient  to  causi-  con.siderable  de- 
formity of  this  kind.  The  linger  joints  are  often  en- 
larged in  persons  engaged  in  manual  labor.  Deposits  or 
hyperplaslic  processes  about  the  joints,  as  in  gout  ami 
arlhrilis  deformans,  are  a  common  cau.se  of  enlarged 
joints.  Another  cause  is  found  in  neurotrophic  inllii- 
ences.  as  in  Charcot's  arthropathy  of  locomotor  ataxia 
and  syringomyelia.  Systemic  conditions  may  also  be 
etiological  factors;  thus,  the  proximal  phalangeal  joints 
are  said  to  lie  enlarged  in  ca.ses  of  dilated  stomach.  En- 
larged joints  of  the  hand  should  be  treated  according  to 
their  cause. 

Stroiidiirji  Alterations  may  develop  in  certain  circum- 
stances in  the  joints  under  consideiiition.  When  the 
joints  (not  being  primarily  alTccled)  remain  in  li.xed  posi- 
tions for  a  h'Ug  lime,  as  in  the  contractures  of  nervous 
diseases,  Du])uytren's  contraction,  hammer  finger,  and 
the  like,  llicy  after  a  lime  undergo  compensatory,  degen- 
erative, or  other  secondary  changes  and  beconie  accom- 
modated to  their  habitual  jiosilion,  so  that  if  the  primary 
cause  of  the  malposition  is  done  away  with,  the  second- 
ary alterations  in  the  joint  structures  will  still  interfere 
with  correction  of  the  deformity.  It  is  therefore  impor- 
tant to  avoid  prolonged  immobility  or  submobility  of  the 
hand  or  digits  as  much  as  is  possible,  so  as  to  prevent 
secondary  joint  changes  that  may  prove  more  or  less 
irremediable. 

.Syiiofilis  mid  Arthritis. — ^The  inllammatory  afTcetions 
of  the  joints  of  the  hand  are  chielly  of  traumatic,  infec- 
tious, tuberculous,  syphilitic,  goiiorrhoal.  or  rheumatic 
nature.  In  acklitinn  to  these  ari'  the  rhiuinatoid  arthro- 
ses, arthritis  dej'nrnians,  .gout,  and  chronic  rheumatism, 
characterized  b\  abnormal  trophic  processes  or  deposi- 
tion of  abnormal  material. 

Tniiimatic  Arlliritis.  restilting  from  injuries,  without 
infection,  may  in  the  lingers  be  followed  by  ankylosis. 

iDfictimis  Arthritis  \\\  this  member  arises  from  infec- 
tion by  jiyogcnic  bacteria,  introduced  througli  wounds 
or  extension  from  neighboring  infected  areas. 

Tiibcrriihiiis  Arthritis  {which  has  already  been  referred 
to)  as  a  primary  disease  involves  especially  the  large 
Jointsof  the  body,  among  which  the  wrist  occasionally 
suffers.  The  Jointsof  the  lingers  may  rarely  be  involved 
in  tuberculous  processes,  but  usually  only  secondarily  by 
extension  from  tuberculous  foci  in  the  neighboring  bones 
or  skin. 

Si/iihilitie  involvement  of  the  finger  joints  may  occur 
in  connection  with  syphilitic  daclyiitis,  which  has  been 
considered  above. 

(roiiorrhiial  Arthritis  occurs  in  the  wrist  and  small 
joints  of  the  hand  in  a  considerable  proportion  (upward 
of  ten  per  cent.)  of  all  the  ciuses  of  gonorrlueal  rheuma- 
tism. It  runs  a  course  of  very  variable  length,  and  of 
varying  degrees  of  severity,  from  a  nuld  synovitis  to 
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severe  eases  closely  resembling  infections  arthritis.  The 
synovial  nieMibranc  is  especially  iilTccteil,  gninutalion 
tissue  is  often  iiliundunt,  and  ankylosis  is  very  ajit  to 
result. 

yeiirojMit/n'c  Arthriti*. — In  some  ca-ses  acute  inflamma- 
tion of  the  tiuger  joints  appears  to  result  from  nervous 

influences.  Markiil 
trophic  alterations 
of  these  joints  may 
occur,  of  nervous 
oricin,  as  in  Char- 
cot's tabetic  arthro- 
])athy  and  in  sj'rin- 
i.'oniyelia. 

Hill  II III II tic  Ar- 
lliritix  (acute  and 
subacute)  attccts  by 
preference  the  large 
joints  of  the  body, 
among  them  the 
wrist :  but  excep- 
tionally the  small  finger  joints  are  the  seat  of  articular 
rheumatism,  , 

C/iiiiiiir  Il/irnmatixm  includes  a  rather  indefinite  class 
of  cases  which  in  their  clinical  features  merge  into  or  are 
sometimes  difficult  to  difTerentiate  from  arthritis  defor- 
mans. It  occurs  independently,  or  as  a  sequel  of  acute 
rheumatism.  It  is  manifested  by  thickening  of  the 
fibrous  structures  of  the  joint,  enlargement  of  the  joint, 
stiffness,  ankylosis  (fibrous),  ulnar  deflection  of  the  fin- 
gers, chronic  synovitis,  pain,  slight  creakine.ss  of  the 
joints.  The  finger  joints  may  sutler  from  this  condition, 
though  the  large  joints  are  its  more  usual  .seats. 

The  treatment  of  the  various  inflammatory,  infectious, 
gouty,  and  rheumatoid  affections  of  the  joints  of  the 
hand  is  the  same  as  that  of  these  forms  of  arthritis  or 
constitutional  disease  in  general.  Simple  inflammations 
require  rest,  sedatives,  counterirritants.  etc. :  suppurat- 
ing joints  should  be  drained  :  rheumatism  demands  the 
appropriate  local  and  systemic  treatment. 

Oont. — Xe.\t  to  certain  joints  of  the  foot,  the  joints  of 
the  fingei-s  are  the  most  common  seats  of  gouty  lesions. 
These  consist  of  deposits  of  urates,  at  first  in  the  articu- 
lar cartilages,  then  in  the  synovial  and  fibrous  structures 
of  the  joint,  then  in  the  tissues  surrounding  the  joint. 
These  deposits,  when  in  sufficient  amount,  constitute 
"tophi"  or  "chalk  stones,"  and  produce  characteristic 
nodular  enlargements  about  the  affected  finger  joints. 
The  mobility  of  the  joints  may  be  impaired.  At  times 
the  tophi  may  ulcerate  out,  or  may  cause  damage  to  the 
articulation  itself.  Urates  may  be  also  deposited  in  the 
cutaneous  or  subcutaneous  tissues  of  the  palm,  or  in  the 
tendinous  structures.  The  treatment  is  that  of  gout  in 
general. 

Art/iritis  Deformans. — Under  this  designation  is  in- 
cluded a  group  of  conditions  which,  while  somewhat 
distinct  in  their  clinical  features,  present  common  char- 
acteristics in  the  nature  of  the  joint  lesions.  The  finger 
joints  are  favorite  seats  for  the  different  varieties  of 
arthritis  deformans,  though  other  joints,  especially  the 
knees,  are  also  sub- 
ject to  the  disease. 
The  characteristic 
pathological  feat- 
ures of  the  lesions 
in  the.se  cases  eon- 
si.st  jirimarily  in  a 
proliferation  of  the 
cartilaginous 
structures  of  the 
joint.  The  central 
portions  of  these 
softened  cartilages,  exposed  to  pressure  and  friction, 
be(;ome  eroded,  leaving  the  bone  liare:  the  exjiosed  bone 
then  becomes  hardened  or  "cburnated."  The  marginal 
portions  of  the  hyperplastic  cartilages  grow  out  into  nodu- 
lar ma.sses  about  the  margin  of  the  joint :  these  outgrowths 
— ■' osteophytes" — become    ossified.      The    ligamentous 
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structures  become  thickened,  subperiosteal  bone  forma- 
tion is  active,  the  muscles  in  the  vicinily  become  atro- 
phied. From  the  altered  conformation  of  the  ends  of  the 
bones  deflect  ions  of  the  phalangesare  brought  about ;  the 
osteophytes  limit  tiie  motion  of  the  joint  or  may  render 
if  entirely  immovable:  the  naked  bony  surfaces  crepitate 
roughly. 

The  manifestations  of  rheumatoid  arthropathy  in  the 
hand  vary  from  the  mild  nodes  of  Ileberdeli.  dr  a  still 
milder  though  chamcteristic  ulnar  deflection  of  the  fin- 
gers, up  to  typical  and  extreme  dcfonning  and  disabling 
joint  lesions. 

The  typical  and  well-marked  cases  of  arthritis  defor- 
mans occur  in  both  acute  and  chronic  forms;  while  it 
usually  develops  in  adults,  esjiecially  in  females,  and 
most  frequently  during  the  third  decade  of  life,  an  infre- 
quent form  of  the  disease  occurs  in  children.  The 
changes  in  the  hand  are  often  highly  characteristic.  The 
finger  joints  are  enlarged  and  nodular;  their  mobility  is 
decreased  or  they  may  be  entirely  immovable;  they  crep- 
itate harshly;  the  phalangesare  defiected  laterally,  back- 
ward, or  forward.  The  wrist  may  also  be  involved. 
The  deformity  is  unsightly,  and  the  disiibility  may  be 
complete,  the  locked,  distorted,  and  immovable  fingers 
being  incapable  of  any  use.  Both  hands  are  affected; 
and  several  or  all  the  joints  are  involved.  The  disease 
is  progressive  for  a  period,  one  joint  becoming  invaded 
after  another,  until  a  period  of  final  arrest  occurs.  The 
fingers  (all  excepting  the  thumb)  are  usually  deflected 
toward  the  ulnar  side,  at  the  metacarpophalangeal  artic- 
ulations, in  a  very  characteri.stic 
manner;  exceptionally  radial  de- 
flection of  the  fingers  is  ob- 
served. 

In  severe  cases  a  rather  char- 
acteristic deformity  may  be  man- 
ifested, consisting  in  a  fle.vion  of 
the  proximal  and  terminal  pha- 
langes, and  superextension  of 
the  middle  phalanges  (Fig. 
2493). 

Little  can  be  accomplished  in 
treatment  of  these  conditions. 
The  damage  once  done  is  ir- 
reparable, and  the  most  that  can 
be  hoped  for  is  arrest  of  the 
progress  of  the  disease. 

Iliherihii '.« \"ihn (distinguished 
by  William  lleberden.  17821  are 
small  nodular  projections  or  os- 
teophytes which  occasionally  de- 
velop on  the  fingers,  particularly  on  the  sides  of  the  dis- 
tal phalanges  and  distal  joints.  They  are  sjiid  to  appear 
oftener  in  women,  at  about  thirty  to  forty  years  of  age. 
They  are  usually  regarded  as  a  mild  manifestation  of  ar- 
thritis deformans,  and  while  not  curable  are  considered 
as  of  favorable  prognostic  significance  inasmuch  as  when 
they  occur  the  ili.sease  tloes  not  extend  to  other  joints  or 
produce  serious  consequences. 

Ufmir  Deflection  i>f  tlie  Fingers  at  the  metacarpopha- 
langeal joints  often  occurs  unassociated  with  any  other 
evidence  of  rheumatoid  articular  disease,  so  that  it  may 
perhaps  be  regarded  as  a  very  mild  form  of  arihritis  de- 
formans or  rheumatoid  disease.  It  is  common  in  elderly 
persons,  as  if  it  were  a  senile  change.  It  may  also  ap- 
pear in  earlier  adult  life  as  a  conse<)uence  of  acute  or 
subacute  articular  rheumatism  of  the  metacarpophalan- 
geal joints.  This  condition,  although  but  a  slight  de- 
formity, presents  a  characteristic  ai)i)earance;  the  little, 
ling,  middle,  and  index  fingers  are  slightly  flexed,  and 
bent  laterally  to  the  ulnar  side  at  the  metacarpoplialau- 
geal  joints. 

C/iiirif/es  in  Eitenxibility  of  Metacarpophalangeal  Joint 
of  the  T/i>niifiat  Different  Agex. — In  many  cases  the  struct- 
ures making  up  the  metacarpophalangeal  articulation 
of  the  thumb  undergo  progressive  changes  at  different 
periods  of  life,  such  that  while  in  childhood  the  proximal 
phalanx  of  the  thumb  is  murkedly  lax  and  superextensi- 
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fonnans ;  Itadial  Detlee- 
tion  lit  Finpers  and 
Supere.xtenslon  of  Middle 
Phalanges.    (Original.) 
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Iilf,  ill  olil  tiKL-  lu  <'.\UMiKiliili(y  limy  lie  <liiiiiiiiHlicit  very 
iiiiicli  Ix'liiw  till-  iiiiriii  of  tlic  iidiill  in'riixl.  Tlir  oni 
ililiiili  of  IIiIm  joint  is  llii'ii'fnrr  to  ho  coiisiilrri'ii  ill 
tliri't'    pcriuils — in   cliildlnHHl,  In   tlic   tidult.  iiikI    in   old 

1  III  yoiiiiK  cliililliiKiil  ill  11  liiriii'  |ii-oporlioii  of  imlivid- 
lluls  iIk'  liuilliiriits  of  llir  J>>iiil  ill  i|iii'Slioii  lire  vci'V  lax. 
HO  tliiit  Illl'  |ii'o\iiMiil  phiijaiix  (Illl  Ih'  sii|>ri'i'\t('iidi'd  or 
lii'iit  liaikwiird  Ml  a  iiiarkril  aiiulr.  rvrii  to  a  i°ii;lil  iiiiglu 
(si'f  Kii;.  'Jlllll.  I  siially  llir  sii|ii'ir\lriiNioii  can  he  ac- 
('oiii|ilislii-d  Ity  till'  frci-  and  iiiias-sisti'd  iiclion  of  tlircx 
triisor  iiiiisi'li's;  iK'casionally  tlic  .Kii|H'r('Xli'iisiiiii  inn  lie 
liroiiirlil  alxiiit  only  liy  a^sistanci'  or  |ias.sivi'  ailion.  Tlir 
position  oT  siiiiirrxli'iision  is  a  .sort  of  siililiixation  of  tin.' 
joint,  and  llir  phalanx  whrii  rxtriidrd  i^ors  hack  %vitli 
a  siiddi'ii  slip.  Tlic  condition  is  hy  the  laity  oftin  ciillid 
••ilouhlc  jointidiiiss. "  'I'his  laxity  of  the  joint  is  very 
coiniiioii  in  I'liildi'i'ii  up  to  tlicai;i'of  six  or  seven  years, 
oeiiirriiif.'  to  a  greater  or  les-s  degree  in  nearly  a  half  of 
while   children.     After  that  age"  Ihu  supt'i'i-xWusibility 


Km.  U4(M.— Hiinil  nf  n  Boy  Six  Yenrs  Old.  Showlnsr  Voluntary  Super- 
ext<-niit<iii  iif  Thumb.    (Orlglniil.) 

gnidiially  diminishes,  until  about  the  age  of  puberty, 
when  it  usually  lias  entirely  disjiiipeared.  Ocen.sionally, 
however,  supcrextensiliility  of  tlie  Ihuinb  persists  to 
inaturily.  especially  in  persons  whose  linger  joints  gen- 
erally are  iiiiu.siially  lax,  and  in  tliosc  in  wiiom  Ihi.s  laxity 
is  developed  and  niuintained  l)y  such  occupations  as 
I  liaiio  playing. 

The  supcrextensiliility  varies  in  extent,  from  a  slight 
inirea.se  to  an  extreme  degree  of  laxity.  Usually  both 
iliiiintis  are  supere.xtensilile.  though  sometimes  one 
ihiimli.  especially  the  left,  may  be  alTected  alone.  The 
left  thumb  appears  to  be  rather  more  subject  to  this 
peculiarity  than  the  right,  as  shown  by  its  being  often 
superexteiisible  to  a  greater  degree  than  the  right  when 
both  thumbs  are  involved,  and  liy  its  being  most  subject 
when  only  one  thiinib  is  alTicled.  The  two  sexes  are 
about  ei|iially  subject  to  this  condition. 

In  an  examination,  by  tlie  writer,  of  the  hands  of  Ifil 
white  children  from  three  to  fourteen  years  of  age  the 
following  data  as  to  this  condition  were  found: 


Thcmbs  not  at  all 
scperextensibi.k. 

O.VK  OR  Born  Tih:mbs  More 

OR  LKSS  SlTPKREXTKXSIIlLE. 

(years). 

1 

i 

a 

1 

Numlier. 

a 
g 

i. 

I 

4 

^ 

:;-  B 

T  10 

ll-H 

4 
27 
30 

12 
24 

28 

16 
51 

58 

10 
5 
5 

3 
10 
3 

13 
15 

8 

45 
23 

12 

29 
116 
8(J 

Total . . . 

61 

64 

123 

20 

16 

36 

22 

161 

Of  the  36  cases  in  this  series  in  which  one  or  both 
lliumbs  were  more  or  less  siiperextensible,  both  thumbs 
were  slightly  superexteiisible  in  6.  and  were  markedly 
-iiperextensible  in  1(1;  the  left  thumb  alone  was  super- 
I  \tensible  in  10:  the  right  thumb  alone  w^as  superex- 
tcnsible  in  1 — total,  30. 


Anions  7!)  colored  eliildren,  ;)8  ffirU  and  H.'i  Ihivh,  agi-<l 
friiiii  two  to  tlfteen  yeiirH,  Hiiperexleiikibility  of  tlie  proxi- 
mal  |>lialuux  of  the  lliiiinb  wax  noted  in  only  two  lu- 


Ku;. 


2t!Vi.-Hiiiiil  of  n  Mini  At'i'il  Thlriv-lliree.  Showing  Full  Normal 
Adult  Exieiislmi  of  TUuiiih.     (original.) 


stances  (girls,  aged  ten),  and  that  to  a  sliglit  degree  only. 
This  would  indicate  that  the  peculiarity  is  less  common 
in  tlie  negro  race. 

2.  In  the  iiihilt  period  the  first  phalanx  of  the  thumb 
when  fully  extended  normally  lies  in  line  with  the  iiieta 
carjial  bone,   or  at  an  aiiLde"  sliirhtly  short   of  this  line 
(Fig.  349r;). 

3.  In  nld4j;ie\wl  iiifrciiuenlly  the  proximal  phalanx  of 
the  thumb  is  very  much  dccreaseil  in  extensibility,  so  that 
when  fully  extended  it  cannot  be  brought  within  a  con- 
siderable angle  (often  not  within  forty  live  degrees)  of 
the  line  of  the  nietacarpiil  bone  cxtcniled)  (Fig.  2490). 
With  this,  the  distal  phalanx  is  often  considembly  super- 
extended  and  curved  backward.  The  condition  occurs 
alike  in  those  who  have  or  have  not  been  subject  to 
rheumatism,  and  in 

those  who  have  or 
have  not  pursued 
laborious  manual 
occupations. 

The  superexten- 
si  bi  1  i  ty  o  f  the 
thiimii  in  childhood 
appears  to  be  due  to 
laxity  of  the  liga- 
mentous structures 
of  the  inctacarpo- 
phalangeal  joint. 
Its  siibextcnsibility 
in  old  age  aiipeais 
to  result  from  short 
ening  of  the  liga- 
ments or  alterations 
in  the  contiguration 
of  till'  hard  parts  of 
the  joint,  produced 
ei  tiler  by  .senile 
changes  or  pcrhajis 
by  a  mild  and  dis- 
tinctive form  of  ar- 
thritis deformans. 

Senile  Joint 
C/iaiii/tti. — The  fin- 
ger joints  in  old 
age  often  exhibit 
alterations,     which 

are  partly  due  to  mild  rheumatoid  lesions,  partly  to  real 
.senile  changes.  The  linger  joints  often  have  a  dimin- 
ished range  of  mobility.  '^  Tliey  sometimes  have  an  en- 


FiG.  L't'.W.-Hiiml  of  a  Man  Aped  Slxtv- 
.Niin'.  Sliovvinpr  Full  E.TtPnslon  (Much 
DlinliiislK'd)  of  IVixImal  Phalanx  of 
Thuiiib.  This subjii-t  had  been  u  ilerk by 
■  M-i-upiition.  dointr  no  maniiat  hibor.  and 
had  uut  liail  rheuniatlsiii.     (Oriiflnal.) 
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larjrcd  appciiniiici'.  partly  from  real  ciilarfjcincnt,  partly 
friiin  iilropliy  iif  llif  soft  tissucsof  the  plialiin-rcs.  llnar 
ilcllcclii)ii  of  Die  liiiirtrs  is  fr(<|iurilly  seen,  willionl  otlu'r 
miilin:il  cviilciiccs  of  rlicuiiiatciiil  arllimpalliy.  As  just 
(■oiisiiliTcil.  llic  iiu-lutarpoplialaiifical  joint  of  tin-  tliunib 
often  undurgoes  a  fharacleristic  ileereaso  of  extensibility. 

Akkkctkins  ok  the  Tknhoxs  .\Nn  Tk.ndon  Sukatiis. 

Small  tibromatons  /</;»«(■«  oioasionally  ilcvelop  on  ten- 
dons, especially  on  lliose  of  the  lle.xor  muscles  of  tlie 
linsci's.  |>alpable  as  subcutaneous  nodules  movin;;  willi 
the  tendons  and  not  causinj.'  material  trouble  unless  tbey 
interfere  with  the  action  of  the  tendon  or  become  painful 
from  pressure.  Some  forms  of  trigger  linger  are  pro- 
duced by  the  impediment  to  motion  caused  by  such  ten- 
dinous nodldes. 

T,ii"xi/iiiin'lit<—Oni'  of  the  favorite  seats  of  various 
forms  of  inllannnation  of  the  tendon  sheaths  is  about  the 
wrist,  hand,  and  forearm.  Infectious  and  sup])urative 
intiammalion  is  conunon  in  connection  with  whitlows  and 
jialmar  abscess;  pain  is  intense,  early  and  free  incision  is 
neces.siiry,  and  the  consequences  may  t)e  serious.  Gonor- 
rhceal  tenosynovitis  sometimes  occurs  about  the  hand. 
an<l  syphilitic  involvement  of  these  structures  may  occur. 

Acute  noil  suii]iurative  tenosynovitis  may  occur  in  the 
hand  or  forearm,  from  occupation  irritation,  contusions 
or  other  traumatisms,  or  spontaneously  from  undeter 
luinablc  causes.  The  symptoms  are  pain,  swelling,  fric- 
tion and  crepitation,  cITusion  of  fluid. 

Tlie  treatment  consists  chiefly  of  rest  and  immobiliza- 
tion and  sedative  or  counterirritiiiit  applications. 

Cliviiiiic  Ti  iinsjiiiiiritis  in  all  or  nearly  all  cases  is  of 
tiilieiculous  nature.  Jlost  of  the  cases  occur  in  the  fore- 
arm and  hand.  It  preseuts  a  number  of  forms — a  simple 
serous  eUusion  into  the  thecal  sac,  an  effusion  with  licc- 
grain  bodies,  or  an  exuberant  grauulaling  form.  It 
occurs  more  especially  in  women,  in  the  delicate  and  un- 
healthy, and  in  those  with  a  family  or  personal  tubercu- 
lous laiul  ;  manual  work,  like  wringing  clothes,  some- 
times i)iedisposes  to  it.  The  onset  is  gradual  autl  the 
course  very  clironic.     Pain  is  not  severe. 

In  the  forms  with  elTiision  there  is  an  elongated  swell- 
ing along  the  course  of  the  tendon,  with  tluctuation.  If 
the  ■■  rice  grain  "  or  "melon -seed  "  bodies  are  present,  they 
can  be  felt  and  can  be  rul)bcil  on  the  tendon  or  sheath 
with  rough  friction.  The  intiammalion  may  be  confined 
to  a  limited  portion  of  the  tendon,  or  may  extend  the 
entire  length  of  the  sheath  and  to  other  sheaths. 

In  the  fungous  granulating  forms  tlu'  tendon  and  sheath 
are  involved  in  an  exuberant  granulation  process,  which 
causes  irregular  distention  along  the  sheaths,  with  a  pecul- 
iar feeling,  liut  no  fluctuation. 

The  site  of  tuberculous  tenosynovitis  is  especially  on 
the  dorsal  or  palmar  aspect  of  the  wrist,  though  it  may 
extend  along  the  anterior  or  posterior  surfaces  of  the 
digits.  At  the  wrist,  the  annular  ligaments  passing  over 
the  tendon  sheaths  may  cause  a  constriction  in  the  swell- 
ing at  that  point,  forming  an  hour  glass  appearance, 
sometimes  called  "compound  ganglion." 

The  tuberculous  process  may  extend  to  neighboring 
joints  and  other  tissues.     The  condition  may  simulate 


Fir,.  2t!>7.-Sii|MTexl.-iisl..ii  lii-MiiiiiiH  lr..iii  .Nirii.i:nk.n  ot  Flexor 
Teinli'n**  of  .Nliililli'.  Kiiip,  ami  t.ittlf  Fini^ers,  S<'vere(t  by  an  In- 
(■fs*Kl  Wound  Twenty-Six  Years  Previously,    (orl^rlual.) 

lipoma,  ganglion,  chronic  abscess,  gumma,  sjirconia:  the 
diagnosis  is  mad<'  by  the  presence  of  fluctuation  or  rice 
bodies,  the  c.xamiuatiou  ^<i  aspirated  fluid,  and  the  tuber- 


culous hislorv.  The  treatment  consists  in  rest,  pressure, 
coiinterirritalion.  iispinition.  injection  of  iodoform  emul- 
sion; incision  with  drainage;  or  incision,  cleaning  luit 
the  cavity,  and  immediate  suture;  or  curettage,  etc. 

Gniifflion.  —  This  occurs  as  a  small  subcutaneous 
rounded  hard  swelling,  containing  a  viscid  fluid:  it  is 
most  commonly  situated  on  the  back  of  the  wrist,  but  it 
also  occurs  in  the  palm,  fingers,  and  C'lsewliere.  Excep- 
tionally it  may  lie  due  to  a  lieriiial  protrusion  of  articular 
synovial  membranes  or  tendon  sheaths,  or  to  enlarged 
bursa?,  but  usually  it  is  a  cystic  forinalion  developing  in 
connection  with  the  walls  of  the  tendon  sheaths,  but  not 
communicating  with  their  cavity.  It  is  usually  of  slow 
development  and  sometimes  disappiars  spontaneously. 
A  soft  swelling  or  ganglion  on  the  back  vf  the  wrist  "is 
somctiines  ])resent  in  chronic  lead  poisoning.  Its  treat 
nient  consists  in  rupture  by  firm  pressure  or  a  blow,  or 
evacuation  by  aspiration  or  subcutaneous  incision.  If  it 
recurs  after  this  treatment  the  cyst  and  its  wall  should 
be  excised. 

Injuries. — In  incised  woun<ls  about  the  wrist,  hand, 
and  fingers,  the  tendons  are  frequently  divided,  partially 
or  completely.     When   the   .section   is    complete   corre 
sponding  impairment  of  function  results,  and  if  the  ten 
don  is  not   reunited   iH-rnmneiit   damage  will  ensue.      In 
non-union  of  divided   tendons,  the  action  of  the  muscles 
involved  is  abolished,  while  unrestrained  action  of  tin- 
opposing  muscles  cau.ses  a  habitual  or  excessive  deflec 
tion,  in  the  opposite  direction,  of  the  Irony  parts  sup 
plied.     Thus,  scciiou  of  the  extensor  tendons cau.-ics  flex- 
ion and  incxtcnsibility  of  the  phalanges,  while  divisicjii 
of  the  flexor  tendons  results  in  inflexibility,  extension,  or 
even  superextension  of  the  phalanges  (Fig.  2-497). 

The  consequences,  as  to  the  usefulness  and  ajiliearaiice 
of  the  hand,  of  non-union  of  severed  tendons  an-  so  .seri 
ous  that  in  all  wounds  of  this  region  particular  care 
should  be  taken  to  determine  if  any  tendons  are  divided; 
and  if  so.  the  ends  should  lie  sutured  together  with  cat- 
gut and  the  jiarls  afterward  kept  at  rest  until  union  is 
obtained. 

Sulicutanefuis  rupture  of  the  extensor  tendons  inserted 
into  the  distal  phalanges  sometimes  occurs,  giving  rise 
to  the  condition  known  as  mallet  finger. 

Adhesions  of  digital  tendons  to  their  sheaths  or  sur- 
rounding tissues  are  not  uncommon  from  tenosynovitis, 
especially  from  whitlow  or  palmar  abscess,  or  from 
cicatricial  involvement  after  healing  of  wounds.  Adher- 
ent tendons  cause  a  corresponding  loss  of  mobility  of  the 
))arts  suii])Iied  by  them,  or  even  a  greater  or  less  immo- 
bility in  normal  or  abnormal  jiositions — the  so-called 
■'tendinous  ankylosis."  In  conditions  in  which  adhesions 
of  the  tendons  threaten  to  result,  attempts  should  be 
made  to  prevent  such  a  consequence.  During  immobili- 
zation of  the  hand  in  fractures  early  and  frequent  pas- 
sive movement  of  the  fingers  should  be  practised  to  obvi- 
ate tendinous  adhesions.  After  thecal  inflammations  and 
wounds  similar  exercise  of  the  fingers  may  prevent  ad- 
lu«ious. 

After  firm  adhesions  are  once  established  it  is  dillicult 
or  impossible  to  free  the  tendons,  though  a  faulty  posi- 
tion of  a  finger  might  be  improved  by  operative  meas- 
ures. 

M.xi.i.ET  or  Droi>  Fixcer  isan  uncommon  condition  in 
which  the  essential  lesion  is  a  subcutaneous  rupture  of 
the  extensor  tendon  inserted  into  the  distal  |>halanx  of  a 
finger.  It  is  caused  by  violence,  often  slight  and  insig- 
nificant, such  as  catching  the  finger  tip  in  the  clothing,  or 
a  slight  push  in  the  direction  of  flexi(Ui  on  the  end  of  the 
finger.  The  tendon  is  torn  at  or  near  its  insertion  into 
the  base  of  the  terminal  phalanx.  The  rupture  may 
be  complete;  or  it  may  be  partial,  a  thinning  or  fraying 
and  stretching  of  the  tendon.  In  conseciuence  of  the 
rupture  the  power  of  extension  (except  passively)  of 
the  distal  phalanx  is  lo.st.  and  from  unopposed  action 
of  the  flexor  the  [ihalanx  drops  lini|ily  forward  and 
stands  flexed  at  an  angle  (up  to  a  right  angle)  with  the 
finger. 

immediately  after  the  injury  there  may  be  some  in- 
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Ilitiiiiiiiiioi'V  H\  inptnniN:  liiil  iii  tlit-sr  siilisidi'  tlir  |iliiiliUi\ 
in  IrTt  lirlplix  mill  iiirMrii^ihli'  in  a  lliM-il  |iiKitii>ii. 

Till-  iiiiiclilioii  is  .Slid  li>  lir  Miiiii'tiliirs  riinilili'  liv  keep- 
iii)5  the  plialiinx  well  rMi'iiilt'il  liv  spliiili  fur  llirrr  or 


"Mipi  ilii  ial  li.iii^Mi.i  1)^:11111  111.  of  Illl'  lliifji  I,-."  'Dip 
palmar  fascia  Ih  sitiialril  iiiiiiiiiliati'lv  iH-nraili  Itii'  Hkiiior 
Ilic  palm,  friim  uliirli  il  Is  M-paniti'il  oiilv  liy  lliiii  iiiaKwrH 
of  faltv  ami  ari'olar  tisMic.     Tlii'  fiusclu  Ih  iiiliniatrlv  coii- 


Hii.  241IH.-Mulli'l  FIllRiT.     lAbbH.) 


fiiiir  wci'ks.  If  llii-i  fails  oprniliiin  is  iicccssjiry.  .V  Ion- 
pilmliiial  inrisioii  is  inaili'  i>vri-  llw  liark  of  the  joint,  and 
llir  riipltlivd  ('\lrnsor  tiiiilon  rxpnsicl;  the  si'ViTcd  ends 
of  till'  Irniloli  ail- thin  to  lir  srwcd  lonitlirr,  sliortinini: 
tluMii  if  nr<tss;ii V  :  oi  tlir  pi'o.ximal  end  may  be  ailvanccd 
and  suturrd  into  tlic  pi-riostciiin  or  into  tlii'  skin  ni'ar  tlir 
root  of  the  nail.  After  the  latter  iiroeediire  the  nail  is 
soinetinies  temporarily  lost. 

AkKECTIO.N!*  ok   CoNNtXTIVK-TlSSfE  Stihttuiiks. 

.\side  from  inllannnatory  and  infeefioiis  proeesses  in 
these  tissues,  the  fascial  anil  liijiinientoiis  stniclures  of 
the  hand  are  subject  to  certain  characteristic  airections. 
namely,  Dupuytren's  contraction  of  the  palmar  fascia, 
eontmetion  of  diirilal  fa.sciu,  hammer  linger,  atid  general 
palmar  induration. 

DirrYTiticN's  C'ontr.xctios  op  the  P.\i.M.\n   F.\sci.\. 

This  not  uncommon  affection  consists  in  a  hypertrophy 
of  delinite  tracts  of  the  palmar  fascia,  with  sliorteniiiir  of 
the  hypcrlrophieil  hand,  rc'sidling  in  Hexions  or  coiitrac 
tions  of  the  phalanges  and  changes  in  the  configuration 
'of  the  palm. 

While  not  incviously  entirely  unknown,  the  true  na- 
ture of  tlii.s  condition  wa.s  first  dcmonslraled  hy  G. 
Hupuylren.  whose  original  deliverance  on  the  subject 
was  given  in  1^31.  Numerous  sludiis  of  the  disea.se 
have  since  been  made,  an  extensive  literal ure  has  been 
produced,  and  several  hundred  ca.ses  have  been  recorded. 
Its  morbid  anatomy  and  mechanism  have  been  settled  by 
numerous  operations  and  postmortem  dissections,  but  its 
etiology  is  still  obscure. 

The  primary  seat  of  this  affection  is  in  the  iialmar 
fascia  or  aponeurosis,  a  knowledge  of  the  anatomy  of 
which  is  essential  to  an  adci|natc  understanding  of  the 
pathology  and  mechaiiisni  of  Dupuylren's  contraction. 
The  |)almar  fascia  isa  triangular  or  fan-shaped  expansion 
of  firm  fibrous  tissue  radiating  over  the  metacarpus,  with 
the  apex  of  the  triangle  situated  at  the  depression  be- 
tween the  thenar  and  hypothenar  eminences  (the  "inler- 
Ihenar  ilepression  "),  where  the  fascia  is  continuous  with 
the  annular  ligament  of  the  wrist  and  the  tendon  of  the 
jiahnaris  loiigus  muscle.  (1p|iosile  tlu'  metacarpopha 
langeal  artienlalions  there  is  a  well  marked  transverse 
librous  band,  the  ■•superlicial  transverse  ligament  of  the 
p.ilm",  at  this  ]ioiiit  many  of  the  longitudinal  fibres  in 
the  fan-shaped  palmar  fascia  tertninate.  leaving  a  few 
fibres  to  pass  to  each  of  the  digits,  where  they  are  at- 
tjiched  to  the  skin  and  fibrous  investments  of  the  pha- 
langes. At  the  web  of  the  fingers  thi-re  is  another 
transvei-se  fibrous  band,  the   "fibres  of   Gerdv."'    or  the 


necled  with  the  skin  by  numerous  fibrous  bands — a  point 
to  be  borne  in  mind  in  connection  with  the  meclianism  of 
Dupuytren's  contraction.  .Microscopically,  the  fascia 
consists  of  coarse  longiludinal  and  Ininsverse  bundles  of 
dense  white  fibrous  tissue,  which  in  places  are  connected 
with  thecoriiun  by  smaller  fibrous  bands cro.ssing  through 
the  fatly  layer  which  .separates  the  fascia  from  the  cuti.s. 
Among  the  fibres  elongated  conneetive-lissue  cells  arc 
numerous,  and  minute  blood  vessels  penetrate  and  accom- 
pany the  fibrous  fasciculi  (see  Fig.  2499). 

Dupuylren's  conlraclion  consists  essentially  of  a  hy- 
pertrophy or  hyiierpljisiaof  limited  longitudinal  portions 
or  fasciculi  of  the  fasci.-iof  the  palm  and  fingers,  together 
with,  usually,  contraction  or  shortening  of  the  hypcrtro- 
phicd  band  in  a  longitudinal  direction.  This  condition 
rcsult.s  in  (1)  llcxions  or  contractions  of  the  iihalanges  of 
the  lingers  caused  by  the  traction  of  the  shortened  bands; 


Fii:.  Hm.  Transvi-rse  .Seiiinn  of  Normal  Skin  and  Snlwiilanpou.'t 
TK-Iips  nnd  Fii.silii  from  Itlt'lit  I'lilni,  over  Steliiranii'I'liiil^'iKeat 
,Iitint  of  Itinir  Fini:er,  from  .Man  .Vireil  Seventv-eijrlit  Yimin.  siiow- 
niK  I.o»i,'ltudlnal  and  Transverse  Bands  of  Fascia  and  Filins  Con- 
necllnp  them  with  Uie  Cutis.    MagnlQud  10  diameters.    (Original.) 

and  (2)  induRition  and  changes  in  the  surface  configura- 
tion of  the  palm,  caused  mostly  by  traction  on  the  .small 
fibres  connecting  the  band  with  the  overlying  coriuni, 
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or  by  tlie  tliickciicd  and  clfViilciI  lissiirs  Ixiicatli  lifting 
up  the  skin.  WlR'liicr  the  li'.sion  i.s  ii  liy|icilrii|ili_v  or  ii 
ni'oplii.sni  liHs  lu'cn  n  point  of  discussion.     'I'lic    Ik'xor 


Fig.  25(10.- Transverse  Sf  n>  n  .1  skin  ami 
Fasrlu  Leadinir  to  Mtlle  Kin!.'<T.  ItiirlH 
diaineteiTi.    cAutlior's  case.) 


tendons,  vliicli  lie  buueath  tlic  palmar  fascia,  are  not  in 
the  least  affected,  though  Ilie  bending-  of  the  fingers 
strongly  suggests  a  muscular  or  tendinous  pull.  Pro- 
longed mal])Osition  and  immobili- 
zation of  the  joint  in  some  cases 
produce  changes  in  the  alTect<(l  ar- 
ticulations; involvement  of  tlie  ten- 
don .sheaths  has  also  been  reported. 

A  few  microscopical  examinations 
of  the  lesion  have  been  made,  which 
alford  some  information  as  to  its  his- 
tology.    The  band  causing  ihe  con- 
traction, plainly  visible  to  the  naked 
eye,  is  a  prominent  roiuided  or  oval 
longitudinal    band   of    dense   lilinuis 
tissue.  2  to  5  nun.  in  diameter,  be- 
longing to  the  iialmar  fascia  and  sit 
uated    in    the    subcutaneous    tissue. 
The    band    may    lie    in 
contact   with    the   cutis 
Vera  with  nothing  inter- 
vening,  though  the  tis- 
sues of  the  eorium  and 
the  band  are  tisually  dis- 
tinctly marked  off  from 
each     other    w  i  t  h  o  u  t 
merging  or  being  con- 
tinuous together;  or  the 
band  in   places  may  be 
se]>arated  from  the  eori- 
um by  an  interval  occu- 
pied l)y  areolar  and  adi- 
pose tis.siie. 

Microscopically   (Fig. 
SriOO)  the  coil  ti^nc ted 
band   is  seen  to  consist 
of  a  dense  aggregation 
of  longitudinal  fasciculi 
of    white    lilires.   among 
vhieh  are  elongated  fusi- 
form connective-tissue  cells  and  small  vascular  channels 
in  greater  or  less  abundance.     The  tissue  is  essentially 
identical  with  that  of  the  normal  iialmar  fascia,  being  "a 
hypertrophic  or  hypeiplaslic  development  of  the  latter. 


Fii;.  -Vil.— Dlssertliin  of  Purnvtren's 
Cniitnu'Ilon  of  Mlililli'  ami  Ulnir 
KInciTs.  from  a  Speiiirien  In  St. 
Burllinliimcw's  Iliispltul  Museum, 
o.  rotilnictiHt  Imiul  of  palmar  (as- 
lia:  li,  rU'Xor  lenclons;  c,  slieatb  of 
tlcMir  teniluns:  d.  jnsiTlioii  of  con- 
Inuied  tiaaOs  iiilo  base  of  inidcllc 
plialaii.x.     (.\datns.> 


liiind   of    Contracted 
Palm.     .Maenlfled    III 


The  skin  in  some  inslanci'S  is  rather  thickened  and  in- 
durated, but  aside  from  this  all  the  other  elements  of 
the  skin  and  adja<ent  structures  are  uimffected. 

In  the  <arly  and  developing  period  of  Dupuytreu's 
contraction  the  cellular  and  vascular  element  s  are  exceed - 
ingly  aliuixlant  among  the  librous  fasciculi  of  the  con- 
tracted band.  In  this  stage  there  may  especially  be 
ol)servable  a  great  acciinuilation  of  young  connective- 
tissue  cells,  .small,  round,  or  spindle  cells,  in  the  adven- 
titia  of,  or  the  tissues  immediately  surrounding,  the  .small 
blood-vessels,  which  are  also  relatively  numerous.  Some 
young  fasciculi  are  composed  almost  entirely  of  connec- 
tive-tissue cells  or  librolilasts,  the  librous  elements  being 
in  jtrocess  of  formjition.  As  Ihe  condition  becomes  of 
longer  standing  and  in  a  stationary  stage  the  vessels  and 
connective-tissue  cells  diirease  in  relative  abundance, 
and  in  old  and  long  established  cases  cells  and  vessels 
may  be  in  very  small  number  or  altogether  absent,  leav- 
ing the  fibrous  band  a  dense  sclerotic  mass. 

The  condition  seeius  to  begin,  then,  as  a  rather  active 
proliferalion  of  <(iiuiective-tissue  cells  about  the  small 
blood-vessels,  which  themselves  become  somewhat  in- 
creased in  uumlier.  The  cells  thus  proliferating  become 
fibroblasts  and  develop  the  librous  fasciculi  wliich  con- 
stitute the  conlraeled  band.  The  process  is  therefore  a 
fibrosis,  limited  to  cireumscrilied  longitudinal  tracts  of 
the  jialmar  fascia,  and  is  ((iiite  identical  with  the  cirrho- 
ses  of  the  viscera  or  with  the  process  often  styled  chronic 
interstitial  inflammation.  It  is  practically  a  hyjierplasia 
or  hypertrophy  of  longitudinal  tracts  of  the  palmar 
fascia,  togellier  with,  usually,  a  loiigiludinal  contraction 
of  the  affected  tissue,  the  thickening  being  manifested  in 
the  transverse  diameters. 

Oases  of  I)u)iuytren's  contraction  may  be  in  general 
divided  into  two  clinical  groups:  1.  The  ordinary  typi- 
cal cases  in  which  there  is  contraction  of  one  or  more 
fingers  together  with  the  characteristic  manifestations  in 
the  palm  of  the  hand.  The  fle.xion  of  the  fingers  varies 
from  marked  deformily  and  disiibility  to  only  slight  limi- 
tatiou  to  the  extensibility  of  the  digit.  This  class,  there- 
fore, merges  gradually  into  the  next  group  without 
sharp  dividing  lines.  2.  Cases  in  which  the  lesion  is  con- 
fined to  the  iKilm,  there  being  h_vpertrophy  of  the  ))almar 
fascia  and  the  characteristic  thickening,  induration,  and 
altered   eoufornuiliou  of   the   surface   in  the  palm,  but 


Fig,  SolH.—Dlssectlon  of  Dupuytren's  rontractton  of  Little  FlnRer. 
From  a  Speeimen  in  King's  I'ollege  Museum.     (Drultl.) 

without  contraction  of  the  fingers.  Tliese  cases  are  usu- 
ally slight,  yet  they  sometimes  amount  to  con.siderable 
deformity. 

The  clinical  picture  is  very  characteristic.  The  hyper- 
trophieil  bands  occupy  certain  definite  positions.  Run- 
ning from  the  direction  of  the  intcrthenar  deiires.sion, 
they  cross  the  concavity  of  the  jialm  longitudinally,  in 
t«ut.  .straight  lines,  as  a  bowstring  is  stretched  across  the 
concavity  of  the  bow.  The  thickened  and  elevated  bands 
form  prominent  ridges  across  the  jialm,  very  a]iparcnt 
to  sight  and  f<'eling.  The  bands  pass  in  direct  and  defi- 
nite lines  to  the  lingers,  having  a  delinite  locus  and  re- 
lation with  the  metacarpal  bones,  and  do  not  take  the 
direction  of  the  intersjiaces  between  the  digits.  In  the 
fingers  the  band  usually  follows  the  mid-palmar  line: 
but  occasionally,  especially  in  the  Utile  finger,  the  band 
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lltiiKlN  iiiitl    I'lllurrii. 
llulida  uud    I'lUtftTH. 


rriMuioH  till*  prnxiiniil  pliuliiiix  nliliqiD'ly,  nr  Hpa  tnwnni 
mil'  Hiilf.  Uriliiitirilv  llii'  liiinih  in  tlir  |iiiliii  iln  iml 
Ih'miii'Ii,  i'iicIi  liiiKiT  liiiviii^  itt  liiiiiil  ilUliiirl  from  tin- 
iillii'lit:  but  Kiiliii'liiili's  H  liiiliil  Kiiili);  liiiitir  lUiv'i'l'  iliviilcs 
iii'iir  till' iiirliiriir|iii|ilmliMi>;rul  Joint  iiinl  m-iiiIs  it  liniii<-li 
to  iin  ml  jiiri'iit  llii^rr. 

Ili'sjili's  till'  rlili^cs  foriiK'il  liv  tliu  ('li'viii)'il  mill  tliirk- 
I'liril  liisi  in  liaiiils.  tliiTi'iin'otlirri'lmnirtcristii'  iillrnilions 
of  lllr  <'olilli;unilioll  or  till'  Slirr»rr  of  Ilii'  |iilllll  (sri'  Vi)!. 
'.'■'iO:l).  .Miiiiili'  imni'talr  (lr|irr^sions  of  tlii-  .sl\iii.  poiiii- 
int:  iiiuaril  iiinl  often  wriHlwanl.  iiri' ('oniiiion :  iln-y  are 
<'aiisi'il  liv  Inu'lion  on  Inimls  roiinrilril  willi  llir  cutis. 
Noiliili's  liki'ciillosilit'S,  fornii'il  liy  iiiiliinitionsof  ilic  s|{in 
anil  rasria.  art'  of  fri'i|Urnl  occnrrcnir.  Tlic  nictacarpo- 
plialani.'1'al  arliiulalions  (cspirially  of  thi'  liiii;  liiificr) 
ail'  lavorlii'  loralilirs  for  llirxr  iiiiliiralioiisaiiil  iiivirsions 
of  till'  sitin.  tliou^li  llirv  may  occur  anvwiicrc  over  llio 
proximal  plinlani;cs.     I'lio  transverse  line  in  the  palm 


Flu.  -.'ill:!.— riapaytn'n's  ('oiitniclloii  nf  I'ahimr  Fnjicln.  Siinwlne 
Miirki'tl  (liiinu'i'a  In  tlic  I'aliii.  wIMi  SIlKlit  ('untrai-iliin  nf  UIiik  and 
Miilclli'  l-'liii.i'rs.  iXiiiIri'  iniiii'I«I<'(li'|ir»'s.sliiii  nf  skin  at  disuil  end 
I'f  pii'Miiiul  iibalaux  lit  nilddlu  Uugcr.l     (Urigluul.l 

over  the  melacarpoplialangeal  nrliculationsisnften  much 
(lecjieiicd  by  llic  llcxioii  of  the  fiiisTcrs.  The  traction 
.sometimes  proiliicis  tension  or  slretehinK  of  the  skin. 

The  moile  of  (lislal  leriiiiiiutioii  of  tlie  banils  varies 
.somewhal.  Many  small  libres  leniiinale  in  ami  are  con - 
Heeled  with  the  cMlis.  <a\isiiiir  Ilie  elianieteristic  depies 
sions  of  till'  skill.  In  many  of  th<'  eases  in  which  the 
lesion  is  contined  to  the  iialm  the  bands  terminate  near 
the  metacarpophalanireal  joints,  e.xpeiidinj;  their  force 
on  tile  skin  aiul  subculaneous  tis.sues  at  those  points  in- 
siead  of  drawing  on  the  lingers.  Occasionally  a  thick 
and  well  marked  band  proceeds  some  distance  up  a  lin- 
jrer,  yet  (no!  being  shortened)  witlioul  iiroducing  any 
tle.\ioii  of  the  ]ihalanges.  Many  bands  terminate  by  a 
irenend  blendinsr  with  the  skin  or  subculaneous  libroiis 
invesimenls  of  the  linger,  usually  around  llie  proximal 
plialan.x  :  many  others  have  a  more  or  less  distinct  inser- 
tion, especially  at  the  ])ioximal  end  of  the  middle  (dialan.x. 

The  eonlraclion  of  the  lingers  is  caused  by  the  traction 
exerled  by  the  shorteiieil  palmar  bands,  and  consists  in  a 
limit.'ition  of  the  extensibility  of  Ihc  linger;  witliin  the 
limits  allowed  by  the  contracting  band  tlexion  anil  ex- 
tension are  unimpeded,  but  beyond  Ihem  fiirllier  extcn 
sion  is  impossible.  The  degree  of  contraction  varies 
from  complete  llexion  of  the  linger  into  and  against  the 
jialm  to  only  slight  limitation  of  the  full  extensibility  of 
the.  linger.  The  contracting  force  may  be  exerted  on 
any  of  the  three  phalanges,  though  almost  always  on  the 
)iroximal  or  middle  and  only  very  infreiiuently  on  the 
dislal  phalanx.  When  the  traction  is  exerted  on  the 
proximal  phalanx,  mostly  by  a  general  pull  on  the  skin 
and  ribrous  investments,  llie  linger  is  liexid  as  a  whole 
on  the  nietacarpophalaiigeal  joint,  the  extensibility  of 
the  middle  and  Icrmiiial  phalanges  being  iiiiallected. 
When  the  traction  is  on  the  middle  phalanx,  this  is  Hexed 
on  the  jiroximal  ]ihalanx  :  and  if.  as  commonly  occurs, 
the  band  is  sullicienlly  shortened,  the  jiroximal  phalanx 
is  also  Hexed  on  the  metacarpus,  although  the  band  may 
not  be  connected  willi  this  phalanx.  The  distal  plia- 
langesare  Itexeii  and  ci>iinected  with  Ihe contracted  band 
in  only  a  very  small  proportion  of  the  cases.     Fingers 


ftiljaceiil  to  one  Btroiigly  rout  nictwl  ure  f  reiiucnti y  sIlRlitly 
bent  from  tnictiun  of  the  tlbren  of  Clerdy  or  the  web  of 

the  llii^riTH. 

Killier  hand  may  be  alTecied  alone,  or  liotli  liandx  iiiay 
be  involved  logi'llier.  In  b**!  caseH  coUeeti'd  by  \V.  \V. 
Keen,  the  right  hand  was  involvi'd  alone  in  5h',  the  left 


Fig.  2504.- 


-Dupuvtrcn's  Cunirectlim   of  Ring  and   LItlle   Fingers. 
(Clarke.) 


hand  alone  in  53.  both  hands  in  lo;!.  In  49  cases  exam- 
ined by  the  writer  the  right  hand  was  affected  in  12,  the 
left  hand  in  \'>.  both  hands  in  2'i. 

Any  of  the  digits  may  be  involved,  but  the  thumb  and 
index  linger  are  rarely  affected.  The  ring  linger  is  much 
oftenest  contracled,  and  Ihe  Utile  linger  in  a  large  pro- 
portion of  the  cases;  the  middle  linger  is  frequently  in- 
volved, but  not  so  often  as  the  ring  and  liltle  lingers. 
In  2()8  cases  (214  collected  by  Keen.  4!)  observed  by  the 
writer)  .572  lingers  were  affected  in  all,  as  follows:  12 
thumbs,  24  forelingers,  93  middle  Angers,  249  ring  Au- 
gers, li)4  little  fingers. 

One  linger  may  be  affected  alone,  or  two  or  more  fin- 
gers ou  the  same  hand  may  be  contracted  together.  The 
commonest  condil ions  are  for  the  ring  linger  to  be  con- 
tracteil  alone,  lillle  linger  alone,  ring  and  lillle  lingers, 
middle  and  ring  lingers,  in  about  the  order  stated. 
When  two  or  more  linirers  on  a  hand  arc  contracted,  they 
are  usually  adjacent,  though  not  always. 

When  l)oth  handsale  affictcd,  the  contraction  always 
or  almost  always  liegius  in  one  hand  before  the  other. 
Usually  the  two  hands  are  affected  to  unequal  degrees. 
Sometimes  there  is  very  little  difference  in  the  extent  of 
the  contraction  in  Ihe  two  hands;  in  numerous  other 
cases  the  hands  are  very  unequally  affecled,  one  hand 
showing  marked  finger  contractions  while  the  other  may 
exhibit  only  slight  stig- 
mata of  the  disease  in 
the  palm.  The  hand 
first  affected  is  usually 
the  one  worse  affecled. 
The  lesions  are  not  ex- 
actly symmetrical  in 
most  cases,  but  have 
different  locations  in  the 
two  hands;  thus,  the 
ring  finger  of  one  liand 
and  the  ring  and  little 
fingers  of  the  other  may 
be  the  ones  involved,  or 
the  ring  linger  of  one 
and  the  middle  finger  of 
Ihe  oilier,  and  so  ou  for 
a  large  number  of  pos- 
sible combinations;  still, 
in  some  cases  the  Siime 
digits  arc  affected  on  the 
two  hands.    In  the  great 

majority  of  the  bilatei-al  cases,  therefore,  the  two  hands 
differ  in  the  time  of  onset  of  the  disease,  the  degree  of 
the  contractions,  and  the  location  of  the  lesions. 

As  to  the  freipieucv  of  Dupuvtren's  contraction,  'Wil- 
liam Anderson  states"  that  of  3.'G00  adults  of  the  poorer 


'^„ 


Fig.  2.Vt5.  —  Extreme  Dupuvtren's 
Contraction  of  Little  Ftnper.  (Orig- 
inal.) 
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classes  in  oi'ilaiii  Eiiirlisli  infirmaries.  a))ont  (Ivp-sixtlis  of 
wliiMii  were  over  iniildle  »L,'e.  IW.  nr  l.'JT  per  <cnt.,  were 
alTeeled  in  variniis  defines,  wliile  nf  SIHI  cldldren  under 
sixteen  none  was  alTeeted.  Molile  Smith  anmnL;  7tH) 
elderly  inniatesof  Knglisli  workhouses  fnuiid  T(l  eases  ( 10 
per  cent.)  of  Dupuytren's  coiitraelion.  in  ir)iif  whiih  the 
disease  was  eonlined  to  the  palm;  in  441  women  exam 
ined  bv  him  U  had  well  marked  tinirer  eonlraetions  and 
1.5  others  had  simply  palmar  induration  :  this  would  leave 
256  men  anionj;  whom  occurred  44  eases  (IT  per  cent.). 
In  an  examinalioM  made  by  the  writer  of  this  article  of 
the  hands  of  l.dOO  men.  nil  exsoldi<'rs,  ran.Lrin,;:  in  ajrc 
from  twenty-one  to  eijrhty-tive  yiars  and  avenijring 
about  liftylhree  years.  vi!l  cases  (li.ilper  cent.jof  Dupuy- 
tren's contraction  were  foiuid:  in  \-i  of  these  cases  the 
palm  only  was  alTected,  without  contraction  of  lingers, 
leavinj:  2B  (or  2.(i  per  cent,  of  the  whole)  having  material 
contraction  of  the  tinirers. 

Roth  sexes  are  liai)le  to  the  disease,  but  women  are 
alTeeted  much  less  fnipienlly  than  men. 

The  inlluence  of  lieredilyin  the  causation  of  the  dis- 
ease is  marked,  a  hereditary  or  family  history  of  the  oc- 
currence of  the  atVeclion  being  obtainable  in  about  a 
fouith  or  a  liftli  of  the  cases. 

The  disease  develops  not  only  in  the  hands  of  persons 
engaged  in  manual  occupations,  but  also,  in  large  num- 
bers, ill  persons  not  engaged  in  manual  labor,  aud  even 
in  persons  couLpletely  idle. 

Dupuytren's  disease  is  a  disease  of  the  adult  and  senile 
period  of  life,  the  favorite  age  of  onset  being  from  fifty 
to  seventy  years.  Cases  do.  however,  develop  during 
the  first  half  of  life,  and  it  is  said  that  even  congenital 
cases  occur.  It  is  im.ssible  that  iniuiy  of  the  cases  alleged 
to  have  appeared  at  an  early  age  were  in  reality  cases  of 
liammer  finger,  a  condition  that  lias  oidy  recently  been 
ilistinetly  difTereiitialed.  In  ilO  cases  collecteil  by  Keen 
the  ages  of  onset  were  as  follows;  after  forty  years,  47 
cases;  from  thirty  to  forty  years,  18  cases;  under  thirty 
years,  2.'>  cases,  of  which  4  or  5  were  congenital.  In  45 
cases  examined  by  the  writer  the  ages  of  onset  were  as 
follows:  under  twenty  years,  1  case;  from  thirty  to 
forty  years,  7  cases;  from  forty  to  fifty  years,  6  cases; 
from  fifty  to  sixty  years,  16  cases;  from  sixty  to  seventy 
years,  12  cases;  over  seventy  years,  3  cases.  The  latter 
figures  indicate  that  the  disease  is  rare  under  thirty  years 
of  age. 

The  onset  and  development  of  Dupnytreu'scontraction 
are  usually  gradual  and  insidious,  being  manifested  by 
slow  development  of  the  induration  and  deformity  with- 
out subjective  symptoms.  Rarely  pain  or  other  symp- 
toms in  the  afTecteil  area  niav  jirecede  the  appearance  of 
the  contraction.  Asa  rule  the  disease  has  a  iletinite  pe- 
riod of  development,  and  then  remains  stationary.  The 
period  of  development  of  the  contraction  usu.'dly  raii.sres 
from  a  few  months  to  three  or  four  years;  occasicjnally 
the  lesions  may  develop  within  a  few  weeks,  while  in 
other  cases  the  process  of  contraction  may  continue  for 
many  years.  Sometimes  there  is  a  certain  amount  of 
intefmittcncy  in  the  development  of  the  contractions; 
the  lesions  develop  to  a  certain  degree,  remain  luichanged 
for  months  or  years,  and  then  have  another  period  of  in- 
crease. This  is  especially  manifest  in  the  bilateral  cases, 
iu  which  after  full  development  of  the  lesions  in  one  han(l 
a  (|uic>scent  pi'iiod  of  (lerhaiis  years  may  elapse,  when  the 
other  hand  becomes  alTected. 

Subjective  .symptoms,  pain,  tenderness,  or  abnormal 
sensations,  connected  with  and  located  in  the  seat  of  the 
contraction  occur  in  only  a  small  jtroportion  of  the  cases. 
In  some  instances  the  pain  is  wors('  nv  exists  only  during 
the  early  piriod.  though  it  may  occur  at  intervals  after 
the  fidl  establishment  of  the  contraction  as  well  as  dur- 
ing the  period  of  development.  The  abnormal  sensations 
are  often  an  occasional  .stinging or  pricking  feeling  in  the 
affected  region  :  also  a  sens;ition  of  lunnbness  or  itching, 
dull  aching  pains,  or  sharp  shooting  pains.  Tenderness 
is  occasionally  present,  especially  from  exposure  of  the 
projecting  surfaces  to  irritation;  a  feeling  of  tension  iu 
the  palm  is  sometimes  noted. 


Till'  milder  degrees  of  the  disease  do  not  cause  trouble 
or  discomfort,  and  only  exceptionally  are  any  of  the  ca.ses 
attended  with  pain.  The  severer  forms  of  the  contrac- 
tion cause  malerial  deforndiy  and  di.s;ibilily.  the  exposed 
areas  iu  tlii'  palm  being  inidnly  subject<'d  to  jiressure 
and  irritation  in  the  use  of  the  hand,  the  bent  finger 
being  awkward  and  in  thi'  way.  and  the  function  fpf  the 
finger  being  impaired  by  its  lack  of  extensibility.  Occu- 
pations ie(|Uiring  the  use  Of  the  hand  maybe  interfered 
with.  The  condition  onic  established  is  permanent  un- 
less obviated  by  surgical  measuns. 

The  diagnosis  of  the  condition  from  other  affections  of 
the  hand  is  usually  easy.  The  bent  finger,  the  ridge  in 
the  Jialm  corresponding  to  the  contracted  band,  the 
rounded,  callus  like  indurations,  the  small  wristward  in- 
versions of  the  skin,  and  tin;  <lefiinte  location  of  the  le- 
sions are  characteristic  features  which  even  in  mild  cases 
distin.iiuish  tin-  alTection.  Even  faint  stigmata  of  the  dis- 
ease are  (|uite  distinguishable.  Contractions  fnan  tendon 
lesions  do  not  exhibit  the  cliaracterislic  surface  changes 
of  fascia  coutniclion.  In  cicatricial  conlractions  there  is 
the  history  of  injury,  the  sear  tissue,  the  absence  of  the 
typical  features  of  Dupuytren's  disease.  Arthro.senons 
deformities  arc  recognizable  by  thi' history,  the  anatom- 
ical features  present,  or  the  constitutional  condition; 
arthro.ses  may  coexist  with  Dupuytren's  disease,  how- 
ever, introducing  an  element  of  doubt  as  to  the  preci.se 
share  either  may  have  in  the  production  of  the  deforuiity 
present.  In  contractions  limited  to  the  digital  fascia, 
surface  and  palmar  changes  are  alisent.  Ilamnu'r  finger 
exhibits  no  jialmar  or  cutaneous  changes,  and  is  sulfi- 
cieutly  characteristic  to  be  readily  distinguishable;  it  is 
probable  that  some  of  the  cases  diagnosticated  and  re- 
corded as  Dupuytren's  disease,  especially  among  the 
alleged  congenital  cases  and  those  stilted  to  have  devel- 
oped in  early  life,  were  in  reality  instances  of  hammer 
finger. 

The  etiology  of  Dupuytren's  contraction  has  not  been 
satisfactorily  deleriniued.  and  very  diverse  theories  as  to 
its  causation  have  Ix'en  advanced. 

One  iiroinineut  theory,  held  among  others  by  Dupuy- 
tren.  is  that  the  disease  is  induced  by  slight  local  trau- 
matisms or  by  continuous  use  and  irritation  of  the  palm 
incident  to  manual  labor.  In  (uobably  a  majority  of 
cases  there  is  a  complete  absence  of  any  history  of  local 
causes  to  which  the  lesions  are  attributed.  In  a  smaller 
proportion  of  the  cases  the  disease  is  attributed  by  the 
subject  of  it  to  local  tiaiunatisms  like  wounds,  abscesses, 
blisters,  irritation,  or  occupatiim  incidents;  but  only 
rarely  is  the  history  sulliciently  tlistinct  or  the  connec- 
tion suHiciently  authentic  to  warrant  any  such  ciaiclu- 
sions.  The  assumption  that  in  all  cases  a  forgotten  trau- 
matism must  have  occurred  is  not  logically  justifiable. 
Persons  not  engaged  in  -manual  occupations  are  as  sub- 
ject to  Dupuytren's  disease,  indeed  rather  more  so, 
than  are  persons  who  habitually  ilo  manual  work,  and 
the  disease  mav  develoj)  iu  the  hands  of  persons  en- 
tirely idle.  Tlu'  nature  of  the  occupation  is  not  alto- 
gether a  .safe  criterion,  since  the  soft  hand  of  the  non- 
worker  is  more  easily  irritated  by  occasional  unusual 
use  or  strain. 

On  the  whole,  the  statistics  of  numbers  of  cases  are 
adverse  to  the  theory  of  the  local  traumatic  causjilion  of 
the  disease.  There  are  other  considerati<ms  opposed  to 
the  theory  of  traumatic  origin  and  in  favor  of  the  con- 
traiy  view  of  the  idiopathic  origin  of  the  alTection.  The 
left  hand  is  not  materially  less  susceptible  than  the  more- 
useil  right,  ami  the  idnar  half  of  the  hand  is  much  more 
freipiently  involved  than  the  railial  half,  which  bears  the 
bnuit  of  use  to  an  ei|ual  if  not  grialer  degrei'.  Tlu'  fa- 
vorite age  of  onset  is  after  middle  life,  years  after  the 
period  of  aitive  labor  liegins.  The  marked  iufinence  of 
heredity,  the  limitation  of  the  disease  to  delinile  longitu- 
dinal tracts,  the  secondary  development  of  contiactions 
in  the  other  band  after  one  has  become  alTecte<l.  are  un- 
explaiuabli'on  the  local  traumatic  theory.  There  is  little 
doubt  that  Dupuytren's  contraction  is(  ssentially  of  idio- 
pathic origin,  and  that  local  traumatisms  have  no  more 
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rliHii,  pcrlinpH.  onino  orcflHiniiiil  liiMiii'iin-  in  lighting  up 

tlic  lliwilM'. 

A   Kiriii   lliciirv  iif   till-  iliwiiw  Iiiik  I n  piitM'iiti'd   by 

Williiiiii  Aiiilirson,  wlm  cniiHiilcrs  tlii'  ciiMiiilion  !■>  \»- n 
cliroiiic  iiilliimmiiloiv  prixcsn  pri>liiilil\  m'I  up  livii  iiiiiTK- 

iiruiiiiisiii.     This  tliniry  liaH  iicil   I ri  siilislariliiili'd.  iiikI 

iliH's  nut  Mi'i'iii  pniliiilili'  in  view  uf  llii-  priilnnti'il  iiml  lii' 
nii;n  coursi' ul   ilic  iliniuM' iiml  llii' iilisini  r  uf  intlimiinii 
tory  plirnoniriiii .  iiml  i"<pi'('ially  as  ii  iliruws  no  lii:lit  i>n 
tlirliilali  nil  iii(  iirrrnci-iif  the  Irsiuiis  ami  llir  inllurncc  uf 
Inri'ilily, 

Till-  ilii'iay  tliat  llir  ilisriuu'  in  it  iniiiii festal iuu  uf  smiip 
const  it  lit  iuniil  (-undiliiin.  i-spi-cially  uf  iruiil  or  ilii-uina- 
lisiii.  is  III  pri'scnt  tliu  one  must  (.'cninilly  held.  'I'Iiim' 
iliscascs  iHiMii-  in  many  casi'Suf  l)iipuylrcirs  <-uiiliailiun  ; 
but  it  lias  mil  bi'cn  sliuwn  lliat  rhi'iiinalismur  umil  alTcris 
pcrsuns  Willi  tln'  palmar  ilisrascin  a  jrn-aiir  pmpurtiun  uf 
ciiscs  than  liny  wunM  a  like  nunibcr  uf  iiiiliviiliialH  uf 
till'  sanii'  class  ami  a^'c  free  frum  palmar  <  ontniiliun.  In 
many  cases  llieie  is  iilisulntely  im  liislury  uf  yuut  or  rlieu 
inatisni.  family  or  personal.  IJy  many  aulliurilies  gout 
la  slrcniiuiisly  asserleil  to  lie  tliespecilic  cause  of  Dupuy- 
tren's  contractiun.  but  this  lan  lianlly  be  successfully 
maintaineil.  Tlie  disease  occurs  in  America,  where  typi- 
cal );uut  is  um'uiiunon.  and  otlin  ainonij;  social  classes  liul 
subject  to  ^'uiit.  In  unly  a  very  few  of  the  cases  ob- 
served by  the  writer  was  llieri>  any  history  that  could  be 
construed  as  jjuiity.  In  many  uf  the  cases  cited  in  sup- 
port uf  the  gouty  theory  Ihe  evideiicesof  ftoiit  are  vague, 
n-inote,  and  doubtful,  and  Iheri'  is  lillle  to  imlicati-  that 
the  cwxislence  of  Ihe  two  cundiliuns  is  mure  than  cuinci- 
dental.  The  argument  that  wIhmi  no  other  gouty  niani- 
festaliun  is  present  the  conlnictiun  is  ils<lf  Ihe  symptom 
which  shows  the  exisleiice  of  gout,  is  an  instance  of  cir- 
cular reasoning  The  disease  dues  mil  appear  lu  be  a 
man i festal  ion  of,  or  to  be  cssenliall.v  and  specilically 
caused  by.  rheumatic  or  ihcumatuid  disea.se,  gout,  dia- 
iK'tes.  syphilis,  or  any  ulher  such  constitutional  condi- 
tion. 

The  pos.sibilily  uf  Ihe  nervuus  <irigin  of  llie  disease  is 
worthy  of  consideration.  The  iiiarke<l  prcdilecliun  of 
the  disease  for  the  ulnar  siile  of  the  hand  shows  to  some 
degree  a  relation  w  ith  the  ilislrilmlion  of  the  ulnar  nerve. 
The  pricking  or  lingliiig  sensaliun  specitied  in  most  of 
the  few  cases  complaining  uf  pain  is  <|nite  suggestive  of 
the  para'Sthesia  of  .nervous  lesions.  The  involvement  of 
botli  liaixls,  one  being  alfectcd  subseipiently  to  and  lo  a 
less  degree  than  the  other,  may  point  to  the  operation  of 
symiialhelic  (nervous)  action  in  reproducing  ihe  disease 
on  the  siile  oppositi'  to  that  lirst  alTccleil  Sumclimes 
very  suggestive  ca.ses  occur  in  which  Dupuytren's  con- 
traition  is  a.s-sociatcd  with  nervous  disease  producing 
trophic  lesions,  as  syringomyelia,  anterior  iioliumyclitis. 
In  a  casi?  repurled  by  I,ange.  a  woman  who  had  a  con- 
traction of  both  ring  lingers  had  an  altack  uf  left  hemi- 
plegia, almost  immediately  after  which  the  contractiun 
in  the  left  hand  disappeared,  the  right  p;dm  remaining 
unchanged,  this  was  a  sort  of  reversed  Iropliie  action. 
In  Ihe  luajorily  of  cases  of  ntipuytren'scontraclion  there 
is  no  hisiory  of  concomitant  nervous  disorder;  and  it 
would  perhaps  be  dillicult  to  show  that  in  the  compara- 
tively few  eases  accompanied  by  nervous  disease  the  co- 
existence is  not  merely  cuimidcntal.  It  is  of  course  pos- 
sible that  obscure  Iruphic  inthu'iices  might  occursullicient 
to  cause  this  disease,  but  without  other  manifestations. 
While  a  neuropathii- ur  trophic  theory  of  the  pathology 
of  Dupnylrin's  disease  is  supporteil  by  some  considera- 
tions, and  is  not  improbable,  il  cannui  he  regarded  as 
having  sullicient  basis  for  delinile  acc<ptaiice. 

According  to  Robert  Abbe's  detailed  neuropalhic 
theory  of  tiiisdisca.se.  the  original  cause  is  a  slight  trau- 
malisin  of  the  palm,  often  forgotten;  this  |ieripheral  irri- 
tation produces  a  central  spinal  impression  which  then 
sends  a  rillc.v  intluence  back  lo  Ihe  part  originally  hurt 
and  incilcs  a  cuntnictiiai  of  the  fascia.  This  contractiun 
then  sets  up  a  second  series  of  reflex  symptoms,  and  by 
syiiipalh<Mic  action  causes  a  reproduction  of  the  trouble 
in  the  opposite  hand.     Abbe  lays  stress  on  the  irritation 


of  the  original  IniuinatiKin  or  ihulcnw  conlnirtlonM  liclng 
an  exciting  caiiHi-  of  neiiralgian,  local  and  diHtanl.  joint 
iiilhiminaliuns,  anil  other  Hymptoinx  Himiilatliig  rheiima 
tism  and  gout,  and  various  gencnil  symploinH  and  iieii- 
l(ws.  and  cites  casi'S  in  whlili  Ihi-se  dlKurderH  were  n- 
lieved  by  uperaliun  un  the  contracted  fascia.  The 
ca.ses  un  which  this  theory  was  liasi'd  niiisl  have  Ik-cii  c.\- 
cepliunal.  Ordinary  iiisi's,  in  which  tlie  lesion  is  Ihe 
seat  of  liltle  or  no  irrilaliuii  and  is  perfei-tly  benign  unii 
iniiucuiius,  do  nut  bear  uut  this  tlieury. 

Dupuylien's  conlracliun  is  une  of  the  scleroses,  a 
hypertiuphy  ur  hyperplasia  of  comicetive  lisHiie  elc- 
nieiils.  and  is  hence  lo  a  cerlaiii  extent  allied  to  Ihe  vis- 
ceral cirrlioscs,  lis  uf  the  livir,  kidney,  ami  lungs,  arlerio- 
sclerusis.  and  I  hi'  spinal  scleruses.  Cirrliuses  uf  ihe  liver 
ami  kidney  are  largely  due  lu  prolonged  irrilalion  of 
toxic  sulistanc<s  circulating  in  the  liluud.  .\rleriusfde- 
rosis  is  due  to  similar  caiisi-s,  also  lo  the  irritaling  action 
of  conslaiit  overdistenliun  and  to  hereditary  iniluences. 
These  disorders  show  a  markccl  assoeialion  with  loxa-mic 
ami  other  iiriiation,  ami  this  relationship  suggests  u 
similar  caussiliun  for  Dupuytren's  disease.  This  recalls 
the  theory  of  Ihe  conneclion  of  this  disease  with  guiit.  or 
lilhiasis.  which  is  a  form  of  loxa'inia.  Dupiiylren'scun- 
Iractifin.  huwever.  dilVcrs  fiuiii  tin'  visceral  scleruses  in 
being  sharply  lireiimscribcMl  while  Ihe  latter  are  ditTilse 
and  general.  Why  the  palm  sliuiilil  \»-  selecteil  lu  suffer 
in  this  manner  from  irritants  circulating  in  Ihe  blood, 
and  especially  why  ilie  liypertruphy  sliuuld  be  limited 
to  specilic  longitudinal  fasciculi,  does  not  appear.  One 
would  expi'Ct  more  geni'ial  conse(|Uenccs  from  local  or 
toxic  irritation.  Toxaniia  dues  not  appear  to  be  a  very 
pruliable  cause  of  Dupuylren's  contraction. 

The  only  conclusion  as  to  etiology  that  seems  war- 
ranted is  that  niipiiytrcn'sdisease  is  of  idiopathic  origin, 
most  apt  to  occur  in  the  sciiili'  period,  and  showing 
marked  hereditary  inllucnce.  There  is  no  one  constilu- 
(ional  disease  with  which  it  is  exclusively  associated  or 
of  which  alone  it  is  a  nianifeslaiion.  It  does  not  appear 
to  be  specifically  caused  liy  hical  irrilalion  or  Iraunia 
tisni,  though  this  factor,  as  well  as  local  or  conslitulional 
]>atliological  conditions,  may  at  limes  have  some  exciting 
or  contributing  intluence.  Perhaps  it  is  a  neuropalhic 
or  trophic  condition. 

Contractions  of  the  plantar  fascia  have  been  reported 
analogous  tothoseof  the  jialm;  induraliunor  conlraciioii 
of  the  penis,  associated  with  Dupuytren's  contnicliiai, 
has  also  been  observed.  Keloid,  librumata.  anil  cica- 
trices are  allied  in  sumo  respects  to  fascia  contraction. 
The  contraction  of  ligaments  in  tali)>es  andarthropalliie.s. 
and  of  cicatrices,  also  presents  some  analogies,  especially 
with  respect  to  longitudinal  shortening. 

TreiilMdil. — The  only  hope  of  relief  in  Dupuytren's 
contraction  rests  in  operalive  inlervcnlion,  for  which  a 
variety  of  methods  have  been  jiractised. 

One  of  the  most  popular  and  ellicienl  procedures  is 
that  of  sii//i-iiliinr'i>i.>i  (liriKitiii  of  the  contracted  fascial 
band.  cs|)ecially  advocaled  by  William  Adams.  A  small 
straight  lenutonie  is  introduced  between  the  skin  and  the 
banii,  and  the  latter  cautiously  cut  downward.  This  is 
done  at  as  many  ijoints  as  is  neccssaiy  to  free  the  finger 
and  enable  it  to  be  straightened;  as  many  as  Iwenty  or 
twenty-tive  punctures  may  be  required.  The  sections 
are  made  along  the  entire  band,  from  its  ])roximaI  to  its 
digital  end,  as  needed.  The  hand  is  then  dressed,  witli 
an  anterior  splint,  willi  the  lingers  extended.  The  re- 
sults of  this  operation  have  been  very  satisfactory  in  the 
hands  of  numerous  operators.  Before  the  days  of  anti- 
septic surgery  it  was  doubtless  the  most  advisable  jiro- 
cedure,  but  with  the  introduction  of  aseptic  technique 
many  of  the  former  objections  to  open  operations  have 
become  obsolete.  Even  at  the  present  lime  Ihe  subcu- 
taiieous  mel.Uod  is  iireferred  by  some  surgeons:  Adams 
states  that  it  is  less  liable  lo  be  followed  by  recurrence 
than  the  open  openilion. 

Trnmremc  dirmnn  of  tlie  cord  at  one  or  more  places, 
suflicient  to  free  the  linger,  has  been  practised  by  some 
operators,  followed  immediately  or  after  some  days  by 
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tliP  use  of  splints.  Diipuylrcn  nnrl  nthrrs  linvc  iinilr 
open  Ininsvcrsi'  iiici^iiiiis  llii(>iii;li  hutli  skin  ami  lianil. 
In  (iovninil's  niitlKHi  tlio  fascial  baml  was  exposed  Ijv  a 
lonj;ilu(linal  ineision  through  the  overlying  skin,  anJ  the 
hand  itself  then  di- 
videil  transversely. 

J'Sj'fi.v'on  of  the  fan- 
riii  iiiiiiil  in  many 
cases  isa  nitional  and 
preferatde  procedure, 
thousrhal  limes  when 
the  fascia  is  closely 
connected  with  the 
skin  it  may  h?  <lilli- 
cult  to  separate  it 
well.  A  lonsritudi- 
nal  incision  is  made 
throuiih  the  skin  over 
the  cord,  and  the 
band  then  carefully 
dissected  out,  after 
which  the  wound  is 
sutured. 

In     /)".iV/'.«    "jirni- 
tiuii  a  long  triangidar 
skin  ll.ip  is  cut,   having  its  liase 
corresponding    to    the   contracted 
l)halan.\  and  its  ape.\  in  the  palm 
at   the  pro.vinial  end  of  the  bund.'* 
This  Hap  is  dissected  up,  the  fascia 
exposed,  and  the  contracting  tibres 
are  divided  in)lil  the  linger  can  be 
complelely    extended.     Tiie    Hap 
retract.s,   and   the  resulting   open 
wound,    originally    V  shaped,    is 
sutured     (without    exerting     too 
much  tcusiou  on  the  skin)  into  a 

Y  form.  Extension  is  applied 
after  the  wound  is  healed.  This 
operation  does  not  appear  to  have 
come  into  general  use. 

2\.  plirstir  npiriilidii  is  described  by  William  Anderson 
as  having  been  perfornuil  liy  him  in  one  case.  He  made 
a  transverse  incision  through  the  skin  and  fascia  at  the 
root  of  the  finger,  stnughtened  the  digit,  and  tilled  the 
gapin.s  wound  thus  created  by  a  liap  of  skin  cut  from 
the  side  of  the  finger  and  twisted  around  and  sutured  in 
place. 

There  is  thus  some  choice  possible  as  to  the  operation 
to   be  done.     Wherever  i)ractical)lc, — that  is,  when  the 

contracted  band  is  well 

^^^  marked  and   easily  sep- 

^    F^^^^^  arable  from  the  skin, — 

A    '  '^HB  it  is  probable  that  the 

\        ^B^b^^  band  should  be  dissected 

\       ■I^B^^^  out  carefully  through  a 

longitudinal   incision. 

But  when  the  contract- 

^^•ij^  ^^3!^  '"•-    'i^sties   are    poorly 

V  ^^1  Sfi^B  delined  or  the  skin  is  ex- 
^^^*  tcnsively  involved,  mul- 
tiple transverse  sections 
of  the  band,  open  or 
subcutaneous,  may  be 
indicated. 

T  h  e  post  -  operative 
treatment  is  very  ira- 
jinrtant.  consisting  of 
extension  liy  siilints  or 
apparatus  for  a  jjeriod 
sulliciently  long  to  over- 
come the  coutiiicliou  or 
the  tendency  to  recur- 
rence. Op^i'ators  have 
varied  as  to  the  lime  allowed  to  elapse  aficr  o])eration 
before  mechanical  extension  is  bi'gini,  some  applying 
splints  inuncdiately,  others  not  for  several  days  after- 
ward.    It  is  probable  that  no  greater  degree  of  exten- 


FIG,  2.506.  —  Splint  Em- 
ployed .After  Operation 
r()r  Dupuytren's  Con- 
traction,   (Adams.) 


Flc.  iiOT.— Appamtus  Employed  Af- 
ter t)peratlnn  for  Impuyiren's  Cop. 
traction,     i  Clarke.) 


si<iii  >-linwld  be  applied  immediately  after  operation  than 
can  be  einployecl  witlioul  loo  ;.'rcat  tension  lieiiig  exertc<l 
on  the  wound,  .\fler  healing  lakes  place,  firm  extension 
of  the  lingers  by  splints  or  apparatus  (Figs.  2."((M5,  2.">0T) 
can  be  maintained  for  a  few  weeks,  at  lirst  constantly, 
later  inlermitlently,  until  a  permanent  result  is  obtained, 
Thelinal  rcsultsof  operative  trealinent  of  Dupuytren's 
((intraction  are  generdlly  satisfactory,  though  sometimes 
leciirreiice  takes  place. 

C'ONTIIACTIOX   OK    DiOITAI.  FaSCIA. 

The  sulicutancous  fft.scias  of  the  fingers  undergo  con- 
traction along  with  those  of  the  palm  in  typical  cases  of 
Duiiuytieu'sdiseu.se;  and  in  some  ca.si'S  of  haiunxM' finger 
secondaiy  digital  tibrous  contnu'tions  may  perhaps  be 
prisent.  But  aside  from  these,  cases  occasionally  occur 
of  lingei's  bint  by  hyperlro|ihiiMl  and  shortened  bands  of 
the  digital  fascia  alone.  There  is  little  literature  on  the 
snbjecl,  but  the  writer  has  observed  a  very  few  cases  of 
finger  contractions  caused  by  l)ands  of  digital  fascia. 

One  case  was  that  of  an  old  man.  from  whom  no  reli- 
able history  was  obtainable.  The  middle  phalanx  of  his 
left  little  linger  was  flexed  on  the  proximal  idialanx 
at  an  angle  of  about  ViTt  .  and  the  terminal  i>halanx 
was  sliglilly  flexed  on  the  middle  one.  A  subcutaneous 
band  could  be  jilaiuly  felt  riinuihg  along  the  ulnar  side 
of  the  finger.  A  post-mortem 
dissection  of  this  linger  showed 
the  presence  of  a  firm  thickened 
lilirous  baud  attached  to  the 
til>iiMis  investment  suiTouud- 
iug  Ihe  fiexor-tendou  sheaths, 
siniated  on  the  ubiar  side  of 
the  palmar  aspect  of  the  digit ; 
it  extended  the  entire  length 
of  the  finger  anil  was  the  cause 
of  the  tiexed  condition  of  the 
latter. 

A  second  ca.se  was  that  of  a 
pensioner  who  at  the  age  of 
fifty  had  a  ]>almar  abscess  at 
the"  base  of  tlic  right  little  fin- 
ger, which  was  lanced  on  the 
radial  side  of  the  proximal 
phalanx.  On  healing,  this  fin- 
ger became  Hexed  at  the  prox- 
imal iiiti'r]ilialangeal  joint;  the 
middle  phalanx  could  not  be 
extinded  beyond  an  an.irle  of 
about  0.5\  motion  within  this 
limit  being  unimpeded.  Along 
the  radial  side  of  the  proximal 
phalanx,  anteriorly,  a  subcuta- 
neous band  could  be  fell  run- 
ning to  the  middle  phalanx. 
When  examined  the  old  scars 
were  scarcely  perceptible,  and 
none  was  present  over  the  con- 
traded  band. 

In  a  third  case,  a  woman  at  the  age  of  forty-three  had 
an  attack  of  cellulitis  of  the  left  hand  and  ujiper  extrem- 
ity, with  much  (e<lema  or  exudation,  for  which  incisions 
were  made  at  Ihe  base  of  the  little  finger  and  other  points. 
After  the  attack  subsided  the  middle  phalanx  of  the  little 
finger  was  bent  to  an  angle  of  about  V,i')  .  The  defiec- 
tion  subsei|Uciitly  increased.  When  ixamincd  at  the 
a.L'e  iif  eighty,  the  left  lilllc  linger  was  lii'xed  at  both  in- 
terphalangeal  joints,  the  middle  phalanx  at  aright  angle, 
the  distal  on  the  middle  phalanx  to  about  liJ.j'.  The 
middle  phalanx  of  the  left  ring  finger  also  was  flexed  to 
an  angle  of  about  130\  A  tense  subcutaneous  band 
could  be  fell  alon.ff  the  front  of  the  proxiuuil  phalanx  of 
each  of  the  all'ccted  fingeis.  extending  from  the  basi' of 
Ihe  middle  phalanges  toward  the  melacarpo]dialaugeal 
articulation  of  the  ring  finger,  where  the  two  bunds 
came  together. 

In  a  fourth  case,  a  grocer  aged  about  forty-five  years 


Fig.  :.'"•' I-.  I', ;  rniltv  Result- 
iPK  (n.in  toniraitwl  Sub- 
cutaneous Digital  Fascia 
and  (;iber  Lesions,  (Orig- 
inal,) 
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Iiiitl  II  Nev(-rv  and  prnloiiKod  iiltiick  of  ccllulItiH  of  hnth 
iippiT  I'Xiii'tiiilii's  mill  till'  rii;lit  fmii.  fdlluwiiiK  ii  t^liv'lii 
iiili'cU'd  wiiiiiid  in  llic  ji-rt  lliiiiiili.  Iiii'j>iiiii>i  wcri'  iiiiidr 
iiilii  till' iliir>uil  siirriiri's  iiT  llir  |ii'ii\iiiial  |iliuliiiif;i'H,  iiiid 
iiliiiiit  llif  wrJKis.  Aflcr  iiTiiviry  ii  iiiiirkril  drfiprinily 
•  iT  iiiiM'il  llr\iiMi  mid  siini  riAti'iisimi  nf  tlir  llii;;r'|-s  id 
liiilli  limiilK  r\i>li'il.  W  lull  ('Miiiiiiinj.  iiliiiiit  Iwt'lvc 
vraiN  iirti'i'wiird.  till' iiilddli'  pliiiliiiiK< '^^  of  III)' I'iKJil  rliii!: 
mid  Hull' tliitfci's  well' tli'M'd  lit  ii  i'ii;lit  mi^'li' ;  llirir  |ii'ii.\i 
iiiid  idiiiliiii^'i'S  wi'ir  Kii|ii'ri'\l('iidi'd  or  liciil  liiickwmd 
iilioiil  '15  ,  mid  llii'ir  imwcr  of  flexion  towmd  tlir  |iidin 
wiis  viTv  t'l'i'iillv  iin|>air('d  (Ki).'.  2."illS).  Tlu'  niiddli' 
|diiilan\  of  till'  li'tl  liltli'  tln^'cr  was  tli-xid  at  mi  anK'lr  of 
aliiiiit  liHi  ,  and  ils  proxiinal  plialmix  was  so  siipinX' 
tcndi'd  llial  it  could  not  lie  liroii^dit  williiii  to  of  tlic 
stiai^lit  line:  llir  i'ani.'r  of  llrxioii  of  tlir  proximal  plia 
Imiirrs  of  llif  lift  riiiK.  iiiiddlc,  and  index  lin^'crs  was 
also  viry  iniirli  diiniiiislii'd.  Aloiij,'  tlir  front  of  llic 
pi'o.xinial   plialaiix  of  tlir  ri^lit   riii>;  and  littlr  and  Irft 

littlr    tlii;:i'rs    wrrr    trnsr   I'li'Viitid    siiliiiilm lis  liands 

niniiiiin  Iroiii  llir  Imsrs  of  tlirtlrxrd  iniddlr  plialanirrs  to 
tlir  pidiii;  tlirsr  hands  wrir  |viiilial)l_v  liliroiis.  llioiiffli 
tliry  may  possilily  liavr  linn  sliorlriird  llrxor  trillions. 
Tlir  suprrrxlinsion  of  tlir  proxinial  plialangrs  was  prr 
liap.s  ilur  to  adlii"<ioiis  or  slioi'lriiin<;  of  the  rxli'iisor  ten- 
dons. Srvrral  lianmirr  tors  wrrr  present.  The  upprur- 
aner  of  tlir  liiinds  was  very  similar  to  Hint  of  a  variety 
of  limiinirr  linirrr  drsrrilied  liy  Adams. 

None  of  these  eases  showed  the  sliirhtest  sijins  of  the 
<'limij;e.s  in  the  skin  and  palm  eliiiraeteristie  of  Dnpiiy- 
tren's  eontnielion.  mid  the  eiuitrai'lrd  limiils  seemed  le.s.s 
Miperlieial  than  iiillie  laller  alliitioii.  The  typical  ap- 
peaiances  of  eiealricial  eoiilraetioii  were  also  alisent. 

These  cases,  and  especially  the  one  dissection,  demon- 
strate that  there  sometimes  ociurs  a  condilinn  of  thicken- 
ini:  and  contiiiciion  iif  sulicnlaneous  dlirital  tibrous 
tissues  resulting  in  a  tlexiiin  and  limilalion  of  the  exten 
siliilily  of  the  plialanjres.  Further  obsirvalioiis  and 
dis-sectioiis  are  needed  to  eliuidate  this  cniiililion  and  its 
position  as  a  distinct  atTection.  The  little  liiii;ir  seems 
to  lie  the  diiril  most  suseeptililr  to  this  alinurniity.  at  its 
proximal  inlrriihalanixeal  joint,  precisely  as  in  hammer 
tinirer  The  allectioii  is  mostly  iiiiilateial.  acipiired,  and 
may  devrlnp  after  local  inllainmatory  conditions.  It 
appears  to  lie  a  disease  |)ri)cess  mii  r/eiitrin,  and  entirely 
distinct  from  cicatricial  contraction  und  Dupuytrcu's 
contraction.  It  presents  marked  analosies  to  hammer 
linirer.  nolalily  in  its  .situation,  and  perhaps  it  may  be 
lesiaided  as  a  variety  of  haininer  tinker;  still,  to  a  certain 
extent  at  least,  a  distincliou  can  bi'  made  between  linger 
llexions  due  to  fascia  contractions  and  Ihosi'  due  to 
shortened  lateral  articular  liganieuts  as  iu  typical  ham- 
mer linger. 

Ill  diagnosis,  linger  drfoiinitirs  due  to  digital  fascia 
contractions  would  have  to  be  dilTerenliated  from  those 
due  to  ankylosis,  arthritic  coiiditiiins.  tindinuus  adhe 
sions  or  .shorlening,  cicatricial  coiiliaelions,  Dupuytren's 
disease,  lianiinrr  linger  (shortened  ligaments),  ami  such 
conditions.  The  (ardinal  feature  indicative  of  fascia  con- 
traction is  the  presence  of  a  subcutaneous  tibrous  band 
evident  to  the  sen.ses;  it  is  conceivable,  however  (though 
perhaps  not  pos.sil\ie).  that  cases  might  occur  in  which  a 
shortened  and  unusually  elevated  tendon  might  to  the 
<'xamiiiing  linger  be  undistinguisliable  from  a  fascial 
band.  Jloreover.  cases  might  occur  in  w  liich  the  subcu- 
taneous tibrous  tissues  might  be  Millieicntly  shortened  to 
cause  deformity  but  yet  not  be  jialpable  as  distinct  con- 
tracting bands:  such  cases  might  present  difficulty  in 
making  a  delinite  diagnosis. 

The  obvious  treatment  of  this  condition  would  be  to 
divide  or  excise  the  contracting  bauds. 

IIam.mkk  FixoKit. 

There  is  a  well-marked  class  of  contractions  or  an- 
terior deflections  of  the  lingers,  not  very  uncommon, 
manifested  especially  by  a  flexion  of  tin-  iiltle  finger  at 
the  pro.vimal  interplialaugeal  joint,  which  is  of  distinc- 


tive nnlnie.  The  nlTecllon  liiui  recelvMl  very  Iiltle  al- 
tention  in  medical  liieratiire.  It  wasdrKcrilied  and  figured 
ill  ism  by  H.  Vi.  Tampllii,  who  atlribiiled  it  toeoiilniC' 
fioii  of  tlie  skill.  After  that  It  was  oecaHionally  iiieii- 
tioneil  by  milhors,  but  the  fullest  Hllidles  of  the  Kilbject 
are  those  of  William  .\danis  and  William  Aiiiler-.oii,  both 
oriuiiiallv  publishrd  in  l.Mlil.  The  condilion  has  moslly 
been  called  ■■eongriiital  coiilnielion  of  the  linger,"  bill 
Anderson  applied  the  term  "Iminmer  linger"  to  if.  The 
latter  i.s  the  preferable  designation,  as  it  in  conciw,  lias 
siiUliieiit  melaphorical  signifleanee,  expre.Hs«-K  Iheanalogy 
of  the  condition  to  haninier  loe,  and  is  non  coiniiiitlal  lis 
to  the  pathology  of  the  alTectioii  or  as  to  its  being  in  all 
ca.ses  congeiiilal. 

llaninier  linger  is  usually  described  as  a  congenilnl 
condition:  but  I  have  observed  a  few  cases,  exhibiting 
all  the  external  and  cliniial  features  of  hammer  linger, 
which  were  distinctly  aei|iiiri'il.  Two  varieties  of  the 
alTectioii  may  therefore  be  considered:  the  developmental 
or  congenital,  and  the  aeipiired. 

Jhrilii/imiiiliil  lliiiiimir  Fiiir/rr.— This  deformity  typi- 
cally consists  ill  a  flexion  of  the  middle  phalanx  iipon'the 
luoximal  phalanx  of  the  little  fingcrat  varying  angles  up 
to  a  right  angle. -^usually  at  an  angle  of  about  \'.i')\ 
Slight  liiiiilations  to  full  extensibility  of  the  middle 
phalanx  of  the  little  finger  me  coininoii,  but  unless  the 
flexion  mnounts  to  about  twenty  degrees  or  more  it  is 
hardly  worth  while  to  regard  it  as  abnormal.  Within 
their  resjicctive  limits  flexion  and  exteifsion  of  the 
aiTected  phalanges  are  unimpeded;  but  beyond  them 
further  extension  is  impossible  without  the  use  of  un- 
usual force.  In  most  cases  tlir  prnximal  phalan.x  is  un- 
affected:  but  according  to  Adams  it  is  sometimes  bent 
backward  or  supeirx tended  (the  miildle  |>lialanges  being 
flexed),  as  is  commonly  the  case  with  the  corresponding 
phalanges  in  old  cases  of  hammer  toe  (see  Fig.  2.'508). 
The  distal  jihalanges  are  also  usually  unalTected;  but 
they  are  sometimes  fle.xed  instead  of  the  middle  pha- 
langes, and  in  one  case  reported  by  Adams  they  were 
superexteiided,  the  middle  phalanges  being  llrxed.  Some 
of  the  other  lingers  (especially  the  ring  and  middle  lin- 
gers) are  sometimes  similarly  alfected  in  conjuncliou 
with  the  little  finger,  but  to  aless  degree  than  tlie  latter. 
In  the  congenital  form  the  alTectioii  is  usually  bilateral, 
the  liands  being  affected  together  though  not  always 
eiiually. 

The  .skin  over  the  anterior  aspect  of  the  finger  is  some- 
times shorteiird  or  forms  a  longitudinal  fold  stretching 
across  the  concavity  of  the  affected  interphalangeal 
joint,  increasing  the  anti'io  posterior  diameter  of  the 
proximal  phalanx.  According  to  Adams,  there  are  often 
jiresent  subcutaneous  bands  of  contracted  fascia,  cen- 
trally or  laterally  located,  sometimes  with  fibres  inserted 
into  the  skin:  but  according  to  other  authorities  fascia 
{'ontracfions  are  absent.  The  author  has  not  been  able 
to  iletect  contracted  fascial  bands  in  any  of  the  develop- 
mental cases  of  hammer  linger  which  he  has  observed: 
and  iu  the  ]mie  unconiplicatid  developmental  form  of 
the  atTection  it  is  probable  that  fascia  contraction  plays 
no  essential  l>art.  In  some  cases  there  is  some  secondary 
shortening  of  the  flexor  tendons  of  the  linger.  Often  the 
distal  end  of  the  first  phalanx  jirojects  slightly  at  the 
angle  of  the  articulation,  but  there  is  no  subluxation  of 
the  joint.  The  lateral  ligaments  of  the  joint  are  short- 
ened, and  there  may  be  other  developmental  or  secondary 
changes  in  the  joint.  The  contraction  is  entirely  uiias- 
sociated  with  injuries  or  arthritic  or  paralytic  conditions. 
The  contraction  is  not  the  seat  of  any  jjaiii  or  other  sub- 
jective phenomena,  but  in  its  extreme  forms  may  cause 
considerable  deformity,  unsightliness,  and  inconvenience. 

The  atTection  is  markedly  hereditary.  Numerous 
cases  have  been  observed  of  its  transmission  from  parents 
to  children  and  of  its  coexistence  in  brothers  and  sisters. 
It  is  frcfiuenlly  associated  with  hammer  toe,  cither  iu  the 
same  individual  or  in  the  family.  It  is  not  a  very  un- 
common condition,  but  is  not  often  brought  to  the  notice 
of  the  surgeon;  it  is  much  less  common  than  hammer 
toe.     It  is  said  to  affect  females  more  frequently  than 
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Fig.  2.tO!i.— Develop- 
in  en  tul  Hummer 
FlDKor.    (Original.) 


ganicd   tlu>   fle.xeJ 


males.  In  800  scIkioI  cliililrcii  Aiidersoii  founil  I  wo  cases 
aiiiong  liiivs  anil  live  eases  ainoiig  gills.  Among  1,000 
u<lull  men  1  found  alioiil  live  cases  (one  half  |ier  ceiil.) 
of  (ievelopmeutal  hammer  linger;  possibly  sonu'  eases 
were  overlooked  in  this  series  hefore 
1  learned  to  recognize  this  class  of 
ilelleclions.  Aiiiong  177  white  chil- 
dren under  sixteen  years  i>f  age  I  he 
writer  found  two  cases  of  slight  ham- 
mer finger,  one  of  the  left  hand  in  a 
girl,  oni'  of  holli  hands  in  a  hoy; 
among  S(i  coloreil  cliidren  no  ca.sc 
was  found. 

While  this  form  of  hammer  linger 
may  or  may  not  be  manifest  at  birth, 
it  usually  makes  its  api>earancc  very 
early,  proliahly  in  the  lirsl  two  or 
three  years  of'  life.  Adults  alTccted 
will  stale  that  llieir  lingers  have  been 
bent  as  far  back  as  I  hey  can  remem- 
ber, Sonielinies  llie  contraction 
makes  its  appearance  at  a  later  age, 
even  up  to  eighteen  or  twenty  years, 
but  always  before  maluritj'  is 
reached. '  it  is  therefore  a  disease  of 
I  he  (levelopmenlal  period  of  life,  and 
ill  Ihal  sense  is  congenital.  The  eon- 
iraetion  slowly  and  continuously 
jirogresses  for  years,  uutil  the  maxi- 
niuin  is  attained. 

The  essential  pathological  nature 
of  hammer  finger  is  only  partially 
delermined;  opporlunilies  for  opera- 
tion or  dissection  are  not  often  pre- 
sented. Several  observers  have  re- 
condition as  due  to  shortening  or 
con  Ira  c  I  ion  of  the  skin  over  the  pro.xiinal  jilialanx;  but 
this  change  in  the  skin,  when  present,  is  undoubtcdlj' 
a  secondary  alteration  and  not  the  primary  cause  of  the 
fle.\ion.  According  to  Adams,  the  deformity  is  due. 
parlly  at  least,  to  shortened  subcutaneous  fascial  bands. 
C.  B.  Lockwood,  in  adisseelion  of  anamputaleil  hammer 
finger,  found  a  thickening  and  shortening  of  the  fascia 
over  the  tlexor  aspect  of  the  |Ho.\inial  inlerphalangeal 
joint,  which  caused  the  llexion;  he  tlid  not  state  the  con- 
dition of  the  articular  ligaments.  Oilier  observers,  how- 
ever, have  not  found  fascia  contractions  present,  and 
they  are  certainly  not  an  essential  feature  of  develop- 
mental hammer  linger,  but  only  of  secondary,  occasional, 
and  exce]ilioiial  occurrence.  The  Hexor  mn.scles  or  ten- 
dons are  not  regarded  as  being  the  )irimarv  <'anse  of  the 
contraction,  though  they  may  be  socondaiily  shortened. 
E.  .M.  Little  cut  the  tendons  in  one  case,  but  without  re- 
laxing I  he  linger;  on  the  contrary,  Andersonafter  cutting 
ihe  oilier  structures  found  that  the  flexors  kept  up  the 
contraction. 

The  primary  cause  of  limnmer  finger  is  apparently  an 
abnormality,  frequeiilly  hereditary,  in  the  developiiient 
of  till'  component  parts  of  llie  affected  joint,  resulting  in 
a  ilisproportion  in  the  osse<nis,  cartilagimais,  and  liga- 
mentous articular  tissues;  the  develoimiental  abnormity 
results  praciically  in  a  shortness  of  Ihe  lateral  and  ante- 
rior ligaments  of  the  phalangeal  joint,  which  interferes 
with  ifull  extension  of  the  finger.  The  ligamentous 
.shortening  becomes  manifest  during  tlie  period  of  devel- 
opment. This  is  Anderson's  view  of  Ihe  etiology  of 
hammer  finger,  though  he  does  not  report  any  di.ssection. 
In  a  dissection  madi'  bv  Ihe  writer  the  conlraction  was 
found  due,  ehiefiy  at  least,  lo  much-shortened  lateral 
ligaments. 

In  long-established  cases,  in  addition  to  ligamentous 
shortening,  other  changes  are  prescnl ;  namely,  alter- 
ations in  the  arliciilar  surfaces  and  shorlening.  of  the 
fiexor  tendons,  libroiis  tissues,  and  the  skin  over  the 
proximal  phalanx.  These  alterations  are  dont)tless  sec- 
ondary changes,  caused  by  Ihe  accommodalion  of  these 
slriieliires  lo  Ihe  proloiigcd  abnormal  position.  These 
secondary  changes  must   be  laken  inlo  aecciuiit  in  uper- 


alive  procedures,  as  in  old  ciuses  division  of  the  lateral 
ligameiils  alone  is  ai)l  not  lo  be  sullicieni  lo  correct  Ihe 
deforniily  eiilirely,  as  in  a  case  operated  on  by  Anderson 
and  anoIlK  r  by  llii'  writer. 

Why  Ihe  lillle  liiigir,  and  the  proximal interphalangeal 
joint  of  this  linger,  should  be  the  especial  seat  of  this  ab- 
normity, is  a  point  that  is  not  clear.  The  cause  of  super- 
extension of  the  proximal  phalanges  as  reported  by 
Adams  is  also  ob.scure.  Ilanimer  linger  is  allied  in  many 
respects  to  liammer  toe.  It  is  adistinclive  condilion.  nfii 
t/i/icn's,  easily  recognizable,  and  eiilirely  dilferent  from 
Uupuylren's  conlraction  of  the  palmar  lascia. 

Acquired  Jhiiiniier  Fini/rt: — 1  have  pbservetl  a  very 
few  cases  of  llexion  of  the  lillle  finger  at  the  proximal 
interidialangeal  joint  exhibiting  almost  ]irecisely  the 
same  external  appearances  that  developmental  hammer 
finger  presents,  but  which  developed  in  adult  life;  that 
is,  were  acquired  rather  than  eongenilal.  An  aeipiired 
form  of  the  alTcclion  is  recognized  in  the  literature  only 
by  Tamplin. 

In  two  cases  bilateral  hammer  finger  began  to  develop 
at  the  ages  of  eighteen  and  twenty  years,  ami  in  botli 
cases  was  atlribuled  to  slight  irritation  or  blistering  from 
manual  work.  These  were  jirobably  developmental 
forms  of  the  alTcclion  appearing  unusually  lale;  or  the 
tiexion  may  have  begun  earlier  but  been  unrecognized. 
In  one  of  these  cases  very  slight  stigmalaof  Dupuylren's 
contraction  apjieared  in  one  palm  nearly  thirty  years 
afterward,  but  no  contracted  bands  were  present. 

In  one  case,  a  soldier  at  the  age  of  thirty-seven  suffered 
much  exposure  during  a  campaign  and  contracted  rheu- 
matism. At  the  same  time  both  lillle  fingers  gradually 
or  during  a  short  jieriod  became  contracted,  and  remained 
so  unchanged  for  many  years.  The  left  little  finger  <-x- 
hibited  an  extreme  tiexion  into  and  against  the  palm 
cau.sed  1)V  what  appeared  a  Dupuylren's  coutruclion  of 
the  iialmar  fascia  (illuslialed  in  Fig.  2.")0.5).  The  right 
little  finger  was  bent  at  about  a  right  angle  at  the  proxi- 
mal interphalangeal  joint  (Fig.  2.')10);  there  was  no  ap- 
liarcnl  thickening  or  contraction  of  the  fascia  either  in 
the  palm  or  in  the  finger,  no  change  in  the  skin,  no  joint 
lesion,  no  sign  of  injury.  Within  the  limits  of  the  con- 
traction the  middle  iihalanx  was  freely  movable,  but  lic- 
yond  a  right  angle  extension  was  impossible.  Tlw  right 
lillle  finger  had  the  precise  appearan<e  of  a  hammer  fin- 
ger, and  was  distinctly  not  a  Dupuylren's  contraclion, 
while  the  corresponding  finger  of  the  other  hand  was 
Hexed  by  a  subcutaneous  jialmar  band. 

In  a   second  case,  a  laborer  at  the  age  of  thirty  to 
thirty-five  years  had  a  very  slight  Dupuylren's  contrac- 
tion of  the  fascia,  in  line  with  the  ring  and  little  fingers, 
develo|)  in  bolli  palms,  with- 
out bending  the  fingers;  this  /^.<<% 
continued    without    change.  ''     ' 
At  the  age  of  thirty-nine  he 
sustained  a  slight  wound  in 
the    palmar    surface   of    the                 g^ 
])roxiinal  phalanx  of  Ihe  left                 'r^i     i      I     ] 
iitlle  finger,  which   healed  in                /  "^         A      I 
a   few  days.     About  a   year 
later    he    noticed    thai    this 
finger  was  bcnl ;  Ihe  conlrac- 
tion increasetl  for  a  few  years 
until    at    the   age  of    forty- 
eight     the    middle     phalanx  / 
was    flexed   at   an    angle   of 
about  110   ;  no  subcutaneous 
bands    or    contracted    fascia 
could  be  distinguished. 

In  a  third  ca.se.  a  soldier  at 
the  age  of  tliirlyone  had  an 

abscess  in   Ihe  ulnar  porlion    Fa;.  2,iUi.— Ar<inired   Hammer 
of  Ihe  right  palm,  well  toward       •''"^w-    (Original.) 
the  wrisl,  which  was  opened. 

Subsei|Ucutly  the  middle  |dialan.\  of  the  right  little  finger 
b(>cani<' fiexed  at  an  angle  of  about  IS.")';  there  were  no 
arllirilic  changes  or  subcutaneous  bands,  and  no  per- 
ceptible connection  wilh  the  cicatrix  in  the  palm. 


■^ 
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Tlirm-llirpc  (luutt  hIiowiIip  posHiliilily  of  the  occurrence 

of  III)  iti'i|iiirril  ili'TDriiiily  in  ii|i|ii'uniinciiii(l  snil  iircrisdy 

Milllillll'  III  llfVl'l>>|inirlMlll  llllllllllrl  Illl^'IT.  An  ('iilll|i:irri| 
Willi  till'  lllllrr  llic  lliilllilril  ilHriliiill  is  (sii  fiir  us  IlliM' 
nisi'S  hIiiiw)  iiiiiliili'i'iil.  Ilir  ilr;;ri'<'  of  lli'xiiin  nillirr 
gli'iilrr.  Ilii'  Kkiii  li'ss  siri'Irlii'il.  Williiii  tlir  liiiiils  of  IIk- 
t'liiilnirtiiiii  iiioliiiii  iif  llii'  pliiiliinx  is  iiiiiiii|i('ili'il.  In 
HOIIH-  of  lll('Cll.S<'S  llif  ImiiiMKTciimliliciii  is  iissiH-iiitcil  xvilli 
l>u|>iiytri'irH  ciiiitnirliiiii  of  tlir  |iiiliiiiir  fasciii.  iIiihikIi  in 
no  \viiy  itrpi'iiilcnt  on  Ilir  liitlrr.  In  some  instani'i'stlicrc 
in  II  possible  rrliiliiiiisliip  nitli  iinii  riiliiil  Imuniiilisin. 
No  roiilniiU'il  siiliriitniK'iiiis  lllii'iiiis  Imiiils  iiir  priccpl- 
ililr.  mill  no  olliiT  Icsiuns  cupuble  of  niiisiu|;  the  dcforni 
ily  ran  Ik-  ilitccli'il. 

In  Ilir  iiliscnru  of  dissert  Ions  the  canse  nnil  anatomical 
cluin);('S  of  tliesi'  Hcqilinil  Imiiinirr  liiii;rrs  are  obscure. 
They  arc  not  due  to  niikvlosis,  siibliixalions,  or  other 
joint  <  han>;es,  tn  eieatrieial  eoiitniclions,  luskin  c'lian^es, 
nor  to  pcrceplible  fascia  bands.  Teiidinmis  lesions  ini(;ht 
be  possible  cansi'S.  The  defcirinily  is  jirobalily  due  to 
shorteiiiiiK  of  some  of  the  librnus  sIrueUires  about  Ihe 
nlTecled  joint ;  whellnr  the  lipanieiits  or  the  more  super- 
tii'ial  liliroiis  and  fascial  tissues,  or  both,  remains  to  hv 
delerinined.  If  the  latter,  the  tissues  must  be  (.'eiierally 
shortened,  and  nol  lliickeiieil  into  bands  perceptible  tu 
touch.  The  iissocialioii  with  Dupuylivn's  disease  may 
indicate  theaclion  of  a  common  causi'  lending  to  produce 
shortening  of  librous  striicliiris  in  dilTcreiit  siliiations. 
The  peculiar  susceptibility  of  one  particular  joint  is  au 
obscure  point. 

So  far  as  the  writer's  observations  show,  acquired 
hammer  linirer  bearsa  certain  lelalionship  to  conlractious 
of  Ihe  dijiilal  fa.scia.  The  disiiiiu'uishini;  point  between 
them  is  Ihe  presence  of  evident  siibciitiineous  bands  in 
the  latter.  The  siirnilieant  fad  thai  Ihe  proximal  inter- 
phalangeal  joint  of  the  little  liiii;er  is  the  articulation 
exclusively  or  chielly  alTecled  in  developmental  ham- 
mer limber,  acquired  hammer  linger,  and  digital  fa.scia 
ciintraelions  constitutes  a  common  jioinl  of  relation- 
ship lietween  these  three  alTeetions.  and  indicates  the 
existence  of  unknown  specific  etiological  factors  that 
render  this  particular  joint  especially  liable  to  such 
changes. 

The  diagnosis  of  developmental  and  acquired  ham- 
mer linger  should  ordinarily  present  no  difficulty.  The 
ca.ses.  especially  congenital  cases,  are  (piile  chaiacteristic 
in  their  appearance,  seat,  and  history.  Flexions  of  the 
fingers  due  to  injuries,  arthritic  changes,  paralytic  or 
spastic  condition!*,  cicatricial  contractions,  section  of  ex- 
tensor tendons,  are  usually  ea.sily  distinguishable  by  their 
respective  characteristics.  Contractions  of  digital  fa.scia 
are  distinguished  by  the  palpable  presence  of  librous 
bands.  Deformities  produced  by  adhesions  of  llexor  ten- 
dons or  by  librous  ankvlosis  of  Ihe  joints  might  be  diffi- 
cult to  differentiate.  l\)  a  certain  degree  the  diagnosis, 
of  theac(|uire(l  form  especially,  is  negative;  that  is,  finger 
contractions  of  this  type  whose  CJiuse  is  obscure  might  for 
convenience  be  classed  as  hammer  linger.  Deformities 
due  to  Dupuytren's  contniction  are  recognizable  by  au 
evident  relation  of  the  lle.xion  of  the  linger  with  the 
palmar  lesion:  this  relation  is  |ilaiiily  deiuunstrablc  in 
Dupuytren's  disease;  although  the  two  alTeclions  are  en- 
tirely distinct,  it  is  judbable  ihat  <a.scs  of  hammer  linger 
have  been  diagnosticated  Dupuytren's  contraction,  es- 
pecially in  alleged  congenital  ca.ses  of  the  latter  alTec- 
tioD. 

Treatment  of  Hammer  Finger. — The  minor  degrees  of 
hammer  finger  do  not  catise  sufficient  trouble  to  require 
treatment.  For  the  worse  fonns  of  the  contraction  treat- 
ment may  be  sought  on  account  of  the  inconvenience  ov 
awkwardness  of  the  bent  finger  or  for  the  sake  of  ap- 
pearance. 

In  young  and  mild  cases,  when  the  contniction  is  not 
too  rigid  and  unyielding,  pas-sive  motion  and  mechanical 
extension  on  a  splint  or  special  apparatus  will  often 
yield  sjilisfactory  results  in  the  correction  of  existing 
deformity  or  Ihe  prevention  of  further  deformity.  To 
be  ellective  and  ])ermanent  such  treatment  must  be  kept 


up  conHtniitly  and  faithfully  for  u  lon^  lime.  TlicHplliit 
should  be  worn  day  ami  night  for  minilliH,  and  iheii  iil 
iiighl  oral  intervals,  fur  a  long  time,  iiiilil  the  peihisiini 
tendency  lo  recontraci  is  overcome.  Siiecial  forms  of 
apparaliiH  have  beou  (levifK.-d  for  liiuinlaiiiin);  extcnNioii 
of  the  lliigeis. 

In  adults  and  cases  of  li>ng  standing,  when  the  li^^u'  ^ 
are  rigidly  eoiilraited  and  .seeoiidaiy  altenilioiiH  g]i.iil\ 
augmenl  the  ilillieultiesiif  treatment,  the  results  of  treat 
meiil  are  apt  lobe  iinHJitisfaetory.  In  such  casi'S  oper- 
ative trealmeiil  is  the  only  procedure  olTiring  any  hope 
of  I'elii  f.  In  consiihriiig  the  advisability  nl  uperalive 
interference  the  liability  of  subsequent  ankylosis  from 
entering  Ihe  joint,  or  of  impaired  mobility  from  interf<-r- 
ence  with  the  tendons,  should  be  borne  in  mind.  StilTen- 
iiig  after  ojieralioii  on  hammer  toes  does  not  alTeet  the 
ii.sefiilne.ss  of  Ihe  member.  StilTening  of  a  finger  in  an 
extended  po.sition.  howevei-.  is  a  material  inconvenienee 
and  disadvantage,  and  no  iniproveinent  over  the  hammer 
condition.  The  finger  joints  are  very  apt  to  become 
aiikylosed  by  only  slight  injuries,  and  the  risk  and  dis 
advautJiges  of  such  a  result  or  of  unsightly  enlargement 
of  the  joints  should  be  remembered  in  considering  oper- 
ation.    Heconlraction  is  apt  to  occur. 

Few  <ases  of  hammer  finger  have  been  operated  on,  Sf> 
that  (hita  as  to  ri'sulls  or  the  best  technique  are  scanty. 
The  object  aimed  at  is  to  divide  all  Ihe  structures  caus- 
ing the  contraction.  The  shortened  lateral  ligaments 
should  be  cut.  either  through  an  open  wound  or  subeu- 
taneously.  In  inveterate  casi-s  a  division  of  the  liga- 
ments alone  may  not  sullice  to  free  the  finger,  owing  lo 
secondary  contraction  of  Ihe  skin,  flexor  tendons,  and 
fibrous  tissues.  It  will  therefore  be  neccs-sjiry  to  divide 
all  the  contracting. structures—  skin,  fascia,  tendons — until 
the  finger  can  be  straightened.  Vogl  claimed  good  re- 
sults from  plastic  operations  on  Ihe  sUin.  as  by  culling  a 
V-shaped  llaji.  stiaightening  the  finger,  and  suturing  the 
resulting  womid  in  a  Y-slia|)c;  this  would  oi'viously 
afford  relief  only  when  the  contraclion  is  due  to  shorten- 
ing and  tension  of  the  skin  ami  superficial  tissues.  Con- 
tracted fibrous  bands  may  be  divided  subcutancously,  as 
recommendeil  by  .\dams.  Shortened  tendons  may  be 
and  have  been  divided,  or  they  might  be  lengthened  by  a 
plastic  operation.  Interference  with  the  tendons,  how- 
ever, has  been  and  is  apt  to  be  followed  by  non-union  or 
adhesions,  resulting  in  a  very  undesirable  impairment  of 
the  motility  of  the  finger.  After  operation  extension  of 
the  digit  by  splints  or  apparatus  should  be  maintjiined 
for  a  long  time  to  overcome  all  remaining  deformity  and 
to  prevent  recurrence.  Passive  motion  of  the  joints 
should  be  practised  early  and  frequently  to  obviate  anky- 
losis. Perfect  results  are,  however,  ilifficult  to  obtain, 
though  improvement  may  be  effected. 

Forcible  divulsion  was  employed  by  Little  in  one  case. 
L'nder  full  antesthesia  the  linger  was  forcibly  straight- 
ened and  the  contracting  tissues  were  ruptured;  this 
was  followed  by  the  prolonged  use  of  a  splint,  with 
good  results  cxcejit  for  some  tendency  to  rccontractiim. 
In  treatment  of  this  kind  in  children  care  should  be 
taken  not  to  cause  .separation  of  the  epiphyses  of  the 
phalanges. 

In  cases  of  extreme  deformity  and  unsightliness  ampu- 
tation has  been  i)roposed  and  actually  performed. 

Geneu.m.  P.\i.m.\1{  IxDUK.\TtoN. — Cascs  are  frequent 
in  which  the  skin  and  subcutaneous  fibrous  ti.<sues  of  the 
palmar  surface  of  the  hand  and  fingers  are  generally 
hardened,  indurati'd.  and  slightly  contracted,  .so  that  the 
fingers  arc  held  slightly  flexed  or  arched  on  their  meta- 
carpophalangeal and  phalangeal  articulations,  and  are 
not  easily  capable  of  full  extension.  This  condition  is 
common  in  haid  manual  workers,  as  the  result  of  occu- 
pation initation.  It  is  also  occasionally  exhibited  by 
old  and  senile  persons,  in  whom  the  skin  may  not  be  ab- 
normally hardened,  but  in  whom  Ihe  fingers  or  some  of 
them  (especially  on  the  ulnar  side)  are  somewhat  flc-\ed  by. 
apparently,  a  slight  general  shortening  of  the  jialmar 
fascias.  This  may  develop  as  a  senile  change,  without 
antecedent  occupation  irritation. 
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Triggkh  Fingek. 

Also  f-nlled  spring  fiugor,  suap  flngpr.  jerk  tinpcr. 
stuck  liiiL'iT.  (loijrl  A  rpssort  (Fn-iich).  scliiicllriuk'r  Fin 
u'cr.  fciliTndiT  Fiiisii'i' (Ctcnniini.  (liiiitiis  lecilli-ns.  Trig-  | 
gir  tingir  is  a  coniiitiDn  in  wliicli  a  linger  iliiring  (U'xion 
or  extension,  or  l)olli.  is  suddenly  arrested  in  its  niove- 
nieiit,  and  then  after  the  e.xereise  of  extra  force  is  sud- 
denly relea.sed  and  completes  the  niovt'nient  of  flexion  or 
extensiim  with  a  siuUlen  jerk,  resembling  the  action  of  a 
trigger  or  blade  of  a  pocket  kiufe. 

This  affection  was  tirst  described  in  IS.'iO  by  A.  Notta. 
Since  then  about  a  hundreil  and  thirty  or  a  hundred  and 
lifly  cases  have  been  recorded  and  a  comparatively  volu- 
minous litcnitnre  on  the  subject  been  produced. 

The  characteristic  feature  of  the  disease  is  the  iini)cdi- 
nieiit  to  motion,  the  abrupt  arrest  of  movement  of  the 
linger  and  its  subse(iuent  trigger-like  relt-a.se  and  sudden 
completion  of  niovemeut  (tlfc  "ressort").  The  arrest  al- 
ways takes  place  at  a  certain  point  and  angle,  and  may 
occur  during  flexion  alone,  during  extension  alone,  or 
more  fre(Hiently  during  both.  I'p  to  the  point  of  arrest 
tlexion  and  exti-nsion  inoceed  norn:ally.  Iiut  at  that  point 
the  motion  is  abruptly  arrested  and  the  linger  seems  to 
become  set  or  locked  at  a  sharp  angle,  often  an  acute  or 
right  angle.  Then  by  an  extra  muscular  ciTort  the  fin- 
ger is  suddenly  relea.sed  and  completes  its  movement 
of  tlexion  or  extension  with  a  sudden  sharp  jerk.  The 
niuscidar  exertion  required  to  free  the  finger  varies, 
sometimes  reiiuiring  extreme  elTort.  or  even  assistance 
from  the  other  hand;  one  patient  had  !o  sit  on  the  finger 
before  the  movement  could  be  accomplished.  At  the 
instant  of  release  a  distinct  click  or  sound  can  often  be 
heard.  Flexicm  is  usually  (though  not  always)  more  eas- 
ily accomplished  than  extension,  owing  partly  to  the 
greater  strength  of  the  flexor  nniscles. 

Pain,  variable  in  degree  and  location,  tisually  occurs 
a.ssociated  with  the  condition,  though  exceptionally  it  is 
absent.  In  intensity  it  ranges  from  slight  to  excruciat- 
ing. It  is  most  severe  at  the  time  of  the  "ressort,"  but 
in  some  cases  is  excited  by  any  movement  of  the  finger. 
Tenderness  on  pressure  may  also  exist.  The  seat  of 
maximum  pain  is  usually  in  the  vicinity  of  the  metacar- 
p<i|ihalangeal  articulation,  but  it  may  extend  into,  or  bo 
felt  in,  other  parts  of  the  linger,  the  hand,  or  even  the 
forearm.  Occasioiiallv  there  is  crcpitjition  on  movement 
of  the  tlexor  tendons,  and  vaiioiis  para'sthcsia^  have  been 
observed,  especially  in  the  earlier  stages  of  the  afTection. 

In  the  great  majority  of  cases  (upward  of  seventy-live 
per  cent.)  a  nodule  can  be  plainly  felt  on  the  flexor  ten- 
don of  the  finger,  and  movable  with  it,  being  manifestly 
attached  to  the  tendons.  This  is  in  almost  all  cases  situ- 
ated near  the  metacarpophalangeal  articulation,  but  in 
three  or  four  cases  such  a  nodule  has  been  observed  over 
the  proximal  or  distal  interphalangeal  joint.  In  a  very 
few  cases  a  similar  nodule  has  been  ])erceptible,  but  did 
not  move  with  the  tendon,  being  comiecled  with  the 
tendrm  ,shealli.  The  nodosity  plays  an  important  part  in 
the  mechanism  of  the  affection  ;  still,  in  numerous  cases 
it  is  not  to  be  felt.  The  impediment  to  motion  is  some- 
times overcome  by  pressure  on  the  node;  also  by  mani- 
pulation of  the  distal  phalanx. 

The  affection  is  tuiconunon.  It  may  occur  at  any  age, 
having  been  reported  at  the  age  of  three  months  (regarded 
as  congeintal),  seventeen  months,  and  two  years,  up  to 
ninety  years.  It  is  much  the  most  frequent  in  the  adult 
period,  however,  from  twenty  to  seventy  years  of  age. 
It  (recurs  in  females  rather  more  frequently  than  in  males, 
in  the  proportion  of  about  three  to  two,  A  similar  trig- 
ger condition  has  been  observed  in  the  toes,  knees,  and 
other  joints,  and  also  in  animals;  and  one  or  two  cases 
have  been  reported  in  which  lateral  movements  of  the 
lingers  fxliibiled  the  Siime  kind  of  impediment. 

Usually  one  tingeralone  is  involved,  tnit  more  than  one 
may  be  affected,  either  at  the  sjime  time  or  in  succes-sion. 
In  one  case  all  the  fingers  of  both  hands  were  involved. 
In  some  cases  the  abnormality  occurs  .symmetrically  on 
both  hands.     Of  the  two  hands  the  right  is  mucli  the 


more  liable  to  the  affection,  being  involved  in  over  twice 
as  many  cases  as  the  left  hand. 

The  middle  finger,  ring  finger,  and  thumb  arc  the  ones 
much  the  most  sid)jcct  to  the  affection,  in  about  tlie  or- 
der named  :  the  index  and  little  fingers  are  nuicli  less  fre- 
quently affected.  In  the  left  hand,  the  thiunb  and  nnd- 
tlle  finger  suffer  less  frequently  than  they  do  in  the  right 
hand. 

V.  Carlier.  who  in  1SS9  collected  lO.j  cases  of  trigger 
finger,  gives  the  following  statistics  as  to  the  number  of 
times  each  linger  was  affected : 


niRlit  hand. 

Left  hand. 

Total. 

^liildtf  tlnffer 

.32 

2IJ 

26 

6 

8 

9 

IS 

7 

? 

41 

38 

33 

Little  flngfr 

9 

9 

112 

38 

130 

The  joint  at  which  the  trigger  condition  is  chicfiy 
manifested  is  the  interphalangeal  articulation  of  the 
thumb  and  proximal  interphalan.aeal  joint  of  the  other 
digits,  the  .seeoml  phalanx  in  the  position  of  arrested 
movement  being  flexed  on  the  proximal  phalanx.  Some- 
times, however,  the  distal  interphalangeal  joint  is  the 
one  involved;  rarely  the  metacarpophalangeal  articula- 
tion. 

The  chief  conditions  associated  with  trigger  finger  as 
etiological  factors  in  the  reported  cases  are  occujiation, 
traumatism,  rheumatism,  and  nem'otic  ten)peramcnt. 

The  factor  cited  as  causative  of  the  condition  in  the 
greatest  ])roportion  of  cases  is  occupation  irritation,  as 
in  seamstresses,  soldiers,  brushmakers,  etc.  Pressure 
upon  or  iriitation  of  circumscribed  portions  of  the  palm 
is  su]>posed  to  cause  the  tendinous  and  other  lesions  that 
are  responsible  for  the  trouble.  Thus,  in  the  case  of  a 
tennis  player  the  pressure  of  the  racquet  handle  in  the 
palm  was  supposed  to  have  caused  the  develo])ment  of  a 
tendinous  nodule  that  produced  the  trigger  condition. 
This  effect  of  occupation  irritation  is  held  to  explain  the 
greater  liability  of  the  right  hand  to  the  disease.  An- 
other explanation  of  the  effects  of  occupation  attributes 
the  trigger  condition  to  the  excessive  use  of  single  fin- 
gers, in  much  the  same  manner  as  writer's  cramp  and 
other  occupation  neuroses  are  jiroduced. 

A  consiilerable  pro)iortion  of  the  cases  originate  dis- 
tlnctl)'  from  traumatisms  of  the  affected  part,  the  in- 
juries producing  the  particular  inllammatory  or  other 
lesions  necessivry  to  set  up  the  trigger  condition.  Many 
cases  have  with  greater  or  less  probability  been  attributed 
to  rheumatism  and  lesions  of  rheumatic  nature,  while  the 
upholders  of  nervous  theories  of  the  affection  state  that 
neurotic  conditions  predispose  to  it. 

It  may  be  couchuled  that  traumatisms  and  occujiation 
irritation  ccrtaiidy,  an<l  jierhaps  rheumatism,  are  capable 
of  producing  trigger  finger;  but  in  some  cases,  as  those 
in  children  and  the  bilateial  cases,  other  causative  factors 
must  operate. 

The  disease  usually  has  a  gradual  onset,  varying  in 
symptoms  and  dtiration.  The  cases  produced  by  trau- 
matism develop  most  rapidly,  within  a  few  days  or  two 
or  three  weeks  after  the  injury.  Other  cases  develop 
more  slowly,  over  a  jieriod  of  weeks  and  months  and 
even  of  years.  The  initiatory  symjitoms  may  be  a  slight 
inconvenience  or  awkwardness  in  movement  of  the  fin- 
ger; this  difficulty  gradually  increases  to  the  fully  de- 
veloped tri.sgcr  con<lition.  Vague  pains  appear  in  the 
affected  part,  increasing  in  intensity.  Sometimes  a  rus- 
tling or  grating  movement  of  the  tlexor  tendon  is  early 
felt,  resembling  llu'  crepitation  of  tenosynovitis.  In 
other  cases  par;esthesia'  early  aj^pear  in  the  region  in- 
volved, as  numbness,  "going  to  sleep.''  fornncation. 

The  anatomical  cause  and  mechanism  of  trigger  finger 
have  given  rise  to  considerable  discussion,  and  various 
explanations  have  been  presented. 
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Most  of  the  ciisps  im.'  iiiiiloiihUMlly  due  to  litiions  of  the 
lU'.xiir  ti'iiiliiiiH  or  lliclr  hIiciiiIih.  i's|«'('iiilly  lliow  in  wliicli 
till-  iioiliilc  is  iicrci'ptililc.  'I'liis  iiihIuIi-  Ih  in  miiM  riiM's 
iitliiclii'il  to  till'  ti'iiiiiin.  iii'iir  till'  iiirlarnr|iiipliiiliiniri'iil 
joint;  it  is  of  inllamiimtury.  liliioiis,  or  iii'ii|iliistir  (lllirn 
iniitoiiN.  oxtconintiiiis.  rtr  )  uri^'in.  Ai  tin-  Iriiiloii  iiiovi'S 
till'  iiihIiiIi'  is  rtiii^'lit  lit  siiinr  |ioinl.  as  in  tninsvrrsc 
liiinils  of  till'  fiisi'ia  or  in  ronslricti-il  |>i>rlii>iis  of  llir  ti'ii- 
lion  nIii'hiIi.  so  timl  iiiotion  is  siiilili'iily  am-sti'il :  liy 
flirtliiT  I'lTorl  llll'  niiiliilr  is  forccil  past  Ilir  olistriirlion 
■mil  llir  miivi'inint  is  roniplrlcil  nipiilly  by  llif  i-xri'ssivt- 
niiiMular  ti-nslon. 

In  a  fi'w  rasi'S  il  lias  iH-rii  ilriiiniistnilril  that  llie 
k'sinns  raiisinir  llir  iroiiliU'  witc  siiiialril  in  tlir  li'inlnii 
shi'atli.  Ihr  Iriiiliiii  itsi'lf  lii'iiiK  iiuriiial.  Tlirsi'  li'simis 
consist  I'illirr  iif  an  annular  or  rin-uinscrllii'il  rnnstrirlinn 
uf  till'  Khi'alli.  a  thirki'iiiii^  nf  thi' sheath,  or  a  luiihilar 
(frowlh  ill  il.  which  interfere  with  the  nioveineiils  of  the 
teiiilon  within.  Such  lesions  can  lie  proiluccil  liy  iiitlaiii' 
inatioii.  iii'oplasins.  etc.  In  these  cases  a  nnilule  may  or 
may  iiol  he  fell,  tint  if  present  it  iloe.s  not  move  with  llic 
tenilon.  There  may  also  he  lesions  of  both  the  sheath 
anil  the  lelliloll. 

Tliickeiiini;  or  stilTeiiin);  of  the  svnovial  sue  in  such  a 
muiiner  a.s  to  inierfere  with  its  j;liilintjto  ami  fro  move- 
ment iM'tweeli  the  tenilon  anil  its  sliealh  has  been  nil- 
vnnccil  as  a  I'aiise  of  tri^jjier  linsrer.  iinil  may  possibly  be 
a  factor  sometimes.  Inlrasynuvial  lloaliii!;  boiliis  have 
also  been  siiiiiresleil  as  a  cause  of  Ihe  trouble. 

Some  aulliorities  have  consiilereil  abnormal  ciinilitions 
in  the  iihalangeal  articulations  to  be  capable  of  causing 
triirijer  liiiirer.  The  particular  abnormalities  that  have 
been  menlioneil  in  this  connection  are  (<M  abnormal  con- 
tiguratioM  of  the  joint.  (4)  short  lateral  ligaments,  anil  (c) 
projections  at  the  siile  of  the  joint.  It  is  conceivable 
how  a  certain  surface  contigunilion  of  the  joint,  as  a 
projecting  noilule  or  riilge  or  abrupt  curvature,  coulil 
proiluce  a  trigger  like  action.  Sliorleiieil  lalemi  liga 
nient.s  woulil  obstruct  the  motion  of  ilie  phalaii.v  at  a 
given  aii.gle:  but  if  the  ligaments  were  sullicieiitly  elastic 
to  stretch  enough  to  jiermit  the  plialaii.x  to  pass  beyond 
the  iibslriietioii,  the  resiliency  of  the  liganieiits  as  well  as 
muscular  action  woulii  cause  a  i|uick  jerking  completion 
of  tliemovemeiil.  The  imssibility  of  such  a  trigger  action 
nf  short  lateral  ligaments  I  have  lieen  able  to  deinonstrate 
in  a  ilisseetion  of  a  hammer  tinger.  Hony  projections  at 
the  side  of  a  joint',  by  becoming  engaged  in  the  lateral 
ligaments,  niiglit  also  cause  an  imjiediment  to  motion. 
It  is  easily  conceivable  how  articular  changes  of  the 
cliarac  ter  mentioned  cindd  cau.se  a  sort  of  trigger  linger, 
and  it  is  possible  that  they  may  exceptionally  be  the 
cause  of  the  condition. 

That  some  eases  of  trigger  finger  are  of  nervous  origin 
and  due  to  muscular  spasm  has  been  upheld  by  a  few 
writers,  especially  Carlier.  Thus,  it  is  supposed  that 
during  extension  ihe  middle  phalanx  is  suddenly  arrested 
liy  spasm  of  the  llexor  subliinis  digitorum :  then  more 
energetic  coninietion  of  the  extensor  muscle  overcomes 
this  spasm  with  a  jerk.  Arrest  during  tiexion  is  attrib- 
uted to  a  momentary  impotence  of  the  flexor  or  perhaps 
spasm  of  the  extensor,  which  is  followed  by  brusk 
coiitmetion  of  the  llexor.  According  to  some  views  trig- 
ger linger  is  somewhat  allied  to  writers'  cramp  and  simi- 
lar occupation  neuroses,  arising  in  various  occupations 
rec|uiring  excis.sive  use  of  particular  lingers.  While 
muscular  spasm  cannot  be  a  common  cause  of  real  trig- 
ger tinger.  yet  the  affection  maj-  perhaps  occasionally  be 
of  spasnioilic  nature. 

The  jirognosis  of  trigger  finger  is  generally  favorable,. 
Spontaneous  recovery  sometimes  occurs,  and  the  affec- 
tion is  quite  amenable  to  treatment,  though  sometimes 
no  improvement  is  obtainable, 

Tiiatment  of  non niienitive  kind  often  produces  good 
results,  especially  in  the  early  stages  of  the  affection. 
One  of  the  most  es.<ential  jiarts  of  the  treatment  is  rest, 
by  immobilisation  of  the  part  on  a  splint.  Counter-irri- 
tants like  tincture  of  iodine,  massage,  electricity,  poul- 
tices, etc,  are  also  useful.     In  inveterate  cases  operation 


l«  nccctwary,  Tliowat  of  thctniuhlfKliniilil  Ir-  cut  down 
upon:  the  nodide  on  the  tenilon  or  Hhealli  kIioiiIiI  Ih'  re- 
moved and  Ihe  sheath  of  the  lenilon  hIioiiIiI  be  slit  open 
at  any  constricteil  portion.  Simple  InelNlon  of  the  tendon 
shealli  in  obscure  cascH  may  result  in  cure. 

Cincfi,.\Ti)uv  DiMiiiiiKiiH. 

The  dislance  of  the  hands  from  Ihe  heart  gives  rise  to 
a  relative  weakness  of  the  ciri-ulation  in  this  niemlN'r, 
which  may  become  manifest  whenever  from  cardiac  or 
other  causes  there  is  a  general  lowering  of  the  tone  of  the 
circulation.  The  feet  suffer  from  the  same  cause,  and 
even  more  than  the  hand,  since  in  the  lower  e.vlremilies 
the  effect  of  gravity  is  an  additional  embarrassment  to  the 
circulation.  The  hand  may  also  suffer  from  obslructiona 
anywhere  in  the  course  of  the  vessels  of  the  upper  ex- 
trenuly. 

Congestion  of  Ihe  hand  is  freiiuent  in  heart  di.seuxe  and 
other  conditions  in  which  the  circulatory  forces  are  weak- 
ened. The  li.'iiid  is  cold,  slightly  swollen,  either  dry  or 
clammy,  of  a  purple  color;  on  pressure  the  blood  is 
forced  out.  leaving  a  white  spot  into  which  the  blood 
slowly  returns  after  the  pressure  is  removed.  The  con- 
gestion is  also  diminished  by  elevation  of  the  hands. 
Ilyperidrosis  or  excessive  sweating  is  another  conse- 
quence of  weakened  blood  pressure  or  lowered  vascular 
tone,  ffidema  of  the  hands  is  common  in  conditions  of 
general  ana.sar(a  or  under  circumstances  similar  to  thosf; 
causing  passive  congestion.  In  systemic  affections  such 
vascular  disturbances  are  bilateral:  but  where  the  ob- 
struction to  the  circulation  is  local,  as  in  trauma,  ob- 
structed vessels,  aneurism,  etc.,  of  one  side,  the  stasis  or 
O'dema  is  unilateral.  Gangrene  may  be  an  extreme  re- 
sult of  vascular  obstruction.  Clubbed  or  Ilippocnitic 
lingers  in  cases  of  cardiac  and  pulmonary  disease  may  be 
partly  due  to  passive  congestion,  partly  to  real  trophic 
alterations.  Angioneurotic  a'denia  may  occur  on  the 
hand.  The  treatment  of  these  couditious  is  that  of  their 
cause. 

iluscvL.vii  Affections. 

Thele-sions  of  the  muscles  of  the  hand  chiefly  met  with 
are  the  atrophies,  paralyses,  spasms,  etc. .  caused  by  ner- 
vous lesions,  considered  below.  Primary  diseast;s  of  the 
muscles  are  rare  here  as  elsewhere. 

Unopposi'd  action  of  a  set  of  muscles,  as  after  .section 
of  the  tendons  or  ]iaralysis  of  the  opposing  group,  causes 
corresponding  contractures. 

Karely  the  flexor  muscles  of  the  forearm  are  relatively 
shortened  by  arrested  development.  This  causes  a  flex- 
ion of  the  tingers,  not  paralytic  or  spastic  in  character, 
but  due  entirely  in  a  mechanical  way  to  the  shortness 
of  the  muscles  and  their  tendons.  It  is  manifested  by 
inability  to  extend  the  fingers:  strong  flexion  of  the 
wrist,  by  relaxing  the  tendons,  increases  the  range  of  ex- 
tension of  the  fingers.  The  condition  may  develop  alone 
withqut  the  coexistence  of  other  abnormal  conditions 
elsewhere,  and  becomes  manifest  during  the  growing  or 
preadult  period:  it  may  also  occur  in  infantile  paralyses 
with  otlier  lesions.  Attempt  may  be  made  to  remedy 
the  condition  by  division  or  plastic  lengthening  of  the 
tendons. 

Orrujxition  muncular  atrophy  is  an  atrophy  gradually 
developed  in  groups  of  muscles  by  continual  use  or  over- 
use incident  to  the  occupation  pursued.  It  has  been 
observed  in  the  hand  and  elsewhere  in  a  few  ciises.  It 
affects  especially  the  thenar  muscles  in  lapidaries  and 
others,  and  also  the  hands  of  writers.  It  is  regarded  as 
more  of  myopathic  than  neuropathic  origin,  and  is  quite 
amenable  to  treatment  by  rest,  electricity,  tonics,  etc. 

Ixclmmif  mynxUis  or  pirnilyxin  oeciisioiially  affects  the 
hand  from  prolonged  aiufinia  of  the  muscles  of  the  fore- 
arm and  hand,  caused  especially  l>y  pressure  in  this  re- 
gion from  the  use  of  tight  bandages  and  splints.  The 
long  continued  anseniia  causes  degenerative  and  inflam- 
matory changes  in  the  muscle  tissue,  and  sometimes  in- 
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duratiou  aud  routmction  of  tliuniiisclc.  It  is  niaiiircstcd 
by  pniii.  swcUiiij^,  im])airtd  niovcnu'iil,  and  soiiK-linies 
coutraitioiis  i)f  llip  liaiid.  Tlu' CDiiditioii  should  lie  pre- 
vi'iitfd  as  far  as  possiliU'  l)y  jiiopiT  Ircatmciit  of  fractures 
of  tlie  forearm.  When  developed  it  can  usually  lie  over- 
come liy  massjise,  cviTeise.  eh^etrieity,  douehinj;,  etc.; 
but  sometimes  it  results  in  permanent  paralysis,  contrac- 
tures, and  deformity. 

.lAv'w/V/Vi  (suppurative,  tuberculous,  .syphilitic,  inter- 
stitial, rheumatic,  etc.)  and  gummata  or  other  tinnors  in 
the  nuiscles  are  rare  causes  of  impairment  of  motility. 
After  such  intlanunatory  conditions  contractions  from 
slirinkiiisr  of  the  endomysial  tissue  and  cicatrices  may  re- 
sult. Willi  ossilyins  myositis  are  often  associated  anky- 
losis of  one  or  another  joint  of  the  thumb,  sniallncss  of 
the  thunili.  siiijht  dellection  of  tlie  thumb,  aud  impair- 
ment of  its  motion. 

Vccii]wtion  or  linhil  rnntnirt'iirii  sometimes  occur  in 
those  whose  occupation  reciuires  the  hand  to  be  held  or 
o.\crcised  or  overused  in  prolon{;ed  or  habitual  positions, 
as  a  flexion  of  the  lingers  in  drivers,  etc.  iSiicli  cases  de- 
maud  change  of  occupation  and  appropriate  local  treat- 
ment. 

Xnnvovs  Afpkcttons. 

The  band  suffers  severely  and  conspicuously  in  many 
nervous  diseases,  and  so  marked  and  characteristic  are  its 
functional  and  stnictiiial  changes  that  its  condition  af- 
fords data  valuable  lor  diagnosis  in  various  nervous 
affections.  The  |iriniary  nervous  lesions  causing  the 
cliangcs  in  tlie  hand  are  sealed  in  the  nervous  centres  or 
in  the  nerve  trunks  of  the  upper  e.xlremily ;  only  rarely 
in  the  hand  itself,  as  in  inflammation  or  injury  of  the 
nerves  in  tlie  hand,  or,  perhaps,  in  occupation  neuroses. 

The  functional  and  slruetuial  changes  of  neuropathic 
origin  to  which  the  hand  is  subject  may  be  classified  as 
follows : 

1.  Sensory  disorders:  Pain;  disorders  of  common  sen- 
sation. 

2.  Motor  disorders:  Paral_vsis;  tonic  spasm,  contract- 
ures, etc. :  clonic  spasm,  tremor,  etc. ;  ata.xia. 

3.  Trophic  changes:  atrophies,  arthropathies,  derma- 
toses, necrosis,  etc. 

4.  Vascular  phenomena. 

These  changes  and  symptoms  do  not  usually  exist 
singly,  but  the  condition  actually  presented  in  given 
cases  is  ordinarily  a  mi.xture  of  various  classes  of  symp- 
toms, one  nervous  disease  producing  a  complex  of  phe- 
nomena. 

Pain  or  neuralgia  in  the  hand  occurs  in  connection 
with  numerous  conditions,  as  in  neuritis,  locomotor 
ataxia,  Raynaud's  disease,  etc.,  besides  being  a  result  of 
gouty,  rheumatoid,  and  inflammatory  conditions. 

The  tlisorders  of  seiiaaUtiii  <>\  the  hand  include  hyper- 
nesthe.sia.  par!vstliesi:e.  and  especially  local  aiia'stliesia  or 
hypieslliesia  caused  by  injuries  or  lesions  of  the  brachial 
plexus  or  its  branches,  besides  more  general  and  irregu- 
lar anasthesias  from  central  nervous  disease.  In  given 
nervous  lesions  sensory  disturbances  are  usually  less  in- 
tense and  more  i|uickly  recovered  from  than  the  corre- 
sponding motor  |)aralyses. 

I'dfiilji^in  of  any  or  all  of  the  groups  of  muscles  per- 
taining to  the  hand  occurs  in  general  paralytic  condi- 
tions, as  iK'Hiiplegia.  anterior  poliomyelitis,  progies.sive 
muscular  atrophy,  and  numerous  others,  and  in  inflam- 
mations or  injuries  of  the  nerves  of  the  upper  extremity. 
■\Vith  the  paralytic  condition  is  usually  associated  atro- 
phy, often  extreme,  of  the  affected  mus'cles. 

The  priniary  effect  of  any  paralytic  condition  is  loss  of 
the  corresponding  muscular  function.  Secondarily,  from 
the  unopposiMl  action  of  the  muscles  antagonistic"  to  the 
liaraly/iil  muscles,  or  from  the  une(|Ual  degree  in  which 
dilTennl  groups  are  affected,  muscular  miitmclunn  arise, 
which  may  cause  various  deformities.  The  contractures 
are  at  first  of  the  nature  of  continuous  or  tonic  spasms, 
and  can  be  overconx'  by  jtassive  force.  Ultimately  the 
prolonged  niali)ositiou  causes  vicious  secondary  aitora- 


tions  aud  ankylosis  in  the  joints,  with  atrophic  changes 
or  arrested  development  in  various  structures  resulting 
in  disproportionate  relations  of  the  various  parts  of  the 
member,  so  that  finally  the  deformi  y  becomes  jiermanent 
and  uncorreetible.  Different  nervjus  diseases  produce 
different  eharaclerislic  deformities  of  the  hand,  as  the 
"claw  hand  "  of  ulnar  jiaralysis,  the  "  wrist  ilrop"  of  mus- 
culo siiiial  paralysis,  the  "  lueacher's  hand  "  (jf  cervical 
pachymeningitis,  the  club  liand  of  infantile  paralysis. 
Tonic  npiis/im  <t{  the  hand,  not  associated  with  paralysis, 
occur  in  tetany,  tetanus,  hysteria,  and  Thomsen's  dis- 
ease. 

Some  nervous  affections  arc  manifested  in  the  hand  by 
(niiKii'x  and  rlonie  siuikium,  as  in  multiple  sclerosis,  paraly- 
sis agitans,  athetosis,  chorea,  epile])sy. 

Atiij-id,  or  incoordination  (d'  Ihe  movements,  may 
affect  the  hands  as  a  part  of  the  symptom-ensemble  of 
various  central  nervous  diseases,  as  in  mulliiile  sclero- 
sis, locomotor  ataxia,  general  paresis,  Friedrich's  ataxia. 
The  occupation  neuroses  are  also  largely  manifested  by 
ataxic  phenomena.  The  incoordination  is  manifested  by 
difliculty  or  inability  to  perform  delicate  movements  or 
by  spasmodic  movenieiits  on  altenipting  voluntary  ac- 
tions, and  is  not  nece.ssiirily  associated  with  any  paralysis 
or  decrease  of  motor  strength. 

Trophic  changes  in  the  hand  resulting  from  morbid 
nervous  inipres.sions  may  cause  great  damage,  and  ex- 
hibit considerable  variety,  as  muscular  atrophies,  skin 
changes,  onychias,  joint  cli:inges.  ulceration,  necrosis, 
hypertrophies.  Atrophies  of  various  muscles  of  the 
hand,  in  connection  with  paralytic  ami  spastic  phenom- 
ena, an;  cluiracleristic.  severe,  and  conspicuous  lesions 
in  various  affections,  as  progressive  muscular  atrophy, 
nerve  injuries,  and  other  conditions.  Trophic  changes 
in  the  skin  and  nails  occur,  as  in  the  condition  termed 
glo.ssy  skin.  In  many  paralytic  contlilions  of  the  hand 
the  skin  is  pale,  cool,  rather  smooth,  and  exhibits  a  ten- 
dency to  destjuamation ;  and  the  subcutaneous  tissues 
are  slightly  aHlemalous.  Trophic  changes  in  the  joints 
occur  rarely,  cxcmidified  by  Cliarcol's  arlliropatliy  in 
locomotor  ataxia.  General  hypertrophy  of  the  liand  has 
been  noted  in  a  few  cases  of  syringomyelia.  Dermatitis, 
the  formation  of  vesicles  and  blebs,  ulceration,  and  even 
necrosis  of  circumscribed  areas  occur  in  syringomyelia, 
the  neuritis  of  leprosy,  Raynaud's  disease,  and  other 
conditions.  In  nervous  diseases  arising  during  the  pe- 
riod of  growth,  as  infantile  paral.vsis  and  infantile  palsies, 
arrested  and  irregular  develoiimeut  may  contribute  tow- 
ard contracture  and  deformity  in  later  years. 

]'axniliir  Phenomena — flushing,  pallor,  etc. — occur  in 
Raynaud's  disease,  erylhromelalgia,  hysteria,  and  other 
coiidiiions. 

Having  briefly  summarized  Ihe  neuropathic  functional 
and  structuial  changes  to  which  the  hand  is  subject,  the 
effects  upon  the  band  of  the  various  nervous  diseases  re- 
main lo  be  considered. 

Occupation  yeurosen. — These  conijirise  a  cla.ss  of  local 
functional  nervous  disturbances  produced  by  the  exces- 
sive use  of  definite  groups  of  muscles  in  performing  deli- 
cate and  complicated  actions  necessitated  in  various 
pursuits,  to  which  the  hand  from  its  usage  is  .subject. 
Tliesi'  affections  are  characterized  by  tonic  spasms  or 
cramps,  tremors,  inco-ordination  and  ataxia,  or  pain, 
which  are  brought  on  when  altenipis  are  made  to  per- 
form the  habitual  actions,  so  thatthc.se  movements  can 
be  executed  only  with  difliculty  or  not  at  all.  As  a  rule, 
other  acts  re(|uiring  equal  delicacy  and  complexity  of 
co-ordination  can  be  performed  with  ease,  the  neurosis 
operating  only  against  the  particular  movements  that 
produced  it.  Tlieoceupalion  neuroses  present  no  menace 
to  life  or  the  general  health,  but  llwy  are  financially  and 
psychically  serious  in  that  they  may  prevent  their  sub- 
jects from  continuing  in  their  acciislonieil  avocation. 

No  anatomical  changes  have  been  demonstrated  in 
these  cases.  Neuritis  is  sometimes  present,  but  it  is  a 
complication  and  not  an  essential  feature.  The  condi- 
tion is  a  functional  motor  disorder  and  is  sometimes 
styled  a  local  neurasthenia.     TUeaffietiou  may  develop 
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lliiMii.'li  those  of  n  neurotic  tendenrv  or  dehilitated  state 
are  more'  stilijirt.  They  develop  insidiously,  llie  lirsl 
syniploins  lieiiii;  a  eerlaiii  amount  of  stilTness,  tremulous 
ness,  uneertiiinty.  jerUiiuss.  dull  aeliin!;  iiain.  fatijrue, 
or  weakness,  durins;  the  acts  at  fault.  Tlie.se  Irouhles 
slowly  increase,  until  the  neurosis  is  fully  estalilished, 
when  on  altetuiitiii!;  to  execute  the  customary  move- 
ments the  hand  is  seized  with  a  cnimp  or  tonic  spasm,  or 
involuntarily  froes  into  jerky  spasmodic  or  choreic  move- 
ments, or  its  movements  cannot  be  co-ordinated,  or  it  be- 
comes tremulous,  or  paretic,  or  the  seat  of  a  deep  dull 
aehinir  pain.  The  atTection  isclironicin  itscourse.  The 
pro^'iicisis  is  unfavorable  so  far  as  cure  is  concerned,  as 
the  neurosis  is  very  ililliciilt  or  impossible  to  eniilieate. 
The  symptoms  can  be  easily  ameliorated  by  rest  and 
ihan^e  of  occupation,  but  even  after  lone  intervals  the 
tidiible  almost  invariably  recurs  upon  resumption  of  the 
occupation  that  caused  it. 

The  (onimoncst  and  best  known  of  the  occupation 
neuroses  is  iriitim'  rnimp.  which  typilies  the  whole 
•;roup.  Analo^ious  neuroses  occur  or  have  been  ob- 
si-rvcd  in  connection  with  many  other  occupations,  of 
which  the  commonest  are  lelei;niphcrs'  cramp,  type- 
writers' cramp,  musicians'  (pianists',  violinists')  cramp, 
seweix'  cnimp.  hammer  cramp. 

The  diaiinosis  of  well-marked  cases  of  occupation  neu- 
roses usually  presents  no  dilliculty.  The  earlier  stages 
may  not  be  "easily  distinjfuishabli'  from  the  vague  incip- 
ient syni|itoms  of  other  nervous  alTections.  A  local  neu- 
ritis may  present  symptoms  simulating  occupation  neu- 
roses; bill  in  neuritis  the  motor  or  afa.xic  trouble  is  not 

so  closely  related  to  one 
particular  set  of  move- 
ments, and  the  electrical 
reactions  may  be  altered. 
The  prognosis  of  neu- 
ritis is  also  more  favor- 
able. 

If  symptoms  of  ap- 
proaching Avriters' 
cramp  appear,  jirophy- 
laetic  treatment  is  im- 
piutant.  The  act  of 
writing  shoulil  be  made 
as  comfortable  as  po.ssi- 
//  ble.    by    the   use   of  an 

easy-writing   ])en   (as    a 

Fir..  2.-il2.-Malhlcirs    Apparatus  for    cold    pen),   a    penholder 

Wnter-s  Cramp.    (Af.er  Dana.)        that   can    be    hel.l    with 

case,  smooth  ])aper,  and 
the  ailoption  of  such  armngements  and  position  as  are 
easiest  for  writing.  The  pen  should  be  held  lightly  and 
graspeil  with  as  little  force  as  is  possible.  The  manner 
in  which  the  penholder  is  held  by  the  fingers  should  be 
Vol..   IV.— 34 


The  best  treatment  of  incipient  or  fully  developed  oc- 
cupation neuroses  is  rest  and  suspension  or  change  of  the 
occupation.  The  symptoms  readily  yield  to  such  treat- 
ment, but  unforluniXely  these  measures  are  not  always 
practicable.  (leneral  neurotic  or  debilitated  conditions 
should  receive  Mppriipriale  treatment.  Local  massage, 
gymnastics,  and  electricity  are  useful.  The  unafTected 
hand  may  be  used,  after  practice  and  training,  to  execute 
the  movements  imi)aire(i  in  the  other  hand,  though  in 
such  cases  the  second  hand  often  becomes  itself  alTected 
by  the  neuro.si.s.  Various  forms  of  apparatus  have  been 
devised  for  use  in  writers'  cramp,  for  immobili/.ing  the 
lingers  involved,  for  holding  the  penholdir  and  so  relii'V- 
ing  the  lingers  of  the  elTort  of  pen-prihension.  and  for 
bringing  new  muscles  into  play  in  the  act  of  writing 
(Figs.  2512,  2513).  Such  devices  may  be  of  service  in 
these  cases,  but  the  substitution  of  type-writing  machines 
for  the  pen  would  be  far  more  eflicaeious. 

Diwiii'in  find  IiijiiricM  of'  t/u-  Xirreii. — Inflammation  of 
the  nerves  supplying  the  hand  presents  the  usual  phe- 
nomena of  neuritis,  ienderness  over  the  aflccled  nerve, 
jiains.  hypenesthesia.  hypasthesia.  or  paraslhesia  of  the 
area  supplied,  motor  |)anilysis.  trophic  changes,  altered 
electrical  leactions.  The  symptoms  vary  in  their  char- 
acter, location,  and  int<'nsity  in  different  casi-s  and  in 
difl'erent  varieties  of  the  disease,  as  in  the  traumatic, 
multiple,  rheumatic,  gouty,  toxic  (lead,  alcohol,  etc.), 
h^prous.  and  other  forms  of  nerve  disease.  Neuritis 
sometimes  exists  with  and  complicates  occupation  neu- 
roses; and  an  occtipation 
neuritis  may  be  induced 
in  the  member  by  the  oc- 
cupation pursued.  De- 
generation of  till-  nerves 
p  rod  11  ces  corresponding 
paralytic,  spastic,  and  tro- 
])hic  phenomena. 

In  chronic  had  poisnnin;i 
the  extensor  muscles  of  the 
bands  are  often  jiuralyzed. 
producing  the  "  wrist  drop  " 
characteristic  of  this  condi- 
tion; sometimes  there  is 
also  in  plumbism  a  swell- 
ing or  ganglion  on  the  back 
of  the  wrist.  In  tilrohnlir 
jnili/iieinilis  Kn-it  drop  may 
also  occur,  but  less  fre- 
(pii'ntly  than  foot  drop. 

Injury  or  di.sease  of  the 
l/raciiial  pffj-im,  produced  by  rheumatic  inflammation,  by 
rheumatoid  disea.se  of  the  cervical  vcrtebrie.  in  connec- 
tion with  dislocations  of  the  shoulder,  from  the  pressure 
of  crutches,  or  other  causes,  results  in  motor  paralysis, 
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Fig.  2513.— Apparaiiis  for  Writers' 
Cramp.    (Afli>r  Dana.) 
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contracturt's,  sensory  (listurbnnccs,  muscular  atrophies, 
and  (itlier  trophic  clmiiires,  roirespoiuliii);  to  the  nmii- 
iier  iiixl  extent  in  wiiieli  tlic  eonis  of  the  plexus  are 
involved. 

In  division  or  other  causes  iirodniinjr  paralysis  of  the 
inimfiilo-sjiinil  hern;  there  is  ])ar!dysis  of  all  the  nuisi-Us 
on  the  posterior  aspect  of  the  forearm  and  the  ra<lial 
group  of  muscles,  so  that  the  wrist  and  jiroximal  jiha- 
lances  of  the  lingers  cannot  he  extended,  and  the  hand 
falls  limply:  this  constitutes  the  condition  of  "wrist 
drop  "  which  is  a  characteristic  phenonieiKHi  in  lead 
|ioisiiuinir  and  other  nervous  alVedions.  The  middle  and 
distal  phalanjjes  remain  capahle  of  extension  (mm  the 
action  of  the  interossei  and  linnhricales  muscles,  which 
are  iruiervated  by  the  ulnar  nerve.  The  paralyzed  mus- 
cles may  atrophy.  Sensalion  maybe  lost  on  the  radial 
portion  of  the  dorsum  of  the  hand,  usually  over  the  area 
corresponilin.u  to  the  thumb,  index  and  middle  lingers, 
and  nulial  half  of  the  ring  tinker;  individual  variations 
in  the  distribution  of  the  nerves  of  cutaneous  sensation 
in  the  hand  are.  however.  fre(iuent. 

The  iiuiliini  iierre  furnishes  cutaneous  sensation  to  the 
palmar  aspect  of  the  tluunb,  index,  middle,  and  radial 
half  of  ring  linger,  and  iimervates  the  pronator  nniscles, 
flexor  carpi  radialis.  flexor  longus  pollicis.  flexor  sub- 
limis  digitorum.  radial  half  of  flexor  profundus  digi- 
toruiu,  al)ductor  pollicis,  opponens  pollicis,  outer  head 
of  flexor  bievis  pnllicis.  and  the  two  outer  lumbricales. 
Paralysis  of  the  median  nerve  produced  by  section  of  it 
aliove  the  elbow  or  other  cause  results  iii  loss  of  sensa- 
tion over  the  area  mentioned,  atrophic  changes  in  the 
muscles  of  the  forearm  ami  the  thenar  eminence,  loss  of 
power  of  abduction  and  oppo,sition  of  the  thumb,  loss  of 
flexion  of  last  phalanx  of  the  thumb,  diminished  power 
of  flexion  of  the  proximal  phalanx  of  the  thumb,  and  im- 
pairment of  flexion  es|iecially  of  the  index  and  middle 
fingers.  Thc>  power  of  pronation  is  lost  and  the  wrist  is 
flexed  only  by  the  flexor  carpi  ulnaris. 

Division  of  the  median  nerve  at  the  wrist,  below  the 
separation  of  the  branches  to  the  nuiscles  of  the  forearm, 
residt.s  in  loss  of  power  of  abduction  ami  opposition  of 
the  thumb. 

Paralysis  of  the  ulnar  iwrrc  causes  loss  of  sensation 
over  the  ulnar  third  of  the  hand  and  over  the  little  and 
ulnar  half  oi  the  ring  finger,  anteriorly  and  |iostcriorly. 
loss  of  motor  power  of  the  muscles  supplied  by  it  (flexor 
carpi  ulnaris,  lUiiar  half  of  flexor  profundus  digitorum, 
the  nmsclesof  the  little  finger,  the  two  ulnar  lumbricale.s, 
all  the  dorsal  aud  palmar  interossei,  adductor  pollicis, 
and  inner  half  of  flexor  brevis  pollicis),  together 
sometimes  with  atrophic  changes,  at  tinus  extreme,  in 
the  muscles  affected.     Adduction  of  the  thumb  and  lat- 


Fio.  2514.— Extreme  Atrophy  and  Contraiture.s  from  Paralysis  of 
rinnr  Nerve  (Caused  li.v  Wound  at  A);  an  Extreme  Instance  of 
"  Claw-hand,"    ( Durhenne,) 

cral  movements  of  the  other  fingers  are  abolished ;  flex- 
ion of  the  proximal  jdialanges  is  interfered  with,  and 
these  phalanges  are  hi'ld  in  extension  or  su|)erextension. 
From  paralysis  of  thi'  interossei  and  two  lumbricales 
extension  of  the  middle  and  distal  phalanges  is  lost  or  im- 
paired, and  these  phalanges,  especially  in  the  little  and 
ring  fingers,  are  held  strongly  flexed.  The  action  of  the 
flexor  carpi  ulnaris  is  lost.     In  closing  the  fist,  the  distal 


and  middle  phalanges  arc  Hrst  flexed  by  the  conunon 
flexors,  and  then  the  proximal  phalanges  are  bent  by  the 
continued  a<tion  of  these  nniscles. 

When  the  inj my  or  lesion  involves  the  distal  portion 
of  the  ulnar  nerve,  near  the  wrist,  biynnd  the  branches 
given  oir  to  thr  flexor  profundus  digii<irum  and  flexor 
carpi  ulnaris,  these  nuiscles  will  escai)e  paralysis. 

The  deformity  known  as  "claw-hand  "  (main  en  grifTe) 
is  produced  by  paralysisof  the  interossei  and  lumbricales, 
the  common  llexorsand  extensors  being  at  the  sanii'  lime 
uuparalyzed.  Astlnse  nuiscles  are  (with  the  exception 
of  the  two  radial  lumliricales)  supplied  by  the  ulnar 
nerve,  claw  haml  is  a  characteristic  conse(|Uence  of  j.aral- 
ysis  of  the  ulnar  nerve,  and  occurs  in  injuries  ot  that 
nerve  (Fig.  2.")14),  and  sometimes  in  progressive  muscular 
atrophy  (Fi.--  2.)17),  amyotrophic  lateral  sclero,si,s,  syrin- 
gomyelia, leprous  neuritis,  and  other  conditions.  The 
action  of  the  interossei  and  lumbricales  is  to  flex  the 
proximal  jdialanges  and  extend  the  middle  and  distal 
phalanges,  besides  acting  as  abductois  aud  adductors, 
Paraly.sis  of  these  muscles  results  in  a  sui)erextended 
position  of  the  proximal  ])lialanges  (from  the  unoijpo.sed 
action  of  the  extensors)  and  strong  flexion  of  the  middle 
and  distal  ])halan,ges  (from  the  action  of  the  common 
flexors);  this  position  of  the  hand  is  the  one  to  which  the 
term  claw-hand  is  appli<d.  Along  with  Ibis  paralytic 
and  contractured  condition,  extreme  atro)>hy  of  the 
[laralyzed  nuiseUs  is  oftin  present  in  claw-hand,  the 
palm  being  hollowed  out,  and  the  interosseous  spaces  on 
the  dorsum  of  the  hand  being  sunken  so  as  to  form  deep 
grooves. 

Combined  paralysis  of  the  ulnar  and  median  nerves, 
the  musculo-spiral  nerve  being  normal,  results  in  the  de- 
formity known  as  the  "preacher's  hand"  (main  du  prc- 
dicateur  em]ihati(iue>,  from  its  supposed  resemblance  to 
the  emphatic  gestures  of  public  speakers  (Fi.ir.  a.")!.!). 
The  uiiop]iosed  action  of  the  extensor  muscles  causes  the 
hand  ami  proximal  idialanges  to  be  habitually  held  in  a 
position  of  marked  extension  and  superextension.  The 
"preacher's  haml"  occurs  especially  in  hypertrophic  cer- 
vical pachymeningitis,  though  it  occasionally  appears  in 
other  nervous  diseases, 

G/imt/  sh'in  is  a  rare  trophic  change  sometimes  result- 
ing from  wounds  or  other  lesions  of  nerves,  which  affects 
the  fingers  especially.  The  digits,  or  one  or  two  of 
them,  are  smooth,  shining,  and  glossy,  devoid  of  hair, 
jiiukish  or  blotched  as  if  by  chilblains,  and  the  surface 
of  the  skin  lacks  its  natural  linear  markings.  Trophic 
changes  in  the  nails  also  occur.  The  lesions  are  the  seat 
of  burning  pain  and  neuralgia. 

^'aso-llelll^oses. — There  are  some  allied  conditions  which 
along  with  prominent  vascular  phenomena  present  pro- 
nounced neuropathic  features,  and  hence  may  be  classed 
as  vasoneuroses.  These  are  Raynaud's  disease,  ery- 
thromelalgia,  chilblains,  and  the  condition  of  vascular 
spasm  described  under  the  name  "dead  fingers."  The 
hand,  along  with  the  foot,  is  a  favorite  seat  for  these 
affections,  which  are  considered  in  full  elsewhere  and 
can  be  only  briefl}'  touched  u]ion  here, 

IiiiyiKiiK/'K  (/isiiitie  (peripheral  gangrene,  syini7ictrical 
gangrene)  is  a  rare  condition  characterized  by  small  cir- 
cumscribed areas  of  vascular  disturbance  or  iseha'mia, 
running  on  to  gangrene,  associated  with  severe  neuralgic 
pains.  The  lesions  are  usually  several  in  number,  .situ- 
ated on  the  fingers  or  toe.s,  sometimes  the  face;  almost 
always  they  are  bilateral  and  symmetrical,  but  the  writer 
has  seen  a  case  involving  one  hand  only.  In  th<'  milder 
cases  or  earlier  stages  the  lesions  consist  of  small  local 
areas  of  anamia  ("  local  syncope  '')  or  of  passive  conges- 
tion ("local  asphyxia").  In  the  severer  casi's  circum- 
scribed moist  black  gangri'iious  patches  develop;  after 
the  .slough  separates  an  ulcer  is  left  that  heals  very 
slowly.  The  course  of  the  disease  is  very  slow  and  pro- 
tracted, the  lesions  requiring  weeks  or  months  for  their 
evolution  and  ie]iair.  The  necrotic  process  has  been 
known  to  cause  complete  spontaneous  amputation  of  the 
ends  of  the  fiugei's.  In  treatment,  analgesics  are  re- 
quired for  the  relief  of  pain,  aud  tonics  or  other  measures 
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fur  iin|ir>)viii|;  tin*  ftt'tii-nil  coiulilioii.     luteal  Irttitliicut 

iiiiiis  III  priiiiiiitiiiK  llx'  si'ininitioii  (if  tlic  sliiu;;li  iiiul 
sliiiiiiliitiii^'  llic  liriiliiiK  iiriH'cKs;  lliis  is  iiicoiiiiiUnIii'iI  liy 
liiiulticrs.  niiislic-i  isilvrr  iiitnilr.  foppiT  Hlilpliulf),  I'V 
I'isiiin  of  llir  sliiiii;lis.  iiiiliM'p-.is.  I'tc. 

Hii/t/iniiiiiliih/iii  U  nil  iiiii'iiiiiiiioii  coiiililidii  iilTi'cliiii; 
iisiiiiily  till-  fci'l,  liiit  iilsii  ilii'  liiiiiils  uikI  nirrly  uilur 
rc^ioiH-  Tlir  (liscusi-  is  iimiiifr-tid  liy  iriiiriiiijr  imnix 
ysiiis.  lliiiii;;)!  siiiiK'liim's  tlir  triiiilili'  is  iiliiiost  coiitiii' 
imiis.  Till'  iillni'ks  nuisist  in  I  In-  (Icvrlupiiifiit  of  aroiis 
of  iiili-iisc  liiiriiiiii.'.  piiiii.  hikI  Icmlrriicss  oii  tin-  fi'ft  or 
liaiuls,  iissociatcd  iiMiiilly  with  Iniiisiciit  mliii'ss  or  con- 
irrslioii  of  llu'  liypini'slliilii-  iina.  Tin-  iiltncks  arc 
itroiiL'lil  on  or  airirnivatnl  liy  waiiiilli.  (li-pi'ii(lciit  posi- 
tion, ami  ixcrlioii.  The  pain  is  fi(i|iKiilly  so  I'xcrnci- 
alini:  as  lo  nuisi.  romplrlc  ilisaliilily  of  IIih  t'Xlri'inily 
alTiclcil.  •  Krythroiiii-lalv'ia  is  usually  cliissnl  with  ner- 
vous (lisfas<s,  llii>u;.'li  it  can  perhaps  lie  ei|ually  well 
ranked  as  a  lirculatory  ilisorder— a  vaso-iiiotor  neurosis 
or  vascular  liy penesiliesia.  Disianee  from  the  lieart  is 
u  factor  in  caiisini,',  and  deternilniiij;  the  location  of,  the 
lesions;  and  ^rravily  is  another 
factor  i-ontriliuiint;  to  ischtiiiiia 
wliicli  prohalily  accounts  for  the 
preference  for  the  feet  which 
the  disease  exhibits.  The  dis- 
ease is  olislinate  and  persistent 
and  no  elTeetive  trealnicnl  is 
known.  Diirinsr  the  paroxysms 
relief  is  usually  alTordeil  liy  ele- 
vation of  the  iiart.  the  applica- 
tion of  cold  (imniersiou  iu  ice 
water),  and  rest. 

V/iilliliiiiin  ( pernio)  are  often 
re.trarded  as  related  to  frostbite, 
but  in  some  respects  tbcy  re- 
semble Raynaud's  disease  and 
erylhronielaliria.  and  are  prob- 
ably a  form  of  viusoneurosis. 
While  tliey  sometimes  originate 
after  exposure  to  cold,  this  is 
not  always  the  case;  ana-mic 
and  chlorotic  individuals  are  es- 
pecially subject.  Chilblains  are 
commonest  on  the  feet,  but 
sometimes  occur  on  the  hands.  The  disca.se  is  obstinate 
and  the  attacks  "[lersistently  recur,  especially  in  winter. 
The  attack  consists  in  a  severe  itcliinir  or  Imniiiiy  pain 
and  lenderness  in  the  areas  afTecled,  which  are  red  and 
erythematous.  The  pain  is  aroused  or  agsmvated  by 
warmlli,  especially  by  warmth  followin,!r  exposure  to 
cold.  In  severe  cases  the  aflected  areas  may  become 
o'dematous  and  bullous,  and  undergo  ulceration.  For 
relief  of  the  pain,  very  hot  or  very  cold  water  may  be 
applied  ;  also  astringent  or  sedative  ointments  or  lotions, 
etc.  Constitutional  treatment  should  be  directed  against 
anv  ana>mic.  chlorotic.  gotity,  or  rheumatic  conditions. 

Winrii/iir  Sjiit.siii. — In  the  rare  condition  sometimes 
termed  "dead  linger "  one  or  more  lingers  tmdergo  sud- 
den, rcpeateil.  and  transient  vascular  spasm,  so  that  they 
become  white,  bloodless,  and  cold.  The  paroxysms  last 
a  few  minutes,  hours,  or  even  days.  At  times  the 
blanching  is  preceded  by  lividity,  and  is  oecasionallv  ac- 
companied by  dull  pain.  The  alTection  was  first  de- 
scribed by  Allan  Mcl,aiie  Hamilton  in  1S74.  and  since 
then  a  few  cases  have  been  reported.  The  treatment  is 
by  galvanism,  nitroglycerin,  or  other  vivso-dilators. 

An-iMljiniii  is  a  dis<>ase  of  the  Orient,  occasionally  oc- 
curring in  Europe,  characterized  by  pains  in  the  hands 
and  other  extremities,  with  erythema,  thickening  and 
exfoliation  of  the  epidermis,  pigmentation,  and  other 
changes  in  the  skin. 

Ili/iitrlmphif  ('(rrienl  Pnrlii/iiteningititi. — In  this  affec- 
tion the  upper  extremities  are  espcciall.v  involved, 
\isually  one  becoming  affected  after  the  otiicr.  In  the 
perioil  of  development  of  the  disease  there  are  pains  and 
altered  sensation  in  one  or  both  hands.  After  the  cervi- 
cal lesions  are   fully  established   marked  i)aralytic   and 
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ntropliic  chiingcR  develop.     The  iNirliciilur  iliKlrniiilion 

of  tbcM-  IcHions  varies  in  dllTerent  cases,  but  the  comtiion- 
est  and  most  chanicterislic  condlliori  is  a  panilvsis  and 
atrophy  of  the  muscles  supplied  by  the  ulnar  ar  f  median 


Fiii.  ii'ilii.— riinrni'li-rfiilli'  .\ppeanini-e  uf  tin-  llunil  ("  Au-  Hand")  la 
I'TC'trniwIvi'  MUBCiilar  Atmpliy.     IMelllvl  and  ulrbiTi 

nerves,  leaving  the  musculospiral  group  less  involviHl. 
The  tiexors  and  pronators  and  the  nuiscles  in  llie  palm 
are  paraly/ed  and  atrophied.  The  unopposed  action  of 
the  extensors  brings  the  hand  and  lingers  (especially  the 
proximal  |ihalanges)  in  a  position  of  superextension, 
forming  the  so-called  "  preacher's  hand, "already  referred 
to;  this  iiosit ion  is  i|uile  cliaraclerislic of  cervical  paeliy- 
nieningitis,  though  it  iiiay  occur  in  other  alTections  (Fig. 
2.")ir)).  At  lirsl  the  hand  can  lie  flexed  iiii.ssively,  but 
later  the  exlcnsor  muscles  may  undergo  contnieture. 
Sensation  may  be  lost  or  impaired  in  the  alTected  areiLs. 

Cerncfil  I'linipliijin. — In  injuries  or  myelitis  of  the  up- 
per part  of  the  spinal  cord  the  upper  extremities  may  be 
more  or  less  completely  paralyzed,  with  extensive  mus- 
cular atroiiby. 

/';•<«/'■<««'■<'  ytnsfiihir  Atrophy. — The  liandssiiffer  early, 
characteristically,  and  severely  in  this  disi'asi',  either  siic- 
ce.s.sively  oj-  simultaneously.  The  muscles  of  the  thenar 
eminence  are  usually  the  first  to  be  affected;  they  gnid- 
ually  become  atrophied  and  paralyzed,  producing  a 
peculiar  flatness  of  this  region.  Thehyiiothenar  muscles 
soon  become  similarly  involved.  At  this  stage  the  hand 
appears  long,  thin,  and  flat,  and  the  thumb  lies  parallel 
and  iu  the  siune  plane  with  the  other  Angers;  the  hand 
iu  this  coudition  has  been  likened  in  appearance  to  that 
of  the  ape  (Fig.  2.-illi). 

Later  the  inteids.sei  and  lumbricales  atrophy  and  be- 
come paralvzed.  resulting  in  corresponding  loss  of  Ihe 
power  of  abduction  and  adduction  of  the  digits,  tiexioii 
of  the  ))roximal  phalanges,  and  extension  of  the  middle 
and  distal  phalanges.  If  the  flexorand  extensor  muscles 
in  the  forearm  are  at  this  stage  unaffected,  "claw  hand  " 
will  result  (Fig.  2olT),  though,  as  the  nuiscles  of  the  fore- 
arm usually  become  involved  early,  this  deformity  dix-s 
not  very  often  occtir  iu  ))rogressive  muscular  atrophy. 

Fibrillary  contractions  occur  in  the  affected  muscles. 
ContRtctures  are  not  usually  present  to  a  marked  degree. 

Anterior  PtiUoiinjtlitis. — In  infantile  paralysis  the  up- 
per extremity  is  sometimes  involved,  but  much  less 
freipiently.  especially  permanently,  than  the  lower.  Pa- 
ralysis of  irregular  and  varying  distriliution  occurs,  with 
atro|)by  of  the  affected  muscles  and  of  bon.v  and  other 
tissues,  contractures  of  the  ojiposing  muscles,  and  retarda- 
tion of  growth.  The  most  injurious  and  the  most  char- 
acteristic consequences  of  the  disease  iu  infants  are  the 
deformities,  produced  b\-  arrested  and  irregular  develop- 
ment of  the  ))arts,  that  make  their  appearance  as  the 
growth  of  the  child  proceeds.  In  this  way,  from  con- 
tractures and  irreg- 
ular development 
at  the  wrist,  various 
forms  of  club  hand 
may  be  produceil. 

In  the  adult  form 
of  the  disease,  per- 
manent paralyses, 
atrophies,  and  con- 
tractures nia.v  tle- 
delop,  but  as  full 
growth  has  been 
attained  the  ultimate  deformity  is  less  than  in  infants. 

Locomotor  AI<(J-i-i. — In  this"  disease  the  hands  oftca 
suffer  from  want  of  co-ordination  and  inability  to  perform 


Flo.  iilT.— Clan-  Hand  of  Moderale  Dorreo 
in  Pnigresslve  Muscular  Atrophy.  (Mcll- 
letand  Riclier.) 
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dplinitc  iTioveiiu'iits.  like  pickiit!;  iipnpiu  or  l)iittnnir.;r 
llic  clolhiiii.'.  liiirc'ly  Inipliic  cliiinirfs.  asuf  llic  niiils,  oc 
curiu  iIk' liaiul.  C'lmnots  ailliropmhy  occurs  nuclv  in 
the  wrist  or  joints  of  tbe  liugors;  in  this  cdndilion  an  en- 

lartrcil  |ilialan\  may  pre- 
sent an  appearance  similar 
loiliat  of  svplillitic  (lady- 
litis.  II  y  perji'Stliesia 
soinelinies  oceiirs  aboiil 
I  lie  linjrers. 

I.iilerdl  S-hroKtH. — In 
this  condition  the   u|)per 
e.xlreniities     are     usually 
alTected    much    less    and 
much  later  than  the  lower, 
Ihoujrh  rarely  the  disease 
heiriiis   in    the    upper  ex- 
tremities.    There  are  pres 
eiit  paresis,  muscular  tension,  and  exaggerated  tendon 
retle.xes ;  the  wrist  and  fingers  are  usually  strongly  flexed 
and  the  arm  is  adducted. 

Aiiii/utrnj)/iic  I.nteriil  Selerom's  usually  begins  in  the 
iijiperexlremity,  with  paralysis,  muscular alrophy,  fibril- 
lar jontnictions.  ])ain,  anil  jiara'sthesia.  followed  at  n 
later  stage  by  muscular  rigidity  ami  eontraetures.  Some- 
times the  lingers  are  bent  into  the  palm  and  the  wiist  is 
Hexed:  sometimes  there  is  atrophy  of  the  iuterossei  and 
claw  hand. 

Miillijilf  .Sr/('n>.«"«.— The  most  eoiispieuous  symptom 
exhibile<l  by  the  hand  in  this  condition  is  the  intention 
tremor,  or  rapid  rhythmic  tremor  when  voluntary  move- 
inenls  are  attempted.  The  wrist  jerk  is  exaggerated, 
and  paresis  anil  muscular  rigidity  may  be  jiresenl.  Tro- 
phii'  changes  iu  the  hand  occasionally  occur,  as  swelling 
of  the  small  joints  of  the  tiugers,  atrophy  of  the  small 
muscles,  blebs,  onychia,  sweating,  lowered  tempera- 
ture. 

Si/n'iii/omi/eliii  (Morvan's  disease)  involves  especially 
till'  upper  extremities,  and  is  manifested  by  paralysis  and 
atrophy  of  muscle  groups,  varying  iu  sii  nation,  para's- 
lliesia'  an<l  ana'sthesia  (especially  to  temperature  and 
jiain)  in  irregularly  distributed  patches,  and  trophic 
changes.  Some  casesof  syringomyelia  simulate  |)rogres- 
sive  muscular  atrophy,  beginning  with  atrophy  and 
liaralysis  of  the  thenar,  liypotlieiiar,  and  interosseous 
mnscies  of  the  hand,  producing  claw  hand;  the  paraly- 
sis later  proceeds  up  the  forearm.  Enlargiinentof  joints 
(lieipiently  the  wrist)  occurs,  similar  to  Charcot's  tabetic 
arlliro|iatliy.  (Edema,  vesicles.  bulla>.  ulcers,  onychias, 
recurring  painless  wliil  lows,  and  even  extensive  gangrene 
and  inulilation  about  the  lingers  and  hand  may  occur. 
In  a  few  instances  general  hypertro])hy  of  the  hand  has 
been  observed,  and  in  a  few  others  l)u]iuytren's  eontrae 
tion  has  been  present. 

llciiiipliijiii. — In  this  alTection  tlie  ]irimary  condilion 
manifested  in  the  liand  is  jjaralysis  Later,  especially 
fol low ingse<-ondaiy  descending  degeneration  in  the  spinal 
cord,  contractures  may  develop,  usually  of  the  tlexor 
muscles  (Eig,  '.i.")18),  though  the  extensors  may  be  short- 
ened. The  muscles  are  only  exceptionally  atrophied, 
aside  from  decrease  in  size  caused  by  disuse. 

Iiifiuililr  erirbnil  jHilniin  and  infiintik  /lemipleffia.  oc- 
curring especially  during  the  first  two  years  of  life  and 
arising  from  labor  traumatisms  (birth  palsies)  or  patho- 
logical ci'iebral  conditions,  usually  alTect  the  up])er  ex- 
tremity worse  and  more  permanently  than  the  lower. 
Trophic  effects  which  cause  permanent  damage  follow 
the  primary  (laralysis.  Growth  of  the  parts  involved  is 
arrested  or  irregular,  .so  thai  the  hand  and  arm  are  small 
and  undi'veloped,  less  in  si/.e  than  their  fellow,  and  often 
deformed  from  contractures,  disproporlioiiale  develop- 
ment of  dilTcreiit  |iarts.  or  .secondary  joint  changes.  The 
lingers,  wrist,  and  forearm  are  usually  flexed,  and  forms 
of  club  hand  may  be  produced.  Erei|uently  the  afTecteil 
member  remains  the  seat  of  ataxia,  chorea,  tremor,  or  the 
peculiar  motor  disorder  called  athetosis  (see  below). 
About  ten  percent,  of  the  casesof  infantile  hemiplegia 
are  followed  by  athetosis,  which  is  a  .secpiela  of  this  con- 


dition nither  more  freipiently  than  of  birth  jialsy  and 
much  more  freiiuently  than  of  adull  hemiplegia. 

Fiieiln'fli'K  Atiuiii  is  a  rare  hereditary  cou<lition,  occur- 
ring chielly  in  ihildren.  in  which  the  hands  beeonie  in- 
volved by  extension  of  the  disease  from  ,tlie  lower  cx- 
I remit ies.  The  hand  exhibits  an  ataxic  condition,  delicate 
movemeiils  like  buttoning  the  clothes  being  interfered 
willi.  ".Manus  cavus"  often  occurs,  the  |>alm  being 
arched:  the  proximal  phalanges  may  be  sup<rexlendc(l 
and  the  middle  and  distal  jdialaiiges  somewhat  Hexed, 
producing  some  tendency  lo  claw  liand. 

\\\  Hiiifiiil  piinxiK  the  hands  may  exhibit  amesthcsia, 
paralysis,  tremor,  and  lack  of  co-ordination,  shown  espe- 
cially by  impaired  ability  to  cxecule  delicate  movements, 
as  writing. 

In  tetanus  the  hand  participates  in  the  tonic  and  clonic 
spasms.  As  the  flexors  are  stronger  than  the  iixteiisors, 
in  this  as  iu  many  other  spastic  <  lualitions  the  jiosition  of 
the  fingers  and  hand  is  usually  that  of  lirm  llexion. 

Teimiji  affects  the  hands  conspicuously.  Intermittent 
paroxysms  of  tonic  muscular  spasms  occur,  associateil 
with  pain  and  ])ar;eslhesia.  The  paroxysms  last  for  from 
a  few  minutes  to  a  few  days  and  may  persist  even  during 
sleep:  the  intervals  betuecn  the  paro.xysms  last  fnmi 
hours  to  mouilis.  The  me<lianical  and  electrical  irrita- 
bility of  the  muscles  is  increased,  and  pressure  on  the 
nerve  truidis  and  arteries  excites  an  attack  (Trousseau's 
symptom).  The  position  assumed  by  the  hand  during 
the  spasm  deix'uds  on  the  group  of  muscles  affected,  but 
is  usually  one  of  llexion.  Often  the  hand  assumes  the 
conical  shape  of  the  accoucheur's  hand  about  to  be  in- 
troduced iuto  the  vagina;  the  lingers  are  Hexed  at  the 
metacarpophalangeal  joints  and  extended  at  the  other 
joints,  liie  hand  is  naridwed  and  the  lluimb  addu<Ie<l. 
Sometimes  the  fist  is  forcibly  clo.sed  by  general  flexion, 
the  Ihuinb  being  pressed  into  the  ]>alm  and  the  other 
fingers  flexed  upon  it.  Rarely  the  lingers  are  extended 
and  separated. 

T/ioiiixcn's  Vixedxe  (congenital  myotonia)  is  a  rare  he- 
reditary alTcelion,  manirested  by  the  occurrence  of  tonic 
spasms  on  attempting  volunlary  movements.  The  hand 
may  be  involved  wilh  other  parts  of  the  body.  On 
closing  the  hand  lirmly,  for  instance,  cramp  occurs  and 
the  grip  camiot  be  relaxed. 

Jli/slirtii. — In  this  condition  the  hand,  like  other  parts 
of  the  body,  may  be  involved   in  a  variety  of  ways,  b}' 


Fio,  2.">1'.), -Hvsterii'al  lumrai'ture  o(  Extensor  .Muset 
Six  Monilis'  Diiratiun.    (Dana.) 


if  Hand,  of 


hypera'slhesias.  anasthesias  (often  idi.s,soeialed).  slight 
wasting,  vascular  iihetiomena  (as  Hushing,  pallor,  cold- 
ness, ordinary  odema,  cyanotic  or  "  blue  "  u'llemat.  jiaral- 
yses,  sudden  li'mporarv  loss  of  ]Miwer  in  Ilie  muscles, 
tremor  (sim])le  or  inlenlioual).  c<inlraclures.  etc.  Hys- 
terical contractures  of  the  hand  may  bi'  temporary  or 
persistent,    and    usually    involve    the    Hexor    muscles, 
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tliinijrli  witiii'iliiu'H  till- j'Xlcrmor"!  iirc  nITcii. .,  ,1  n  .■.lii 
Niiiiii'iiiiK's  III!' ('(iiilnK-liiiTH  iiir  I'Mrriiii' mill  vrry  llriiily 
iKcil.  licit  vii-liliii^  til  sli'i'|i  or  II  iiiilil  ilraii-c  uf  f-i'iicnil 
mill  sllit'sjii:  tlii'V  limy  (-iiriliiiiK'  for  iimntlis,  miil  cmiw 
|iri'iiimii'iil  ilmimf;!'  Iiy  Hi'ltiii>;  iipsi'Cniiiliiry  jniiil  iliiiiigfs. 
Ill  r/iilijuri/  till-  limiil  iiiny  litkr  |iiirl  in  tlii'  n|iiisiiis.  In 
i7(";v<i  till- tinkers  iiml  liiiiiil  iisimlly  |i!irlii'i|iiit('  iiclivrly 
ill  till-  irri-KUliir  iiiiivi'iiu'iiIh  mid  imu  nnliniilliiii.  In  tin' 
tiiK  ii\n\  liiiliit  ,/i,iii,i  tin'  liiiiiil  iiiuy  lir  iiiMijvid.  tliiiiijiii 
till'  riirr  is  till-  niiiiiiliilirst  sriit  iif  lliisr  liJMirili  is. 

i'liiiili/niii  •if/iliiiiH  is  usiuilly  nmniri'sti'il  in  tin-  liiinil  in 
11  viry  rliiiniclcristii-  fiisliion.  In  lypiciil  ciiscs  tin-  liii 
p'P>  iin-  tli'Xi'il  III  till-  iiirtanir|iii|iliiilmiL'i'iil  jnints  mnl 
till- piil|>  of  till-  tliiinili  is  ii|>|Mi-i'il  to  Iiml  of  till' iiidi'V 
tiiiixri  :  liy  till-  (-iinstmil  tri-ninr  tin- iiiiposi'il  lliiiiiili  and 
iiidiN  llnitrr  iin-  ki-pt  rinitiniiiilly  inllinj;  nvir  niili  oilier, 
priidiii'ini;  tin-  iniivi-iiiint  discrilird  iis  "  pill  rulliiij;." 
Tlir  liiinor  is  iisiiully  liss  iliiiiiiLr  \  iiliiniiiiv  iiiovcinc-nts. 
.Miisiiiliir  rifridity  uf  tin-  dibits  iind  limiil  isuftcn  prisi-nl. 
.It/iftiHd'n,  nr  piisl'lii-niipli>f;ii-  clmn-ii,  isii  pi-ciiliiir  nmtor 
nlT(-itiiiii  of  tin-  tinitrrs  nnd  loi-s  tlmt  occui-s  most  fic- 
i|iiciitly  IIS  «  s<-c|iii-lii  of  infiinlili-  licinipli-pia  and  iiifaii 
till-  palsii's,  li-ss  fr(-i|iii<nlly  iiftrr  In-inipli-L'ia  in  adults. 
It  is  niaiiifrstrd  liy  slow  and  di  lilirniti-  forcilili-  involiiii' 
tiiry  inovcmriit<i  of  tin-  dii;ils.  in  i-.\lrnsion,  llt-xion. 
alidiirlion.  and  addiirtion.  wliirli  laki-  plaii- snccrssively 
and  inci-ssantly.  i-viii  diiriiii;  slirp  Tin-  niovinii-nts 
iiliiy  Ik-  loniplii-ati-d  and  piriiliar.  and  may  lead  to  (lis- 
tortid  piisitioiis  of  till-  hand:  tlii-y  can  hi-  only  parlinlly 
and  for  a  sliort  limi-  conlrolli'd  by  tin-  will,  aiid  llic  till- 
gi-rs  caiiiiot  1)(-  pi-rmam-ntly  kipl  in  any  lixi-d  position. 

TUf  tir<itiiiiiil(t(  iK-rvoiis  allrctions  of  tin-  hand  is  in 
Sriii-nil  that  of  till-  caiisi-  or  of  the  smcral  condition  pro- 
iliicini:  lli(-  local  troiililc.  toirctlicr  « iih  measures  to  ini- 
|irovc  the-  loial  condilion  wiu-n  no  general  amelioration 
is  possible. 

In  wounds  in  which  nerves  leading  to  the  hand  are 
divided,  the  ends  of  the  .severed  nerve  should  be  care- 
fully sutured  together  with  catgut.  If  this  is  not  done 
at  the  time  of  the  in.jury.  secondary  suture,  even  after 
nioiil lis  or  years,  may  restore  tlie  function  of  the  nerve. 
If  a  portion  of  a  nerve  is  destroyed  and  the  ends  cannot 
be  appioximaled  by  stretching,  plastic  procedures  or 
ti-ansphinlalion  may  be  tried. 

Developing  or  impending  paralysis  anil  atrophy  of 
muscles  and  the  resulting  oontnictures  and  deformity 
may  sometimes  be  arrested,  retarded,  or  diminished  by 
the  use  of  electricity,  massage,  exercise,  passive  move- 
ments, etc.  When  deformity  is  fully  developed  there  is 
usually  little  possibility  of  accomplishing  any  material 
improvement,  though  sometimes  the  li«al  conilition  can 
Ix-  somewhat  bettered.  Thus,  division  or  lengthening  of 
the  tendons  of  contraclured  muscles  sometimes  improves 
di-formity  and  motion.  In  .some  cases  shortening  of  the 
tendons  of  partially  paralyzed  muscles,  as  the  extensors, 
niay  improve  their  action.'  Tendon  transplantation,  that 
is.  the  transference  and  .ioining  of  tendons  of  non-para- 
Ivzed  niiisclcs  to  those  of  paralyzed  muscles,  has  been 
tried  in  the  hand  in  a  few  cases,  in  some  with  good  re- 
sults; thus,  in  e.xtensor  paralysis,  some  of  the  tendons 
of  llexor  muscles  may  be  cut  olT  and  the  tendons  passed 
subcutaneoiisly  or  through  the  interosseous  sjiace  to  the 
dorsum  of  the  wrist,  where  they  ore  sutured  to  the  ten- 
dons of  the  paralyzed  extensor  muscles.  In  some  crises 
the  use  of  mechanical  apparatus  is  beneticial.  Local 
trophic  changes  of  intlammalory  or  necrotic  character 
demand  a|ipn)priale  treatment. 

SKsri.K  Cii.WGKs  IX  THE  H.\sn. 

In  old  age  the  skin  nnd  subcutaneous  tissues  often  be- 
come atrophied  and  thinned,  diminishing  the  size  of  the 
hand  and  lingers.  .Joint  changes  are  ofu-n  present,  and 
have  been  referied  to  above:  they  comprise  cliiellv  en- 
largements (relative  or  absolute),  ulnar  dcHections. 
changes  in  the  thumb  .ioint.  and  other  lesions  which 
merge  into  conditions  of  rheumatoid  character. 

Occasionally-  general  palmar  induration  (as  already  dc- 


-.  111..  ■!.    !■-    ..!.-.  11., I        I  I. .pro.     rliiiM.c.  s    III    th.     riiiiK 
longitiidiniil    ridgi-B   i"  reedy    nail  "i— soniiliines    ociiir. 

.Senile  warts  (verruca  s<nili»i  may  develo| the-  haiiilK 

us  el.s<whi-re;  tliev  may  be  llaitishi.r  elevated,  pitrmiiited 
or  lion  pigini-nleil.  Konii'times  fatlv.  The  back  of  the 
hand  is  ii  favorite  seat  for  keratosis  Henllis.  which  is  mimi 
festi-d  by  warty  proji-clions  in  the  form  of  kiiiiiII  pa|Miles 
or  larger  llattisli  plates,  greasy  plates  or  patches,  branny 
scales,  pigmented  spots,  or  in  mime  casi-s  thickening  rif 
the  entire  skin:  soinetinies  the  skin  of  the  back  ol  the 
hand  is  (-onveitcd  into  a  dense  horny  plate.  This  condi- 
tion may  run  into  epithelioma.  TVeiiior  of  the  hand, 
merging  into  iiaralysis  ugitans.  is  n  coininou  senile  condi- 
tion. 

C'osDiTlos  oi-  Tin;  IIanh  in  (;i.m.ii.vi,  Dihkarks. 

The  changes  exhibited  by  the  hand  in  a  large  number 
of  geni-nil  diseases  have  been  already  detailed,  so  that 
there  is  little  lo  be  added  on  this  subject.  In  anainic 
conditions  the  hand  is  pale.  cold,  dry,  and  the  nails  are 
pale.  Ill  conditions  of  vascular  relaxation  and  atony, 
weak  cireulalion.  or  lowi-red  blood  pressure,  the  skin  is 
clammy,  cold,  purplish,  or  nnitlled.  In  cardiac  disi-asc 
the  hands  may  be  congested,  cold,  clammy,  or  O'deiiia- 
tous.  and  the  lingers  may  be  clubbed.  In  nephritis  the 
hand  is  dry.  pale,  ii-deniatous.  In  tiiberi-ulosis  the  hand 
may  bo  emaciated,  hot.  dry,  or  sometimes  clammy,  and 
the  tingers  are  occasionally  clublied  or  blunt.  Clubbed 
lingers  may  occur  in  otlu-r  forms  of  pulmonary  disease. 
The  hand  is  dry  and  .shrivelled  in  diabetes.  ()nvcliia.s 
may  follow  severe  acute  diseases.  In  typhoid  fever  the 
palms  of  the  hands  (and  solisof  the  feet)are  usually  drv, 
parchment  like,  of  a  yc-llow  lo  brownish  color,  and  dur- 
ing convalescence  arc  till- .seat  of  active  de.si|uamation. 
In  certain  forms  of  idiocy  the  skin  of  the  hands  is  loose, 
wrinkled  like  a  washerwoman's,  and  looking  too  large 
for  the  hand,  w  liile  the  linger  lips  are  tjipering  and  coni- 
cal. .Mm  lyeiijiiiiiin  yirli'ih. 

HARBIN  HOT  SULPHUR  SPRINGS.— Lake  Countv, 
California. 

Fost-Okfick. — Harbin  Springs.     Hotel. 

AccKss. — Take  boat  at  Oakland  Ferrv  from  San 
Francisco.  At  Vallejo  change  for  Naiia  \'ailey  branch  to 
Calistoga:  thence  a  twentyinih-  stage  ride  brings  one  to 
the  springs.  Time  from  San  Francisco:  seven  and  one- 
half  hours.  The  location  is  at  the  base  of  a  spur  of  the 
Coast  Range  of  mountains.  -2.000  feet  above  tide  water. 
Lake  County  has  been  .justly  named  the  Switzerland  of 
America,  and  it  would  be  dilliciilt  to  find  a  more  delight- 
ful and  picturestiue  location  than  that  of  the  Harbin 
.Springs.  The  mountain  air  is  very  invigorating  and  not 
.subject  toextremesof  heat  or  cold]  theiiicaii  l<-iiiperature 
being  TO'  P.  The  waters  are  sulphurous  and  s;iline.  the 
principal  spring  Mowing  L.")ilO  gallons  jier  hour.  There 
is  also  a  small  chalybeate  fount  yielding  oiilv  sixty 
gallons  per  hour.  The  sulphur  spring  has  a  temperature 
of  Mi  F..  and  is  used  for  balhing.  for  which  excellent 
facilities  have  been  provided.  Following  is  an  analysis 
of  this  water: 

O.NE   fXITKD  STATBS  (iAI.I.OX   COXTAIXS  : 

Solids.  Grains. 

Sodium  eliloridi.- 23.05 

SoiliLiin  airboDaU* .5^42 

SiHliiini  .«iilphale loilO 

Polassttini  ("irliiinaie i."74 

Mairnesiuin  rarlvmale fl.jg 

MaRiipsiuni  .-^iiliibutc- .,      niw 

ralrium  carbonate 9.10 

Calriiim  siil|.liate 14.K! 

Fern^ns  siilpliate  1.7.5 

Arsi-nioiii!  salts 07 

Alumina 1.6O 

Silica ■. 2.7c, 

Or(?anlo  matter Trace. 

Total K,s.43 

Gases.  Cu.  in. 

Carbonic  acid  pas 4.26 

Free  sulplniretpd  li.vdropn 1 1 .74 
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It  is  siiiil  llmt  niiicli  Ix'iidil  lurnics  from  tlii'  list-  of 
tliis  water  in  cliionic  ilictiiiialisni  mid  j;oiit  ami  otlicr  ai- 
tifiilar  alTi'Ctiiiiis.  as  wi-U  as  in  ci-iiaiii  varirlics  of  skin 
diseases. 

The  elmlyl)cato  spring  shows  tlie  following  minemi  in 
gredienis: 

O.NE  U.viTED  States  Gallon  Coxtatxs: 
Solids.  Grains. 

Skxllnin  clilcirldc 7..50 

So<lJtnii  cjirlhimue 14.22 

Sodhini  IticarlMinate 1.4.1 

Soiliuin  siilplmti' .'>.2r) 

Piilassluiii  rhlnride Trace. 

Pota,*<sluni  rarlKHiaie l.T:| 

MaKUfsiiiin  rarli^innte 4.1fi 

Mnj:n»*siuin  siilpluili'. tS.ll 

I'alcliiiii  oarlwumte 2.07 

Calcium  sidphate Trace. 

Fenxiis  carlKinate l.^J^ 

AUiinina 73 

Silica 1-41 

Orpinic  matter Trace. 


Total 

CarlKiiilc  add  i 
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This  water  is  clear  and  si>aikling.  and  has  a  |ileas!tnt 
tasto.  It  is  tonic,  antacid,  diuretic,  and  aperient,  and  is 
u.seful  in  dys|)epsia.  anaemia,  chlorosis,  chronic  malarial 
poisoninir,  and  wasting  diseases.  lu  addition,  there  are 
two  more  springs  of  some  importance:  they  arc  known 
as  the  "Magnesia"  and  the  "Arsenic"  springs.  The 
last-named  spring  has  gained  <niite  a  reputation  in 
syphilitic  and  skin  diseases,  glandidar  indurations,  etc. 

Jii/iHS  K.  Crook. 

HARDHACK.    (See  Bomcta.^ 

HARELIP,  unlike  cleft  palate,  inay  be  regarded  as  a 
striclly  congenital  malformation.  It  is  a  deformity  that, 
from  its  peculiar  ]iroiniuence.  has  l)rouglit  more  sorrow 
to  the  hearts  of  parents  than  perhaps  any  other  of  na- 
ture's defects.  To  the  surgeon  it  has  lieen  the  source  of 
more  thought  and  care  as  regards  the  operation  for  its 
relief  than  are  demanded  by  many  surgical  problems  of 
far  greater  imiiortancc. 

Like  cleft  jialate,  it  may  be  looked  upon  as  an  arrest 
in  fecial  development,  contincd,  with  very  rare  excep- 
tion.s,  to  the  upper  lip.  When  situated  in  the  lower  lip. 
there  are  many  deformities  that  may  coexist  with  it. 
such  as  combined  fissure  of  the  lower  jaw  and  tongue,  and 
a  variety  of  other  like  complications.  Sir  William  Fer- 
gus.son,  in  the  liftli  edition  of  his  "Surgery."  p.  .506. 
speaks  of  several  cases  of  this  kind  which  had  been  ob- 
served by  himself  and  others  in  their  practice. 

Associale<l  with  upper  harelip  arc  sometimes  remark- 
able deformities  about  the  face;  for  instance,  the  fissiire 
may  extend  up  along  the  nose  on  one  or  both  sides  to, 
or  into,  the  eyelids,  or  it  may  extend  out  on  one  or  both 
sides  from  the  angle  of  the  mouth,  and  may  implicate 
Stenson's  duct,  a  very  unplcnsjiut  complication. 

Mason  speaks  of  a  cyanotic  condition  of  the  child. 
This  condition,  which  I  have  also  observed,  is,  at  times, 
cured  liy  the  ojieratiou  for  closure  of  the  Ussure.  Mr. 
George  Lawson  gives  the  explanation  (Lnucet.  June  7th, 


Fic.  2130. 


Fl(i.  i'Kl. 


1863.  p.  590)  that  during  the  lull  in  the  circulation,  in 
cases  in  which  faintne.ss  occurs,  the  foramen  ovale  be- 
comes closed  and  thus  the  double  current  is  establishe<l. 
The  pathology  of  harelip  is  a  subject  into  which  the 
narrow  limits  of  an  article  like  the  present  one  will  not 


permit  me  to  enter  except  in  the  most  superficial  manner. 
M.  Coste  '  states  that  tlie  mouth  is  formed  between  the 
tweuly-tiflh  and  the  tweuly-eighth  day  of  fu'lal  life. 
The  frontal  lobe  becomes  much  enlarged,  and  shows  a 


FIG.  2.'i22. 

great  hollow  which  divides  into  two  smaller  lobes,  called 
by  him  the  incisive  centres,  and  from  which  the  incisive 
bones  and  the  middle  portion  of  the  upper  lip  are  devel- 
oped. The  centres  for  the  superior  maxilhe.  which  form 
the  lateral  parts  of  the  upper  lip,  converge  one  toward 
the  other,  and  come  nearer  to  each  side  of  the  corre- 
sponding incisive  centre.  At  the  fortieth  day  the  two  in- 
cisive centres,  in  the  suljstanceof  which  the  incisive  teeth 
are  developed,  unite  one  to  the  other  in  the  middle  line 
and  thus  complete  the  central  jiorlion  of  the  upper  lip. 
Thus,  if  the  two  lateral  portions  do  not  uuit<'  with  the  in- 
cisive portions,  we  have  a  double,  or  bilateral,  harelip; 
if  only  (me  of  these  sides  fails  to  unite,  then  we  have  a 
single,  or  uuilatei-al,  hareli|i. 

1  have,  in  a  few  of  my  earlier  operations,  removed  the 
intermaxillary  bone,  and,  on  examination  of  it,  have 
noted  an  absence  of  the  lateml  incisors.  This.  I  believe, 
has  been  the  experience  of  most  surgeons  who  have  given 
careful  thought  to  the  (ineslion  whether  this  island  con- 
tained all  of  the  upper  incisors  or  not.  In  two  casesthat 
I  examined  a  few  yearsafter  the  operation  for  cleft  ]ialate, 
in  which  I  had  Siived  the  intermaxillary  bones.  I  found  in 
each  instance  an  irregular  lateral  incisor  on  the  right  side, 
back  of  the  legtdar  row  of  teeth. 

Fergusson,  Pemar(|Uay.  Gurdon  Huck,  and  others  re- 
port a  large  number  of  cases  wliieh  illustrate  the  fact  that 
harelip  appears  in  some  families  through  many  genera- 
tions, ami  I  have  observed  this  in  the  record  of  my  own 
cases.  Like  webbed  lingers  and  toes,  harelij)  is  often  seen 
without  any  evidence  of  constuiguinily  being  present. 

There  are  few  surgeons.  I  suspect,  who  have  examined 
cases  of  harelip  carefidly,  who  have  not  been  impressed 
with  the  effort  so  often  ma<le  by  mother  or  nurse  to 
prove  that  the  deformity  is  entirely  due  to  some  fright 
which  the  mother  has  experienced  and  w  hieh  in  her  esti- 
mation has  produced  its  effect  upon  the  child  in  lUero. 
Maternal  impressions  luay  be  one  of  the  factors  in  the 
production  of  harelip,  and  yet  evidence  of  such  cause  is 
so  often  wanting  as  to  lead  lis  to  doubt. 

Acting  early  upon  the  suggestion  of  tlu'  late  Sir  Wm. 
Fergusson.  I  have  examined  many  lips  and  jaws  for  fis- 
sure, and  have  frequently  found  slight  notching  or  partial 
defects  on  the  mouths  of  one  or  the  other  of  tlie  parents. 
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Iliirilliuf-k. 
Iliiri'llii. 


Fig.  vsa. 


I  have  frc(|Ui'Hlly  had  oocnsiiiii  l<>  fiill  llii-  alli-nlUm  of 
inv  i-las,s  to  lliit  jiiiim  in  llif  slilily  »(  \\ivM-  ciikc!..  Tills 
i«'viTy  well  slii.wu  ill  Ki>.'s.  S.V.'d  ii'ml  •,*.V.M.  fnuii  Miisoii.* 
Sdliu-  rliMM  liri'  Ilcil  s(i  wrll  ilctllli'il.  lln'  UlllnUMt  of  clcpll's 
siiiii  ill  thr  viTiiiilii'ii  liiiiiliT  iif  till-  li|>  lii'iiiir  iiiiiili  I1S.S. 
1  liiivc  iidliccd  llml  cliP!^!'  |iri';;iiiiiiiirs  fuiiii  11  fiiclin  ill 
ciiilHiiii;  this  ilcfiiiiiiilv.  Ill  riiiiiiccliiiii  willi  llirsi-  ciisis 
il  i>  mil  iimisiml  to  -it  in  llir  siiiic  imlicMil  i-xliii  lliiiiiilis 
or  IliiiiiTs.  spiiiu  liiliilii.  mill  Ilir  like.  Tin'  liiU-  Proffssor 
Aliliii  Miircli  IiikI  II  cliilil  l.i..ii);lil  In  liis  rliiiic.  f.ir  relief 

iif  lmreli|i,  Willi  lull!  clefl   |iulate.  an  ■•Mm  !<«■ I  llii^'er 

ii|iiiii  eacli  fiMil  anil  lianil.  (loiililc  liernia.  iukI  tliili  fiml. 
lie  tlioiiglit  llii-  eliilil  Imnlly  ill  a  iimper  <'iiiiiliti(in  for 
upenitioii.  anil  i|iiieily  saiil'lo  the  poor  niDllier.  "My 
jiihmI  Woman,  ymi  hail  lieller  Iry  il  over  iiL'aiii." 

A<<-iileiils,  liiles  of  iliii;s  anil  oilier  aiiiiiials,  Iriiiliiient 
of  navi.  and  oilier  siiij,'iiiil  coiidilioiis  may  result  in  a 
lemponiry  lorm  of  harelip,  wliic-li  may  lie  said  to  lie 
<-iiied  ueiienilly  ill  the  final  Irealnieiil  jriveii  to  sii«-li  le- 
sions,     III   llie'ease  of   Miss  V .Hired    six.    siilTeriiij; 

from  nii-viis  on  the  upper  lip.  whom   I   had   treated  in 
various  ways  wilhoiil   eomplele  success,  the  final   injec- 
tion of  a  siiliilioii  of  linctiire  of  iron  |irodiiccd  a  slough 
it'siillin^  in  a  lissiire  such 
as  is  seen  in   Fiv:.  -•VJ'J.  liiit 
which     was     closed     with 
scar<ely  any  scar  by  nieaus 
of  two  silver  harelip  pins, 

A  considenilile  nuiiilier 
of  ca.ses  is  met  with  in 
which  the  kind  of  harelip 
is  of  the  iloulile  variety,  as 
seen  in  Fi;:.  •J.V.J:!  from 
Mason,  In  this  variety  the 
lissure  mav  lie  very  sli^dit 
on  one  side  and  yet  roni- 
jiletc  on  the  <itlier."or.  in  cases  in  which  there  is  a  double 
fissure  of  the  alveolar  arch,  as  in  cleft  palate,  we  may 
have  the  horrid  horn  like  projection  as  seen  in  Fig.  2524. 
from  Mason,  and  in  one  of  mv  own  cases.  Fig.  1363,  of 
vol.  III. 

Ca.ses  of  median  harelip  have  heen  recorded  by  sur- 
geons. Imt  lliey  are  txceedingly  rare,  and  their  existence 
has  even  been  doubted  by  some.  In  the  autumn  of  1S83 
there  was  brought  to  my  clinic  a  female  child  (two  and  one 
half  years  of  ageijn  whom  a  cystic  tumor  at  the  tip  of  the 
nose  Was  complicated  by  a  complete  median  lissure  of  the 
upper  lip.  Fig.  S.'iS.i  (from  a  sketch  of  the  little  patient) 
shows  the  case  very  well.  Sir  Win.  Fergusson  has  very 
justly  remarked  that,  after  the  oper-.ition  lias  been  com- 
pleted, one  cannot  judge  correctly  as  to  wlulher  the  case 
was  originally  one  of  a  median  fissure  or  of  double  harelip, 
"for  many  cases  of  the  latter  defect,  when 
operated  on.  show  a  decided  tendency  to  the 
formation  of  a  cicatrix  in  the  middle  line. 
Fig.  2.V26,  one  of  my  own  cases,  and  quite 
as  bad  a  case  of  double  harelip  as  I  liave 
ever  operated  uiion.  shows  this  condition 
clearly.  It  is  a  singular  fact  that  in  lliese 
,^»-^  I  various  kinds  of  fissure  in  the  upper  lip 
^*  (  there  is  really  very  little  loss  of  substance. 
^^R.  \  One  finds  this  to  be  true  by  merely  apiiroxi- 
mating  the  soft  parts  temporarily. 

Hegardiiig  the  period  of  life  when  it  is 
best  to  openile.  in  cases  of  harelip,  much 
has  been  said  by  the  older  o]ieratois.  but 
with  little  unaiiimity  of  opinion:  some  ad- 
vising interference  ill  infancy,  others  pre- 
ferring to  wait  until  advanced  childhood. 
At  the  ]>resent  time,  1  am  of  the  opinion 
that  moilern  surgeons  ])rcfer  the  early  op- 
eration. My  own  experience  teaches  that 
a  good  time  for  the  operation  is  when  the  infant  is  about 
six  weeks  old,  especially  if  the  child  be  healthy.  In  a 
case  of  double  tissure  perhaps  it  is  well  to  wait  until  the 
child  is  six  or  seven  mouths  old.     Of  one  thing  I  am  cer- 

•  Mason :  "  On  Harelip  and  Clelt  Palate." 


Fig.  : 


liiin,  that  ill  the  latter  eoinpllcutiun  we  iibould  perform 

the  operation  as  early  as  pussible,  in  onler  to  M-ciire  the 
good  elTect  which  is  prodiueil  upon  the  Miff   piirth  when 
llie  cleft   ill  the  hard  pahite  in  oblitemled  by  upenitivu 
interference, — an 
etrcct    wliii'h,  in   a 
period  of  twoyears, 
amounts  to  11  great 
deal. 

In  cases  of  double 
harelip  I  prefer  to 
operate-  on  one  side 
at  a  lime  and  to 
save  all  that  is  pos 
sible  of  the  island 
or  intermaxillary 
bone.  Inopenitiiig 
upon  one  side  ut  a 
I  i  me.  the  li  rst 
should  be  allowed 
to  become  (irmly 
healed  before  we 
resort  to  tlie  second 
operation.  Ordina- 
rily, this  interval 
would  amount  to  at 
least  two  months, 
I  sometimes  in  these 
cases    give    to    the 

-kin  covering  the  island  the  form  of  a  square,  and  then, 
making  Haps  from  the  upper  lip  and  cheeks  on  each  side, 
secure  a  good,  full  lip.  one  which  does  not  ap|iear  at  all 
constricted.  I  am  convinced  that  in  ihiiiig  the  ojieration 
we  should  pare  the  edges  of  the  tissure  freely,  but  not 
throw  the  pieces  away — that  is,  not  tina'.ly  detach  them; 
therefore.  1  believe  that  the  operation  which  embodies 
this  principle  is  the  best. 

Operations  upon  the  adult  are  exceedingly  rare,  and 
and  are  then  generally  iierformed  for  the  purpose  of  im- 
proving an  imperfecl  result  following  an  early  operation. 
In  a  few  instances  I  have  been  obliged,  for  such  a  reason, 
to  operate  on  an  adult. 

In  operating  for  bareliji  we  sIkiuUI  in  all  ca.ses  be  sure 
to  loosen  well  tlieattachnient  of  the  cheek  to  the  alveolar 
process;  there  should  be  perfect  freedom  of  movement, 
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and  no  restraint  put  upon  the  parts  when  the  jiins  or  su- 
t  ures— whichever  may  be  selected— have  been  introduced. 
This  is  generally  best  done  with  a  long,  blunt-pointed 
tenotome. 
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Tlio  positinn  of  the  infant  at  tlip  time  of  opcmtinc  is 
a  piiiiit  (if  iniicli  iinpoiiancc.  If  thi'ihilil  is  slronir.  I  I"-- 
lieve  it  sal'i'  ami  wise  to  irivc  ( liluioforni.  or  whatever  un- 
astlietic  llie  siiriTfoM  considers  to  be  the  best. 

lluvin;;  the  ciiilil  lield  by  a  j^ood  niir.se  or  competent 
assistant — as  is  spoken  of  by  so  many  writers — is  often 
the  easiest  ami  best  for  the  operator;'but  1  am  nmeli  in 
favor  of  i)lacing  tlie  little  one  on  a  narrow,  linn  table  of 
proper  heiirht.  arotnid  which  the  a.ssislants  can  work 
more  at  ease  an<l  not  be  in  the  way  of  each  other.  Stand- 
ing on  the  riirht  sideof  the  talile  and  patient,  the  operator 
proceeds  to  free  or  loosen  the  lissure  on  each  side,  as  I 
have  alreaily  stated.  After  this  has  been  thoroughly 
done,  he  directs  an  assistant,  opposite  to  him  and  at  llie 

liead  of  the  chihl, 

to  grasp  the  left 
side  of  the  fissure 
between  the  fore- 
linger  and  thunil) 
of  Ids  left  hand, 
and  then,  with  his 
right  forefinger  and  thumb,  to  hold  the  right  side 
in  the  sjime  manner.  The  surgeon  may  now,  with 
the  so-called  harelip  forceps,  or  simpU'  forceps,  grasp 
one  edge  of  the  lissure,  and,  introducing  a  sharp-point- 
ed narrow  knife  at  the  point  of  the  cleft  nearest  the 
nose,  carrv  the  knife  from  above  downward  toward  the 
vermilion  border  of  the  lip.  lie  should  then  repeat  the 
same  steps  on  the  other  side,  in  each  instance  removing 
sutficient  tissue  to  give  good,  broad  surfaces  for  mutual 
contact.  In  a  simple  liarclip  I  often  pare  the  edges  of 
the  lissure  with  a  strong  pair  of  curved  scissors  (Fig. 
1382,  vol.  III.).  Thus  far,  if  the  assistant's  tlumibs  and 
fingers  are  not  too  large,  and  if  he  performs  his  part  w<ll. 
but  little  blood  will  have  been  lost.  I  consider  I  lie  com- 
pressors of  the  upper  lip  for  controlling  hemorrhage, 
spoken  of  by  some  authors,  as  really  not  necessiiry,  but 
if  they  are  to  be  employed  I  would  recommend  an  in- 
strument like  that  shown  in  Fig.  2537  (copied  from 
Ma.son). 

The  next  step  in  the  operation  involves  the  closure  of 
th('  lissure.  It  must  ever  be  borne  in  mind  that  the  ver- 
milion border  of  the  lip  should  be  well  jireserved,  with 
no  sliding  upward  or  downward  on  either  side,  and  also 
that  there  ought  not  to  be  any  notching. 

As  to  the  kind  of  suture  that  should  be  einplo}-ed,  I 
must  say  that  my  preference  is  for  the  silver  harelip  pins. 
In  introducing  them,  I  jirefer  that  the  first  should  be  in- 
serted nearest  the  vermilion  border;  it  should  be  pas.sed 
from  the  left  to  the  right  side  of  the  fissure,  and  the 
greatest  care  should  be  exercised  to  bring  the  parts  into 
good  apposition.  Of  course,  these  steps  may  be  modified 
or  reversed  if  there  is  a  single  right-sided  fissure,  or  if 
the  surgeon  stands  in  front  of  the  child.  Fig.  2.^28  (fiom 
Mason)  illustrates  my  point.  The  pin  should  be  intro- 
duced at  least  a  quarter  of  an  inch  back  from  the  fresh- 
ened edge  of  the  fissure,  and  it  should  pass  obliquely 
through  the  edge  of  the  lip.  hut  should  not  include  the 
mucous  membrane;  itshould  then  enter  the  opposite  side 
and  emerge  in  the  same 
manner.  Now,  around  this 
pin  put  a  figure-of-eight 
silk  ligature,  not  too  tight. 
a.s  some  allowance  must  be 
made  for  swelling.  Then, 
next  above  this  first  pin, 
introduce  in  a  similar  man- 
ner one  or  two  more,  as 
may  be  needed.  If  two  are 
used,  it  is  well  to  bring 
them  together  by  one  liga- 
ture, cros.sing  from  one  pin 
to  the  other,  as  by  adopting 
this  plan  one  is  not   likely  ■  ■■■   -  -  ■ 

to  get  .so  much  of  a  slough 

— that  and  ulceration  being   the  two  great  dangers  as- 
sociated with  the  employment  of  silver  pins. 
Sometimes  it  is  necessary  to  introduce  between  the 
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pins  a  few  fine  superficial  silk  sutures,  and  also  to  place 
two  or  three  in  llie  mucous  niemluane  and  one  in  the 
vermilion  border  of  the  lip.  not  leaving  them  in  for  more 
than  twenty-four  or  thirty-six  liours.  In  the  case  of 
t  h  e  III  u  c  o  u  s 
ineiiibrane  I  pre- 
fer to  use  tine 
catgut  sutures, 
and  1  llii'ii  leave 
them  undis- 
turbed. 

After  the  pins 
have  been  intro- 
duced the  points 

should  be  cut  olT  with  bone  forceps,  and  a  small  por- 
tion of  absorbent  cotton  should  be  ])ut  under  each  end. 
They  are  not  io  be  left  in  longer  than  three  days,  as  a 
rule,  and  should  always  be  watched  with  care  to  prevent 
uleeralioii  or  sloughing.  It  is  better  to  lake  them  out 
too  soon  than  lo  leave  them  in  too  long. 

Some  surgeons  prefer  simple  silk,  others  silver  wire; 
then,  besides,  many  other  devices  have  been  suggested. 
I  take  it  that  few  surgeons  rely  upon  the  rubber  or  ad 
liosivc  plaster  to  hold  the  jiarts  in  apposition  while  the 
healing  process  goes  on;  but  after  the  pins  and  sutures 
have  been  removed,  in  order  to  prevent  too  much  tension 
on  the  newly  formed  tissue,  I  am  in  the  lialiit  of  hold- 
ing the  parts  well  in  apposition  by  placing  narrow  strips 
of  iilaster  across  from  ear  to  ear.  Tlie.se  iiold  the  cheeks 
quiet  and  restrain  the  movements  of  the  lips.  Mr.  Mason 
speaks  of  the  use  of  collodion  over  pins  and  sutures. 
After  the  operation  the  child  should  be  kept  (luiet  by  the 
use  of  anodynes,  if  necessary.  lie  should  be  fed  first 
with  a  spoon,  and,  when  all  is  going  well,  after  a  few 
hour.s.  or  perhaps  one.  two,  or  three  days,  he  .sliouhl  be 
allowed  to  nurse  or  take  the  bottle.     Crying  shonlil  be 

prevented  as  far 
as  possible,  and 
yet  it  is  surpris- 
ing to  note  how 
little  harm  it 
does. 

It  is  clear  that 
no  one  special 
kind  of  opera- 
tion can  be  made 
to  a p ])  1  y  t o 
every  variety  of  harelip.  Fortunately,  we  have  a 
choice  among  numerous  modes  of  procedure  which 
practice  has  demonstrated  to  be  successful.  In  the 
operation  known  as  Malgaigne's,  the  incision  is  com- 
menced at  the  su|)erior  part  of  the  lip.  and  performed 
from  above  downward  (Fig.  2.529,  left  side.  />,  l> ).  Scis- 
sors are  used  as  inordinary  operations,  except  that,  when 
the  operator  has  reached  the  lowest  point  possible  with- 
out detaching  the  cut  piece,  he  stops  (Fig.  2.529,  left 
side,  a,  a).  The  other  side  of  the  labial  li.ssure  is  treated 
in  thesiimeway.  There  ar(!  then  two  small  flaps  each 
one  of  which  adheres  to  the  lip  by  a  iiedicli'.  After  hav- 
ing reunited,  by  the  aid  of  |iins,  the  two  margins  of  the 
cleft  in  their  whole  extent,  ex- 
cept toward  their  free  border 
(that  is,  toward  the  bottom), 
the  surgeon  should  bring  these 
flails  from  above  downward  and 
should  appro.\imatelhem  face  to 
face  iFig.  2.529.  right  side,  i,  b). 
The  iioint  now  is  to  adjust 
these  llaps  (partly  by  shortening 
them)  in  such  a  manner  as  to 
prevent   the   later  development 

of  a  furrow.  This  result,  which  is  so  eonimoiily  dreaded 
by  surgeons,  may  be  prevented,  at  this  stage  of  the  opera- 
tion, by  preserving  a  piece  varying  in  .si/.e  according  to 
the  extent  of  the  vacuum  to  lie  tilled  (Fig.  2.529,  right 
side,  «,  a).  I'nion  is  afterward  clTected  by  approxiating 
the  parts  with  one  or  two  interrupted  sutures  or  with  a 
fine  harelip  pin.     If  care  is  taken  to  place  these  uniting 
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Hf^iMitH  vcrv  iiciir  the  fiir  iimrKiii  <>f  tlii'  lip.  llio  cIculriccH 
will  ■.larcilv  1h'  vjsiiili- 

M  Mimiilt,  of  Aii^rrs.  I'liipliiycil  miii  Hup  only.  A 
Hup  Is  laki'ii  ti'iiiii  iiliDM-ilDwiiwiiril.  Imt  is  Irfl  iiKiiclii'il  to 
till'  pioliiliiiiiii  (h'ii;.  'i'lMl.  left  sidi'.  (I);  on  llic  oilirr  siilc 
of  llir  clrfl  tlir  Miiiririn  is  ('iiiii|ili'ti'ly  ri'iiiovid  (Kii;  2.VHI. 
Ifft  siilr.  A).  'I'lir  tliip,  >i.  is  iiiitv  liiriiril  iliiwii.  iiml  from 
lifiii);  |"Tprii(liriiliir.  it  lirniiiirs  liorl/.oiilnl.  unci  forms  the 
mai'K<n  of  tlic  lip  (Kii;.  '.'.VIO.  ri^'lil  siilr,  ii  iiiid  A). 

For  iloiihli'  Imri'lip  .Si'ilillot  Kii;;p'sti'il  ii  i'lii'ilopla.slic 
o|MTat|oii.  Tliu  siilr.s  of  tlif  ci'iitral  IiiIhtcIcs  being 
piirril.  a  tliip  of  s<ifl  tisxiic  is  taken  from  each  sMv,  lui 
sliou'ii  ill  Ki^.  'J.'ktI.  The  Haps.  n.  >/.  are  liroiifrlil  down 
to  form  the  red  margin  of  the  lip.  and  the  niw  surfaces, 
1),  I),  then  come  ill  coiiliiel  with  the  niw  siirfiices  on  the 
sides  of  the  ciiitnd  tiiliercle.  h  ,  h  . 

Dr.  .\.  .M  I'lielps,  of  I'hateaiiiriiy.  X.  Y..  in  ii  paper 
read  liefore  the  Medical  Society  of  the  Slate  of  New  Vork, 
Fehniary.  lM8."i  (see  Traii.siictioiis,  ]i.  'iTt')),  presented  an 
operation  forsin^ile  Imrelip  which  cuutaius  some  original 
and  striking  features. 

The  sii-ps  of  the  opi'ralion  are  these; 

"  Aftir  first  pa.s.siiijr  a  loop  Ihroiiiih  each  angle  of  the 
lip  for  the  forelingi'r  of  the  left   hainl  to  liold   the  parts 


perfectly,  with  ,i  ])fiir  of  curved  scissors  separate  the  lip 
from  it.s  ailiichmcnl  to  the  jaw  suHiciently  to  freely  re- 
lieve the  nostril  and  make  all  parts  easily  movable.  The 
mucous  inembmne  should  be  freely  divided  in  both  direc- 
tions. With  an  ordinary  cataract  knife,  or  a  slender, 
sharp  tenotome,  puncture  the  lip  at  1  (Fig.  2.")32),  follow- 
ing the  dotted  lines  describing  a  curve  to  i,  and  from 
thence  to  3.  Withdraw  the  knife  after  going  freely 
through  each  nostril  at  3.  and  with  a  scalpel  cut  from  3 
to  4  through  the  entire  thicknes,s  of  the  lip.  The  pieces, 
ifand  n.  will  now  turn  downward,  leaving  the  V-shaped 
piece  as  seen  in  Fig.  ^.jSS. 

"  Now  introduce  the  silk  sutures  as  shown  in  Fig.  S.ISS, 
after  whiih  cut  away  the  pieces  />' and  Ii.  and  the  result 
will  be  shown  in  Fig.  ■ir,i\.  liefore  cutting  away  the 
pieces  y>  and  />'.  pull  the  lip  up  with  them  and  stiti  h  the 
mucous  membrjiiie  together  with  catgut  as  far  under- 
neath as  possible.  Enough  tissue  sliiudd  be  left  in  the 
median  line  to  compensate  for  retniction.  The  tempta- 
tion is  to  cut  the  pieces  A'and  U  too  short.  It  is  bet- 
ter to  cut  them  long,  and.  if  necessjirv,  trim  them  a 
little. 

"The  following  are  a  few  rules  which  it  is  well  to  ob- 
serve : 

"1.  Select  only  those  cases  in  which  one-fourth  of  the 
lip.  at  least,  remains  between  the  fissure  and  the  corner 
of  the  mouth. 

"2.  Each  curved  incision.  1.  2.  and  3  (Fig.  2532). 
should  be  an  equal  distance  from  each  comer  of  the 
mouth.  The  curves  should  be  .similar,  and  both  should 
enter  the  nostril  at  the  siime  point  on  each  side.  On  the 
normal  side  the  incision  should  enter  the  nostril  near  the 
coluinna,  and  but  little  or  none  of  the  nostril  be  cut 


.•iway  W  hen  the  deformed  nodlrll  U  ilrawn  to  a  noniml 
position  the  ineiHioiiH  will  then  correttpond  Fig  S-WJ 
will  convey  the  idea 

••3  The  incisions  fr..iii  3  to  .|.  making  the  V.  should 
exteilil  to  fully  one  half  the  brnidth  of  the  lip.  If  the  V 
is  made  too  short,  dilllcully  will  be  cvperienced  in  getting 
the  lip  together.     This  would  nei'CKsitate  a  more  exU'n- 


Kl(i.  iVB. 

sive  division  of  the  mucous  membrane,  or  possibly  the 
addition  of  transverse  incisions  e.stending  outward  into 
the  cheeks  under  the  corners  of  the  nose. 

"A  fatal  mistake  wouhl  be  to  get  the  centre  piece  too 
long,  as  it  would  make  a  deformity.  Cut  it  away  to  just 
the  length  to  admit  of  the  lip  being  stitched  together, 
varying  it  according  to  the  tension  in  each  case,  making 
it  us  short  as  jmssihlc.  It  woidd  be  much  better  to  make 
the  transverse  incisions  to  relieve  tension  than  to  leave  it 
too  long,  should  a  case  not  suitable  for  the  operation  be 
selected. 

"The  steps  as  followed  in  single  harelip  should  al.so  be 
followed  in  double,  using  the  double  curved  incisions 
already  described. 

"The  advantage  of  the  double  curved  incision  is  this: 
When  the  pieces  Ii  and  U.  Fig.  2532.  are  turned  down- 
ward, the  curve  at  a.  a.  becomes  straight,  and  when 
joined  to  its  fellow  of  the  opposite  side,  adds  just  so 
much  to  the  width  of  the  lip.  at  a  point  where  it  is  de- 
sired, as  the  distance  is  from  1  to  2.  Fig.  2.")32.  The 
widening  of  the  lip  at  this  point,  and  the  curving  down- 
ward of  the  white  line  above  the  vermilion  border  of  the 


Fig.  3iH4. 


lip  into  the  point,  is  what  lends  the  artistic  appearance 
to  the  lip."     An  artistic  lip  and  a  scar  in  the  median  line 
are  the  strong  points  which  characterize  this  operation. 
Dr.  M.  H.  CoUis,'  of  Dublin,  says.  "1  never  throw 
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n«:iv  11  particle  (if  llic  parings.  My  iiici.sicms  iirc  iimtle 
.•iDUS  to  make  every  IniLMnent  of  llieiii  useful.  On  one 
.side  lli(  V  are  jireserveil  li>  make  the  lip  thick,  ami  mi  the 
other  to  increase  its  depth.  The  nielhdil  is  somewhat 
complex.  l)iit  a  rcfcrenci'  to  the  accompanyini:  Ijgures 
will  make  il  intelligible  (Fig.  2535).     AVhcn  ilealing  with 


^-^ 


Fig.  3535.— CoULs'  Opernllon. 

single  harelip.  1  take  the  larger  portion,  that  which  in- 
cludes the  middle  bit.  and  pare  it  freely  from  the  nostril 
rounil  the  marj.nn  from  .(  to  i,  until  the  jioint  of  the  knife 
comes  opposite  the  frtciuim.  The  incision  goes  through 
all  the  tissues  of  the  lip  cmpl  the  mucous  membrane. 
It  follows  the  curved  line  of  the  margin  of  the  tissure, 
and  leaves  a  loug  avouuiI.  which  is  curved  toward  the  fis- 
sure. The  flap  is  left  loose  and  attached  only  by  mucous 
membrane.  On  the  other  or  smaller  side  of  llie  jip.  where 
we  generally  fiml  the  lissiies  thin.  es]iecially  as  we  ap- 
proach the  nostril,  the  treatment  is  unite  dilferent.  I 
tninsli.\  the  lip  iit  il.  clo.se  to  the  nostril,  and  carrying  the 
knife  along  iiarallel  to  the  margin  as  far  as  /.  I  detach  a 
moderately  broad  llap.  which  1  leave  adherent  above  to 
the  ala  nasi,  and  below  to  the  free  nuirgin  of  the  lip, 
well  beyond  or  external  to  the  rounded  angle  at  the  fis- 
sure. This  Hap.  which  (imlikc  the  one  at  the  opposite 
side)  comprises  nU  the  tissues  of  the  lip.  is  now  divided 
into  two  at  its  centre  (<•.  c).  I  thus  get  two  loose  llaps.  a 
superior  (c,  </),  attached  to  the  ala  uasi,  and  an  inferior 
(<*,/),  lianging  on  to  the  free  margin  of  the  lip.  The 
loosL'  end  of  the  upper  flap  is  turned  up  so  that  its  raw 
surface  faces  the  wound  in  the  opposite  side  of  the  As- 
sure, and  the  lower  end  of  the  lower  flap  is  similarh- 
turned  down.  The  point  r  is  brought  tip  to  n,  and  fast- 
ened there.  The  point  c  is  brought  down  to  /i,  and  fast- 
ened there.  I  have  thus  got  on  the  small  side  of  the  lip 
a  wound  as  extensive  as  that  on  the  larger  side.  The 
upper  flap  completes  the  outline  of  the  nostril.  The 
lower  one  supplements  the  outline  of  the  free  margin  of 
the  lip.  I  thus  get  a  lij)  nearly  double  in  depth  any 
which  I  could  possibly  have  got  by  the  ordinary  inci- 
sions." 

Mr.  Thomas  Smith  recomiiunds  an  o|ieration  which  is 
useful  in  suitable  cases  of  doulile  harelip.  According  to 
bis  plan  the  lateral  sides  are  to  be  jiared  in  the  mamier 
shown  in  Fig.  2536,  a  ti,  and  two  flaps  are  to  be  taken 
from  the  central  tubercle,  but  are  not  to  be  detached  at 
their  lower  margins,  "The  wound  is  closed  by  drawing 
down  the  flaps  from  the  side  of  the  central  tubercle,  and 
attaching  them  to  the  raw  surface  on  the  lower  margin 
of  the  lip." 

The  condition  of  the  infant  before  operating  should 
be  as  goo<l  as  iiossible.  There  should  be  no  unfortu- 
uate  sunr>uii(lings.  especially  as  regards  dijihtheria  and 
allied  conditions,  nor  should  the 
operation  be  done  in  hot  weath- 
er, or  at  any  lime  in  the  year 
when  epidemics  of  any  kind 
peculiar  to  children  are  prevail- 
ing. 

As  a  general  rule,  one  opera- 
Fiti.  S336.-T.  smith's  nptr-   lion   is  all   that   is  needed,  but 
*"""•  sometimes    failure    occurs,  and 

in  this  we  ought  not  to  be  dis 
couraged,  but,  as  soon  as  the  child  has  sullicientlv  im- 
proved, we  should  try  again. 

]{<'garding  Huinsby's  truss,  I  have  had  but  little  ex- 
perience in  its  use,  and  must  sjiy  that  it  requires  great 
caie,  and  is  apt  to  amioy  the  child. 

As  to  a  second  operation,  years  after  iIh'  ilrst,  to  relieve 


an  unsighlly  scar  or  depression  in  the  vermilion  border 
of  the  lip.  1  am  much  in  favor  of  its  performance,  espe- 
cially in  females.  Albert  Vaiider  Veer. 

'  Mu.si>H.  a  /bid. 

HARRIS  LITHIA  SPRINGS.— Laurens  County,  South 

('.irolina. 

Post-office. — Harris  Springs.    Hotel  arid  Cottages. 

AccKss. — Via  Georgia.  Carolina,  and  Northern  Hail- 
road  (Seaboard  Air  Line)  to  Cross  Hill ;  thence  two  and 
one-half  miles  to  sjjrings.  Or,  via  Port  J{oyal  and 
Western  Carolina  Railroail  to  Waterloo,  and  thence  two 
miles  to  springs.  These  springs  are  located  in  a  hilly 
coimtry.  and  are  open  for  the  reception  of  visitors  during 
.June.  July,  August,  and  Sei)teniber.  Tliey  are  two 
in  number,  known  rcsiiectivcly  as  the  "  Lithia '' and  the 
"Sulphur"  Springs,  Tliey  flow  about  sixty  gallons  )ier 
hour  each.  The  following  analysis  was  made  bv  Prof. 
K.  Ogdcn  Doremus,  of  New  York,  in  1«91 : 

One  United  States  Gallox  Coxtaixs: 
Solids.  Grains. 

Cali'ium  snl|ih!itc 83.3s 

Piil:is>iuiii  Milphate 51 

Sinliiiiii  siii|ih:ite .5g 

SudiiiiH  chloride 7ft 

Stiiiiiun  tiic;u-lionate 2.43 

Litliiuni  tiicarltonate 2I32 

Ma^rucsiuin  bicartK)nate 3[ot 

Iron  bicarbonate 32 

Silica 2.51 

Pliosptioric  acid Trace. 

Loss  on  ignition \aM 

Total iiLfti 

Total  dried  residue  at  266°  F 98.57 

Carbonic  acid  in  Incarlxtnates 3.35 

Total  solids  iicr  I'uited  States  gallon 101.93 

The  combination  of  mineral  ingredients  shown  in  this 
analysis  would  suggest  a  very  viseful  water.  It  is  highly 
effervescent  and  agreeable  to  the  taste.  It  is  therefore 
useful  for  the  table,  and  mixes  well  with  wines.  It  is  a 
speedy  corrector  of  acidity  to  the  stomach.  It  is  said 
that  the  water  causes  a  notable  reduction  of  sugar  in  the 
urine  in  diabetes  mellitus.  It  itlso  overcomes'constipa- 
tion,  and  is  iisefid  in  rheumatism,  uric-acid  gravel,  cal- 
culi, etc.     The  water  has  an  extensive  sale. 

James  K.  Crook. 

HARRISON  HOT  SPRINGS. 

Loc.\r]oN. — liritisli  (  oluiniiia. 

Post-Okfick.— Harrison  Hot  Springs.  Hotels:  St. 
Alice  and  Bath. 

Access. — By  Canadian  Pacific  Railway  to  Agassiz, 
thence  by  stage. 

ANALYSIS    FROM    THE  LaBORATORT    OK    THE    GEOLOOICAL    SCRVET 

OF  Canada. 


Sulphur 
Spring. 

Potash 
Spring. 

Temperature  of  spring 

Si)eciac  gravity.  TO"  F 

Chloride  of  pota.ssiinu  

150°  F. 
1001.13 

1  723 

31.297 

Trace. 

33.061 

.147 

14.1X10 

Trace. 

6.239 

4.6;)4 

Trace. 

Trace. 

120°  F. 
1001.10 

1  414 

28  413 

Chloride  of  lithium 

Suljiliale  of  soda 

Sul|iluite  of  luagnesiu 

28.749 

.168 
15  792 

3(i89 

IJicartniiuite  of  iron 

4  102 

Organic  matter 

Grains,  per  imjierial  gallon,  at  60°  F 

91.960 

82.337 

These  springs  are  situated  on  the  western  slope  of  the 
Rocky  Mountains,  sixty  miles  from  Vancouver.  The 
hotels  are  excellent  and  provide  every  comfort  for  the 
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Iliirrl*  S|irlii;: 

ItllUllll. 


tniiriitt  iir  iiivnlld.  The  Inttlix  tin-  well  )irniii);<'(l  nnil  a 
ildclor  iiikI  Kkillril  iiiti'iidiini.s  rrsiiU'  ii(  tlit-  Miiiitiiriiiiii. 
Till'  rliiimlr  is  iiiilil  iliiriii^'  llic  riiiiri-  vnir.  tlir  tliriiiiniii 
Ctrl'  si'liluiii  piiiiK  lii'liiw  llii'  ri'i'i'/iiii,'  |>iiiiit.  mill  III!'  villi 
iiliiiiis  ail'  never  extreiiii'.  Tlir  linlel  is  •.iliiiiteil  im 
llurrisiiii  l^ike  iiiiil  is  siirnuiiiili'il  liv  simu  rii|ipr(l  iiKiilli 
Inliis  'I'lie  sei'iiery  is  lii'niitifiil  iiinl  liie  Diirsi  tisliiii); 
iiMil  sliiioliii^'  iiTi'  111  111'  olil  lini'il  in  tlie  iiiI^'IiIiiiiIkkhI. 

lifiiiimniit  Smiill. 

HASTINGS    AND    ST.    LEONARDS.    ENGLAND.— 

Tlir^i-    l\\..    |.|iii  ■  -     \illll!ill\    I..UII    "I    :il I     "illlMId 

iiilialiiliiiils.  nil'  siliiiiteil  si\ty  l»ii  miles  sinithea.st  i<{ 
I.oiiiliin  nil  (III' <'i>ast.  'I'lieir  eliiiiii  as  a  lieallli  I'lsoi'l  is 
liiiseil  ii|iiiii  the  iiiililiiess  nf  their  winter  eliiiiate.  which 
reiiilers  them  a  companitivelv  favnnilile  lesiiiciice  fni' 
tliiise  nf  feeble  vitality,  anil  fur  suirerers  friiin  ihroiiic 
liiiiiii'liitisorother  form  nf  "niiicniis  iiu'mliranedelicacy." 

'I'lic  finiit  nf  tile  town  lonks  tnwiiril  the  Sniitli  and  the 
o|ieii  sen.  and  an  csiilanade  three  miles  in  len);tli  extends 
alniii;  the  slinie.  Ill  the  rear  are  dnwiis  which  nITnrd 
shelter  frnm  the  iinrtlierly  winds.  The  country  nhoiil  is 
picturesi|iie.  iilTnrdin;;  many  atliiictivi' excursinns;  there 
arc  alsn  variniis  piililii-  parks  and  ixardeiis.  Itniindalioiit 
lire  hills  lirnken  liy  niiinerniis  valleys,  thus  olTerinj;  some 
variety  nf  <'liniate.  The  soil  is  more  or  less  .sandy, 
throiii;li  w'liiili  the  niiii  water  rapidly  escapes. 

The  mean  averaire  leiii)ii'ratiire  for  the  four  seasons  is 
ns  follows:  Spring,  ■).").!)'  F. ;  suninier.  .lil.O'  F.  ;  autumn. 
51. ."i    F.  ;  winter.  li!!.!)    F. :  for  year.  41I.9    F.' 

The  mean  daily  ranse  is  10. -1  . 

The  day  tenipeniture  avera.ires  54.C'  F.,  and  the  night 
temperature  44.'^  F.  The  ineau  relative  humidity  is  84 
per  cent,  for  the  year. 

The  most  prevalent  winds  arc  from  the  west  and 
sniiihwesl.  The  averajre  rainfall  is  Sit.!).!  inches  per 
aniuini.  falling  on  an  average  of  one  hundred  and  eighty- 
three  days. 

The  mean  amount  of  bright  sunshine  (average  for  eight 
years)  is  l.(i!)'.).U  lioui-s.  or  4.fi  hours  per  day;  the  least 
amount  is  during  the  winter  inniillis. 

Sea  fogs  are  nnl  infi'ei|iienl  but  do  not  last  long:  land 
fogs  are  rare.  The  sea  front  enjoys  the  niiUlest  winter 
climate,  on  account  of  its  southerly  exposure  and  shelter 
from  the  northerly  winils;  it  is  therefore  the  place  of 
residence  for  the  invalid,  in  winter.  The  mildness  of  the 
winter  climate  is  indicated  by  the  various  plants  and 
shrubs  which  llniiiish  during  that  season,  such  as  the 
arbutus,  primrose,  hepatica,  violet,  and  hydrangea.  The 
draina.ue  is  good,  and  the  water  supply  abundant  and  of 
pond  (piality.  Along  the  esplanade  before  mentioned 
are  hotels,  lodging  liouses.  private  residences,  and  .shops. 
In  the  spring  the  east  winds  begin  to  blow,  and  these  arc 
often  "searching."  but  are  somewhat  mitigated  by  the 
bright  siinshine. 

Nlildncssand  C(|Uability,  with  protection  from  northerly 
winds  .'ind  a  comparatively  large  aiimuiit  fif  sunshine,  are 
the  clianicteiistics  of  this  climati'  Iroin  w  liicli  these  towns 
have  deriveil  their  popularity  as  a  winter  health  resort. 

The  southwest  wind  which  is  the  prevalent  one,  except 
in  the  spring,  is  said  to  render  the  climate  somewhat  re- 
laxing. 

Patients  afTected  with  various  maladies  frctiuent  this 
resort :  ]ilitliisis,  chronic  bronchitis,  convalescence  frnm 
acute  renal  diseases,  scrofula  ami  anainia  are  the  princi- 
]ial  diseases  which  are  benefited  by  this  climate.  Very 
luany  phthisical  patients  are  reported  as  doing  well  un- 
der its  inlluence. 

"The  long,  sunny  parade,  sheltered  from  northerly 
winds,  offers  facilities  for  outdoor  exercise.  JIany  per- 
sons have  found  that  they  can  pass  the  winter  at  least  as 
well  here  as  in  Southern  Continental  health  resort.s.  This 
is  especially  the  case  when  the  patients  can  be  induced 
to  admit  fresh  air  into  their  rooms  freely  both  day  and 
night.  The  '  fresh  air  cure'  is  more  practicable  in  a 
South  of  England  seaside  resort  than  inland,  where  the 
niirht  air  is  damper  and  more  chilly."  ("Climates  and 
Baths  of  Great  Britain."  1895.) 


"The  eiintraindiciitiunH,  bcynnd  those  which  apply  to 
iiiariiie  KtalioiiH  in  genend,  are  Klngulurlv  lew." 

liilirurU  0.  (XU. 

HAWAII.  The  Territory  of  Hawaii,  Inltwl  Htiilcn  of 
.\iMcili,i,  1  niisists  nf  twenty  islands  in  the  mid  I'acHlc 
nciaii  between  iinrlli  latiliidis  l.s  and  Jill  ,  and  west 
(•ireeiiw  ich)  Iniigitiides  1.">I  and  Wi  .  'I'lie  islands  com- 
prising this  territory  are;  Hawaii.  .Maui,  Ualni.  Kauai, 
Niolokai,  l.anai.  Kahonlawe.  Niiliau,  .Mnlnkliii,  Leliiia, 
Kaula,  Bird,  Necker,  .lohnson.  Kaysan,  LysiaiiNki, 
(Iccan.  Midway,  French  Frigate  Shoar  and  Pearl  Heef. 
The  eight  lirst-named  islands  are  inhabited  permaneiitlv, 
and  constitute  the  ones  usually  couiprehended  as  tfie 
Hawaiian  or  Sandwich  group.  (Three  of  the  eiglil, 
Niiliau,  I.anai.  and  Kahoolawe,  are,  however,  nnlhing 
luoie  than  cattle  ranches.)  The  remaining  twelve  are 
small  islets,  little  more  than  forks  or  coral  reefs,  and  un- 
inhabited except    at  such  times  as  they  are   visited   by 

workmen  of  guano  companies  collecting  tl ggs  and 

the  manure  of  the  innumerable  sea  birds  and  turtles  mak- 
ing these  spots  their  homes.  The  areas  of  the  eight 
major  islands  are: 
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.S(|iiun' 

miles. 
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S(|iiiiri' 
miles. 

M.iliikal ;tlii 

Ijiiiiil IHO 

Nllliau 97 

Kaliixilawf «9 


Honolulu,  the  capital  of  the  Territory,  in  Oaliu  is  2,100 
miles  from  San  Franiisco,  3,HI0  miles  from  Auckland, 
:i,440  miles  from  Yokohonia.  '2,380  miles  from  Tahiti, 
and  about  4,000  miles  from  Manila, 

JfiKlori/. — The  islands  were  visited  by  some  Spanish 
navigators  as  early  as  1.542,  and  two  .Spanish  ships  were 
wrecked  on  them  probably  in  l.")27.  The  actual,  that  is. 
useful,  discovery  of  the  islands  was  made  by  Captain 
Cook  in  ITTi^,  who  gave  them  the  iijimi' of  S:iiidwich  in 
honor  of  the  liisl  lord  of  the  British  .Xdinirally  at  the 
time.  Hawaii,  the  native  n;ime  of  the  largest  member  of 
the  group,  has,  however,  been  t\u:  one  generally  applied 
to  the  archipelago,  and  is  now  the  legal  name  of  the  Ter- 
ritory. At  the  time  of  C'lXik's  discovery  the  dilTerent 
islands  were  governed  by  one  or  more  independent 
chief.s.  Shortly  thereafter  Kainehameha.  a  chief  of  Ha- 
waii, subjugated  the  other  chiefs,  and  established  the 
kingdom  of  Hawaii,  which  reiii;iineil  with  some  vicissi- 
tudes an  independent  government  till  \>*'.y.i.  Liliuoka- 
lani,  who  succeeded  her  brother  King  Kalakiia,  in  IS'JI, 
having  manifested  an  intention  to  change  the  existing 
constitution,  provoked  a  revolution.  January,  ISilS,  in 
which  she  was  deposed.  A  provisional  repubiic  was  pro- 
claimed and  negotiations  were  begun  looking  to  the  tinal 
aimexatiou  of  the  islands  to  the  I'niled  States.  A  repub- 
lic was  formed  in  1894,  and  negotiatinnscontinued.  After 
some  delay,  caused  by  changes  in  the  jiolitical  ascenilen- 
cies  in  the  United  States.  The  islands  were  linally  ad- 
mitted into  the  Union  as  the  Territory  of  Hawaii.  "  The 
annexation  took  place  fonually  August  12th,  1898. 

Pi>pulation. — Captain  Cook  estimated  the  native  popu- 
lation as  400.000  inhabitants,  an  estimate  undoubtedly 
too  great.  The  first  census,  taken  in  1823.  showed  130.- 
313  natives,  .\ccordiiig  to  the  census  of  I S78  these  had 
decreased  to  44,Oss.     A  census  of  the   islands  in    ],896 

t   gave  a  total  population  of  109.020  inhaliitauts,  composed 

'   as  follows: 


Native  Hawaiians  . 
Mix^Hl  Hawaiians  . 

Jajiauese 

rtifnese 

Portuguese 


31.nii)  I  .Amerlnins Xmi 

S.4.s,i  I  Knirlisli  2.2.i(l 

24.407  I  (icniians \.HH 

2l.iili>    (liher  natldnallties 1.42U 

1.1.191  I 


The  present  outlofik  is  the  gradual  extinction  of  the 
native  llawaiian  race.  The  decrease  in  native  popida- 
tion  gave  great  concern  to  the  original  government  and 
strenuous  efforts  were  made  to  check  "it,  but  without 
avail.  In  general  appearance  the  natives  are  line  speci- 
mens of  physical  development;  the  women,  however,  are 
not  fruitful,  aud  few  families  are  found  with  as  many  as 
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iln\%  all. 
liuy  l-'rver. 


UEFEUKNCE   lIAMHiouK   OF  TIIK   MKDICAI.  SCIKNCES. 


tlircc  cliildrrn.  Tho  orisiiifil  isliiidors  lu-lonc  to  tlir 
\vi(l(  ly  scalh'icil  .Miiiiivo  I'lilyncsiaii  fiiiiiily.  .\lllioii;rli 
more  Ihaii  3.IHIU  iiiilrs  of  ocruii  iiilrrvi'iii'.  Iliiwiiiiatis  and 


Ocnqrnphy  nvif  Ornlngji. — Tlin  ITawaiian  Islnn<ls  aro  of 
volciuiii'  oriiriii.  Tiny  rise  frniii  ilic  ccncral  level  of  llie 
ocean  boUoin  to  the  surface  a  distance  of  14.IJ0U  lo  ID.OOO 


the  Maoris  of  New  Zi^alniid  can  readily  understand  each      feet.     Tliis  rise  is  so  abrupt  that  this  groat  depth  of 
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other's  speech,  Cannilialism,  idolatry,  and  human  sacri- 
tices  were  pnu'lised  at  tlie  time  of  discovery,  though  the 
cannilialisui  was  only  moderate,  and  to  some  extent  a 
pari  of  the  religion.  The  religious  adhesions  of  the  pres- 
ent ])optdation  are  almost  as  diverse  as  the  races  are  pol  v- 
,elot.  The  census  of  1896  gave  Koman  Catholics  •,'(i.3G3, 
Protestants  23.773.  Mormons  4.88(i.  Buddhists.  Confu- 
cians, and  other  Oriental  sects  44,3(l(!.  uidiiiown  111.192. 
Notwithstanding  the  recent  influx  of  foreigners  due  to 
political  changes,  the  condition  of  iiopulation  offers 
material  for  serious  consideration.  Agriculture  is  the  in- 
dustry of  the  islands,  and  laborers  are  imperatively  needed 
in  agriculture.  The  larger  part  of  the  aiable  land  of  the 
archipelago  is  devoted  to  sugar  production  and  I  he  condi- 
tions under  which  this  industry  is  practised  at  present 
discoMRige  a  peasant  proprietorship  of  the  land.  AVilh- 
oul  such  pidprietoisiil|i  there  can  1m^  little  hojie  of  a  per- 
manent population.  There  are  at  present  a  total  of  about 
one  liun<lr<(l  miles  of  railroad  in  operation.  Most  of  the 
important  points  on  the  larger  islands  are  connected  by 
telephone  or  telegraph.  Oahu  and  Hawaii  are  connected 
hy  submarine  cable,  and  it  is  not  improbable  that  by  the 
time  this  article  is  in  print  a  cable  will  be  in  construction 
to  join  San  Francisco  and  Honolulu.  The  valuation  in 
Uh'h)  of  the  imports  inlot  he  I'nitcd  Stales  was .$20. 707,903, 
and  of  the  exports  from  the  United  Slates  lo  the  i.shmds, 
S13,."i09,148.  The  facilities  and  conveniences  of  living  in 
Honolulu  and  llilo.  thechief  towns,  are  the  sjime  as  those 
in  liUe  cities  of  the  United  State.s.  The  cost  of  living  is, 
sinii'  aiuiexalion,  however,  higher,  largely  due  to  the 
servant  i|Ueslion.  The  Chinese  constitute  the  chief 
source  from  which  this  element  is  drawn,  and  .since  an- 
nexation they  are  excluded  from  the  islands  as  from  all 
other  parts  of  the  I'luon. 


water  is  found  from  30  to  50  utiles  from  shore.  Above 
sea  level  the  islands  attain  elevations  that  in  many  places 
rival  the  heights  of  the  Alps.  The  coast  line  is  in  places 
low,  in  others  it  rises  often  sheer  2,000  feet.  The  follow- 
ing tabular  view-  shows  the  chief  elevations. 

Islands.  .Name  of  mountain  peak,     '^^f  {^^^^ 

Hawaii  Mauna  Kca 13,805 

Hawaii Mauna  Loa 13,(17-5 

Hawaii Htialalal 8,275 

Hawaii Kilauea 4,510 

Hawaii Koliala  mountains .5,'iOO 

Maui Halealiala 10.032 

Maui Eeka 5,S» 

Kahciolawe (HiBliest  point) 1,1.30 

Lanai (Hlclipst  pnini) 3.(00 

Molokui (Hiclif.st  point) 3..5(I0 

oalui  Kaula 4.060 

Kauai Waiaieale .5,0U0 

Geologically,  Hawaii  is  the  most  recent  and  Kauai  the 
eldest  of  the  group;  the  i.slandsinerea.singin  age  from  the 
southeast  to  the  northwest,  Kauai  from  its  greater  age 
has  the  best  weathered  soil,  and  by  its  inhabit^mts  is 
proudly  called  the  garden  island.  The  soil  of  the  isl- 
ands is  weathered  lava.  It  is  extremely  porous.  Two 
general  classes  are  recognized,  dark  red  soil,  from  simple 
weathering,  and  light  red  and  yellow  soils  from  weather- 
ing plus  llu'  action  of  imjirisoned  sulphurous  and  other 
gases.  The  dark  red  is  the  better  and  more  durabh' 
a,gricultural  soil.  The  light  red  and  yellow  soils  re- 
(piire  carcfid  cultivation,  I5ut  few  minends  are  found. 
Sulphur,  pyrites,  copperas,  sjil  aminoniae,  common  .salt, 
and  a  few  others  are  the  chief  ones.  Hawaii  has  the 
only  active  volcano,  the  Wfirld  renowned  crater  Kilauea. 
The  summit  of  .Mauna  l,oa  has  a  crater.  Mokuaweoweo, 
occasionallv  active.     From  llilo,  the  chief  town  of  the 
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IIEFRIIENCIC   lIANUnooK   OF  Till;   MKDK'AL  WIKN(  K8. 


Iliitiull. 
•  Ill)   I'a'xr, 


JMliititl  ti  i;immI  rouil  tliirly  inilc!)  in  oxtiMit,  riiiiH  In  Ki- 
liiiii-ii  lliili'jikiilii,  ill  Maul.  i'<  nil  cxiiiicl  iriilri.  llii'  liirK- 
I'-l  kiioHii  ill  llic  world  AltliciiiKli  iiiorr  lliiiii  KI.IMN)  rrt-l 
liiuli.  si>  );i'iilli'  is  till-  slii|ir  Ihiit  it  can  Im*  iimtiiiIi'iI  In  tlir 
i<i|iiiii  liiirM'iNick.  Most  of  till'  oilier  inoiiiitiiiiis  oT  tlic 
isIuimIh  iiri'  moil-  or  li-.ss  oiisiiy  risini:  Hloprn  iinil  iiioiin- 
i^iiiu'criiiL'  i-i  not  iinliioiis 

/•'/'<;■</  mill  I'll II nil.  Tlii'  mrre  i-niiiiii'mlion  of  tlir  viiric- 
tirs  of  lloni  on  llic  isliimis  uollM  cMiril  lllr  li'll^lll  of 
this  iirliric  liillilininii.  in  his  "  Flora  ol  tlic  Ilawiiiiaii 
Isliimis,"  iiiiint'S  mil)  spccii's  mill  :iltri  i;<-iicni.  iinil  iiiiiny 
"llii-rs  have  liit'i:  iiitnHliiifil  siiici'  his  ImhiR  uils  piili- 
li-lii'il  "Till'  variation  in  the  rliiiiatii-  coiulitioiis  iIik'  to 
illiiiiilf  anil  liH-ation  .  .  .  topclln'r  with  tlir  anililc  soil 
at  nil  iilliliiili'S.  justify  thr  belief  and  warrant  tlieasser 
tiiin  that  almost  every  tropical  and  teinperale  plant  can 
sohicwhcri'  lie  ijrown  successfully  on  this  island  "  (Hawaii  J 
Dr.  W .  C  Stiilihs,  •' Ki'port  on  the  Agricultural  He- 
sources,  etc,  Hawaii."  Wa.sliini;toii,  IIMII).  Over  seventy 
species  <i(  liinls.  mostly  water  fowls,  have  liecn  eniinier- 
itcd.  Captain  Cook  found  hoj;s.  do:rs,  domestic  liens,  and 
nils,  on  the  island,  also  a  day  tlyinir  hat.  Cattle,  gnats, 
and  hogs,  escaped  from  ilonieslicalion  run  wild  (goats 
weiviiilriKlucisI  hy  Vancouver  in  liU',i)aiid  havedamaged 
the  forests  incalciilahly. 

I'liiiiiili  — The  Hawaiian  Islands  are  climatically  within 
the  sea  level  isothcrins  of  70  and  75'  F  The  average  sea- 
hvel  leniperaliirc  of  the  group  is  4  to  f,  lower  llian  the 
<  alciilated  average  of  the  latitude  (see  table,  article  Cli- 
,,iiili\.  The  distinguishing  chanicteristic  of  Hawaiian 
<liinate,  <i>iiipaicd  with  that  of  other  troi>ic  islands,  is 
the  combination,  in  it.s  tempemtiirc.  of  mildness  and 
e.[uability.  There  are  niaiiv  other  tropic  isl  iiidstliat  have 
L;i-cal  or  even  greater  e<|Ual)ilily  of  tempeiiiliire.  hut  llicy 
:.iek  ill  greater  or  less  (legrec  I  he  ol  her  clement  of  mild- 
ness  so  pronounced  in  the  perpetual,  pleasjint  suninier  of 
the  Hawaiian  archipelago.  The  following  table  .shows 
till'  temperature  of  Honolulu  compared  with  that  of  some 
otln'r  insular  localities  in  or  near  the  tropics. 


AVERAGE  TEMPERA!  I  KK  UK- 


Year. 


Ilonolnlii 

I'nila.  CuiH"  Venle  Islunds  .., 
I. IIS  Puliiias.  Ciuiury  IsluDdn. 

itennudu  

N»;i^ui.  \\ .  I , 

Snii  Juiiii.  INirio  Rico 

Siiini  llel.Mia 

Mtiiirltfus 

nilnil 

l.i'vuka.  Fill  Islands 

lieunlun 


74° 
7U 
70 
70 

81 

n 

74 

li 
78 
74 


Wnrmtst 
moDtb. 


Coldest 
montli. 


78'> 
80 


82 
84 


70°  F. 

03 

72 
7li 


79 

09 

80 

74 

82 

liy 

79 

70 

The  average  tcmpci-atureand  rainfall  at  Honolulu  are: 


Tem- 
perature. 

Rainfall 
(inches). 

January 

70 
71 
71 
73 
74 
76 
77 
78 
78 
7B 
74 
72 

74 

3.5 

Feliniarv     

6.0 

Manti 

3.3 

.sprll 

Mav 

3.0 
3.0 
1.6 

.Ititv          

1.8 

2.0 

2.0 

1  leloluT 

2.5 

4:7 

38.4 

The  temperature  seldom,  if  ever,  rises  to90°  P.  Accord- 
ing to  C.  .1.  Lyons,  the  territorial  meteorologist,  a  teni- 
peniliire  of  90  is  to  be  regarded  with  suspicion,  and  a 
nionllily  mean  of  80'  calls  for  inspection  The  average 
daily  difference  between  the  highest  and  lowest  lemper- 


atiin-H  III  or  near  s^  ,  1  roni  lO'  to  14'  aeoordlnjf  m 

the  KciiHon  of  the  ,\car,  I'lie  leiiipemture  of  a  parlieiilar 
locality  will  depend  upon  the  elevulioii  of  the  place 
Owing  III  the  Ninall  land  areas  of  thi-  ilillcrr'nt  islands  llie 
rale  of  deervasi-  in  leinpeialuie  due  to  altiliide  in  pniclic 
ally  that  found  in  ascending  in  the  free  air,  namely  I  F. 
forevery  Moil  fei'i  veilical  ascent.  The  allitiidi's  o(  winie 
of  ihc  inoiinlain  peaks  of  the  islands  place  their  hiimmitM 
within  the  limits  of  perpitiial  simw.  The  crests  of 
Manna  Kea  ami  .Manna  l.oa  are  si'Idoin  entirely  Iree  of 
snow.  The  rainfall  ol  the  islands  follows  the  reginieii 
of  tropical  islands  similarly  siliiatcd  with  lespi-ct  to  the 
prevailing  winds  The  key  to  the  rainfall  is  aliitiidc 
and  the  prevailing  winds  of  ihe  rigion  and  the  season. 
The  rainfall  is  |p|enlifiil  wherever  Ihe  land  rises  sulll- 
eieiitly  to  he  a  barrier  to  the  w  inds  of  the  region.  At  sea 
level  the  rainfall  is  relatively  small,  but  it  increa.s<-g 
rapidly  with  elevalioii  up  to  (1,(100  feet,  and  then  de- 
creases. From  the  oroirrapliy  of  the  islands  the  greatest 
variety  of  rainfall  distribution  is  observed.  On  Hawaii 
the  average  annual  niinfiill  varies  from  1-10  inches  at  Hilo 
on  the  ea.st  coast  to  less  than  HO  inches  on  the  west  coast 
On  Oahii  a  more  striking  dilfcieiicc  is  observed.  At 
Honolulu,  50  feet  above  sea  level,  the  average  annual  fall 
is  3f<  inches,  while  about  15  miles  cast,  at  Nuiianii,  850 
feet  above  the  sea  the  average  is  |;12  inches,  and  les.s 
than  !i5  miles  west,  in  a  sheltered  valley,  the  rainfall  is 
only  15  inches.  Kven  on  the  same  plantation,  the  rain- 
fall on  one  part  will  be  abundant  for  the  most  liixiiriant 
tropical  growth  and  on  the  other  part  irrigation  will  be 
necessary  to  grow  an  ordinary  crop.  The  porosity  of 
the  soil  is.  asalnady  stated,  gn-at.  so  that  notwithstanding 
the  torrential  downpours  that  occuron  the  elevated  lands, 
the  ,soil  remains  free  from  dampness.  The  water  runs 
through  it  with  great  rapidity.  The  average  relative 
humidity  of  the  islands  is  about  75  per  cent,  of  satura- 
tion, varying  somewhat  with  the  direction  of  the  wind. 
It  is  greater  with  southerly  and  less  with  northerly 
winds.  The  prevailing  winds  of  the  archipelago  are  the 
northeast  trades  For  nine  months.  March  to  November, 
Iliey  blow  withalmosi  unfailing  regularity.  During  the 
other  three  months  the  islands  are  more  or  less  under  the 
iiiHueiice  of  the  southwest  antitrades.  These  antitrades 
are  the  disagreeable  winds  of  tin'  islands.  It  is  only  dur- 
ing their  prevalence  that  the  sultriness  and  oppressive- 
ness of  the  tropics  become  manifest. 

lliiilth. — Statistics  as  to  the  prevailing  diseases  of  the 
islands  arc  not  plentiful.  Lcpro.sy,  an  imiiorted  disi-ase, 
is  now  endemic  among  the  natives.  Great  care,  however, 
is  taken  to  prevent  its  lavages  and  stamp  it  out.  The 
government  years  ago  established  a  Icjier  colony  on  the 
high  table-land  of  .Molokai,  and  hither  all  afflicted  are 
sent  and  carefully  cared  for. 

Among  the  causes  of  death  given  in  a  recent  report 
for  the  city  of  Honolulu,  phthisis  claimed  more  than  10 
per  cent. :  old  age  and  heart  disease  about  7  and  G  per 
cent,  respectively.  Aniongothcrcausesenumerated  were 
pneumonia,  bronchitis,  diarrlia>u,  and  paralvsis, 

ir.  F.  ii.  Phillips. 

HAW.  BLACK.     See    Vibuniiim  PrunifoUum. 

HAY  FEVER  is  the  popular  title  for  an  annually  recur- 
ring alliiiioii  which  involves  the  mucous  membranes  of 
the  ocular  and  respiratory  tracts  and  is  associated  with 
certain  symptoms  w  liieh  can  be  accounted  for  only  by 
reference  to  the  nervous  system.  It,  or  a  very  closely 
allied  disorder,  occurring  during  the  early  summer  in 
•Kngland,  was  first  described  by  Bostock  in  the  Medico- 
Chiriirgical  Transactions  for  ISIO.  under  the  name  of 
Ciitiirr/iiis  ^E-iliriix  ;  and  in  his  work  upon  the  affection 
now  treated  of.  Dr.  Wvman  advocates  the  use  of  the 
term  inilimninl  o'tarr/i  as  more  correct,  and  net  involv- 
ing the  absurdity  of  associating  a  disease  with  an  impos- 
sible cause — for  the  season  of  liay  making,  in  the  United 
States  at  least,  is  long  past  before  hay  fever  makes  its 
appearance  But  the  title  has  become  so  embedded  in 
the  popular  mind  that  there  seems  to  be  no  escai)e  from 
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wlmt  is  iiiiiisputnbly  n  misnomer.  Basing  flic  suggoslion 
u|Hm  ilii'  view  llial  llic  lilTiitinii  ilcpcnds  upon  rii!,'iiifrc- 
nii'iit  iif  Ilii'  misiil  iimcoiis  iiKnibranc,  willi  n.s.stn  ialeii 
icflc.N  ni-rvous  s_vnii)t<)nis,  .Mackenzie,  nf  lialtininre.  1ms 
proposi'd  as  a  new  name  O'n/zii  r<ntiiiiii>l">iii  jieriixlicK, 
wliirh  liaA  the  ailvanlajie  of  aceuniey  al  least. 

Tile  peeuliaiity  of  tlie  alTeetion  is  its  annual  recur- 
renee,  in  llie  same  individuals,  with  almost  liidieroiis 
exaelne.ss  in  ]i"int  of  time,  tlironirlioul.  in  many  in- 
stanees.  the  y4ars  of  a  long  life.  Thus  an  examination 
of  the  narratives  of  their  eases,  written  liy  those  who 
sillier  from  /kii/Jiiii;  will  reveal  the  fact  that  the  attack 
occurs  niion  the  sjime  day.  or  even  the  same  hour  of  the 
day.  in  each  year,  ami  in  none  is  there  a  variation  of 
more  than  a  few  days.  This  rc^gularily  of  return  is  ap- 
parently but  little  atlected  liy  the  peeuliaiity  of  one  year 
as  eoni|iai<'d  with  another.  Whether  the  season  is  wet 
or  ilry.  whither  as  a  conseiiuence  vegetation  is  rankly 
growing  or  falling  into  decay,  appears  to  make  no  diJIer- 
euee.  Another  singular  fait  is  that  the  sullerer  from 
this  disease  in  I'liiladel|ihia  or  Haltinioie  may  rest  assured 
that,  at  the  precise  time  he  begins  to  feel  the  approach  of 
his  enemy,  his  fellowsvitlerer  in  a  place  as  far  removed 
geogniphieally  as  Boston  is  subject  to  attack  at  the  sjinie 
time,  though  his  climatic  snrroiindiugs  are  (piite  modi- 
lied. 

The  attacks  are.  however,  not  of  similar  severity  each 
vear.  but  will  vary  somewhat.  Why  this  should  be  so 
It  is  hard  to  determine;  but  it  has  been  observed  that 
when,  ns  in  188.3,  there  is  a  prolonged  drought  in  the 
early  summer,  succeeded  by  heavy  rains  leading  to  a  re- 
vival of  vegetable  growth  in  the  mouth  of  August,  the 
seasipn  is  likely  to  be  a  bail  one  for  suilerers  from  au- 
tumnal catarrh. 

Age  appears  to  have  notliing  to  do  with  this  affection, 
some  pereons  experiencing  their  first  attack  as  early  as  in 
their  third  or  fourth  year,  while  others  esca))e  the  iorma- 
tion  of  so  undesirable  anaccpiaintance  until  quite  mature 
life.  It  is  a  curious  fact,  revealed  by  an  examination  of 
Dr.  'Wynian's  table  of  eight_y-one  cases,  that  males  are 
more  likely  to  be  sufTerers  in  early  life  than  females; 
which  is  in  accordance  with  the  observation  of  the  writer, 
although  there  is  no  particular  significance  in  it,  so  far 
as  his  knowledge  goes. 

Another  peculiarity  of  this  disease,  and  one  which  has 
been  noticed  by  many  observers,  is  its  greater  prevalence 
among  those  who  are  not  compelled  to  resort  to  manual 
labor  for  a  livelihood.  Not  that  it  does  not  occur  in  this 
latter  class,  for  some  such  ari^  recorded  by  Wyinaii.  ami 
many  have  falleu  under  the  observation  of  the  writer  of 
this  article  and  others;  but  that  it  is  of  comparatively 
rare  occurrence  among  the  laboring  classes  is  a  patent 
fact.  The  writer's  experience  leads  him,  however,  to 
think  that  this  difference  is  becoming  less  marked  of  late 
years,  and  that  not  only  is  the  a.!fgregate  number  of  cases 
increasing,  but  that  periodical  catiirrh  is  extending  among 
classes  which  were  at  one  time  in  a  great  degree  exemiit 
from  its  visits. 

Having  now  referred  to  some  of  the  peculiarities  of 
this  troublesome  affection,  I  may  next  proceed  to  a  de- 
scription of  its  symptoms  and  course,  as  ordinarily  ob- 
served. 

About  the  middle  of  August  the  patient  experiences 
itching  of  the  eyes  and  pharynx,  which  at  times  is  in- 
tense, and  is  acconijianied  by  most  inordinate  and  fre- 
(pieiit  sneezing.  Tlu-  irritation  of  the  eyes  and  throat 
appears  to  be  without  cause,  but  the  sneezing  seems  to 
be  provoked  by  bright  light,  cool  currents  of  air,  or  some 
exposure  to  the  causes  which  ordinarily  are  regarded  as 
provocative  of  catarrh.  At  first  these  attacks  are  infre- 
quent and  of  modirate  seveiity,  but  they  soon  become 
more  severe  ami  more  frequent.  On  lirst  getting  up  in 
the  morning,  while  dressing,  and  often  during  breakfast, 
the  attacks  of  sneezing  are  prolonged,  and  altogether 
unaccompaiiicil  with  the  gmtrful  sense  of  relief  which 
in  other  circumstances  is  experienced  in  connection  with 
this  manifestation.  Evc-ry  exertion  increases  these  symp- 
toms, and  there  accompanies  them  that  general  feeling 


of  discomfort,  with  slight  acceleration  of  ptilsc.  which 
have  earned  for  the  disease  the  misnomer  of  hay  fever; 
yet  there-is  no  record  showing  the  existence  of  a  higher 
temperature.  The  amount  and  severity  of  these  symp- 
toms will  vary  somewhat  with  different  years,  biitthey 
will  always  exceed  in  both  respects  those  obsiTA'cd  in 
ordinary  coryzas. 

Usually  symptoms  of  bronchial  irritation  manifest 
themselves  in  about  a  week,  and  dryness  and  injection 
of  the  fauces  are  followed  by  ;i  tickling  cough,  accom- 
panied with  but  little  expectoration.  After  a  lime  the 
cough  becomes  more  severe,  paroxysmal  in  character,  and 
is  often  accompanied  with  much  soreness  in  the  chest, 
which  is  somewhat  relieved  when  expectoration  is  estab- 
lished. Like  the  coryza.  the  bronchitis  varies  much  in 
intensity  in  ditlennt  individuals,  and  somewhat  in  the 
same  persons  in  ilillcreiit  years.  In  some  it  does  not  ex- 
ceed in  severity  that  attending  a  mild  cold,  in  others  it 
becomes  a  most  .serious  affection,  and  is  occasionally 
accompanied  by  expectoration  of  mucus  streaked  with 
blood.  The  observation  of  the  writer,  however,  has  not 
brought  him  in  contact  with  a  ca.se  in  which  true  pneu- 
monic; sputa  were  jncsent,  although  he  is  familiar  with 
one  in  which  the  expectoration  has  on  two  oeca.sions 
veiy  nearly  apiiroa<liiil  that  character.  The  physical 
signs  on  auscultation  are  those  of  bronchitis. 

In  many  cases,  after  a  most  haras.sing  experience  ex- 
tending over  ten  days  or  two  weeks,  both  the  coryza  and 
the  cough  les.sen  in  .severity.  The  former  almost  entirely 
disappears,  ami  while  the  latter  may  persist  as  a  most 
exasperating  tickling,  especially  at  night,  convalescence 
passes  into  com|)lete  recovery,  the  whole  course  of  the 
disease  having  lasted  for  from  three  to  four  weeks. 

But  in  the  vast  majority  of  cases  the  advent  of  the 
cough  is  accompanied  by  asthmatic  symptoms  of  more 
or  less  severity,  and  in  very  many  these  symptoms  cause 
everything  else  to  appear  as  insignificant.  Indeed,  more 
severe  asthma  than  acconi]iauies  some  cases  of  autuiniial 
catarrh  is  rarely,  if  ever,  seen. 

The  first  asthmatic  .synijitonis  generally  appear  about 
the  2.5tli  of  August,  and  are  often  brought  on  by  a  spell 
of  coughing,  some  unusual  exertion,  or  in  many  cases 
b_V  the  change  of  wind  accompanying  a  thunder  storm. 
From  the  time  of  their  first  appearance  these  symiitoms 
do  not  entirely  disappear  until  the  conclusion  of  the 
annual  attack,  which  is  ordinarily  about  the  end  of 
September,  although  in  some  cases  prolonged  until  a 
later  date.  All  the  time  there  is  more  or  less  difiiculty 
of  breathing,  accompanied  with  true  asthmatic  riiles. 
Upon  percussion  the  chest  is  more  than  usually  resonant, 
showing  the  existence  of  at  least  a  temporary  em|)hyse- 
ma;  but  uiionapplying  the  ear  to  its  parietes.  it  is  found 
to  be  filled  with  dry  cooing  and  sil)il;iiit  murmurs,  remind- 
ing the  listener  of  nothing  so  much  as  "a  bag  of  whistles." 
Indeed,  these  sounds  are  generally  readily  perceptible  at 
a  considerable  distance,  and  become  more  marked  at  the 
apjiroach  of  a  paroxysm. 

Than  a  severe  paroxysm  of  dyspmea,  such  as  is  fre- 
quently seen  in  these  cases,  there  is  .scarcely  anything 
harder  to  bearor  more  i>aiiifiil  to  witness.  The  aiquoach 
of  the  attack  is  signalled  by  an  increase  in  the  loudness 
of  the  chest  murmurs,  and  by  increaseil  dilliculty  of 
breathing.  The  patient  cannot  lie  down,  and,  iniieed, 
very  soon  cannot  lean  back  in  his  chair.  Sitting  or 
standing,  the  patient  will  seek  a  firm  surface  on  which 
to  lean,  and  planting  his  elbows  firmly  upon  it  for  sup- 
port, will  gasp  for  breath.  The  sonori>iis  chest  sounds 
lessen,  the  inspiration  becomes  comparatively  lengthened, 
and  the  exjiiration  much  hurried.  The  collar  will  be 
unbuttoned,  the  face  assume  a  yearning  and  almost  de- 
spairing expression,  the  eyes  lie  suffu.sed  and  tearful, 
while  the  efforts  of  the  arms,  shoulders,  and  all  of  the 
muscles  accessory  to  respiration  are  most  severe  and  ac- 
companied with  a  very  copious  perspiration  The  sense 
of  fatigue  is  extreme,  and  to  the  exi>iession  of  anxiety  is 
added  one  of  intense  weariness;  but  the  efforts  are  unre- 
laxed.  for.  though  wellnigh  useless,  they  are  involuntary 
and  cannot  be  lessened  by  any  effort  of  the  will.     No 
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DDiinds  wlmli'VtT  romi-  friim  the  chest,  iiiul  wlillo  the  pn- 
tii'iit  fci'lM  iiM  ir  III'  Will  lii'i'iitliliiK  in  viK'Uii.  till'  iii('X|irrl' 
I'lirnl  s|i('('tntiir  will  lliink  tliiil  iirliml  HiilToriilinii  in  Jiii- 
jiriiilifii:.  If  iml  iiilrrfcicil  w  illi  iliin  stiilr  of  things  limy 
iiisi  Tiir  friiiii  II  tru  iiiiiiiilrs  tn  sfVinil  limirs.  (.tniiliiiilly 
tlliTr  will  111-  II  Irllllli  iif  wllri'/.ilii,'  Mi>l>.i's  In  tlir  rllrsl.  flic 
n"<|iii'iitii>n  w  ill  liirnnu'  sniiirwhiit  Irss  sliiillnw,  iiiiil  llir 
sense  (if  HiilToratiiiii  Irss  iiiMile:  iinil  if  Ilir  inipi'ovriiiriit 
coiitlnni'H  Ihi'  rxpri'ssinn  nf  rrlirf  lii'cunii's  iiiiirknl  upon 
the  face,  ami  the  siilTerer  ilmps  Into  sleep  williuiit  inneli 
referenee  In  the  pnsiliun  he  neenpies. 

lint  the  relief  experieiiceil  is  very  >reneni!ly  only  par- 
till!,  and  the  respinitioii  eontimies  Inliorimis  ami  op- 
pii'vsecl.  while  exeriise  or  any  physieal  elTort  is  inipos- 
silile  willioiil  iniineiliate  iii.'i;nivatinn  ol"  ihe  syinpionis. 
This  stale  of  tliiiii.'s  eiiiiliniies  until  iIk'  emi  of  tlie 
season.  tlioni;h  lessening;  grailnally  with  llie  iliininulion 
of  the  liromhitis  ami  tlie  disappeanime  of  the  ciiiiph. 
The  writer  has  known  this  aslliniatie  period  to  last  for 
from  three  In  six  weeks,  during  which  time  the  patient 
could  not  ,i;o  up  and  down  stairs,  eotdd  not  sleep  at  all 
without  the  aid  of  anodynes,  nor  indul;;e  in  Ihe  sli^dilest 
ilielary  inilisereiioii.  'I'he  ealini;  of  larire  amounts  of 
foiKl  late  ill  Ihe  day,  or  of  indiijeslilih'  food  at  any  time, 
is  likely  to  hiini;  on  an  acute  paroxysm,  and  the  .same 
result  is  very  apt  to  follow  a  prolonired  spell  of  cough 
iiiir.  Very  often  sleep  can  he  olitaiiied  only  in  Ihe  iip- 
rii;lit  position,  either  in  a  chair  or  propped  up  in  hed 
with  a  liirire  iiumher  of  pillows. 

In  many  casi'S  of  iieriodieal  catarrh  the  asthinatic 
symptoms  never  attain  the  severity  of  those  which  have 
been  descrilied.  lint  lliey  are  |)reseiit  in  a  more  or  less 
modified  form  in  the  niajorily  of  insUinces.  especially  at 
night.  As  has  lieen  sind.  when  the  asthma  is  a  marked 
fealure  in  the  individual  cases  it  overshadows  all  other 
symptoms,  and  we  shall  not  obtain  the  vividly  thrilling 
descriptions  of  the  sulTeriugs  from  catarrh,  which  en- 
cumber books  upon  this  special  topic,  from  those  who 
have  severe  asllinm.  They  will  express  themselves  as 
quite  ready  to  hear  the  aimoyaiices  of  the  most  violent 
coryza  and  the  most  irrilaliiig  cough,  if  they  can  only 
secure  immunity  from  the  dyspmea  and  orlhopntea 
which  they  have  learned  to  dread. 

After  the  middle  of  September  there  is  a  gradual  dec- 
lination in  the  severity  of  all  the  symptoms,  and  by  the 
end  of  the  month  they  have  in  great  measure  di.sappeared. 
though  in  Ihe  severer  cases  there  may  remain  a  tickling 
cough  and  the  liability  lo  attacksof  oppression  toa  much 
later  ilale.  Indeed,  it  would  seem,  in  the  more  severe 
cases,  and  especially  in  those  which  sulTer  mueli  from  asth- 
ma, as  if  tlieie  was  a  tendency  to  a  gradiiul  prolongation 
of  the  after-period,  so  that  throughout  the  wint<'r  any 
severe  cold  is  liable  to  he  complicated  with  a.sthmatic 
symptoms.  That  thisshonhl  he  the  case  isquite  natural 
in  view  of  the  causal  relation  existing  between  asthma 
and  tnie  empliy.seina.  Yet  permanent  eini)liyseina  is 
rarely  prestMit.  probably  owing  to  the  sliortness  of  the 
attacks,  and  to  the  fact  that  most  iiaticnts  enjoy  a  suHi- 
ciently  long  period  of  health  between  tlieiii  to  prevent  or- 
ganic changes  tjiking  place  in  the  elastic  lungli.ssue. 

Observation  has  convinced  the  writer  of  this  article 
that  the  recurrence  of  these-  attacks,  unmodilied  by  effec- 
tive treatment,  lends  to  fasten  the  liahil  more"tirndy 
upon  the  system,  as  well  as  to  increa.se  Ihe  length  of  the 
after-period.  His  experience  has  taught  him  that  if  the 
season  is  anticipated  by  a  suitable  change  of  residence. 
and  the  severity  of  the  attacks  modified  by  ajipropriate 
treatment,  the  force  of  the  annind  habit  is  lessened,  and 
w  hile  it  may  not  be  entirely  obliterated,  the  acuteness  of 
the  periodical  attacks  will  "be  diminished.  It  is  this  fact 
which  leads  him  to  urge  careful  attention  to  those  cases 
which  oicur  in  children,  as  in  them  there  is  more  hopeof 
being  able  to  attain  good  and  permanent  results.  As  a 
genenil  thing,  the  first  attiicks  are  less  severe  than  the 
succeeding  ones,  and  there  would  seem  to  be  more  en- 
couragement to  expect  goixl  results  by  prompt  ami  aniy 
treatment. 

When  we  come  to  consider  the  nature&ud  cause  of  this 


curliiiw  iilTeeliiui  we  enter  upon  a  wide  lielil,  and  iiiio 
upon  w hlch  most  lonllleiing  llieorle»  coiiieml.  Tlmi  iIiIm 
hIiouIiI  be  theeiis)'  is  iialiiial  from  Ihe  aiiHeliee  hitherto 
of  any  researches  throwing  much  light  upon  any  »nu- 
toniieal  peculiarities  pertaining  to  the  nlTeclinn.  That 
there  an-  such  peculiarities,  however,  at  any  nile  asso- 
eialed  with  it.  cannot  be  doubled  in  llii'  face  of  the  oh- 
servaiions  nceiilly  made  by  siieb  iiulliors  as  lliiriiHon 
Allen.  .1.  N.  .Macken/.ie,  Sajiais.  ami  oiliers;  but  it  Ih  iw 
yet  loo  early  lo  conclude  with  cerlaiiily  that  these  aua- 
tomieal  peciiliarilies  are  undouhtedly  "the  cause  of  tho 
alTeelion  under  coiisideralion.  According  to  these  ob- 
servers the  subjects  of  "liay  fever  "are  all  alike  in  pre; 
seating  certain  iieculiarilies  in  the  anatomy  of  their  iiilsiiI 
cavities.  According  to  Ilarrisoii  Allen,  the  nostrils  are 
obstructed  by  ilelleclion  of  the  .sepiiini.  hyprrlropjiy  of 
the  soft  parts  and  bones,  or  liirgescciiee  of  the  mucous 
membrane,  and  always  an  undue  prominence  of  the  in- 
ferior turbinated  hone.  .1.  N.  Jlackeiizie,  Hoe,  Daly, 
Hack,  and  iSajous  holil  that  there  exist  in  these  cases 
both  an  unusual  development  and  an  unusual  excitability 
of  the  mucous  membrane  covering  a  well-delined  sensitive 
area,  w  hiili  is  known  to  be  eolerminous  with  Ihe  inferior 
turbinalcil  bone.  According  to  these  observers  the  .symp- 
toms of  iieriodical  calarrh  are  retlixes  induced  by  irrita- 
tion of  tliis  area,  in  cases  which  po.ssess  at  the  same  lime 
abnormal  vaso-molor  excitability,  and  hence  J.  N.  Mac- 
kenzie ]iroposes  the  name  of  cory/.a  vasomotoria  jieriod- 
ica  for  the  disease. 

The  theory  of  these  gentlemen,  though  revolutionary 
in  character,  has  much  to  recommend  it.  and  is  found  to 
belli  strict  accord  willi  many  of  the  observed  facts  in 
these  eases.  Yet  in  some  respects  it  is  not  altogether 
satisfactory,  especially  when  llie  (lueslion  of  periodicity 
is  considered,  or  when  regard  is  had  to  eilects  often 
noticed  when  a  change  of  climate,  or  rather  of  place,  is 
resorted  to.  Thus  it  is  dilliiMilt  to  see  how  turgescence 
of  the  erectile  tissue  over  the  turbinated  bone  should  oc- 
cur, or,  at  any  rale,  produce  .serious  cfTecls,  only  at  one 
season  of  the  year.  Then  it  is  certainly  ^oing  too  far  to 
account  for  the  benetit  secured  at  certain  seashore  places 
simply  by  the  tonic  elTects  of  the  .sea  air  upon  the  ner- 
vous system,  and  to  point  to  the  well  established  fact 
that  a  land  breeze  is  injurious,  and  claim  that  it  is  so 
only  so  far  as  it  is  relaxing  and  enervating.  At  every 
place  on  the  seashore  there  are  alternating  .sea  and  land 
breezes;  yet  relief  from  autumnal  catarrh  is  experienced 
at  but  few  of  them,  and  those  that  exiierience  has  proved 
to  he  suitable  places  of  resort  are  such  as  by  their  topog- 
raphy receive  no  breeze  from  the  land  until  it  has  pas.sed 
over  a  considerable  expanse  of  water. 

But  these  observers,  while  maintaining  the  anatomical 
and  nervous  basis  of  the  disease,  do  not  deny  that  pollen 
may  be  one  .source  of  irritation  among  many  others,  and 
even  should  the  theory  they  propose  not  be  at  present 
reconcilable  with  all  the  fads  in  any  given  case,  it  is 
reasonable  to  anticipate  that  further  ohservatiou  and 
closer  study  may  tend  to  complete  elucidation  of  it. 
Hitherto  there  has  been  nnihing  more  delinite  than  the 
supposition  that  the  atrection  was  produced  by  one  or 
more  kinds  of  pollen  acting  upon  a  personal  idiosyncrasy 
— the  latter  term,  of  course,  being  only  a  convenient  ex- 
pression to  cloak  ignorance.  This  theory  has  been  up- 
held by  the  majority  of  writers  in  the  pasi,  and  is  still 
contended  for  by  Morell  Mackenzie,  Blackley,  and  many 
others.  According  to  these  writers,  at  a  given  season 
there  is  a  large  amount  of  pollen  grains  afloat  in  the 
atmosphere,  which  serve  as  the  exciting  cause,  in  ca.ses 
-posse.ssing  that  personal  iieculiarity  or  idio.syncrasy 
wherein  lies  the  true  essential  characteristic  of  the  dis- 
ea.se.  When  tested  by  ex]ieriencc  the  theory  is  found  to 
tit  in  almost  every  ]ianiciilar. 

That  there  is  .some  peculiar  atmospheric  condition  pres- 
ent only  at  a  given  season  would  seem  to  be  proven  by 
the  fact  that  in  the  vast  majority  of  cases  there  is  an  en- 
tire absence  of  symptoms  at  all  other  times.  That  this 
condition  is  imparted  from  the  vegetable  kingdom  would 
seem  proven,  because  almost  all  cases  are  Ijenelited  by  a 
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n'siiK'iue,  (luiiiifr  llic  lime,  cillicr  at  ccrlniii  pliircH  iiinoug 
Uic  miiiinlains,  iiI  c  ritnin  schsIkhc  rcsdiis  sc|iaiak'(l  fnnii 
tin'  inaiiilaiiil.  wluiv  tlici<'  is  little  ve^'ctalioii,  or  iiiiisl 
ceiiaiiilv  iliiiiiii;  a  sea  Vdvajic  The  malign  iiitlueme  of 
vejrelalilc  exhalations  in  these  eases  leeeives  support  also 
fioin  the  wellkiiown  fiict  that  the  kiiidreii  alVeelion 
known  as  "  rose-eold  "  seems  to  be  laijrelv  depencleiit  upon 
sueh  irritants.  The  writer  is  ae<|iiainle<l  with  one  gen- 
tleman who  sulTeis  acutely  in  Si-ptetuber,  but  is  perfectly 
Well  in  .luiie.  His  luotlierin  law,  for  very  many  years 
ami  until  her  (li'atli,  sulVend  in  precisely  the  same  way, 
anil  was  also  well  all  the  early  summer.  The.v  were 
both  ri-liev<'(l  by  removing  to  IJiacli  Haven,  on  ail  island 
o(t  the  New  Jersey  coast  only  tsix  miles  ilistant  from  the 
home  of  the  mother  in-law.  In  this  coincidence  there  is, 
of  course,  nothing  jicculiar;  but  two  of  the  brothers  of 
the  gentleman  mentioned,  with  his  wife  and  sister-in- 
law,  have  been  severe  .sulTerers  from  acute  coryza  in 
•liine.  aiul  are  all  (luite  well  in  Septcndjer.  We  have 
here  a  group  of  si.\  cases,  live  of  whom  would  be  prop- 
erly (lescribed  as  very  far  lemoveil  from  llu'  category 
of  iiervous  per,sons.  who  liave  for  many  .vears  sulTered 
periodically,  in  all  of  whom  relief  is,  at  least,  associated 
with  the  comparative  absence  of  vegetable  intluencos. 
Of  the  .lune  cases,  two  were  always  better  in  town,  and 
the  attack  was  not  so  severe  as  to  i-cciuire  other  measures 
of  relief:  one  is  free  from  attack  at  Hcach  Haven;  while 
the  lourlh.  whose  attacks  are  the  slightest,  gets  comfort 
by  keeping  most  of  the  timi'  in  the  house.  In  none  of 
the  .lime  cases  is  asthma  present;  but  all  have  noticed 
great  aggravation  of  their  symjitoms  when  cxpo.sed  to 
various  kinds  of  |)ollen.  notal)ly  that  of  the  horse-chest- 
nut, the  .'lilantlius.  and  the  .scented  honeysuckle.  In  one 
of  the  .June  eases,  and  in  one  of  the  September  cases, 
prominence  of  the  inferior  turbinated  boue  has  been 
noted. 

The  object  in  citing  these  cases  is  not  to  bolster  up  the 
old  and  exclusive  pollen  theory,  but  to  submit  them 
merely  as  cases  which  show  the  dilliculty  which  presents 
itself  to  any  one'who  attempts  a  close  and  exclusive  defi- 
nition which  will  suit  all  cases. 

A<lvocates  of  the  purely  nervous  and  anatomical  theo- 
ries maintain  that  their  theory  is  sup]iorled  by  the  results 
of  treatment,  and  this  will  be  spoken  of  more  at  length 
in  its  proper  pla<-e;  but  tlie  claim  is  as  yet  not  fully  sub- 
stantiated, and  ipiite  aiuimber  who  have  un<lergone  local 
and  tonic  treatnu'iu,  are  known  .still  to  suffer  from  their 
old  enemy.  AVhether  this  will  continue  to  be  true  when 
they  have  undergone  a  KiiffiHeiit  number  of  applications 
io  the  nasal  mucous  membrane  remains  to  be  seen,  but  it 
is  not  as  yet  proved.  It  is  still  tuiIijiiiHee,  and  is  subject 
in  some  measure  to  the  well-known  disposition— or  idio- 
syncrasy shall  we  call  it — ])o.ssessed  by  many  bay-fever 
patients,  to  be  ciued  in  succession  by  many  forms  of 
treatment.  At  the  jircsent  lime  (l!tl)l )  a  resort  to  local 
treatment  is  comparatively  safe,  the  results  not  having 
pr<ived  so  satisfactory  as  was  at  one  time  cxjK'Cted. 

In  bis  reci-nt  work  on  hay  fever,  Sajous  recognizes  the 
dillicully  of  i)reeise  and  exclusive  detinition,  and  formu- 
lates a  theory  which  is  compreliensive.  and  which  may 
at  least  serve  as  a  working  hypothesis  Tuitil  more  ex- 
tended and  complete  observation  furnishes  vis  w-ith  one 
that  is  entirely  satisfactory.  According  to  this  autlior, 
hay  fever  reiiuires.  first,  an  external  irritant  ;  second,  a 
predisposition  to  l)eeome  influenced  by  this  irritant ;  and, 
third,  a  vulnerable  or  sensitive  area  through  which  the 
irritant  may  exert  its  iidluence. 

It  may  be  safely  concluded  that  autuinnal  catarrh  is 
largely  d<'pendcnt  u|)on  some  disorder  of  the  vasomotor 
nerves,  that  the  .sympathetic  system  is  parti;illy  respon- 
sible for  the  trouble,  and  that  many  of  the  symptoms  are 
true  rellexcs;  but  what  is  the  precise  character  of  the 
trouble  is  not  known;  undue  excitability  there  may  be, 
and  probably  is,  but  that  tells  ns  little  more  than  the  old 
term  idiosyncrasy.  It  has,  however,  the  great  advantage 
of  directing  our  treatment  intoii  deli nite  channel.  While 
admitting  the  imjilicalion  of  tli<'  laTvous  system,  it  can- 
not, however,  be  concluded  that  pollen  lias  no  share  iu 


producing  the  disease.  That  it  lias  a  large  and  impor- 
tant part  as  an  exciting  cause,  it  seems  inipo.s-sible  to 
doubt.  On  the  other  hand,  iiollen  is  not  the  only  excit- 
ant, but  dust,  heat,  electrical  eonditions  of  the  atmos- 
phere, and  many  other  things  share  with  jxillen  the  abil- 
ity to  juovoke  an  attack  in  ]>ropcrly  disposed  persons. 

Treiit<ii<iil  has  hitherto  lieen  of  two  kinds,  inunely, 
palliative  at  home,  or  radical  by  removal  to  a  locality 
w  hicli  experience  has  proved  to  be  exempt  from  the  ex- 
citing causes  of  the  disorder.  While  the  former  has  been 
unsatisfactory — so  much  so,  indeed,  as  to  had  many  suf- 
ferers from  hay  fever  to  disregard  it  .■dtogethcr — there  is 
no  doubt  that  iuu<  h  can  be  done  to  lessen  the  severity  of 
the  attacks,  and  to  mitigate  the  suffering  they  cause. 
Leaving  out  of  view,  for  the  present,  the  local  treatment. 
so  much  lauded  of  late  as  the  only  radical  one,  the  fol- 
lowing line  of  iirocedure  may  be  sjifely  followed  as 
rational,  harmless,  and  as  proved  by  ex])erience  to  be 
beneticiid. 

The  ])atient  should  lead  a  very  cjuiet  life  from  the  be- 
ginning to  the  end  of  the  jieriod,  avoiding  exposure  to 
draughts,  the  direct  rays  of  the  sun.  and  any  exertion 
which  may  tend  to  quicken  the  circulation.  lie  should 
pay  particular  attention  to  his  diet,  especially  during  the 
later  hours  of  the  day.  liy  this  it  is  not  meant  that  he 
should  go  upon  a  low  diet,  but  that  he  should  avoid  any- 
thing that  is  indigestible,  or  which  during  <ligestion  gives 
olf  a  large  amount  of  gas,  such  as  sweet  potatoes  or  lima 
beans.  In  many  eases  watermelons  act  injuriously,  and 
th(^  individual  powers  of  digestion  should  always  be 
carefully  con.sidered.  Kceiiing  this  last  point  in  view, 
there  is  no  reason  why  rich  soups,  meats,  the  less  starchy 
vegetables,  and  many  fruits,  should  not  be  indulged  in. 
He  will  do  well  to  have  any  peaches  he  may  eat  pared 
before  they  are  brought  into  the  room,  and  he  will  be 
wise  if  he  eats  nothing  after  the  early  liours  of  the  after- 
noon. 

For  the  conjunctivitis,  or  rather  the  ocular  injection, 
which  exists  in  these  cases,  a  weak  solution  of  brandy 
and  water,  or  some  other  mildly  stimulating  collyrium, 
will  prove  most  comforting.  AVlnii  obliged  to  go  cmt  in 
the  day-time,  dark-colored  spectacles  will  afford  consid- 
erable relief.  Similar  locall.v  stimulating  treatment  will 
be  found  bcneticial  to  the  coryza.  Weak  solutions  of 
(piinine,  of  sea  salt,  or  anv  other  suitable  substance,  will 
afford  temporary  relief,  and  if  attention  is  ]iaid  to  the 
specific  gravity  of  the  solutions  by  the  addition  of  a 
saline,  so  that  they  approach  that  of  the  blood,  they  can 
be  frequently  repeated  without  injury,  and  with  positive 
benelit.  In  the  use  of  hy<lroehlorate  of  cocaine,  there  is 
every  reason  toexjiect  decided  benetit.  Dr.  Da  Costa  has 
found  it  useful  in  aninnber  of  ca.ses,  whenapplii'd  to  the 
nasal  mucous  membrane,  and  there  woidd  seem  to  be 
good  grounds  to  anticipate  advantage  from  its  further 
use  in  .solutions  of  varying  strength.  The  dan.ser  of 
acqiiirin.g  the  cocaine  habit  by  these  applications  sliould, 
however,  not  be  lost  sight  of.  Stimulating  gar.srles.  such 
as  vinegar  and  salt,  are  useful  by  temporarily  allaying 
the  inlen.se  itching  in  the  roof  of  the  mouth,  and  lessen- 
ing t  hi'  by  pera'uiia  of  the  mucous  membianeof  the  fauces 
and  pharynx. 

When  till'  broneliitie  sym|)toms  appear,  the  use  of  mild 
cxiieetoranls  with  oiiium  will  be  found  decidedly  useful 
in  allaying  the  cough,  even  though  thi'y  do  not  abolish 
it  altogether.  Neither  physician  nor  patient  should  allow 
the  fact  that  the  disease  is  annually  recurrent,  and  that 
the  predispo.sition  cannot  be  destroyed,  to  prevent  the 
use  of  ordinary  remedial  measures  to  jialliate  the  severity 
of  the  symptoms.  Very  many  cases  will  be  benelited  by 
siuiie  sueh  prescription  as  the  following:  B  Morphiiue 
sulphatis.  gr.  i.  ;  extract,  belladonna',  gr.  ij.  ;  extra<'t. 
jirun.  virg.  fluid.,  syrupi  lactucarii,  aa  11  5  i.  Dose,  a 
teaspoonful  every  four  hotirs.  Heyond  the  fact  that  they 
divert  the  attention  of  the  patient,  counterirritants  ap- 
jilied  to  the  chest  do  not  aiipear  to  do  much  good,  while 
they  possess  th<'  disadvanta.iie  of  .sometimes  provoking 
troublesome  skin  all'eetions. 

When  asthmatic  symptoms  present  themselves,  opium, 
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in  line  form  or  niuiilier.  will  l>i-  ;..,■..  .■■  ..  i..  ...i  ;..' 
mii-.i  I'lliriciil  ii'iiii'ily.  Two  "r  llini'  ilosi.s  uf  oiii-  fmirili 
of  II  );niiii  I'acli,  luktii  iwo  limirs  ii|mrl  in  llic  I'Vcniiiv'. 
will  III'  foiinil  III  iliiniiiisli  till'  >.|iiisiiioilic  ti'mlcncy  mhihI 
iniitrriiillv.  iinil  liv  raiilioiisly  imri'iiNint;  llii-  iIokc  fnini 
liini-  lo  linii'.  or  liy  ('lian;:ini.'  tin'  form  of  flii'  tlru^,  it  will 
Ih'  foiitiil  iioAsilili'  to  miiinlain  till'  fjiHiilclTirm  tliroiii;liout 
till' liiiii' of  till-  iilt.'irk  wiiliiiiil  ri'sortinj;  to  II  vitv  luini' 
ilosi'.  In  ri'rommriiiliii:;  this  mi'tliod  of  trtiitmrnt  tin.' 
pliyHiciaii  sliiiiilii  lairfiilly  wriuli  llic  risk  lliat  tlir  |ia- 
tii'iil  riiiw  of  iiri|iiirliii;  an  rvil  lialiii.  anil  slioiilil  iilwavs 
Insist  tlial  it  slmiilil  In-  |ini'siiril.  iinilri  ('oni|irirnt  iiKili- 
c'lil  ovi'rsiulit.  only  w  lii'ii  tin-  ilisioinfort  is  srvcri'.  Ili> 
sliiiulil.  aliove  all,  iiri;)'  its  aliaiulonmciit  al  the  carlii'St 
|iossilili'  ilay.  Ill'  slioiilil  always  linir  in  rniml  tin'  fact 
that,  w  hill' till'  immi'iliiiti'  mmfori  of  thr  patii'iit  may  bo 
proinoit'il.  his  iiliiinati'  wt'lllii'lng  may  lii'  si'rioiislv  im- 
pri illiil  liv  a  ilruji;  wliiL'h  is  so  piitent  for  both  good  and 
ovil. 

When  the  physician  iscallril  to  witness  one  of  those 
extreme  iittaeks  previously  ilesj'riheil  in  this  article, 
w  hen  tlieortho|inii'a  iseomplele.  ami  the  sulTerings  of  tile 
patient  are  far  uiealir  than  are  usual  al  any  ileatlibed, 
lie  will  linil  that  in  his  hypoilirmie  syringe  he  possess<'S 
an  iniplemeiil  of  almost  magical  power.  The  injection 
benealli  the  skin  of  one  fourth  or  one  third  of  a  grain  of 
sulphate  of  morphine  will,  in  the  vast  majority  of  cases, 
allord  complete  relief  in  a  very  few  minutes.  The  pnic- 
tice  of  the  writer  has  been  to  use  seven  minims  of  JIagen- 
die's  solution,  and  he  has  never  witnessed  more  marvellous 
elTects  from  any  medication,  (ienenilly  within  tiftceii 
minutes  the  spasm  has  eniirelv  disapj>eaied,  and  the  pa- 
tient has  fallen  into  a  nuiel  sleep.  Hardy,  and  only  in 
those  cases  in  which  the  remedy  has  liien  often  admiuis- 
tereil,  he  has  had  to  use  a  supplemental  injection  of  four 
or  live  minims. 

Smoking  various  kinds  of  cigarettes,  burning  saltpetre 
papers,  or  some  of  the  various  ipiack  compounds  so  ex- 
tensively sold  often  alTord  some  relief,  genenilly  just  in 
jiroportion  as  an  anodyne  has  been  incorporated  in  the 
mi.\ture.  Chloiid  will  alTord  relief  in  some  cases,  but. 
apart  from  the  danger  which  attends  its  use,  it  is  much 
less  etlicaeious  than  the  course  of  treatment  above  indi- 
cated. When  resorted  to  it  may  be  advantageously  com- 
bined with  full  doses  of  one  of  the  bromides.  These 
last-mentioned  remedies  may  often  be  used  with  beucflt. 
Twenty  grains  of  the  bromide  of  potas.sium.  repeated 
every  hour  until  a  drachm  has  been  taken,  will  frequently 
secure  a  nuiet  night.  The  bromides  and  chloral  may  be 
usefully  added  to.  or  alternated  with,  opiates.  Musk, 
camphor,  asafietida.  stiiunonium,  and  very  many  other 
remedies  iiddressed  lo  the  nervous  system,  have  been 
recommended,  and  may  be  tried  sometimes  with  advan- 
tage, bfilh  from  their  own  intrinsic  power,  and  from  the 
aid  they  lend  to  the  elTort  to  keep  within  bounds  the  dose 
(■f  opium  necessjiiy  for  the  control  of  spasm. 

The  Ireatiuent  above  indicated  will  enable  sufferers 
from  hay  fever  to  e.\ist  with  a  minimum  of  discomfort 
at  home,  but  in  those  cases  which  sulTer  imieh  from  asth- 
ma it  will  be  a  jieriod  of  contirmed  invalidism  at  best, 
and  they  will  long  for  moie  rjtdical  and  more  ctlectual 
means  entirely  lo  abolish  the  recurrence  of  the  annual 
attacks.  There  are  very  many  who  merely  sutTer  the  in- 
convenience of  a  severe  cory/.a  and  an  annoying  catarrh, 
but  who  are  able  lo  goabout  and  alteml  lo  business,  with 
discomfort,  inileed.  but  without  interruption.  Such  cases 
may  alTord  to  consider  w  hclber  they  will  continue  satis- 
lied  with  palliative  treatment,  or  seek  that  w  hich.  while 
more  severe,  is  certainly  more  elTectual.  But  the  patient 
who  has  had  one  attack  of  severe  asthma  will  share  the 
anxiety  of  liis  fiiends  that  he  may  escape  another  such, 
and  will  be  willing  to  make  great  elTorts.  to  endure  many 
discomforts,  aye.  go  even  to  the  ends  of  the  earth,  if  he 
may  only  thereby  avoid  another  attack. 

Fortunately,  a  change  of  location  can  be  recommended 

with  contidence.     Experience  has  proved  that  immunity 

is  enjoyed  at  Bethleliem.  and  many  other  localities  in  the 

White  Mountains,  as  well  as  at  other  elevated  locations; 
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at  Hiiieh  Hnven.  N.  J..  Kite  Island.  N.  V.,  Halifax.  Novii 
Scotia,  and  a  few  other  plaeis  mi  the  washore ;  or.  iK-tter 
than  all.  at  wa,  out  of  hi:.'ht  of  hind.  It  woiilil  be  out  of 
place,  inan  article  like  tin-  presini,  in  go  inioa  iliNcuiiNioii 
of  the  reiLMons  for  the  ininiiiiiliy  i  njoyed  under  theclr- 
cumstames,  yet  it  may  be  well  to  refer  to  certain  IiicIh  im 
lending  to  uii  elucidation  of  the  inatler.  or  at  Ii-iihi  ax 
hel|iing   us  lo  a   know  ledge  of  the  coini:'  uliiilto 

immunity.     Why  certain  mounialiious  i  ild  be 

exempt  and  others  not.  is  nut  know  ii.  1. .  Iji-  ele- 
vation, for  all  elevated  regions  do  not  aMord  rilief.  while 
those  which  do  are  often  less  high  lliaii  t host.' where  no 
relief  is  obtained.  It  cannot  be  allogetherllie  abseiieeof 
liollcn.  for  none  of  the  localities  proved  lobe  benetlcial  are 
entirely  deslilulcof  vegetalion.  Vet  the  fad  remains,  and 
it  is  idle  to  deny  it.  that  autunnial  catarrh  is  escaped  al 
Whitelield.  Franeonia.  I'"abyan's,  Crawford's,  .Mount 
^Vashington,  (birhani,  and  many  other  phu'cs  in  the  Whiti- 
^lountain  region,  al  many  places  in  the  Adirondaeks  and 
in  the  Catskills,  at  the  Stniils  of  Mackinaw,  and  at  some 
other  points  in  the  N'orthwest.  When  we  come  to  the 
seashore,  we  lind  that  Fire  Island  and  Beach  Haven  are 
both  situated  upon  islands  of  limited  extent,  somewhat 
removed  from  the  mainland,  and,  so  far  as  our  present 
knowledge  goes,  it  is  only  al  places  similarly  situated  on 
the  seashore  thai  exemption  from  hay  fever  is  enjoyed. 
These  islands  are  very  low.  Beach  Haven  not  being  more 
than  eight  or  ten  feet  above  high  water.  Nor  is  there  an 
entire  absence  of  vegetation,  there  being  an  abundance 
of  marine  plants,  and  the  upland  llowers,  though  few  in 
number,  are  yet  amply  sullicient  to  supply  pollen  to  a 
disjistrous  degree,  did  it  possess  the  virulent  jiroperlies 
sup])osed  lo  belong  lo  it  by  Morell  Macken/.ii'and  ISlack- 
ley.  Vet.  as  was  pointed  out  by  the  author  of  Ihisarlicle 
some  years  since,  very  many  persons  cnlinly  cscajic  their 
annual  attacks  of  iiay  fever  at  Beach  Haven,  and  all  en- 
joy a  greater  or  less  measure  of  relief.  While  the  wind 
is  from  the  sea  complete  immunity  is  enjoyed:  when  it 
comes  from  the  lanil  some  inconvenience  is  experienced, 
but  the  attacks  are  always  of  moditied  severity. 

Although,  therefore,  it  is  difficult  or  indeed  impossible 
lo  give  a  satisfactory  explanation  of  the  reasons  why  cer- 
tain ])laees  are  safer  resorts  for  siiirerers  from  autumnal 
catarrh  than  others,  it  is  well  lo  advise  such  ca.ses  lo 
make  trial  of  one  of  them,  making  the  selection  accord- 
ing to  the  dictates  of  individual  convenience  and  incli- 
nation. But  it  is  important,  when  the  patient  goes  to  one 
of  these  resorts,  that  he  go  iMfnir  the  time  of  the  expected 
attack,  anil  oliservc  ordinary  hygienic  precautions  while 
there.  Personal  observation  leads  the  writer  lo  believe 
that  it  is  of  importance  to  anticipate  the  attack  by  several 
days,  and  thai,  wlieii  it  has  once  begun,  it  is  much  more 
difficult  lo  get  lid  of  it.  Yet  many  persons  will  arrive  al 
their  safe  liarbor  stitlen'ng  acutely,  and  find  complete 
relief  in  a  few  hours,  Nourishing  food,  light  woollen 
clothing,  thin  llnmiil  next  the  skin,  the  avoidance  of 
undue  exerliou,  and  rational  medical  treatment  for  any 
symiitonis  which  arise,  will  give  comfort,  even  though 
llie  exile — for  an  exile  it  is  when  enforced  from  year  to 
year — may  be  inconvenient  and  hard  to  bear.  The  writer 
wotdd  especially  urge  the  imiiorlance  of  sendingchildren 
to  some  sjife  place,  as  he  is  increasingly  convirfced  that, 
if  there  is  any  hope  of  breaking  up  wliat  may  be  in  part 
a  systemic  habit,  it  may  be  most  reasonably  indulged  iu 
the  case  of  very  young  persons.  To  accomplish  this  Ls 
worth  every  effort,  for  while  auliiiuual  catarrh  is  not  a 
disease  endangering  life,  and  the  suffering  attendant 
u])on  it  may  be  alleviated  or  borne,  its  amiual  recurrence 
d'les  most  seriously  interfere  with  all  the  avocations  of 
the  individual,  whether  he  remains  at  home  or  seeks  ref- 
uge in  an  exempt  locality.  Experience  would  seem  to 
show  further  that  when  complete  exemption  is  enjoyed 
for  a  series  of  years,  r«curriug  attacks  exiiibit  less 
severity. 

During  the  years  which  have  passed  since  this  article 
was  written  its  author  has  met  with  i|uite  a  nuinber  of 
cases  in  which  the  disease  lias  practically  disiippearril  in 
those  who  persistently  visited   exempt  localities  for  a 
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series  (if  yi'ars.  uiui  liis  conviction  is  strcngllicned  that 
wlicn  llic  liabil  of  the  system  is  iiiiciru|)tt(l  by  sucli 
nuaiis  tlurc  is  a  distinct  tendency  for  tlic disease  to  wear 
out  (May.  UMIl). 

Till'  new  pallmlcijiical  views  to  wliich  reference  lias 
been  made,  and  wliieli  identify  llie  disease  in  iiiiestion 
witli  certain  abnormalities  and  i>atliiilo>;ical  changes 
witldn  tlie  nasal  cavities,  iiave  led  to  local  treatment  of 
greater  or  less  severity,  institnted  with  a  view  of  getting 
rid  of  the  cause  entirely.  Any  abnormal  prominences  or 
growths  connected  with  eitlier  the  nnicons  Miembiaiie  or 
the  liones  are  attackeil  by  the  snare  or  galvanic  cautery 
and  destroyed,  or  if  the  troiilile  is  found  to  consist  in 
turgescence  of  the  erectile  mucous  membrane,  various 
stimulating  applications  are  resorted  to.  and  with  most 
satisfactoiy  results  to  those  who  have  used  them.  The 
method  is  recoininended  by  such  capable  observers,  and 
specialists  so  skilful  in  their  departments,  that  it  is  cer- 
tainly worthy  of  more  extended  trial.  As  reported,  the 
results  have  been  very  good,  but  it  is  yet  too  early  to 
utter  any  i.rctit/nilni  opinions  upon  the  subject.  Sev- 
eral who  h;ive  imdergone  the  treatment  referred  to  have 
fallen  under  the  writer's  notice.  Some  have  thought 
they  were  benefited,  others  that  they  were  not  improved, 
and  one,  at  least,  believed  that  he  was  worse  than  before. 
Most  of  the  cases  were  met  at  a  hay-fever  resort,  ll  is 
but  right  to  add  that  some  of  the  cases  bad  not  under- 
gone the  number  of  local  applications  which  their  attend- 
ants tlioiight  were  iieces.sary  to  work  a  com|ilete  cure. 
While  the  application  of  mechanical  and  operative 
measures  may  be  safely  tried  within  certain  limits,  there 
woulil  seem  to  be  danger  of  carrying  the  practice  too  far. 
It  should  not  be  forgotten  that  extensive  tracts  of  cica- 
tricial tissue  may  become  the  seat  of  more  serious  disease 
than  hay  fever.  For  the  latter  we  have  a  tolerabl}'  cer- 
tain and  satisfactory  palliative,  if  not  a  permanently 
radical  cure,  in  temporary  change  of  residence,  while  at 
present  operative  interference  is  undertaken  only  with 
the  chdiii-e  of  pernniucnt  relief.  As  has  been  already 
stated,  this  form  of  treatment  is  less  frequently  resorted 
to  at  the  present  time,  having  proved  disjippointing  to  its 
advocates. 

Those  who  desire  to  familiarize  themselves  with  the 
natural  history  of  hay  fever  will  do  well  to  consult  the 
admirable  work,  "Autumnal  Catarrh."  by  Morrill  Wy- 
raau,  M.D.  (New  York.  18T'.>),  in  which  "they  will  tiiid 
the  best  account  of  the  disease  and  the  most  careful  study 
of  places  where  exemption  from  its  attacks  exists.  Those 
who  desire  to  know  all  about  the  pollen  theory,  and  the 
extent  to  which  it  can  be  carried,  will  do  well  to  constilt 
"Experimental  Researches  on  the  Causes  and  Nature  of 
Catarrhus  ^stivus."  by  Charles  H.  Hlackley,  JI.R.C.S. 
Eng.  (London,  1873),  and  "Hay  Fever:  its  Etiology  and 
Treatment,  with  an  Appendix  on  Rose  Cold."  bv  ^lorell 
Mackenzie,  M.D.  (London,  188.5).  This  last  "book  is 
most  vigorously  reviewed  in  the  American  Journnl  of  the 
Medical  Sciences  for  October,  188.5,  by  Dr.  John  N.  Mac- 
kenzie, of  Baltimore,  who  has  also  contributed  several 
pa|)ers  bearing  u]ion  hay  fever  to  various  journals,  in 
which  he  ably  upholds  the  neurotic  and  anatomical 
theory  of  the  disease.  An  able  and  suggestive  paper 
will  be  foimd  in  the  number  of  the  Americdn  Jonrmd  for 
January,  188tj,  in  which  Sir  Andrew  Clark  maintains  very 
similar  views,  but  would  account  for  the  asthmatic  spastii 
by  temporary  and  sudden  congestion  of  the  mucous 
membranes  rather  than  by  muscular  constriction  of  the 
bronchial  tubes.  In  "Hay  Fever  and  its  Successful 
Treatment  by  Superficial  Organic  Alteration  of  the  Na- 
siil  .Mucous  Mendmme,"  by  (Uiarles  E.  Sajous,  M,D. 
(Philadelphia,  188.5i,  there  will  also  be  found  an  expo- 
sition of  the  modern  views,  and  <letail3  of  the  treatment 
recently  so  highly  laudeil  for  this  most  troublesome  nf- 
fectiim.  Other  pajiers  upon  the  subject  will  be  found 
scattered  through  the  joiirnals  by  Daly,  Roe,  Allen,  Bos- 
worth,  Da  Costa.  Heverlev  Robinson,"  S.  S.  Cohen,  and 
Hack.  The  work  of  Dr.  "W.  C.  Hollopetcr,  of  Philadel- 
phia, is  among  the  more  recent  contributions  to  this  sub- 
ject. Samuel  AshlmrH. 


HAYWOOD    WHITE  SULPHUR    SPRING.-Post-Of- 

KICK — WiiyMcsville,  ll;i\\\ i  (  iniiiiy,   .Ninth  Carolina. 

Hotel  ami  cottages. 

AccKss. — From  A.sheville.  via  Murphy  branch  of  the 
Western  North  Carolina  Railroad,  thirty  miles  west. 
The  location  of  these  springs  is  in  the  heart  of  the 
Alleghanies  at  the  foot  of  the  Great  Hal.sam  Mountains, 
where  the  peaks  tower  5,000  to  0.000  feet  in  height. 
The  altitude  at  the  springs  is  about  2,8(J0  feet.  The 
surrounding  scenery  is  of  surpassing  besiuty,  not  excelled 
in  rugged  grandeur  east  of  the  Rockies.  During  the 
summer  and  autimin  seasons  the  weather  here  is  gen- 
erally delightful,  the  tempeniture  ranging  from  .5(1  to 
80'  F.  The  hotel  is  usually  crowiled  with  visitors  at 
these  times,  some  of  them  from  remote  jioints.  There 
are  two  springs,  one  sulphur,  the  other  iron.  The  tem- 
perature of  the  water  is  54'  F.  No  complete  analysis 
liii-s  been  made,  but  we  are  informed  that  the  waters  con- 
tain, besides  sulphur  and  iron,  salts  of  sodivim,  potas- 
sium, and  magnesium.  The  |>resent  hotel,  a  large  and 
commodious  bri(  k  building,  with  surrounding  wooden 
cottages,  is  located  on  the  banks  of  the  Richland  River, 
a  beautiful  trout  stream.  Numerous  attractions  in 
the  way  of  shooting,  tishing,  archery,  tennis,  bowling, 
and  billiards  are  at  the  option  of  the  guest.s.  The  medi- 
cal properties  of  the  water  have  been  amply  attested, 
especially  in  chronic  functional  disturbances  of  the 
liver,  stomach,  and  kidneys.  Rheumatism  and  neund- 
gic  troubles  are  benefited  by  the  hot  baths. 

J  a  men  K.  Crook. 

HEADACHE. — Headache  is  a  frequent  manifestation  of 
the  most  varieil  disorders  of  the  nervous  system  and  of 
other  organs.  Being  merely  a  symptom  of  so  many  dif- 
ferent morbid  states,  it  cannot  be  consistently  character- 
ized or  described  as  a  disease,  although  it  is  occasionally 
of  such  a  nature  as  to  possess  the  signilicance  of  an  inde- 
pendent alfection. 

It  may  be  so  fleeting  or  transient  as  to  be  more  or  less 
ignored  by  the  jiatient.  or  it  mtiy  attain  such  a  degree  of 
severity  or  persistency  as  to  lead  the  sufferer  to  seek 
medical  advice.  Familiarity  with  its  various  forms  is 
essential,  and  it  is  necessjiry  always  to  bear  in  mind  that 
headache  isa  fretiuent  accomiianimcnt  of  many  constitu- 
tional diseases.  Hence  a  description  and  cla.ssification 
of  headache  with  suggestions  as  to  the  means  of  deter- 
mining its  causittion  must  prove  of  great  practical  value. 
According  to  many  modern  observers,  we  know  almost 
nothing  of  the  structures  in  which  the  pain  of  headache 
is  felt  or  of  the  mechanism  of  its  production.  As  the  me- 
ninges, especially  the  dura  and  a  large  area  of  the  cra- 
nium, receive  their  sensory  supi>ly  from  the  ternunal  s<>n- 
sory  branches  of  the  trigeminus,  and  as  the  meninges  are 
also  supplied  by  braneh<s  of  the  sympathetic  nerve,  it  is 
reasonable  to  a.ssume  that  headache  is  the  result  of  direct 
or  indirect  irritation  of  these  nerves. 

Psychical  disturliances,  in  the  form  of  depressing  emo- 
tions such  as  grief,  worry,  fright,  etc.,  often  produce 
headache ;  in  such  instances  it  must  be  due  to  |irocesses 
originating  in  the  higher  cerebral  centres  through  which 
superficiid  pain  is  iierceived.  Headache  must  not  be 
confounded  with  true  neuralgia  in  which  the  jiain  is 
paroxysmal  in  character  and  directly  limited  to  the 
course  of  the  nerve  and  its  distribution.  Th<'  idea  that 
the  location  of  the  jiain  in  any  particular  region  of  the 
head  is  always  directly  related  to  some  special  iiniler- 
lying,  adjacent  or  retnote  pathological  process  (except- 
ing pericranial  infianunation),  has  not  been  substantiated 
by  clinical  experiences.* 

No  definite  rules  can  be  laid  down  in  regard  to  this 
matter  that  will  apply  in  every  case.  It  may  be  said, 
however,  after  peru.sal  of  the  histories  and  olLservatiou 
of  a  large  number  of  ca.ses,  that  pain  located  at  certain 
parts  of  the  head  occurs  ukuc  often  in  this  or  that  con- 
dition of  disease.     Such  information,  nevertheless,  may 

•  Beoentlv.  Ucad  in  liis  «orl(  on  "  litfprreil  Pain  "  lias  eiKleaviired 
to  prrtve  tlio  existence  vt  certain  sensitive  areas  uu  tbe  scajp  in  tlielr 
relation  to  diseases  of  Intenial  organs. 
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I  III)  \\ 


mmI   S|iiIii:;. 
II.  ikIik  III'. 


prove   viiliiiilili-   ill   Hii^'Ki'siiii^  crrtiiiii  IIiwh  nf  iiii|iiiry 
wlii'll  fiililiil  iissiH  iiili'il  with  iillirr  hviii|iIii||is. 

Till'  lll'llillli-llc  limv  lir  iiilllinril  In  lllc  fiirrlli-licl.  In  llic 
vcrlfx,  till-  |iiiriiiul.  ti-m|iiiriil.  or  m  ri|iilul  n  iricm  nil  mii' 
or  liiilli  siili'o;  ii  iiiiiy  III'  iiiiiliili'iiil  lis  ill  iiii;;iiiiii(',  or  it 
llinv  iilTrrI  tlii'  riiliri'  Ui'iiil.  mill  is  tliiii  ilrsiTihril  lis  /jell- 
cnil  or  ililTiiscii,  or  it  iiiiiy  iki'iii-  in  various  loiiiliiimtioiiK. 

I'lilii'iils  iisimlly  ili'si'rilii'  ilir  piiiii  in  llii'  liciiil,  wliirli 
rr<'i|iii'iilly  iloiniiiiilrsiill  other  sviii|iloiiis.  iisinnle.  sliiir|i, 
(liroliliiii);,  iliirtiiiir.  iliill  iirlie.  Imriiii.'.  Iniriiiii^.  siiililiiiiL', 
etc.  It  limy  lie  Ininsii'iit,  |iaro\ysMml,  |ii  rimliial,  or  run 
Millions,  anil  may  vary  in  ileiriee  ami  liiialinri  fmni  lime 
III  lime.  As  pain  is  a  snlijectivesyniploni  \vi-  ran  jinlire 
of  its  (lei;iee  only  liy  the  I'i'il  m/uiiililtitf  the  imliviilual 
anil  liy  its  assneiaiioii  with  iiiimistnkalile  pliysiogiinmicul 
I'Xpressioiis  anil  physieal  iiiaiiireslnlions. 

"'rniilitional  psycholo^ry  may  lie  said  to  reiraril  pain  as 
llfeelinj;,  i.r..  a  purely  mental  stale  or  conililioii,  with  or 
more  frei|iientlv  without  a  physical  basis  in  the  nervous 
system.  I'liysieians  ilo  not  plaee  iniirli  contiileiire  in  the 
patients'  staleineni  of  the  quality  or  character  of  the 
pain,  larirely  liecause  patients  have  not  worils.  nor  ex- 
perience III  prompt  the  worils.  in  which  to  ilescrilie  their 
pains.  The  ilescription  of  pain  by  a  ]iatieiit  seems  to  be 
directly  proportiinial  to(l)  liveliness  of  imairiiialion.  (2) 
viM-iibiilary,  (it)  experience"  (Wilmeri.  The  ilescrip- 
tion is  often  materially  enhanced  by  the  patient's  gestures. 

IIi-..M>.\i  UK,  for  all  piaclieal  purposes,  may  be  ilivideil 
into  two  classes — fmictional  and  oriranic.  'I'he  so  called 
functional  forms  of  luadaclie  arc  by  far  the  more  fre- 
ipicnt.  and  include  those  risultini;  from  various  consti- 
tutional or  psychical  disorders,  and  from  causes  not  situ- 
ated ill  the  skull  or  cranial  cavity,  excepting  the 
disturbances  of  special -sense  organs,  such  as  the  eye,  ear, 
and  nose,  and  dental  caries.  Some  special  forms  of  dis- 
turbance of  the  ccrebnil  circulation  may  also  be  placed 
in  this  category. 

The  organic  form  includes  all  types  of  intracranial  dis- 
ea.se,  whether  vascular,  meningeal,  or  cerebral,  and  dis- 
ease of  the  cranial  bones. 

The  functional  forms  of  lieadache  maybe  classified  and 
subdivided  as  follow : 

f  I.   Retained  cxcrcmcntitious  substances, 
i.    I'roilucls of  defective  iiietabiilism. 
Tox.v.Mir.  ■   ;>.  .Infectious  germs  or  their  toxins. 

I  4.   Various  drugs. 

I  .").  (Iraves'  disease. 

i  1.   Neurasthenia. 
Neuropathic.  -'  2.  Hysteria. 

(  3.  Kpilepsy. 

i  1.  Ocular.'  2.  Gastric.    3.  Nasopharyn- 
Refle.\ -'      geal.,     4.  Auditory.      5.  Dental.      G. 

f      t'terine.     T.  Sexual. 
CiRCUi.ATonY.  •;  1.  Ilypenemia.     2.  Ana-mia. 
Migraine. 

ToX.EMIC  He.\d.vciie. 

In  which  the  blood  is  contaminated  by  various  delete- 
rious agents. 

1.  Hkt.mned  Excremestitious  Substances. — (The 
absorption  of  decomposition  and  fermentation  products 
developed  ill  the  alimentary  canal,  or  the  rcabsorption  of 
rctaiiiid  excremenlitioiis  substances.)  (<()  Constipation. 
(/<)  Intestinal  indigestion,  (c)  Gastric  indigestion,  (d) 
L'raniia. 

((/)  Con*li]hitii>n  ;  (h)  Iiitrntinnl  Indigcstinn. — In  a  very 
large  majority  of  instances  in  which  headache  is  coni- 
Iilaineilof.  it  is  due  totoxa'inia  resulting  either  from  con- 
stipation, or  from  intestinal  or  irastric  indigestion.  The 
clinical  fact  has  long  been  established  that  auto-intoxica- 
tion of  intestinal  origin  plays  an  important  role  in  the 
production  of  headache,  migraine,  and  vertigo,  but  such 
symptoms  are  evidently  more  or  less  dependent  upon  in- 
dividual susceptibility.  Constipation  is  not  incompatible 
with  apparent  health,  for  some  persons  may  be  consti- 
pated for  a  week  or  more  at  a  time  without  any  complaint 
of  digestive  trouble  or  headache.     For  this  reason,  the 


objection  has  often  been  made  to  Ilic  liypothesis  of  auto 
inloxiciitiiiii  of  fu'cal  origin.  On  tin'  other  hand,  Itou- 
cliard.  who  has  made  a  Kpccial  study  of  this  Kiibject.  be- 
lieves ihal  I'liiislipiition  should  be  re^'ardiil  as  a  protection 
against  intoxication,  and  says:  "  it  siippoM'S  that  all  thai  In 
iibsorbable  has  licenabsorbeil,  the  iiqiieouH  part  with  what 
was  held  in  solution."  The  lengthiest  urgiiinelit,  how- 
ever, will  not  contiiivert  the  familiar  fact  that  tlioroiigli 
piirgalion  causes  the  lapid  disappeaiiince  of  the  headai-lie 
and  assoi'iated  symptoms  in  most  ciims  of  this  chanicler. 

In  these  patients  the  hiadacbe  is  usually  located  in  the 
frontal  region,  but  is  otleii  dilTiised  over  the  entire  head. 
As  a  rule,  it  is  not  (onslant.  and  may  or  may  not  be  an- 
socialcd  with  gaseous  crucial  ions. 

In  some  it  is  acciunpanied  by  morbid  somnolence  dur- 
ing the  day  and  heavy  sleep  at  night,  while  in  olliers 
insomnia  is  complained  of.  Occasional  attacks  of  ver- 
tigo may  also  occur. 

(/')  liilirlhiiil  iiiilijicKtiiiii.  with  orwitlioiit  constipation, 
is  more  freipieiitly  pinductive  of  lieadiiche  tiiroiigh  aiilo- 
toxH'inia  than  as  a  snpposcilly  lellex  cau.se.  The  urine 
is  often  of  high  specific  gravity  and  may  contain  an  ex- 
cess of  indoxyl. 

((■)  OiiMiir  liiilii/nitioii. — It  would  seem  that  gastric 
indigestion,  on  the  other  hand  (although  in  some  in- 
stances occasioning  toxic  absorption),  is  more  likely  to 
produce  headache  by  reflex  irritation  through  the  pueu- 
niogastric  nerve  from  fermentation  of  food  and  gaseous 
distention  of  the  stomach.  Thus,  headache,  jiossibly  due 
to  both  causes,  is  freiiuently  an  accompaniment  of  dila- 
tation of  the  stomach  on  account  of  the  anomalous  fer- 
mentations that  are  the  consequences  of  it.  The  location 
of  the  headache  is  usually  supraorbital  or  frontal. 

(</)  I'ntmiii. — Headache  due  to  renal  ilisease  is  of  very 
common  occurrence.  Two  forms  are  found  in  nephritic 
subjects — iirii'mic  and  eiiiintstiri'.  Either  one  or  both 
may  be  present  in  the  same  patient.  The  uriimir,  form 
is  due  to  the  retention  in  the  circulation  of  excrenienti- 
tious  products,  and  may  manifest  itself  in  any  type  of 
kidney  disease,  whether  acute  or  chronic.  The  pain  is 
ordinarily  situated  in  the  occipital  region,  extending  to 
the  neck.  It  may  or  may  not  be  as.sociated  with  somno- 
lence, nausea,  or  vomiting,  etc.,  according  to  the  degree 
of  damage  to  the  kidneys  and  arterial  system.  In  some 
ciuses  the  headache  may  be  accompanied  by  vomiting, 
vertigo,  and  optic  neuritis,  thus  simulating  the  general 
cerebral  sym|)tonis  of  bniiii  tumor.  The  onif/cxlire  form 
arises  in  consec|Uence  of  disturbed  cerebral  circulation  in 
the  presence  of  cirrhotic  kidneys,  with  arteriosclerosis, 
cardiac  hypertrophy,  and  increased  arterial  tension. 
(See  "Circulatory"  form  of  headache.) 

Piierpenil  Krlam/isiii. — Headache  which  is  at  times  per- 
sistent and  severe  is  often  a  premonilory  symptom  of  a 
convulsive  attack  in  this  alTection.  and  may  be  associated 
with  delirium,  excessive soinnolence.  mental  hebetude,  or 
insomnia.  (Kdema  of  the  face  and  extremities  is  often 
present.  This  condition  is  generally  regarded  as  acute 
renal  disease  of  pregnancy,  the  headache  and  other 
symptoms  being  ascribed  to  some  form  of  toxtcmia  not 
yet  determined.  Unless  the  urine  is  carefully  analyzed, 
and  the  functioning  power  of  the  kidneys  ascertained 
beyond  question,  the  iiriemie  form  of  headache  will  often 
pass  unrccogni/.ed,  thus  leading  to  unexpected  and  seri- 
ous conseiiiiences. 

2.  PuontCTs  OK  Dekective  Metabolism. — (a)  Rheu- 
matism.    (Ii)  Gout,     (c)  Diabetes. 

(a)  li/ioimntiKiii. — There  are  two  forms  of  headache 
which  occur  in  rheumatic  subjects.  One  is  due  lo  aiito- 
loxicmia.  the  headache  generally  being  diffused  and  simi- 
lar to  that  occurring  in  other  forms  of  toxnniia.  The 
other  is  a  true  mu-scular  rheumatism  or  myalgia  located 
in  the  scalp  and  alTecting  iiarticiilarly  the  occipito-fron- 
talis  miLscle  and  its  aponeurosis.  The  pain  is  iucrea.sed 
by  active  or  passive  movement  of  this  muscle,  and  it  is 
common  to  olilain  a  history  of  other  attacks  of  muscular 
rheumatism,  affecting  different  parts  of  the  body.  These 
jiatients  may  ah-.o  have  suffered  from  acute  or  subacute 
articular  rheumatism.     The  attack  may  last  for  from  a  few 
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hours  to  sfvoral  wei-ks.     Like  ntlier  furiiis  of  iiuisnilar 
r)ii'uniiitisiii,  il  is  bnui^lit  alxnit  liv  fxpusiirc  lixold.     One 
of  tlic  worst  ciisi'S  SL'iii  l)y  tlii'  wriliT  occurred  in  a  rlicii 
matic  subject  after  balliiiis:  the  head  in  cold  water,  ami 
then  sitlini;  at  an  open  window  for  a  half  hour  or  more. 

(h)  (liiiit. — Headache  is  frei|Uent  in  ]|;ouly  subjects.  It 
may  be  due  to  to.\ii'  products  of  dereclive  oxidalion.  or 
the  result  of  vascular  di.sease  alTcclini;  llie  ci-rebral  circu- 
lation. Il  is  no!  unusually  accompanied  by  iiUcrstilial 
changes  in  the  kidneys.  (Jout.  it  is  claimed,  is  merely  a 
liypol helical  condition  and  jiresupposes  an  excess  of  uric 
acid  in  the  jieneral  circ\dation.  The  headache  and  the 
irregular  symptonicoinple.x  often  described  as  lilliainia 
is  an  atypical  form  of  gout.  There  is  more  orieii  ii  sense 
of  pres  ..re  and  fulness  about  the  head  ihan  actual  jiain. 
llaig  has  called  special  allenlinn  to  the  association  of 
such  symptoms  with  relealion  of  uric  acid  in  the  system. 
It  is  iiow  well  establisheil  that  the  headache,  aberrant 
neuralgic  pains,  slight  slilTness  in  the  joints,  and  occa- 
sional attacksof  acute  gout.  etc..  arise  in  comiection  with 
defective  nielabolism.  The  most  essential  etiological  fac- 
tor is  deticient  oxidation  resulting  from  overindulgence 
in  imsuit«ble  fooii  and  overdrinking,  and  the  lack  of  suf- 
ficient physical  exercise. 

(r)  Diiifnleii. — Headache  occurring  in  diabetics  is  often 
accompanied  by  hebetude  and  depiessiou  of  spirits.  As 
a  premonitory  symptom  of  diabetic  coma,  it  is  soon  fol- 
lowed by  deliriu'm  and  dyspmva.  The  prevailing  theory 
is  that  tile  latter  form  of  intoxication  is  due  to  the  pres- 
ence of  acetone  in  the  general  circulation. 

3.  iNKixriors  Gekms  ok  thioiu  Toxins. — (n)  Acute 
infectious  diseases.  Headache  is  frequently  a  prominent 
symptom  in  the  early  period  of  all  acute  infectious  dis- 
eases. It  is  usually  described  by  the  patient  as  a  general- 
ized or  frontal  headache.  As  an  initial  .symptom  of 
typhoid  fever,  it  is  sometimes  so  severe  and  ])ersisteut  as 
to  demand  special  attention.  The  pain  is  often  located 
in  the  occiput  and  back  of  the  neck.  It  may  be  accom- 
panied by  photophobia,  retraction  of  the  head,  and  mus- 
cular twitcliing.  thus  simulating  meningitis.  lu  the 
early  stage  of  smallpox,  the  intense  frontal  headache  is 
accomiiauied  by  pains  in  the  back  and  limbs.  The  same 
may  be  siiid  of  the  gri)i|ie.  CJeneral  headache  also  oc- 
cure  in  the  early  period  of  acute  croupous  ]ineumonia 
and  may  simulate  meningitis  until  the  lung  troul)le  has 
clearly  developed.  During  the  febrile  stage  of  malarial 
intermittent  or  lemitteut  fever,  violent  headache  is  often 
present.  In  general,  it  may  be  said  that  headache  occurs 
in  all  conditions  accompanied  by  fever.  As  a  routine 
practice,  the  temperature  shoidd  be  taken  in  every  case 
of  acute  headache.  The  character  and  freciuency  of  the 
pulse,  and  the  jircsence  of  fever  arc  always  suggestive 
of  the  probably  infectious  or  iuflanuuatory  origin  of  the 
trouble. 

4.  Y.Miiofs  Drugs. — (Nitrite  of  amyl,  nitroglycerin, 
alcohol,  tobacco,  colTee.  lead.)  yitrite  of  Amyl  and  A7- 
trof/lparin  will  be  mentioned  uuder  the  head  of  "  Dis- 
turbances of  the  Intracranial  Circulation." 

Akohnl. — Headache  is  often  due  to  acute  or  chronic 
alcoholic  i)oisouing.  The  nervous  system  is  at  times  so 
sensitivi'  that  a  small  dose  of  alcohol  may  produce  vio- 
lent but  transient  general  headache  of  a  congestive  type. 
Very  fre(|nenlly,  after  large  doses  sullicieut  to  produce 
heavy  sleep,  the  individual  awakes  with  a  severe  head- 
ache the  residt  of  such  indiscretion.  This  picture  is  un- 
fortunately so  familiar  that  it  requires  no  further  elabor- 
ation. Chronic  alcoholic  poisoning  is  often  the  cause  of 
daily  or  constant  headache.  The  headache  is  commonly 
due  to  a  combination  of  causes,  such  as  toxa-mia,  inter- 
ference with  the  digestive  processes,  and  cerebral  arterio- 
sclerosis. It  is  often  accompanied  by  cirrhotic  changes 
in  the  liver  and  kidneys,  and  by  many  of  the  attendant 
phenomena  of  these  coiulitions. 

Tnhiicro. — The  habitual  and  excessive  use  of  tobacco 
may  be  the  indirect  cause  of  headache,  through  its  dele- 
terious action  on  the  digestive  organs,  its  interference 
with  the  cardiac  rhythm  and  the  cerebral  circulation,  and 
the  ultimate  production  of  neurasthenia. 


Ciiffif. — In  some  individ\nils  the  inju<liciousand  exces- 
sive use  of  collee  is  productive  of  headache  and  a  sense 
of  fulness  in  the  head. 

J^inl. — Headache  due  to  the  to.vic  action  of  lead  is  a 
comparatively  rare  sym|itom.  In  sonu' cases  of  chronic 
lead  p<iisoning.  however,  headache  does  occur,  and  its 
cause  must  be  recognized.  It  is  ])robably  <lne  to  the  di- 
rect action  of  the  lead  on  the  cerebral  nerve  centres,  or 
indirectly  through  the  iiroduclion  of  ])athological  condi- 
tions in  the  liver  and  kidneys.  A  rare  form  of  sjiium- 
ism.  which  is  productive  of  seiious  cerebral  symptoms 
and  whiih  may  terminate  fatally,  is  known  as  "  Ix-ad 
Encephalopathy."  In  this  condition  the  headache  is 
usually  severe,  and  is  as.socialed  with  vertigo  and  bilat- 
eral optic  neuritis  (which  may  end  in  complete  blind- 
ness) and  a  series  of  symptoms  simulating  the  |)resence 
of  an  intraciauial  tumor.  The  more  severe  forms  termi- 
nate in  convulsions,  delirium,  and  coma. 

3.  Gn.wiis'  DiSE.\si;.-^Hecent  studies  regarding  the 
pathogeny  of  the  .symptom  group  known  as  Graves' 
disease  lead  us  to  assume  that  the  c<mdilion  is  due  to 
autotoxicmia  from  hypersecretion  of  the  thyroid  gland, 
which  is  often  preceded  by  sudden  or  jirolonged  depress- 
ing emotions.  Headache  is  not  common  in  this  alTcction, 
bvit  it  is  sometimes  a  troublesome  syin])tom.  and  may  be 
confined  to  one  side.  It  is  occasionally  accom]ianie(l  by 
a  sense  of  throbbing  in  the  head,  a  imlsating  noise  in  the 
ears,  and  transient  vertigo.  The  rapid  action  of  the  heart 
and  cardiac  palpitation,  the  presence  of  thyroid  enlarge- 
ment, exophthalmos,  tremor  and  excessive  pers|iiration, 
will  lead  to  a  correct  diagnosis. 

Necropathu-  Hi:.\r>.\riiE. 

1.  NErn.\STHEXi.\. — Headache  is  often  an  important 
symptom  in  neurasthenia,  but  it  is  not  present  in  all 
cases.  As  a  rule  it  is  not  general,  but  is  connuonly  lo- 
cated in  tile  frontal  or  occipital  region,  and  is  often  ac- 
companied by  occasional  vertigo  and  muscT  volitantes. 
The  headache,  which  is  usually  slight  in  degree,  is  either 
continuous  or  occurs  at  brief  intervals.  In  the  majority 
of  neurasthenics  actual  pain  is  not  complained  of,  but 
the  seu.sations  in  the  head  are  described  as  the  feeling  of 
'"a  constricting  biiud  ab<nit  the  forehead."  "  fulness  in  the 
head"  as  if  there  was  "something  pressing  from  within 
against  tlie  skull."  etc.  Frequently  it  is  a  sensation 
of  weight  or  numbness,  and  occasionally  of  throbbing. 
The  headache  and  other  sensations  increa.se  after  fatigue, 
and  are  often  diminished  by  rest.  Difficulty  in  concen- 
trating the  attention  is  often  present.  As  a  result  of 
these  varied  forms  of  cephalic  paia'Sthesia',  such  patients 
are  inclined  more  or  h'ss  to  indulge  in  excessive  intro- 
spection. They  often  become  morbid  and  aiiprehensive, 
dreading  the  possibility  of  a  brain  tumor  or  other  serious 
cerebral  diseas<'.  -\11  of  these  symptoms  are  modified  in 
jiroportion  to  the  attention  given  them  by  the  patient. 
The  presence  of  other  signs  of  neurasthenia,  their  devel- 
opment or  increase  through  mental  efl'on  or  emotional 
excitement,  and  the  absence  of  evidence  of  organic  cere- 
bral disease,  make  the  diagnosis  clear. 

2.  HvsTKRi.v. — Headache  that  is  confined  to  a  small 
spot,  which  has  for  many  years  been  described  as  "cla- 
vus."  is  comparatively  unusual  in  this  country,  and  oc- 
curs most  freiiuently  among  the  premonitory  symptoms 
of  convulsive  hysteria.  The  scalp  is  sometimes  .so  sensi- 
tivethat  the  slightest  touch  is  not  tolerated  without  winc- 
ing. In  the  majority  of  ca.ses  of  hysteria,  however,  the 
headache  corresponds  with  that  of  neurasthenia.  It  may 
be  limited  to  one  side  and  thus  simulate  migraine.  In 
some  instances,  it  may  be  characterized  as  a  veritable 
psychalgia.  The  jieculiar  character  of  the  headache,  its 
deiH'iidenee  upon  the  momentary  psychical  condition  of 
the  patient,  its  rapid  disappeannice  or  variation  in  de- 
gree, the  favorable  influence  of  suggestion  or  diversion, 
and  its  occasional  association  w  ith  otlier  signs  of  hysteiia 
(paralysis,  spasm,  convulsive  attacks,  disturbances  of 
sensibility,  etc.)  enable  us  to  make  a  correct  diagnosis. 
The  stigiiiata  of  hysteria  are  not  always  present. 
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3.   EiMi.Ei'xv. — WIiIIp  litiuliichp  miiiint  he  n-triinliHl  n« 

II  syiii|>ti>iii  of  rpili'loiv.  its  occiiriiiHc  is  ni  tiiiirHul'  yri'iit 
iliiporliiriri'  in  llii'  iliiij;iiiisis  nf  uhmiirc  chhi'k.  All  iiltiuk 
ttf  !/ni ml  null  in  often  (ullnwcil  livKcvrrr  f;i-iii'nil  lirtiiliirlir 
wlilfli  limy  last  fi>r  scvcnil  Imiiisi.  This  fuel  is  of  viiliu- 
in  iiilcrpri'tiiii;  tlic  ciiiisi'  of  tlic  lirailiiclu-  when  it  is  iiu-ii' 
tinnoil  iisocciirriiiL.'  in  iIk'  early  iiiorniii).'  <>ii  iiwiikiiiK.  It 
is  lit  times  iiiclieativi'  of  ii  iiiH'tiirnal  e|iile|<lie  alliiek.  ami 
tile  llillirilosis  i>.  (lusilivr  \\  Inn  sllell  lleaillielle  is  assnciillecl 

witli  sori'iiessof  the  iniist'les  anil  jolnisof  the  extriniities, 
a  bitten  loni;iie  or  mucous  niciiilirane  of  the  cheek,  ami 
welting  of  the  lied. 

Hi.Ki.KX   IIkadaciik. 

1.  Ocular:  2.  Gastric:  8.  Xasopharvngcal:  -1.  Audi- 
tory: '>.    Dental;  tl.    rierine:  7.   Sexual. 

1.  ()(ii..\ii. — Dciilar  defects,  such  as  errors  of  refrac- 
tion ami  insiilliiieiicy  of  the  ocular  iiiiisi-les,  are  a  com 
moil  source  of  heailache.  The  two  conililions  may  lie 
found  in  various coinliinations.  It  has  been  claimed  iliiit 
fully  sixty  percent,  of  functional  headaches  iliie  to  errors 
of  refraction  arc  caused  liy  aslii;niatism  alone,  or  in  coii- 
i  unci  ion  with  other  forms  of  ametro])ia  (He  Schwiinilzt. 
The  lieadiiche  is  produced  liy  slniiii  c^n  the  cili.iry  miis 
des.  and  frei|Uently  arisis  in  coniui'lion  with  liypiTiiie- 
tropic  iisli;,'iiiatisni.  Tin-  pain  may  he  situated  in  any 
part  of  the  head,  lull  it  is  most  frecnieiilly  lii(ule<l  in  the 
supraorbital  region.  It  may  be  persistent  in  character, 
and  is  often  aggravated  by  using  the  eyes.  It  is  relieved 
teinponirily  by  the  instillation  of  atropine,  which  para- 
lyzes the  ciliary  muscles,  or  permanently,  liy  wearing 
suitable  glasses. 

Headache  caused  by  insulliciency  of  the  ocular  muscles 
may  iitTiMt  any  portion  of  the  cnmiiim.  but  is  often  lo- 
cated in  the  o<(ipital  region.  It  may  immediately  follow 
the  use  of  the  eyes,  but  usually  this  is  not  the  case,  the 
pain  occurring  at  irregular  intervals.  At  times  it  may 
develoj)  into  a  typical  attack  of  migniine,  and  is  often 
as.sociiile<t  with  symptoms  of  neurasthenia.  The  claims 
of  certain  writers,  that  the  lack  of  balance  in  the  action 
of  the  muscles  of  liotli  eyes  is  a  prolilic  cause  of  head- 
ache and  various  forms  of  nervous  disease,  have  certainly 
been  much  exasrgenited.  The  headache  arises  as  a  result 
of  repeated  or  continuous  etlorts  to  obtain  and  |ireserve 
binocular  single  vision.  It  is  a  fact  well  known  to  all 
ophtlialmologisis  that  so-called  ocular  headache  docs  not 
occur  in  patients  in  whom  there  is  a  congenital  or  ac- 
(|uireil  absence  of  binocular  vision,  as  such  patients  are 
known  habitually  to  suppress  the  image  in  one  eye. 
Hence,  the  causitive  element  of  "elTort  at  binocular  tix- 
atioii  "  is  negligible  under  such  circumstances.  This  oc- 
curs with  high  degrees  of  .stmliismiis:  paralysis  of  ocular 
muscles:  when  vision  is  greatly  diminished  or  lost  in  one 
eye:  and  when  there  is  considerable  dilTcrcnce  in  the  re- 
fraction of  the  twoeyes.  When  headache  occurs  in  such 
people  it  is  invariably  due  to  some  other  cause.  The 
writer  knows  of  a  patient  with  ocular  lieada<lie  from 
muscular  trouble  in  whom  the  pain  entirely  disappeared 
after  the  accidental  destruction  of  one  eye. 

The  improveil  methods  in  the  examination  of  the  power 
and  action  of  the  ocular  muscles,  introduced  within  re- 
cent years,  have  led  to  a  more  accurate  and  thorough 
study  of  these  conditions.  Curiously  emiugh.  the  mus- 
cular troubles  which  occasion  the  greatest  amount  of  dis- 
comfort to  the  patient  at  times  protluce  no  evident 
changes  in  the  gross  appearance  of  the  eyes.  Hence  it 
is  only  after  the  most  careful  and  painstaking  investiga- 
tion that  they  can  be  discovered  and  rectified.  This  is 
accomplished  either  by  the  use  of  suitable  lenses  to  neu- 
tnilizc  any  existing  refractive  anomaly,  and  thus  indi- 
rectly inlliience  muscular  action,  or  by  surgical  o]ier- 
ation.  or  both.  There  must  be  a  peculiar  individual 
predisposition  to  headache,  for  there  are  jiei-sons  who 
have  both  muscular  and  refractive  anomalies  without 
any  symptoms  of  headache. 

Headache  often  results  from  inflammatory  eye  troubles 
such  as  iritis,  glaucoma,  etc.     In  iritis,  the  iiain  is  gener- 


ally mipniorbitnl.  bin  ,,,,,  .  ,iiiiil  in  the  whole  bMc  of 
the  head.  .\i  iili-  iiilliiinmhlory  (.'lain uma  iKacioinpiiiiieU 
by  violent  pain  radialing  through  the  lieiid  from  llie  eye. 
'Ihe  headache  iKcurriii).:  in  tliew  conditioiiH  cannot  liv 
classilied  as  of  rellex  origin.  It  is  due  lo  direct  iiillam- 
inalion  of  tlii'  ophthalinic  ilivi'-ion  of  the  trigeininUK. 

•J.   (i.VNrillc. — (  \'nli  K)ii:i:i\  (liistric  indigeHlion. 

Iliiiiliiilii  SiijiiriiKliicrillii/  Jluiii/rr. — In  some  individiialit 
headache  aris<s  as  a  result  of  hunger.  A  delay  of  a  few 
hours  in  the  tiiiii'  of  the  ciisloinary  meal  caiiMs  general 
djsc<iiufort  and  headache  which  disappear  at  once  when 
food  is  taken  This  form  of  headache  is  probably  pro- 
duced through  irritation  rellected  from  the  giuttric  muco- 
sa, or  from  temporary  impoverishinent  of  the  blood 
diminishing  the  nutrition  of  the  cerebral  si-iisory  centres. 
.Such  individuals  ofieii  manifest  a  peculiar  susceptibility 
to  headai'he  from  other  causes,  especially  migraine. 

;{.  N.vsoi'iiAUV.Mitc.M. — Any  of  the  following  patho- 
logical processes  may  occasion  headache:  adenoids  in  the 
nasopliarynx :  polypoiil  obstruction  to  nasal  breathing: 
lesions  of  the  turbinated  bones,  especially  of  the  middle 
and  postericM'  parts  of  the  inferior  turbinate:  spurs  from 
the  nasiil  se]itiiin:  or  intranasal  synechiie.  Hence,  head- 
ache is  not  an  uncommon  condition  in  mouth-breathers. 
The  pain  is  (Mdiiiarily  located  in  the  temporal  region  or 
the  foieheail.  When  such  abnormities  are  removed  the 
headache  has  often  been  known  to  disjippear. 

4.  AiDirimv. — Impacted  cerumen  has  in  rare  instances 
been  the  supposed  caii.se  of  headache.  In  middle-ear  dis- 
ease, the  headache  alTecIs  the  vertex  or  is  situated  in  the 
temporal  or  mastoid  region  on  the  same  side. 

5.  nKXTAl.. — Caries  of  the  teeth  in  the  upper  jaw  is  an 
occasional  cause  of  lieadache. 

6.  I'tkuink:  7.  Sexiai-. — Headache  occurring  in  pa- 
tients with  uterine  or  ovarian  disease  should  not  be  looked 
upon  as  a  symptom  of  rellex  origin.  It  is  merely  one  of 
many  phenomena  assixiatcd  with  a  neurasthenic  condi- 
tion which  so  freiiueutly  accompanies  intrapclvic  disease 
in  women.  The  lieadache  frecpicntly  alTects  the  vertex 
but  is  more  often  general,  and  is  at  timesaccompanied  by 
tenderness  of  the  scalp.  Other  caii.scs  are  usually  oper 
alive  indepeiulently  of  any  local  uterine  lesion.  Tlie  mor- 
bid si-lf -consciousness  developed  in  many  women  who 
have  or  think  they  have  uterine  or  ovarian  disease,  is 
often  siillicienl  in  iLself  to  engender  a  depressive  form  of 
neurasthenia.  The  same  may  be  saiil.  iiKitiitin  iinit/indin, 
of  alTections  of  the  male  genitourinary  organs. 

According  to  Head  (Allbult's  "System  of  Medicine," 
vol.  vii..  p.  74i>)  lieadache  may  be  secondary  to  disease 
•of  the  organs  within  the  thorax  and  abdomen.  The 
pains  in  Ihe  head  may  tie  very  slight,  but  are  always  as- 
sociated with  .seal])  tenrleriKss  in  certain  areas.  The  de- 
gree to  which  these  pains  ill  the  head  intrude  on  the  pa- 
tient's conseiousness  varies  greatly.  Thus,  sometimes  he 
is  (juite  unaware  that  the  .scalp  is  tender,  and  the  asso- 
ciated tenderness  is  discovered  only  by  examination.  He 
may.  however,  complain  of  lieadache  which  leaves  be- 
hind it  a  feeling  of  intense  soreness. 

CiRCUL.\ToiiY  Headache. 

I.   Ilypenemia.     2.  Amrmia. 

Headache  due  to  disturbance  of  the  cerebral  circulation 
in  the  absence  of  organic  intracranial  disease. 

Headache  is  at  times  the  result  of  hypcra^nia  or  con- 
gestion of  the  intracranial  circulation.  It  may  also  be 
occasioned  by  cereliral  amvmia.  When  it  is  (jue  to  in- 
creased arterial  sujiply  it  is  called  ficlirc.  If  it  is  caused 
by  obstruction  of  the  venous  circulation,  it  is  termed  jhu- 
sire. 

(fi)  Ac/ire  Ili/peni'mia. — This  condition  has  been  de- 
scribed as  "cephalalgia  vasomotoria"  by  Eulenburg.  and 
is  due  to  paralysis  of  the  vasoconstrictors  iiermilling  of 
distention  of  the  vessels.  It  may  lie  eitlier  acute  or 
chronic,  but  it  is  most  frequently  acute.  As  a  rule,  in 
the  s<'vere  cases,  it  is  accompanied  by  throbbing  and  pul- 
sating general  headache,  vertigo,  tinnitus,  musca'  voli- 
tantes,  photojisia.  insomnia,  mental  confusion,  and  delir- 
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ium.  iill  of  wliich  me  niailr  worse  by  lowcriiifr  <lu' 
liciui.  There  may  also  lie  iiliiitdplniliia  ami  jii'iieral 
liypersvstliesia.  The  face  ami  scalp  arc  red.  ami  the  coii- 
juiuiiva'  injected.  There  are  t'liliiess  aiul  tlinOiliiiii:  (if 
the  tcnipiiral  arteries,  and  c(intra<-liil  jiiipils  The  jndse 
is  full,  and  may  he  either  slow  or  increase<l  iti  fre(|uenov. 
Occasionally  there  is  a  slijrht  rise  of  Icmperaliire.  lu 
some  imliviilnals,  such  attacks  occur  |)eriodiially.  The 
severe  forms  of  this  condition  arc  fortunately  rare.  lu 
the  milder  decrees  it  is  not  unconunon.  liul  the  diairnosis 
may  at  lirst  he  doiililfid  Somewhat  similar  phenomena 
<iccasionally  occur  in  the  early  stayc'  of  acute  leptomen- 
insritis  of  the  convexity.  There  may  he  considerable 
variation  in  the  intensity  of  the  j>rocess,  hence  the  above 
described  symplom-comple.x  is  manifested  in  varying  de- 
grees. The  condition  is  usually  due  to  mental  over- 
work, emotional  disturbances,  alcoholism,  excessive  use 
of  loliacco.  onanism,  and  injuries  to  the  head.  It  occa- 
sionally occurs  as  a  seiiuel  of  sunstroke,  and  from  sud- 
den suppression  of  menstruation  in  plethoric  women. 

The  writer  has  in  several  instances  witnessed  a  similar 
but  slijrhtly  moditied  array  of  sym])loms  occur  periodi- 
cally ill  yountr  woiiK'ii  after  removal  of  both  ovaries.  A 
prototyiie  of  this  grou])  of  symptoms  can  be  i.roduced 
by  the  administration  of  various  drugs,  such  as  nitrite  of 
amyl.  nitrotrlycerin,  etc. 

(/()  /'.(.wnv  J/i/piiirmiii. — Venous  hypenrmia  of  the 
cerebral  vessels  is  an  important  catise  of  haliitual  head- 
ache. It  may  be  either  acute  or  chronic,  but  is  most  fre- 
quently chronic.  The  pain  is  of  a  dull  character,  and  is 
often  accomi)anied  by  a  sensation  of  fulness  and  heavi- 
ness in  the  head.  The  face  ami  ears  may  be  slightly 
cyanotic  in  the  more  pron<iunce<l  cases.  The  attacks 
also  vary  ill  degree,  the  minor  tonus  not  being  uncom- 
mon. Passive  cerebral  congestion  is  generally  caused  by 
mechanical  hindrance  to  the  return  of  blood  from  the 
head.  Thus,  it  results  from  growths  in  the  neck  making 
pi'essure  on  the  jugular  veins,  cardiac  disease,  pulmonary 
emphysema,  and  persistent  cough,  as  in  pertussis.  It 
may  also  be  jiroduceil  by  a  tight  collar,  or  by  contiuvious 
flexion  of  the  head.  The  headache  and  other  symptoms 
are  aggravated  by  straining  at  stool,  coughing,  sneezing, 
stooping,  or  muscular  ctTort. 

Ctirhriil  Anaemia. — Anaiuia  of  the  brain,  as  a  rule,  is 
a  part  of  a  general  condition  of  ana'iniaaiul  malnulrition. 
It  may  be  the  result  of  arteriosclerosis  including  disease 
of  the  coronary  arteries.  ^N'hether  the  general  aua-mia 
be  of  a  chlonitic  nature  or  from  loss  of  blood,  it  is  almost 
alwaysacc<impained  by  headache.  The  condition  of  cere- 
bral aiueniia  in  which  headache  occurs,  is  generally  of  tlie 
chronic  form.  The  headache  may  be  frontal,  vertical,  or 
difTused,  and  iscommonly  of  a  dull  character.  It  is  often 
as.sociated  with  attacks  of  syncope,  tinnitus,  di/ziiu'ss, 
incapacity  for  mental  work,  depression,  and  irritability. 
The  pupils  arc  usually  dilated.  The  headache  often 
diminishes  or  subsides  when  the  patient  assumes  the  re- 
cumbent position  with  the  head  low. 

MKMt.MNK. 

Dffiiiitio}). — This  affecli<m  lias  also  been  termed  "sick 
headache."  "hemicraiiia."  and  "paroxysmal  lieadache." 
It  is  a  periodical  neurosis  occurring  most  frci|uently  in 
■women,  and  is  characterized  by  i)aioxyamal  attacks  of 
severe  |)ain  usually  conlir.ed  to  one  side  of  the  head, 
chiefly  in  the  course  of  the  tifth  nerve.  At  times  it  is 
preceded  Iiy  a  v.-iriety  of  transient  visual  disturbances 
and  panvsthesia'.  and  followed  by  nausea  and  vomiting. 

S>im)il<iiiiii. — The  headache  does  not  arise  suildeiily.  but 
is  genendly  ]>reci'ded  by  premonitory  sympttaus,  such  as 
vague  imlisposilion.  restless  sleep,  irritability,  depression 
of  spirits,  sonim>lence,  sensjition  of  fulness  in  the  head, 
slight  dizziness,  etc.  and.  later,  transient  ocular  symp- 
toms may  develop.  The  heailache  is  dull  and  slight  at 
first,  but  gradually  reaches  such  intensity  that  it  is  often 
described  as  uiu'iidurable.  and  the  pati<'nt  is  frequently 
obliged  to  go  to  bed.  During  the  attack  all  of  the 
senses  become  more  acute,  and  there  is  gin.ml  livpenus- 


thesia.  the  sufTerer  being  disturbed  by  bright  light  or 
the  slightest  sound.  The  temperature  is  normal,  and  the 
pul.se  is  either  slightly  accelerated  or  slow.  Sometimes, 
on  the  alfeeted  side,  the  face  is  flushed  and  hot,  the  con- 
junctiva injected,  the  |)npil  contracted,  and  there  is 
strong  i)uls)ition  of  the  arteries;  or  the  face  is  pale  and 
the  pupil  dilate<l.  But  such  phenomena  are  by  no  means 
constant;  in  fact  they  are  (piite  rare.  They  usually 
alternate  during  the  attack  and  are  most  frequently 
bilateral.  The  former  has  been  interpreted  as  title  to 
sympathetic  vasomotor  paralysis  (angio-]iaralytic).  and 
the  latter  as  being  due  to  va.soinotor  spasm  (angiospas- 
tic). Too  nuicli  stress  has  lieen  laid  by  some  writers 
upon  the  value  of  such  manifestations.  They  arc  so  uncer- 
tain and  variable  that  as  a  rule  they  are  of  no  special 
clinical  siguilicance.  The  pain  is  usually  confined  to 
one  side  of  the  head.  It  may.  Iiowcvit.  alfect  either  side 
alternately,  or  both  sides  may  become  involved  at  the 
same  time,  the  jiain  varying  in  <legree  on  the  two  sides. 
The  left  side  is  more  fiei|uently  alTeeted  At  one  time 
it  may  have  its  greatest  intensity  in  the  forehead,  and  at 
another  time  it  may  be  situated  in  the  occipital  region. 
Nausea  and  vomiting  generally  take  place  either  during 
the  early  part  of  the  attack  or  towani  the  end.  In  some 
patients  vomiting  is  absent.  Polyuria  occasionally  oc- 
curs at  the  termination  of  the  attack.  When  the  jiain 
subsides.  slee|i  follows,  and  the  patient  awakes  frei'  from 
discomfort.  The  headache  may  last  for  from  .several  hours 
to  three  or  four  days.  Ocular  symptoms  constitute  a 
prominent  feature  in  a  certain  number  of  cases,  but  they 
do  not  occur  in  every  attack.  In  the  most  common  type 
of  migraine  they  are  entirely  absent.  The  visual  disturb- 
ances occur  in  the  form  of  ]iliotophobia.  blurring  of 
vision,  bright  lights,  vibrating  or  luminous  sensjitions 
which  commence  over  a  small  area  and  gradvially  widen 
out.  the  flashing  increasin,!!  in  intensity  and  often  assum- 
ing a  zigzag  shape  like  the  outline  of  fortifications  (sco- 
toma scintillausi,  hemianopsia  and  transient  amblyopia 
or  blindness.  This  ty  jie  has  often  been  termed  "  ophthal- 
mic migraine." 

Other  abnormal  sensations  are  also  complained  of.  such 
as  disturbed  sensation  in  the  extremities,  numbness  and 
tingling  in  the  sUin.  as  well  as  jiartial  ajihasia.  The  eye 
symptoms  and  |iara'sthesi:v  when  iiresent  almost  invar- 
iably precede  the  headache  (just  as  certain  aura'  ])recede 
an  attack  of  e]>ilep.sy ).  and  last  for  from  a  few  minutes  to 
half  an  hour.  In  rare  instances,  such  sensory  phenomena 
occur  paroxysiually  without  the  headache. 

FJiiihiijii. — It  is  pre-eminently  an  inherited  disease.  The 
constitutional  iieculiarity  which  predisposes  lertain  peo- 
ple to  migraine  is  not  clearly  understood.  That  some 
persistent  inilhological  conililion  must  exist  is  quite  evi- 
dent. Many  of  ilie  so-called  reflex  causes,  such  as  uter- 
ine and  menstrual  disorders,  eye-strain,  dental  caries,  or 
nasopharyngeal  di.sease.  are  frequently  only  <oincidental 
conditions.  Ocular  defects  are  more  frequently  the 
cause  of  other  forms  of  headache. 

Indigestion  and  intestinal  autotoxa'tiiia  are  the  most 
imjiortaiit  ac(|uired  factors  in  the  causation  and  persist- 
ency of  the  alVeclion.  Neurasthcid.-i  an<l  hysteria,  gout 
and  various  lithaniie  comlitions  also  play  an  important 
role.  Theconstitulinnal  substratum  varies  in  <liflerent  in- 
dividuals. Among  the  exciting  causes  of  attacks  may 
be  mentioned  mental  overwork  and  anxiety,  exces.sive 
fatigue  or  exhaustiou  from  any  cause.  coiisti|)ation.  er- 
rors in  diet,  menstruation,  and  emotional  excitement. 

Diiifltioxis.  —  It  is  dilTereiitiated  from  other  foi'ins  of 
headache  liy  its  periodical  and  ])aicixysmal  character,  its 
usual  limitation  to  one  side  of  the  head,  and  its  associ- 
ation with  transient  visual  disturbances  and  other  evan- 
escent .sensory  symptoms,  and  the  absence  of  evidence  of 
organic  intracranial  disease. 

Conne  rind  Dnriitinn. — Migraine  usuallv  begins  after 
the  twentieth  year,  init  it  lias  been  known  to  commence 
as  early  as  the  fifth  or  sixth  year  of  life.  The  interval 
between  the  attacks  varies  from  two  weeks  to  several 
months,  the  length  of  lime  often  being  nuiilified  by  treat- 
meut.     During   these  intervening   periods    the    patient 
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luiiy  npiwnr  prrfci-ily  well.  In  woiiu'ii  the  atUicks  woin 
1(1  iM'ciir  iiiiirc  fr<M|m'iill_v  lit  i>r  iilioiit  tlir  iiun-ilruiil  pc- 
riixl.  Ill  till'  iinliimrv  fi'riii  it  Iiiih  u  ti'iiili'iiiv  l">  Hiilisiilc 
K|H>iitiiiii'iiusly  uImmiI  iIii'  iiiriii>|>uiiM'  ill  wcniii-ii,  uml  iifirr 
the  HIT"'  "f  lifiy  yfiirs  in  iiini.  Tliis  is  iml  llic  riilr.  fur  it 
soIiirtiiiicM  lusts  lliri>ili;li  ii  wlicili'  lircliiiii-.  Wlu-ii  tlir 
iilTiitimi  liiis  pir-isicil  fur  wvrnil  yi'iirs,  llic-  iillmks 
lii'iiiK  fri'i|Uriit  mill  srvcn-.  it  iisinilly  IciiiIh  to  ii  iriiiinil 
lu'imistlii'iiir  iniiilliixii.  It  is  thus  ('oiiiiiiuiily  fuiinil  in 
uswM'iiiliiin  with  nriinistliriiiii  iiiiil  liystiriii.  'I'lii'  ii|ili' 
timlinir  f'iriii  of  iiiii;riiini'  iisuiilly  iippnirs  liitir  in  life. 
iK-nLsiiiimlly  ):riiwiiii;  progressively  worst',  iinil  it  liiis 
iH-eii  known  to  he  the  preeiirsor  of  .serious  oruiinie  liniin 
iliseiisi'.  Mii;niiiii'  has  oceiisioiiiilly  heeii  found  in  eon 
juiielion  with  epilepsy.      In  such  eiisis,  the  inii;niine  iit 

tiieks  hiivi-  III  liims  nlternatiil  with  ll pileptie  seizures 

or   epilepsy   Ims  followeil  liiigniilie  wliieli   huii  eiilirely 
tlisiippeiireil. 

In  rare  instances,  the  ntUiek  of  mipmine  iseoinpliented 
by  siiililen  pare.sis  or  paralysis  of  the  Ihinl  inrvi-  on  the 
.siliiie  side.  The  (X'lilar  panily.sis  is  usually  transient  and 
n-eurs  in  varyinir  decrees  in  sulise<iiient  attaeksof  mi 
gniine.  Ill  many  of  the  reported  eases,  the  paliinis  have 
eventually  made  a  <oniplete  recovery  lioih  from  the  al 
tucks  of  niif:niiiieand  from  Iheaccompanyiiiir  third -nerve 
alTectitni.  I!ut  tlH'oulcoine  is  not  always  so  fortunate, 
for  ill  some  cases  the  paralysis  cradiially  increases  during 
the  intervals  and  tillini.'itely  iK'coines  perinaneut. 

Piil/i"l'u;i/. — The  iiatholiljiy  is  still  obscure.  The  pre- 
vnilinir  ami  most  plausible  theory  is  that  the  attacks  arc 
due  to  pericidical  (lis<hari;es  of  nerve  force  orifrinaliii!!  in 
the  ceiebnil  cortex  or  in  the  sen.sory  centres,  involving 
]irincipally  the  intracnuiial  branches  of  the  lri!,'emimis 
and  the  |>neuino!:astric  nerves.  Aceonliii!:  to  a  recent 
"mechanical"  theory,  the  attack  is  produced  byau  acute 
tmnsient  closure  of  tlie  foramen  of  Miinro  and  a  conse- 
cutive swelling  of  the  bniin  (Spit/.er). 

Tri  lit  III!  lit. — Patients  with  migraine  should  lead  a 
regular  life  free  from  excesses  of  any  kind.  The  avoid- 
ance of  mental  overwork.  an<l  the  systematic  practice  of 
some  form  of  ouldo.ircxeicise  aiealways  neces.saiy.  All 
.sources  of  rellex  irritation  should  be  investigated.  Re- 
fractive errors  shoulil  be  corrected  by  suitable  lenses,  and 
if  there  is  any  defect  in  the  eye  muscles  it  should  be 
remedied  if  practicable.  This  does  not  necessarily  imply 
that  every  patient  with  migraine  must  be  subjected  to 
operation"  or  the  wearing  of  spectacles  as  a  routine 
method.  The  sjime  rule  liolds  good  in  regard  to  oper- 
ation for  deviation  of  the  nasjil  septum.  While  some  of 
these  patients  are  in  fairly  g I  health  during  the  inter- 
vals between  the  attacks,  many  siilTer  from  various  mani- 
festations of  tox.-emia  due  to  gout  or  rheumatism,  such  as 
stiffness  and  pain  in  tlie  muscles  and  joints,  vague  and 
fleeting  neuralgic  pains,  etc.  The  neurasthenic  state 
also  re^piircs  careful  management.  CiTiainly  such  indi- 
cations are  to  be  met.  and  treatment  is  to  be  institutiMl 
accordingly.  Particular  allenlioii  slioiihl  be  given  to  the 
regulation"  of  the  acti<in  of  the  bowels  and  to  proper 
diet.  Hydrotherapy  is  alfo  a  valuable  adjunct  in  these 
cases.  The  more  intelligent  i>atients  usually  judge  from 
])ersonal  ex|)crience  when  the  attack  is  approaching,  and 
in  time  they  also  leani  to  avoid  exciting  causes.  Various 
drugs  have  been  recommended  to  abort  the  attack  in  its 
incipiency,  or  to  relieve  the  pain  during  the  paroxysm, 
and  as  a  rule  they  are  more  efTectual  the  earlier  they 
are  administered.  Among  these  may  be  mentioned 
R  CalTcine.  gr.  ij. :  Pheiiacetin.  gr.  x.,  with  or  with- 
out potassium  bromide,  gr.  xv.  R  Acetanilid,  gr.  ij. : 
CalTeiiie.  gr.  ij..  to  be  repeated  in  twenty  or  thirty 
miniiles  if  necessary:  or  B  Codeine,  gr.  i:  Acetanilid, 
Caffeine,  aii  gr.  ij.  At  times  a  brisk  cathartic,  such  as 
two  or  three  ounces  of  Rubinat  water,  or  a  few  ounces 
of  a  strong  infusion  of  coffiM-,  or  a  moderate  dose  of  wine, 
whiskey,  or  champagne  will  abort  the  attack,  if  taken 
earlv.  If  the  paroxysm  is  very  severe  the  pain  will 
generally  be  relieved  by  the  hypodermatic  injection  of 
morphine,  or  morphine  or  codeine  may  be  given  by  the 
mouth  if   nausea  and  vomiting  are  absent.     Some  pa- 


tients obtain  relief  from  applientinnii,  to  the  lieud.  of  hnt- 
w'liler  cloths  or  a  hot  water  bug,  while  otIuTH  prefer  the 
ice  bag.  This  is  purely  a  niuller  of  iii<lividiial  HiiM-epti- 
bilily.  A  inusturd  pla>-ler  over  tlii'  iiiielm,  or  4iver  the 
side  of  till-  nei  k  ill  llie  roiiix-  of  the  pneiiinogustric 
nerve,  also  lit  times  dimiiiislu  s  the  puin.  The  iisi-  of 
iirseiiiousacid  ami  eximet  of  cannabis  iniliea  udiniiiisterol 
for  u  prolonged  periixl  of  time,  hus  proved  tliut  they  arc 
most  s<-rvici'able  drugs.  I{  Kxt.  cunnubis  imlica',  gr.  \; 
Acid,  urseiiios. ,  Strycli.  sulpli  .  ail  gr.  ^„  :  Uiiinin.  sulpb., 
gr.  i:  Exir.  taraxaci,  <|.  s.  M.  ft.  pil.  No.  i.  Tliesc 
pills,  given  after  meals  for  one  week — the  dose  of  the 
various  ingredients  being  gradually  increased  each  week 
— should  be  laki-ii  regularly  f<ir  many  months  or  a  viiir. 
When  the  attacks  are  fiei|Uent  and  severe,  the  uifinin 
istralion  of  polussiiim  bromide  gr.  xv.,  anil  lluid  extract 
of  ergot  "l  XV.  t.i  il.  proves  serviceable  during  the  lirsl 
few  weeks  of  treatment. 

ORGANIC   HEADACHE. 

Headache  is  commonly  a  pronounced  symptom  in  all 
inllamiiialory  processis  which  affect  the  exterior  or  inte- 
rior of  the  skull.  Il  thus  occurs  in  disease  of  the  perios- 
teum, ill  caries  of  the  petrous  portion  of  the  temporal  bone, 
in  intlainmatioii  in  the  cavitiessitiialed  in  the  skull,  as  the 
frontal  and  sphenoidal  sinuses,  the  orbital  cavity  and  the 
middle  ear.  and  in  disea.ses  of  the  brain  and  meningi'S. 
Headache  as  il  occurs  in  the  following  conditions  will  be 
briefly  des<-ribed:  1.  Intracranial  tumor.  2.  Cerebral 
abs'-ess,  3.  Lejitomeningilis.  4.  Pachymeningitis.  5. 
Intracranial  syphilis.  0.  Vascular  disease.  7.  Enceph- 
alitis. ><.  Mastoid  disease  and  sinus  thrombosis.  9. 
Disease  of  the  cranial  bones.  10.  Diseases  of  the  frontal 
sinus.  11.  Caries  of  the  cervical  vertcbi-a;.  12.  Acro- 
megaly.    13.  Spinal-cord  disea.se. 

1.  rxTKACUANiAi,  TfMoit.— The  most  persistent  and 
distressing  form  of  headache  is  that  which  occurs  in  pa- 
tients witli  intracranial  tumor.  It  is  one  of  the  most  con- 
stant nndoblrusivesyinptoms.  In  exceptional  instances, 
headache  may  be  absent  during  the  eiiiire  cour.sc  of  the 
disca.se.  But  such  a  condition  is  very  rare,  the  headache 
varying  in  intensity  in  different  cases.  Occasionally  it 
may  be  of  a  mild  character.  As  a  rule  it  attains  great 
severity,  preventing  sleep,  and  at  limes  becoming  so  un- 
endurable that  the  jnitient  has  been  known  to  commit 
suicide.  Sometimes  the  pain  is  paroxysmal,  but  more 
fre(|uent!y  it  is  almost  continuous  with  periods  of  great 
exacerbation.  The  headache  is  usuaHy  diffuse,  but  it 
may  lie  limited  to  the  forehead,  parietal  region,  or  occi- 
put, changing  its  location  from  time  to  time.  The  seat 
of  the  pain  in  the  cranium  doi>s  not  neces.sarily  imply 
that  the  growth  is  subjacent.  AVlieii  the  pain  is  conliued 
to  the  frontal  region  it  by  no  means  indicates  that  the 
fronlal  lobes  are  involved,  for  such  jiaiii  often  occurs  in 
cerebellar  tumor.  The  presence  of  persistent  occipital 
pain  extending  to  the  neck  would  lead  ns  to  assume 
that  the  growth  is  probably  situated  in  the  posterior 
cranial  fossji.  If  the  headache  is  limited  to  a  circum- 
scribed area  it  most  fiei|Uently  corres])onds  with  the  lo- 
cation of  the  growth  which  has  also  involved  the  under- 
lying meningi'S.  If  it  be  contined  to  one  side  of  the 
licad.  the  probability  is  that  the  tumor  is  on  the  SJime 
side.  This  is  not  "an  invariable  rule,  however.  The 
]iain  is  airsravated  by  everything  that  interferes  with  the 
cerebral  circulation.  '  It  is  "thus  made  worse  by  psychical 
excitement,  alcohol,  coffee,  muscular  activity,  coughing, 
straining  at  stool,  sneezing,  etc.  Headache  can  be  con- 
sidered only  one  of  the  prominent  general  symptoms  of 
brain  tumor,  and  in  itself  il  is  of  no  value  in  localization. 
The  other  important  general  symjitoms  freciuently  found 
in  association  with  the  heailache  are  vomiting,  double 
optic  neuritis  (choked  disc),  and  vertigo.  Various  symp- 
toms indicating  the  location  of  the  lesion  are  usiiallv 
present.  It  is  tiniversjiUy  a.ssumed  that  the  headache  is 
produced  by  irritation  of' the  numerous  branches  of  the 
trigeminus  supplying  the  dura.  Tlie  dura  may  also  l)e 
stretched  and  irri"tated  as  a  result  of  intracranial  press- 
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lire.  If  this  be  true,  in  the  former  comlitinn  the  pain 
would  i>rolml)lj-  be  ciri-innscribeil.  while  in  the  littler  we 
woulil  e.Niieet  it  to  be  dilTuseil.  Cliiiieiil  facts,  however, 
cannot  always  be  reconciled  with  this  view. 

i.  CEiiEnif.*!.  Ansi'Kss. — In  cerebral  abscess  lieadache 
is  the  earliest  and  most  «onstanl  {.'I'lieml  syni|)loni,  just  as 
it  is  in  brain  tnnior.  It  is  irenerally  of  jrreat  severity, 
l)ut  often  nianifesls  itself  asa  persistent  dull  ache,  deeply 
situated,  and  referred  niaiidy  to  the  seat  of  the  ab.scess. 
The  development  and  jrrowth  of  the  abscess  are  likely  to 
(Produce  )iaro.\ysms  of  headache  of  the  severest  type. 
During  the  latent  stage  the  pain  may  be  slight  and  occur 
only  periodically.  Tlie  attacks  may  last  for  from  several 
hours  to  several  days.  As  in  bmin  tumor,  the  pain  is 
ag.gnivated  by  everything  that  causes  mechanical  con- 
gestion or  increases  the  intracranial  circ\dation.  The 
headache  may  be  general,  but  is  mure  fretiuently  con- 
fined to  the  sjime  side  as  the  abscess.  In  otitic  abscess 
it  may  be  strictly  circumscribed  to  the  temporal  region, 
the  pain  being  first  experienced  in  the  car,  and  later  ra- 
diating over  the  entire  head.  Abscess  in  the  cerebellum 
may  begin  with  frontal  headache,  but  is  usually  accom- 
paiiieil  by  pain  in  the  occipital  region  and  neck.  In 
cerebral  abscess  the  headache  is  generally  associated 
with  other  symptoms  of  intracranial  pressure,  as  optic 
neuritis,  vonuting,  and  slowness  of  the  pulse.  As  the 
disease  advances,  there  may  be  general  or  localized  con- 
vulsions, weakness  of  memory,  restlessness,  inilability. 
or  mental  confusion.  Fever  is  generally  present,  but 
often  disappears  for  varying  periods,  only  to  return 
higher  than  before.  Frequently  the  temperature  is  nor- 
mal or  subnormal.  The  commonest  cause  of  abscess  in 
the  brain  is  middle-ear  disease.  In  such  cases  the  tem- 
poral lobe  or  cerebellum  is  most  frequently  involved. 

3.  IXKLAMM.MIOX   OF  Tllli   Pt.V   OK   LeI'TOMEXIXGITIS. 

— This  is  always  due  to  an  infective  process.  The  acute 
form  is  often  purulent,  and  of  the  cerebrospinal  type. 
Extremely  severe  general  headache  is  a  persistent,  promi- 
nent, and  obtrusive  symptom.  It  may  precede  or  follow 
a  chill  and  rise  of  temperature.  There  may  be  vertigo, 
vomiting,  general  hyiienesthesia,  rigidity  of  the  neck 
muscles,  ineiiuality  of  the  pupils,  and,  later,  nieutal  con- 
fusion and  coma.  In  chronic  liptoiiiciiiiigitis  iiersistent 
headache  is  a  frequent  symptom,  but  it  is  not  present  in 
every  case.  Its  severity  is  probably  dejieudent  on  the 
extent  of  the  process.  It  is  usually  accompanie<l  by  signs 
of  intracranial  pressure,  such  as  vomiting  and  optic  neu- 
ritis. The  disease  may  attack  cither  the  convexity  or 
the  base  of  the  brain.  In  the  former,  the  cranial  nerves 
escape,  there  is  more  delirium,  and  there  may  be  unilat- 
eral or  general  convulsions  and  hemiparesis.  In  the  lat- 
ter, seversd  or  many  of  the  cranial  nerves  may  be  in- 
volved, and  there  is  more  marked  rigidity  of  the 
post-cervical  muscles. 

4.  IXKL.\MM.\T10X  OF  THE  DutlA  OK  PACIIYMENnCGlTIS 

ExTKKXA. — The  headache  is  usually  circumscribed,  and 
is  often  accompanied  by  nausea  or  vomiting  and  slight 
fever.  AVhen  only  one  side  of  the  convexity  of  the  brain 
is  invtdved  llie  pain  is  contined  to  the  same  side.  In 
severe  cases  the  disease  may  extend  to  the  pia,  and  it  is 
then  often  accompanied  by  tyi)ical  .lacksonian  epileptic 
attacksand  hemiparesis  on  the  opposite  side  of  the  body. 
It  is  usually  the  result  of  traumatism  to  the  skull,  of  caries 
of  the  petrous  portion  of  the  temporal  bone,  as  in  mastoid 
disease,  of  syphilis,  and  of  ethmoidal  caries.  P<ichymcn- 
ingilin  iiilmni  or  hivimitomit  of  the  ihirit  is  also  accom- 
lianie<I  by  headache  and  somewhat  similar  symptoms. 
This  disease  occurs  most  frequently  in  old  people  with 
chronic  alcoholism,  sy]diilis,  or  dementia. 

•">.  IxTKACKAXiAT.  Svriiii.is.— Headache  may  antedate 
all  other  symptoms  of  intracnuiial  syphilis,  "especiall.v 
.syphilitic  meningitis,  for  several  moni  lis  or  years.  Asa 
rule,  it  Is  the  earliest  and  most  constant  symptom,  and 
often  occurs  in  paro.xysms.  or  there  are  periodical  e.xacer- 
bntions  in  which  it  becomes  inloler;d)le.  Very  freipiently 
such  exacerbations  occur  toward  eveidngorat  night,  anil 
thus  prevent  sleep.  At  times  the  attacks  are  periodical. 
At  the  height  of  the  paroxysm  the  pain  often  becomes 


excruciating,  while  during  the  intervals  it  may  dimitiish 
to  a  dull  aching  sensation  or  entirely  disappear.  The 
headache  is  rarely  circumscribeii  (uidess  there  is  disease 
of  the  cranial  bones),  but  is  usuidly  distributed  over  the 
frontal,  temporal,  or  parietal  regions,  an<l  eventually  over 
the  occiput  and  neck.  Extreme  tenderne.-cs  on  pres.sure 
upon  the  skull  occurs  only  when  the  periosteum  or  bones 
are  involved  at  the.siime  time.  The  pathological  process 
alfecting  the  intracranial  structures  is  that  of  arteritis, 
gununa.  or  gunnnatous  meningiti.s.  It  is  uncommon  for 
all  three  conditions  to  exist  at  the  same  time.  The  men- 
ingitis is  frequently  of  the  type  of  a  meningo-encepha- 
litis.  ami  may  be  contined  either  to  the  convexity  or  to  the 
base  of  the  lirain.  In  the  former,  there  are  more  delir- 
ium, and  disturbance  of  consciousness,  and  localized  or 
general  epileptic  seizures,  sometimes  followed  by  hemi- 
paresis or  hemiplegia.  In  the  latter,  the  craidal  nerves 
at  the  base  often  become  involved,  thus  jiroducing  facial 
or  ocular  paralysis,  etc.  Chronic  syphilitic  meningitis  is 
generally  local,  and  occurs  chiefly  in  the  neighborhood 
of  a  gummatous  growth.  The  main  features  or  general 
symptoms  of  cerebral  syphilis  are  similar  to  those  of  tu- 
mor. Thus,  in  addition  to  headache,  there  are  vomiting, 
double  optie  neuritis,  and  various  paralyses.  Jlental 
hebetude,  somnolence,  or  p<riods  of  unconsi-iousness  are 
often  characteristic  and  almost  ]xitliognomonic  symp- 
toms that  occur  in  association  with  the  i)ersistent  hea<l- 
aehe  of  intracranial  syphilis.  In  addition,  there  often 
are  alterations  in  character,  loss  of  memory,  mental  dul- 
ness,  and  absence  of  the  i)upilhiry  light  retiex. 

6.  Vascii.ar  Dtsi-;ase.  —  Headache  due  to  art<-rio-.scle- 
rosis  is  essentially  llieresidt  of  circidatory  disturbances 
in  the  brain  and  interference  with  nutrition.  (See  Cere- 
bral hypera'inia  and  anainia.)  In  .syphilitic  endarteritis, 
however,  the  headache  is  not  due  to  the  arterial  changes 
alone,  but  to  the  associated  meningitis  or  gumma.  Vas- 
cular disease,  such  as  arteritis  aiul  sclerotic  degeneration, 
frequently  arises  in  conjunction  with  chronic  renal  dis- 
ease, chronic  gout  and  rheumatism,  and  old  age. 

7.  ExcEiMiALiTis. — This  isan  acute  intl.immatory  affec- 
tion of  the  brain.  It  has  recently  been  well-described  by 
Oppenheint  as  "acute  primary  hemorrhagic  encephalitis," 
The  headache  is  very  severe,  and  generally  affects  the 
entile  hi'ad,  or  the  jiaiu  may  be  greater  in  the  occipital 
region  and  neck.  It  is  aecompanie<l  by  vertigo,  nausea 
and  vomiting,  apathy  and  general  depression.  These 
symptoms  are  soon  followed  by  somnolence,  which 
ra])iclly  develops  into  unconsciousness.  Later,  there  may 
be  monoplegia,  hemiplegia,  and  various  other  signs  indi- 
cating involvement  of  special  cerebral  centres.  Kecovery 
is  not  infrequent.  The  disease  is  rare,  and  generally  af- 
fects young  people  between  fifteen  and  thirty  years  of 
age.  As  it  most  frequently  complicates  or  follows  acute 
influenza,  it  has  also  been  termed  "intiuenza  encepha- 
litis." It  is  acute  in  its  onset,  beginning  like  many  of 
the  acute  infectious  fevers. 

There  is  another  form  of  cnce|)lialitis  known  as  "acute 
polio-encephalitis  su|)erior. "  After  several  days  of  head- 
ache, vertigo,  and  vomiting,  mental  confusion  and  delir- 
ium take  place.  At  about  the  sjtme  time  the  eyes  be- 
come involved  in  paraly.sis  of  ocular  muscles,  which  at 
times  develops  into  complete  ophthalmoplegia.  It  usu- 
ally terminates  in  death  in  about  two  weeks.  Recovery 
is  rare.  This  disease  was  originally  described  by  Wer- 
nicke. It  is  an  acute  hemorrhagic  encephalitis  confined 
maiuly  to  the  gray  matter  in  the  floor  of  the  third  ven- 
tricle and  that  of  the  aqueduct  of  Sylvius.  Chronic  al- 
coholism and  infection  are  the  usual  causes. 

8.  MAsroiD  Disi;ase  axu  Six  is  Thrombosis. — Head- 
ache occurring  in  these  conditions  is  usually  on  the  same 
side  as  the  lesion.  Beginning  in  the  ear  the  pain  radiates 
over  the  entire  side  of  the  head.  When  severe,  it  geuer- 
all.v  arises  in  consequence  of  the  extension  of  the  infec- 
tive iirocess  to  the  dura.  As  the  local  and  general  pya^- 
mic  infection  advances,  the  headache  often  diminishes 
jxiri  pa/aiK  with  the  obtunding  of  the  sensorium.  Fur- 
thermore it  may  be  complicated  by  the  presence  of  a 
subdural,  temporal,  or  cerebellar  abscess,  and  leptomen- 
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Il<'n<laf-ll4*. 
lli-iiflHt-||f« 


iiiK'iiis  iniiy  iilliiiiiitcly  ili-vflup  willi  lis  usiiul  tmiii  of 
Byiiiiitoins!  Miisliiiil  ilis<'as<'  mid  sitiiis  llinniiliosis  arc  in 
iiViiily  all  iiiMH  iliu'  111  iiiiililli'  rar  ilis<-aHc  ami  carii'S  of 
llii'  |)'flroiis  |iiii-|liiii  of  till'  ti'iii|iiiral  lionc.  SimiH  llinnii- 
liosJH  Is  alsiia('oui|ilU'a(iiiii  of  farial  ('nrbiincli'aiiil  ciysip 
das  of  llii'  lirail. 

1»      ItlsKAsK   OK   TIIK   CllAMAI.   HoNKS.       PkUIOSTITIS. — 

rioiic  iliscasi'  atTcrtiii^  tlit-  cxIiTior  of  the  skull  is  llic  rt'- 
suit  of  traiiiiiitlisiii  in  tlii>  niajorily  of  instamcs.  In  a 
larffc  proporlion  of  riiscs.  howi-vcr.  Ilirir  may  Im'  pi-iios 
litis  line  to  syphilis,  i.i-..  pciiostnil  noili's  over  tlic  cni- 
ninin.  CircilinscrilMMl  i.'iiinniata  of  llir  skull  arise  in  the 
most  part  in  llir  ipifniiiial  prriosiiMini  In  such  casrs 
licailarlii'  is  ortcn  ninslaiil  ami.  as  in  all  forms  of  intra 
cranial  syphilis,  is  liaMr  to  I'Xacirliations  iliirinjr  tlii' 
iiiu'lit.  'I'hr  lioiu'  alTrcird  is  nsnally  Icmlir  ami  painful 
to  till'  loncli.  'I'hr  hrailaolii'  aiM-ompanyinjj;  cranial  ptri 
Dstitis  may  lie  mistaken  for  tin-  form  of  liL-ailaclie  due  to 
muscular  rheumatism,  or  vice  vcisa. 

10.  I>isi;ask  ok  rill-:  Kkontai.  Sists. — In  catarrh  or 
suppuration  in  the  frontal  sinus,  the  headuclie  is  conlined 
to  the  frontal  region  as  a  rule,  liut  may  become  );eneial. 
with  the  greatest  intensity  over  the  alfected  sinus.  At 
llrst  th<'  pain  is  dull  and  iutermillent  in  diameter.  It 
iiiav  (jrailually  or  suddenly  liecome  pei-sisteut  and  severe 
and  prevent  sleep.  Percussion  over  the  sinus  usually  in- 
creases tile  pain,  i^wellinjr  and  tendernes,s  of  the  tissues 
over  the  reirion  of  the  alTecled  sinus  are  commonly  pres- 
ent, and  ultimately  all  of  the  symptoms  of  local  and  gen- 
eral infection  may  develop. 

11.  Caiiius  ok"  Tiit;  Ckhvicai.  VKiiTf:i)ii.K.— Occipital 
headache  is  commonly  lueseiit  in  caries  of  the  upper  cer- 
vical vertdira-.  The  pain  may  extend  to  the  jiarielal  and 
temporal  regions,  and  is  increased  by  movement  and  deep 
pressure  over  the  vertebne.  It  is  usually  accompanied 
by  rigidity  of  the  neck  muscles,  or  llie  head  may  be  par- 
tially ti.\e«l  in  the  median  line. 

\'2.  AcnoMKoAi.v. — The  lieadadic  may  lie  localized  in 
the  occiput  or  the  frontal  region,  or  be  conlined  to  one 
side  of  the  head.  It  may  lie  continuous  or  intermittent, 
and  is  often  persistent  anil  severe,  usually  being  worse 
in  the  morning.  It  is  almost  always  acconi|ianie<l  by 
ocular  symptoms,  such  as  imiiairment  of  central  vision 
or  bitemponil  hemianopsia,  which  often  terminates  iu 
optic  atrophy  and  complete  blindness.  Acromegaly  is 
a  rare  disease,  and  was  tirst  described  by  Pierre  Marie  of 
Paris,  in  l.'^Hti.  Since  that  time  many  cases  have  been 
observed  in  this  country  and  dsewliere.  The  diagnosis 
of  the  cause  of  the  headache  can  be  made  only  by  a 
recognition  of  the  as,sociated  )>atliognomonic  jiliysical 
signs  of  the  disease,  i.e..  enlargement  of  the  hands  and 
feet,  eulargement  of  the  cranial  and  facial  bones,  hyper- 
trophy of  the  tongue,  and  of  the  muscular  and  connec- 
tive tissues  of  the  extremities,  slow  but  progressive 
weakness,  and  the  visual  defects  as  above  described. 

The  headache  may  continue  for  years  or  per.sist  during 
the  lungress  of  the  atTeelii^ii.  and  is  suppo.sed  to  be  due 
to  the  enlargement  of  the  hypophysis  (pituitary  body). 

13.  .Si-iXAi. -Colli)  Disi-;ase. — Headache  cannot  be  con- 
sidered a  symptom  of  spinal-cord  disease.  When  it  is 
present,  it  is  merel.v  a  coincidental  element  in  the  general 
constitutional  disturbance,  or  due  to  some  complication. 
The  chanicleristic  tabetic  ueig'algic  pains  occasionally 
attiick  the  scalp,  and  are  due  cither  to  involvement  of 
the  spinal  or  cerebral  sensory  root  of  the  trigeminus,  or 
to  irritation  in  its  peripheral  distribution. 

Gexkiiai,  DiAiiNosis. — The  diagnclsis  of  the  cause  of 
headache  depends  entirely  upon  the  patient's  history  and 
the  presence  or  absence  of  certain  a,ssociated  symptoms. 
This  will  be  readily  appreciated  after  a  review  of  the  con- 
ditions iu  which  liea<lache  occurs,  cither  as  a  concomitant 
or  as  a  pathognomonic  symptom.  The  general  health 
of  the  patient  must  always  be  caiefuUy  investigated, 
particularlv  with  regard  to  the  function  of  the  digestive 
tract  and  the  action  of  the  kidneys.  AVliile  the  seal  of 
the  pain  is  often  suggestive,  too  mtich  stress  tiiust  not  be 
placed  on  this  indication,  for  in  all  forms  of  headache  the 


pain  may  vary  in  its  locution  from  lime  to  time.  In  su- 
praorbital and  occipital  neuralgia,  the  pain  lit  more  or  Ieti8 
paroxysmal  and  siiperlli-ial  in  iliameter.  being  iiHually 
I  eiinllned  to  the  auatoiuU  jil  disuibiition  of  the  nerve,  and 
I  is  therefore  not  a  true  cepliitliilgia.  ContinuouH  hiiid- 
I  adie  lasting  many  days,  with  nucliirnal  cxaicrbatioiiK, 
should  always  lead  to  the  silspicinii  of  ceri'bnil  svphilis. 
It  is  always  necessary  to  decicl.^  whether  the  bcailache  is 
due  to  a  functional  disturlianci',  or  is  the  n^tmlt  of  orpinii: 
iiitracninial  disease.  A  safe  rule  to  follow  in  all  caseH  of 
persistent  headache  is  to  ascertain  if  any  signs  of  cere- 
bral disca.se  are  present,  such  as  iniiscular  siiasin;  paresiH 
or  jianilysis  affecting  the  face,  extremities,  or  cninial 
nerves.  A  constaiil  ^'iiienil  headache  which  is  accom- 
panied by  optic  neuritis  and  frei|Ueiit  atta(!ks  of  vomit- 
ing invariably  points  to  inlracranial  disease.  The  ex- 
amination of  the  pupils  sliMuld  never  be  omitted.  In 
hy|ieiiemic  forms  of  headache  the  pupils  are  nsiially 
contracted,  while  in  ana-mia  they  are  founil  dilateif. 
When  the  pupils  fail  to  react  to  li.irht,  or  are  absolutely 
rigid,  the  visidii  being  unalli'cted,  it  is  highly  suggestive 
of  cerebral  syphilis  or  some  other  form  of  cerebral  degen- 
eration. The  ophthalmoscope  often  proves  extremely 
valuable  in  dia;.'iiosis.  Although  abnormities  of  the 
cerebral  circulation  may  exist  without  evidence  of  such 
disturbance  in  the  retina,  the  discovery  of  "choked  disc" 
or  optic  neuritis,  or  a  lii.gli  ile^ree  of  hypermetropia  or 
myopia,  will  often  be  the  means  of  determining  the  cause 
of  the  headache.  The  most  important  use  of  the  oph- 
thalmoscope in  cases  of  headache  is  to  determine  the 
presence  or  absence  of  optic  neuritis.  While  its  abs<'nce 
does  not  exclude  organic  di.sease.  its  presence  is  presump- 
tive evidence  of  some  form  of  intracranial  disea.se  (basal 
meningitis,  increased  brain  pressure  from  cerebral  tumor, 
or  the  vascular  degeneration  associated  with  renal  dis- 
ease). 

Tkeatment. — A  careful  investigation  of  the  entire 
organism  is  essential  in  every  case,  the  most  important 
dement  in  the  ti<alment  of  patients  with  headache  being 
the  recognition  of  the  cause,  lis  the  pain  is  oflener  de- 
pendent upon  some  underlying  constilutional  condition 
tlmn  upon  organic  intracranial  disease.  The  discovery 
and  correct  interpretation  of  such  facts  should  be  the 
jirincipal  guide  in  the  adoption  of  therapeutic  measures. 
In  the  toxitmic  form  of  headache,  as  well  as  in  all  other 
forms,  it  is  absolutely  neces.sary  that  the  intestine  be 
kept  free  from  fa'cal  accumulation,  and  that  the  action  of 
the  digestive  organs  be  regulated  by  suitable  diet .  Head- 
ache from  constipation  is  rajiidly  relieved  by  a  brisk  ca- 
thartic. All  supposedly  rcllex  causes  should  be  rectified, 
but  too  much  stress  must  not  be  laid  niion  the  paramount 
importance  of  such  disorders,  for  many  i)atieuts  seem  to 
possess  an  inherited  or  inherent  predisposition  to  develop 
headai'he  upon  the  slightest  provocation.  It  is  generally 
desirable  and  universjilly  advocateil  that  any  existing 
error  of  refraction  or  eye-muscle  defect  be  correcteii. 
Even  when  such  conditions  are  discovered  anil  remedied, 
relief  from  the  headache  does  not  always  follow,  for 
several  causes  may  be  operative  in  the  sjime  individual. 
Therefore,  before  saddling  a  patient  with  spectacles  for 
slight  refractive  en'ors,  or  cuttin.u  the  eye  muscles,  or 
operating  upon  the  nose  for  deviated  septum,  or  replac- 
ing a  slightly  displaced  uterus,  or  suturing  a  trifling 
laceration  of  the  cervix,  etc.,  all  other  probable  causes 
of  the  lieatlaclic  should  be  systematically  eliminated. 
Headache  due  to  cercbi-al  congestion  may  be  relieved  by 
the  avoidance  of  all  forms  of  cerebral  stimulants  and 
psychical  excitement,  regulation  of  the  diet,  free  ])urga- 
lion  by  calomel  and  Siilincs,  and  the  administration  of 
bromide  of  potassium  gr.  xv.,  and  fluid  extract  of  er- 
got m  XV.,  every  three  or  four  hours.  Severe  cases  re- 
ijuire  cupping  or  blistering  over  the  nucha,  and  local 
blood-lettin.e  or  venesection.  It  would  appear  from  the 
experiments  of  Leonard  Hill  and  others  upon  dogs  that 
the  application  of  ice-ba.srs  to  the  head  as  a  form  of  treat- 
ment has  practically  no  effect  upon  the  cerebral  circula- 
tion. Hence  the  time-honored  custom  of  using  the  ice- 
coil    and    ice-bag    io    cases  of    meningitis  or    cerebral 
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congestion  is  witliout  any  soicntiflc  ovidencp  ns  to  its 
iicliDii.  Its  clinical  value.  Imwcvcr.  is  still  an  open  (nics 
tiim.  AVIicn  tlic  icc(a|i  is  used,  it  should  always  lie  ap 
j)licd  to  the  shaven  scalp.  In  headache  from  loriliia! 
aini'inin,  rest  in  bed  with  the  head  low,  and  si)ecial  atten- 
tion to  the  cause  (which  is  usually  jrenend  auanuai  are  of 
prime  importance.  The  a<lminislialion  of  canliac  tonics, 
and  the  use  of  iron  and  easily  assimilated  food,  generally 
prove  successful  when  organic  visceral  disi^asc  is  alisent. 
In  every  form  of  hea<lache  we  are  often  forced  to  resort 
to  the  temporary  use  of  Icpcal  apidicalinns  of  dry  or  moisl 
colli  or  heat,  or  some  form  of  anodyne  or  c<iuuter  irritant. 
Anlipyrin.  acetainlid.  phcnacetin,  calleine  with  bro- 
mide of  potassium,  etc..  or  dilTusible  slimidants  such  as 
aromatic  si)irits  of  animouia.  tincture  of  valerianate  of 
ammonia,  etc..  often  prove  serviceable  as  symjitomatic 
remedies,  but  their  seleeiion  must  be  left  to  the  .iu<l,g 
ineiit  of  the  physician.  When  headache  accompanies  the 
infectious  or  malarial  fevers,  the  reduction  of  the  tem- 
perature by  liydriatric  or  other  approjiriatc  measures,  or 
the  tise  of  (piinine,  usmilly  proves  elticacious.  In  head- 
ache due  to  cerebral  tumor,  free  catharsis  from  time  to 
time,  the  avoidance  of  cerebral  stimulation  or  of  causes 
known  to  produce  interference  with  the  intracranial  cir- 
culation, tlie  administration  of  the  drugs  above  men- 
tioned, or  morphine  if  necessary,  constitute  the  es.sential 
features  in  the  medical  treatment.  The  operation  of  tre- 
phining the  skull  should  be  resorted  to  if  other  methods 
fail  to  relieve  the  pain.  This  is  often  followed  by  de- 
crease in  tlie  iutracrainal  pressure  and  cessation  of  the 
headache.  AVhen  the  tumor  is  accessible  to  surgical 
measures,  it  should  lie  removed  as  soon  as  its  location  is 
established.  It  is  custoniaiy.  before  operating,  to  insti- 
tute a  thorough  course  of  ant isyiihiliti<- treatment  in  order 
to  give  the  i)atient  the  benefit  of  any  doubt  as  to  the  pos- 
sible gummatous  character  of  the  growth.  The  subsi- 
d<Micc  of  headache  and  other  genend  symptoms  of  cere- 
bral tumor  during  the  administration  of  niercmy  and 
iodide  of  potassium  docs  not  neces.sarily  imply  that  the 
neoplasm  is  .syphilitic,  for  the  irritative  symptoms  of  sar- 
comatous and  other  jirocesses  have  been  known  to  under- 
go retrogression  under  this  plan  of  treatment.  Headache 
due  to  syphilis  (gununa.  meningitis.  i)criostitis)is  rapidly 
relieved  by  mercury  and  iodide  of  iiotassium,  lu  cere- 
bral abscess,  correct  localization  and  immediate  surgical 
operation  constitute  our  only  liope. 

]yilh'inn  M.  LcKynsky. 

HEAD,  WOUNDS  OF.*— Certain  features  in  the  anat- 
omy of  the  skull  are  of  great  sur,!rical  importance  when 
considering  llie  nature  and  occurrence  of  wounds  of  its 
component  bony  parts  and  of  injury  to  the  brain.  The 
periosteum  of  the  cranium — called  usually  the  pericran- 
ium— is  not  thick,  l)ut  is  strong  and  resistant.  Except 
over  the  sutures  and  the  great  foramina,  it  can  be  easily 
stripped  off,  or  even  made  to  glide  over  the  bone; 
though  in  the  aged  its  connection  with  the  underlying 
bone  is  more  firm.  It  is  nourished  principally  by  vessels 
from  the  bone.  The  internal  ]»eriostcinn  of  the  cavity  of 
the  cranium  is  the  duni  mater,  which  is  thicker  "and 
tougher  than  the  pericranium.  Conccfrning  the  cranial 
bones  themselves,  it  should  be  remembered  that  the 
diploP  e.xist.s  oidy  during  middle  life,  and  is  not  to  be 
found  in  the  very  young  or  very  old.  The  amount  of 
space  which  the  frontal  sinus  may  occupy  should  always 
be  borne  in  mind. 

Of  great  importance  are  the  connections  which  the 
veins  of  the  superlicial  soft  parts  enjoy  with  the  deep 
sinu.ses  and  tlie  veins  cd'  the  diplot'  through  the  emissoria 
Sanloiini.  The  most  important  of  theseanastomosesare: 
(1)  Among  the  occipital  veins,  which  connect  with  the 
lateral  sinus  through  the  mastoid  foramen;  (2)  along  and 
around  the  interparietal  suture,  especially  its  posterior 
extremity,  where  lutnierous  openings  connect  with  the 

•  tse  tins  \*vn  iiinili-  In  tills  nrtlrle  "f  n  portion  of  that  wliloh  np- 
peareel  In  Ihe  lli-sl  edillon  of  this  work  on  "Skull,  Fraiuires  <it  ilie 
HiLse  of,"  by  I>r.  TlioniJLs  H.  RiL-i-ifll,  of  .New  Huven,  Conn.  The  purl 
thus  used  Is  i-ru-losi-il  in  (tuolaixin  marks. 


superior  longitudinal  sinus;  C?)  the  o)>htlmlmic  veins, 
according  to  S'semanii's  investigations,  empty  into  the 
cavernous  sinus  as  well  as  into  tlie  facial  veins.  It  will 
thus  bi'  seen  that  the  sinusesof  the  brain  have  their  over- 
llow  outlets,  or  "waste  weirs."  in  abundance.  Neverthe- 
less, this  freedom  of  venous  connection  enhances  mate- 
rially I  he  danger  from  pya'iuic  or  thrombotic  trouble  in 
case  of  erysipelas  or  phlegmon  of  the  external  soft 
parts. 

It  will  be  well,  at  the  very  outset,  to  give  here  the 
greatest  possible  prominence  to  the  classical  dictum  (so 
often  ascribed  to  Sii-  Astley  Cooper,  but  really  clearly 
enunciated  by  Hippocrates):  "  JVo  injury  to  the  l'ie<td  is  too 
slif/ht  to  be  tlesjrined,  nor  tm  nerere  to  be  dtspaired  of." 
There  is  a  great  temptation  to  ignore  trivial  scalp- 
wound.s.  to  clean.se  them  insulliciently,  or  to  dress  them 
carelessly.  If  nothing  else  teaches  tlii'  danger  of  care- 
lessness in  these  cases,  the  ex|ierience  gathered  from  the 
sword-duels  of  German  students  should  be  convincing, 
since  each  year  several  deaths  are  caused  by  compar- 
atively trivial  scalp-  or  face-wounds, 

StrEKFici.M,  WoiNDs. — Bruises  and  contusions  need 
only  slight  attention  besides  rest;  evaporating  lotions, 
cold  applications,  or,  if  the  jtatient  is  not  seen  till  after 
swelling  and  ecchymosis  have  taken  place,  then  hot  ap- 
plications constitute  all  that  is  reqidrcd.  Upon  a  super- 
ficial abi-asiou  some  antisejitic  shoidd  be  used.  Any  ordi- 
nary elfusion  of  blood  between  scalp  and  bone  will  be 
checked,  and  then  reabsorbed,  under  this  treatment.  The 
hair  may  lie  cut  short  or  shaved  if  lecjuired ;  this  should 
be  done  if  the  wound  has  been  in  any  .sense  severe.  If 
effusion  be  very  great,  and  apjiarently  unchecked  after 
prolonged  trial  with  simpler  nieasincs",  then  it  would  be 
right  to  make  a  free  incision,  turn  out  the  fluid  or  solid 
blood,  search  for  bleeding  ves.sels.  twist  them  or  tie  them 
with  catgut,  cleanse  thoroughly,  wait  till  all  bleeding  has 
st0|iped,  and  then  neatly  approximate  the  edges  of  the 
incision  with  tine  silk  or  catgut,  with  the  insertion  of  a 
few  threads  of  horse-hair  or  catgut  for  drainage,  and 
with  a  firm  compress  over  all.  Of  course  all  thi-Tshoidd 
be  done  under  antiseptic  ])rccautions,  with  clean  hands 
and  instruments,  etc. 

Small  iiunctui-ed  wounds  need  only  antiseptic  occlusion 
after  their  freedom  from  foreign  matter  has  been  secured. 
Small  instruments  and  weapons  sometimes  make  small 
punctures,  yet  wound  a  vessel  of  some  size.  Xumerous 
cases  of  aneurism  of  terminal  vessels  have  been  reported 
from  such  causes.  From  such  a  wound  liemorrhage 
W'Ould  be  free,  while  it  woidd  be  easy  to  reco,<rnize 
whether  an  artery  or  a  vein,  or  both,  had  been  injured. 
If  a  vein,  pressure  wotdd  in  most  cases  sullice;  this 
should  be  made  .a  jiarl  of  the  antiseiitic  occlusion,  being 
maintained  by  an  elastic  bandage  or  by  some  mechanical 
device. 

But  if  an  artery  be  wounded  and  such  pressure  be  in- 
sufficient, it  should  l)c  included  in  a  deep  suture  or  oc- 
cluded by  acupressure.  This  might  need  to  be  done  on 
either  side  of  the  cut,  which  should  then  be  cleaned  and 
occluded  as  before.  In  other  cases  it  nnght  be  well 
to  clij)  olt  the  hair,  shave  the  ])art,  and  enlarge  the 
opening  so  that  the  bleeding  vessel  may  be  caught  aud 
secured. 

Extensive  lacerations  or  complicated  incised  wounds 
are  often  received,  by  which  large  skin  flaps  are  torn  tip 
and  the  periosteum  is  strip)ied  rudely  off,  and  yet  with 
oidy  temporar.v  concussion  or  "stunning." 

In  such  cases  the  attendant  should  satisfy  himself  that 
the  bone  has  received  no  such  injury  iis  may  call  for 
operativf!  interference.  He  should  lirst  chi-ck  hemor- 
rhage; next  shave  the  parts,  and  then,  with  sponge  and 
forceps,  address  himself  to  removin.s  every  particle  of 
dirt  and  every  loose  hair.  Shreds  of  tissue  wliose  vital- 
ity is  doubtful  had  best  be  removed.  It  then  remains 
only  to  close  the  wound.  If  periosteum  have  been  torn 
and  raised,  it  is  best  to  readajit  the  torn  edges  with  titie 
catgut  sutures.  Then  the  superficial  wounil  edges  are 
carefully  ai)pro.\imated  by  silk  or  c:it,i:ut  sutures,  con- 
tinuous or  interrupted.     At  each  angle  a  stitch  may  be 
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oinittcci  for  llu-  i-scnpf  of  scrum,  or  a  fi-w  rali^ut  tlin-uilit 
limy  Ih'  iiisiTli'il  fur  nipilljirv  ilriiiiiiiKc. 

Ill  till'  ilri'ssiiiK  (if  such  wihiikIs.  i;i>ntl(>  rriiiiprtfwioii 
sliiiiilil  l>i'  HO  cMTli'il  !!«  Ill  riiiM|iil  ii|i|irii\iiimtiiiii  of  m\v 
KUrfmrs.  For  Hiiiitll  woiiihIs  lulliHlinii  iimkrs  »  very  si-r 
vi('i-tilili'a|i|ili<'atiiiii.  tin'  luirlslii'ini;  lirsl  lliiiriiiiL.'lily  ilricil 
uiiil  ilii'-li'il  willi  an  aiillv|iljr  imuilir.  Wlirii  a  iiiiii^l 
iln'Hsiii^;  is  usiil  alioiil  llii'  -liilii  or  hairy  fair,  the  wriirr 
usually  [irffi-rs  a  filyiriii  ilnssiiijj;:  i.r. .  soiiii' iiiilisrplic 
ill  i;lyi'<'rlii  soliilion  or  riiiiilslini.  since  whatever  Herillii 
oxiiiles  from  the  wniiiiil  w  ill  lie  reailily  taken  up.  ami  the 
(Iri'ssint;  cannot  ilry  ami  so  stick  to  liie  giarts  that  its  re- 
moval will  lie  very  unplcasjint  to  the  paliciit. 

For  all  ilressiiiL's  almut  the  hcail.  the  writer  esteems 
naphthalin  very  hii:hly.  since  it  seeiiis  to  he  particularly 
prophy lactic  ai:aiii>t  erysipelas;  the  latter  lieiiiL'  nior<' 
coinnmn  after  heail  injuries  than  after  those  of  any  other 
part  of  the  tiiHly.  Shouhl  there  lie  any  special  reason  to 
fear  inllaininalion.  as  meningitis,  an  icehiii;  may  lie  ap- 
plieit  outsiile  the  ilressiiii;. 

Cases  occasionally  occur  in  w  hiili  some  part,  or  nearly 
the  whole,  of  the  scalp  has  liccii  torn  olT  or  torn  loose,  us 
by  nmchincry  or  "scalpiiiir."  If  the  patient  lie  .seen  in 
time  an  effort  .shoulil  lie  maili'  to  replaci'  the  loose  por- 
tion. Astonishini;  successes  have  lieeii  reporleil  in  in- 
juries of  this  nature.  an<t  the  case  must  imleed  lie  very 
seviTe  which  does  not  justify  a  trial.  The  ;rencnil  rules 
given  altove  are  sulliiMeiit  toiruiilethe  rcjiarativc  effort; 
perfeei  cleansing,  proper  antisepsis,  accurate  appro.\ima- 
tion.  ami  jutlicious  pressure  constitutini;  the  important 
canons  of  treatment.  Should  the  effort  |iartially  succcikI 
or  fail,  if  the  loss  of  sulislance  lie  mil  too  trrciit.  a  |>lastic 
op<-ratioii  may  be  attempted ;  otherwise  the  bare  or  raw 
surfaci-  must  he  kept  clean,  and  healthy  granulations 
stimulatecl  by  .smh  dry  applications  as  zinc  oxide  or  boric 
acid,  or  comprcs.ses  soaked  in  a  saturated  solution  of 
pota.s.siiim  chlorate.  The  healing  process  may  be  further 
linslened  by  Thiersch  skin-irraftinir.  No  case  of  this  kind, 
which  is  not  speedily  ami  primarily  fatal,  need  be  de- 
spaiiid  of. 

The  soft  spots  about  the  head  and  face  possess  great 
r<'panitive  and  recuperative  power,  and  pieces  which 
have  biiMi  severed  may  yet  unite  by  a<'iiK'sion  if  properly 
and  (piickly  reapplied.  Thus,  by  biles  and  by  various 
accidents,  portions  of  the  nose  and  cars  may  be  nearly  or 
quite  detached.  Unless  the  circumstances  be  very  un- 
propitious  the  altempt  should  lie  ma<Ie  to  restore  them. 
Careful  cleansing;  ami  perfect  approximation  are  here,  as 
cisewhcri'.  essenti.il  to  success. 

Hairired  lacerations  of  the  lips  and  cheeks  may  some- 
times lie  cleaned  and  sewed  up;  at  other  times  it  will  be 
best  to  trim  or  pare  their  edges,  and  then  neatly  close  the 
wound,  this  procedure  causing  less  scar  or  distigurement. 

It  may  happen  that  we  are  called  ujion  to  deal  with 
parts  which  liave  already  become  inflamed,  or.  iierhaps. 
ery.sipelatous.  In  such  ca.se  we  should  procee<l  as  fol- 
lows: The  hair  or  beard  should  be  closely  removed.  If 
the  appearance  of  the  part  or  the  general  conditi<in  of  the 
patient  imiicatcsany  septic  process,  the  wound  should  be 
opened,  its  interior  freely  exposed  to  examination,  and  a 
most  i)ainstaking  disinfection  of  its  entire  surface  made. 
Foul  spots  or  suppurating  surfaces  should  be  treated 
with  an  eight -per-cent.  solution  of  zinc  chloride,  new- 
openings  made  for  drainage  at  the  most  dependent  parts, 
and.  according  to  circumstances,  the  edges  reunited  or 
the  whole  left  open  to  close  by  second  iiitenti<in.  putre- 
fying and  necrotic  tissue  being  removed  with  knife, 
scissors,  or  curette.  Abscesses  should  be  laid  freely  open 
and  their  cavities  disinfected.  If  erysipelas  have  super- 
vened, the  whole  scalp  may  be  covered  with  antiseptic 
poultices,  of  which  the  best  is  made  of  common  brewers' 
yeast,  to  be  S(mui  followed  by  the  Crede  silver  oinlment. 
or  one  containing  two  percent,  of  euaiacol  and  ten  i)er 
cent,  of  iclilbyol.  Few  surgeons  wiiuld  feel  justified 
in  making  ici  apjilications  in  such  a  case  unless  cere- 
bral complications  were  extremely  severe.  It  will  of 
course  be  rememliered.  in  the  light  of  the  vascular  con- 
nection between  the  scalp  and  deeper  parts  {ride  above). 


that  all  roseii  of  eryNipelus  of  the  liewl  lire  nt  letutt 
HerloUK. 

With  reference  to  later  resiiliH  of  foniier  iiijnrh-s  in  liie 
way  of  granidating  or  imiolent  iilceni,  I'ariox,  iiecnmiH, 
etc.,  there  arc  no  indiiations  calling  for  treatment  dif- 
ferent from  thill  generally  resorted  to  for  Himilar  londi- 
liolis  eisew  hire  about  theliody  .\  healthy  ulcer  may  lie 
covered  by  skin  grafts,  or  by  a  plastic  operation;  an  uii- 
healthy  one  should  llrsi  be 'made  liealthy.  All  (leiul  or 
dyiiiL;  bone  should  lie  removed  witii  curette  or  chiHel,  and 
it.H  surface  allowed  either  to  heal  by  granulation  or  to  lie 
covered  by  a  plastic  operation. 

The  soft  ]iarts  about  the  head  and  face  are.  if  possible, 
more  vascular  than  in  other  parts  of  the  IiimIv.  TIiIh 
ineaiis.  on  the  one  hami,  that  life  may  be  lost  by  neglect 
or  froiii  ignorance-.  Thus,  within  a  short  time,  the  writer 
has  seen  a  drunken  man  so  compleiely  exsanguinated 
bv  hemorrhage  from  a  superticial  s<-alp  wound  only  2 
cm.  long,  that  it  was  with  the  greatest  dilliculty  and 
care  that  he  was  recalled  to  life.  (Ml  the  other  hand, 
by  virtue  of  this  excessive  vascularity,  reparative  proc- 
es.s<'s  go  on  more  lapiilly;  and.  provided  that  proper 
precautions  have  been  taken,  it  is  the  rule  for  most 
extensive  solutions  of  conliiiuity  to  heal  /«  ;•  jirii/iiiiii. 

Siiinrfiridt  niiimliot  /r«i///(/» should  be  treated  on  general 
Jirinciples.  It  must  be  remembered  that  a  bullet  may 
not  only  pursue  a  most  tortuous  tra(-k.  but  may  carry  in 
foreign  matter.  Such  a  wound  should  either  receive  pri- 
mary antiseptic  occlusion,  without  the  slightest  explor- 
ati<iii  or  disturbance,  or  its  track  iniisl  be  carefully 
cleansed  and  drained,  being  laid  open  for  this  purpose  if 
neces-sjiry.  After  it  has  been  inlerfcreil  with  or  explored 
it  differs  in  nowise  from  other  wounds,  so  far  as  indica- 
tions for  treatment  are  concerned.  There  is  seldom  any 
jiosilive  imiication  for  removal  of  a  dee|)ly  buried  bullet, 
save  the  anxiety  of  the  iiatient.  and  this  of  course  is  a 
minor  consideration. 

Dkki'  WoiNiis  WITH  In.hkiks  to  Till-;  Boxes. — Like 
all  other  wounds,  these  call  at  lirst  for  hicmostasis.  then 
for  perfect  cleanliness,  with  removal  of  the  hair  in  the 
neighborhood.  Thiscomjiletcd.  exact  exiilonitioii  should 
be  made.  Should  it  appear  that  umlerneatli  a  small  ex- 
ternal lesion  extensive  damage  is  concealed,  then  by  free 
ineisi<in  the  w-|iolc  must  be  exposed  to  touch,  if  not  to 
sight.  According  to  the  extent  of  these  deeper  lesions 
the  superHcial  wound,  as  tliusextended.  should  or  should 
not  lie  reunited. 

It  may  happen  that  one  or  more  pieces  of  the  external 
table,  or  of  the  malar  or  other  bones,  may  be  chipped 
off  or  entirely  separated  from  tliiir  Ixmy  basis,  ami  iield 
only  by  their  connections  with  the  periosteum  and  soft 
parts.  Not  forgetting  that  they  may  still  be  nourished 
by  these  connections,  it  is.  on  the  whole,  the  safest  plan 
to  remove  them,  leaving  if  po.ssible  the  periosteum.  But 
.should  a  prominent  process  of  bone  be  thus  detached 
from  its  seat.  e.g..  a  part  of  the  supra  orbital  ridge  or 
margin  of  the  orbit,  or  even  the  mastoid  jirocess  (and 
suoli  cases  have  been  reported),  it  would  only  be  proper 
to  make  every  effort  to  save  it.  Such  a  fragment  is  to 
lie  held  in  place  by  pressure,  by  .stitches  in  the  perios- 
teum, or  by  drilling  and  suturing  with  catgut  or  silver 
w-ire.  Pieces  of  bone  that  lie  quite  loose  niusl  unhesitat- 
ingly be  removed,  even  if  dura  mater  or  brain  be  thereby 
exposed. 

Ilemorrhage  from  a  dentuled  bone  surface,  and  oozing 
from  a  deep  wound,  may  commonly  be  checked  liv  ice- 
water  or  hot  water  and  pres-sure,  A  solution  of  anti- 
pyriii  (live  per  cent.)  makes  a  most  excellent  styptic, 
while  suprarenal  extract  or  "adrenalin  "  furnishes  almost 
an  ideal  remedy  in  this  regard.  Once  checked,  the  bleed- 
ing is  not  likely  to  recur  after  the  wound  is  protected 
from  the  air  and  dres.sed  with  suitable  coiniiression. 

Asiile  from  leaden  projectiles,  a  great  variety  of  for- 
eign bodies  may  not  only  injure  the  cranial  bones  and 
tliose  of  the  face,  but  parts  "of  them  may  even  become 
embedded  or  disjipjiear  from  sight — as.  for  example, 
workmen's  pointed  tools,  knifi-  blades,  bayonet,  sword 
or  foil  points,  arrow-heads,  hatchet  or  tomahawk  points, 
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pieces  of  irliiss,  splinlris or  cliips of  woo<].  etc.  The  deeper 
they  |ielietriite  llir  irreater  llic  irmvily  of  the  case;  Ihi- 
greater  also  the  possibility  of  perforation  orilepressiou  of 
the  inner  table  of  tlie  sliuU.     Thus  fatal  injury  of  the 


Fig.  2538.-Llnesf>f  Fnudin-  Vlslhli.i.ii  tlic  Outside  of  a  Skull.    (Atter 
Hewi'tt.i 

brain  is  not  so  mre  in  connection  with  a  wounil  of  the  orbit, 
anil  the  condyle  of  the  inferior  maxilla  has  been  forced 
throuirh  into  the  cavity  of  the  cranium.  By  means  of  a 
wound  in  the  oropharynx,  death,  with  literally  no  external 
injury,  has  been  caused.  In  all  these  cases  the  indica- 
tions "for  treatment  are  general,  yet  explicit.  Obviously, 
removal  of  a  forciirn  body  is  called  for  in  almost  every 
case,  and  this  should  be  accomplished  with  the  least  pos- 
sible disturbance.  The  only  exceptiou  would  probably 
be  when  it  has  totally  disappeared  within  the  brain  sub- 
stance. If  sini]>le  traction  be  insufticient  to  dislodge  it, 
enlargement  of  the  external  wound  and  itistrunienlal  aid 
must  be  resorted  to.  Strong  forceps,  a  i)ointed  elevato- 
rium.  the  chisel  and  gouge,  the  trephine,  or  even  the  sur- 
gical engine  may  be  called  for.  Thus  the  writer  has  had 
to  resect  aluiostthe  entire  upper  jaw  to  get  away  a  jiiece 
of  wood  which  had  been  deeply  driven  into  the  sUidl  as 
it  flew  oti  from  a  circular  saw.  The  moie  recent  the 
case  the  better,  as  a  rule,  the  results.  If  a  pointed  ob- 
ject have  penetrated  the  cranium,  it  should  be  removed 
by  traction  in  the  direction  of  its  line  of  entrance,  so  that 
further  injury  to  the  brain  or  its  coverings  may  be 
avoided.  In  such  a  case  it  would,  in  many  cases,  be  well 
to  trephine  at  the  site  of  its  entrance  into  the  skull,  in  or- 
der to  remove  any  depressed  bone,  and  smoothly  to 
round  otT  the  opening;  by  means  of  the  free  opening 
thus  made  hemorrhage  can  be  more  easily  checked. 
Bullets  have  occasionally  been  more  easily  removed  by 
making  a  counii  r  i>]ii  uing.     This  is  more  easy  now  than 

a  few  years  ago 
when  the  tele- 
phone probe  and 
the  Rontgeu  rays 
were  not  avail- 
able. 

In  eveiy  case  in 
which  solution  of 
continuity  of  the 
external  table  has 
taken  jilace.  the 
attendant  should 
Ijearin  mind  what 
a  vantage  ground 
the  diploi!  offers 
for  the  lodgment 
f)f  septic  germs, 
and  for  tlie  de- 
velopment of  in- 
Hainmatory  and 
sejitic  thrombotic 
jirocesses  which 
may  greatly  mili- 
tate ajrainst  tlie 
Siifety  of  the  pa- 
t  i  e  n  t ;  an  tl  li  e 
should  in  such  cases  omit  no  jirecaulion  which  mav 
tend  to  avert  their  destructive  tendency.  Rigid  anti- 
sepsis, or,  if  it  can  be   secured,  rigid  asepsis,  must  be 


Fig.  aXW.— Lines  of  Kniilim-  VUlhle  on  ttie 
Inside  of  the  Same  Skull.     (.\(IiT  llewi-It.j 


our  motto;  without  it  no  such  wound  can  be  properly 
Ireated. 

The  pos.sible  remote  consequences  of  a  blow  on  the 
head  should  not  be  lost  sight  of.  Inflammatory  hyper- 
trophy of  the  bone  may  be  the  result,  or  caries  or  necrosis 
may  ensue.  These  latter  may  be  limited  to  the  part  in- 
jured, or  may  be  very  widespread,  alfecting  one  table  or 
both.  an<l  even  involving  the  whole  vertex.  Extensive 
destruction  of  the  inner  table  alone  has  been  known,  and 
•Saviard's  celebrated  case  jiroved  that  the  entire  vertex 
might  .separate,  since  in  his  i)atient,  two  years  after  a 
blow,  the  whole  skull  cap  came  away.  Not  to  speak  of 
other  bone  lesions,  we  must  also  remember  the  remote 
results  of  hemorrha.ffe,  as  when  a  clot  organizes  into  a 
cyst,  etc,  (riile  Drniit,  Tumoia  of).  For  every  reason, 
then,  we  should  endeavor  to  diagnose  at  the  time,  if  pos- 
sible, the  nature  of  the  injury,  and  to  meet  the  indication 
at  once,  in  order  that  tmtoward  after-consequences  may 
be  avoided. 

Fi!.\CTti{ES  OF  THE  SKfi-i.. — Geiiend  Considenitions. 
— Those  of  the  vault  arc  usually  direct,  the  result  of  the 
force  applied,  whether  the  head  have  been  struck,  or 
whether  the  patient  have  fallen  U])on  it,  and  they  consist 
at  one  time  of  a  depression  (in  a  yielding  skull,  akin  to 


Fig.  2.540,— Comminuted  Fraenires  of  Vertex  of  Skull  and  of  Superior 
Maxilla,    (.\fter  BcrKmann.) 

green-stick  fracture),  at  another  of  an  abrupt  perforation, 
of  a  linear,  a  stellate,  or  a  comminuted  fiiicture.  Fract- 
ures may  here,  as  elsewhere,  also  be  simjde  or  com- 
pound. If  the  fracture  be  lissured  the  fissure  nta.y  be 
short,  or  may  pursue  a  long  devious  line,  even  to  the  base 
of  the  skull,  extendin.ir  through  twoorthiee  bones.  The 
comminuted  fracture  is  usually  less  extensive  as  far  as 
lines  of  cleavage  are  concerned.  Fractures  of  the  vertex 
also  involve  either  one  or  both  of  the  tables.  Thus  we 
often  have  fracture  of  the  external  table  alone,  and  fract- 
ure of  the  inner  table  without  visible  lesion  of  the  outer 
is  known.  Displacement  may  occur  outward  or  inward. 
The  lines  of  fracture  visible  on  the  outside  of  a  given 
skull  are  seldom  any  index  as  to  what  may  be  found  on 
its  inner  surface. 

Figs.  2.538  and  2.539.  from  Hewett's  monograph  in 
Holmes'  "'Surgery."  third  edition,  illustrate  this  fact; 
the}'  represent  respectively  the  outer  and  inner  asjiects 
of  a  vertex  thus  injured.  A  large  number  of  similar 
illustrations  mav  be  found  in  I  heir  ap|iropriate  places  in 
the  "Surgical  History  of  the  Civil  \Var."  On  the  other 
hand.  Fig.  2.")40.  from  Bergmanu.  will  give  an  idea  of 
the  extent  of  some  fractures  of  this  kind. 

There  is,  fintln  r.  the  possibilily  of  fiaetiire  by  euntre- 
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iniiii. 

Ill  ikI. 


eoii/i.  By  ilii»  iritii  is  inciint  fniciuro  by  vIoIlmicu  trauii- 
iiiitli'il  liv  till-  arclii'il  coiisii'iu'llnii  of  thr  Kkiill  Id  ii  point 
iiiDrr  iir  icHS  ii|>|i<iNiti' III  tliul  injiMi'il  It  is  I<iii>vmi  tliiii 
ill  I'l'lli  killK  II  I'lX'iiillllll.  r<il  lllsliillrr.  lllr  ••llcll  Is  lint  III 
ways  liriikrli  iit  just  Mir  |iiiiiil  wlirir  the  liiiiiiiiii'i'  slrlkrs 
it.  "imt  iillni  III  sniiicoiliii-  |ilii<c.  Sii  11  lilinv  mi  llic  ritrlil 
siilr  iif  llir  lii-iiii  limy  niiisc  riiiitiiri'  nl  llir  li'fl  »i<l<'.  i>r  ill 
hotli  pliuTs.  'I'liiisiiiiiy  li<'c.\|iluiiii'il  iliiis<-('iis('Hiii  wliicli 
a  iiiiiii  siislaiiiiiii;  injury,  as  liy  a  kick  nf  ii  imrsc.  i>ii  tlir 
rijjlit  siilr,  is  a  liill.'  Iiiicr  foiiiul  in  liavr  piinilvsis  nf  tlic 
Hitiili'  siiii-  nf  till'  linily  ;  till'  I'Xplaiiiltinn  liciiii;  fni<  tiiic  nf 
till-  li-fl  side  nf  thr  skull  liy  rmitii ■••'■iiji.  willi  nipliirc  nf 
vt'S-Sfls  anil  fiiriiiiition  nf  a"c-lnt  (nr  cvi-ii  iiiptinv  nf  vrs- 
SJ'l.s  witliniit  li'sinii  nf  till'  hnni').  willi  paialvsis  cniisc- 
qiiciitly  nil  till'  siiic  nppnsiu-  lllr  rinl  lis  an  nriliiiary  cdiii- 
pri'ssinii  syniptnin.  TliiTi-  is  nn  limit  tnllii-  pi  riiliiirilii'S 
of  fnuluri'  liy  eont  re-coup,  savi-  that  it  is  iirvrr  ilrpnssnl. 

Conccrninir  thr  iliii).'iinsis  of  fnictiirrs  nf  iIk-  vrilrx,  it 
is  not  paniilnxii'ui  to  say  tliat  it  is  rtisv  in  prnpnrlinii  to 
till-  srvrrity  nf  thr  casi'."  iiiiil  innsi  ililllrult  wliiii  llir  in- 
jury is  iiinsi  trivial.  'I'lir  iiirnsi  imviir  may  rrriii.'iii/.e 
the  iiiiliiiary  cniiipounil  frartiirr  at  a  ;il«nrr.  wliilr  the 
oxprrt  may  be  nt  n  loss  in  somi"  cases  of  simple  linear 
fissure. 

Doulitli'ss  iiiaiiy  eases  of  eoneiission  of  the  liniin  fnl- 
lowinir  heail  injury  are  acronipanieil  liy  some  lis.siiiini:  of 
one  or  lintli  tables,  yet,  while  we  may  suspnl  this,  lliere 
is  no  way  of  prnvinir  it.  Kvni  a  enmpouiul  fiarlnre  is 
snnieliniis  ovrrlnnkeil  when  the  broken  liniie  lies  deep 
miller  the  tmipnial  miisele.  Mistakes  oecur  in  the  op- 
posite ilireel  ion  iilsn:  thus,  mere  e.vtmvasalion  of  blond 
lias  been  mistaken  for  fi-aelure  with  depression,  and  pre- 
existing abnormal  depressions  have  been  deemed  to  be 
the  result  of  recent  violence. 

Fiwturm  at  the  Bun  nf  the  ifkull. 

■■  If  we  view  the  skull  as  a  whole  from  either  side,  and 
especially  from  the  rear,  it  will  be  noiieed  that  while  the 
upper  and  posterior  surfaces  have  a  dniiie-like  arcli  the 
shape  of  which  is  well  calculated  to  resist  any  ordinary 
violence,  the  base  or  under  surlacc.  especially  viewed 
from  the  rear,  is  nearly  llat.  This  is  more  strikingly  ap- 
parent if  we  make  a  transverse  and  vertical  section  just 


Fig.  2.M1.— Tniiisveree  Vcrlli-iil  Si'itlon  of  Skull  ttiroucti  tlie  Foramen 
Miimiuni,  nt  Junotfnn  of  lis  Mlildle  ami  I'osierlor  Tlilnl.s :  sbowlnB 
Ihlnni'ss  unil  lliitni'ss  of  tlii-  Iwse  In  roiiirBst  with  tbe  thickness  and 
ronvi'xlty  of  Ibe  vertex.     iTIiomas  H.  Russell.) 

back  of  the  foramen  magnum.  This  will  show  that  the 
base  of  the  skull  at  that  point  is  almost  exaclly  llat.  and 
lacks  the  arched  contour  calculated  to  withstand  blows 
or  pressure.     This  will  be  made  evident  by  reference  to 


the  iiccoiiipanyint;  IIIiini ration  (Fig.  S.MI)  of  u  IniiiHVcrKO 
vertical  section  just  back  nf  the  fnrami'ii  iiiiii.'iMini 

"A  glaiiee  al  the  iiiiiirr  surface  finiii  w  ll  liniil  will  sliow 
that  it  is  wiakeiied.  imt  only  by  llo'  large  fmitiiKii  mag- 
num, but  by  the  niiniiiMii-.  rnniiiiina  nii  either  side  and 
in  frniit  nf  it.  If  the  bus.-  Ill  vii'vvcd  from  within,  being 
held  between  the  obsj'rver  anil  a  miNlemlely  Htruug  light, 


Fio.  2.>t2.  — rase  Reported  liy  Dr.  Bluelow,  of  an  Iron  Bar  14;!  Inches 
Ions  iind  \\4  Inches  tn  diaiiielerl  Driven  Vpwnnl  throtiirh  Ihe  Skull. 
Recovery. 


a  considerable  portion  of  the  entire  base  will  be  found  tn 
be  quite  translucent,  and  some  portions  almost  transpar- 
ent, ow  ing  to  tlieirextreme  thinness.  The  posterior  fossa 
of  a  skull  before  me  is  lliiniicr  than  at  any  other  portion 
of  its  entire  contour.  In  this  sjwcimeu  it  is  easy  to  dis- 
tinguish through  the  pnsteiior  fossji  small  objects  held 
on  the  other  side  of  it.  the  bone  here  being  as  tliin  as  the 
thinnest  paper. 

■■  While  it  would  appear  that  the  thicker  portions  of  the 
base — as.  for  instance,  the  condyles  on  either  side  of  the 
foramen  magnum,  the  mastoid  portions  nf  the  lemporal. 
the  median  portion  of  the  sphenoid,  and  the  elevated 
ridges  on  the  occijiital  bone — add  considenible  strength, 
in  reality  they  do  not  furnish  as  much  additional  support 
as  would  at  first  appear;  for  if  we  make  sectionsnf  these 
above-mentioned  thicker  portions,  we  shall  Iind  that  they 
have  only  an  extremely  thin  layer  of  outer  and  inner 
table  or  solid  bone,  and  that  almost  their  entire  thickness 
is  made  up  of  diploi'.  They  do  not  nearly  compen.sate 
for  the  extreme  thinness  of  the  greater  portions  of  all  the 
fos.s.1!  and  for  the  numerous  fonimina.  It  will  therefore 
appear  evident  that  the  base  of  the  skull  is  relatively 
weak,  and  not  calculated  to  withstand  more  than  a 
moderate  amount  of  violence.  The  greater  jmrtion  of 
the  base  has  little  or  no  diploP.  No  diploi'  is  to  be  found 
in  the  posterior  fossa  and  in  the  orbital  plates  of  the  fron- 
tal bone. 
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"If  it  were  not  for  the  fact  that  the  base  of  tlie  skull, 
from  its  less  exposed  posiiidii  ami  from  its  bciiistoa  preal 
extent  proteelcil  from  ilirtcl  violcnci'  liy  licini;  encloseil 
liy  the  stnuiures  of  the  luck  licneiith.  and  for  the  fact 
that  its  final  tiiohility  upon  ilie  eirvical  vertchne  lessens 
the  danirer  from  any  direct  violence,  it  would  be  much 
mure  freiiueiilly  fractured. 

"The  under  surface  of  the  brain,  that  contiguous  to 
the  base  of  the  skull,  is  of  greater  imporlanec,  and  any 
injuries  of  it  arc  much  more  s<-rious  than  those  of  its 
upper  surface,  and  it  is  i)rincipally  for  this  reason  that 
fractures  of  the  base  are  more  di.sastrous  than  those  of 
the  vertex. 

•■  Hilton  has  drawn  attention  to  theextremely  important 
manner  in  which  the  cerebro-s|)inal  lluiil  protects  the 
base  of  the  brain  from  injury.  lie  has  shown  that  al- 
most the  only  part  of  the  ba.se  of  the  brain  which  is  in 
close  apposition  with  the  base  of  the  skull  is  the  inferior 
portion  of  the  anterior  lobes  of  the  cerebrum,  wliere  they 
rest  upon  the  orbital  plates  of  the  frontal  bone,  and  that 
all  the  other  portions  of  the  base  of  tlie  brain,  including 
those  parts  most  essential  to  life,  do  not  rest  upon  the 
bones  at  all.  nor  even  touch  tlii-iu,  but  that  un<lcr  these 
portions  of  the  brain  there  is  su<li  an  abundant  aecumu- 
lati<m  of  cerebrospinal  fluid  that  it  forms  what  he  aptly 
terms  a  water-bed.  No  other  portions  of  the  brain  are 
thus  prf)tected  by  an  abundant  suiiply  of  cerebrospinal 
fluid  to  break  the  force  of  any  violence.  The  contour  of 
the  two  iiosterior  lobes  of  the  brain  does  not.  therefore, 
correspond  to  that  of  the  portions  of  the  skull  over  which 
they  float  on  this  water-bed. 

"The  most  remarkable  ease  which  I  have  been  able  to 
tind  recorded  is  described  in  the  Ainericmi  Journal  of  tlie 
Meiliriil  .S-tVncc*  for  July,  18.50.  by  Dr.  Bigelow.  A  solid 
bar  of  iron,  three  feet  seven  inches  long  and  one  and  one- 
fourth  inches  in  diameter,  was  driven  by  a  premature 
explosion  of  a  blast  entirely  through  the  skull  of  a  man 
twenty-five  years  of  age,  high  into  the  air.  and  fell 
several  rods  di.stant.  The  bar  passed  upward  beneath 
the  zygomatic  process  on  the  left  side,  and  through  the 
floor  of  the  anterior  fossa  of  the  base  of  the  skull,  and 
emerged  near  the  centre  of  the  frontal  bone  close  to  the 
coronal  suture.  A  considerable  ])ortiou  of  brain  sub- 
stance wa^  lost.  The  patient  was  almost  immediately 
able  to  converse  rationally,  and  rode  three-quarters  of  a 
mile,  sitting  erect  in  an  oxcart,  and  after  alighting  from 
the  cart  without  aid  walked  u])  a  long  flight  of  stairs. 
His  recovery  was  complete  in  all  respects,  excepting  the 
loss  of  sight  in  the  left  eye  (Fig.  2.54:J). 

"Perforations  have  also  occurred  in  various  parts  of  the 
base  of  the  skull  from  gunshot  wouuds.  ^\'(nmds  from 
direct  violence  of  this  kind  are  much  more  common  in 
the  anterior  fossa  than  in  other  jiortious  of  the  base,  its 
floor  being  so  thin  that  but  little  force  would  be  required 


Fir..  2543.— Fmolure  of   rilnold  Pmoess  hv  Sword  Thrust, 
"Surgical  History  ol  War  of  JSclK-lUoD.") 


to  thrust  any  of  the  abovementhmed  foreign  bodies 
through  into  the  brain.  Punctured  wounds  tlirotigh  the 
anterior  ]iortion  of  the  orbit  by  small  slender  instruments 
or  weapons  leave  but  v(.ry  little  external  evidence  of  in- 
jury. If  slender  weapons  b(.  introduced  under  the  upper 
lid,  nothing  is  vi.sible  but  a  sliglit  amount  of  ecchymosis 
of  the  conjunctiva.     If  the  wound  be  external  to  the  lid, 


there  will  be  nothing  visible  but  the  small  wound  in  the 
region  of  the  eyelid  fir  eyebrow;  and  as  the  brain  symp- 
toms from  such  a  wouiul  of  the  anterior  portion  of  the 
bnun  may  not  appear  for  several  days,  the  gravity  of  the 
case  or  the  nature  of  the  injury  may  be  entirely  over- 
looked. 

"  Xancrcde  has  calli-il  attention  to  the  fact  that  murder- 
ous wounds  leaving  no  trace  that  can  be  detected,  ex- 


FIG,  2.544.— Fracture  of  .\ntericir  Fossa  from  a  Blow  on  the  Nose. 
(Bryant.) 

cept  upon  a  very  carcfid  examination,  could  be  readily 
effected  by  passing  a  small  pointed  instrument  through 
the  retrotar.sjil  conjunctival  fold,  and  then  |ienetniting 
the  delicate  orbital  roof  and  superjacent  brain.  While 
this  woidil  not  be  dilhcult  in  an  adult,  it  would  be  espe- 
cially easy  in  cliildrcn. 

"The  ethmoid  bone  has  been  fractured  by  a  blow  upon 
the  nose,  driving  it  ujiward  against  the  bniiii. 

"The  squamous  portion  of  the  temporal  bone  has  been 
fractm-ed  by  a  blow  u|ioii  the  chin,  driving  the  condyle 
of  the  lower  maxilla  through  the  glenoid  fossa. 

"It  is  easy  to  appreciate  how.  if  a  man  fall  from  any 
considerable  height,  and  cs])ecially  if.  falling  uiion  his 
head,  he  strikes  upon  any  soft  surface,  thus  distributing 
the  force  of  the  blow  over  a  considerable  area  of  the  ver- 
tex, the  weight  of  the  body  being  projected  like  a  blow 
from  a  luunmcr.  with  the  momentum  gained  by  a  descent 
of  many  feet,  against  the  base  of  the  sktdl.  an  extensive 
fracture  of  the  base  might  easily  be  produced.  These 
fractures  should  be  considered  as  caused  by  direct  vio- 
lence. As  the  entire  weight  of  the  individual's  body, 
projected  from  a  height  of  a  number  of  feet,  constitutes 
the  fracturing  force,  it  would  seem  verj-  easy  for  exten- 
sive fissure  of  Ihe  base  to  occur. 

'"The  above-mentioned  fractures,  although  considered 
by  some  as  illustralions  of  conlre-eoiip.  are  the  result  of 
direct  violence  by  impact  of  the  base  of  the  skull  against 
the  cervical  spine,  and  not  properly  from  ct/nlie-coup, 
as  formerly  consideied  by  Chopart  and  others,  who  have 
recorded  iheir  cases  of  cntn  -coiiji.  Coimterstroke  as 
a  factor  in  the  production  of  fractures  of  the  base  prob- 
ably very  rarely  occurs,  and  is  much  less  often  referred  to 
in  modern  medical  literature.  A  fractine  by  onitn  C'lip 
is  one  in  which  the  fracture  is  produced  on  the  side  of  the 
head  opposite  to  that  on  which  the  blow  is  received. 
Grima's  definition  of  eontre-rnup  is:  'A  lesion  produced 
by  a  blow  in  another  ]ilaee  than  that  which  received  the 
blow.'  The  fracture  is  caused  by  the  violence  being 
transmitted  through  ami  aromul  the  skull.  In  a  consid- 
eralile  projiortion  of  cases  the  fractiu'e  at  the  base  is  a  re- 
sult of  the  extension  of  a  lissure  from  a  fractured  vertex. 
In  those  cases  in  which  there  is  fracture  of  both  vertex 
and  base,  the  direction  of  the  fracture  is  iroin  the  vertex 
toward  the  base.  The  theory  of  Aran,  who  made  nu- 
merous experimental  investigations,  was  that  fractures 
of  the  base  are  always  comiected  with  fractures  of  the 
vault  from  which  they  radiate,  following  a  line  within 
the  zone  in  which  the  former  occmied.  and  taking  a 
course  which  corresponds  with  the  shortest  route  to  the 
base.  Aran  based  his  theory  upon  nuim-rous  experi- 
ments with  dead  bodies,  and  upon  old  dried  skulls. 

"  Fractures  of  the  base  are  generally,  if  not  in  all  cases, 
only  fissured  and  without  marked  depression,  as  in  fract- 
ures of  the  vertex. 
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Ilniil. 
Il<  ml. 


".SvMiToMs.— Till- KyiiiploiiiKiin' often  obwiirv.  mid  tlio 
(liiiKKoxi^  iiiiiy  iii'i  111'  iiiiiilc  (Pill  Willi  nriiiiiity  III  lln'  "iii- 
H'l  Sviii|il<iiiis  iisiiiilly  ii|>|<rar  luily,  lull  iiiiiy  Ix'  Imik' 
ilcliiyol.  iinil  nil  limy  l>f  iilisi'iil  iinlil  llmr  or  four  lioiirs 
iM-foVi'  ilciilli,  lis  in  II  nisc  rccor.ti'il  liy  .liii-knoii.  Hilton 
iiii'iitioiiM  iiii  inti-ri'siiii);  ram'  of  u  pi'iillciiuiii  who  wiiH 
llirown  from  liis  lioiw.  sirikim;  upon  tlu'  Imck  of  llif 
lii'Uil.  anil  lie  wii^  ilni^^cil  liy  liis  foot  I'lilcliiiiK  in  the 
stiiTii|>.  Ill'  sulisii|iiinlly  iliHiiitiiiiL'li''l  lii«  fool, 
inoiintril  liis  liorsi'  iiiiaili.  anil  roilr  hi'VithI  niiirt  lioiiic. 
Ill' ni  riipii'il  liiiiisi'lf  iilioiil  liis  iisiml  cliitii'S  for  tlir  fol- 
lowiiii;  lliirli-i'ii  ilii\s,  ilriviii^.  wiilliiiii;.  iiiul  iittriiiliiii;  to 
various  lni>iiii>.s  mattiTs,  |irrvious  lo  roiiiiiiir  uiulrr  Mil- 
ton's  cari'.  Ilr  llirti  l>r)ran  to  sulTi-r  from  iiuliralions  of 
panilysis  ami  siilis<'i|ui'ii(ly  ilicil.  ami  an  oxaiiiiiiation  of 
his  skull  hIiowi'iI  that  In- hail  siiITitoiI  a  fnirliiri'at  the 
baw.  Yi't  iluriiiir  llii'  thirtri'ii  iliiys  following;  the  in- 
jury  llicro  was  not  ihi'  slightust  evidi-nci'  of  any  liniin 
lesion. 

"Owinir  lo  till'  location  of  ii  fnictiiri'of  tin-  liasc,  ami  to 
till'  fait  that  sinli  fnirturi's  arc  only  lissuii'il  ami  with 
liltli- or  no  ilrpii'ssioii.  it  is  not  |iossibli' to  niakr  out  by 
inspi'i'tioii  or  palpation  tlir  liiii's  of  fi-arturis,  as  can  be 
iloiii' in  those  of  till"  Vertex.  The  manner  in  which  the 
violence  has  been  inllicteil  woulil  guiilc  us  very  much  in 
our  iliafriiosis.  ami  the  symploiiis  will  ilepcnil  upon  the 
portion  of  Ihe  base  which  is  (niclureil. 

■■  Ilemorrliai,'!'  from  the  ears  alone  is  of  only  nioilcrnli' 
imporljince.  fur  it  may  occur  without  fracture,  simjily 
from  any  laeemtion  of  the  small  vessels  of  the  external 
niiililoiy  meatus  or  the  meiiibnina  tynipani;  but  if  the 
liemorriiaixc  be  iiroloiiireil  anil  copious,  ami  especially  if 
it  be  cviileiilly  arterial,  as  shown  by  pulsiition.  ami  if  it 
be  aeeompanieil  by  oilier  symptoms,  or  the  nature  of  the 
acciileiit  be  such  as  wmilil  be  likely  to  iiroiluce  fracture 
of  the  base,  it  is  a  symptom  of  consiilciable  importance, 
but  is  not  alone  quite  conclusive.  Severe  heniorrhage 
from  the  ear  has  oeeurreil  without  fnictureof  the  base. 
This  symptom  iloes  not  occur  even  in  all  fractures  of  the 
niiilille  fossa,  but  only  when  a  fnicture  lhioui;li  the  pe- 
trous portion  of  the  temporal  bone  establishes  a  com- 
munication between  the  injured  intracranial  vessels  and 
the  cavity  of  the  tympanum,  the  membrana  tympani 
iK-inS  also  ruiiluieil.  If.  in  such  cases,  the  membrana 
tympani  was  not  ruptured,  the  blood  would  escape 
throUL'h  the  Kiistachiaii  lube  into  the  throat. 

"Serous  discharge  from  the  ear  is  the  most  important 
and  almost  characteristic  symptom  of  fracture  of  the 
base.  This  discharge  is  sometimes  very  copious,  so 
much  so  that  it  is  recorded  that  as  much  as  a  tumblerful 
has  been  discharjied  in  a  short  liiiic.  It  has  been  jiretty 
romlusively  proven  that  this  consists  of  cerebrospinal 
fluid,  for  ilsconiposilion.  whenever  examined,  has  proved 
to  1«'  the  same,  and  there  would  apiH'ar  to  be  no  other 
possible  source  for  such  a  copious  discliarsre  of  fluid  cor- 
respondinjr  in  rliemical  composition.  It  was  at  one  time 
erroneously  sujiposcd  that  it  was  the  serum  of  the  blood, 
or  the  fluid  secreted  by  the  internal  ear.  The  cerebro- 
spinal fluid  is  a  ]ierfectly  clear  fluid  of  a  very  pale 
yellow  color,  and  havini;  a  specific  .irnivity  of  about 
1.010.  It  has  a  siltish  taste  and  its  reaction  is  alkaline. 
It  contains  a  substance  which,  according  to  Foster,  al- 
tliouirb  not  sufrar,  acts  like  dextrose  when  tested  with 
Fehlintr's  solution.  Five  cases  have  been  recorded  by 
Wilder  (.lAi/i'.vi;  .Yiird.  Philadelphia.  188.5.  vol.  xlvi.,  i)p. 
GS.j-tWT),  in  which  brain  substance  escaped  through  one 
ear.  Of  these,  three  were  falaland  two  recovered.  The 
discharge  of  cerebiosi>iiial  fluid  is  possible  only  when 
there  has  been  a  fnicture  of  the  petrous  portion  of  the 
temporal  bone,  with  rupture  of  the  dura  mater  and 
araclinoiil.  and  of  the  menibnuia  tympani.  Cerebro- 
spinal fluid  has  rarely  been  discharged  through  the  nose, 
when  the  line  of  fracture  extends  through  the  anterior 
fos.sa.  In  a  aise  recorded  b.v  Cameron  in  T/if  Lntirft 
(London.  1881.  vol.  i..  p.  '.JO.")!,  there  wascoiiious  discharge 
of  cerebrospinal  fluid  through  the  nostril  and  one  ear; 
but  the  patient,  although  seventy-five  years  of  age,  re- 
covered.    Erichseu  reports  a  case  (fatal)  of  a  boy  who  re- 


ci.'ived  11  wound  on  Ihe  tiack  of  the  lieuil,  with  depn-Hiu-d 
anil  eoniminiited  fraclure  of  the  kUuII.  thriiii)>li  the 
wiiunil  in  » Imsc  scalp  a  large  i|iianlity  of  ceiebro  Kpiiial 
fluid  I'seapeil  This  iliscliai^'c  of  niouk  fluid  by  itself  in 
a  very  chiiriictiTistic  Nyniploin.  and  when  taken  In  con- 
nection Willi  an  accident  the  nature  of  which  would  bo 
likely  lo  produce  fniclure  of  the  skull,  would  coiiHtltilto 
almost  positive  priwif.  A  vi'ry  noteworthy  cum?  Iiu8, 
however,  Imiii  reported  by  I'agc  (London  hiiiril,  IKKK, 
vol,  i,,  p.  77-1)  of  a  sailor  «  bo,  after  a  fall  of  twenty  feet, 
had  ptosisiif  light  eye,  partial  lossof  vision  In  lefleye.  and 
hemorrhage  from  left  ear  and  nose,  followed  by  copious, 
dear  serous  discharge  from  left  car,  and  insinsibilily. 
Nearly  complete  recovery  kooii  followed,  but  he  died 
seven  weeks  after  the  accident,  and  at  the  autopsy  no 
fnicture  could  be  found,  but  only  purulent  ineningitis. 
I'aralysis  of  one  or  several  cninial  nerves  has  occurred  as 
«  resiill  of  fraclure  of  tlie  base.  Hemorrhage  from  the 
nose  and  mouth,  and  sulrsei|Ucnt  voniiling  of  blood,  may 
arise  in  many  cases  in  which  there  is  no  fracture.  Hut  if 
the  hemorrhage  be  considerable,  and  if  the  iiature  of  tlio 
accident  were  such  as  was  likely  to  caiisi?  u  fracture  of 
the  base,  it  may  be  supposed  that  the  source  of  the  hem- 
orrhage is  probably  from  rupture  of  an  intracranial  ves- 
sel, the  blood  escaping  from  a  fracture  of  the  sphenoid 
or  ethmoid  bones  forming  the  roof  of  the  na.sjil  fos.sa. 
Vomiting  of  blood  in  consiilerable  ipiantity.  without 
hemorrhage  from  nose  ami  mouth,  has  occurred  from 
fnicture  of  the  base,  the  blood  having  been  previously 
swallowed. 

•'  Hemorrhage  into  tlie  orbit  may  occur  to  a  very  notice- 
able extent  wlien  a  fracture  implicates  the  orbital  plates, 
the  blood  then  escaping  from  the  intracranial  ves.sels 
into  the  areolar  tissue  of  the  orbit,  and  ap|ieaiing  very 
noticeably  under  the  ocular  or  palpebnil  conjunctiva. 
The  discoloration  of  the  lids  from  such  a  cause  would  not 
usually  make  its 
a  p  p  e  a  r  a  n  c  e  a  s 
]>romptly  after  the 
injury,  nor  be  ac- 
companied by  as 
much  swelling,  as 
when  due  to  con- 
tusions of  Ihe  lids 
from  direct  vio- 
lence. 

"  Loss  of  vision 
from  hemorrhage 
into  the  orbit  may 
occur,  as  recorded 
by  Rohrbach. 

"  The  only  objec- 
tive evidence  of 
hcmorrha.ffc  from 
fracture  of  the  base 
may  be  the  ajiiiear- 
ance,  after  a  num- 
ber of  hours,  of 
extravasated  blood 
beneath  the  skin  on 
the  back  or  side  of 
the  neck.  In  such 
cases  the  blood 
flowing     from    the 

broken  skull  finds  its  way  down  along  the  cellular  tis- 
sue until  it  appears  beneath  the  skin,  in  the  neck.  Such 
extravasiitions  beneath  the  skin  are  of  considerable  diag- 
nostic importance,  if  there  liiis  been  no  direct  violence  at 
the  location  of  such  exlravasjitions  to  account  for  them. 

"Vertigo,  deafness,  otorrhiea,  hemiplegia,  impairment 
of  vision,  and  ])riapism  have  also  been  recorded  as 
symptoms.  There  is  no  one  .symptom constantly  present 
in  all  fractures  of  the  base. 

"Prognosis. — Fractures  at  the  base  are  not  as  inva- 
riably fatal  as  was  formerly  supposed.  There  can  be  no 
(loul)t  that  recovery  occasionally  occurs.  The  ]>rognosis 
as  to  the  injury  of  this  portion  of  the  skuP.  itself,  if  there 
were  no  accompanying  lesion  of  the  braiu,  would  not 


FlG.  iVl.j.-  Krai  turc  ui  Uif  lixK-  hy  a  Fall  on 
the  Verte.^.  wblili  was  Fissured.  (Erich- 
sen,  i 
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differ  from  fmi-tinvs  of  other  portions,  for  repair  iimy 
take  i)liu'e  here  ns  in  oilier  portions  of  llie  rniiiiiiin.  if 
the  patient  siirviveil  h)ng.  union  wouhl  jirolialily  Inlie 
pliice.  allhouirh  slowly.  Aeeordintr  to  llewett,  in  some 
cases,  even  after  months  and  years,  no  trace  of  union  of 
the  finjiments  coidd  be  fnund.  In  others  the  line  of 
fracture  was  found  partly  uiiitnl  liy  dense  lilirous  tissue 
and  partly  by  a  thin  layer  of  inlaid  hone,  while  in  others 
bony  union  was  perfect.  In  some  instances  of  bony 
union  llK'ie  was  an  excessive  formation  of  porous  boue. 
il  heinjt  heaju'd  up  alonjr  the  line  of  fracture.  Vsually. 
however,  the  injury  to  the  brain  results  fatally.  It  is 
hardly  possible  for'an  amount  of  violence  sutlicient  to 
piiiducc  fracture  of  the  base  to  fail  to  produce  concus- 
sion, laceration,  or  coiuprcssiim  of  this,  the  most  delicate 
|)arl  of  the  brain.  As  in  fnieturcs  of  other  jiorlious  of 
the  skull,  the  proL'nosis  deiiendsalmost  entirely  upon  the 
amount  of  injury  to  the  hnun.  Bryant,  however,  re- 
ports a  series  of  thirty  eases,  with  twelve  recoveries.  In 
these  twelve  the  injury  to  the  brain  consisted  of  simple 
concussion." 

The  importance  of  a  fracture  of  some  part  of  the  skull  is 
subordinate  to  the  importance  of  the  presence  or  absence  of 
compression  sym])toms.  Along  with  a  simple  fracture  of 
the  vertex  may  happen  a  ruptiue  of  some  vessel,  and  the 
formation  of  a  clot  of  such  size  as  to  determine  a  fatal 
cndinsr:  on  the  other  hand,  we  may  have  a  compound 
comniiiuited  fracture  with  a  minimum  of  compression  or 
of  cerebral  disturliance.  We  need,  tlicn.  to  diagnose  the 
intracraidal  lesions  with  greater  exactness,  if  possible, 
than  lho.se  of  the  bone.  For  the  diagnostic  signs  and 
symptoms  of  comjuession,  the  reader  is  referred  to  the 
article  "Brain,  ('oinpn'moit  "f"  (Vol.  II.).  When  after 
injury  to  the  head  such  evidences  of  compression  arc 
noticed  as  are  there  detailed,  no  matter  whether  they 
apjiear  at  once,  indicating  depressed  bone,  after  a  few 
hours,  as  from  a  blond  clot,  or  after  a  few  days,  as  when 
caused  by  pus  resulting  from  purulent  meningitis,  then 
there  is  suHicicnt  justilicatiou  for  cxidoration,  ami  this 
usually  means  the  employment  of  the  trephine. 

After  all,  in  theory  at  least,  it  is  not  dilticult  to  decide 
on  the  approjiriate  course  in  a  given  ca.sc.  In  cases  of 
concussion  without  serious  external  lesion,  we  are  called 
on  to  do  but  little.  If  a  scalp  wound  be  present,  it  should 
be  first  utilized  for  purposes  of  exploration  and  then 
closed,  as  already  advised.  In  cases  of  contusion  of  the 
brain,  unless  external  indications  are  sutlicient,  we  must 
pursue  a  tentative  poik'V.  Later,  if  circumstances  call 
for  it.  the  trephine  nuiy  be  employed.  But  in  cases  of 
distinct  compression  the  trephine  is  almost  always  indi- 
cated. To  be  sure,  its  jiroiier  application  may  call  for 
anatomical  knowledge  of  the  cimstruction  of  the  brain 
of  high  order:  nevertheless,  this  is  no  contraindication 
to  operate,  it  simply  calls  for  expert  skill. 

American  surgeons  are  now  almost  a  unit  on  the  sub- 
ject of  early  trephining,  or  what  may  be  called  the  early 
exploratory  use  of  the  trephine.  They  hold  that,  iuas- 
niuch  as  the  operation  is  per  ic,  vlieu  properly  ((Uiti.wpti- 
call;/)  perfvriiiKl.  one  of  very  small  danger,  we  are  likely 
to  gain  more  than  we  shall  lose  by  emploving  it  for  pur- 
poses of  explnration  when  in  doubt,  l-'ersonally,  the 
writer  thoroughly  believes  in  and  ailvises  operation  when 
it  seems  as  if  any  benetit,  either  in  a  diagnostic  or  in  a 
therapeutic  way,  may  be  gained.  But  before  liually  de- 
ciding on  instrumental  interference,  valuable  hints "nniy 
be  gathered  from  external  incision  and  exploration.  The 
indication  for  the  trephine  may  be  in  this  way  placed 
beyond  the  linnts  of  doubt.  The  writer  would  then  ad- 
vise, in  all  but  the  most  plain  and  typical  eases,  the  fol- 
lowing oriler  of  procedures  iu  cases  of  serious  injury  to 
the  head ; 

1.  Careful  external  examination  and  consideration  of 
the  general  condition  of  the  patient, 

2.  Exploration  with  the  linger  by  means  of  suitable 
incisions,  provided  the  cerebral  condition  be  other  than 
manifest  concussion. 

3.  Exploratory  or  therapeutic  use  of  the  trephine  ac- 


cording to  the  revelations  of  the  second  jirocedure.  or 
when  concussion  and  contusion  symptoms  give  wav  to 
those  of  compression. 

Twenty-live  years  of  experience  have  impressed  upon 
the  writer  this  lesson;  M'/i,ii  in  doubt  an  to  the  irimloi,,  of 
Irtliliiiiiii;/.  ojiirnti .  The  case  that  admits  of  serious  doubt 
will  be  sjifer  if  ojieratid  than  without  an  opciation.  This 
is  the  same  rule  which  I  follow  in  appendicitis;  it  rep- 
resents the  truest  conservatism.  Delay  in  doubtful  cases 
is  hazardous,  dangerous. 

Guided  by  this  aphorism,  it  woidd  seem  as  if  the 
practitioner  should  be  much  less  likely  to  err  than  when 
actuated  by  the  teaching  of  a  cerlaiii  past  era,  and  of 
men  who  are  jiassing  away,  that  the  trephine  should 
never  be  used  uide.ss  its  application  seems,  even  to  the 
novice,  plainly  and  lunnistakably  necessary. 

For  the  details  of  the  operation  the  reader  is  referred 
to  the  article  under  the  heading  Trephinin;/. 

"WoiNDs  OF  Till-;  OiiUiT.— Those  involving  the  eye  or 
its  adnexa  are  discussed  under  Ei/e.  InjuricK  of;  while 
those  which  do  not  injure  the  globe  are  to  be  treated  on  the 
general  principles  already  laid  down.  We  would  simply 
reminil  the  practitioner  that,  in  case  of  a  jienetrating 
wouiici  of  the  orbit  of  this  character,  there  is  necessity 
for  providing  adequate  drainage;  otherwise  pus  nuiy  iil- 
tiltrate  or  burrow  into  localities  where  its  presence  woidd 
be  most  undesirable. 

Wounds  of  Intr.\ck.\nial  Vessels  .\xu  Sintses. — 
I  These  most  often  involve  the  longitudinal  and  transverse 
;  sintises  and  the  nnddle  meningeal  artery.  Wounds  of 
these  channels  have  also  occurred  during  the  operation 
of  trephining,  and  have  not  been  fatal;  in  fact,  in  more 
than  one  case  the  elTeet  was  rather  that  of  a  venesection, 
and  was  consequently  good.  If.  by  a  small  punctured 
wound,  a  superficial  siiuis  be  penetrated,  an  antiseptic 
compress  may  be  suliicicnt  to  check  bleeding;  over  this 
an  ice-cold  ajiidication  should  be  made.  The  cases  are 
numerous  in  which  recovery  has  followed  this  simple 
measure.  Death  is  unusual  in  such  cases,  and  results 
rather  from  other  complications,  such  as  injury  to  the 
brain,  partial  escape  of  blood  into  the  cranial  cavity,  sep- 
tic processes,  or  air  embolism.  Volkmann  has  lost  a  case 
by  entrance  of  air  into  a  sinus  during  extirpation  of  a 
sarcoma  from  the  bone  and  dura  mater.  But  under  most 
conditions  this  would  not  happen.  Wounds  of  the  cav- 
j  ernous  sinus  through  the  orbit  have  always  been  fatal. 

A  splinter  of  bone  or  a  foreign  body  having  perforated 
a  sinus  wall,  the  blood  may  escajie  at  once  or  only  after 
its  removal.  These  cases  are  very  rare.  Hemorrhage 
may  be  checked  by  antiseptic  tampons  with  ice  applica- 
tions, or  the  sinus  walls  may  be  sewed  together  with  tine 
catgut  or  silk,  as  was  first  done  iu  one  notable  case  by 
Dr.  C.  T.  Parkcs.  I'rovided  they  do  not  prove  rai>idly 
fatal,  these  siiuis  woimds  usually  heal  well,  with  only  a 
thickeiung  of  walls;  but  entire  obliteration  of  the  chan- 
nel, should  it  occur,  w  oulil  be  of  no  great  import,  as 
Schellmann's  researches  have  proved.  The  principal 
danger  comes  from  softening  of  thrombi. 

Wounds  of  the  middle  meningeal  artery  may  be  recog- 
nized sometimes  by  the  supervention  of  compression 
sym])toms,  even  though  there  be  no  external  lesion  indi- 
cating them.  Among  causes  of  the  injury  may  be  men- 
tioned: a  direct  wound  by  some  sharp  object ;  laceration 
by  projectiles  or  bone  spicula  ;  ruiilure  by  cli;uigesiii  rela- 
tive situation  of  neighboring  bones:  rupture  without 
fracture  of  bones,  occurring  especially  on  the  side  oppo- 
site the  injury.  Rupture  having  occurred,  commotion 
may  retard  the  formation  of  clot,  but  it  will  form  sooner 
or  later.  It  ma.v  even  putrefy  without  visible  exposure 
to  the  air. 

Symptoms  of  this  accident  are:  An  interval  of  cou- 
sciousnsess  following  injury  before  supervention  of  som- 
uoleiKc,  sopor,  and  coma — these  arc  sometimes  preceded 
by  irritation  .symptoms,  and  the  comjuession  syminoms 
may  occur  at  any  time  after  hemorrhage  begins,  from 
fifteen  minutes  uj)  to  eleven  ilays:  hemiplegia  on  the 
side  opposite  the  injury,  the  artery  being  riglit  over  the 
motor  centres  for  the  opposite  arm  and  leg:  changes  in 
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■  ■•'lid. 
Il<  nil. 


Ilie  |>iilsi'(iiirrcc|m'ii(y  idiil  Imnliirss);  sluw,  i'iiil>iirniss«-<l, 
HirrloriiiiH  ri's|iinilioii ;  voiuitiiii;:  Icish  nf  rt'iictioii  li>  li^lit 
i>f  llic  |>ii|iil  on  till'  futiiir  siili'  us  (III'  I'lot :  oi-cuHintiii  1 
uiiiliiliTiit  iiiipiiiriiiciit  iif  wiisiitiiiii:  ii|ilmstii:  (liMinlcrcil 
IpIiiiIcIit  unci  rcctuiii;  rise  of  li'iiiprnitiiri'  If  III''  llrsi 
fiiiirof  Ilii'Mc  svmplcims  Im'  prrscnl.  Ilif  iliiijfiiosis  iiiiiy 
111'  ri'pinli'il  IIS  stitllriinlly  iicciinili'  lo  justify  opcni- 
timi.  'I'lif  );iiiiliiiil  sii|ii'rvi'niliiii  nf  ii|i|iiisiii  iiiilli'iiti's 
I'McllsloM  of  till'  lint  iillli'liiirly.  illsnrilris  (if  wlisjilinll 
its  rxti'iision  iinsli'iicirly,  uliili'  |iiinilysis  of  llir  tliiid 
(mir  iiu'uns  lliiil  it  lm.s  I'Xtciuliil  towiinl  Ilie  liiisi'  of  tin.' 
Iiriiin. 

Niiiiiciniis  onscs  of  |u'iu'tnitin^  woiinils  with  lesion  of 
lliis  vessel  Imve  lieeii  re|mi'leil.  Not  iiifreinieiitly  it  liiis 
reciiiireil  ii  lit;aliiri'  diirini;  reinoviil  of  frii^rineiils  nfler 
si'ViTe  injury.  Diiriiiiroiir  Civil  Wiir  llieenmmon  ciiroliil 
wiis  si'Veii  times  lijriiled  for  lliis  simii'  |)ur|iiise.  witli  llirce 
reeoviries;  while  now.  Iweiily  years  Inter.  |iroliiilily  im 
i'oni|)elenl  siiriieon  wnulil  liesitiite  lo  Inpliiiie  over  its 
eoiirse.  A  ease  of  I'arker's  will  he  insinielive  in  this 
coiiiiecliou.  Ill  tins  there  was  no  e.vteriml  woniiil  of  soft 
parts;  neverlheless  he  trepliineil  over  llie  artery  on  one 
siile,  liiit  foiinil  no  lesion:  he  then  trephined  over  (he 
artery  on  the  other  side,  lint  llndini;  no  eonsidinnotitsiilc 
the  ilnra,  anil  noliriii;^  that  this  was  diseoloreil  and  dis- 
teiided.  Ill'  incised  it  and  removed  a  eoiisideialile  ani<iunt 
of  liliMid.  In  three  days  the  patient  beeaiiie  conscious, 
anil  aflerwaril  ipiiiUly  recovered. 

Svmptoms  of  compression  supervening  with  varying 
mpidity.  not  improbably  wiihoul  external  wound,  re(|uirc 
exploration  by  means  of  the  lre|)hine,  the  operation  of 
trephining,  with  projier  antiseptic  precautions,  being  by 
no  means  a  .serious  or  hazardous  one.  In  trephining 
with  the  purpose  of  liiiilinir  the  artery  in  question,  the 
point  of  the  instrument  should  be  a|>plieil  an  inch  and  a 
fourth  to  an  inch  and  a  half  back  of  the  external  angle  of 
the  orbit:  otherwise  the  instrument  should  be  kept 
away  from  this  spot.  It  should  be  borne  in  mind  that 
sometimes  the  ves.sel  lies  in  a  very  shallow  groove  on  the 
under  side  of  the  bone,  .sometimes  in  a  deep  groove,  and 
sonielintes  in  a  complete  bony  canal.  The  instrument 
must,  therefore,  be  worked  with  gentleness  and  care  (ride 
Ttililiiniiir/). 

If  a  satisfactory  cause  of  the  conijiression  be  not  dis- 
covered on  one  side,  it  will  be  well  to  take  a  hint  from 
the  case  mentioned  above,  and.  remembering  the  possi- 
bility of  rupture  \>y  cuttn-rouj)  and  lesion  of  the  vessel 
on  tile  other  side,  to  explore  there  also.  Certainly  eases 
of  compression  are  usually  desperate  enotigh  to  justify 
any  search  which  may  reveal  the  cause  and  permit  its 
removal. 

■\Vounds  of  ves.sels  in  the  brain  call  for  treatment  only 
when  diagnosed,  and  the  circumstances  which  permit 
diagnosis  will  also  at  once  indicate  the  proper  thing  to 
do.  Conld  hemorrliage  in  the  subdural  space  be  diag- 
nosed, it  would  be  good  practice  to  trephine,  open  the 
dura,  and  wash  out  the  extravasjited  blood.  One  such 
case  was  reported  durinsourCivil  WarfGi'D.ss:  Am.  Jour. 
}r,,l.  S,;\.  .July,  IST:^).  " 

Injuries  lo  the  cerebral  portion  of  the  internal  carotid 
are  much  rarer  than  those  to  the  meningeal.  Longmore 
relates  how  a  bullet  peneti-ated,  in  one  case,  through  the 
orbit  into  the  petrous  bone  and  lodged  there,  leading  later 
to  erosion  of  this  vessel  and  fatal  hemorrhage.  Some  in- 
jury of  this  kind  might,  if  not  rapidly  fatal,  lead  to  the 
formation  of  an  arteriovenous  aneurism,  calling  for  liga- 
tion of  the  common  trunk. 

Wotxiis  OF  Ch.vxi.m,  Xeuves. — The  treatment  of  in- 
juries lo  these  nerves  cannot  t'<e  other  than  symptomatic. 
Should  a  depressed  fi-agmeut  or  a  foreign  body  press 
upon  a  nerve  trunk,  removal  of  the  satne  wmild  meet  the 
principal  indication,  and.  provided  the  injury  were  not 
too  severe  in  other  respects,  the  nerve  might  regain  some 
or  all  of  its  function.  Sometimes,  after  bruising  or  con- 
tusion of  a  terminal  branch,  e.g.,  the  infraorbital,  there 
will  ensue  so  violent  a  neuralgia  as  to  call  for  section  or 
exsection  of  the  nerve  on  the  proximal  side  of  the  injury. 
If  it  be  certain  that  a  nerve  trunk  outside  the  cranium 
Vot..  w.—m 


has  iM'eii  seviied,  and  if  the  loenlitv  of  the  lesion  l>e  rca- 
soiiablvaeces^ihle,  it  would  Ik-  itoi«(  pnicllce  locul  down 
upon  It  ami  iiuitu  the  severed  eiidN  with  u  line  catgut 

suture. 

Woi'siis  OK  HmiN  SiiisTANci;. — Since  them'  are  by 
iieeessity  compliealed  by  Ihowof  exteiniil  parts,  we  can 
draw  no  abrupt  theiiipeiitieid  dislinelions.  ObvioUHly. 
if  iinliscplie  measures  are  inilieatid  fur  more  supertleial 
injuriis.  tiny  are  vitally  cviniial  here.  The  iiiajnlity 
of  Ihese  wiiunds  are  iiillielid  by  lirearins.  and  «e  wi/li 
here  to  empliasi/.e  what  is  el^'wliere  in  lliis  II  vmuiook 
(lelailed,  viz.,  the  futility— nay.  even  the  lioiiiieidal 
effect — of  careles.s  or  inelYeetiial  probing  for  biillels. 
From  lime  to  lime  in  current  literature  the  writer  has 
deniiUiieed  this  pjiictice as  vigorously  as  he  could.  The 
array  of  cases  .sei  forth  liy  (iirinan  military  surgeons,  in 
wliiih  most  dangeriius  wnunds — such  as,  when  treated 
by  old  methods  of  promiscuous  biillei-hunting.  were 
surely  fatal — piiniarily  and  aiiliseplieally  occluded,  and 
never  piolied  nor  investigated,  have  gone  on  to  speedy 
recovery  :  this  array  should  be  most  convincing  as  to  the 
merits  of  this  praelice. 

Gunshdl  wounds  of  the  cranial  cavity  virtually  always 
call  for  the  Irepliine:  but  with  elevation  of  depre.ssi'd 
bone,  atlenlion  lo  bleeding,  and  smooihing  oil  the  edges 
of  the  bone  wound,  llie  indications  are  fairly  met  in  the 
majority  of  cases.  Hlood  clot  is  always  to  be  removed, 
and  the  source  of  the  hemorrhage  attended  to:  a  dis- 
colored, pouting  duni  may  justify  incision  and  explor- 
ation: wliile  in  the  efTort  to  remove  pieces  of  bone  which 
have  been  detached  and  driven  into  the  brain,  the  bullet 
may  be  fouiiil  and  also  removed.  Hut  the  idea  of  intro- 
ducing a  jirolie  into  llie  brain  llirnugli  a  small  penetrating 
wound  of  tile  skull  is  one  which  iiiusl  be  abhorrent  to 
every  modern  surgeon.  Uandnm  exploration  of  the  brain 
is  never  justiliable,  and  llie  circumstances  which  would 
seem  to  call  for  the  iiilroduction  of  the  probe  through  its 
bony  roof  would  call  much  more  loudly  for  the  use  of  the 
tre|iliine.  Moreover,  many  recorded  cases  prove  with 
what  apjiarent  freedom  from  serious  consequences  pa- 
tients may  recover  with  such  foreign  bodies  as  bullets  in 
their  brains.  When  cireumslances  seem  to  call  for  a 
hunt  for  the  missile  it  may  be  located  with  the  Roentgen 
rays,  or  with  the  telei>honic  )>robe  of  Girducr,  or  its 
equivalent  signalling  inslrument,  and  when  so  located  it 
may  perliai>s  l)e  removed  by  an  appropriately  planned 
ami  perfected  operation,  done  deliberately  with  every 
facility  at  hand,  but  not  otherwise.  The  safest  rule, 
llieii,  to  follow  is  to  ahxtiiiii  from  (ill  o/Mrntire  meamres for 
the  removal  of  iKiiitiilen  irhen  indirations  areofiseure.  or  siieh 
as  do  not  to  promise  a  eomi)en»aliiif/  adrniitage. 

Tk.\c.\i.\tic  Absci;ss  of  the  i?it.\ix. — By  this  term  is 
meant  abscess  formation  suiiervening  on  injury,  as  dis- 
tinct from  those  cases  in  which  the  cause  of  the  abscess 
is  uncertain  or  unknown.  Such  traumatic  abscesses  are 
more  likely  to  result  from  gunshot  injury  than  from  any 
other,  though  they  may  follow  a  simple  contused  wound 
of  the  exterior.  The  symptoms  of  cerebral  abscess,  often 
much  resembling  those  of  compression,  have  already  been 
considered  {ride  Brain ,  Aljsceni  of).  W'c  wish  here  only 
to  put  in  a  plea,  not  only  for  the  exploratory  use  of  the 
trephine  when  there  isgood  reason  to  suspect  abscess,  but 
of  the  aspirating  needle  as  well.  Should  the  presence  of 
pus  be  thus  revealed  the  aspirator  should  be  disengaged, 
and  the  needle  used  as  a  guide  or  director  upon  wjiicli  to 
pass  a  small  knife,  perliaps  a  tenotome,  and  by  thus 
making  a  freer  opening,  not  only  permit  escape  of  pus, 
but  the  introduction  of  a  drainage  tube  and  careful  wash- 
ing out  of  the  cavity. 

This  operative  procedure,  though  bold  and  radical,  is 
not  half  so  dangerous  as  to  permit  the  abscess  to  take  its 
own  course,  and  will  fully  justify  itself. 

Herxi.\  or  PROi..\fsu"s  CekeIsri. — When  from  a  re- 
cent wound,  or  one  of  a  few  days'  standing,  protrusion 
of  brain  substance  takes  place,  it  may  seem  doubtful 
whether  it  would  be  better  to  excise  theprotniding  mass 
or  to  endeavor  to  repress  it  by  suitable  pressure.  Of 
course,  the  careful  practitioner  "will  dress  all  fresh  cases 
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with  such  a  judicious  nmount  of  pressure  as  slinll  guiml 
iipiiiisl  llii.s  comlitiim;  iicvcrllK'lfss.  lie  iniiy  tie  ciillld  mi 
to  lival  it  iiftL-r  il  li:is  occuncd.  If  tlir  licniial  iimss  lias 
luiruii  to  slougli  tlu-ii- can  lie  no  <iucstion;  excision  liv 
ligatiirc,  clastic  or  otlu'rwisc.  or  liv  the  knife,  must  be 
practised,  and  henirjrrliaire  carefullv  watched  for  and 
checked.  When  the  mass  is  small  and  appears  healthy, 
gentle  and  continuous  pressure,  as  liy  an  elastic  outside 
bandage,  will  usually  coax  Imck  into  the  cmnium  lliat 
which  belongs  tliere.  After  complete  icduclioii  a  lead 
or  caoutchouc  plate  may  be  adapted  to  llie  shape  of  the 
[lart  and  applied  externa! ly  as  a  part  of  the  bandage 
tcchniiiue. 

An  abscess  may  tmderlic  the  liernial  mass;  this  is  to  be 
discovered  and  treated  as  above. 

Adams  has  reported  a  ca.se  of  irreducible  hernia  cere- 
bri, in  which  he  succeeded  in  covering  the  hernial  mass 
with  a  flap  of  skin  by  a  jdaslic  operation,  and  Kusmin 
lias  reporti'd  another  case,  similar  to  ii  in  many  respects, 
e.\c<'pling  that  he  resorted  to  skin-grafliiig. 

Pimi.KXT  Mkxixoitis. — When  comiiression  symp- 
toms supervene  sevend  days  after  injury,  there  is  fre- 
i|Ueiilly  good  reason  to  suspect  the  presence  of  pus. 
Tliis  may  be  in  the  form  of  a  circumscribed  collection. 
i.f..  an  iilii>re.tK,  which  has  already  been  spoken  of.  or  it 
may  mean  purulent  or  suppurative  meningitis.  Thisac- 
cession  of  compression  symjitoius  always,  or  nearly  al- 
ways, justities  the  exploratory  use  of  the  treiiliine. 
Should  it  prove  to  mean  compression  from  suppurative 
meningitis,  there  is  no  rea.son  wliy  the  arachnoid  cavity 
should  not  be  washed  out.  but  every  reason  why  it  should. 
In  other  words,  it  should  be  treated  just  as  purulent  peri- 
tonitis is  now  treated,  that  is.  by  washing  out  and  drain- 
ing the  cavity.  Recovery  will  not  always  follow  this 
procedure,  but  it  will  in  a  fair  proportion  of  cases,  which 
are  inevitably  doomed  if  some  such  measure  be  not  in- 
stituted. 

luiiiT.vTivE  Lesions  following  Head  Ix.jciirES. — 
These  are  mostly  to  be  grouped  under  two  classes,  viz., 
convulsive  (epile|)tic)  and  mental  disturbances  (mania,  de- 
mentia, etc.).  This  hardly  seems  the  aiipropriate  place 
in  which  to  discu.ss  these  at  length,  the  pathological 
lesions  being  so  varied,  including  depression  of  the  skull, 
cystic  formations,  abscess,  etc.  Nevertheless  there  is 
each  year  a  stronger  tendency,  on  the  part  of  advanced 
svirgeons.  to  explore  these  cases  when  any  external  scar 
or  depression  may  indicate  rudely  a  point  of  attack.  The 
element  of  risk  is  small,  the  prospect  of  at  least  alleviation 
surticieiitly  hopeful,  in  conjunction  with  the  otherwise 
hopeless  nature  of  the  case,  to  justify  the  attempt,  and 
besides,  the  degree  of  success  attending  these  efforts  is 
alToniing  more  and  more  encouragemeiil.  In  eases  of 
this  general  nature  the  exact  condition  is  yet.  in  individ- 
ual instances,  too  uncertain  to  permit  of  more  than  gen- 
end  operative  directions.  Those  which  have  not  already 
been  given  in  this  article  can  be  found  in  their  appropri- 
ate places  elsewhere  in  these  volumes.  This  paragraph 
has  l)een  made,  therefore,  suggestive  nitlier  ihaii  ex- 
plicit. 

WoiNDs  OF  THE  IIe.\d  DURING  BiUTii. — With  refer- 
ence to  injuries  to  the  ftrtal  head  during  artificial  or 
natural  delivery,  it  is  neces.sary  to  add  but  little  Even 
large  extravasations  of  blood  are  usually  alisorbcd:  in 
extreme  ca.ses.  after  waiting  a  few  days,  it  might  be  well 
to  incise,  turn  out  the  clot,  and  sew  up  the  edges  of  the 
wound.  Excoriations  and  bruises  made  by  instruments 
need  only  conventional  treatment.  Fatal  i>lilegmonous 
inllainniation  has  be<n  known  to  result  from  injury  done 
by  fnrci  ps;  Iniice  the  advisjibility  of  antiseptic  precau- 
tions and  attention  to  detail.  Symptoms  and  appearances 
arising  from  compression  caused  by  the  forceps  will  com- 
monly sidiside  as  the  head  resumes  its  sliajie  Should 
positive  fracture  take  place,  it  will  probiddy  run  its  course 
uninlluenced  by  thenipeiitic  mea.sures.  Xo  hesitation 
should  lie  felt  about  surgical  intervention  in  these  cases, 
when  otherwise  indicated,  simply  because  of  the  tender 
age  of  the  infant  or  child.  Tlie  prognosis  must  be  based 
on  the  amount  of  injury.  Rnmeell  Park. 


HEALING  SPRINGS,  ALA— Healing  Springs,  Wash- 
inglon  (,'ounly,  Alabama. 

I'ost-Offick. — Hmiling  Springs.    Numerous  Cottages. 

Ac(  ESS. — Huy  ticket  to  Buckatunna,  Miss.,  on  the 
Mobile  and  Ohio  Itailroad,  seventy  miles  north  of 
Mobile;  then  take  hack  to  springs,  fourteen  miles  east. 
These  springs  were  discovered  in  1870.  and  have  since 
attained  considerable  prominence  as  a  health  resort. 
The  surface  of  the  country  about  the  springs  is  broken 
by  high  ridges  and  .slopes,  and  covered  by  the  long- 
leaved  yellow  pine  The  soil  is  sandy,  and  the  location 
lias  an  elevation  of  about  loo  feci  above  tide  water. 
Like  all  resorts  in  this  latitude,  tlie  winters  are  mild, 
the  temperature  seldom  dropping  below  freezing  point. 
The  summers  are  not  exceptionally  hot,  the  mercury 
almost  always  sinking  to  68'  or  70  V.  at  night.  Dur- 
ing the  recent  summer  the  highest  teiuperature  ob- 
served was  92  F.  The  springs  are  eleven  in  numtier.  but 
only  four  are  much  used.  The  "Creek  ''  Spring  boils  up 
in  the  centre  of  a  small  stream  anil  Hows  about  eight 
gallons  per  minute.  It  is  sidd  to  contain  litliia.  iron, 
and  a  trace  of  arsenic.  "Mounil  "  .Spring,  yielding  thir- 
teen and  a  half  gallons  per  minute  issues  from  a  small 
mound  five  or  .six  feet  higher  than  the  ground  around  it. 
Iron,  magnesia,  lithia,  and  sulphur  are  sjiid  to  be  among 
its  ingredients.  "  McCarty  "  Sj^ring.  sujiplying  seven 
gallons  per  niinute.  is  supposed  to  contain  an  acid  of 
some  kind  and  also  iron.  Its  waters  are  used  extensively 
for  chronic  diarrhcea.  "Scholes  "  Spring  contains  iron 
and  sulpliur.  Many  vaiieties  of  skin  affections,  chronic 
renal  diseases,  and  disorders  of  the  blailder,  alimentary 
tract,  and  liver  are  sjiid  to  receive  benefit  from  the  waters 
of  tlie  Healing  Sjirings.  James  K.  Crook. 

HEALING  SPRINGS,  W.—i^ee  Hot  Springs.   Va. 

HEALTH  RESORTS.— A  change  of  climate  and  envi- 
ronment is  dill' of  the  most  valuable  means  we  pos.sess 
for  the  treatment  or  prevention  of  disease,  and  this  is  also 
to  a  large  extent  true  in  the  thorough  use  of  such  climate 
as  exists  wherever  the  patient  happens  to  be. — the  liome 
climate.  To  obtain  the  maxiniuni  benefit  from  any  cli- 
mate, however,  one  must  live  in  it,  i.i..  out  of  doors; 
hence  the  beneficial  resulis  from  an  indifferent  climate 
rigorously  utilized  may  be.  and  perhaps  most  freijueutly 
are,  better  than  those  fioni  n  iiiueli  sujierior  climate  only 
partly  made  use  of.  An  illustration  of  this  statement  is 
found  in  the  results  obtained  in  those  sanitoria  for  pul- 
monary tuberculosis  which  are  situated  in  orilinary  tem- 
perate climates  like  Falkensteiii.  or  Hutlaud,  Mass..  such 
results  being  more  favorable  than  those  obtained  in  open 
resorts  with  more  advantageous  climatic  conditions.  The 
use  of  the  health  resort  should  be  regarded  as  a  therapeutic 
measure  to  be  as  carefully  considered  and  watched  as  the 
administration  of  a  drug.  Many  climates  like  many  drugs 
are.  and  must  be,  empirically  u.sed.  We  can  only  try  them 
and  await  the  elTeel.  Asthma  is  a  striking  example  of 
this  use  Why  one  climate  avails  and  another  not  we  can- 
not always  say.  and  we  can  refer  the  effect  only  to  indi- 
vidual idiosyncrasy,  or  to  some  subtle  undiscovendile  in- 
fluence in  the  ri'sort.  or  to  the  morbid  slate  of  the  patient. 

Ease  and  rapidity  of  aeconiplislinient  are  always  allur- 
ing factors  in  any  unilertakiug.  It  is  easier  to  take  drugs 
and  keep  on  in  the  s;ime  accustomed  way  of  life  than  to 
make  the  sacrifice  which  a  change  of  climate  so  often 
entails.  Hence  the  inestimable  value  of  climatic  thera- 
peutics remains  so  largely  unappreciated  and  unused, 
even  by  the  profession.  And.  further,  there  is  the  ob- 
stacle, often  insurmountable,  of  the  ex|)ense  involved  in 
a  change  of  climate.  Hygiene,  dietetics,  hydrotlierai>eu- 
tics,  and  climate  are,  and  always  will  be.  the  principal 
agents  in  producing  cure  or  amelioration  in  a  largi-  pro- 
portion of  diseases,  and  drugs,  after  all,  are  only  aids  in 
better  applying  or  restoring  to  their  legitimate  place 
these  great  natural  bulwarks  of  health. 

When  a  physician  advises  a  change  of  climate  he  means 
that  bis  patient  should  take  up  a  temporary  residence  in 
some  place  known  as  a  health  resort  and  supposed  to 
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|iiissi'sH  ('liiiiiilir-cdiiililioiiK  iiKirc  fiivnnihli-  for  tin*  dliutuic 
i>r  wliicli  Ills  |uilii'lll  is  siilTi'llii^'  limn  till'  rliiiiiilc  uliiTC 
lie  is.  Iiili'lli).'i'iilly  111  |iri's<iilM'  ii  linillli  irsoil.  llirii, 
(■III-  iiiiisl  cKiiHJili'r:  tirsl.  llif('lii«sillnitiriii  orrliiniili's  iiikI 
tlii-ir  p'oirnipliiral  clistriliiitiun,  •■immiihI,  ||i<>  viiIiic  of  Die 
viiriiiiis  I'lliimtic  fiiclnrs  unit  lliilr  intliii'iirr  u|Min  llii-  liii 
iiitili  i>ri;iiiiUin  :  lliinl.  Ihc  'iila|>laliilil,v  i>(  s|>irial  iliiiialrs 
III  till-  Irruliiii'iit  iif  N|>(rial  ilisni.si-i,  fuiirtli.  tlir  ijiialili 
raliiiim  nllirr  tliaii  lliiiui'  of  a  |iiiirly  i'liiiialiili>;;ii'al 
rlianiiUT  wliirli  hIiiiiiIiI  U-  piisw-wiil  liy  a  licallli  rcsiirl. 
Variiiiis  cla.>vsitl('alioiis  of  cliiiialo  have  liri'ii  inaili'  liy 
ililTiTriit  aiithoix.  WcIkt's  »|t|M-ar)<  to  lie  llic  simplrsl. 
Ilr  iiiaki-s  two  ffi'iii'ml  tliviMions;  iiitiriiie  aud  iiiltiiid 
cliinatrN. 

I'liiirr  llii-  fi'iriiKT  Sully  makes  llii-  siili(livisiiiiis  of 
(K't'aii.  Hiaiiil.  anil  cuast  rliiniilcs;  anil  iiniirr  tlir  lallir. 
of  liiw.  Minliiini.  anil  lii^'li  cliinalr-.  Tlii'  luian  cllinati' 
is  olitaini'il  liy  imaiis  nf  sia  vuyai^cs — siioli.  fur  inslanc  r. 
IIS  the  onr  til  San  Kmnrisrn.  via  llir  Islliiniis  nf  I'anaina. 
or  to  llii'  .Mi'ililcrninran.  or  from  Kn^ilanil  In  tlic  Cape  of 
(lood  Ilopror  to  .\iislralia.  or.  lust  of  all.  wlirii  piissiblr. 
u  yarlitint;  trip  \vliii'li  can  lir  prolon^'iil  at  plrasiire. 

The  oc-raii  cliinatr  is  rliarartiii/rii  liy  purity  of  atmos 
plirrc.  moistiiri'.  ami  ri|ual>ility  of  li'mpiiiituri':  tlicim 
prr^iiatinn  of  Ilii'  air  with  salt,  imlini'.  ami  lnomiiir  may 
also  he  of  valur.  Of  roiirsr  many  of  tlir  wiatlirr  cliarac 
ti-risl ics  dfprnil  upon  thf  latitudi-  in  wliirli  tin'  voyagi'  is 
taki-n.  Sinli  aclimalrisa  .snlativc  to  tlir  nervous  .sys- 
tem and  n  stimulant  to  the  ap]>etiti'  ami  digestion;  it  is  a 
vdiitirf  liiiiir.  A  sea  voyape  is  appliealile  to  some  forms 
oftiibereulousdisea.se.  mental  e.\liausliiin  from  overwork, 
insomnia,  various  forms  of  serofulous  disease,  ameniia. 
and  ehliirosis. 

The  iliinale  of  small  islands  sullieiently  removed  from 
the  mainland  is  much  like  that  of  the  ocean,  modified 
morn  or  less  by  currents  and  by  the  eunfigunilion  of  the 
coast.  Bermuda.  Blmk  Island,  the  Isles  of  Shoals  arc 
good  examples  of  island  climate. 

Coast  climates  nstmlile  that  of  the  ocean,  modilied  by 
the  land  inllueiicc.  Here  we  have  the  land  as  well  as 
the  sea  breezes,  causiii';  less  ci|uabilily  and  less  eonslanl 
purity  of  air.  A  coast  climate  is  also  inthienceil  by  the 
contiitunition  and  ehanieler  of  the  adjacent  land.  For 
example,  the  Alps  inlluenee  the  climate  of  the  Hiviem. 
pivinjr  rise  to  the  cold  winds  which  sweep  down  upon 
the  coast;  the  desert  influences  the  character  of  the  cli- 
mate upon  the  .\lriean  coast ;  the  inland  desert  the  lit- 
tond  of  Australia.  The  rnilercliff  at  Ventnor,  by  its 
shelter  from  land  influences,  is  rendered  a  luore  purely 
marine  climate. 

Weber  also  divides  marine  climates  into  hmnid  murine 
and  marine  with  mmhrnte  or  xlii/Zif  hiiniitlHy.  .Moreover, 
for  health-resort  jiurposcs.  such  climates  as  fall  under  the 
above  subdivision,  and  at  the  sjtine  time  are  warm,  are 
chietly  to  be  considered. 

Of  the  humid  murine  warm  climates.  Madeira,  the 
Canaries,  the  West  Indies,  the  peninsida  of  Florida  are 
examides.  Such  climates  exercis<>  a  sedative  ctTect  upon 
the  nervous  system  and  mucous  membranes,  .inii  are  use- 
ful in  chronic  bronchitis  with  emphysema,  bronchial 
catarrh,  and  pulmonary  congestion  iu  elderly  people  with- 
out cardiac  eom|ilications.  Of  the  warm  marine  climates 
with  moderate  or  .slight  humidity,  we  have  the  Kiviera. 
the  co;ist  resorts  of  southern  California,  southca.stern 
Georgia,  aud  Solly  also  includes  Florida  under  this  head. 
The  efTecl  and  uses  of  such  climates  are  ]iractically  the 
sjime  as  those  of  the  ]irevious  cla.ss.  All  the  stacoa.st  rc- 
.sorts  of  the  North  may  be  classed  under  oW  marine  cli- 
mates with  mmlerate  humidity. 

Of  the  inland  climates  we  have  first  the  low  ones,  such 
as  Egypt.  Pali  in  France.  Lakewood.  the  interior  health 
resorts  in  the  Soiithem  States,  the  low  plains  of  Arizona, 
portions  of  Texas,  and  the  inland  resorts  of  southern 
California,  such  as  IJiverside  and  Hiillands. 

Such  climates  are  also  susceptible  of  classification  ac- 
cording to  temiH'rature  and  humidity.  Their  uses  as 
health  resorts  are  very  varied;  i>ulmiinary  tubcreidosis. 
bronchitis,  cardiac  and  renal  liisease.  gout,  rheumatism, 


nro  wime  of  the  iliM'aM's  likely  In  Ik-  iK'nefltwl  by  ii  low, 
ilrv,  warm  inland  climale. 

Niediiim  and  high  altitude  climuleH  cjiii  lie  coiiHldereil 
tiit'ether  as  the  ililb  rence  is  only  one  of  ilegn-e.  Sollv 
makes  the  distinction  depend  upon  the  aliioliiit  of  alti- 
tude; from  l.-'ilMI  feet  up  he  calls  elevated  climate.  Not 
alone  does  theelevjition  inlluenee  the  character  of  I  he  cli- 
male. but  the  latitude,  the  pro.ximiiy  to  the  ocean  and 
III  mountain  ranges,  and  ilie  ronlicnmtinn  of  the  siir- 
roiiniling  ciiinitry  :  thus  Ksles  I'ark  in  Colorado  is  com- 
parable with  Davos  in  Swit/.erlanil,  although  the  former 
is  l.lHMIor  mole  feet  higher  than  the  latter.  The  genenil 
climatic  charactirislics  of  the  inountain  liiallli  resorts 
are:  a  raielied  alniosphere.  aseptic  air.  increasiil  diather- 
mancy, dryness,  abundant  sunshine,  and  a  comparatively 
low  temperature.  The  chief  piciiliarily  is  the  lessened 
liarmmtric  pressure,  and  upon  this  feature  probably  de- 
pends a  large  part  of  the  value  of  such  a  climate  in  the 
treatment  of  pulmonary  tuberculosis.  The  puiity  of  the 
air  of  high  altitudes  has  been  compared  to  that  of  the 
ocean  and  of  the  desert. 

High  altitude  climates  are  found  in  all  the  four  ijuar- 
ters  of  the  globe:  the  Alps  in  Europe;  the  Andes  in 
South  America;  the  Himalayas  in  Asia;  the  Hoeky 
Mountains  in  North  .\meriia ;  the  lofty  plateaux  of  .Mex- 
ico; and  the  high  altitudes  of  Australia  and  South  Afri- 
ca. Davos.  St.  Moritz.  Arosji,  and  Levsen  are  examples 
of  high-altitude  health  resorts  in  Europe;  while  Les 
Avants,  Goerbersdorf,  St.  Blasien.  and  many  others  in 
the  Bhick  Forest.  Ilarz  .Mountains,  and  Alpine  foothills 
are  illu.strntions  of  mountain  resorts  of  moderate  eleva- 
tion. 

The  elevated  resorts  of  the  Hoeky  ^lountains.  from 
.l.tlOt)  to  7,000  feet,  have  a  dryer  climale  and  more  sun- 
shine than  those  of  Europe.  The  principal  resorts  arc 
found  in  Colorado.  New  Mexico,  Arizona.  I'tah.  and 
Texas.  Many  which  are  climatically  valuable  are  un- 
available on  account  of  the  absence  of  suitable  accommo- 
dations. 

In  Colorado  we  have  Colorado  Springs.  Denver.  Estes 
Park.  Glcnwooil  Springs,  and  others;  in  New  Mexico, 
Santa  Fc.  Albuquerque.  Las  Cruces  (3.800  feet)  and  Sil- 
ver City:  in  Arizona.  Pre.scolt.  Phivnix  (1.100  feet),  and 
Tucson  (3,400  feet);  iu  Utah,  Salt  LakeCily;  in  Texa.s, 
El  Paso.  There  are  also  many  resorts  of  lesser  elevation 
in  the  Adirondacks.  Alleghenies.  Appalachian  and  White 
Mountains,  such  as  Sarauac.  Ashevillc,  Bethlehem.  Kane, 
and  .Mount  Pocono.  In  Jlexico  we  have  the  City  of 
.Mexico.  Guadalajara.  A.gu;e  Calientcs.  Toluca.  all  over 
5.000  feet  high,  and  many  others.  In  South  America  we 
have  the  region  upon  the  Pacific  slopes  of  the  Andes, 
many  years  ago  made  known  as  favorable  for  phthisis  by 
Dr.  Archibald  Smith,  The  elevation  varies  from  8,000 
to  12,000  feet,  and  the  chief  climatic  characteristics  are: 
(1)  Moderate  warmth;  (2)  eipiability  of  temperature:  (3) 
abundant  sunshine;  and  (4)  moderate  dryness.  There 
may  be  mentioned  .Jauja,  Bogota,  Quito,  Areijuipa,  and 
lluancayo. 

■■  rnfortunately,"  says  Weber,  "'at  none  of  the  resorts 
is  the  accommodation  good  enough  for  invalids." 

In  India.  Darjiling  (8,200  feet).  Simla,  Landour,  Naini 
Tal,  and  Murree  are  some  of  the  best  spoken-of  stations. 
According  to  Weber,  the  testimony  of  Indian  medical 
otlicers  appears  to  be  rather  against  the  use  of  the  Hima- 
layas in  Ihe  treatment  of  lung  diseases  "and  apparently 
this  is  on  account  of  the  heavy  rainfall."  In  South  Afri- 
ca. Kiml)erlev,  Bloemfontein.  and  Pretoria,  all  4.(MI0  feet 
high  or  over,  are  some  of  the  places  used  as  health  re- 
sorts. "The  accommodations  for  invalids."  remarks 
Williams,  "arc  not  up  to  the  European  standard."  but 
the  climate,  he  Siiys,  has  yielded  excellent  results  in  his 
hands. 

In  Australia,  there  is  the  liighland  region  embracing 
the  slopes  of  the  Australian  Alps,  with  an  elevation  of 
from  2.000  to  7.000  feet,  but  only  Mount  Macednn  in 
Victoria  (2. .500  feet)  and  Jlount  Victoria.  New  South 
Wales  (3.490  feet)  offer  satisfactory  accommodations  to 
invalids. 
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There  is  also  the  Darling  Downs  in  Queensland  (2.000 
feet). 

To  consider  now  Imellv  the  value  of  llie  various  cli- 
matic factoi°s  and  their  inlluciice  upon  Ibe  human  organ- 
ism : 

Teiiiixriiliirr. — E.Mrenics  of  tcniiieralurc.  luiless  more 
or  less  neutralized  liy  smnc  nioilifyini:  iiillucnee  like  the 
greater  dialhcnuancv  of  llu'air  iualliludes  or  e.Mreiiic 
dryne.ss.  aiv  iiicoMi|ialil)le  with  a  gi'uuiiir  licallh  resoM. 
That  a  uornially  well  man  can  endure  irreat  c.xlreincs  of 
heat  orcoM  with  iiuptniily  for  a  liniilcd  season  we  know, 
but  for  very  many  invalids  a  moderately  warm  or  cool 
temperature  is  to  he  desired,  willi  a  modeitite  vaiiability. 
Extreme  or  rai)id  elianges  of  temperature  are  dangerous. 

Ihimitlilji. — In  the  majority  of  health  resorts  a  dry  or 
moderately  dry  air  is  desirable.  Moist  air  renders  the 
cold  more  intense,  and  the  heat  more  opjiressive:  moist 
heat  deliililatcs.  favors  decomposilion.  letards  evapor- 
ation from  the  sUin  and  luuj;s.  Moist  cold  increases 
the  functional  activity  of  the  kidneys  and  predisposes  to 
the  catarrhal  allections  of  the  respiratory  and  genito- 
urinary tracts. 

When  judging  of  the  dryness  or  moisture  of  the  airof  a 
resiul.  tlie  relative  humidity  is  generally  taken  asa  guide, 
but  it  must  always  be  considered  in  connection  with 
the  tempcnilure;  and.  in  order  to  make  a  fair  comparison. 
some  standard  temperature  should  be  taken.  .5")  F.  is 
given  by  Wendt  as  the  mean  annual  temperature  of  the 
United  States,  and  this  can  be  taken  as  the  standard. 

Assuming  this  standard,  we  can.  accor<liiig  to  Solly 
("Medical  Climatology."  p.  34).  make  the  generalization 
that  .-)0  per  cent,  or  less  relative  humidity  is  dry;  (1.5  to 
75  per  cent,  is  mediiun ;  T.'i  to  .S")  per  cent,  is  moist,  and 
any  above  very  moist.  The  dew-point  and  evapora- 
tion are  also  to  be  taken  into  account  in  considering  the 
humidity. 

liaiiifall. — "  It  is  generally  assumed,"  says  Weber  (All- 
butt's  "System  of  Medicine."  vol.  i.,  \>.  'ih'i),  "that  con 
siderable  rainfall  is  an  injurious  condition,  but  this  is 
not  always  correct.  Provided  time  enough  be  left  for 
the  invalid  to  take  exercise  and  sit  in  the  open  air.  rain 
is  to  some  degree  useful,  as  it  has  a  purifying  iuHuenee 
upon  the  atmosphere.  The  notion  that  xiimr  is  injurious 
is  even  more  incorrect."  This  is  especially  tnie  when  it 
remains  on  the  ground  witiiout  melting  for  a  long  time. 
as  at  Davos,  for  example. 

Whether  or  not  a  given  anunint  of  the  rainfall  is  a  dis- 
advantage is  also  to  be  considered  in  coimeetion  with  the 
character  of  the  soil:  if  the  latter  is  i^orous.  (juiekly  ab- 
sorbing moisture,  the  amount  of  rainfall  is  of  less  impor- 
tiinee  than  if  the  soil  is  clayey  and  holds  the  water. 

M'iml. — Winds  vary  in  their  elTects  according  to  the 
temperature,  humidity,  |nirity,  and  velocity  of  the  air  in 
motion.  They  often  produce  great  and  sudden  changes 
which  are  always  inidcsirable  for  an  invalid.  Cold. 
dam|)  winds  are  never  good,  and  cold  or  hot  dry  winds, 
like  the  Mistral  of  the  Riviera  or  the  Fohn  of  Switzer- 
lan<l.  are  loo  irritating  or  debilitating. 

The  direction  of  the  wind  is  also  an  important  factor  in 
its  intluence  upon  the  invaliii.  lor  from  one  direction  it 
comes  fresh  and  pure,  blowing  over  forest  expanses  or 
from  the  hills,  while  from  another  it  may  come  laden 
with  dust  and  germs,  exhausted  of  its  ozone  and  defi- 
cient in  oxygen.  From  another  direction  they  "bring 
with  them,  so  to  speak,  the  climates  of  distant  regions." 

Reside  their  direct  action  upon  the  human  organism, 
winds  are  great  ventilators  and  puritiers  of  theatmos- 
pliere. 

Liyht  and  Siintliiiie. — A  large  amount  of  sunlight  is  re- 
quisite for  a  good  health  resort:  it  cheers  the  mind,  has 
a  stimulant  and  tonic  effect  upon  the  nervous  system, 
probably  favors  tissue  metabolism,  and  destroys  various 
bacteria,  notably  the  tu1)erele  liaciilus.  A  cool,  dry  air 
and  sun.shine  such  as  is  met  with  in  the  high  altitudes,  is 
a  combination  of  striking  value  for  the  tuberculous  pa- 
tient. 

The  influence  of  light  and  sunshine  upon  the  naked 
body  is  probably  far  more  jiotenl  for  good  than  we  real- 


ize. The  reader  is  referred  to  two  interesting  papers 
upon  lliis  subject  by  Dr.  William  Dullield  Robinson  in 
the  Transactions  of  the  American  Climatological  Associ- 
ation for  the  years  1><9H  and  ISUO. 

In  considering  iwiy  health  resort,  then,  the  average 
niunber  of  clear,  fair,  and  clotidy  days  is  to  lie  espe- 
cially noted.  Outdoor  life  is  what  is  ilesiied,  and  with- 
out a  large  amount  of  good  weather  this  is  seriously  in- 
terfered with. 

Atiiiiiiijrlniic  I'lrssinr. — The  physiological  effects  of  a 
dimiiuilion  in  atmospheric  density  has  been  fully  cousid- 
eiH'd  in  the  article  ujion  "  AllitiiiUn.  lliyh,''  and  the  reader 
is  referred  to  it  for  a  discussion  of  this  subject. 

Elect)  ieiti/. — What  elfects  atmospheric  electricity  pro- 
duces upon  the  htnnan  organism  is  not  sullicienlly  luider- 
stood  to  enable  one  to  make  any  deliiute  statement  re- 
garding it.  This  much  we  know,  that  the  presence  of  a 
large  amount  (jf  electricity  in  the  almos]ilieie.  as  in  ele- 
vated regions,  appears  to  enhance  the  favorable  inllueuce 
of  a  climate. 

The  configuration  of  the  land  often  modifies  the  climate 
of  a  health  resort,  for  better  or  for  worse:  a  hill  or  moun- 
tain range  may  afford  luotection  from  high  winds  or  those 
blowing  from  an  injurious  ipiarter;  or  if  the  resort  is  in 
a  valley  tlie  daily  amount  of  sunshine  may  be  reduced, 
as  at  Davos.  .Moderate  ascents  are  often  of  value  for 
exercise,  as  lirehmer  utilizes  them  at  Gorbersdorf  for  his 
consumjitives.  or  as  they  are  used  in  the  Oeitel  "ctue  de 
terrain." 

Vegetation  is  an  important  factor  to  consider  in  the 
.selection  of  a  health  resort.  The  existence  and  charac- 
ter of  tlie  vegetation  not  infrecivieutly  modify  materially 
sonu' of  the  jiurely  climatic  factors.  Forests  render  the 
climate  more  eiiuable.  lead  to  increased  rainfall,  and  have 
a  higher  relative  humidity.  The  fir.  piiu'.  spruce,  and 
other  evergreen  trees  are  generally  considered  beneficial 
to  a  health  resort  on  aceoimt  of  their  balsanne  exuda- 
tions, their  shade,  and  soothing  effect.  Lakewood.  Sum- 
nierville.  and  Aiken  are  illustrations  of  resorts  among 
the  pines:  the  Adirondacks.  and  many  portions  of  the 
White  Mountains,  of  resorts  among  the  fir  and  spruce. 

"The  covering  of  the  soil  with  vegetation."  s;iys  Wil- 
liams ("Aero-Tiierapeutics,"  1S1)4).  "lu-oiectsit  from  the 
Sim's  direct  rays,  and  the  temperature  of  plants  exposed 
to  the  sun  does  not  rise  so  higli  as  the  soil  itself,  because 
much  of  the  heat  is  lost  tliroiigh  the  large  evaporation 
which  takes  place  from  the  leaves  and  stems,  and  wliieh 
gives  rise  to  air  currents  tending  to  reduce  the  tempera- 
ture. The  result  is  tliat  the  heat  is  more  evenly  distiib- 
uted  over  the  twenty-fotu'  hours,  and  is  less  intense  in 
the  hottest  time  of  the  day."  A  knowledgi'  of  plant  life 
is  desirable  on  aceoimt  of  its  bearing  upon  hay  fever. 

The  character  of  the  soil  of  a  health  resort  is  an  imjior- 
taut  fact  to  know  ;  dryness  of  soil  and  subsoil  is  obviously 
of  advantage.  Damjinessfavorsdisease.  especially  jihthi- 
sis.  The  condition  of  the  soil  inlluences  the  temperature 
and  moisture  of  the  lower  zone  of  air  by  the  quantity  of 
moisture  it  absorbs,  the  rate  at  which  evaporation  takes 
jilace.  its  porousness.  ea|>acity  for  warmth,  and  rai>idit}' 
with  wliicli  the  ground  is  healed  or  cooled. 

The  sanily  soil  of  the  desert,  for  example,  has  great 
power  of  accumulating  heat,  and  etjual  ]iower  at  night 
of  radiating  it  and  producing  a  great  lowering  of  tem- 
peratine;  hence  the  great  range  of  temperature  during 
the  twenty-four  hours. 

There  are  other  essential  qualifications  than  those  of 
a  purely  climatic  character  which  should  be  jiossessed 
by  a  health  resort.  Ftu' examph'.  it  is  important  for  the 
invalid  to  know  what  facilities  exist  for  comfortable 
living,  without  which  the  best  of  climatic  conditions 
are  likely  to  prove  elusive.  Pure  drinking  water,  good 
sanitary  anangements  and  sewerage,  proper  acconmu>- 
dations  as  to  veutilati(ui  and  heating,  food  of  proper 
quality  and  ])rop<'rly  cooked,  etlicieiit  attendants,  and 
facilities  for  an  outdoor  life,  especially  if  the  open-air 
"Liege  Kur"  is  to  be  taken,  arc  all  matti'is  of  tlie  first 
importance  for  the  success  of  the  health  icsort  cure. 
There  should  exist  an  intelli!.'ent  and  active  board  of 
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health.  Ihi'  mi'inlx-nt   of  which   sliouhl    mipcrvlsc    not 

lilllv  Ihr  ycllrlill  MlllillirV  conililicll  nf  lllc  Irwut,  lull  llll- 
hi'ii'ls.  lioiinliiij;  iii)iis<>s.  or  iiiiIimI  (iilliiKct  wluTr  con- 
KiliiiptivcK  liuvir  rcsidi'il;  iiiiil  (hey  Khimlit  .scl<  to  it  thiit 
lifter  siiili  roiih'tu'i'  rnioviilinii  niiil  ilisinri'clioii  uresiilis- 
factoiily  |>crfciriiu'il.  us,  fur  cxiiiiiiili',  is  ihiiii'  at  Caiiiii's 
(ri'i/f  ariiclc  nil  t'liiiiun  in  tlic  IIamiiiuiiki.  Farililii's  for 
nut  of  iliicir  i'\crii-c'.  uiiiiisciiu'iil.  unci  nii'iital  occiipa 
tii'ii  are  iiii|iiiriaiit  fraliires  of  a  lieallli  rewirt.  Is  there  a 
lilirarv?     Are  Ihnc  sehnnlsV     Wlial  are  the  eliiirehes'.' 

Ease  i>f  aeeessiliility  is  often  a  stronir  point  in  favor  of 
a  resort :  ami  ei|ually  important  is  it  in  know  the  mellioil 
of  reaehint;  the  plaee  seleeleil.  the  expense  of  the  jour- 
ney and  of  residcnee  there.  No  resort  should  he  ehoseii 
foi'  a  iieiiuiiie  invalid  which  docs  not  eoiilain  ipiie  or  more 
giHMl  physicians  known  either  by  ri'piitalion  or  personally 
to  the  physician  who  s<'nds  the  patient  away;  and  the 
lattir  should  lii'  refirred  |i>  the  local  physician  by  a  letter 
from  the  home  physician,  hrielly  statin;;  the  case.  Hon- 
est statisticsof  ca.ses  treated  at  health  resorts  are  perhaps 
the  most  valiiahle  indications  of  the  actual  heiielits  to  he 
cxpect«d  from  ii  residence  at  the  resort  for  whatever 
jliwase  its  climate  is  supposed  to  he  especially  cunitive. 

The  estalilishineut  of  piod  sjuiatoria  under  careful,  ex- 
pert mediial  supervision,  especially  for  pulmonary  tuber- 
culosis, is  u'reatlv  to  be  desired  in  such  health  regions  as 
Ciilnnido.  New  .Niexico.  the  pine  belt  of  the  South  and 
cisew  here.  Some  few  already  exist,  such  asTrudeau's  at 
Siinmac.  the  Loomis  Sanatorium  at  Liberty,  and  others. 
For  many  invalids  a  well-coudiicted  hotel  or  hoardiug- 
house.  and  a  competent  local  practitioner  in  the  neighbor- 
hood answer  well. 

A  practice  which  is  not  unusual,  but  which  is  to  he 
Stroiiirly  deprecated,  is  for  the  home  physician  to  attempt 
to  retain  the  iruiilaiUM-  of  his  patient  while  at  the  health 
resort.  The  local  phvsician  of  necessity  must  be  better 
nci|uainted  with  the  local  hy,iriene.  the  local  risks,  and 
all  the  local  conditions,  so  important  for  the  invalid  to  be 
made  aware  of  in  order  to  obtain  the  best  results  from  the 
climate  of  the  resort. 

Uepirdin^  the  adaptability  of  certain  climates  to  the 
treatment  of  special  disca.ses.  only  a  few  sreneral  indica- 
tions will  be  ijivcn  here,  and  the  ri'ader  is  referrc<l  to  the 
articles  upon  the  various  health  resorts  in  the  II.vxduook 
for  a  more  detailed  consideration  of  this  portion  of  the 
subject. 

For  phtlii.sis,  for  which  a  health  resort  is  sought  more 
frei|uently  than  for  any  other  disease,  the  essential  cli- 
matic conditions,  as  has  been  luoro  than  once  before  stated 
in  this  IlAXDiiOOK,  are  pure  air  free  from  dtist,  juotectiou 
from  high  winds,  moderate  dryness  and  equabilily,  and 
n  dry  soil.  Such  a  coiubinatinii  of  conditions  is  not  hard 
to  6iul  nor  does  one  have  to  travel  far  to  obtain  it.  With 
it,  however,  must  he  a.s.sociated.  as  has  so  often  been  in- 
sisted upon,  the  most  careful,  continuous,  medical  super- 
vision ;  hence  the  great  value  of  sjinatoria. 

It  must  also  ever  be  borne  in  mind  that  the  stage  of 
the  disease,  its  activity,  and  the  general  condition  of  the 
patient  are  always  to  be  carefully  ccmsidered  in  deciding 
upon  a  resi'rt.  or  if  any  change  is  advisable. 

Assuming  that  the  patient  is  in  the  incipient,  curable 
stage,  and  that  there  are  no  other  contraindicating  condi- 
tii>ns.  the  writer  would  arrange  the  favorable  climates  in 
the  following  order  of  excellence :  (")  High  altitudes,  like 
Colorado.  New  Mexico,  the  Alps:  (A)  low  .latitudes,  like 
the  .Vdirondacks,  Asheville.  the  Southern  pine  belt,  and 
southern  California:  (<•)  coast  climates,  represi-ntcd  by 
the  Kiviera  resorts:  {<l)  island  climates,  like  Madeira  and 
the  Canaries:  (<•)  ocean  voyages.  As  to  results,  according 
to  Solly  ("Medical  Climatology."  ]>.  141).  the  high  alti- 
tudes are  the  best,  the  sjmatoria  the  next,  and  the  low- 
land climates  come  third. 

Brimrhitis. — When  expectoration  is  abundant,  a  dry, 
warm,  inland  climate  like  Thomasville.  Augusta.  Suni- 
inerville.  and  Catnden.  S.  C.  southern  California,  in  the 
winter:  and  the  seaside  or  mountains  in  the  sununcr.  If 
the  expectoration  is  scanty,  a  warm  moist  climate  like 
Florida.  Nassau,  Algiers.  .Madeira,  in  winter:  and  New- 


port, the  Jenn-y  omul.  Niiiituckct,  Ciipe  Cod.  etc.,  in  the 
siimnicr. 

I'ltiirinjl. — In  the  coll valewenl  stage  when  ri-covery  In- 
delayed,  or  the  lung  doe»  not  expand— the  higher  alti- 
tudes, provided  the  conilition  nf  the  heart  permitK, 
Likewise  in  retarded  pneuiuouia,  in  iiidividualH  under 
thirly  live  years  of  age,  and  when  the  heart  is  iiorinal. 
and  iIk'  lungs  are  not  loo  seriously  involved,  Solly  recoin- 
mi'iiils  lh<'  higher  altitudes,  iindir  propir  restriciions. 

.{/•t/iiiiii  {Uriiiieliiiil). — .Vllhounh  thcclimatic  treatment 
of  this  complex  diseas*' is  largi^ly  a  matter  of  trial,  vet 
the  liigli-allilude  resorts  appear  to  give  the  best  results, 
especially  when  the  iieiiKitic  element  seems  to  he  the 
pnunineiil  factor  in  the  case.  If  the  hroiieliitis,  the  de- 
lerininingcause,  seems  to  be  the  most  important  element, 
either  a  sedative  or  a  stimulant  climate  is  to  be  selected 
aiconling  to  the  character  of  the  bronchitis.  Or  if  tliir 
exciting  cause  appears  to  be  tlii'  most  important,  especial 
i  consideration  must  be  given  lo  that  in  the  s<.-leclioii  of  u 
resort. 

//((,(/  Fcrer(Na»al  Ast/iimt). — The  Adirondacks,  White. 
Calskill.  and  Allegheny  Mountains.  ^lackinac  Island, 
(ii'orgian  liay.  Cape  Hreton.  the  "North  Woods."  Beach 
Haven.  Fire  Islaml.  and  Halifax,  Nova  Scotia,  are  some 
of  the  many  resorts  which  alTord  more  or  less  iininuiiily. 
.\n  ocean  voyage  and  travelling  in  Europe  are  also 
prophylactic. 

'J'lihcrntlouii  GUtiiih. — Seaside  resorts,  sea  voyages,  and 
high  altitudes.     The  seaside  preferably,  with  sjilt  bath.s. 

IViciimntimi. — Warmth,  dryness,  ecpiability.  and  sun- 
shine are  essential  factors  in  the  climatic  treatment  of 
rheumatism:  such  conditions  are  found  in  Texas.  Arizo- 
na, the  Southern  Pine  Belt,  some  portions  of  southern 
California,  the  inland  Florida  resorts,  the  desert  of 
Egyi)t.  and  Algeria. 

It  is  also  to  l)e  remembered  that  the  hydrotherapeutic 
treatment  of  this  disease  as  exhibited  at  such  resorts  as 
Hichtield  Springs,  the  Virginia  Hot  S|uings.  the  Arkan- 
sjis  Hot  Springs,  Aix-les-Bains.  and  others,  is  mostellica- 
cious. 

Renal  Disease. — A  wann.  equable,  windless  climate, 
such  as  is  found  in  many  low  inland  or  coast  resorts,  ex- 
amples of  which  are  Arizfina.  Madeira,  the  Southern  Pine 
Bell.  Florida,  southern  California,  etc.  The  West  Indies 
are  highly  extolled  by  Burncy  Yeo. 

Citrdiac  Affections.  —  Warmth,  equability,  sunshine, 
and  in  some  cases  moderate  elevation.  "With  regard  to 
the  heart  and  great  vessels."  says  Solly  ("Hare's  System 
of  Practical  Tiierai>e\itics").  "it  may  be  stated  as  a  gen- 
erality that  they  are  much  more  apt  to  be  imiuoved  on 
the  sea  than  on  the  mountains." 

('Iiriiiiir  I>i.vii.'<i/<<if  tfii  (uiiito-Uriniin/  Organs. — Warm 
and  moderately  dry  climates.  Benal  tuberculosis  requires 
in  general  the  same  climate  as  pulmonary  tuberculosis. 

Sermus  Mnhidies. — Each  disease  must  receive  its  own 
especial  consideration  in  regard  to  climate.  Some,  per- 
haps the  most,  require  a  mild,  low  climate;  othcre  a 
mildly  stimulating  one. 

Neuriistheniit. — Any  climate  which  affords  rest,  a 
change  of  scene  and  diet,  with  life  in  the  open  air.  such 
as  a  life  in  the  woods,  at  sea.  or  on  the  jilains.  is  likely  to 
be  beneficial.  Solly  is  of  the  opinion  that  the  larcer  pro- 
portion of  cases  of  neurasthenia  are  most  surely  and 
quickly  benefited  by  high  climates,  when  no  especial 
contraindications  exist.  When  any  one  symptom  is  pre- 
dominant, a  climate  which  is  favorable  to  that  is  to  be 
.selected.  If  it  is  insomnia,  for  instance,  the  climate  which 
best  relieves  that — sometimes  high  altitudes,  .sometimes 
the  low  resorts  or  t  he  seashore— will  prove  most  beneficial 
to  the  general  condition. 

SeiiHitt/  irilh  it.i  Accompanying  Changes. — A  warm, 
sunny,  equable  climate,  where  the  individual  can  exist 
comfortably  with  the  least  ex])enditure  of  vital  force; 
in  winter  Florida,  southern  California,  the  Hivicra.  many 
resorts  in  the  Southern  States.  Whatever  the  resort 
selected  it  is  of  the  first  import.ance  that  good  accommo- 
dations and  food  should  be  assured. 

Vuntaksccnce  from  Acute   Diseases — such  as  typhoid 
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fever,  epuleinic  iiifliioiizn.  wliooiiiiiircotiirli,  diiilitlieii'i, 
etc.  A  wiinii,  siiimy  iliiiinti'.  iiilntui  or  scii.slinrc.  w  hen- 
the  iiaticiil  tun  live  out  nf  ikiors.  proU'clcil  from  wind. 
and  (1111  lull  he  in  tlie  simsliim-.  Allaiilie  City.  Old  I'liiiii 
Coiiil'iirt.  I,iikew(ioil.  niv  (^xiiiiiiiles. 

Many  oilier  diseases  and  coiulitious  are  aiiienalilc  to 
clinialie  treatiiient  with  more  or  less  siieees.s,  mid  in  se- 
lectinj;  a  luallli  resort  for  Wiein  Die  writer  camiot  do  better 
tbaii  to  repeat  for  the  jiuiihinee  of  tlie  i>raelitioiier  the 
tliree  prineiiiles  eniiiieialcd  in  the  previous  edition  of 
this  IIaxdiiook  by  the  aeeomplisliedaiithorof  tlic  articles 
upon  health  icsorts:  "1.  A  tlioii,i;littul.  eonseientioiis. 
and  painslakinsr  consideration  of  the  precise  )>alliolojrical 
rondition  of  the  individual  l)atieiit,  and  of  liis  conslilu- 
tional  peculiarities.  2.  A  careful  study  of  the  elfects 
produced  upon  the  human  organism,  both  in  health  and 
disease,  by  variations  in  each  and  all  of  the  meteorological 
factors  of  climate.  3.  The  detailed  study  of  these  factors 
as  they  c.\ist  in  the  climate  of  each  |ilace  which  e.xperi- 
euce  has  ])roved  to  be.  or  analogy  has  led  us  to  regard  as 
likely  to  lie.  w  ell  suited  for  use  as  a  lu-altli  resort  "  ;  and. 
to  this  may  be  added  the  statement  with  which  Solly 
wisely  concludes  his  article  upon  "Climate"  in  "Hare's 
System  of  Practical  Thenipeutics '':  "In  selecting  a  cli- 
uiale  for  an  invalid  let  iisabove  all  remember  to  examine 
not  only  the  suitable  application  of  the  climatic  factors 
to  the  di.sease,  but  also  into  the  peculiarities  of  the  indi- 
vidual and  his  attendant  circumstances." 

A  word  in  conclusion  regarding  home  climates.  It  is 
true  with  climates  as  w  ith  other  things,  that  familiarity 
often  breeds  contempt.  In  looking  for  a  health  resort 
we  too  often  forget  the  possibilities  of  our  own  home 
climate.  In  the  treatment  of  phthisis  as  well  as  other 
diseases  we  can.  not  infrequently,  obtain  surprising 
results  by  a  painstaking  utilization  of  the  favorable 
climatic  conditions  existing  in  the  patient's  own  lo- 
cality. 

A  judicious  arrangement  of  rooms  and  verandas  so  as 
to  obtain  the  utmost  possible  sunshine  and  out-of-door 
life,  ingenuity  in  providing  shelter  from  the  wind,  ample 
ventilation,  and  an  equal  attention  to  the  hygienic- 
dietetic  ivgime  which  we  would  give  in  a  health  resort. 
with  the  Siime  assiduous  devotion  to  getting  well,  may 
produce  as  happy  results  as  those  obtained  in  many  well- 
known  health  resorts. 

Therefore  the  physician  or  his  patient  should  not  give 
up  hope  by  any  manner  of  means,  if  the  conditions  pre- 
clude a  change  of  climate.  "I  can  cure  consumption  in 
any  climate,"  ssiid  Dettweiler.  Edward  0.  Otis. 

HEALTH,  STATE  BOARDS  OF*.— The  recognition  of 
the  necessity  of  general  or  central  boards  of  health  or 
sanitary  organizations  in  each  of  the  States  may  be  said 
to  date  from  the  middle  of  the  nineteenth  century.  A 
resolve  of  the  Massachusetts  Legislature  of  1^)40  aiithor- 
ized  the  governor  to  appoint  a  commission  whose  duty 
it  was  to  make  a  sanitary  survey  of  the  Stale  and  to  re- 
port upon  the  same.  This  extremely  thorough  and  com- 
prehensive document  i)resented  a  plan  of  organization 
for  a  general  or  state  board  of  health,  and  although  it 
was  nearly  twenty  years  before  such  a  board  was  organ- 
ized, the  plan  hiid  dow  n  in  that  report  was  very  closely 
followed  in  the  act  of  l.SG'J  which  authorized  the  estab- 
lishment of  a  state  board  of  health. 

The  first  three  state  boards  of  health  were  organized 
in  three  widely  separated  States,  Louisiana, -j-  Massachu- 
setts, and  California,  in  the  order  named,  and  these  were 
followed  by  the  establishment  of  similar  general  boards 
in  Virginia,  Minnesota,  and  Jlichigan.  The  States  and 
Territories  whicii  have  thus  far  established  state  boards 
of  health,  with  the  dates  of  their  organization,  are  given 
in  the  following  list  : 

•  Condensed  tniin  article  In  "  Pil-^I  and  Pn'seiil  rondition  of  Public 
Hyiflene  ami  stale  Medleine  In  the  fnited  Slates."  IIKIO. 

+  The  l,<iiilsiaii»  iNjard  er>Mit«l  In  ls.VM'imld  liunllr  be  olasjk'd  us  a 
state  iKmrd  of  lieallh.  though  mo  iiiiiiied  In  its  urtranlc  net.  siiiee  It 
was  ereaied  alnuist  entirely  for  Ilie  piiriiose  of  iiuilniiiininK'  a  i(uaran- 
tlne  to  protect  the  city  of  Sew  Orlean.s. 
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Louisiana.  1K;V>. 
M:i.->:ii  husell.s.  .Inne.  \m). 
I  !ilif..inia.  March.  I.STO. 
Vii-i.'iiiin,  Fel'niarv.  Is7-. 
Mlnne.s..la.  .March,  1872. 
.Mlihlcan.  1ST:1. 
MaiylaiMl.  .^prii.  1ST4. 
.\li()ialiia.  .laniiary.  1>J75. 
(ieurtrla.  June,  Is'T.'j. 
Coliiniiici.  Fehniary.  1876. 
Wisconsin.  .Mairh,  lH7i;. 
Mississippi.  February.  1877. 
.New  Jersey,  Manh.  1877. 
Tennessee,  March,  1877. 
Illinois.  Ma.v.  I.s77. 
(■uunirticut.  January.  1878. 
Kentiickv,  .Mai<h,  1.S7S. 
lihode  Island,  .Vpril.  1878. 
South  Carolina,  Deceiiil)er.  1878, 
lielavyare,  187!i. 
.North  (.'arolina.  lS7y. 


Iowa.  March.  1880. 
New  York.  May.  Ks,«ll. 
Arkansas.  Man-h.  IkkI. 
Indiana.  .March,  issl. 
West  VliKlnlii.  .Miirch.  1881. 
New  Ilaniiishire.  .Vuuusl,  1881. 
Mis.souii.  .March.  ISNl. 
Jiaiiie,  Feliruaiy.  ISM. 
Kansas.  .March.  188.J. 
Peun.sylviinia,  June,  1S85. 
(ihio.  April.  18811. 
Vennonl.  November.  1880. 
Florida.  Filiniarv.  IsNi. 
Ni>rth  Uakola.  Ixso. 
Nebraska.  March.  Ihlll. 
Wa.shiii),'ton.  March.  1891. 
Oklahoma.  March.  18111. 
South  Uakola.  .Miinh.  1891. 
Nevada.  .Manh.  isitt. 

New  .Mexi Feliiiiarv.  ISfti. 

Itah,  F'ebriiary.  ISltC. 


In  general,  it  may  be  said  that  the  work  of  state 
.boards  of  health  has  not  been  largely  of  an  executive 
character,  but  has  been  einiiu-ntly  di'daclic,  and  much 
good  has  been  acconijilished  by  the  publication  and  dis- 
tributi(m  of  tracts,  circulars,  lind  pamphlets,  relating  to 
the  various  de|)artnients  of  sjiuitary  work,  and  bv  the 
holding  of  frequent  conventions  or  assemblies  for  the  free 
discussion  of  sanitary  subjects. 

As  a  general  rule,  state  boards  do  not  have  authority 
over  local  boards  in  sanitary  matters,  but  in  some  in- 
stjinces  they  are  authorized  to  exercise  co-ordinate  power 
with  local  "boards  in  preventing  the  spread  of  infectious 
diseases,  either  within  the  limits  of  municipalities  or  along 
the  border  of  other  States  and  countries. 

The  most  important  duty  of  sanitary  authorities  is  the 
management  ami  control  of  infectious  diseases,  and  while 
the  stale  boards  of  health  are,  from  their  essential  com- 
position, not  so  closely  in  touch  with  the  people  as  munic- 
ipal boards,  yet  they  are  capable  of  doing  excelleni  ser- 
vice in  educating  the  people  in  this  imiiorlaiit  sanitary 
question.  In  those  Stales  which  are  the  most  densely 
settled,  and  are  of  comparatively  small  area,  it  has  been 
possible  for  the  general  Ixiards  tii  perform  a  considerable 
amount  of  executive  work,  and  to  carry  out  the  pr.ovi- 
sious  of  such  laws  as  have  given  them  "authority  to  act 
lor  the  protection  of  the  public  health. 

In  several  of  the  States,  notably  those  of  the  western 
part  of  the  L'nion.  the  function  of  regulating  the  jiractice 
of  medicine  has  been  adiled  to  the  more  distiucive  duties 
of  public  .sauitaliou. 

A  valuable  summary  of  the  jiowers  and  duties  of  state 
boards  of  health  as  they  existed  in  1879  may  be  found 
in  Dr.  Billings'  Inlrodu'ctiou  to  the  volumes  on  "Hy- 
giene "  published  in  New  York  by  Dr.  A.  II.  Huck.  In 
this  summary  Dr.  Billings  says:"  "The  state  board  of 
health  should  lu-  the  central  supervising  authority,  hav- 
ing much  the  .sanie  relation  to  local  boards  that  the  local 
board  has  to  tl'ic  households.  Its  functions  may  be 
classed  as  follows:  (1)  To  promote  the  organization  of 
local  and  municipal  boards;  (2)  to  obtain  "medical  and 
vital  statistics;  (3)  to  investigate  the  causes  of  undue 
sickness  and  mortality;  (4)  the  removal  of  these  causes, 
acting  as  far  as  iiossible  through  the  local  .sanitary  au- 
thorities; (T>)  the  supervision  of  the  hygiene  of  state  in- 
stitutions; ((j)  the  supervision  of  quaniutine." 

ANNCAL  Per  Capita  ExpExniTCRE  of  State  Boards  of  Health 
IN  TIIK  Year  1808. 


(Population  IJsliinated  to  1898.) 

I 

States 
and  Territories. 

Frac- 
tion of 
dollar. 

1 

States 
and  Territories. 

Frac- 
tion of 
dollar. 

Over 
Scents 

1  cent 

to 
Scents 

\  Florida 

-i  Vermont 

r  Miwsaclmsetts  . 
f  Rhode  Island  . . 

1  Texas 

i  Mississippi.... 

1  .Elaine 

1  New  Hampshire 
L  Minnesota 

.0800 
.0301 

.oaiH 

.0107 
.0144     ( 
.0141      1 
.0112     ' 
.11100 
.0103      i 

Less 
than 
2  mills 

West  Viririnia . 

Missouri  

Kansas 

Nevada  

Kentucky 

South  Carolina. 
North  ( arolina. 

VirfTlnia 

Pennsylvania. . 

.0017 

.0016 

.001.5 

.001.1 

.0012 

.11012- 

.0011 

.0011 

.0010 
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I''riiiii  tlir  liiiit.'>i  till'  arriitril  lilimil  in  rcnivi-il  liy  llic  li-fl 
uurii'lc  iliriiii^'li  llir  |>ulMiiiiiiir,v  vriiis.  ami  by  il  Initlii 
lultU'<l  to  llii-  IrTt  vi'titriclolhrii'ii);))  the  left  aurlruUi  vrn- 
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/  A' 


Tlic  prrcciliiijrtJibli-  prpscnlslbi- |uTciipitn  I'xpciiiliturc 
of  <>acb  siHir  boiinl  iif  lieulUi  in  ISilH.  iipmi  iin  t'sliiiiated 
piipiiliiliiiii  for  llial  year.  Thr  ciiiiipanilivcly  liiirli  I'X- 
|)riiiliniir  111  the  (iiilf  Slalis  iif  Fliiriila.  Ti-.vas.  ami  Mis- 
sissippi was  I'inpliiytil  chielly  for  tliu  iiiaiiitcnaiicc  of 
iHianiiitiiic  in  prcvcntini;  thu  introduction  of  yellow 
fi-vi'i-  from  oilier  .Stales  and  eounlries. 

Samuel  W.  Abbott. 

HEART.— The  liearl  is  a  four-eliambercd  hollow  mus- 
cle, divisible  fuiKiionally  into  two  parts,  each  consisting 
of  two  ehambers.  an  auricle  and  a  ventricle.  The  riL'lit 
half  of  the  hea.rt  comprises  the  rii.'hl  auricle  which  re- 
ceives the  venous  blood  from  the  body  ireiienil  throui^li 
the  vena' cava',  and  the  riirht  ventricle  which  receives  the 
blood  from  the  auricle  through  the  auriculo-veiitricular 


jtorlrnrdlnni 


i>' 


^■^- 


::i- 


I       I 


Flii.  iVKi.-  oiiUlne  "t  Heart.  Luiies,  iinil  Liver  to  Show  their  liiMii- 
tlmis  III  Kmh  otli.T  ami  lo  the  Ihest  Wall.  Heusiuun  and  Fisher's 
"  .\naIoiiiteal  dulliues." 

tricular  oiilice,  the  left  ventricle  in  turn  pumping  the 
blood  by  way  of  the  aorta  back  ajrain  to  the  body.  This 
pump  is  sup])lied  with  api)ropriale  valves  to  determine 
the  direction  of  the  blood  stream  (see  Ciiculaliun  of  the 
Jll„„tl.  Fig.  y.KH). 

If  the  heart  ln'  removed  fi'om  a  cadaver  tliat  lias  been 
preserved  by  injection  with  a  solution  of  formalin,  which 
so  hardens  the  tissues  that  ihey  preserve  after  removal 


thumrlc  duct  /       I  riclil  va(!u» 

left  vaf^us  nerve      vena  azygos  major 


Fig.  iJMT.— Cross  Section  of  Thorax  at  Level  of  Elgbtli  Thoracic  Vertebra.    (Braune.) 
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the  fiirm  tlioy  hnd  in  situ,  it  is  sc 

couical  lis  a  ilistiiiclly  sixsklcil  or 

upper  surface  being,  however,  obscured  by  tlie  fact  that 

it  is  almost  eutireiy  occupied  by  the  openings  of  three 


pulmonary  openini; 


aortic  oiM'iilni,'  and  rlKlit 
conuiary  nrti-ry 


\  tnfuiidibtilar 
"(     sepiuent 


(rlKlitanrli'iil<v 
■,  ventricular 
(     uiiuiiin); 


juntero-inf  er. 

segment 
)  poelerior  seg- 
'I     meat 


left     pulmo-t 
nary  veins    )  \ 


great  vessels,  the  superior  vena  cava,  aorta,  and  jiulmo- 
nary  artery  (Fig.   2548  and  'i^i-i'S).     Two  welliimike<l 
grooves  are  distinguishable  on  tlie  surface  of  the  organ 
(Figs.    2.54!)  and   25.53):    the  auriculn-tentncuhir  groove 
■whicli  marks  the  separation  of  the  auricles  from  the  ven- 
tricles and  lodges  tlie  main  trunks  of  the  cardiac  vessels 
and  corresponding  nervous  plexuses;   and  the  interten- 
triciilar  i/rmre  seen  on  the  anterior  and  inferior  surfaces 
of  the  heart,  which  marks  the  separation  of  the  two  ven- 
tricles and  larger  branches  of  the  cardiac  vessels.     A  con- 
sidenible  amount  of  fat  in  which  the  ves- 
sels are  embedded  fills  up  these  grooves 
and  obscures  them  till   dissection   makes 
them   more  prominent.     The  heart,  with 
the  orifices  of  the  vessels  that  si)ring  from 
it,  occupies  a  separate  serous  cavity  in 
the    thoia.x    between  the   two  lungs  and 
pleune,  called  the  pericurtUtnn.  the  heart 
with  its  fibroserous  pericardial  sac  fonii- 
ing  thecontentsof  the  middle  mediastinum 
(Fig.   2.547).     Its  situation   and    relations 
will  be  readily  understood  by  reference  to 
Figs.  2546  and  2.54T.  the  former  being  self- 
explanatory,  the   latter  a   horizontal  sec- 
tion through  a  frozen  body  at  the  level  of 
the  eighth  thoracic  vertebra.    Both  ligures 
show  that  the  organ  is  markedly  deflected 
to  the  left  side.     Before  considering   the 
relations  in  detail  we  will  make  ourselves 
acquainted  with  the  excised  heart.     Ex- 
amined externally   the    auricles  are    con- 
spicuous by   the  thinness  of  their  walls, 
and   mainly  occupy  the   right   and    pos- 
terior aspects  of  the  heart.     The  rentrides 
are  thick-walled,  form  the  greater  part  of 
its  anterior,  left  and  inferior  aspects,  and 
the    left  ventricle    is    drawn   to  a  blunt 
point,  which  is  the  meeting  place  of  llio 
three  just-named  surfaces,  and  is  known 
as  tlie  ii/H.r  of  the  heart. 

The  rii/Zit  imridc  (Figs.  2549,  2550,  and 
2.5.54)  on  the  surface  presents  a  quadrangu- 
lar outline,  and  occujiies  the  whole  right 
and  jiart  of  the  anterior,  iiosterior,  inferior,  and  superior 
surfaces  of  the  heart.  At  its  posterior  inferior  angle  is 
the  inferior  rena  etim  ;  at  its  posterfi-superior  angle  the 
superior  vena  cum;  while  its  anterosiiperior  angle  is 
prolonged  into  an  angular  diverticulum  which  extends 
rounil  in  front  of  the  aorta  and  is  called  the  auriculiir  tip- 
pcnilix.     The  anterior  limits  of  the  two  cavie  are  united 


•en  to  be  not  so  much  a  by  a  groove  on  the  surface  of  the  auricli'  called  the  mitcus 
rgan;  the  si.xth  si(l<'  or  !  termimiliK  iFig.  2.54!l)  which  marks  olT  the  portion  of  the 
auricle  formed  by  uiiinii  of  the  two  ven:e  cavie  from  that 
portion  which  belongs  to  the  iirimitive auricle.  On  open- 
ing the  auricle  (Fig.  2.5.50)  this  latter  por- 
lion  is  found  to  present  on  its  inner  sur- 
face a  large  number  of  branching  muscular 
ridges  united  by  a  membrane  so  thin  as 
to  l)e  translucent.  Over  the  right  wall  of 
the  auricle  these  riilges  are  fairly  regular 
and  nearly  parallel.  They  extend  from 
a  promiiiint  crest,  the  rrixtn  ftrminuliii 
(which  conisponds  in  l>osition  to  the  sul- 
cus lermiiialis),  to  the  region  of  the  auric- 
ulovenlricular  groove  and  are  called 
muscnli  pectimili.  In  the  appendix  they 
are  much  branched,  and  run  vertically 
across  its  cavity. 

The  rest  of  the  interior  of  the  auricle  is 
smooth  and  is  called  the  Kiniifi  tenonux.     Its 
left  wall  in  front  is  in  close  contact  with 
the  commencement  of  the  aorta,  and  be- 
hind this  is  formed  by  the  septum  between 
the  auricles.     Here  there  is  a  circular  de- 
pression where  the  seiJtum  is  translucent. 
This  is  called    the  f"s«ii   omlii<.  is  about 
live  eighths  of  an  inch  in  diameter,  and  is 
surioumled.  except  at  its  lower  i)art,  by  a 
prominent    muscular    ridge,    the    uimulus    nniUs.     The 
ridge  is  specially  prominent  above,  and  under  it  is  a  deep 
recess,  closed  afler  birth  except   for  an  occasional  mi- 
nute canal  through  which  a  probe  can  be  pas.sed.  but 
open  during  fretal  life  for  the  free  passage  of  blood  from 
the  right  to  the  left  auricle.     The  opening  in  the  fu>tal 
condition  is  the /";v/;;i< /(  nrnte.     At  the  poslero-superior 
angle   of   tlie  cavity   will   be   found   the  orilice   of  the 
superior  vena  cava,  large  enough  to  admit  the  little  lin- 
ger,  and   unguarded   by  any  valve.     At  the  posterior 


left  auriculo- ) 
ventricular  ' 
opening        \ 


Fig.  i>tS.— View  of  Ventricular  oriflces,  the  .\uricles  and  .\rteries  being  Hemoved 
Close  to  tlie  Ventricles.    W.  Keiller  ad  uaturam  del. 


superior  vena  cava 


\  right    pulmo- 
'(    nary  veins 


posterior  car-  ( 
dlae  vein 


*  inferior  vena 
i     cava 


(right     c  o  r  o  - 
')  nary  artery 

1  middle    c  a  r  - 
■(     diac  vein 


Fio.  2549.- 


Vlew  of  Heart  from   Jicliind  and  Below.     The  surfaces  are  outlined  In 
Mack  lines.     (Ills,  two-thirds.)     \V.  Keiller  del. 


inferior  angle  is  the  oritice  of  the  inferior  vena  cava, 
which  will  admit  two  lingers.  Stretching  from  the  right 
anterior  margin  of  the  inferior  caval  opening  to  the  an- 
terior limb  of  the  annulusovalis  is  a  jiroiuinent  musculo- 
membranous  ridge,  the  Euntuf/iinn  nilre.  whose  function 
in  the  fcetus  is  evidently  to  guide  the  blood  from  llie  in- 
ferior vena  cava  through  the  foramen  ovale.     Its  promi- 
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ilinrl. 
Ili'url. 


neiicc  nnit  coDstnncy  In  tin-  mliilt  «cvm  to  show  timt 
Ilinii!;li  ils  fd'liil  fiiiK-lioii  is  loHl,  il  slill  serves  iiii  Impor- 
tmit  |iiir|Hjsf  ill  iliriTiiiiv'  ilii'  iiilni  iitiiliiiliir  IiIchmI  cur- 
ri'iits.     Il.s  iiiusculiir  |iiirlliin  ciiiisisis  iif  a  Hlniiig  liiiiiillc 


•uportur  Venn  envii 


forms  the  iutiTvcutriciilnr  winiiin  (Kig.  2551).  The  lower 
two  tliirils  iif  the  |i<iNterinr  wiill  of  the  right  ventricle  Ih 
iireii|iieil  l>y  the  liirni^  iiiirieiilo-rriiln'riiliir  orlttcn,  tlie  U|i- 
piT  ihiril  tiijiering  into  tlie  cuuus  uriuriuHUH  unil  lying  iu 


puliMiiniin'  iirlt'rv 


npivnillx  — 


w'lnlliiimr  viilvcn,  two  only  vlilbia 


winua  urOTliniun 

siif«Tliir  wpuil  I'liorilie 


nurlriilinrnirlrii- 1. 
Iiir  o|K'nliik'         i 


luferliir  vena  ravn 


Kiislarlilun  valve 

I'onin  a  r  .v  sinus' 

and  Its  valve       i 


Infunilllinlar  seamen  1  of 
tri.iikiilil  valv.' 
uiodcnilor  Imiiil 


J  anterior  implllary 
I     muscle  (cut; 


basal  papillary  muscle 


Fi«.  :S50.— RIglit  Auricle  and  Ventricle  Opened,  Somewbat  Stretcbed  Out  for  Better  Dl-splav.    Drawn  fmm  nature  by  W.  Eelller,  1901. 


of  tilirc's  wliicli  siinouiid  the  inferior  cava  and  are  at- 
tached to  the  septum,  thus  possibly  constricting  the  caval 
opening  durinir  auricuhir  systole.  On  the  floor  of  the 
iinricle,  just  in  front  and  to  the  left  of  the  inferior  enval 
opening,  is  tlie  orifice  of  the  rDroimn/  niniix,  guarded  be- 
low by  a  tlelicate  semicircular  valve  which  is  frequently 
fenestrated  and  is  called  the  m?((' of'  77«'/(w'i(,«.  The  an- 
teroinferior angle  of  the  right  auricle  runs  into  a  large 
funnel-shaped  opening,  the  iiurieiilo-rentrirnliir  nrifir, 
(Figs.  2.54^'  and  i.wO ). ^  This  opening  is  oval  or  triangu- 
lar in  shape,  readily  admits  three  fingere,  and  is  guarded 
by  the  triciKpid  ralre.  In  addition  to  those  openings 
there  are  scattered  over  the  walls  of  the  auricle  numerous 
small  pits  and  little  openings  called /i>mwii;ia  Thebesii, 
some  of  which  are  blind  depressions, 
while  others  are  the  orifices  of  small 
veins. 

The  ri^ht  rentriele  (Figs.  2.5.50, 
2553.  2.557)  occupies  the  greater  part 
of  the  anterior  surface,  and  about 
half  the  inferiorsurface  of  the  heart. 
It  practically  forms  the  whole  ante- 
rior inferior  border,  but  stops  short 
of  the  left  infi'rior  angle  of  the  heart, 
the  so-called  apex.  When  opened 
it  is  seen  to  present  a  lloor  and 
three  walls,  anterior,  left,  and  pos- 
terior, the  three  walls  tapering  np- 
wui'd  to  form  a  smooth  funnel,  the 
con»a  iirttri'iKiiK,  which  leads  into 
the  pulmonary  artery.  This  orifice 
is  guarded  by  three  semilunar  Haps 
which  together  form  the  juihuo- 
iiiiri/  ruin.  The  left  wall  of  this 
cavity  is  convex,  owing  to  the  great 
thickness  of  the  wall  of  the  left 
ventricle,  and  here  the  blending  of 
the    walls   of    the    two    ventricles 


aortic  oiionlnK ; 
and  setuiluuur  - 
valves  \ 


dose  relation  with  the  aorta.  'With  the  e.\cei)tion  of  the 
conns  arteriosus,  the  wallsof  the  ventricles  are  marked  by 
an  intricate  network  of  muscular  ridges  and  bands  called 
t-obiiniur  ciirne<r,  the  ridges  being  mere  thickenings  of  the 
wall,  the  bands  altjiched  at  both  extremities  and  free  in 
the  middle.  A  varying  number  of  the.se  tleshy  columns, 
called  ii/iiKnili  ji'ij/iUiirm.ciul  in  fibrous  string-like  bands, 
the  chrivilit!  tiiiiUiui'.  which  ale  attached  to  the  segments 
of  the  tricus])id  valve.  The  triciisjud  ralee  (Figs,  2.548 
and  2.5.50),  which  guards  the  auriculo-vcntricular  orifice, 
is  composed  of  three  triangular  segments;  consisting  of 
fibrous  tissue  clothed  with  endocardium,  thick  at  their 
bases  where  they  are  attached  around  the  opening,  and 
thinning  off  toward  their  free  margins,  which  are  traus- 


It'ft  apponilix 


I  aortic    seinnent 
)    of  mitral  valve 

muscuU  paplllares 


Fio.  3551.— View  of  Opened  Left  Ventricle,  much  Foresliortened.    W.  Keiller  ad  naturam  del. 
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liicont  and  jajrgpfl.  Tlic  <\i«tii  to  wliicli  Ilit-  flaps  aif 
seiiaialeil  vaiirs  ),^ivatly.  while  sniiictimcs  tliiTe  aii' 
small  iiitcrmciliatc  lobes  bclwein  the  main  segmeuls. 
Biniucliod.  IliivadliUi'  chorda'   ti'iidini'iv  pass  from  Ihc 


Fl(i. 


-Cn>ss  Swtton  of  Heart  thr"Ut:h   \'i*ntrK"k*s 
ad  nuluniiii  (let. 


ventricular  wall  or  |iapillary  muscles  to  the  free  mar- 
gins, ventricular  surfaces,  and  attached  bases  of  the 
segments,  each  papillary  muscle  or  group  of  nuiscles 
sending  cords  to  the  contiguous  margins  of  two  separate 
tiaps.  Thus  when  the  ventricle  contracts  the  blood  is 
forced  in  behind'  the  cusps  which  come  together  and, 
being  i>revented  by  the  chordje  tendiuea'  from  bulging 
too  much  into  the  auricle,  effectively  prevent  retlux  of 
blood  into  the  auricle  and  compel  its  How  into  the  pul- 
monary artery.  Of  the  three  segments  the  auterosujie- 
rior  is  the  largest,  and  separates  the  con\is ailcriosus  from 
the  HUriculo-venlricularoritice.  It  is  therefore  called  the 
infundibular  segment.  It  is  snuioth  on  both  its  auricu- 
lar and  infundibular  siufaces.  The  other  segments  are 
placed  antero  inferiorly  and  posteriorly,  and  the  last 
(being  in  contact  with  the  septum)  is  called  the  septal  seg- 
ment. The  tiDixciili  papiUunn  in  the  right  ventricle  vary 
exceedingly.  Th<'  best  marked  springs  from  the  anterior 
wall  and  has  usually  a  nniscular  band  of  varying  tliick- 
uess,  called  the  iin/iki'iitur  (iinii/.  attaching  its  base  lo  the 
ventricular  sei)tum.  It  sends  chonUe  to  the  infundibular 
and  anteroinferior  segments.  A  group  of  small  paiiil- 
lary  muscles  occupies  the  lloor  and  lower  jiart  of  the  sep- 
tum and  supplies  chordiv  to  the  contiguous  margins  of 
the  anteroinferior  and  septal  segments;  while  from  the 
upper  i)art  of  the  septum,  in  the  conns  arteriosus,  a  few 
chordic  pass  directly  without  a  distinct  ]iapillary  muscle 
to  the  contiguous  margins  of  the  infundibular  ami  septal 
segments.  The  pidmouary  valve  is  so  similar  to  the 
aortic  that  one  description  will  do  for  both. 

The  liftiiiiiirleiViiXSi.  :i.">4!)  and  25.50),  Avhich  occupies 
the  whole  posterior  surface  of  the  heart,  is  quadrilateral 
in  outline  and  slightly  convex.  At  its  right  and  left 
margins  are  the  openings  of  the  j-i(//it  mid  left  piiliiioi.nri/ 
veins,  usually  two  of  each.  They  vary  greatly  in  size 
and  situiition.  The  mirinilur  {i/iiiemlix  extends  upward 
and  forward  from  its  left  superior  angle  and  slightly 
overlaps  the  pulmonary  artery  in  front  and  to  the  left  of 
that  ves.sel  (Kig.  25.");!).  The  left  auricle  is  somewhat 
thicker- walled  than  the  right.  On  the  interior  the  walls 
are  smooth  and  the  musculi  pectinati  are  few  and  shiut 
and  almost  entirely  conlined  to  u  smjdl  part  of  the  roof 
and  appendix.  'I'iie  posterior  wall  antl  lloor  are  siuoolh. 
The  left  widl  is  narrow  luitl  presents  the  openings  (usu- 
ally two)  of  the  left  pulmonary  veins:  the  right  wall  has 
posteriorly  usually  two,  seldom  three  openings  of  the 
right  pulmonary  veins;  none  of  these  lias  valves.  In 
front  of  these  the  right  widl  is  formed  by  the  iuterau- 
ricular  septum,  and  presiMils  superiorly  one  or  two  semi- 
lunar slits  which  mark  the  remains  of  the  foramen  ovale. 
They  correspond  in  position  to  the  up|ier  jiart  of  the  fo.ssa 
ovalis  uud  one  of  tir.se  may  be  still  patulous.     In  live 


avi  i:ige  •-peeimens  before  me  the  foranieu  is  not  com- 
|ilelily  closed  in  uny  one.  Iml  an  obli(iiie  slit  varying 
from  .III  lo  1  cm.  long  occupies  ils  place,  and  there  is  no 
evidence  of  the  last  having  caused  any  cardiac  embarrass- 
ment. The  anterior  wall  in  the  upper  part  lies  in  dose 
reliiiion  with  the  conns  arteriosus  of  the  left  ventricle 
and  Commencement  of  the  aorta:  and  its  lower  half  is 
occupied  by  the  obli<|Uely  placed  somewhat  oval  iniiiriilo- 
reiitn'ru/iir  nn'fi;  (Fig.  254S)  which  a<linits  two  lingers 
easily,  thus  being  distinctly  smaller  than  the  correspond- 
ing orilice  ou  the  right  side.  It  is  guarded  by  the  mitnd 
tain: 

The  lefi  reiiliirle  (Figs.  2355  and  2551)  forms  the  whole 
left  surface  of  the  heart,  a  small  portion  of  its  anterior, 
and  about  half  its  iufeiior  surfaces.  Ou  cro.ss  .section  its 
outline  is  seen  lo  be  almost  circular,  its  walls  being  at 
least  twice  as  I  hick  as  those  of  the  right  ventricle,  which 
therefore  moulds  itself  to  the  Ihickerwalled  cavity  and 
assumes  a  cre.scenlic  oulline  (.see  Fig.  2552).  Its  cavity 
is  long  and  conical,  the  apex  of  the  cone  running  t(j  the 
extremity  of  the  so-called  apex  of  the  heart  which  is  thus 
formed  by  the  left  ventricle.  The  base  of  this  conical 
cavity  presents  two  oritices  (Fig.  2551),  the  lower  of 
which  points  backward  and  opens  into  the  left  auricle, 
and  is  guarded  by  the  iiiilnil  riiire  ;  while  a  smooth  fun- 
nel like  portion  runs  ujiwanl,  backwanl,  and  to  the  left 
into  Uw  K'jrtic  o/Miii'ii;/.  this  last  being  somewhat  siualler 
than  the  auriculo-veutricnlar  opening,  and  guarj^d  bv 
the  aortic  niliv.  The  eoliimnie  ciii-/iiie  are  short,  thin, 
much  branched  and  best  marked  at  the  a])ex  of  the  coni 
cal  cavit}-.  The  mitral  tulte  is  composeil  of  two  large, 
well-marked  segments,  thicker  anil  stronger  than  those 
of  the  tricuspid  valve,  and  between  them  are  twodistinct 
subsidiary  tlajjs.  Two  large  promineni  iiiiisriili  papil- 
lans,  springing  respectively  from  the  left  and  inferior 
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Fig.  2553.— Anterior  Surface  of  tlie  Ueart,  Pericardium  Opened.    \V. 
Keiller  ad  uaturam  del. 

walls  of  the  cavity,  send  chordte  tendiuea;  to  the  upper 
and  lower marginsof  the  valvularsegincnts  respectively. 
They  arc  so  situated  that  wheu  contracted  with  the  ven- 
tricular systole  they  pull  the  margins  of  the  segments 
together.     Of  these  two  segments,  the  anterior  or  aortic 
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tfijmtiit  M-piinili-H  tlii'niiriculu'Vvntriniliir  from  the  uortif 

iirilli'('(Fik;.  'JimU.  iitui  is  siiumiIIi  mi  liolli  iu  iiiiririiliiriiiiil 
Its  viiilrlcilliir  slirfiu'rs.  tin-  cliiiiihi'  Uiiii;;  iiIIiuIhmI  t"  its 
nmrgiiis  uiily.     Tlie  norlic  aiUt  is  coiuiinscil   uf  three 
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Fio.  2554.— night  Surface  of  the  Heart.    W.  Kelller  ad  naturam 

seniicirouhir  or  seiniluiiar  folds  of  fibrous  tissue  lino 
below  tiy  tlie  euiloeardiuin  and  above  by  llie  iutiina  i 
the  aorta.  Their  coiive.x  margins  are  attaclied  to 
ring  round  Ilie  aortie  oriliee,  and  their  .straiglit  edges 
free.  Thus  lliree  pouelies  are  formed  open  toward 
aorta,  into  wliieh  llie  blood  Hows  when  tlie  .<iystole 
passes  off.  and  thus  lirings  tlic  three  segments 
togetlier  so  as  effcrlively  to  stop  regurgitation  of 
blood  into  the  venlriele.  The  aortie  wall  bulges 
slightly  at  each  pouch,  and  each  bulging  is  named 
tiSiniiKnf  Vdlxilrii.  These  sinuses  in  the  aorta  are 
airanged,  one  anteriorly,  two  posteriorly,  and  from 
the  anterior  sinus  springs  the  riyht  coroim n/  nr- 
(try  (Fig.  IHi^).  while  the  Uft  coroiuinj  arttn/ 
spiings  from  the  left  ])osterior  sinus.  Kacli  seg- 
ment of  the  valve  lias  at  the  middle  of  its  free 
edge  a  fibrous  nodule,  the  corpim  or  )hh{uIiik  Ar- 
anlii,  toward  wliieh  the  stronger  fibres  radiate  so 
as  to  leave  an  exceedingly  thin,  sometimes  fenes- 
trated lunated  margin  on  either  si<le  of  it,  called  the 
liiiiiil<t.  The  free  margin  of  the  valve  is  .strength- 
ened by  a  fibrous  band.  The  portion  of  the  ven- 
tricle which  leads  up  to  the  aortic  oriSce  is  so 
strengthened  by  (ibrous  or  libro-carlilaginous  tis- 
sue as  to  remain  uncoUapsed  during  diastoh-. 
The  septum  Ix-lween  the  ventricles  is  thick  and 
muscular,  except  for  a  small  area  where  the  aorta 
spiiugs  from  the  septum.  This  is  the  ;wr*  mem- 
braniifeii  of  the  septum,  and  here  a  congenital 
defect  in  the  septum  may  cause  an  abnormal 
communication  between  the  ventricles. 

lu'lijlioiiidiiil  Siirfiifi^of  tli(  lleiiil. — As  lias  licen 
already  pointed  out,  the  heart  is  a  si.v-sided  or  cu- 
boidal  body,  presenting  anterior,  right,  left,  posterior,  in- 
ferior, and  superior  surfaces.  The  anterior  surface  (Fig. 
255S)  is  Ihe  lirst  which  meets  the  eye  when  the  thorax  is 
opened.  It  is  triangular  in  shape,  the  apex  of  the  triangle 
being  completed  by  the  merging  of  its  upper  limit  into  the 


III  iirl. 
Il>  ml. 

nnrtii  and  pubm  i  ad 

Ik  dln-cied  fiirwm.'  .  i.|  a  Intl.-  iip^ard.  In  in;;  in  .--.ixillal 
nii-ial  Mciioii  paralli  I  wiili  (lie  Hleri^um.  Ill  it  nn-  in 
eluded  Ihe  gn  ulii  pint  of  ibe  riylil  ventricli' ami  nor- 
tioiis  of  the  left  veiilrieir,  left  iiiiilnilar  iippeiiili\.  rlKliI 
appendix,  and  part  i>f  the  riuht  amirl.  |i  |h  boundiil 
below  by  the  sharp,  aliiiosi  slral^'l  I'l rinr  bolder 

{iiiiirt/o  iiriiliiK.  infi'Hor  border  <d   •  on  iln' right 

by  Ihe  nearly  vi-rlieid  ami  convex  ((■//(/  uuttrinr  Ixirder 
(right  borderof  I  liiiiciaiisi,  andoii  the  left  by  tlieoblii|Ue, 
convex,  and  sliglilly  loiiiidcil  hjl  nnlin'or  Inirilrr  (left 
bolder  of  clliiiciiinsi.  Ii^i  lift  infirior  iiii;:li'  forms  the 
eliiiifiil  I//KX.  Itiliili'iiiii :  Sepimiled  from  il  by  the  peri- 
ciiidium  (Fig.  2547)  are  the  margins  of  tlic  'lung-  ami 
pleuni',  slerno-pericai'dial  liL'mncnls.  triaiigulaiis  slerni, 
internal  iiiammary  vessels  and  sleriiiim,  with  the  fourtli, 
fifth,  and  sixth  left  costal  cartilages. 

The  riijlit  mirfiii;  (Fi«.  2.VV1)  is  iiiiirkedly  convex,  four- 
sideil,  lies  almost  vertically,  and  is  diiecled  toward  the 
light.  It  is  composed  (.f  "the  greater  pari  of  the  right 
aurich'.  lis  aiiierior.  posterior,  and  iiifcrior  borders  are 
only  slightly  rounded  and  are  therefore  Widl  iletined.  At 
its  superior  extremity  the  surface  blends  with  the  wall  of 
the  vena  cava  superior  and  its  posti-rior  inferior  angle  jg 
similarly  related  to  the  vena  cava  inferior,  liiliitionii 
(Fig.  2r47):  It  is  separated  by  pericardium  from  the 
phrenic  nerve  and  vessels,  jileura,  and  inner  surface  of 
right  lung. 

The  lift  Kinfare  (Fig.  S.j.i."))  is  a  convex  triansular  area 
directed  mainly  upward  and  loward  the  left.  Il  includes 
about  one-half  of  the  free  surface  of  the  left  veiitli<'le 
and  left  auricular  a|ipendix.  It  is  si'panited  from  the 
anterior  surface  by  the  left  anterior  border:   from  the 
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Fig.  2555.— Left  Surface  of  the  Heart.    W.  Kelller  ad  naturam  deL 

I   inferior  surface  by  a  rather  sharp  left  inferior  border; 

I  and  behind  it  is  bounded  by  the  left  pulmonary  veins 
and  left  auriculo  ventricular  groove,  with  the  great  coro- 
nary vein  embedded  therein.     Ii'elutioiia  (Fig.  2547):   It 

I   is  separated  by  the  pericardium  froni  the  left  phrenic 
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uerve  auii  vessels,  left  pleura,  niul  inner  surface  of  left 
lun,<;. 

The  jMfterior  surface  (Fig.  2556)  is  called  tlie  base  in 
text-book  descriptions,     ll  Is  four-sided,  convex,  vertical, 
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Fig.  2556.— Posterior  Surface  of  the  Heart, 
del. 
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and  directed  backward.  It  is  formed  liy  tlie  left  auricle. 
and  by  the  portion  of  the  riirlit  auricle  which  joins  the 
two  vena-  caviv,  and  is  bounded  below  by  the  inferior 
vena  cava  and  coronary  sinus,  above  by  the  right  pid- 
monary  artery,  on  the  right  by  a  fairly  defined  border 
joining  the*  two  venai 
cavse,  and  on  the  left  by 
the  left  pulmonary  veins 
and  great  c  o  i-  o  u  a  r  y 
vein.  It  is  only  i)ar- 
tially  invested  by  the 
visceral  layer  of  the 
pericardium.  Uchitions 
(Fig.  2547):  It  is  sepa- 
rated by  pericardium 
from  the  bronchi,  a'sr)ph- 
agus,  vagi,  descending 
aorta,  vena  azygo.s  ma- 
jor ami  thoracic  duct. 

The  iiifirior,  diiiji/imf/- 
viatic  K'lrfiice  or  true  liase 
(Fig.  2557)  is  (luadrilat- 
eral,  s  1  i  g  li  tl  y  convex 
when  the  ventricles  are 
distended  or  in  systole, 
slightly  concave  when 
they  are  relaxed  and 
empty.  It  is  dirccled 
downward  and  a  little 
backward  and  lowaid 
the  light,  and  is  bounded 
by  rallier  sharp  and  well-ilelined  Ijorders.  It  includes  a 
small  portion  of  the  right  auricle  and  opening  of  the  in- 
ferior vena  cava,  the  rest  of  the  surface  being  about 
equally  divided  between  the  right  and  left  ventricles. 


Heliiud  the  inferior  vena  cava  is  seen  a  small  portion  of 
the  lefl  auricle.  It  presents  the  inferior  exircniilies  of 
the  right  and  left  auricido-venlricular  grooves,  and  the 
inferior  interventricular  groove.  Helnlions  (Fig.  2546): 
It  is  separated  by  the  central  tendon  of  the  diaphragm 
and  some  <liaphnigm  muscle  from  the  superior  surface 
(iiiiprcs'^io  (ardiacai  of  the  liver.  Its  close  rcOalion  to 
the  fundus  of  the  stomach  will  help  to  account  for  the 
cardiac  embarrassment  ajit  to  be  caused  by  acute  disten- 
tion of  that  viscus. 

The  upjMr  xiirfuee  gives  origin  to  the  aorta,  pidmonary 
artery,  and  superior  vena  cava,  and  is  jiarlly  formed  by 
both  auricles,  esitecially  the  left.  These  vessels  spring 
from  the  heart  on  a  level  with  the  \ipper  margin  of  the 
tliird  costosternal  articulation,  along  a  line  extending  one 
inc  ll  :iiid  one-half  to  the  left  and  one  inch  to  the  right 
of  the  middle  line. 

Siipcrftciiil  iiKliriitioiis  (Fig.  2546):  The 
upper  limit  of  the  heart  has  just  been  indi- 
cateil.  The  clinirnl  ape.i:  or  apex  beat,  is 
felt  between  the  lifth  and  sixth  ribs,  three 
and  a  half  inches  to  the  left  of  the  middle 
line.  The  anti  rn-iiifcrinr  Imrder  is  indicated 
on  the  chest  wall  by  an  oblique  line,  slight- 
ly convex  downward,  extending  from  the 
clinical  apex  on  the  left,  across  ami  slightly  upward 
•to  a  point  one  inch  to  the  right  of  the  middle  line 
at  the  level  of  the  sixth  chondro-sternal  articulation. 
Along  this  line  the  cardiac  blends  insensibly  with  the 
hejiatic  dulness.  These  lines  being  drawn,  the  right 
iind  lift  luirdei-n  of  the  heart's  anterior  surface  or  the 
absolute  lateral  limits  of  the  heart's  dulness  will 
be  detincd  by  convex  lilies  joining  respectively  their 
right  and  left  extremities.  Thus,  on  a  level  with  the 
fourth  choudrosternal  articulations,  the  area  of  the 
heart's  dulness  extends  three  inches  to  the  left  and 
one  inch  and  three-ijuarters  to  the  right  of  the  middle 
line. 

The  pulmonary  and  aortic  valres  lie  behind  the  left  half 
of  the  sternum  on  a  level  with  the  lower  border  of  the 
third  costal  cartilage.  The  riyht  auriculo-reiitricular 
opening  lies  behind  the  sternum  on  a  level  with  the 
fourth  intercostal  space  and  tifth  cartilage.  The  lift 
opeiiinf/  is  a  little  higher  and  more  to  the  left.  (Compare 
Figs.  2546  and  2548.  it  being  remembered  that  the  sur- 
face represented  in  Fig.  2548  lies  obli(iuely  so  as  to  point 
very  decidedly  toward  the  right). 
In  children  the  heart  is  relatively  broader  and  projects 
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Fig.  3557.— Inferior  Surface  of  the  Heart.    W.  Keiller  ad  naturam  del. 


more  to  the  left  than  in  the  adult,  and  the  apex  beat  may 
be  in  line  with  the  nipple  or  external  to  it. 

;Strurturcoftlie  Ilnirt. — The  heart  is  invested  externallv 
by  a  tibro-serous  niembrauc,  the  cpicardium,  under  which 
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lii-H.  i-s|ic<-iiillv  uloii;;  llic  iiilcrvciilriciiliir  iiiiil  ulirU-lllo- 
vi'iitririiliir  ^roiiVi'M,  ii  viiriiililr  aliiniiiil  cif  fjit  uilli  the 
iiiiiiii  li'iiiikH  of  llicciinliiic  vcksi'Is  finliiclilicl  iliiTi'in.  lis 
ciivilirH  iiri'  liiird  iiili'iiiiilly  liv  ii  siinnitli  i'iiili>tlirliiil  liti- 
liii;,  sii|i|icirli-il  liy  ii  ili'linili-  llhnius  lucinlpniiir  din-  riiiln 
eiiiiliiiiii),  till'  iiiiiiii  Milistalii'c  iif  till'  lii'iii'l  !•.  I  iiiii|iiiM'il 
of  iiiiisniliir  iK-iiif  {iiiii'--iiiiliiiiii).  llir  iiilriialc  iirniiij.'i- 
iiiriil  of  wliosc  tlUrrs  will  lie  found  iliscriliid  uiiili-r  llii' 
hradiliK  fiivihilin,,  of  llir  IUi-kI  (Vol.  III.,  p.  lO.'i). 
Tin-  valvi's  iiri' iivascular  mid  conipowd  of  llliroiis  tissue 
with  an  t'lidociirdial  lining;  wliilc  in  the  ri'L'ion  of  llic 
ventricular  orillccs  are  llliroiis  riiijjs.  and  liclweeii  the 
aorta  and  auriculoveutrieular  oritlees  there  is  ii  central 
liliro  lartihiKe. 

/I/.kkI  \'hvuIii  I'f  the  Iliiirl. — The  riijht  rorniiiin/  iirtrn/ 
(Ki>.'s.  '.'.VIS.  i.Vi;"!.  and  •J.ViT)  arises  from  the  anterior  si- 
nus of  Valsjilva.  passes  forwanl  lietweeii  llii'  pulmonary 
artery  and  ri;;lit  app<'ndi.\.  and  follows  the  riitlit  aurieulo- 
veiitricular  ^'riMive  till  it  reaelies  the  inferior  iiiterveiitri- 
eiilar  iiii'ove  where  it  divides  into  two  branches,  of  which 
the  smaller //•<i;i»r»)«  itr  iinririilo-ii  iilridiltir  liranch  con- 
tinues in  the  left  auriculo-venlricularL'roove  for  some  lit  lie 
distance,  and  the  lar;,'er  thscni'liii'i  lor  better,  iiilt  rr,  nlii 
fiiliii)  bniifch  follows  the  infcriorinierveiitricular  i:roove. 
supply  in  i;  both  viiitriihsand  tlies<'ptuin.  This  vessel  in 
its  course  supplii's  the  rii;lit  auricle  and  ventricle,  aorta 
and  pulmonary  artery,  liesidesthe  tenninals  it  gives  olt 
two  named  bninches.  an  infiiiKlilniliir  branch  to  the  front 
of  the  riulit  eonus  arteriosus,  anil  a  iinirijiiiiil  branch 
which  follows  the  anteroinferior  border  to  the  !lpe.\. 
The  Itft  oiroiiiin/  niti  n/  i  Fiijs.  'i'to'.i  and  'i't't't)  arisi'S  from 
the  left  sinus  of  Valsjilva.  jias-ses  behind  and  then  to  the 
left  of  the  jiulmonary  artery,  and  appears  between  that 
vessel  and  the  left  auricular  appcndi.x.  Here  it  divides 
into  two  branches,  the  niitiiinr  ilmreuilhiij  or  intirreii- 
trieuliir  branch  followinj;  the  anterior  interventricular 
groove  to  the  apex  of  the  heart ;  the  tniiinrerHf  or  inin'c- 
vln-nnfririiliir  branch  foUowini;  the  left  auriculo- ven- 
tricular firoove.  A  consiili  nible  mar- 
ginal branch  follows  the  left  aniciior 
border  of  the  heart.  It  supplies  the 
aorta,  pulmonary  artery,  left  auricle, 
and  ventricle  The  two  vessels  anas 
toinose  minutely  with  en<'li  othe:  oa 
the  heart  and  with  the  iiericardial  and 
bronchial  vessels  on  .the  walls  of  the 
aorta  and  pulmonary  artery. 

T/ie  f/riiit   eiiriliiif  or  coroniiri/  run. 
commencing    near    the    apex    of    the 
heart  (Fig.  2.V>3|.  accompanies  the  in- 
terventricular  branch  of   the  left  cor- 
onary   artery    in    the    anterior    intcr- 
ventrietilar   groove;    beneath    the   left 
appendix    it   curves  backward    in    the 
auriculo-ventricular    groove  and  joins 
the  left  end  of  the  coronary  sinus  (Fig. 
2.w6)  where  its  opening  is  guarded  by 
a  valve.      Three  or  four  veins,   called 
l>oiit<n"r  ftinli'ir.  but  better  called  left  and  inferior  car- 
diac veins,  course  over  the  left  and  inferior  surfaces  of 
the  left  ventiicle.  joining  the  great  coronary   vein  and 
coronary   sinus.     The   middle  cmiUnc  rein  (Fig.    2.557), 
conmieiices  at   the  apex  of  the  heart  and  follows  the  in- 
ferior inlervenlricular  groove  with  the  descending  (iuter- 
ventn'cular)  bnineh  of  the  right  coronary  artery.     It  joins 
the  right  extremity  of  the  coronary  sinus.     The  mimlt  or 
ri<ihl  o>  roil  I  in/  rein  {V"\'Z.  '2.557)  runs  toward  the  left  in  the 
right  auriculo-ventricular  groove  to  join  the  right  cud  of 
the  coronary  sinus.     The  enronnri/  xiiiiin.  about  one  inch 
in  length,  occupies  the  inferior  extremity  of  the  U'ft  auric- 
ulo-vcntricular  groove  (Fig.  2.557).     It  receives  the  veins 
above  mentioned,  all  of  which  are  guarded  by  valves 
where  they  join  the  sinus:  and  enijuies  into  the  right 
auricle  in  front  of  the  inferior  canal  opening.     Its  open- 
ing is  guarded  by  the  valve  of  Thebesius  tFig.  2,5.50l.     In 
addition  to  the  above  a  small   vein,  the  ohlirpie  rein  of 
Marshall,  runs  downward  and  over  the  back  of  the  left 
ventricle  to  join  the  coronary  sinus  (Fig.   2550).     This 


vein  is  IntereHting  iiuiHniuch  hh  Ii,   with   llii>  coroimry 
kIiius,  represi'iilH  the  left  Kiiperior  cava  of  the  eiiiliryo 

'\'\\v  iiiihrior  enriliiie  rri'fii)  are  I  wo  or  three  kiiiuII  velni 
which  pas.s  from  the  anterior  surface  of  the  right  ventri 
cle  diieclly  into  I  he  rlglil  auricle,     They  have  no  valves. 
Minute  veins  (the  r<  lur  mriliii  niininnr)  open  directly  into 
the  auricle  and  ventricles. 

/.i/iiiii/i'ilifH. — The  cardiac  lympliatics.  found  in  great 
number  beneath  the  lining  luembraiii  x.  open  into  both 
llie  right  lymphatic  and  the  thoracic  ducts.  The  former 
are  interrupted  in  a  gland  which  lies  between  the  nnrla 
and  the  Iraehea. 

The  cardiac  nerves  are  described  in  the  article  on  the 
Cireiiliitiim  of  the  liluotl  (\'o\.  111.,  l>.  113). 

W'illiiim  KeiUer. 

HEART,  DEVELOPMENT  OF  THE.— The  verlebmte 
heart  arises  in  two  distinct  ways,  each  of  which  is  inti- 
mately associated  with  the  origin  of  the  bloodvessels  in 
general.  In  the  lower  vertebrates  its  llrst  appearance  is 
in  the  form  of  a  single  tube  on  the  ventral  median  line 
of  the  embryo,  ipiite  near  the  head.  Fig.  2.5.5S  is  a  s<-c- 
lion  of  a  sjilaniander  I  ndiryo  in  w  liicli  the  heart  is  jusi  be- 
ginning to  form.  The  body  cavity.  Ui,  is  composed  of  two 
lateral  halves  (sec  Caloin)  separated  from  eacli  other  by  a 
median  septum.  It  is  in  this  septum  that  the  heart  first 
makes  its  appearance.  Tin;  two  layers  which  contain 
this  septum  become  separated,  and  the  opening  soon  be- 
comes lined  with  a  layer  of  cells,  end.  the  endocardium. 
The  cells  of  the  se|)tuin  surrounding  the  opening  give 
rise  to  the  muscle  walls  of  the  heart. 

In  higher  vertebrates  the  heart  is  first  formed  by  the 
union  of  two  tubes  arising  from  what  may  be  called  the 
outside  of  the  body.  Fig.  2550  is  a  surface  view  of  a 
young  rabbit  embryo  in  which  the  heart  is  beginning  to 
"form  on  either  side  of  the  body.  Theomphalomcsi'nteric 
veins  on  cither  side  run  toward  the  ventral  median  line, 
and  later  on  unite.     Their  appearance  is  such,  however, 


a 
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Fig.  25.'i8.— Section  tbrougb  a  Salamander  Embrvo.  to  Show  the  Oriirln  of  the  Heart.  ( From 
HcnwlR.  after  Rabl.)  d.  Yolk ;  i-m.  pericanllum ;  (/i,  body  cavity :  oid,  endocardium; 
\).  muscle  layer  of  the  heart ;  ep,  epidermis. 

that  before  they  are  united  they  may  be  spoken  of  as  two 
hearts.  Fig.  2560  is  from  a  section  through  an  embryo 
of  the  Siime  stage  as  that  pictured  in  Fig.  2.5.50.  The 
neural  canal,  ).f,"is  just  beginning  to  close,  and  in  the 
splaucbnopleure  on  either  side  there  is  a  large  fold.  nhh. 
which  already  contains  the  endothelial  tube  comiiig  from 
the  omiilialomesenteric  vein.  The  tubes  grow  toward 
the  median  lines,  but  before  they  unite  each  has  its  de- 
scending aorta,  as  shown  in  Fig.  2561.  The  rudimen- 
tary hearts  are  formed  between  the  splanchnopleure  and 
entodcriu.  and  as  the  former  surrounds  the  heart  to  form 
its  muscular  layer  the  heart  protrudes  into  the  cadomic 
cavitv  (Fig.  2,560\  much  as  does  the  single  heart  of 
lower  vertebrates  (Fig.  2.558).  Soon  the  two  halves  unite 
as  indicated  in  F^g.  2561.  and  then  we  have  a  single  heart 
with  two  veiits  entering  from  behind  and  two  arteries, 
aorta',  leaving  from  in  front.  Although  this  primary 
division  has  nothing  whatever  to  do  with  the  later  sepa- 
ration of  the  heart  into  its  two  halves,  yet  before  the  two 
primary  hearts  are  united  into  a  single  tube  the  position 
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of  the  ventrirlc  is  already  iiinrkod  <Fi<r.  2.")fll.  A)  So.  to 
sum  lip.  in  tlic  lower  vi'iicln-iilts  the  heart  a]>|nais  as  a 
single  tulle  wliieli  in  geuenil  leiiiaiiis  sinli  duriiij;  llie  life 
of  the  animal,  and  it  must  be  viewed  as  the  primitive 
form  of  heart.  Higher  in  the  animal  scale  the  heart 
arises  liefore  the  foregut  is  formed,  from  that  portion  of 
the  splanehnopleiire  which  later  on  lies  in  the  ini'diaii  line 
of  (he  embryo.  It  is  this  |iarl  which  is  togive  risiMo  the 
heart,  and  in  the  higlur  animals  the  Inart  arises  before 
the  lateral  parts  have  reac  In  d  lln-  im-dian  line  iITirtwiL'i. 


-pa 


J  fa 


Fig.  2').59.— Rabbit  Embry.j  uf  Ih.-  Niuilj  li;iy.  i.^ftervon  Kollilier.) 
X  111  times,  h.  Double  orifrin  "f  the  heart  ;  ah,  optic  vesicle ;  vli. 
forebrain ;  nth,  mitlbrain;  hh,  hiudbniin :  rt\  medullary  groove: 
uie, myotomes:  /i,  beart:  ro,  vena  omphalo-mesenterica. 


The  two  hearts  then  unite  into  a  straight  tube  which  is 
destined  to  become  separated  into  the  right  and  left 
hearts  of  the  adult. 

Fig.  2562  is  a  ventral  view  of  two  chicks  just  after  the 
two  primary  tubes  of  the  heart  have  united.  It  is  seen 
that  the  veins  (1 )  enter  from  behind,  but  the  relation  is 
soon  changed  by  the  heart  becoming  bent  as  is  already 
indicated  in  Fig.  25G4. 

Fig.  2563  shows  the  general  form  of  the  heart  in  a  very 
young  human  embryo.  The  front  of  the  thorax  has  been 
cut  away,  the  incision  also  e.xtending  through  the  trans- 
verse septum  and  opening  the  body  cavities.  The  en- 
trance of  the  veins  still  lies  Iiehind,  and  the  aorta  in 
front,  but  the  heart  has  already  formed  cue  complete 


loop,  making  of  it  an  S.     Fig.  2564  is  a  profile  of  the 
same  embryo,  and  the  heart  is  indicated  as  a  cast  of  its 
cavity.      It   shows  the 
v:irialions  in  calibre  of  B 

the  tube  throughout  its 
length.  At  a  some- 
what later  stage  the 
heart  is  bent  upon  it- 
self more,  and  its  walls 
have  also  become 
thickened.  Figs.  2565 
and  2566  are  ventral 
and  lateral  views  of  a 
reconstruction  at  this 
stage.  The  ji  r  o  li  I  e 
view  again  gives  a  cast 
of  the  heart  cavity, 
■nhich  now  shows  the 
beginning  of  the  ami 
ele"(  I'./i.).  At  this  time 
the  heart  is  partly  tilt- 
ed over  and  the  veins 
enter  on  the  dorsjil  side. 
Viewed  from  in  front, 
the  auricles,  which  are 
just  appearing,  cannot 
be  seen  because  they 
now  lie  on  the  dorsal 
side.  A  stase  later 
(Figs.  2567  and  2.568). 
the  adult  form  can  al- 
icady  be  recognized. 
The  heart  has  under- 
gone a  half  revolution 

and  has  reached  the  8  form.     The  veins  enter  nearer  the 
head  and  the  artery  arises  behind,  or  away  from  the  head. 


Fig.  2361.— Slietehes  Showing  tlie  more 
Advanced  Condition  of  tlie  Bitubular 
Heart  of  the  Itabliit.  X  22  times. 
(After  Allen  Thompson.)  ('Is  more 
advanced  than  /}.  VV.  oniphalo- 
niesenteric  veins:  /i,  heart :  a,  aorta: 
the  arrows  Indicate  the  direction  of 
the  circulation. 


Fig.  2.Tiili.- Sect  Inn  through  the  F.Tiibrvo  I'lcture<l 
in  Fig.  3.T.V.I.  CAfter  von  Kolllkcr.i  Tlie  1)1- 
lateral  hearts  are  cut  transver^ily.  rf.  inedul- 
lary  gpMtve ;  /*,  tN'tiMlerin  :  mf^,  incsiMicrni :  itit, 
entodenn  :  dd',  chorda :  ahh,  muscle  wall  of  the  bean : 


Fig.  2.5152.— Outlines  of  the  Anterior  Half  of  the  Chick  Viewed  from 
the  Ventral  Side,  Showing  the  Heart  in  its  Earlier  Stagi>sof  Develop- 
ment. X20tiuies.  (From  Qnain,  after  Remak.  I  .4,  Thirty  hours; 
Ji,  forty  hotirs:  o,  anterior  <'erebral  vesicle;  h,  myotomes;  c, 
ceiihalic  fold  :  1,  ompbalo-mesenteric  vtiins;  2,  3,  4,  the  heart. 

The  aorta  lies  upon  the  ventral  side  and  the  auricles 
clasj)  it  from  the  dorsal.  Fig.  2568  shows  the  great  ir- 
regularity of  the  cavity. 

A  jirotile  view  of  a  heart  of  this  stage  is  shown  in  Fig. 
256!l,  which  shows  the  relation  of  the  heart  to  the  sur- 
rounding organs.  The  auricle  (.1)  is  now  in  front  and 
the  ventricle  (  I")  behind.  The 
larger  veins  enter  on  the  dorsjil 
side  by  one  common  opening  into 
the  right  side  of  the  auricle,  the 
future  right  auricle. 

After  the  heart  has  once  reached 
this  stage  it  is  only  to  be  sepa- 
rated into  its  right  and  left  tubes 
to  luoduce  the  mammalian  heart. 
In  some  of  the  lower  animals  this 
never  takes  place,  and  in  others 
it  is  only  partial.  In  eases  of  ar- 
rested  development    the    human 


aAA 

ilih,  endothelial  lining  of  the  lieart. 
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Ill  iirl, 
III  Mrl. 


heart   in   the  niliill  niiiy  hIiow  niiy  of  flH  cinbryolngicnl 
fnriiK.  n<i   for  inslanci',  iiii  ii|h'|i  fiiniiiicii  oviili'. 

Kins.  'jriTO  unci  •.'."i71  uliiiw  tlir  jiitrrior  nf  two  Hlngj'8  of 
early  liiiinun  hcarlM.  taken  from  iiiimIcIh  made  by  IIIm 


In 


vvntrlniilnr  eaiinl  nnil  wllli  a  correK|mniliiiK  conKtrlt- 
tiiin  iin  the  oiitHide  nf  the  henrl.  Kl;;.  '.'.*>7I  NhowK  a  in<ire 
ailvanecil  Klaj;e,  'I'hc-  t'l  n.ral  utale  of  the  heart  in  iniieh 
aH  it  is  in  tlie  Fig.  •.•.■>7l),  only  that  llie  anrleleh  aie 
"Hlioveil  "  into  llie  ventricle.  Tliis 
in  (if  eoiiKiilrnilile  importaiiee,  as 
we  Khali  K4'e  laler  on.  In  lioili 
caws    tlio    aortji    aritifs    from    tlie 


V.  0 


y.h 


Fifi.  iv«. 


Figs.  Sfitl"  and  35tI8.— Ventml  Hnd  Profile   ReomiRinirilDii  nf  ills'  Embryo,  Bl. 
X  40  times.    //«,  Auricle;  (.'.n,  iiurlciilo-venlrUulur  cuiiiil ;  7'r,  iiorlii. 

I   right  side  of   tlic  ventriolc,  anrl  in  its  further  develop- 
I   mcnt  ono-lmlf  of  it  must  lie  transferred  to  the  leftside 
in    order   to  iiroduce  tlie  aorta  inoper,  while    the    half 
wliirli  nnmiiis  liieonies  the  pulmonary  artery. 


FlfiS.  a'*)  Axn  -hM.— Venlnil  ami  Pmlllp  Reoonstniotions  of  His" 
Humiin  EiTilirv",  I,K.  •  •("  tinuw.  Hflcr  His.  i  In  (he  pmllle  view 
only  lilt'  oulllne  of  tbe  cavity  of  the  heart  is  sitowu.  1'..  Ventricle; 
A.  />.,  bulbusaurlie. 

Pig.  2.570.  the  auricle  is  enlarsred  and  the  vein  enters  on 
the  rijtht  side.  The  ventricle  is  consideralily  smaller  and 
itswallsare  much  thickerlhan  thoseof  theaiiricle.  This 
is  usually  the  ease  wilh   the 

licarls  of   embryos,    as    they  Co. 

die  with  the  ventricles  con- 
tracted and  the  auricles  filled 
with  blood.  Between  the  two 
there  is  a  narrowed  auriculo- 


Figs.  2565  and  aViti.— Ventral  and  Pmaie  Rpconstruction  of  His'  Einbrvo.  Lr.     X  40  times. 
(.\fter  His.)     V.  Ventricle;  ni.  auricle;  A.  h..  bulbils aortse. 


Fig.  2569.— Bcconstruct Ion  of  a  Ilinnan  F.nibryo  enlarged  sixteen 
times,  and  viewed  from  the  left  .side,  i/.  Hypophysis;  1.  2,  3,  and 
4,  bninchial  ptx'kets;  3/.  mouth;  A,  auricle: 
V,  ventricle;  A  IK  desiending  aorta;  i, 
lung;  S,  stomach  ;  /',  pancreais. 


The  first  important  change  in  the 
separation  of  the  heart  into  it-s  two 
lobes  is  the  formation  of  two  septa, 
one  arising  in  the  auricle,  S.n.,  which 
grows  backward,  and  one  in  the  ven- 
tricle. S.inf.,  which  grows  forward. 
At  the  same  time  that  these  are  grow- 
ing toward  each  other,  a  cushion  of 
connective  tissi:e.  s.i.,  is  formed  upon 
the  two  lips  of  the  slit-like  atiriculo- 
ventricular  opening  which  aids  to  com- 
plete the  septum  of  the  heart.  This 
cushion,  or  septum  intermedium,  soon 
separates  the  auriculo-ventricular  open- 
ing into  two  canals,  the  right  and  the 
left,  to  become  the  right  and  left  auric- 
ulo-ventricular canals,  respectively. 

The  .septum  of  the  auricle  is  com- 


575 


■  ■•'iirl. 
Ileurl. 


HEFEREXCK   IIA.\I)B<»<)IC   OF   TllK   MKDICAL  SCIENCES. 


Z-c 


V.cs. 


s.sp.     s.s. 


ecu. 


Figs.  23T0  and  2571.— Two  Stapps  in  the  Fonnation  of  the  Septum  Intermedium  in  the  Heart  of  the  Human  Embryo.  (From  Quain.  after 
His.t  In  Fig.  2570  the  septiim  is  represented  as  frowinp  from  a  triancular  area  to  tlie  left  of  ttie  sino-aurliular  orlftce ;  In  FiR.  2j71  It 
has  roalesoed  with  the  endocardial  eusliions.  and  lies  like  a  stopper  in  the  auricular  canal.  )■.«.  and  /.«..  right  and  left  auricle ;  r.\.  and 
X.v.,  riirht  and  left  ventricle ;  s.r..  sinus  reuuiens :  En.w,  Eustachian  valve ;  tf.s]).  septum  spurium ;  s.s.,  septum  superior :  s.ih/.,  septum 
Inferior;  i.\.,  septum  Inteniiedium  ;  r.cs.,  vena  cava  superior  de.xtra. 


pletcd  1)j-  the  septum  superior  growing  backward  to 
iinite  witli  tlic  septum  inteniiedium.  Before  this  takes 
place,  lioAvever,  several  changes  take  place  in  tlie  septum 
(Figs.  2572,  2573,  and  2574).  Tliese  figures  represent 
three  stages  of  a  lateral  view  of  the  two  septa  above 


named,  with  the  opening  between  them.  In  Fig.  2572, 
the  septum  superior  is  forming,  but  the  S.  intermedium 
is  not  yet  complete.  It  was  at  first  thought  that  the 
opening  between  them,  0' .  jjvoduced  the  foramen  ovale, 
but  later  observations  by  Born  showed  that  there  is  a 


Fig.  Zy'\. 

Figs.  2.'i72.  2.573,  AND  2574.- Side  View  of  Three  Stages,  to  Show  the  Formation  of  the  Foramen  Ovale.  (After  Bom.)  S',  First  portion  of  the 
superior  septum :  S'.  second  ponion  of  the  superior  septum ;  O',  llrst  foramen  ovale ;  0\  secondary  openlDg  or  true  foramen  ovale ;  £.p., 
endothelial  cushion  in  the  auriculo-ventricular  opening. 


FIG.  2575. 


yta«..w«. 


S.inf 


FIG.  2j~ 


Figs.  a'i75.  a'>7il.  and  2.577.- Diagrams  to  Show  the  Formation  of  the  Septum  of  the  Ventricles  and  Bulb,  and  the  Mode  of  Division  of  the 
(dininon  Auriciilo-vcnlricular  Aiierture.  iFphu  ijualn.  after  Horn.)  r.r.  and  \.i\.  right  and  left  ventricles ;  s.iiif..  Inferior  septum.-  h.. 
bulb  of  aorta ;  >.\>.,  septum  bullii ;  nil.  ic,  auriculo-ventricular  canal ;  oo,  aorta  :  /i.ii.,  pulmonary  artery. 
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secoDdnrv  riiptim-  in  llii>  wptiiiii  Nii|i<Tiiir  wliirli  in  dcs- 
tiliwl  rii  Ih'Ciiiiic  llir  true  fiMiiitKii  nviili- (  Fi^.  'i't'li,  O'). 
Tlic  |»irliiiii  iif  till"  M'|itiiiii  Mipiriiir  wliidi  Ims  Ihtii  rut 
olT  li.v  lilt'  fi>riiiiilii>ii  (if  the  foniiiicn  nviilc.  iiiiitcM  with 
tlif  .sciitiiin  iiitrriiiciliiiiii   i.h   slmwii  in  Fig.  i'lTU.     Tlic 


llie  wpliiin  iKconiplcli',  iind  \vc  Iiiivi-  tuo<li»tiiict  niirirlcJi 
comiiiiiiiliiiliiiK  iiicl<-|><'nili'iitly  «lili  tin'  v.-iitriclcv  We 
liui  view  lliis  lis  till;  cuiiiiil  tin-.  ,,{  ||a.  Hfcciml  KUgc,  I.*., 


Fin.  •i">Ts.  iiiM'iii-il  lliiiri  Ufa  iiiiinnii  K.mlirro  Seen  In  Pn>niP.  >  Xi 
XUwy.  (After  Ills. '  /•..  I'liliiinniirv  tirti-rv :  ii.  aitrla;  .s'.ii..  sepliiiii 
ii'>ni('iini:  .s.iii^.  .Hiptiim  liifiTlxr:  Nji.,  wpiiiui  siiiH'rfur :  S.itil., 
wptuiii  Inti'niii'illiiiii :  r.r.,  Kii.sliirhlnii  vnlvc  ;  N.r.,  sinus  rvunlfiis; 
y.i-.i..  vi-iiii  lam  liifprtiir :  IJ>..  IIht;  J),  ilhipliminn. 

sccdiHlaiy  scpliim,  ,S',  inter  on  forms  liic  liiiilms  of 
Viciiss<iis.  ami  llio  first,  >'.  tlie  valve  of  tlie  fominen 
ovale. 

A  partial  soptiim  of  tlie  lionrt  is  first  met  with  in  cer- 
tain ela.-^ses  of  uanoid  fishes  (Dipnoi),  wliere  it  arises  l)y 
a  uninn  of  nniscle  coliiiiins  in  tlii'  auriele.  Tliis  is  a  very 
incomplete  septum,  wliieh  is  gradually  inereased  in  the 
amphibia.  In  neither  of  these  eases  has  the  septum 
reached  the  nuriculo  ventricular  opeiiinj;.  This  gives  us 
nil  auricle  partly  divided,  both  compartments  commuiii- 
oiting  with  each  otlier.  and  through  a  common  opening 
with  a  single  ventricle,  much  as  is  shown  in  the  heart  of 
the  human  emliryo  pictured  in  Fig.  2.">T0.     hi  the  reptiles 


Fio.  2580. -Section  of  llie  Wall  of  tlie  Heart  Ventricle  frfim  an  Embryo 
PItr  12  iiiin.  LoDK.  I  After  MaiCalluni.)  Tlii'  left  slile  of  Ihe  lliruro 
repn-sents  the  Inside  nf  the  heart.  .1,  Knd'tcanlliiiii  roverlnsr  a 
papillary  muscle :  7J,  cplss  section  of  cell.<!  conliilnlni;  a  simple  net- 
work, and  ttierefonj  very  voung;  C,  older  cells  contiilniDg  flbrll 
bundles. 


a  complete  union  of  the  septum  superior  and  the  septum 
intermedium.  In  birds  and  maiumals,  liowever,  there  is 
a  secondary  rupture  of  the  septum  of  the  auricle;  in  tlie 
former  it  is  multiple,  and  in  the  latter,  as  a  rule,  single. 
It  is  therefore  seen  that  the  formation  of  a  secondary  or 
true  foramen  ovale,  as  described  by  Born,  is  confirmed 
by  the  comparative  anatomical  evidence  (see  Born,  Arch. 


Fir..  I'lTS.-Sectlon  Ihnnich  Ihe  Heart  of  a  Human  Embryo  to  Sbow  the 
Fnniiallon  of  the  (\ilumna*  Carnea*.  ,-;  ;it>  limes,  i  After  His.)  Oc.. 
cpsophagus ;  Li/..  luni?;  .I/.///1..  membrana  pleiiri»-|>er1i-urtllaca;  S.rM, 
and  .S.r.s..  rtpht  and  left  hums  of  the  sinus  reuniens:  V.K..  Eustachian 
valve:  S.int.,  septum  intermetllum;  S.  in/.,  septum  Inferior;  5.rt.,  sep- 
tum aortlcum. 

Vol..  IV.— 37 


Flo.  2>si.— Lonsltudlnal  Section  of  a  Heart  Vencrlcic  from 
an  Embryo  l>le  HI  mm.  Lonir.  1  After  MacCallum.)  -1, 
Position  of  karyoklneilc  ilpures. 
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/.  miJ:  Aunt..  Bd.  33,  and  ROso,  ^for|lh.  Jnhrbneh,  Bd. 
15aiul  Hi), 

The  opening  of  the  vein  is  gunixied  by  two  folds  of  the 
'Walls  of  tlie  heart,  which  really  form  a  complete  bicuspid 


separated  from  each  other,  a  view  of  the  septum  appears 
much  !is  i.s  slmwii  in  Fi;,'.  i'uV.  Tlii'  aiiria  is  already 
completely  separated  into  two  vessels:  the  one  which 
commuDicatcs  with  the  right  ventricle,  communicating 


Fig.  2382.— Dlaimim  of  the  Course  of  the  Sii- 
perflrjal  Muscle  Ijiyers  Orijrinattnjr  in  the 
Right  aiul  Left  .\iirli-uli>-viMitri(uliir  Rincs 
and  in  the  I'osl*Ti«.tr  Half  tif  the  Tendon  of 
the  t'onus.  (.\fter  MacCalluin.;  C  Ante- 
rior papillary  niusrle. 


Fig.  2.T83.— Diatrram  of  the  Course  of  the 
Siiperflcial  Muscle  Layers  (iriginating  in 
the  Anterior  Half  of  the  Tciuitin  of  the 
('onus.  (.\fter  MacCallum.i  A.  Poste- 
rior papillary  niusi'le ;  B.  papillary  muscle 
of  the  septum. 


Fig.  2.584.— Diaerani  of  the  Course  of  the 
Deepest  Layer  of  .Mu.scle  of  the  Left  Ventri- 
cle. (After  MacCallum.)  -1,  Posterior  pap- 
illary uiuscle. 


valve  (Fig.  2.J71V  .\ii  additional  fold  extends  to  this 
from  in  front,  the  sectum  spuiium.  S.xp.  Later  on,  the 
orifice  enlarges  to  incorponite  a  portion  of  the  veins  into 
the  auricle,  but  the  right  lip  of  the  opening  remains  per- 
manently as  the  Eustachian  valve.  The  pulmonary  veins 
are  formed  later.  They  grow  from  the  lungs  to  the  left 
auricle. 

Returning  to  a  stage  of  heart  as  represented  in  Fig. 
2571,  we  notice  that  the  common  ventricle  shows  a  con- 
striction on  the  outside  which  corresponds  to  a  septum 
forming  on  the  inside.  As  this  septum  from  the  inside, 
the  septum  infeiius.  grows  toward  the  S.  intermedium, 
it  must  also  grow  toward  the  aorta  to  join  a  septum  aor- 
ticuiu  which  is  forming  there.  Figs.  3.575-2.5TT,  show 
how  this  is  brought  about.  Fig.  2.57.5  represents  a  stage 
in  which  the  auricles  emjitv  wholly  on  the  left  side  and 
the  aorta  arises  wholly  on  the  right.  As  the  inferior 
septum  arises  the  auriculo-ventiicular  opening  moves,  as 
it  were,  toward  the  aorta:  and  when  the  septum  inferius 
unites  with  the  .S.  intermedium  it  cuts  the  auriculo-ven- 
tricular  opening  in  such  a  manner  that  the  blood  coming 
from  the  right  auricle  passes  to  the  right  ventricle,  and 


above  with  the  fifth  aortic  aich,  and  the  one  from  the  left 
with  the  fourth.  The  fourth  is  destined  to  becouK'  the 
aorta,  and  the  fifth  the  ductus  arteriosus  from  which 
the  pulmonary  artery  arises. 

At  an  early  stage  the  tissue  of  the  ventricle  walls  be- 
comes spongy  on  the  inside.  These  meshes  ami  columns 
play  a  very  important  part  in  the  formation  of  the  valves, 
muscle  columns,  and  the  tendons  to  tlie  valves.  We 
have  seen  that  the  septum  intermedium  is  formed  in  the 
auriculo-ventiicular  canal  and  divides  it  into  a  right  antl 
a  left  half.  When  this  is  complete  a  section  of  the  heart 
gives  a  picture  as  shown  in  Fig.  2.579.  At  the  siinietime 
a  portion  of  the  auricle  is.  as  it  were,  pushed  into  the 
ventricle,  as  the  figure  shows.  This  invagination  takes 
with  it  a  portion  of  the  epicardium.  to  be  incorporated 
in  the  formation  of  the  valve.  Connective  tissue  is  in- 
corporated in  tile  formation  of  the  valve  at  its  beginning. 
alth(nigh  the  great  bulk  of  the  valve  is  at  this  time  com- 
posed of  muscular  fibres.  The  burro  wing  of  the  ventricle 
walls  includes  also  the  valves,  and  in  this  way,  as  the 
figure  indicates,  the  primitive  chorda-  tendinea'  are 
formed.     Soon,   however,    the   bands  lose  their  muscle 


Fig.  2.T8.'>.-Dla(rnim  of  the  Course  of  the 
laver  Superficial  to  that  Stiown  in  Vig. 
25S4.  The  outlin.-  of  the  di-ep  layer  Is  also 
shoivn.  (After  Mart'allum.i  .1,  Posterior 
papillary  muscle;  ii,  papillary  muscle  of 
the  s«|>tiini. 


Fig.  2Wfi.— Dla(rram  of  a  Layer  Still  more  Su- 
perlldal  to  that  Shown  in  Fig.  iWi,  and 
F.nding  in  the  Anterior  Papillary  .Mu.scle. 
The  other  layers  are  represented  in  dottwi 
lines.  (,\fter  MacCallurn.)  ,-i.  Posterior 
papillary  muscle:  li.  papillary  muscle  of 
septtun;  C,  anterior  papillary  nuiscle. 


Fi(i.  2>S7.— Diagram  of  the  Muscle  Originating 
in  the  Ti'ndon  of  the  (onus  and  IpiKT  Part 
of  the  Right  Ventricle.  (After  MacCallurn. i 
This  layer  surrounds  the  layers  represented 
in  the  left  ventricle  In  Figs.  2aW,  2a»5,  and 
2386. 


the  blood  from  the  left  auricle  to  tlie  left  ventricle.  A 
small  opening  exists  for  cpiite  a  while  between  the  two 
ventricles,  but,  later  on,  this  is  closed  by  a  membrane  of 
connective  tissue.     Before  the  ventricles  are  completely 


fibres,  in  the  portions  which  form  the  choi-dae,  and  in 

other  portions,  farther  away  from  the  valve,  the  muscle 
fibres  increase  to  form  the  papill.iiy  muscle.  The  valves 
have  therefore  a  double  origin;   (1)  Peripheral,  and  (2) 
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Ill 


nrl. 

art  UIm'Um'*, 


Fiii.  iVSi.  —  OinEniin  nf  Itii'  I^wr  ot 
Miiwlf  SumiimilliiK  ilir  Aurm.  ami 
I^'fl  Aiinrulo-M'iiirUiilar  Uliii:.  lAf- 
iiT  MniM  iilliiiii.i  Kl(r 
wnivU  In  dutiwl  lines. 


fniiii  tlio  tM'ptiiin  iiilcrnii'diiim.  Aororilinp  to  Ills,  the 
ti'iiiliiiis  atlili'lii'il  III  llir  vitlvi'S  iii'JMJiii,'  friiiii  llii'  |i<'ri|ili- 
rry.  Iiiivc  ilirir  |irriimiii'nl  itiliicliiiiiiil  In  tlir  vnlvi'  rnmi 
tlir  iH'^'illllinK.  »llil<'  II  piirliiill  nf  IIikm'  |i||ssill|{  III  till- 
Milvi'  iMiil  iirisiii);  ri'Kiii  llir  si'pluiii  iiilcriiiriliiiiii  iniiy 
piisslhlv  shin  llii'ir  viilviiliir  itniirliiiirMt. 

Till-  imisili'  Willis  111  llir  two  vrnliirlrH  nrv  nt  tirel  of 
llir  siiiiii'  lliirknr-^s.  lull.  Iiilir  nil.  llml  of  llii'  Irfl  Im'Coimi'S 
liniviiT  llmii  lliiit  nf  tlir  ii.i,'lil.  Tlir  spiiiiu'v  liivir  in  llii- 
vi'iitrirlr  is  ciivi'i'i'il  with  iiiiliHiiriliiiiii.  iiikI  tnnii  this 
hivrr  till'  ciiliimiiM'  riiriinr  nrisi'. 

HiTi'iitlv  .MiirCiilliiiii  liiis  iimili-cxtrnsivcstmlu'H  on  the 
ili'Vi'liipiiii'iil  nf  till'  limit  iiiiisi'li-  crlls  iis  wi-ll  iis  of  the 
Hrniiip'iiiint  of  Ihr  lllirr  liiinilli-s  in  tin-  hnirls  of  cin- 
liryns  •  .MiirCiilliiiii  has  fminil  tliiil  tlii-hiiiri  niusilf  ri'll 
in  its  (Icvcliipinrlil  iiinliri;ors  ii-iliiiii  clianui"*  li.v  which 

_V"iiiii;rr  anil  nrwiy  ili'- 
Vrlnpril  rrlls  rail  hr 
ilisliiii;iiishi'il  finiii 
fully  ilivilopi-il  cells. 
ThrililTcrcncc  lictwccii 
the  oliUr  and  ynnngcr 
cells  is  well  siiiiwii  ill 
Fij;.  2.").s(»,  taken  from 
the  lieail  of  a  very 
viiiing  {^Ig'a  embryo. 
It  is  si'eii  that  the 
yoiiniier  cells  are  iin- 
inedialely  under  tlie 
cndixardinin  and  that 
the  older  cells  have 
heeii  pushed  toward 
the  outside  and  lie  im- 
mediately below  the 
])ericardiuiii.  In  the 
youiiu'i'r  cells  the  nu- 
iVsT  Ls  n-pre-  dei  multiply  by  indi- 
rect cell  division  and 
the  distribution  of  such 
wllsis  shown  by  the  letter  .1  in  Fii;.  2.-|8I .  Here  au'itin  the 
growinj;  point  of  the  muscle  of  the  heart  is  found  to  be  iin- 
niediately  below  the  eniliH'ardiiim.  It  apjiears  then  that 
the  irrow  til  nf  the  heart  after  the  nrjran  is  well  formed  is  on 
the  inside  immediatily  below  the  endocardium.  In  .some 
way.  not  yet  detinitely  known,  the  heart  is  then  i.Tadually 
rolled  up,  becominir  more  iin<l  morecomple.v  in  the  hitrlicr 
animals.  MaeCalluni  has  succeeded  in  unnivellini;  the 
musculature  in  the  embryo  pip  anil  the  human  fietus  be- 
fore the  fibres  have  become  interlaced  too  much.  Ac- 
corilini;  to  him.  the  fibre  bundles  can  be  ilivided  into 
four  frroups:  (I)  Those  arising  from  the  auriciilo  ven 
tiicular  rin,!;  on  one  side  anil  passing  to  the  papillary 
muscle  of  the  opposite  side  (Figs.  '2'>S'i  and  "JolSii);  (2) 
those  bundles  arising  from  the  pajiillarv  muscles  on  one 
side  and  pn.ssing  to  the  pai>illary  muscles  on  the  opposite 
side  (Figs.  2584,  2.'>8.'),  and  SoSCJ;  (:i)  those  fibres  arisin.sr 
from  the  aiiriculo  ventricular  ring  on  one  side  and  pa.ss- 
ing  to  the  auriculovcntricular  ring  of  the  opposite  side 
(Fig.  2."iS7l:  and  (4)  those  tibrcM  which  simply  encircle 
the  left  aurieulo-ventricular  ring  and  the  aorta  (Fig. 
2588). 

According  to  MacCallnm.  the  points  to  be  emphasized 
in  his  work  are  as  follows: 

The  heart  consists  of  several  layers  of  muscle,  the 
course  of  which  is  shown  in  some  detail  in  Figs.  2582- 
2588.  Nearly  all  begin  in  the  anriculoventricular  ring 
of  one  ventricle  and  end  in  the  pajiillary  muscle  of  tlio 
other.  Those  libies  w  hich  begin  near  the  outside  of  one 
ventricle  end  near  the  inside  of  the  other  ventricle. 

The  thin  siiperficiiil  muscle  being  removed,  the  left 
ventricle  can  be  unrolled  .so  that  its  cavity  and  papillary 
inusrle  are  e.xpo.sed.  This  shows  it  to  be  a  flat  band  of 
muscle  continuous  with  the  muscle  fibres  which  cids.s 
over  in  the  septum  from  the  right  ventricle. 

Grouping   these   layers   together,  it   is  plain  that  the 

•  MaiCalluni :  Anat.  Anz..  xiii..  1S97:  .loum.  of  Extiprtinental 
Medirinf.lv..  ISSQ;  and  Weirb  Festacbrlft.  Juhns  Hopkins  Uospilai 
Repon&  li..  19III. 


heart  in  the  einliryo  i*  n  mtoII  Rhnpeil  Imnil  of  mintrle 
w  ith  tendons  at  each  end  An  ii  grows  older  llic  layer 
of  miiHcle  passing  over  in  the  wptiiiii  from  the  right  to 
the  left  veiilricle  remains  conipanilively  thin,  while  llu- 
veiitricularcells  increiiN-  greatly  in  thickiieHfi.  The  place 
of  most  active  cell  irrowth  is  near  thi'  iimideof  the  ven- 
Iriiular  walls,  and  lliey  are.  therefore,  at  the  two  eiiils  of 
the  band  of  muscles  making  up  llie  heart. 

FriiiiAliii  J'.  Mull. 

HEART  DISEASES:   ACTIN0IV1YC0SIS.--AeiinoMiy 

cosisiij  ihc  |ic:iii  Ims  Ui  1 11  iili^iiMcl  ;i  ioiiiiber  of  limeH 
within  leiiiil  years,  and  it  is  very  probable  that  as  the 
reported  ca.ses  ol  infection  with  act  inomyces  in  nil  i  ply  this 
organ  will  be  found  to  be  not  inlrei|iieiitly  alTeeted. 
Since  the  respimtory  trad  appears  to  be  one  of  the  iiioht 
common  aveiHiis  of  iiilraiice  of  ihis  parasile.  si'condary 
iiivolvemeiil  of  the  iiiediasliniim  is  ol  freipient  occur- 
rence, whereby  iMeiision  to  the  pericarilium  is  very  likely 
to  take  place.  Besides infeelion  by  direct  extension  from 
the  mediastinum  lia'malo.ireiious  metaslases  in  the  heart 
wall  may  occur,  or  the  heart  may  be  primarily  afTected, 
the  avenue  of  entrance  being  unknown.  I'altaiif  found 
extensive  aclinoinycosis  of  ijie  wall  of  the  right  ventricle 
in  a  tuberculous  subject,  the  londilioii  having  been  diag- 
nosed as  tuberculous  pericarditis.  ]ii  cases  observed  by 
Isniel.  I'ontick,  and  others,  nieta.stases  were  found  in  the 
heart  arising  from  primary  foci  in  the  liver,  lungs,  and 
other  parts  of  the  boily  (pyieinic  actinomycosis).  Occa- 
sionally a  general  infection  of  the  body,  acute  or  chronic, 
occurs,  and  the  heart  is  involved  in  coinmon  with  other 
organs.  Actinomycosis  of  the  heart  presents  no  definite 
clinical  picture.  The  diagnosis  of  the  comliiion  w  ill  rest 
entirely  upon  the  demonsli-iilion  of  the  pnsince  of  the 
liani.sile  within  tJie  body.  The  trealinent  should  be  di- 
rected along  general  lines,  with  the  internal  use  of  potas- 
sium iiKliile,  wiiicli  in  some  cases  has  appeared  to  have  a 
specific  elTect  upon  the  fungus. 

Aldietl  f>cf>tl  ^\^llrtllill. 

HEART  DISEASES:    AN/EMIC  INFARCTION.— The 

occlusion  of  a  luaiiili  of  a  loronaiy  arti-iy,  if  not  imme- 
diately fatal,  is  followed  by  an  ananiic  necrosis  ol  the 
part  of  the  heart  wall  supplied  by  the  oceliuled  vessel. 
The  necrosed  area  is  known  as  an  ana-mic  or  white  in- 
farct or  as  iiii/oiiKiliiriii  cnnlin.  The  terminal  bninches  of 
the  coronary  arteries  are  true  end  arteries,  and  piis.sess 
but  a  very  limited  collateral  anastomosis.  The  area  of 
necrosis  produced  by  the  occlusion  of  a  terminal  branch 
corresponds  to  the  physiological  distribution  of  the  af- 
fected vessel.  Infarction  occurs  most  freiiuently  in  the 
portion  of  the  myocardium  supplied  by  the  anterior 
coronary  artery,  the  most  common  location  being  in  the 
wall  of  the  left  ventricle  near  the  ape.x. 

The  occlusion  is  usually  ]iidduced  bj' thrombo.sis  or  em- 
bolism. These  events  are  favored  by  sclerotic  changes; 
under  certain  conditions  cororonary  sclerosis  in  itself  may 
give  rise  to  infarction  without  the  occurrence  of  throm- 
bosis or  embolism.  In  such  cases  the  nutrition  of  the 
muscle  alrcaily  impaired  by  the  jiartial  obstruction  of  the 
yes,sel  caused  by  wlerosis  m.'iy  be  so  much  furlher  low- 
ered by  .general  circulatory  disturbances  that  the  integ- 
rity of  the  muscle  can  be  no  longer  preserved.  Thrombi 
are  of  much  more  freijuenl  occurrence  in  the  coronary 
vessels  than  emboli;  their  formation  is  directly  depemi- 
ent  upon  the  occurrence  of  sclerotic  changes  in  the  vessel 
wall.  The  entrance  of  emboli  into  the  coronary  ves.sels 
is  of  rare  occurrence.  This  fact  is  e.\])lained  by  the  ana- 
tomical peculiarities  of  the  coronary  arteries,  the  location 
of  their  orifices,  angle  of  divergence  with  the  aorta,  force 
of  curri'nt.  etc.  Embolism,  however,  occasionally  occurs; 
the  embolus  usually  consists  of  a  portion  of  a  thrombus 
primary  in  the  left  heart,  either  parietal  or  fonned  upon 
the  mitral  or  aortic  valves.  In  other  ca.ses  the  embolus 
may  consist  of  atheromatims  material  derived  from  the 
vessel  wall  above  the  point  of  occlusion.  Septic  emboli 
occur  in  cases  of  malignant  endocarditis:  they  are  more 
frequently  derived  from  vegetations  ou  the  mitral  than 
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on  tluadilii'  viilve.  In  wlmlrvcrway  prmliuTd.  rfnoimrv 
occlnsiiin  Icails  irimiidiali-lv  or  vriy  qiiicUly  li>  iiii:iiiiic 
iu'<-ii)sis.  Ilif  sliirlil  <a|iilliirv  iinasldiiKisis  nnd  tlio  Tlicbi' 
siaii  vi'sscis  Ixiiii;  iii:iili'<|iiali'  Id  llii'  task  i>f  siipjilyin^ 
sullicii'iit  milritioii  tn  llir  ulTirtid  arm. 

TliL'  iiifarcl  is  yellowish  or  {rniyislircd  in  rolor  ami 
x^{  a  clouily,  parlioilcd  appcamncc.  Tin-  consistence  is 
soniewliat.  softer  lliaii  that  of  tlie  normal  nilisch'.  and  the 
rei-ent  infarct  is  slinlilly  eh-vated.  Suhsei|Ueiilly  it  be 
ronu'.s  .softer  and  depr<'ssed,  '|"he  liejirt  infarct  is  rarely- 
wed geshaped.  as  is  so  fre(|Ueiilly  the  case  in  infarction  of 
other  orirans;  hut  the  contour  is  irregular,  areas  of  livinir 
muscle  alternaliii!:  with  dead  tissui'.  This  irrejrulnnty 
of  distribution  is  due  to  llie  peculiar  overlapping  of  the 
coronary  branches,  as  a  result  of  which  ad.iae<-nt  muscle 
bundles  may  receive  their  blood  supply  from  terminal 
Itniiiehcs  arising  from  dilTereiit  main  trunks  of  the  third 
or  fourth  degrees.  This  fact  is  of  great  importance  in 
the  heart  ei'onomy  in  so  far  as  the  oeeuirence  of  infarc 
tioii  is  concerned.  Oeelnsion  of  the  smaller  terminals 
does  not  lead  to  an  infarction  extending  entirely  througli 
the  heart  wall,  and  the  chances  of  rupture  or  aiieurismal 
diliitationare  thereby  much  les.seDed.  Around  the  periph- 
ery of  the  infarcted  area  there  is  almost  always  a  narrow 
zone  of  hemorrhage  and  congestion  outlining  the  yellow 
ish  dead  muscle  with  a  border  of  red.  This  is  to  be 
regarded  as  bi'ingof  the  nature  of  a  narrow  zone  of  hem 
orrhagic  infarction  in  the  limiti'darea  of  collateral  anasto 
niosis  between  the  occluded  vessel  and  the  neighboring 
t«'rminal.  Large  hemorrhages  occasionally  occur  about 
the  infarct;  these  may  extend  in  betwien  th<^  dead  luus 
cle  bands  of  the  ana>mic  area,  giving  it  the  appearance  of 
&  hemorrhagic  infarction.  Infarcts  of  small  si/.e  do  not 
usually  involve  cither  the  peri-  or  the  endoeardinm.  but 
larger  ones  arc  accom)ianied  by  the  formal  ion  of  thrombi 
on  the  endocardium  and  localized  areas  of  perieanlilis. 

On  micro.sc<ipical  examination  th<'  muscle  fibres  in  the 
central  portion  of  the  infarct  show  a  condition  of  simple 
necrosis,  their  nuclei  liaving  completely  disappeared,  and 
the^musde  i>rotoplasm  presenting  a  more  or  less  homo- 
geneous appearance,  staining  deep  red  with  eosin.  Oc- 
tMisionally  extensive  fragmentation  or  Zenker's  necrosis 
may  be  present.  Around  the  |ieripherv  of  the  comidetely 
iiecrosiMi  area  there  is  usually  found  a  zone  of  diffused 
fbromatin.  the  muscle  nuclei  at  this  ]ioint  showing  be- 
ginning or  partial  disintegration.  Bordering  upon  this 
zone  is  the  area  of  partially  damaged  muscle  with  greatly 
congested  ves.sels  and  extensive  interstitial  hemorrhage. 
If  the  infarct  is  not  of  very  recent  occurrence  extensive 
leucocyte  infiltration  maybe  foundaround  the  periphery. 
or  evidences  of  repair  in  the  formation  of  granulation 
tis.sne.  In  older  infarcts  the  dead  muscle  is  almost  or 
■wholly  replaced  by  new  connective  tissue  at  the  jieriph- 
ery,  in  which  numerous  hypertrojiliic  muscle  fibres  may 
be  present.  Scattered  throughout  infarcts  of  large  size 
small  islands  of  living  heart  muscle  are  usually  found 
corresponding  to  the  distribution  of  neighboring  branches. 
The  boundary  between  such  areas  and  the  necrosed  mus- 
cle usually  shows  a  narrow  intermediate  zone  of  partial 
necrosis,  dilTused  chromatin,  and  hemorrhage  In  the 
majority  of  infarcts  there  is  usually  jucsent  a  narrow- 
line  of  living  nuiscle  just  beneatli  the  peri-  and  endocar- 
dium, whicii  is  to  be  explained  by  the  presence  of  small 
collateral  branches  running  beneaih  these  surfaces. 

The  regeneration  of  heart-muscle  fibres  in  or  around 
lidding  infarcts  lakes  place  only  to  a  very  limited  extent. 
Evidences  of  this  arc  seen  in  greatest  degree  in  week-old 
infarcts.  The  division  figures  are  never  very  ntinierous, 
and  soon  di.Siippear.  It  is  probable  that  the  new  cells 
formed  (piickly  degenerate.  IIy|)ertrophie  muscle  fibres 
are  often  very  numerous  in  the  inunediate  neighborhood 
of  a  healing  infarct.  This  must  be  regarded  as  being  of 
the  nature  of  a  compensjitory  hypertrophy.  Whetheran 
increase  in  the  number  of  fibres  takes  place  or  not  cannot 
at  present  be  jjositively  stated.  Ultimately  infarcts  of 
small  size  are  completely  replaced  by  scar  tissue,  and  the 
area  of  induration  thus  formed  appears  as  a  white  ten- 
dinous pati  h  or  band  in  the  hrnri  mu-^rlc      The  designa- 


tion of  fibroid  heart  or  fibrous  myocarditis  is  applied  to 
this  conililion  as  well  as  to  the  areas  of  sclerosis  due  to 
obliterating  endartcrilis. 

Septic  infarction  may  occur  in  ca.ses  of  pya-mia.  the 
smaller  branches  of  the  coronary  arteries  may  be  blocked 
with  septic  emboli.  Purulent  infiainmationof  the  vessel 
wall  and  the  neighboring  tissue  results,  and  the  area  of 
infarction  becomes  couveited  into  an  abscess.  Usually 
ileatli  results  from  the  genital  condition  before  tliese  de- 
velop into  abscesses  of  large  size  In  tlic  majority  of 
cases  they  appear  as  pinhead  abscesses,  rarely  as  large 
as  a  pea.  Very  rarely  they  may  reach  such  a  size  as  to 
l)erforale  into  the  heart  cavity  or  into  the  pericai-dium. 
forming  what  has  been  termed  acute  cardiac  ulcer.  Em- 
b(jlic  aiieurismal  dilatation  of  the  afflicted  coronary  bnmch 
may  result  at  the  point  of  embolism,  and  rupture  of  this 
may  lead  to  the  formation  of  a  dissecting  aneurism  of  the 
heart  wall. 

As  a  result  of  an.-emic  infarction  of  the  heart  death 
may  occur  insianlaneously  from  the  dislurlmnce  of  the 
cardiac  circnlationand  the  arrest  of  the  fibrillary  contrac- 
tions. Ill  all  cases  of  sudden  death  occlusion  of  the 
coronary  ves.sels  should  be  carefully  sought  for.  Partic- 
ularly is  this  the  rule  in  medico  legal  examinations. 
Death  may  occur  before  recognizable  changes  in  the 
structure  of  the  muscle  take  place.  In  othercascs  it  may 
not  result  for  some  time  after  the  oeelnsion  of  the  vessel. 
It  has  been  shown  by  animal  expcrimenis  that  the  heart 
muscle  is  eap.ible  of  contraction  for  nearly  twelve  hours 
after  ligation  of  thc>  coionaiies.  At  the  present  time  it 
is  impossible  to  say  whether  death  occurs  at  the  moment 
of  occlusion  of  the  ves.sel  or  at  the  moment  of  muscle 
failure.  With  the  softening  of  the  infarcted  area  either 
rupture  or  ancurismal  dilatation  of  the  cardiac  wall  may 
take  place  Sudden  death  may  be  caused  by  tlie  former 
event.  After  healing  of  an  infarct  the  cicaliicial  tissue 
may  give  before  the  blood  pressure  and  produce  an 
aneurism.  In  many  cases  there  is  a  ]>rogres,sive  occlu- 
sion of  the  coronary  branches  with  the  production  of 
multiple  infarcts.  A  very  extensive  degree  of  tjbroid 
heart  may  result  from  the  healing  of  these 

Tlie  symptoms  of  an;emic  infarction  are  usually  those 
of  angina  pectoris.  The  direct  relation  between  the 
aiigiwil  attack  and  the  moment  of  infarction  has  not  been 
sutticienlly  emphasized.  The  cases  of  sudden  death  are 
iiuite  f'-eciueutly  jireceded  by  an  intense  but  brief  attack 
of  thi<-,  nature.  In  other  cases  there  are  no  definite  car- 
diac symptoms.  After  healing  of  the  infarcted  areas  the 
clinical  i>ielure  is  that  of  fibrous  myocarditis.  Prognosis 
and  treatment  will  be  coiisidere<l  under  that  head. 

A/ilretl  Scott  Wart/iin. 

HEART  DISEASES:  ANEURISM.— Thetermanourism 

of  the  heart  is  ui^plird  to  three  very  ditrclent  conditions: 
aneurisms  of  the  coronary  vissels,  pouch  like  projections 
of  the  valves,  and  local  dilatations  of  the  heart  wall. 
The  original  use  of  the  expression  cardiac  aneurism  was 
that  of  Avenbriigger  and  C'orvisijrt.  who  ajiplied  it  to  all 
cardiac  enlargements  of  the  nature  of  hypertrophy  or 
dilatati<m,  distinguishing  the  two  as  hiidii-jihiiki  jxinKinim 
and  iiiii-iiri/xiini  artinim.  This  conception  continued  up 
to  the  time  of  John  Hunter  and  ilatthew-  Haillie  witli 
w-hom  the  term  took  on  its  modern  significance  of  a  par- 
tial dilalation  of  the  cardiac  wall.  In  accordance  with 
this  idea  the  condition  is  often  .spoken  of  as  partial  aneu- 
rism, though  in  the  niajorily  of  cases  cardiac  aneurism  is 
taken  asrefern'ng  to  aneurism  of  the  wall  alone,  coronary 
and  valvular  aneuri.sms  being  considered  under  separate 
heads. 

ANi:tuis.\i  OF  THE  Conox.MiY  AUTEUIKS. — Aneurisuial 
dilatations  of  the  coronary  branches  of  the  second  and 
third  degree  occur  as  the  result  of  sclerosis  or  embolism. 
They-  are  usually  multi])le.  but  may  be  found  singly. 
TiK'y  vary  in  size  from  a  mustard  seed  to  a  large  cherry, 
and  occasionallv  form  small  nodular  enlargements  scat- 
tered over  the  iK-arl,  lying  just  bcnealh  the  epicardiiim. 
They  are  found  in  greatest  numbers  and  of  largest  size 
when  due  to  septic  emboli.     The  symptoms  are  those  of 
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iiiyiMiirilills.  Tlii-v  iiiiiy  iii|tliin- cUIiit  into  ilic  iMTirnr- 
(llitl  cavity  or  iiitn  llir  lii'iirt  utill.  in  tin-  liilirr  nisi'  fiiriii- 
iiiK  ili«si'('tln^  iiiiriirisiiis  uliich  nmy  lir  iiiistjiki'ii  fur  triii' 
iiiii'iirisins  iif  till'  riinliiir  witll. 

Am:i  ltl^M  <iK  TiiK  Vm.v|'>.—(Si'c  iirl it'll' III' M  iH'yoncI 

tills  ) 

AxKi  iiiHM  (IK  TIIK  IIkaut  \V ai.i.h.— Lix'iiliziil  ililatii- 
tiiiii  of  till'  lii-iirt  Willi  limy  III'  ciiiiifi'iiitiil  nr  ii<'(|iiiri'il.  In 
till'  liittrr  riisi'  it  is  liiirrliliiT  liitniiiiiiiior  til  smiK'  |iiilli<i 
tii^'iciil  rniiilitinii  iliiiiiiiisliiiig  till'  I'rsisliiiice  iif  tlic  liiiirt 
iiiiiscli'  ill  liH-ali/.t'il  uriiLH. 

('•ini/iiiiliil  h'linn.  —  In  (li'fcrtivo  (Icvi'lopiiicnt  (if  the 
heart  miiimIi' iiiii'iirlMiial  ur  lumiiil  projcrtioiis  uf  the  en - 
(liicariiiiiiii  limy  iicciir  lu-lwi't'ii  tlif  iiiiisi  Ir  liiiiiiili's.  As 
II  nsiilt  iif  riuiiri'iiitiil  iiliiiiiriiiiil  tliiiinrss  of  ilir  ciiriliiir 
wall  iiiu'iirisiiml  ililiilalinns  may  mriii'  in  any  |iiirt  nf  tlii' 
liciirl.  must  lr('i|Ui'iiily  in  llir  mriiilininioiH  |iiirtiiiii  nf  tin- 
vcntni'iilar  s('|itiim.  Tin-  ncciirri'iui'  nf  iniifriiiilal  anrii 
risins  in  iinliviihmls  narliini;  iimtnrily  is,  Imwi'Vi-r.  vrry 
rari'.  tlir  inajnrily  nf  llie  cases  Ix-iiig  fnniiil  in  infants  nr 
yniin;;  cliililnn. 

Jf-i/iiinil  h'linii.  —  In  llii'  niajnrity  of  cast's  tliis  is  due 
to  tilirniil  chiiiiiri's  in  the  In  art  muscle  followiii); coronary 
oliMlruction  or  syphilitic  iiililtnilinn.  less  fri'i|nently  to 
unainie  infiirriinii.  fatty  ileu'eiienilinii.  mural  eniloi  anlilis 
nnil  Nviiunds  nf  the  heart  It  is  nut  of  cnmnmn  incur 
rciice.  tliou^'h  cases  have  lieen  repnrled  with  incit'iisini; 
frei|Uency  in  late  years.  In  IStiT  Pelvet  cnllected  the 
rases  pulilishcd  up  to  his  time,  and  in  ts,s:{  a  similar  cnl' 
lectinn  was  made  by  I.ej;;:,  whn  found  in  the  literature 
the  repnrls  of  IM)  cases.  Since  his  article  new  oh.serva- 
tions  have  lieeii  coiislanlly  made,  and  the  numlier  of  re 
conied  eases  is  now  in  lheneii;hlinrlinnd  of  8(1(1.  Accord- 
inir  to  Williiik.  170  cases  of  cardiac  aneurism  were  fniiiid 
in  :M,(IIHI  auli*|isies.  The  acquired  ililatalinn  may  he 
acute  or  chronic:  accordiiiir  to  its  muniier  of  formation  it 
may  he  a  )inuch'like  dilaiatinii  communicatini;  with  the 
heart  cavity  tliriiu(;h  a  lartrc  opeiiiujr,  nr  it  may  be  sac- 
cular with  a  very  small  openinir.  or  the  nneurism  may  be 
of  the  dis.s;'clini:  variity .  Karely  il  may  be  iiiullilocular. 
(.insislini;  of  a  number  of  inliicoinniunicatin.!;  .sacs. 

The  majority  of  rases  occur  in  males  of  advanced  ape. 
but  a  number  nf  cases  in  ynuiiir  ineii  have  been  ropnrted, 
and  one  in  ayouni;  j;irl  of  twelve  years.  In  the  younger 
ciLses  the  condition  is  almost  always  the  result  of  syphi- 
litic weakeninjr  of  the  wall.  The  usual  seat  nf  the  aneu- 
rism is  in  the  anterior  wall  of  the  left  ventricle  near  the 
apex,  nccurrini;  in  this  location  in  51)  of  the  90  cases  re- 
viewed by  l.eur.i:.  The  septum  is  involved  next  in  point 
of  fiei|Ueiicy.  while  the  auricles  and  riirht  ventricle  are 
only  very  rarely  alTected.  T.-iually  the  aneurism  is  sin- 
frlr,  hut  very  nirely  localized  dilatations  have  been  found 
in  all  four  nf  the  heart  cavities.  In  the  auricles  the 
wlinle  wall  maybe  invnlved  in  thedilatatinn.  Occasion- 
ally a  number  of  dilatations,  in  one  of  the  reported  cases 
four,  have  been  found  side  by  side,  their  walls  in  apposi- 
tion. The  aneiirismal  dilatation  of  the  septum  usually 
protrudes  into  the  right  ventricle,  but  one  case  having 
liien  recorded  of  its  projecting  into  the  left. 

The  size  nf  the  aneurism  may  vary  greatly,  from  the 
size  of  a  list  to  a  man's  head.  The  larger  the  sac.  the 
thinner  the  wall.  In  very  large  sacs  il  may  be  as  thin  as 
paper  without  any  traces  of  heart  muscle  remaining, 
riie  sjic  may  be  tilled  witll  a  .soft  or  tirm  llironibus. 
This  may  becomi'  calcitied  ami  the  sac  thus  obliterated. 
Induration  and  ealcitication  of  the  sac  wall  may  also 
occur.  I'siially  till'  pericardium  becomesadhereiit  to  the 
epicardium  over  the  sac.  so  that  eventually  the  wall  of 
the  sac  may  consist  of  the  endocardium  and  both  the  vis- 
ceral and  the  parietal  portions  of  the  pericardium. 

The  acute  dilatation  of  the  heart  wall  is  usually  due 
to  an.'i'inic  infarction  or  septic  myocarditis,  rarely  to  di- 
rect tniiima  of  the  heart,  as  in  the  ca-S(^  of  stab  wounds. 
In  some  cases  localized  degenenilinn  or  necrosis  nf  the 
enilociirdium  may  make  the  latter  the  place  nf  least 
resistance.  The  softened  membrane  yields  to  the  blood 
pressure,  is  lorn,  blood  passes  through  the  rent  and  grad- 
ually uuderiniues  the  heart  muscle.     AVhcn  the  area  of 


Roflcninjf  In  primary  in  the  miincle  tlieenijiManliuni  over- 
lyiiig  the  wiiiKeiiid  (.put  is  Kiietciiid  or  lorn,  Inriiiing  ii 
cavity  iiitn  whieh  the  hlnml  fmces  its  way.  In  this  man 
ner  the  weakened  ariii  gniduiilly  Inilges  out  more  iiiitl 
more  until  lliere  isiiiletliiile  pouch  formed.  Aciiteaneii- 
rlsnis  iisimlly  increasi'  very  rapidly  in  size,  in  winie  caseH 
becnining  us  large  as  the  lieiirl.  so"  that  the  conditinii  Inut 
been  regarded  as  one  of  dnuble  lieiirl       Though   the  sac 

nm\  III  roiiie  lilli  d  "  illi  111 1 1  lot.  the  wall  never  ac<|iiirifi 

a  sulllcieiil  power  of  lesislance,  and  thediliitatioii  usually 
jiroceeds  iiiilil  rupture  occurx. 

Clironic  aneurism  in  the  great  majority  of  eases  is  the 
result  of  tiliious  chaii;:es  ill  the  lieait  muscle.  The  coii- 
iieetive  tissue  laekiiiL'  ilie  pnwer  of  conlraclioii  against 
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Fi(i.  2.VS9.— Slilaimiin  nf  ,i  Case  of  CnnUiu'  .\ni>;irliTn.     (.After  Wal- 
sliuai :  t'.iUnh.  Mill.  JiitiVKdl.  .\|.rll.  Illdl.l 

the  lilnnd  pressure  during  systole  gradually  becomes 
stretched  outward  or  a  cavity  may  be  formed  in  the  wall 
connected  with  the  ventricle  by  a  narrow  opening.  \\y 
many  writers  .syphilitic  myocarditis  is  regarded  as  the 
most  common  cause  of  caidiac  aneiirisin  of  the  slowly- 
progressive  type.  Tlial  the  tibrous  changes  are  directly 
the  result  of  syjiliilis  cannot  be  proved  in  the  niajnrity 
nf  cases;  much  rather  is  the  prnccss  tn  be  Innked  uimii  as 
being  of  the  nature  of  a  clirnnic  ananiic  infarclinii  duo 
to  the  progressive  narrowing  of  the  coronary  arteries 
through  sclerotic  changes,  w  liicli  may  be  due  to  syphilis 
or  to  other  causes.  In  a  number  nf  cases,  however,  the 
dilatation  has  been  fmunl  to  be  the  direct  result  of  gum- 
matous changes  in  the  cardiac  wall.  Further,  the  occur- 
rence of  coronary  sclerosis  and  tibrous  changes  in  the 
heart  muscle  in  young  individuals  may  be  (|uite  safely 
regarded  as  being  due  to  syphilis.  Ananiic  infarclioii 
plays  a  much  giealer  ])art  in  the  causation  of  chronic 
aneurism  than  is  accorded  to  it  by  the  majority  of  writers. 
Small  infarcts  are  replaced  by  connective  tissue,  and  up 
to  certain  limits  the  tone  of  the  wall  may  be  preserved, 
but  if  the  general  tone  be  diminished  by  fatly  degenem- 
tion,  atrophy,  etc..  the  area  of  connective  tissue  olTering 
the  lea.st  icsist;ince  gives  way  and  dilatation  occurs  at 
this  point.  Localized  areas  of  fatty  degenenition.  atro- 
phy, etc..  may  of  themselves  be  the  primary  factor  in  the 
production  of  aneurism. 

f)issi--.cTix<;  Aneuris.m.  — The  dissecting  variety  of  car- 
diac aneurism  deserves  especial  mention.  Vestiierg  has 
made  the  most  complete  study  of  this  condition.  He  de- 
fines it  as  a  pathological  cavity  communicating  witli  the 
heart  or  beginning  of  the  aorta,  caused  by  a  separation 
of  the  layers  of  the  cardiac  wall  by  the  blnnil.  Four 
varieties  are  distinguished  :  parietal,  septal,  valvular,  anil 
interparietal.  Tothese  might  be  added  a  fifth  variety 
when  the  cavity  is  formed  between  the  layers  of  pericar- 
dial adhesions.     According  to  Veslberg,  the  total  number 
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of  ilisw'ctiiij;  aiu'iirisnis  is  00.  Of  these  47  were  inter 
liarielal  or  s<'|iliil.  In  Ull  eases  tlii'  lell  veiilriele  was  I  lie 
sile  cif  the  aueinisin.  'The  interparietal  furin  oeeurs  in 
the  peri  aortic  space  of  Vestberir.  from  \vhi<h  the  Mood 
may  dissect  into  tjie  auiieiilar  or  venlrienlar  septnin.  In 
1(>  eases  the  point  of  orisiin  was  in  llie  sinus  of  Vidsidva. 
Acute  ulcerative  endocarditis  is  the  cause  in  the  majority 
of  cases;  in  other  cases  abscess,  atheroma,  and  trauma 
were  the  causal  factors.  Dissectinj;  aneurisms  of  the 
aorta  may  extend  into  the  walls  of  the  heart  and  through 
secondary  rupture  become  converted  into  dis.secting  car- 
diac aneurisms. 

Di.vcNOSis. — The  diagnosis  of  cardiac  aneurism  is  in 
the  majority  of  cases  impossiljle;  it  is  usually  made  at 
the  autopsy  talile.  In  tlie  case  of  acute  aneurism  the 
symptoms  are  tho.se  of  acute  myocarditis:  in  the  chronic 
form  they  caimot,  as  a  rule,  be  se])araled  from  those  of 
cliroiiii-  myocardilis.  The  aneurism  is  usually  so  small 
as  to  present  no  characteristic  physical  signs.  In  rare 
cases  the  sjic  has  caused  erosion  of  the  tiioracic  wall, 
forming  a  visible  tumor.  The  results  of  percussion  and 
aiiscidtaticm  are  very  uncertain  guides,  and  though  in 
individual  cases  unusual  murmurs  may  be  jiroduced.  they 
are  not  constant  or  characteristic  enough  to  be  of  diag- 
nostic significance.  The  Hoentgeii  ray  has  recently  l)een 
.•ipplieil  to  the  dilTerontial  diagncjsis  of  this  condition, 
and  the  location,  size.  an<l  form  of  the  aneurismal  dilata- 
tion have  been  shown  by  this  means. 

Pkoonosis. — The  prognosis  in  the  majority  of  cases  is 
not  favorable.  In  early  and  imdoubted  .syphilitic  cases 
it  is  relatively  better.  The  terminations  are  very  vari- 
able. After  reaching  a  certain  degree  of  dilatation  the 
process  may  remain  stationary.  The  sac  may  lie  obliter- 
ated by  thrombo.sis:  calcification  of  the  thionilpus  may 
occur.  Death  usually  results  from  cardiac  insulliciency 
to  which  other  factors  than  the  aneurism  may  contribute. 
In  other  cases  gradual  increase  of  size  with  resulting 
rupture  lakes  place. 

Tlt^;.\T.^^E^'T. — The  treatment  in  sus])eeted  cases  is 
along  the  general  lines  indicated  in  myocardial  and  val- 
vidar  diseases.  The  ])ossiliility  of  syphilis  should  al- 
ways be  consiilereil.  Aldnil  Smf/   WHiiliiii. 

HEART    DISEASES:    ANEURISM    OF    VALVES.— A 

valvular  aneurism  is  a  cavity  in  the  substance  of  the 
valve  itself,  containing  pus  and  other  inliammatory  jirod- 
ncts.  or  l)lood  clots  and  debris.  The  origin  seems  to  be 
always  in  endocarditis  of  a  more  or  less  acute  form,  of 
which  this  is  really  only  one  of  the  possible  results.  If 
the  process  starts  on  the  surface  of  the  valve,  ulceration 
may  perforate  one  layer,  after  which  the  blood  pressure 
diss(tcts  away  the  other,  and  so  dilates  the  cavity  that  it 
may  be  as  large  as  a  pigeon's  egg.  On  the  other  hand, 
the  process  may  begin  in  the  tissue  of  the  valve  and  re- 
sult in  perforation  of  one  of  the  layers  from  within,  after 
which  the  blood  pressure  acts  precisely  as  in  the  former 
case.  These  aneurisms  are  generally  single.  Init  may  be 
mulli|ile,  and  seem  to  be  confined  to  the  left  heart. 
Though  many  authorities  state  that  aneurisms  are  most 
<-onunoidy  found  in  the  aortic  valves,  the  review  of  the 
literature  made  liy  Drasche  shows  that  they  are  more 
fre(|uently  located  in  the  mitral  valve  and  tliiit  the  ante- 
rior leafiet  is  more  often  aiTected  than  the  iiosterior.  Of 
the  'i'A  cases  collected  by  I'elvet,  in  1(5  the  aneurism  was 
on  the  mitral,  in  7  on  the  aortic  valve.  The  perforation 
is  almost  always  found  on  the  side  of  the  valve  which  is 
c.vposeil  to  the  highest  pressure — the  vi'titriciilar  surface 
of  till'  mitral,  the  distal  surface  of  the  aortic.  The  cavity 
may  be  lined  by  a  lamimited  clot.  The  layer  of  the 
valve  opposite  to  (hat  containing  the  ])erforation  may 
rupture,  and  (he  valve  (hen  suddenly  become  insuffi- 
cient. The  .symiifotus  in  such  a  case  might  be  precisely 
similar  to  those  of  valvular  rupture  fixmi  any  other 
cause. 

Aneurysms  have  also  been  found,  though  rarely,  in  the 
valves  of  the  right  heart.  As  may  be  readily  under- 
stood, valvidar  aneurism  is  of  pathological  rather  than 
clinical  interest,  inasmuch  as  it   betrays  its  presence  liv 


no  distinctive  diagnostic  mark.  Acute  endocarditis  can 
usually  be  detected,  and  so  also  valvular  incompeti-mc, 
but  (he  precise  s(eps  whi<h  have  led  from  one  to  the 
other  in  any  given  case  must  remain  highly  uncertain. 
This  being  the  case  there  is,  of  course,  no  special  treat- 
ment to  be  recommended  other  than  that  suitable  to 
acute  emlocarditis.  It  would  seem  that  the  affection  oc- 
casionally becoines  chronic  when  seated  in  the  mitral 
curtains,  anil  is.  therefore,  somewhat  less  serious  than  in 
the  semilunar  cusps. 

There  is  one  other  anil  more  chronic  condition  which  is 
sometimes  classed  as  valvular  aneurism.  A  portion  of, 
or  the  whole  valve,  namely,  may  become  so  modified  by 
intiammatory  changes  that  its  tissue  generally  yields  and 
becomes  stretched  by  the  force  of  the  blood  pre.ssur< — 
both  layers  of  the  valve  remaining  in  apposition,  but 
being  bellied  out  with  the  convexity  toward  the  left 
auricle  or  ventricle  rispeitively,  according  as  the  changes 
are  seated  in  the  mitral  or  in  the  aortic  valve. 

Frederick  V.  S/ialluek: 

HEART  DISEASES:  ANIMAL  PARASITES.— Animal 

paiasili'^  an  Iml  lanly  lound  in  llir  liuiiiaii  lirart.  The 
cchinococcus  is  the  most  freiiuent  and  the  only  one  likely 
to  give  rise  to  serious  symptoms.  The  heart  is  involved 
in  about  one  per  cent,  of  all  cases  of  cchinococcus  infec- 
tion. In  a  large  percent,  of  cases  the  heart  alone  was 
involved.  The  cysts  are  found  much  more  freiiiiently 
in  the  right  side  of  the  heart.  They  may  vary  in  size 
from  a  iiiuhead  to  an  orange  or  even  larger.  In  one 
case  in  which  the  hydatid  was  situated  in  the  left  ventricle 
the  enlargement  of  the  heart  was  so  great  as  to  displace 
and  com]iress  both  lungs.  The  cysts  may  be  single  or 
miilti|ilc  ;  inline  case  eighty  were  found  forming  a  grape- 
like  cluster  exiending  from  the  right  aHricU-  into  the 
ventricle  through  the  tricuspid  orifice.  As  a  rule  the 
hjdalid  develops  within  the  wall,  but  it  may  occasiim- 
ally  project  as  a  iiedunculated  cyst  into  the  heart  cavity 
or  into  the  pericardial  ssic.  In  both  cases  the  origin  of 
the  cyst  is  in  the  myocardium,  but  as  the  hydatid  in- 
creases in  size  the  muscle  is  either  iiushed  aside  or  be- 
comes atrophic,  and  may  finally  disap))ear.  the  cyst  then 
comini,'  to  project  eillnr  upon  the  pericardial  or  uiiou  the 
eudocarilial  suiface.  The  pedicle  consists  of  a  portion  of 
the  overlying  pericardium  or  endocardium.  In  tare  cases 
the  cyst  may  extend  entirely  through  the  wall,  formiug 
a  fluctuating  tumor  covered  on  one  side  by  pericardium 
and  on  the  other  by  endocardium.  The  large  hydatids 
may  confjiin  numerous  daughter  cysts,  varying  in  size 
from  a  jiea  to  a  pigeon's  e.srg.  The  heart  muscle  in  the 
immediate  neighborhood  of  the  cyst  may  show  no 
changes  or  the  muscle  tibres  may  be  atrophic.  The 
thickness  of  the  cyst  wall  varies  from  1  to  it  mm.,  but 
(his  may  be  much  increased  by  fibroid  changes  in  the 
overlying  iieri-  or  endocardium. 

Small  hydatids  of  the  myocardium  not  projecting  into 
the  pericardial  sac  or  heart  cavity  |)roduce  no  symptoms 
and  are  usually  discovered  only  at  autoiisy.  When  the 
cyst  projects  into  the  cavity  of  the  pericardium,  pi'ricar- 
ditis  may  be  produced,  and  this  may  in  turn  give  rise  to 
a  iileuritis  by  direct  extension.  Subpericardial  hydatids, 
however,  do  not  always  excite  pericarditis.  In  neither 
case  are  the  symptoms  characteristic.  Hydatids  pro- 
jecting into  the  heart  cavity  are  very  likely  to  rupture. 
In  this  event  sudden  death  may  result  from  the  cmliolisin 
of  the  daughter  cysts.  In  the  great  majority  of  cases 
the  perforation  is  into  the  right  heart,  the  cysts  blocking 
either  the  tricuspid  orifice  or  the  ]iulmonary  artery. 
SmalU'r  cysts  may  ]iass  through  the  main  pulmonary 
branches  and  lead  to  embolism  of  the  smaller  arteries  and 
the  formation  of  multiple  hydatids  throughout  the  lung. 
Death  may  result  in  such  cases  from  pneumonia,  slowly 
developing  pleviritis,  general  cachexia,  etc.  Partial  ob- 
struction of  (he  pulmonary  orifices  may  give  rise  to 
symptoms  of  pulmonary  stenosis  and  insuflicicncy. 
Rupture  of  an  cchinococcus  cyst  into  the  left  heart  may 
lead  to  blocking  of  the  aortic  orifice  with  resulling  ste- 
nosis and  iiisiitViciencv.  or  smaller  cvsts  mav  cause  occlu- 
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llf'Hrt    ltl»i-M»«*a. 


Hioii  of  iMTiplii-nil  iirlcrifH,  Irudiiijj  to  limil  piiiKiriiouH 
ciiiicliliiiiiK.  Ill  1)111'  riiru'  riipliirc  nicurrril  iiiln  Ixilli  llii' 
ritflii  mill  llirli'fl  liriirl.  Kiiilinlisiii  <if  icIiiiKxiHriiKcyKls 
ill  till'  rlclil  lirarl  or  |iiiliiiiiimry  vessels  limy  iiIho  "K'eiir 
11.1  tlie  restiill  of  the  rii|>liire  nf  priiiiiiry  livduliilH  iiilo  tlie 
liirp- Veins,  This  oeeiirs  iiiusl  frec|iieiit(y  in  the  ru'«' of 
liver  hyiliiliils. 

The  ililTeieiitiiil  iliiiKMosis  of  heurt  liyiliiliils  is  in  tlic 
limjni'll\  of  eases  impossible.  The  eoiidilioii  limy  he  siis- 
pi'eteil  \vllrll  llMillliils  ale  present  ill  olllel  parls  iif  the 
IkkIv.  or  floiii  the  imliiii'  of  the  eiiilioli  when  einliolisiii 
cKTiirs.  In  one  of  thereporteil  eiises.  in  wliieli  there  were 
liiinicroiis  iiii'tastases  tliroii;;lioiil  llie  lull):.  hiiiiiII  cysts 
were  foiinil  in  (he  spiiliiin.  Aspinilioii  of  the  periiar 
dial  sac  and  iiiieroscopicnl  exainiiiiilioii  of  the  tliiid  thus 
olitaiiied  limy  lead  lo  the  reeojinilion  of  the  eondilion. 
In  thos)'  cases  in  wiiieh  ihi'  cysts  ilo  not  rupture  or  pro 
jeet  into  the  perieaidiiil  sjie  the  syniploins  are  of  a  very 
indeliiiile  iialnre  mid  may  sUL'^esI  lithir  myocarditis 
or  valvular  lesions.  Tin-  trealmeiil  is  entirely  sympto- 
matic. Ill  certain  casi's  siir>;ical  interference  may  lie 
of  avail,  (oHHllmrl  claimed  to  have  cured  ii  case  of  hy- 
datid cyst  of  the  lurdiac  wall. 

Tlie  (ysticcreiis  celliilosie  is  of  rare  occurrence  in  the 
Iieart.  only  about  thirty  eases  liaviui;  been  reported. 
The  left  ventricle  appears  lo  be  most  freciueiitly  iilfected. 
The  cvsis  are  usually  few  in  number,  the  size  varying 
from  a  bean  lo  a  hazelnut,  niiely  larirer.  They  may  be 
found  in  the  muscle  or  just  beneath  the  endo-  or  pericar- 
dium. As  in  the  case  of  the  echinocoeciis  hydatids  they 
niny  project  from  the  endocardial  surface  into  the  blood 
stream,  beiiijr  allached  lo  the  wall  by  a  slender  pedicle 
foriiieil  by  the  eiidocaidiuni.  The  layer  of  endocardium 
over  tlie'cyst  may  bi-come  very  much  tliickeiK'ii.  The 
condilii>n  cannot  be  diiignosed  duriii;:  life,  tin-  symptoms 
beiiij;  of  a  very  indelinile  chanicter  or  entirely  wanting. 

Trichina  spinilis  is  stated  by  many  writers  never  to 
occur  in  Iieart  muscle,  but  cases  of  such  occurrence  have 
been  obsi-rved  by  I.eiickart.  von  ZeiiUer,  and  Fiedler. 
Pentastoma  denticulatuni  has  also  been  found  in  the 
heart  wall.  In  the  ca.se  of  both  of  these  ])arasilts  the 
alTection  of  the  Iieart  is  of  patholoirical  interest  onlv. 

A;,/n'l  S-aft   W'lirthin. 

HEART  DISEASES:  DISPLACEMENTS.— DiSFtM- 
TIONS  .\Nn  V.MtiKTiKs. — The  Iieart,  in  a  state  of  health, 
is  subject  to  certain  chan.iies  of  position.  causc<l.  first,  by 
the  respiratory  movements,  and.  secoml.  by  altenitions 
in  the  bodily  "posture.  Abnormal  displacements  of  the 
or,can  may  be  either  con.ireiiital  or  aci|iiire<l.  The  latter 
only — or  those  that  occur  as  the  result  of  disease — will 
be  considered. 

In  studyin.i;  the  displacements  of  the  heart  it  is  impor- 
tant to  remember  that  the  origan  is  held  in  silii  directly 
by  the  treat  ve.<sels.  and  oiJy  indirectly,  through  the 
pericardium,  by  the  diaphragm.  The  attaclimcnts,  fi.\- 
ing  only  the  base  of  the  Iieart.  permit  free  i)hiy  to  the 
b(Hly  of  the  organ,  which  hangs  loosely  in  the  iierieardial 
sac.'and  very  easily  undergoes  displacement  laterally  or 
vertically,  while  its  dislocation  either  forward  or  back- 
ward is  exceedingly  nire.  This  statement,  however, 
points  only  to  a  broa<l  geneml  classilication  of  the  disor- 
ders in  question,  since  the  heart  is  very  seldom  displaced 
in  an  absolutely  horizontal,  or  in  an  absolutely  vertical, 
plane. 

.Mounm  Anatomy. — It  is  noteworthy  that  the  amount 
of  dislocation  actually  found  after  death  is  usually  less 
than  till'  physical  signs  during  life  have  led  one  to  ex- 
pect. The  most  obvious,  though  less  imitortant.  change 
which  tlu'  heart  undergoes  is  a  ilistiirbance  of  its  normal 
relations  to  adjacent  structures.  Compression  of  the 
canliac  walls,  which  may  occur  to  a  greater  or  le.ss  de- 
gree in  the  pressure  class  of  cases,  may  be  the  more  im- 
portant I'ondition.  The  pericardium  is  .sometimes  dis- 
placed with  the  heart,  or  greatly  stretched,  and  the  great 
vessi'ls  at  the  ba.se  of  the  Iieart  and  at  the  root  of  the 
neck  may  be  stretched  and  twisted,  their  change  in  posi- 
tion varying  with  the  direction  and  extent  of  cardiac  dis- 


placement. In  some  iiihtances  the  clreiihtlioii  in  the  vch- 
sels  is  Hcriously  impeded.  Itccasiunally  the  periciinllum 
and  heart  bicoine  adherent,  and  iidhcHioiis  iH'tweeii  the 
periiariliiim  ami  pleiini  llx  the  heart  in  its  ulinormal  po- 
silioii. 

The  functional  diHtiirbunceHreHiiltlnx  from  thewallent- 
tioiis  vary  with  thif  caiiHi'  of  the  displaiemeiit.  In  those 
which  are  due  to  prissiire.  the  heart,  if  healthy,  kiitreni 
Hull'  or  no  real  ci impression,  even  when  the  disliKii- 
tioii  is  elTecteil  rapidly ,  and  if  it  is  displaced  in  front  of, 
and  in  contact  with,  a  .s<ilid  tumor,  such  as  an  iineiiriKin, 
a  solidilied  lung,  or  the  spinal  column,  its  impulses  iiiay 
be  so  vigorous  and  dilfused  a.s  lo  be  mistaken  for  cardiac 
hypirtrophy.  Hut  if  the  heart  is  dis<'as<'(l,  and  es|)e- 
cially  if  its  walls  are  degenerated,  or  its  cavities  iniich 
dilated,  sudden  compression,  although  modenite,  may 
cause  embarrassment  of  the  cardiac  aelioii.  and  even  in- 
duce a  fatal  syncope.  In  those  displaci'inents  which  are 
due  to  retraction  of  either  lung,  the  liearl  is  displaced 
toward  the  retnieted  side.  Jiartly  by  traction,  and  partly 
by  extra  distention  of  the  opposite  lung,  and  the  effects 
upon  the  functional  activity  of  the  Iieart  are  compara- 
tively slight.  In  very  rare  cases  the  Iieart,  when  dis- 
placed, becomes  involved  in  the  iiitlamnialory  process  of 
the  lung  or  pleura,  which  leads  to  the  displacement,  and 
libroiil  changes  in  its  walls,  occurring  secondary  to  adhe- 
sions, viltimutely  interfere  greatly  with  the  heart   power. 

Etioloov. — The  causes  of  ac(|iiired  displacement  of 
the  Iieart  are  most  conveniently  arranged  in  two  cla.s.scs: 
first,  conditions  that  exert  pressure,  and  second,  condi- 
tions that  exert  traction  upon  the  heart.  On  the  same 
prin.iple  all  cardiac  displacements  have  been  placed  un- 
der the  two  heads  of  "excentric  "  and  '■concentric."  In 
the  former  f)f  the  aliove  classes,  the  heart  may  be  presst'd 
or  pushed  out  of  position  by  lliiiil  elfusions  into  either 
pleural  cavity.  This  is  by  far  the  most  frei|iieiit  cause 
of  lateral  disi)laceinent.  Pneumothorax  will  also  push 
the  Iieart  to  one  side,  and  when  accomjianied  by  perfora- 
tion and  inllanimatory  efTiision.  will  carry  the  displace- 
ment to  its  utmost  possible  limit.  Ilydrothorax  being 
usually  double,  and.  therefore,  pressing  equally  on  both 
sides  of  the  heart,  does  not  displace  the  organ  laterally, 
but  downward.  Iiilrathoiiicic  tumors,  aneurisms,  and  ab- 
.sces.ses  sometimes  ]>re.ss  the  Iieart  to  the  right  or  the  left. 
Hypertrophy  and  emphysema,  or  other  causes  of  enlarge- 
ment of  the  lungs,  occasionally  ojx'rate  in  the  same  way. 
as  also  does  extensive  peumonic  consolidation.  Pericar- 
dial elltision.  when  considerable,  but  not  extensive,  may 
push  the  apex  into  a  position  corresponding  to  the  left 
nipple,  or  even  above  it.  Cardiac  displacement  may  also 
depend  upon  various  abdominal  conditions,  as  gaseous 
distention  of  the  stomach  and  intestines,  enlargement  of 
the  liver  or  spleen,  the  pregnant  uterus,  abdcmiinal  tn- 
niors  or  ascites.  Diaphragmatic  hernia  or  abscesses  iu 
extremely  rare  cases  cause  displacement  of  the  heart  up- 
ward. 

In  the  second  class  of  cases  the  displacement  is  con- 
ceiilric,  that  is.  toward  the  origin  of  the  displacing  force. 
This  movement  takes  place  during  absorption  of  pleuritic 
etTiisions.  with  imiierfect  expansion  of  the  lung;  ami  in 
consequence  of  a  tibroid  phthisical  process  or  cirrhosis  of 
the  hing  causing  a  gradual  decrease  in  its  volume.  The 
heart  also  sufifcrs  traction  in  some  forms  of  deformity  of 
the  chest  dependent  upon  curvature  of  the  spine.  It 
must  be  observed,  however,  that  in  all  these  instances  the 
displacing  force  is  in  reality  one  of  jiressure.  resulting  in 
displaceinent  from  removal  of  the  normal  counter- press- 
ure. In  certain  cases,  however,  actual  traction  undoubt- 
edly occurs,  as  when  the  |iericardiiim  becomes  involved 
in  a  cirrhotic  process  iu  the  lungs,  or  in  an  adhesive 
pleurisy,  and  it  and  the  heart  are  displaced  by  the  sub- 
sequent retraction. 

Since  displacement  of  the  heart  is  a  |iurely  mechanical 
process,  its  motion  will  lie  subject  to  the  universal  law 
of  moving  bodies:  that  is.  it  will  take  the  direction  of 
least  resistance,  or  of  the  resultant  of  all  the  acting 
forces.  The  more  commou  elements  of  this  resultant 
are: 
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1.  The  rpstmining  force  of  the  cardiac  attaclinients, 

pnitinilarly  at  its  base. 

i.  'I'lic  (Iciisily  ami  resistance  of  the  surrounding  tis- 
sues. Tliis  latter  may  tie  jiosilive,  a.s  in  ease  of  a  solid 
tumor.  orncL'alive.  as  in  gincumotliorax. 

3.  The  weijiht  of  the  heart  is.  as  a  rule,  of  slight  im- 
portance. In  eardiae  hypertrophy,  however,  it  may  he 
sullieient  to  produce  tini|ic>rarily.  during  decubitus  on 
tlie  left  siile.  a  decided  displacement. 

4.  The  direct  exciting  cause  cither  of  pressure  or  of 
traction. 

These  elements  may  jiroduce  one  or  both  of  two  forms 
of  motion — either  distinct  displacement  or  rotation  <if  the 
lieart  about  one  of  its  a.xes.  IJotaliDii.  owing  to  the 
peculiar  attachments  of  the  heart,  is  almost  invariably 
about  the  long  a.xis.  or  a  ti.xed  point  at  the  base. 

Passing  now  to  a  sjiecial  consideration  of  the  causes 
operative  in  the  several  varieties  of  displacement,  we 
find  that  displacement  toward  the  left,  which  is  most 
common,  is  brought  about  by  eontractiim  of  the  left 
lung  by  accumulation  of  tluid  or  air  in  the  right  jileural 
cavity,  or  by  solid  enlargements  of  the  right  lung  or 
right  lobe  of  the  liver.  Displacement  toward  tlic  right 
is  most  friMpU'iitly  due  to  the  presence  of  lluid  or  air  in 
the  left  iileural  .sac.  but  may  also  result  from  contraction 
of  the  right  lung  conseciuent  upon  chronic  pleurisy  or 
fibroid  phthisis:  and  from  the  development  of  tumors  in 
the  left  side  of  the  chest  or  mediastinum.  Displacement 
downward  may  be  caused  l)y  aneurisms  or  solid  tumors, 
emphysema  of  the  lungs,  etc..  in  the  thorax,  or  by  col- 
lapse of  the  stomach  or  intestines.  Displacement  up- 
ward may  be  due  to  solid,  liqtiid.  or  gaseous  accumu- 
lations in  the  abdominal  cavity,  ovarian  tumors, 
enlargement  of  the  liver,  fibroid  tumors  of  the  uterus, 
etc.  Enlargement  of  the  left  lobe  of  the  liver  usually 
displaces  the  heart  upward  and  to  the  left,  while  great 
enlargement  of  the  spleen  may  push  it  upward  and  to 
the  right.  Enlargement  of  tlie  liver  from  abscesses  will 
also  raise  the  organ  somewhat,  a  fact  which  may  become 
very  valuable  as  a  means  of  distinguishing  between  he- 
patic abscess  and  abscess  in  the  abdominal  wall  over  the 
liver.  Another  cause  of  this  displacement  is  contraction 
of  the  up])er  part  of  either  lung,  the  most  common  patho- 
logical condition  being  ]ilithisis.  Forward  displacements 
are  usually  caused  by  an  aneurism,  ora  solid  tumor  in  the 
posterior  mediastinum.  Backward  displacement  may  be 
produced  by  tumors  in  the  anterior  mediastinum,  collec- 
tions of  air,  pus,  or  blood  in  the  same  situations,  or  a 
posterior  exostosis  of  the  sternum. 

Sv.Mi-ro-MS  .\ND  PiivsiCAi,  Signs. — Simple  displace- 
ment of  the  lieart,  unattended  by  compression  of  its  wails 
or  torsion  of  the  great  vessels,  causes  no  distinctive  sub- 
jective symptoms.  This  is  especially  true  when  the  dis- 
placement has  been  gradual.  AVhen  it  has  been  rapid, 
however,  or  is  due  to  pressure,  symptoms  of  embarrassed 
cardiac  action  may  be  developed  suddenly.  They  com- 
monly consist  of  pra-cordial  oppression,  more  or  less  se- 
vere pain,  amounting  even  to  true  angina;  palpitation 
with  its  accompanying  peculiar  sense  of  lack  of  breath, 
which  may  inenase  until  it  becomes  absolute  dyspnrea; 
a  weak,  irregular  ptilse,  and  a  pale  or  cyanotic  counte- 
nance. Such  siuhlen  compression  results  most  frequently 
from  a  nipidly  developed  ga.seous  distention  of  the  stom- 
ach or  intestines,  and  may  ([uickly  become  dangerous, 
and.  if  not  relieved,  produce  collapse  and  death. 

Ijitend  displacements  are  usually  more  readily  de- 
tected w  hen  o<-eurring  toward  the  right  than  towai"d  the 
left  side.  In  the  former  case  the  apex  beat  not  infre- 
quently corresponds  to  the  right  nijiple.  between  the 
fifth  and  seventh  ribs,  the  apex  itself  beins;  usually  raised 
by  the  width  of  an  intercostal  space  above  the  iiormal 
level.  In  displacement  toward  the  left  the  apex  beat 
may  be  observed  in  the  axillary  region,  with  little  or 
no  perceptible  movement  at  the  normal  situation  of  the 
apex. 

Dr.  Douglas  Powell  has  shown  that  in  right  lateral 
displacement  the  apex  of  the  heart  is  depres,sed,  but 
never  so  as  to  occupy  a  position  external  to  the  base; 


wliereas  in  displacements  to  the  left  the  apex  is  rela- 
tively elevated,  and  the  long  axis  of  the  heart  is  nearly 
or  (piite  horizontal.  According  to  Hayden.  the  di.stiuc- 
live  features  of  lateral  displacement  from  liquid  effusion 
into  the  opposite  pleura  are  the  slow  aiul  mensurable 
mode  of  its  occurrence;  pereiisMon  dniness  on  the  side 
whence  the  heart  has  been  displaced,  and  clearness  on 
the  opposite  side,  beyond  the  limit  of  cardiac  dulness; 
and.  in  the  event  of  the  removal  of  the  displacing  me- 
dium, return  of  the  heart  to  its  natural  situation,  or  be- 
yond it  when  the  limg  previously  compressed  has  be- 
come incapable  of  expansion.  Since  the  apex  of  the 
heart  is  so  much  more  movablethanitslia.se.  it  is  evi- 
dent that,  in  eases  of  displacement,  the  maximum  point.s 
of  its  sounds  will  not  be  eijually  removed  from  their 
normal  situation.  Thus,  in  left  pleuritic  elTusion,  when 
the  maximum  point  of  the  first  sound  is  carried  out  of 
place  to  the  extent  of  seven  or  eight  inches,  the  maximum 
point  of  the  second  sound  is  scarcely  ever  changed  more 
than  an  inch  and  a  half.  In  displacement  to  the  right 
a  systolic  murmur  has  been  noticed,  which  is  ascribed  to 
a  twisting  of  the  great  ves.sels.  AVheu  displacement  of 
the  heart  is  caused  by  cancer  of  the  lung  or  pleura — with 
or  without  elTusion  fvf  serum — two  diagnostic  symptoms 
of  great  value  are  especially  to  be  noted,  viz.,  enlarge- 
ment of  the  subcutaneous  veins  of  the  affected  side  of 
the  chest,  and  distinct  transmission,  on  the  same  side,  of 
the  sounds  of  the  heart.  These  signs,  when  acc(mipanied 
by  dulness  on  percussion,  absence  of  respiratory  sounds, 
and  vocal  fremitus,  except  at  the  root  of  ihi'  lung,  and 
by  excentric  disi)!acement  of  the  heart,  become  path- 
ognomonic of  cancer  of  the  lung  or  pleura. 

In  downward  displacement  the  heart  not  only  lies 
lower  than  usual,  but  it  generally  sways  a  little  to  the 
right.  Displacement  in  this  direction  is  limited  by  the 
diajdira.sm.  and  by  the  attachments  at  the  base  of  the 
heart.  It  is  most  frequently  caused  liy  emphysema  of 
the  limgs,  which  constitutes,  in  fact,  one  of  the  most 
valuable  signs  In  this  form  of  displaeenient.  If  the  ajx'X 
beat  is  perceptllile  at  all,  it  is  situated  below  and  to  the 
left  of  its  normal  position.  There  is  pulmonary  reso- 
nance instead  of  dulness  in  the  pr.Tcordial  area,  and  the 
cardiac  sounds  are  transferred  to  the  epigastric  triangle 
and  the  lower  left  cartilages. 

Upward  dlsplac<inent  appears  to  reach  its  maximum 
when  resulting  from  ovarian  dropsy.  In  some  of  these 
cases  distinct  Impulse  is  not  to  be  felt  below  the  second 
interspace.  The  .sounds  of  the  heart  are  carried  upward 
and  weakened.  In  ijericardial  elTusion  the  cardiac  im- 
pulse may  correspond  in  po.sition  to  the  left  nipple,  or 
even  be  shifted  farther  in  that  direction.  AVlien  the  effu- 
sion is  very  copious  the  apex  beat  may  be  completely 
obscured. 

Backward  displacement  occurs  most  frequently  in  con- 
lU'Ctioii  with  other  forms  of  dislocation.  It  is  unaccom- 
panied by  any  physical  signs  due  directly  to  the  condi- 
tion itself. 

Forward  displacement  is  ascertained  with  difficidty. 
The  physical  signs  are:  Increase  of  the  area  and  strength 
of  i)ulsation  and  of  pra>cordial  didness:  bulging  of  the 
same  sometimes  is  noticed  in  young  subjects.  The  car- 
diac sounds  are  int<nsitied. 

Dia<;nosis. — The  diagnosis  of  acquired  displacements 
of  the  heart  is  to  be  made  by  the  position  of  the  apex 
beat,  and  of  the  iin|)ulse  of  the  organ  generally,  by  the 
altered  locality  of  eardiae  percussion  dulne.s.s,  and  by  the 
ciunpanitive  intensity  of  the  heart's  sounds,  more  espe- 
cially of  the  first,  at  different  jiarts  of  the  chest.  The 
chief  conditions  which  simulate  cardiac  dislocation  are 
the  following:  Physiological  displacements,  to  which 
reference  was  made  at  the  outset ;  pracordial  bulging  in 
cardiac  hy]ierlro])liy :  intrathoracic  tinnors  and  aneur- 
isms lying  behind  the  heart  and  pushing  it  forward — 
thus  producing  the  closest  possible  rcscnUilance  to  car- 
diac hypertrophy ;  adhesionsof  the  pericardium ;  atrophy 
of  the  lungs. 

PmuiNOsis — Displacements  of  the  heart  being,  in  most 
instances,  attended  bv  onlv  a  slight  amount  of  functional 
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Il«-iirl   l>lMi-UM«- 1. 


ilislurliiiiii'o.  hikI  iiflcMllmcH  l>y  none  nt  nil,  tlwlr  prog- 
lUisU  is  (li'ti-riiiiiiril  liy  llir  clisciiic  in  « liirli  tlii-y  origi- 
imlc.  As  iilrriiily  iiii'iiliniii'il.  \\  lien  llii-v  iiri'  iicriiiiipii' 
lljl'<l  l>V  sllllill'll  Hill  I  \  inlrlll  lOlllpK-vsjiili  nf  lllr  linilt.  llli'M- 
KViiipliiiiis.  if  ipit  ri'lii'M'il  in  linn,  iiiiiy  rcHiilt  faliillv. 
l*»imlly.  Imwrvn.  iIm' ilin  rl  riin>^'i|iiiiiri's  nf  tln«'  tils 
pliKinii'iiis  nil'  aiin<>\  itik;  nilliri'  timii  siTinus. 

TitlM  mi;n  r  — 'I'liirr  is  no  ilinit  liiiiliiiriit  of  mriliiir 
iliH|iliiri'iiii'iils,  lliry  iin>  to  in:  rriiii'iliril  only  liy  the  re- 
iiiiiviil  of  tlii'ir  (-111184':  but  lliis.  in  tlii'  tniclioii  cIhks  of 
(iisi's.  is  vrry  niicly  possililr.  In  tins*'.  Iiowcvcr,  wliirli 
ri'siill  from  picRsuri'.  trriitincnt  is  oftni  liotli  iiiyi-nllv 
iiiiliniti'il  anil  liiiflily  siini'ssfiil.  'I'lir  lioiililisonir  pwl- 
siitioii  « lii<  li  is  siiiiifiinirs  cNpiriiin  Til  iiiny  fiii|iiiiilly 
III'  nlirvi'il  liy  ilic  siinplr  iipplii iiiion  of  ii  licllailiiiiiiii 
plaster,  with  assiiniiu-fs  us  to  llii'  uniiiiportaiici'  of  tin- 
svniploiii.  All'iiil  I..  I.'ximlf. 

HEART  DISEASES:  ENDOCARDITIS.  -  Kii.lmai.lilis 
is  an  iiillaiiiniatioii  of  the  rnilocaiiliiiiii.  /' >  ,  of  the  niriii- 
bnnic  liiiiiii;  tin'  raviiics  ami  Milvrs  of  tlic  lii-arl.  In  llic 
great  inajority  of  casi'Stlii'  valvular  I'mlocanliiini  is  alone 
involvrd. 

Ci.AssiKK  ATiox. — Knilocarilitis  is  dividnl  into  two 
lar.L'i'  classi's.  aciili'  ami  rliidnic.  We  shall  roiitino  our- 
selves chii'lly  to  n description  of  theaeute  fonii.  Chronii" 
ondiK-arditis  is  pniclically  synonymous  with  ehronie  val- 
vular disease  of  the  heart. 

Acute  endocarditis  is  divided  inio  lieiiiirn  and  inalii;- 
nnnt.  These  are  dilTerenlialed  hoili  clinically  and  palh- 
olojrically.  The  synonyins  of  beiiiirn  aic  simple,  rheii- 
miilic.  veTTUcose  and  iiapiiliiiy;  those  of  ninliu'iiaiit  are 
ulcenitive  and  infective.  It  iimst  In'  iciiiiiiiln n d  il]:^i 
the  distinction  between 
beiiii;!!  and  malignant  is 
one  not  of  kind,  but  of 
degree,  ns  all  stages  be- 
tween the  twoare  found, 
and  the  same  bacteria 
may  be  present  in  Imih 

IltsTouv.  —  liiiiiillaud 
tirst  recognized  cmlocar 
ditis  as  a    distinct   dis 
eiLsp.   publishing  an   ac 
coiuit  of  it  in  his  work 
on  the  heart  and  vessi'K 
in  1824.     The  discovery 
of     the    stethoscope    by 
I-ai'nnec  made  it   jtossi 
ble    to    recognize    endo 
carditis      during      life 
Previous  to  this  time  it 
was  impossible  to  diag 
nose    this   disease   with 
anv  degree  of  certainty 
on    account    of    its    in 
definite    and     unrelialil' 
syiiiplomatology.     In 
1X14  Kreysig  of  Dresden 
devoted  special  attention 
to   inllammalion   of   tin- 
lining  membnme  of  the 
liearl.     Bon  i  1  laud  by 
means  of  the  signs  fur 
nisliid  by   LalMinec  wa^ 
able  accurately  to  local 
ize   the  endocarditis   on 
certain   valves.     He  de 
dared  there  was  a  close 
relationship  existing  be- 
tween   rheumatism   and 
endocarditis.       He    also 

called  attention  to  the  fact  that  other  diseases  than  rheu- 
matism, for  instance,  pneumonia,  might  produce  endo- 
carditis. He  recognized  likewise  the  fact  that  the  acute 
form  might  be  altendeil  by  symjitoms  of  py.-imia. 
Virchow  described  the  process  of  embolism,  thus  ex- 
plaining the   obscure  complications  on  the  part  of  the 


hmin  niiti  kidneyg,  fui  Intimately  nwu)cbit4-il  with  emlo- 
carditis.  Follow'lng  this  the  im'portiint  additions  to  mir 
knovvh'dge  of  the  diMiisi'  have  been  made  by  biiclc- 
riologlsis.  Klebs  in  \Kx  was  the  pioneer  and' iiiHiKled 
upon  it  that  the  varli>us  bai  leriii  o|  any  one  of  the  infec- 
tious diseases  niiglil  coloni/e  on  iln-  eiidocardiiiiii  anil 
produce  endiK'ardil is.  He  showed  that  both  the  iM'iiigli 
and  the  malignant  form  >!  were  eausid  l>y  baclcria  l.itlen 
found  the  same  mii-ro  organiNin  in  boili  forms  and  hliowetl 
thai  there  was  no  abrupt,  but  only  a  gradual  dilTerence 
iM'tween  the  two.  Since  thistinie  miillitudinoiiH  iiivexll- 
gations  have  been  made  by  bacleriologists  all  over  the 
world,  largely  increasing  our  knowledge  of  the  etiology 
of  llie  disiase. 

H.M  TKliiiil.iMiV. — The  following  bacteria  have  Ik'CII 
found  in  the  vegelations  of  endocarditis:  Streptococci, 
staphylococci,  piieiimococci,  and  gonococci  nioHt  frc- 
i|Uintly;  less  oft«'ii  the  bacteria  of  ty|ihoiil  fever, 
iintliraN.  diphllieria.  tuberculosis,  inlliienza,  and  the 
liaeteriiiin  coll  cummiinis. 

Krioi.oov.  —  .Vciiie  endocarditis  is  in  mo8tca.sps  a  prtMl- 
uct  of  liactcriiil  activity.  It  is  usually  secondary  to  the 
various  infrclinus  disea.ses.  \Vlicn.  as  rarely  happens, 
a  causativi'  factor  cannot  be  found.  il  is  Icriiicd  ciy|ito- 
gcjietie.  liacleria  cannot  always  be  demonstrated,  but 
this  may  be  due  to  the  fact  tliiit  they  arc  likely  to  di.sap- 
pear  as  the  vegetation  becomes  old.  Sometimes  il  is  pos- 
.sible  to  demoiislrale  iliem  only  by  culture  methods. 

Since  the  tinieof  Houillaiid  acutearlieiilar  rheumatism 
has  been  recognized  as  the  most  imporlaiil  a.ssoeiate  of 
eudocjinlitis.  Il  is  incorrect,  to  speak  of  it  as  a  cau.se, 
since  il.  like  emloi-ardilis.  is  llie  ri  suit  of  baiterial  activ- 

it\.    Willi  llilTclcnt     I'K  llli/;ili"ll>         Wllcll     llie    L'riliir,;-    ils 


Fig.  aiSO.— Malignant  Endocarditis  Involving  the  Mitral  Valves  and  me  Left  Auricle.    (Original.) 


toxin  attacks  the  joint  it  is  rheumatism;  when  the  en- 
docardium, endocarditis.  In  a  certain  percentage  of 
cases,  llie  pericardium  is  attacked  either  alone  or  to- 
gether with  the  endocardiuni. 

Chorea  seems  to  have  a  special  association  with  endo- 
carditis.    The  vast  majority  of  fatal  cases  show  endo- 
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carditis.  Diiriiij;  diilillnMHl  sciirlct  fever  is  more  oft<n 
ass(>ciiile<l  with  ciKlneanlitis  limn  iiiiyof  tlieotlier  iliscascs 
of  early  life.  Thayer  ami  Ijizear  have  analyzed  tliirly 
cases  of  fatal  ulcerative  endocarditis  which  occurred  in 
gouorrhiea. 

Osier  has  demonstrated   the   freiniont   a.ssocintinn   of 
pneumonia     with     malisnant      eiulneardilis.      Infected 


fiu.  iwl.— MaliKUiint  Euducarditis ;  UlceraliDn  nt  the  .Aortic  Valves; 

Atlieroma.    (Original. ) 


wounds,  or  sejitic  processes,  external  or  internal,  snch  as 
puerperal  fever,  boils,  i;aslrie  ulcer  and  lione  necrosis 
may  also  hv  followed  by  tlje  nialiguant  variety.  The 
infectious  assent  may  tiiid  an  entrance  through  lesions  of 
the  skin,  mucous  membranes  of  the  throat,  srastro-intes 
tinal.  ri'spiratory,  and  gcnito-uriiuuy  tracts — and  produce 
endocarditis. 

It  is  fretpicntly  found  in  debilitating  diseases,  such  as 
Brighl's  disease,  diabetes,  cancer,  etc.  These  diseases 
reduce  the  vil.ility  of  the  jiatieni,  rendering  him  more 
susceptible  to  the  action  of  the  infectious  agent. 

Not  many  years  ago  in  discussing  th<'  etiology  of  this 
disease  a  prominent  authority  wrote  that  it  arose  from 
exposure  to  cold  or  without  any  cause  being  discoverable. 
Our  i)reseut  certainty  regarding  its  etiology  is  in  pleasing 
contrast  to  former  guesswork.  Benign  endocarditis  is 
common  to  childhood.  This  is  supposed  to  be  due  to  the 
greater  vulnenil)ility  to  bacterial  action  during  early  life. 
The  malignant  form  is  rare  in  childhood. 

.Moiiiuii  Anatomy. — lieiiiijn  Form. — As  a  rule  endo- 
carditis involves  the  valves,  but  it  is  possible  for  it  to  be 
localeii  upon  the  cliordie  tendinea>,  or  the  walls  of  the 
cavities  (mural  endocarditis).  Grayish  yellow,  opaque 
bodii'S.  calle<i  vigi'tations,  are  seen  upon  the  diseased 
valves,  usually  near  their  edges.  They  may  be  minute 
and  in  great  numbers,  may  resemble  venereal  warts,  or 
may  be  so  large  as  to  rest  inble  an  extensive  coek'scomb. 
Microscopically,  they  consist  of  a  superlicial  layerof  coag- 
ulati'd  librin.  in  the  upper  layer  of  which  are  entangled 
numbers  of  leucocytes  deposited  from  the  blood  stream. 
Dee|)er  down  is  a  layer  of  simple  lilirin  free  from  corpus- 
cular elements  and  below  this  again  is  a  layer  of  gianu- 


lalion  tis.sue.  In  these  vegetations  bacteria  are  frerpiently 
found.  Sometimes  they  are  demonstrated  only  by  culture 
methods.  Again  they  are  absent  if  the  vegetation  has 
existed  for  some  time.  These  vegetations  are  a  constant 
source  of  danger,  as  they  are  frequenlly  w  hipped  olT  bv 
the  blood  current  and  carried  as  emboli  to  dilferent  parts 
of  the  body,  producing  striking  syinptonis.     The  mitnil 

valves  are  most  fre- 
quently atla<keil  by  t.lns 
])nices.s.  Next  come  the 
aortic  and  very  infre- 
(luenlly  the  tricus|)id 
and  the  p  u  I  mo  n  a  ry 
valves.  iMelal  endocar- 
ditis is  contined  chietly 
to  Ibe  right  side  of  the 
heart.  The  sequel  of 
ihis  inorbiil  ])rr)cess  may 
be  resolution  with  no 
inijiaiiinent  of  the  func- 
tion of  the  valve,  or, 
more  commonly,  thick- 
ening, retnu-tion,  curl- 
ing, or  even  calcilica- 
tion,  resulting  in  chronic 
valvular  lesions, 

Miiligiuiiit  Form. — AH 
stages  of  endocarditis 
all'  found  from  the  be- 
nign through  the  tninsi- 
tional  to  the  malignant 
form.  The  s;nue  bac- 
teria are  jiresent  in  all, 
but  are  more  numerous 
and  virulent  in  tiie  ma- 
lignant. There  is  a  de- 
posit upon  the  inllamed 
ana.  r<'sendilingin  many 
respeets  that  of  the  be- 
nign form,  but  contain- 
ing many  bacteria  of 
great  virulence.  If  this 
becomes  iletached  there 
is  loss  of  tissue  with  the 
formation  of  an  ulcer. 
This  may  peiwtrate  both 
layers  of  the  valve,  or  only  one  layer  of  the  endocardium, 
thus  )iriHlueing  a  valvular  aneurism.  The  destruction 
of  tissue  may  be  very  rapid  and  extensive  (Fig.  2r>92). 
As  in  the  benign  form,  the  left  side  of  the  heart  is 
usually  attacked.  The  tendinous  cords,  the  wall,  or  the 
l>apiliary  muscles  are  more  likely  to  be  involved  in  the 
])rocess  tliait  in  the  binign  form.  The  changes  produced 
liy  tile  baclerial  emboli  constitutean  important  part  of  the 
morbid  anatomy  of  iilcerative  endocarditis.  Small  masses 
<if  bacteria  are  whipped  olT  by  the  blood  current  ami  are 
carried  to  tln^  most  diverse  parts  of  the  body:  brain, 
lungs,  kidneys,  spleen,  skin,  mucous  membranes,  eye. 
etc.  Inllammation  and  suppuiation  soon  occur  an<i  we 
have  the  iiroduction  of  the  so  called  metastatic  abscesses. 
Few  of  the  viscera  may  escape. 

SvMi'TOM.\T0i.o(iV. — Flint  truly  says,  authenticated 
cases  of  endocarditis  disconnected  from  other  diseases, 
vvhieli  serve  to  mask  its  .symptoms  to  agreater  or  less  ex- 
lent,  arc  wanting. 

I!i/ii;/ii  Form. — The  symptoms  are  tisually  very  indeti- 
nite.  the  patient  rarely  complaining  of  more  than  a  jinv- 
cordial  distress.  Almost  never  does  this  amount  to  an 
actual  pain.  There  may  be  oppression  and  shortness  of 
breath.  The  heart  action  may  be  rapid  and  irregular, 
furnishing  symjitoms  of  palpitation,  'i'he  temperature 
is  usually  elevated  as  a  result  of  the  associated  disease. 
A  slight  extra  eU'valion,  a  degree  or  two,  usually  occurs 
with  the  advent  of  endocarditis.  Naturally  then,  because 
of  the  unobtrusiveiiess  of  the  symjitoms,  the  disease  is 
freipiently  latent  and  not  recognized.  The  physician 
who  keejis  in  mind  the  eliology  of  endocarditis  and 
makes  routine  heart  examinations  in  all  cases  ot  rheu- 


Hole  Ibrougli  One  of  tlie  Valves ;  old 
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iiiiitiHni,  clKin'ii,  inH-iinifiiiiii.  etc..  nioM  frequently  recojf- 
lii/.es  the  iliseiise  It  is  eMreiiiely  ilii|><irliilit  to  niiieiil' 
Iht  that  ill  cliililrcii  ami  ailojiM^'ciKs,  a  rlKiiiiiiitisiii 
rnjlowi'il  liv  KT*"'  h"'art  riiiii|i|li  niimis  may  lie  very  in- 
siiliiiiiH.  ami  slmw  itsilt'  nnly  by  a  lilsinry  nf  |iaiii  in 
jiiiiilM  or  liiiiliH— iin  a|i|ireeialile  swelliii);  cir  lemleniess  iif 
jiiiiiiM  mikI  very  lillle  fevi-r. 

The    a|>|)ninim'e    nf   Hi;;iiM  due    In  eniliiili    fre(|iieiitly 
(lireels  nur  attenlinu  to  the  heart. 

}fii/it/iiiiiit  /•;■(■«!.  —  III  this  variety  we  llnd  jrnive  enn- 
Klilutioiiiil  symptiiiiiH  'I'liere  are  eviileiiees  of  a  iiiiist 
severe  iiifeetimi.  which  rei|uireH  eniisiilerable  skill  in 
ililTeri'iilial  iliairiinsis  ||  iimy  he  iiii|iiissihlc  in  separali' 
the  syiii|ili>iiis  frniii  lli(is4'  iif  llieassiirialed  djsciisc.  such  as 
s<'|>sis(ii'  |iiiruiiiiiiiia  Aeciii'diii;;  In  tlii' syiii|>li>iiialiilii^'y 
we  disliiiKoisli  two  lariji'  elas.ses:  ill  Tin-  /(//''"'"'.  ill 
which  the  case  reseiiililes  ty|>hiiiil  fever,  shinviiii;  iiiii- 
tinned  fever,  ileliriiim.  dry  coated  liin;:ne.  disleiidiil  all- 
<|iiiiien,  niseiila.  sph'iiic  eiilari.'enieiit.  and  pnssihly  diar- 
rlitea.  ("*)  The  w/i/ir,  resinildini;  seplicaniia.  The 
tfUil>enitiiie  shows  llie  slriplococciis  curve.  i.i\.  rapid 
olevalioii  and  di'sci'iit  several  limes  daily,  accompanied 
hy  chills  ami  di'iniliintr  sweats.  There  is  piofoiind  in 
toxicalion  and  depression  of  vitality.  The  inlcrmiltcnt 
teiupenitiire  and  chills  may  siii.'i;esl  to  some  nmlariu. 
In  tliesi' cases  iiifeclivc  cmliolic  priH'es.ses  are  coiiiliion, 
sliowin;;  lliein.selvcs  in  tin'  skin,  the  mucous  inembraiif, 
retina,  and  llie  various  internal  or;,'ans. 

(Vrlain  authors  nicnlion  a  riiiilim-  j;r<iiip  in  which 
patients  w  ilh  chronic  valvular  cndocaiililis  slmw  marked 
fever  anil  cviilcnccs  of  receni  emlocardilis.  Many  of 
thesi-  cases  rcseinlili-  cither  the  typhoid  or  the  septic  form 
anil  limy  run  a  very  acute  <our-r  Olli.  i~  niii  :i  iluonie 
course  liistiuj;  for  a  year 
or  so. 

Another  group  of 
cases  limy  be  termed  the 
ferehriil  in  which  the 
syinpt<inis  resenilde 
meiiiiiiritis.  cither  basilar 
or  cerebro  spinal. 

isoiiie    a  u  t  liors  also 
made  a  r'//<//i<"'/x  group. 
Here  petechiHl  rashes  are 
found:     also    skin     ab 
sccsses     from     infected 
emboli.      Erythematous 
rashes    are    not    uncoiii 
moil.      IJccaiise  of  iiete- 
cliial     rashes,     cases     of 
malignant     eudocanlitis 
have     been     diagnosed 
cerebrospinal     men  in 
gitis   and    black    small 
pox. 

niKKKHIoXTI.M.  I)i.\i; 
Kosis. — Attention  to 
etiology  will  assist  one. 
Benign  endocarditis  is 
more  likely  to  follow 
rheuiiiatisni :  malignant, 
infective  processes  and 
pneumonia.  The  synip 
tonis  of  the  malignant 
form  are  much  more  in- 
tense, suggesting  septi- 
ca?mia  or  typhoid  fever. 
The  positive  Wiilal  re- 
action,   the    absence    of 

leuciwytosis.  the  presence  of  the  diazo  rejiction.  would 
all  point  to  typhoid  fever,  rnfortunately  the  Widaland 
diazo  reactions  may  both  be  absent,  and  w  ith  the  advent 
of  a  complication  there  may  be  a  leueoeytosis.  80  in 
some  casi'S  it  is  impossible  to  dilTerentiale  endocarditis 
from  typhoid  feviT.  Even  a  past  master  in  the  art  of 
diagnosis  like  dsler  diagnosed  a  case  ty|ihoid  fever, 
■which  post  mortem  was  proven  to  be  endocarditis. 

Osier  gives   the   following   points  for   guidance:  The 


more  abrupt  oiinet  In  pndiKiinlltJH.  uml  the  altKenrc  of 
any  regularity  id  tin-  pvrexia  in  the  early  Hlage  of  the 
disease,  the  cardial'  pain.  oppresKinn,  and  hhortneKX  of 
breath  may  be  early  Hyinplomsin  malignant  iiidiHaidillH. 
Uigurs,  too.  are  imt  uncommon.  There  is  marked  leiico- 
cylosis  in  iiifeclive  endoearililis,  llaiterioloi/ical  cvami- 
nalion  of  the  blood  us  used  by  Cole  of  .loliim  Hopkins  in 
the  diagnosis  of  lyphoid  fever  is  of  striking  value,  hut 
tinfortunali'ly  its'tleld  of  appliialion  is  limited.  The 
speeille  varietv  of  eiidociirilitis  has  been  iliagiiosi'd  dur- 
ing life  by  tlie  linding  of  the  inicroorganiKiii  in  the 
blood. 

I'livsicM.  Skins. — These  are  very  uncertain,  bnausi' 
our  ni.'iiii  dependi'iici'  is  placed  upon  the  piesence  of  a 
.soft  blowing  systolic  murmur  at  the  aortic  or  mitral 
areas.  Such  murniui's  are  extremely  common  and  fre- 
i|iii'ntly  do  not  mean  endocarditis,  but  ociiir  with  the 
various  acute  febrile  proces.ses.  Similar  inurmurs  occur 
in  an.'einia.  and  in  many  conditions  which  cannot  be  ex- 
plained. The  size  of  the  heart  is  not  always  of  help  to 
us.  since  an  aciile  endoearililis  may  not  enlarge  it.  If  in 
the  course  of  an  acute  disease  a  niunniir  develops  under 
our  observation,  which  caiinol  be  accounted  for  by  aiiie- 
mia  or  weakness  of  the  heart  wall,  and  cs|iecially  if  ac- 
eompanied  by  an  increase  in  the  fever,  we  are  jiislitied 
in  diagnosingendocaidilis.  Sudden  appearance  and  dis- 
ap]>earance  of  murmurs  may  ociur  when  vegetations  are 
rapidly  forining  and  changing  their  shape. 

i'lli)i;N(isis. — In  the  vast  majorily  of  casessimpleendo- 
cardilisentails  noimmedialedanger.  Tliedanger  in  such 
cases  is  more  or  less  remote  and  dependent  upon  the 
chronic  valvular  defects  which  follow. 

>l\iii.N\NT  Emioi  Ai!i>ri  1^ — DiMlli  may  lake  place  in 


FUi.  iV.C'.— Mali(fnant  Endocanlitis  ;  Destnictinn  of  .\nrtli' Leaflet :  iilil  Thiekenini;  of  Aortic  Valves  : 
tatinn  of  tiiH  Left  Ventrifle.    (UrlfrlnuLi 


DUa- 


thri'e  days.  The  disease  may  be  protracted  for  months. 
Death  results  from  progressive  failure  of  strength  or  in 
consequence  of  secondary  suppuration,  or  of  embolism 
of  an  important  cerebral  vessel.  The  prognosis  is  almost 
always  unfavonible. 

Tke.vtmknt. — This  should  combine  treatment  of  the 
as.sociated  disease  and  the  endocarditis.  It  will  in  most 
cases  be  necessary  to  treat  the  endocarditis  after  the  pa- 
tient has  recovered  from  the  associated  pneumonia,  rheu- 
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iiifitisni.  «'l< 
iipiiii  cikIoc; 
till'  (i|iiiiiiiM 
the  v:ilviilu 


Wlipllier  the  snlicylntcs  Imve  anv  i-fTcot 
trdilisisa  inncti  iiiimiIciI  (|iii'stii>n.  \  iini  of 
that  llicy  liiivt'  ii  (licidcd  indirect  elTect  miiiii 
r  disease.     Anv  one    wlm    lias  iidiiiinisleri'd 


Fi().  &iD3,— Malltfnunt  KiultK-uniitis  on  Top  of  Old  Sclerosing  Process, 
volvenient  of  the  niitnil  valves.     (Urig'iniil.) 


salicylates  in  proper  dosage  in  aeiite  articular  rheumat- 
ism knows  of  their  remarkable,  almost  speeific  control 
over  the  di.sease,  lindocanlitis  may  develop  al  au}'  time 
during  the  progress  of  a  rlieumatic  fever;  consequently 
if  we  shorten  the  time  of  the  disease  we  les.seii  the  possi- 
bility of  the  development  of  endocarditis.  If  the  valvu- 
lar inflammation  has  already  developed,  the  chances  of 
resolution  are  increased,  if  the  fever,  pain,  and  restless- 
ness are  controlled  by  the  giving  of  the  salicyl  com- 
pounds. Hrnee  advises  the  eomliination  of  digitalis  with 
the  salicylates  if  the  heart  seems  weak.  In  the  direct 
treatment  of  endocarditis  rest  is  by  all  means  the  most 
essential  thing.  The  work  of  the  heart  and  the  luove- 
inent  of  the  diseased  valves  must  l)e  reduced  to  a  mini 
mum.  This  is  the  best  accomplished  by  putting  the 
])alient  to  bed.  An  ice  bag  over  the  prtecordium  is  often 
of  service  in  ([uieting  the  action  of  the  heart.  The  time 
ret|uired  in  bed  must  be  decideii  by  the  progress  of  the 
case.  It  may  re(|uire  months  in  order  to  guard  against 
serious  and  permanent  injury  to  the  heart.  At  liest  this 
frequently  cannot  be  avoiiled.  The  development  of 
symptoms  of  incoinpensation  will  demand  the  adniiiiis- 
tration  of  <ligilalis  and  strychnine.  Ana'iuia  frequently 
develops  as  the  disease  pro.gresses.  and  re(|nires  iron, 
tonics,  good  food,  and  fresh  air.  Mercuric  cldoride  and 
quiidne  have  been  employed  in  tilcerative  endocarditis 
for  the  purpose  of  destroying  the  bacteria  vipou  the  en- 
docardium, but  it  is  very  tmlikely  that  they  are  of  any 
use. 

AcfTE  RKOfnuENT  Enuoc.vuditis  is  a  very  interest- 
ing form  occurring  on  old  valve  lesions.  It  niay  be  be- 
nign or  lualignant  (Fig.  2.')9S), 

CiinoNir  Kni)0(  AHDins  is  either  a  sequel  of  the  acute 
form  or  is  an  evidence  of  senility,  being  a  part  of  the 
process  of  arteriosclerosis,  involving  the  general  arterial 
system.  This  contracting  emlocardiiis  leads  to  thicken- 
ing, curling,  contraction,  and  fre(|Uenlly  to  cnlcitication 
of  the  valves.     The  same  causes  which  produce  prema- 


Markfd  In- 


ture  aileriosclcrosis  produce  it,  namely:  excessive  physi- 
cal activity,  excessive  use  of  alcohol,  syphilis,  gout  and 
diabetes,  and  chronic  diseases  of  the  kidneys.  The 
chorda;  teudiueie  may  gradually  become  shortened, 
greatly  thickened,  and  in  extreme  cases  the 
p.ipillarv  muscles  are  iniplanteil  directly 
upon  the  sclerotic  and  deformed  valves. 

The  elTecIs  anil  triatnuni  of  ihronie  en- 
doiardilis  are  those  of  chronic  valvular 
lesions  and  will  be  considered  tnider  that 
heading.  James  lias  Arneill. 

HEART  DISEASES:  FATTY  DEGEN- 
ERATION.- -Kally  di-uriii  ration  of  Ihe  heart 
rnusele  is  a  reliograile  ehan,i;e  characterized 
by  the  formal  ion  of  minute  fat  droplets 
within  Ihe  muscle  protoplasm.  It  is  distin- 
guished from  fatty  inlillration,  in  that  in 
Ihe  latter  process  the  fat  is  deposited  in 
connective-tissue  cells,  either  beneath  the 
jiericardium  or  between  the  luuscle  tibres. 
Till'  term  fut  hnirt  is  often  used  as  a  desig- 
nation for  both  fatty  degeneration  and  in- 
tillralion,  but  it  should  be  applied  to  the 
latter  condition  only.  It  should  be  empha- 
si/ed  that  the  essential  dilTcrence  between 
Ihese  two  conditions  is.  that  in  fatty  degen- 
eration the  fat  is  in  the  muscle  cell,  formed 
I  here  by  the  disorganization  of  the  muscle 
proloiilasiu ;  while  in  fatty  infiltration  the 
fat  is  in  connective-tissue  cells,  deposited 
there  from  the  blood. 

Gkoss  Ai'iMi.MtAXCKS. — Severe  degrees  of 
fatty  degeneration  may  exist  without  rec- 
ognizable chan.iies  in  tlie  appearance  of  the 
heart.  The  naked-eye  dia,!rnosisof  this  con- 
dition is  in  many  cases  ditlicult  and  uncer- 
tain. When  the  process  is  extreme  the 
heart  muscle  becomes  yellowish  in  color, 
and  of  softer  consistence :  it  may  have  a 
fatty  shine  or  give  a  fatty  smear.  The  condiiion  may 
be  diffuse  or  localized  to  certain  areas.  The  latter  form 
is  the  more  readily  diagnosed,  inasntuch  as  the  heart 
muscle  so  aft'ected  presents  a  peculiar  moltlin.s;  of  red 
and  yellow,  occasionally  disjioseil  in  the  form  of  stripes 
or  biokeu  bars,  the  so-called  "  ti.irer-heart,"  This  a|)pear- 
ance  is  best  seen  on  the  endocardial  surface  of  the  left 
ventricle.  In  the  luajority  of  cases  the  degeneration  is 
most  marked  in  the  wall  of  the  left  ventricle  near  the 
apex;  Ihe  septum,  right  ventricle  and  auricles  being 
airecled  in  degree  according  to  the  order  given.  In  the 
left  ventricle  the  papillary  muscles  and  trabecuhv  tisually 
show  the  most  severe  change,  and  in  some  eases  Ihe  proc- 
ess may  be  sharply  localized  to  these,  the  yellowish  color 
of  tlie  papillary  nuiseles  standing  out  in  sharp  contrast 
to  the  normal  brownish-red  of  the  remainder  of  the  heart 
wall.  The  heart  is  usually  increased  in  size  without  a 
corresponding  increase  of  weight.  Dilatation  of  ,!;reater 
or  less  de.irree  occurs,  and  the  organ  as  a  whole  isliabby, 
tialtcning  when  laid  upon  the  table,  (Jn  section  into  the 
muscle  the  color  change  may  affect  the  wall  uniformly 
throughout,  but  more  often  it  is  fotmd  in  streaks  and 
patches  of  varying  form,  size,  and  distribulion.  The 
discolored  muscle  is  more  opaque  than  normal,  cloudy, 
easily  torn,  and  gives  a  fatty  smear  to  a  warm  knife. 
In  very  extreme  cases  the  degeneration  may  be  so  severe 
in  sharply  oulliiu'd  areas  as  to  present  an  appearance 
closely  resembling  that  of  an  abscess.  It  must  be  re- 
membered that  falty  degeneration  of  the  heart  muscle 
rarely  exists  alone,  but  is  ustnilly  associated  with  cloudy 
swelling,  atrophy,  anivmia,  etc,  all  of  which  i>rocesses 
complicate  the  diagnosis  from  the  gross  appearances. 

Micitosconc.vi.  Appi;.\h.\nces. — The  diagnosis  of  fatty 
degeneration  in  many  cases  can  be  made  only  on  luicro- 
sco|iical  examinalion.  This  should  always  be  done  with 
the  fresh  ti.ssue  when  iiossible,  inasmuch  as  the  processes 
of  lixalion  and  hardening  often  completely  destroy  the 
appearances  of  the  degeneration  by  the  removal  of  the 


588 


ICKKKIJKXCK   IIAM)IUM)IC    OK  TIIK   MKDICAI.  SflENCES 


llt-nrf    lll*»(-fitti-H, 
lli-arl    lll»f*iini-A. 


fitt  ilroplclH  iiiiil  flip  rein tmcl inn  nf  the  tiiwiir.  FUulion 
<if  llii'  iiiiiM'li'  in  iisniit'  Ill-Ill  or  I'lt'iiiiiilii),''!!  siiliiliiin  will 
iiUvialc  till?.  iliinj;<T  Slinlil  di'^riTs  of  liiily  cliiiiip'iiir. 
luiwi'ViT.  iil»uvs  lirsi  liriiiiirlil  out  by  tlir  Iri'iilniciit  nl 
fri'^lily  triisi'il  iiiiisrii'  with  iistnii-  mill.  Tlic  iilTi'itril 
niiisrli'  liliic.H  mr  fiiiiiiil  III  runluin  iiiiniitr  fiit  ilr>i|ili't'< 
arninni'il  i"  luvvs  lirlwnii  llir  inii-iM-sof  inliTlllirilliiiy  mii  • 
ciiiiliisin.  iH'tflniiinK  iiIhmiI  the  nmiciiH  ami  rMrmliiii;  lin 
«'«ily  liiwaril  llir  iiiiIh  of  llic  liliri's.  In  llir  early  sIhl'i'S 
tlic  tninsvriTM'  striiilions  an-  usually  nut  airrrliil.  Iiiil  in 
wvcTc  ilrirrirs  iif  till' rliani,'i'  tliry  Krailiially  ili>iji|>|"'ai. 
Unit  at  tilt- lilirr  i'IiiIh  mill  llirii  tounnl  the  niiclt'i.  Tin- 
Ntainint;  pnwiT  of  tin-  nurliim  is  always  alTi'ctcil ;  in  <\ 
Ircnu-  (lci;riTS  llir  niiili-i  may  lir  riiliirly  lust.  'I'lic 
rlian^rs  iirr  usually  nmst  niarkril  in  (In-  lilins  lyiiiL'  jusl 
Itcncatli  till'  cnilo- anil  ^xTicariliuin.  tlic  cnilncanliuin  it 
wif  lirini;  niii'ly  alTt  rtdl.  In  llif  ac-iiti-  fiirnis  nf  fatly 
(li'^i'iirnition  rliiiiily  swclliiiif.  Hcuinrtitatinn.  ami  fniL' 
nii-ntatiiin,  I'tc  .  aii'  usually  fuunil  in  assiiciaiinn  uiili  tlir 
fatty  cliiuii:!':  in  llir  rlirnnir  casis  atr(i|iliy  i>f  the  lilirrs. 
liiitli  siinplc  ami  piizininl.  w  iili  incrcasi'  of  the  intei'stitial 
conneelive  tissue,  is  present 

Erioi.iHiY  —  The  lauses  of  fully  (le^renenition  of  the 
heart  are  hotli  local  anil  );enenil.  Of  the  former  (lis 
turlieil  nulrilion  resullins;  from  selerosis  or  olistnietion 
of  the  coronary  arteries  is  the  most  eonunnn  anil  inipor 
lanl  cause.  Fatty  ile;renemlii)n  of  the  muscle  may  also 
Ite  caused  hy  ilistiirlianeesof  nutrition  secomlary  to  iiiyo- 
carililis.  canliae  aliseess.  pericarilitis.  ami  enilocarililis. 
In  pericarilitis  the  ilc'eneration  may  he  conlined  to  the 
layer  of  muscle  immediately  beneath  the  epieardium. 

The  two  irreat  jrener.il  causes  of  this  deireiieral ion  are 
nnn'inia  and  iiilo.xication.  It  is  of  cominon  occurrence 
in  pernicious  aiuemia,  chlorosis,  leukainia.  anil  all  forms 
of  secondary  aiiainia.  It  occurs  after  long  continued  or 
frequently  repealed  hemorrhaire  (epistaxis,  hieinoptysis. 
Iia'mati'inesis.  menorrhairia.  inetrorrlmiria.  liemorrliaL'e 
from  the  intestines,  liain;ituria.  etc.  i.  It  has  been  oli 
served  after  venesect  ion.  Fatly  deiiencration  is  also  com 
inonly  associated  with  the  cachectic  anainias  of  chronic 
suppuration,  clironic  diarrhieas,  syphilis,  tuberculosis, 
malaria,  maliiriiaiit  growths,  etc.  In  all  of  these  condi- 
tions the  systemic  intoxicaliim  is  to  he  ri'irariled  also  as  a 
possible  factor  in  the  production  of  the  condition.  Deli- 
cient  o.wsxenalion  due  to  cardiac  insulliciency.  valvular 
lesions,  einphysi'ma.  libroid  |uieumonia.  etc..  also  causes 
fatty  change  of  the  heart  muscle.  The  relation  of  fatty 
degenenilion  to  cardiac  insulliciency  is  iifit  entirely  clear; 
the  condition  is  almost  always  present  in  the  failure  of 
compensation  of  the  hyperlrophied  heart  in  chronic  val- 
vular disea.se.  and  while  it  is  usually  regarded  as  being 
the  cause  it  is  also  possible  that  it  may  be  the  result  of 
the  cardiac  insulliciency. 

E.Mreme  fatty  degeneration  of  the  cardiac  muscle  oc- 
curs in  poisoning  with  phosphorus,  arsenic,  antimony. 
etc.  It  may  also  occur  to  an  extensive  degree  in  the 
acuteinfecliousdiseases,  especially  in  typhusand  typhoid 
fevers,  recurrent  fever,  scarlet  fever,  diphtheria,  pneu 
inonia.  puerperal  fever.  pyaMiiia,  etc.  In  acute  yellow 
atrophy  of  tlie  liver  and  in  pnerpend  eclampsia  the  fatty 
degeiicnition  of  the  heart  may  be  so  marked  as  to  resem- 
ble that  seen  in  phosphorus  poi.soning.  In  the  infectious 
diseases  the  falty  change  is  to  be  attributed  chielly  to  the 
action  of  the  poisons  produced  in  these  conditions,  but 
the  effect  of  the  increased  temperature  of  the  body  must 
also  be  regarded  as  an  important  factor.  Long-continued 
mercurial  inunctions,  iodoform  and  chloroform  poisoning, 
morphinism,  the  camphor  habit,  the  long-continued  use 
of  dilute  mineral  acids  in  beverages,  or  as  adulterants  of 
vinegar,  mushroom  poisoning,  etc..  are  among  the  many 
other  supposi-d  factors  of  fatty  degeneration  of  the  myo- 
cardium. In  the  later  stages  of  clironic  lU'pliritis  ami 
gout  there  is  almost  always  pres<'|)t  extensive  fatty 
change  in  the  heart,  resulting  partly  from  the  general 
cachexia  and  ansemia.  and  partly  from  sclerotic  changes 
iu  the  coronary  vessels.  The  hubilual  use  of  alcohol  is 
one  of  the  most  important  causes  of  slowly  progressive 
fatty  degeneration  of  the  myocardium.     The  condition  is 


found  partirulnrly  In  tlie  riuu*  of  liuhltiml  iMt-r  ilrinkerN. 
The  condilioii  is  of  very  fn'i|Ueiit  iMiiirrence  among  llie 
lower  classes  in  (ieriniiny  mid  Austria  with  whom  beer 
forniHa  vir\  iinpoilanl  pari  of  lin-  dully  diet  In  France 
the  use  of  illliili'  iiiliirral  ik  Ids  in  some  of  the  bevemgex 
coiisuiiHil  liy  the  loHir  cliisM-H  is  niIiI  to  be  uii  iinportuiil 
factor  in  the  priHlueliim  of  falty  degenenilion. 

High  living,  overeating,  lack  of  exercise  aH  well  us 
excessive  muscular  activity  are  regurilud  iw  either  iiri- 
iiiary  or  predisposing  factorx  to  cardiac  degenemllon. 
Idiopathic  hyiH-rliophy  is  practically  always  followed 
by  fally  deiiineralioii.  Cardiac  over  simin  in  luborens, 
athletes,  ilc,  is  anolher  very  importiii.'.  eliological  fac- 
tor. A  slight  ainonnt  of  falty  change  in  the  Miiile  heart 
is  to  be  regarded  as  physiological.  The  piilhological 
fatly  degeneration  of  the  heart  due  to  aniemia  or  cu- 
cliexia  is  found  more  fre(|ueiilly  in  women  than  in  inales; 
that  due  to  coronary  sclerosis,  alcoholism.  i-t<-.,  much 
more  frei|uently  in  males.  The  majority  of  the  cusoi  are 
in  individuals  past  lifly  years  of  age.  Cardiac  fatty  de- 
generation occurring  in  young  individuals  is  almost  al- 
ways due  to  intoxication  or  inleclion. 

Symi'toms. — The  symptoms  of  fatly  degenenilion  do 
not  (Hirer  from  those  of  other  forms  of  myocardial  affec- 
tions. It  is  usually  impo.ssible  to  dilTereiitiute  between 
fatty  and  libroid  heart.  The  most  extreme  degrees  of 
falty  degenenilion.  as  found  in  severe  cachexias,  perni- 
ciniis  anainia.  etc..  may  give  rise  to  no  symptoms  if  car- 
diac dilatation  has  not  taken  place.  It  is  the  latter  con- 
dllion  w  liich  produces  the  .syinplimis  which  are  usually 
assncialcd  with  fatly  degeneration.  Dyspmea.  cardiac 
irregularity,  iialpilation.  pra'cordial  distress,  vertigo,  the 
so  called  pseudo  apoplectic  attacks,  rapid  and  weak 
pulse,  etc.,  are  symptoms  of  dilatation  rather  than  of 
fatty  degeneration.  Very  rarely  anginal  attacks  may 
occur  without  coronary  changes.  In  the  late  stages 
Clieyne  Stokes  breathing  may  be  present.  The  physical 
signs  are  those  of  dilalalion.  Death  may  occur  from 
sudden  over  strain  or  from  slowly  developing  cardiac 
insulliciency.  In  rate  cases  aneurismal  dilatation  of  the 
cardiac  wall  may  result  from  local  weakening  of  the 
myocarilium  due  to  fatly  degeneration. 

PnoiiNosis. — In  the  majority  of  cases  of  myocardial 
disease  the  prognosis  is  very  tin  favorable,  especially  in 
Uie  slowly  developing  or  clironic  form.  Acute  degener- 
ation of  mild  degree  caused  by  iicute  infections  or  poison- 
ing may  recover  completely  ;  the  more  severe  forms  may 
be  very  quickly  fatal.  Within  certain  limits  chronic 
fatty  change  of  mild  degree  does  not  ((uickly  lead  to  a 
fatal  issue. 

Tuf..\tmf;xt. — The  occurrence  of  fatty  degeneration 
may  be  many  times  prevented  by  careful  regulation  of 
the  daily  life.  In  suspected  cases  strict  diet  should  be 
enforced,  the  amount  and  characler  of  muscular  activity 
carefully  planned,  and  the  patient  ]>roleeleil  from  excite- 
ment of  all  kinds.  Sudden  death  during  sexual  inter- 
course, straining  at  stool,  lifting,  running,  etc.,  is  ex- 
lieinely  common  iu  this  affection.  Alcohol  should  lie 
entirely  withdrawn,  and  the  amount  of  fluid  limited. 
When  Hie  signs  of  dilatation  have  not  appeareil  digitiilis 
is  usually  not  advisable.  Strychnine  and  nitroglycerin 
may  be  given.  When  syniploins  of  cardiac  instilTiciency 
are  present  the  treatment  .should  be  carriid  out  along  the 
lines  indicated  for  the  treatment  of  failure  of  compensa- 
tion in  chronic  valvular  di.sease. 

Aldred  Scolt  Warthhi. 

HEART      DISEASES:     FATTY     INFILTRATION.— 

Fatly  iiililiniiiMii  <.f  ilu-  lirarl  is  thai  (niuiitioii  in  which 
the  subepicardial  fat  alone  is  greatly  increased,  or  in  con- 
nection with  this  increase  there  is  also  an  extension  of 
adipose  tissue   into   the   myocardium.     Xoniiatly   there 

I  should  be  but  a  small  amount  of  subepicardial  fat  and 
this  should  be  conlined  lo  the  sulci  and  grooves  along  the 

I  snperlicial  coronary  vessels,  being  greatest  in  amount  at 
the  iMise  of  the  heart.     Over  the  gi-:!jilcr  part  of  the  ven- 

\   tricular  surfaces  iu  the  active,  muscular  male  of  early 

i  adult  life  there  should  be  no  fat.  but  after  the  age  of  fony 
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tlicio  is  II  pliysiolDgii'iil  incrciisc  in  tlio  Hiiioiint  of  tlie 
(iinliac  |iaiiniiiilus.  Tlicro  arc.  Imwivir,  wiilc  imlivld- 
iial  vurialioiis  in  the  luiuiuiil  of  siilu'imiu'ilial  fal  wltliin 
apparciilly  noiniul  liii.its,  (Icpcndilii;  ti|i(>ii  intrinsii-  peciil 
iariliis  <if  niclalmlisni.  haliils  of  life.  iic.  The  prcsciKc 
of  fat  cells  hclwccii  the  iiiiiscic  lilins  in  Ilic  intcrslilial 
tissue  of  the  inyocanliiiin  is  iiiidci'  all  circiiiiislanccs  to 
lie  ri';.'at<le(l  as  pallioloirieal.  Such  an  ciwroacliiiicni 
upiiii  tlic  imisclc  is  iisiiallv  dill' to  a  dinct  exleiisiun  of 
iiiliposc  tissue  from  the  siiliepicardial  fat.  cliiiliy  aloiijj; 
the  lines  of  tlic  arterial  liranclies.  Secondary  to  the  iiilil- 
tialioii  of  adipose  tissue  there  is  an  atrophy  of  the  heart 
iiiuscle.  In  cxtreiiie  cases  the  frreatcr  part  of  the  niyo 
cardiiiin  may  he  replaced  liy  adipose  tissue  uliicli  may 
extend  even  to  the  endocardium.  In  some  cases  the  de- 
jinsil  offal  in  the  cells  of  the  interstitial  tissue  may  lie 
seciindaiy  to  a  iiriniary  atrophy  or  degeneration  of  the 
heart  muscle,  the  formation  of  fatty  tissue  lieini;  of  the 
naturi'  of  a  compensatory  process.  Two  forms  of  fatty 
inliltnition  may  therefore  he  distinguished  clinically: 
primary  and  secondary  fatty  heart.  Of  these  the  first 
variety  is  hv  far  the  most  common  and  important. 

In  extensive  hyper|dasia  of  the  subepicardial  pannieu- 
liis  the  heart  is  usually  iniiea.seil  in  size,  partly  from  in- 
creased thieUness  of  its  wall,  and  partly  from  dilatation. 
The  weight  of  the  organ  may  or  may  not  be  above  that 
of  the  normal.  The  entire  heart  may  be  encased  in  a 
thick  layer  of  fat  (lipoma  cajisidare  conlis,  obesitas  cor 
dis,  lipomatosis  cordis,  fatty  overgrowth.  Jlastfcttherz, 
etc.).  The  most  extensive  deposit  is  found  at  the  base 
of  the  ventricles  along  the  aurieulo- ventricular  groove,  in 
some  cases  having  a  distinct  loliular  arrangement.  The 
heart  muscle  may  not  be  visible  through  the  epicardium 
at  any  |ioint.  On  section  through  the  heart  the  layer  of 
adipose  tissue  may  be  found  to  form  almost  the  entire 
thickness  of  the  wall,  the  muscle  consisting  of  a  thin 
layer  beneath  the  endocardium.  In  the  most  extreme 
cases  the  fat  may  reach  to  the  endocardium  in  the  form 
of  tndiecula;  extending  along  the  internuiscnlar  septa, 
grailually  diminishing  in  size  as  they  ajiiiroach  the  endo- 
cardium. On  microsciipical  c.xaminalion  groups  of  fat 
cells  are  seen  lietwceii  the  muscle  tibrcs.  The  latter  may 
show  varying  sta.ges  of  simple  or  pigment  atrophy. 
Fatty  degeneration  of  the  atroidiic  muscle  is  not  infre- 
i|Uently  present. 

Fatty  intiltratioii  of  the  heart  may  exist  as  a  part  of  a 
general  obesity,  either  congenital  or  acquired.  Lack  of 
e.xercise,  overeating,  excessive  use  of  carbohydrates, 
alcohol,  etc.,  as  well  as  excessive  water  ilriid<ing  are  the 
most  important  factors  in  tln'  produition  of  this  condi- 
tion. It  is  most  common  in  males  at  middle  age;  in 
women  it  may  e.xist  as  a  jiart  of  general  obesity  asso 
ciated  with  or  following  the  menopause.  Deficient  oxy- 
genation from  aniemia  or  from  chronic  |iulmonarv  disease 
also  leads  freiiuently  to  fatty  inliltration  of  the  heart. 
The  condition  is  often  found  in  the  cachexias  of  chronic 
tuberculosis,  carcinoma,  etc.  It  occurs  in  the  early  stage 
of  diabetes,  and  in  certain  forms  of  chronic  poisoning, 
drug  habits,  etc.  (iodoform,  morphine,  camphor,  chloro- 
form, dilute  minerid  acids,  etc.). 

A  moderat<' degree  of  fatty  infiltration  may  exist  with- 
out signs  or  symptoms,  but  beyond  a  certain  limit  the 
over  accumulation  of  fal  beneath  the  epicardium  or  its 
intiltratinii  into  the  invoeardium  causes  imiiairment  of 
the  cardiac  function.  In  sin  h  cases  the  apex  beat  is  lost, 
the  cardiac  impulse  is  very  faint  or  not  present  at  all, 
the  area  of  dulness  is  increased,  and  the  heart  sounds  are 
mutlled.  The  pulse  issoft.  of  low  tension,  often  rapid  and 
irregular.  The  alTected  individual  is  stout,  with  excessive 
alidominal  panni<-iilus,  and  usually  shows  signs  of  gen- 
eral venous  congestion.  Palpitation,  iiraeordial  distress, 
and  dyspno'aaie  produced  by  slight  exertion,  and  tlieri' 
is  a  tendency  toex<-essiveswiating.  The  urine  is  usually 
incri  iiseil  in  amount,  pale  and  of  a  low  s)M<ific  gravity. 
In  an  individual  with  general  obesity  these  signs  and 
symptoms  may  be  taken  as  certain  indications  of  fatty 
heart.  In  the  cases  of  primary  atrophy  of  the  heart  mus- 
cle with  secondary  fatly  intiltratioii  the  dilleiential  diag- 


nosis is  not  so  easily  made.  In  these  cases  the  subcuta- 
neous panniculiis  may  be  greatly  decreased,  and  the 
cardiac  symptoms  obseurcid  by  those  of  the  condition 
causing  the  inyoearili.al  atrophy.  In  the  later  stages  of 
fatty  inliltration  the  symptoms  are  those  of  cardiac  ililata- 
lion.  and  the  condition  cannot  be  diagnosed  from  other 
forms  of  myocardial  allecijons. 

The  pioirnosis  on  the  whole  is  much  more  favorable 
than  in  the  case  of  fatly  degeneration.  In  cases  of  ac- 
i|uired  obesity  <lue  to  manner  of  living  it  is  quite  good. 
In  congenital  obesity  it  is  much  less  favoralde,  and  when 
secondary  to  other  disease  jirocesses  the  prognosis  rests 
wholly  upon  that  of  the  more  serious  condition.  It  must 
be  emphasi/ed  that  the  individual  with  fatiN  heart  can- 
not meet  without  danger  many  conditions  invdlving 
slight  deirrees  of  heart  slmiii.  Intercunenl  alleclions 
such  as  intluenza,  bronchitis,  imeumonia,  ty|ihoid  fever, 
etc.,  are  very  likely  to  cause  death  through  cardiac  insuf- 
ficiency. Anasthcsia.  surgical  operations,  exces.sive  fa- 
tigue, muscular  strain,  intense  emotion,  etc.,  are  to  be 
regarded  as  dangerous  factors  in  the  case  (d'  individuals 
allected  with  fatly  inliltration.  While  sudden  death  is 
not  infrequent  in  this  condition  it  is  not  nearly  so  com- 
mon as  in  the  case  of  fatty  degeneration. 

In  Ihe  cases  associated  with  obesity  the  treatment  is 
veiy  simple  and  if  carefully  followed  very  successful. 
The  adniinistiation  of  drugs  is  of  .secondary  importance 
and  is  usuall_v  limited  to  general  tonics  and  to  the  im- 
provement of  elimination.  The  essential  factors  of  the 
treatment  are  entindy  hygienic.  The  diet  shoulil  be 
chierty  nitrogenous,  fats  and  carbobydiates  being  reduced 
1o  Ihe  smallest  possible  )iro]i(irli(iiis.  The  use  of  alcohol 
should  be  entirely  slopped,  and  but  little  tluiil  should  be 
taken  with  the  meals.  The  quantity  of  food  and  drink 
taken  shoidd  be  most  carefully  regulated.  The  amount 
and  character  of  physical  exercise  taken  are  of  prime  im- 
portance and  should  be  most  carefully  prescribed.  The 
use  of  certain  mineral  waters  is  of  great  value  in  many 
cases  as  a  means  of  luoraoting  elimination.  Turkish 
baths  may  be  em]doyeil  toward  the  same  end.  In  the 
forms  of  fatty  inliltration  due  to  anaiuia.  etc.,  the  treat- 
ment is  carried  out  along  lines  depending  upon  the  pri- 
mary disease.  Aldred  Scott  Wart/tin. 

HEART    DISEASES:    FIBROID    HEART.— The  terms 

caidio  sell  rosis  and  eliinnii 'Ubious  iiivoi  aiditis  are  syn- 
onyms. There  is  eillier  a  hyperplasia  of  interstitial  con- 
nective tissue,  or  a  replacement  of  heart  muscle  more  or 
less  extensive  by  fibrous  tissue, 

Etioi.oov. — It  is  intimati  ly  associated  in  most  instances 
with  Ihe  process  of  arteriosclerosis,  especially  in  its  in- 
volvement of  the  coronary  arteries.  The  blocking  of  one 
of  these  arteries  by  a  thrombus  or  an  embolus  leads  to  a 
condition  lerined  anandc  necrosis,  or  white  infarct. 
Fibrous  myocarditis  may  result  from  the  gradual  trans- 
formation of  such  ]U'oiesses  into  fibrous  tissue.  It  fre- 
quently follows  the  narrowing  of  a  coronary  branch  in 
the  process  of  obliterative  endarteritis.  According  to 
Broadbenl.  sy]diilitic  disease  of  the  myocardium  and 
chronic-  interstitial  myocarditis  in  association  with  sub- 
acute pericarditis  and  adherent  pericardium,  are  the  cimi- 
monest  causes  of  difTuse  interstitial  fibrosis.  Chronic 
nejihrilis,  with  assficiated  high  tension  in  the  arterial  sys- 
lein,  produces  thickening  in  the  walls  of  the  arterioles, 
and  increase  of  connective  tissue  in  their  luoximity. 
Chronic  alcoholism  may  be  associated  with  a  diffuse 
fibroid  inliltnition.  .Myocardilic  cicatrices  may  some- 
times result  from  a  previous  jiericarditis  or  endocarditis, 
the  intlammation  extending  through  to  the  heart  muscle. 

MouiilD  Anatomy.— This  sclerosis  occurs  most  fre- 
quently at  the  apex  of  the  left  ventricle  and  in  the 
sejitum,  but  may  occur  in  any  i>ortion.  In  the  se))tum 
there  are  often  streaks  of  fibroid  degeneration  which  do 
not  reach  I  he  endocardium  :  it  may  be  necessary  to  divide 
the  muscle  in  order  to  see  them.  This  degeneration  is 
the  invariable  precursor  of  aneurism  of  the  lieart. 

Sy.mi'toms. — It  occurs  in  men  past  middle  life  The 
symptoms  are  extremely  unreliable.     The  so-called  class- 
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iriil  HyiiipttmiH  an-  jimt  ax  likiOv  not  to  Im-  prcocnl.  In 
niif  ntscK  llif  (iiiIm-  iiiiiy  Ih'  iiifrri|iii'iii.  rvni  ii«  low  iih 
•JB;  llicri'  limy  Im-  Hliiirliic>is  of  lin-iilli  iiiiil  irdciim.  In 
(illuT  (Uses  \vi'  limy  llml  ii  rii|«icl.  im-j;iiliir.  iiiiil  iiiii'i|iml 
piilw,  with  si^iis  iif  iiiioiii|itiisiiii(iii  'I'liosr  cii'M'.  ill 
wliirli  ((iriiimiy  iirtirin  s<lri(>>.is  is  prcsfiil  fiii|Ui'iilly 
slicivs  syiii|il<iiii><  ol  iiiii:iiiii  iii'i'toris. 

I'liysicnl  siyiis  iiri'  viiy  iii(lcllnitc.  Then'  may  bo  tuMW 
liv|M'rlrii|iliy.  Miiriiniis,  >ysli>lic  in  time,  iniiy  lie  prrscnl 
(liiriiii;  iiirnmpciisjiliiiii.  'I'lir  sciiinils  iimy  lie  wciik.  irirj; 
iiliir,  iiikI  viilvnliir  in  rlmniilrr'.  iii'ci'iiliiiitinn  cif  tlii'iii<rllr 
Sfcoiid.  mill  ri'ilu|>linilii>ii  of  miiiii'  of  tlic  kouiiiIs.  ii  ililTiisi' 
sliippini;  ciinliiii'  iiiipiilv.  ami  rvcii  a  pillop  rliyiliiii  may 
Ih-  pri'si'iit.  I'nsi  iiiiii'Irm  I'Miiiiiiiatioii  lias  |iri>vi'ii  tlir 
(inrclinliilily  of  v\  iiii>loiiis  aiuj  pliysii  ul  si;,'iis  in  llir  diii); 
nosis  of  this  I'oniliiion.  iviii  in  the  liamls  of  rxpi-iis. 
C'ahot  states  that  a  pioinim-nt  Hostoii  palliolojiist  tolil 
hill)  lir  had  iifViT  s<tii  a  case  of  mvoiarditis  corn-ctly 
diajfMosrd.  So  far  as  syniptoiiis  ami  sit'tis  pi  it  is  iiii 
possilili' to  distinguish  tlir  liliroid  from  tin-  fattv  heart. 
Sly  oliscrvation  is  llml  physiiiaiis  usually  iliairnosc 
faity  heart  if  the  imtielil  is  oU-se,  libroid  heart  if  he  is 
lean. 

CoiusK  (IK  DisK.vsE. — Those  patients  may  die  suddenly 
without  Imviiij;  previously  shown  aijy  syinptonis:  there 
may  be  rupture  of  the  heart,  or  a  lili«kinir  of  u  coidiiary 
artery.  Apiin,  they  may  (iresent  symptoms  exartly 
similar  to  those  of  an  ineompensjiteil  valvular  lesion. 
Dilatation  of  the  eavilics  with  the  development  of  mur- 
murs of  lelativi-  insiillieieiiey  make  it  impossibli-  to  dis- 
tin^ruisli  il  from  valvular  lesions. 

I'iio<;nosis. — It  is  distinctly  unfavoralile  except  in 
syphilitic  casi'S.  which  may  respond  promplly  to  the  use 
of  iodides. 

TiiK.vTMF.NT. — Appreciating  the  uncertainty  of  a  diajr- 
uosis.  our  treatment  of  suspected  cases  nuist  be  bust-d 
upon  the  broad  lines  of  common  sense  and  must  depend 
mostly  upon  indications  drawn  from  the  symptoms  and 
signs  of  Weak  heart  If  symptiimsof  incomiicns^iiioii  arc 
present,  the  palieiit  must  be  put  to  lied  and  placed  upon 
digitalisand  stiycliniiie,  with  a  light,  iiutrilioiisdiet.  As 
routine  measures  llie.se  patiinis  should  oliserve  moder- 
ntion  in  fooil  ami  drink,  ami  avoid  variations  in  blood 
pressure  by  a  very  even  life:  the  bowels  should  be  kept 
open  with  mild  inerciirialsand  saline  purgatives.  Strych- 
nine, gr.  j'j.  every  six  hours,  or  in  the  form  of  mix  vom- 
ica, gtt.  XX.  three  or  four  times  daily,  is  useful.  If  arterial 
tension  is  high,  nitroglycerin  is  indicated. 

Jitiiiis  Fiiit'  AriiiiU. 

HEART  DISEASES:  HYPERTROPHY  AND  DILATA- 
TION.— .V  disciLS-sioii  of  these  pathological  conditions  un- 
der a  sepai;ilc  heading  necessitates  more  or  less  repetition 
of  facts  stated  in  the  articles  on  valvular  and  myocardial 
diseases. 

Tliest' conditions  usually  go  hand-in-liand  ;  at  times  the 
hypertrophy  <'Xceeds  the  dilatation,  at  other  times  the 
dilatation  exceeds  the  hypertrophy.  It  is  very  unusual 
to  find  a  pure  hypertrophy  or  a  pure  dilatation. 

Ifj/lirrtn'ii/ii/  is  almost  invarialily  a  conservative  proc- 
ess: (liliitiitinii  on  the  oilier  hand,  though  at  times  con- 
servative, as  in  aortic  insiilliciency.  is  geiiendly  destruc- 
tive. Both  conditions  may  alTict  the  whole  heart,  but 
are  more  likely  to  lie  limited  to  one  part.  We  may  even 
have  hypertrophy  limiteil  to  one  papillary  muscle  and 
dilatation  to  a  conus  arleriosus. 

IhljH'itmiiliy  means  an  increase  in  the  mass  of  muscular 
tissue,  usually  associated  with  an  increase  in  volume. 
DiUitatinii  means  an  enlargement  of  the  cavities  of  the 
heart.  The  same  laws  which  affect  the  development  of 
muscular  tissue  in  other  parts  of  the  bo<ly  apply  to  the 
heart.  Under  conditions  of  proper  nutrition.  incrca.seil 
work  causes  an  enlargement  of  the  canliac  muscle. 
Ziegler  says  this  increase  in  .size  takes  place  by  i-iilarge 
nient  of  tlie  muscle  cells.  Whether  or  not  a  proliferation 
of  the  cells  also  is  (ircsent  is  not  yet  positively  known. 
Some  authorities  believe  there  is  a  definite  increase  in  the 
number  of  muscle  cells. 


8clirooller  cHvidi-H  hypertrophy  Into  llirrt'  clomiii: 

I.  Simple  hyperirophy. — inereiiM- of  the  heart  in  vol- 
ume with  normal  cavities. 

II  Conccnlrii'  hypenrophy. —thickening  of  the  wulU 
Willi  diiiilniilioii  in  tlie  si/e  of  cavities. 

III.  ICxcciitric  hyperlropliy,  — iiicrcraiie  in  inuncular  titi- 
sue.  with  enlargement  of  lavitii'S. 

Of  tliesi'  three  elas.M'K  only  the  third,  excenlric  hyper- 
trophy, is  of  special  intereKt  to  UH.  Tliellrettwo  divi- 
sions are  coiiiparalively  nire. 

If  work  above  its  iioriiml  capacity  is  thrown  upon  any 
part  of  the  heart,  hypertrophy  results.  This  is  brought 
about  by  the  presence  of  unusual  obstruction  to  the  tjow 
of  blood,  and  by  excessive  stimulation  of  the  nervoUH 
nieclmnisin  of  the  heart. 

Let  us  now  consider  in  .some  detail  the  dilTerenl  caiiscH 
which  produce  hypertrophy  of  special  portions  of  the 
heart : 

l.tjt  Vcntrirli: — The  followingare  the  conditions  under 
which  hypertrophy  of  this  part  takes  place; 

(ii)  Valvular  lesions;  Aortic  iiisiilbcieiicy,  aortic  steno- 
sis, mitral  iiisiiniciciicy  ;  (//|  the  various  conditions  which 
cause  increased  resistance  in  the  greater  circulation, 
namely;  aneurism,  congenital  narrowing  of  the  aorta 
(rare),  small  arterial  system  (rarel,  iirterio  sclerosis  (very 
common)  in  which  there  may  bi>  both  diiiiiiiution  in  the 
calibre  of  the  artery  and  loss  of  elasticity.  Theelastieity 
of  the  arterial  wall  is  a  powerful  aid  in  propelling  the 
blood  current  forward.  Various  intoxications  cause  a 
coiitnictioii  of  the  peripheral  circulation  and  thus  raise 
blood  pre.s.siire.  (  hief  among  these  are  the  various  forms 
of  Hriglit's disease:  also  gout  and  leail  poisoning.  With 
these  diseases,  especially  chronic  interstitial  nephritis, 
we  frec|uenlly  find  a  high  grade  of  arteiio-sclero.sis.  The 
entire  liearl  may  become  involved  in  this  hypertrophy. 
At  luesent  I  have  under  observation  a  middle-aged 
patient  who  shows  considerable  cardiac  hypertrophy,  the 
apex  being  in  the  anterioraxillary  line.  Valvular  le.sions 
have  never  been  de iistnited  in  thiscase:  there  is,  how- 
ever, consiilenible  arteriosclerosis. 

The  excessive  use  of  tea.  cotTi-e.  alcohol,  and  tobacco, 
through  their  exciting  action  on  the  nervous  mechanism 
of  the  heart,  may  jiroduce  slight  hypertrophy.  Exoph- 
thalmic goitre  and  various  nervous  conditions,  such  as 
neiini-sthenia,  if  of  siillicient  duration,  may  cause  hyper- 
trophy. But  valvular  lesions  are  a  frei|iieut  complica- 
tion of  Graves'  disease. 

(<•)  Pathological  conditions  in  the  heart  wall,  such  as 
chronic  myocarditis  and  adherent  pericardium,  give  rise 
to  hypertrophy,  because  of  the  obstruction  offered  to  the 
orderlv  and  regular  contractions  of  the  heart. 

liir/lit  Veniridt:. — It  is  hypertropliied  under  the  follow- 
ing conditions: 

(a)  Valvular  lesions:  most  fre(|Uently,  mitral  insufli- 
cieucy,  and  stenosis;  the  very  rare  lesions  of  the  right 
heart,  pulmonary  stenosis  and  insudiciency,  tricuspid 
stenosis  and  insiilliciency.  Relative  tricuspid  insuffi- 
ciency secondary  to  left  heart  lesions  is  rather  frequent. 

(i)  Increased  resistance  in  the  pulmonary  circulation, 
due  to  narrowing  of  the  calibre  of  the  inilmouary  artery 
by  pressure  from  without,  as  by  aneurism,  tumors,  and  so 
forth:  congenital  narrowing  and  arteriosclerosis  of  the 
pulmonary  artery  (rarel :  also  the  cutting  off  of  capillary 
reirions  in  the  lungs  by  pleurisy,  pneumothorax  if  of 
sulticient  duration,  chronic  tibroid  conditions,  tumors, 
chronic  intiltnitions  with  or  without  cavitie-s,  emphysema, 
spinal  curvature  with  dislocation  of  the  heart. 

,-ii/)vV/<.i.^nypertropliy  of  these  chambers  is  much 
rarer  than  dilatation,  and  is  usually  associated  with  a 
much  greater  degree  of  dilatation.  The  left  auricle  hy- 
pertrophies more  than  the  right. 

Hypertrophy  of  the  whole  heart  takes  place  when  there 
is  a  combination  of  several  caiistfs.  for  instance,  aortic  and 
mitral  insufficiencies,  combined  with  a  relative  tricuspid 
insufficiency;  of  valvular  disease  complicated  by  lung  or 
arterial  disease. 

Athletic  //c«rr— Allbutl  and  Stengel  have  made  special 
studies  of  the  athletic  heart  among  the  students  of  Cam- 
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l)riiljre  niul  llie  University  of  Pciuisylvanin.     Tlit-y  have 

cliMiuinst rated  In"  nicaiisiif  percussion  ami  lofatidii  of  llie 
apex,  that  several  years  <if  llie  severer  forjiis  of  allilelics. 
Aiicli  as  (lisiaiue  riimiiiii;,  rowiiisr  ami  football,  will  in 


l-'Ki.  :iVJl.— HyiMTli-ophi  uf  till-  i.fti  Veiitrii'li'  iiiid  liihil.itlnu  .if  th,_.  uitrlit.    (orlfeMiiiil. 


ing  in  water.  Tlie  left  ventricle  normally  has  a  thickness 
of  9  to  1-  mm. ;  so  a  Ihickiiess  of  "20  to  2.")  mm.  indicates 
hypertrophy.  The  rijrhl  ventricle  is  thinner  llian  the  left, 
nieasiirini;'  on  an  aveiiige  4  to  7  mm.      When  hypertro- 

phiiil  it  measures  from 
i:{  to  '.'0  mm.  The  left 
:iuriele  has  a  normal 
t  li  ic  U  n  ess  of  ahout  3 
mm. ;  the  rij;ht  sejircely 
'-  nun.  The  auricles  may 
lie  douliled  in  Ihiekne.ss 
when  hyperlropliied. 

The  conical  shape  of 
llie  heart  is  lost  in  liy- 
|ierlrophy  and  ililata- 
lion,  by  reason  of  the 
apc.v  bcinj;  ureatlv 
liniadcned  aiicl  rounded. 
A\lieii  the  riirht  ventri- 
cle is  chieliy  alTected  it 
occupies  most  of  the 
apex.  The  hypertro- 
phicil  muscle  is  dee|)  red 
in  color  and  tinner  than 
the  normal  heart. 

Uiliitiilinii.  —  Schroet- 
tcr  divides  it  into  three 
classes : 

I.  Simple  dilatation. — 
cnlaigcnieut  of  -cavities 
with  normal  thickness 
of  the  walls. 

II.  Active  dilatation, 
— enlargement  of  the 
cavities  of  the  heart 
with  increased  thickness 
of  llie  walls.  /.(■.,  cxcen- 
Iric  hypertro]ihy. 

III.  Passive  dilata- 
tion, —  enlargement  ol 
the  cavities  with  thin- 
ning of  their  walls. 

Active  and  pa.ssi\e  dilatation  are  of  special  interest. 
The  former  has  been  discussed  under  its  synonym,  ex- 
centric  hypertrophy. 

J)il<it(itioii  is  always  a  secondary  process  and  is  due 
cither  to  (/()  increase  of  pressure  within  a  cavity  whose 
walls  are    not    hypertroijhied,   or  (b)  normal   pressure 


crease  the  size  of  the  heart  considerably.  In  these  ca.scs 
the  valves  are  healthy.  It  is  true  that  in  some  in- 
stances a  .socalleil  athlete's  heart  is  one  enlarged  by 
aortic  or  mitral  insulliciency.  Seitz  in  Germany,  and 
Da  Cosia  in  this  country,  have  called  our  attention  to 
a  very  similar  condition  in  soldiers  who  have  undergone 
severe  strain  from  long 
marches. 

^fol•bid  AnaUwii/. — 
The  size  of  the  average 
normal  heart  is  alxnil 
e(|ual  to  the  jiatienl's 
closed  right  fist.  The 
heart  of  the  adult  male 
weighs  about  nine 
ounces;  of  the  female 
eight  ounces.  The  ma- 
jority of  hypertrophied 
hearts  weigh  from  six- 
teen to  twenty  ounces. 
Hearts  of  enormous  size 
have  been  report  eil; 
Beverley  Hohinson  has 
reported  a  heart  weigh- 
ing lifty-thrce  ounces. 
Alonzo  Clark  one  weigh- 
ing tifly-seven  ounces, 
and  Sloki's  one  weigh- 
ing sixty  four  ounces. 
Another  good  method  of 
determining  I  he  extent 
of  liyperlniphy  is  by 
measuring  the  thickness 
of  the  wall  after  the 
heart  has  been  thor- 
oughly rcla.xed  by  soak-  Fia,  iSlK.-Dllatatlon  Involving  Botli  Sides  of  the  Heart. 
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within  cavitivH  wIiohv  wiiIIs  Iiiivc  )ici-n  wctikciiitl  liy 
niytHiiidiitl  illsi'iist'  Aiiillc  iiisiiDlriini'V  <>IT(i>i  llif  lii'st 
ilhisiniiiiiii  iif  till' rirsi  I'liiKi  In  it  ilir  ililiiiiiiiuii  uf  tlir 
Icfl  viiitrirli'  Is  line  tn  llii  rliiiiiilnr  liiiii);  lillcil  Imrii  l»ii 
Hlilfs  III  iiiicc,  till'  bliiiiil  ri'iiMi  till'  li'Tl  iiiirlrli'  iiiiil  lliiil 
wliit'li  r(');iiri;ilal('H  rrmii  tlir  iiorlii.  Ah  ti  ri'siill  uf  llir 
iiH'ii'iisi'il  |iri'ssnri'  till'  vi'iilricli'  yii'lils.  Sikhi  Iij|i<'I' 
tri>|>liy  ilrvclops,  |ir>Hliii'iiii;  u  lvi>i<al  I'Miiiipli'  of  e.xccii 
trir  liyiMTtroiiliy.  Wlirllnr  liiliiiiilluii  or  liy |ii'rtrii|iliy 
will  |iii'Viiil  )li'|ii'iiils  <iii  ilic  iiiiliiri'  mill  i|iiiility  nf  llic 
liriirl  lissiii'. 

Wlirii  till'  ('a|>illiiry  i  iiciiliilioii  nf  Ilic  liiii;;s  i><  ovi'dIIk- 
tniilcil.  us  i(  iiiiiy  lir  in  niilnil  insiillliirncy  iinil  .slrno.sls, 
till'  ri^lil  liciirl  niri'ls  an  unnsiial  n'slsianci'  in  iliscliai'^ 
inn  its  liliHiil  intii  tlic  inilninniiry  artery.  'I'liis  buck 
liri'atiiri'.  lnKcllicr  with  Ilii-  iircssinr  uf  llic  lilnml  wliicli 
norniaily  I'nicrs  the  vrntriclr  from  Ilii'  rifjlit  aiiricli', 
caiisrs  ililatallon.  anil  jiisl  sii  niiicli  sooner  on  litis  side 
tlian  on  the  oilier,  as  the  iij;ht  veiilriele  is  wakir  tlian 
llle  left. 

I'nlnioiiary  insiillleieney  anil  lrleMs|iiil  insiillieieney 
also  eaiise  ililalalion  of  the  ri:,'lit  venliicle.  Uiseasesof 
the  liinus  anil  |ileiini.  especially  if  associaU'il  with  niyo- 
canliac  disea.se.  as  in  lobar  pneiiinonia.  may  canse  a  fatal 
dilalation  of  ihe  liirlit  luarl.  Kmphysenia  is  iisnally  as 
Soeialed  with  ililalalion  of  Ihe  rii;lit  venliicle. 

The  auricles  are  prone  lo  cMeiisive  dilalation.  not  liav 
inir  muscular  lisMie  cnoU!.'li  for  the  ilevelopmeiil  of  much 
liypertrophy.  The  left  auricle  dilutes  in  mitral  insiilli 
cieiicy  and  stenosis,  the  riL'lit  in  tricuspid  iiiMillicleney 
and  stenosis.  The  ilevelopnienl  of  relulive  insuHicicncy 
of  Ihe  aurieuloveiilriculur  vulves  from  dilatutioii  of  Ihe 
Ventricles,  is  a  freipiciil  cause  of  dilalation  of  Hie  auricles. 
When  incompeiisjition  develops  in  Ihe  cour.se  of  the  vari- 
ous heart  lesions,  marked  dilatation  of  all  the  cavities  is 
likely  to  follow. 

Miiiliiil  A iiiili'ini/. — The  cavities  may  be  vast  ly  increased 
in  size,  even  trebled  in  eapucily.  The  auricles  may  con- 
tain from  ci.srhtccn  to  twenty  ounces  of  blood.  The  auri- 
C'ulo  ventricular  riiiirs  may  be  ;;reatly  dilated.  'I'lie  mi- 
tnd  orilice,  which  normally  has  a  circumference  of  about 
three  and  one  half  inches,  may  be  increased  lo  tive  and 
one  half  inches  and  more;  Ihe  tricuspid  orilice  normally 
has  a  circumference  of  aliout  four  and  one-half  inches 
and  may  be  increased  to  six  inches.  The  bimdles  of 
miiscli'  libres  may  be  iircatly  thiniii  d  and  sepiiiuteil.  In 
Fins.  'i't'.H  and  '2't'J'>  there  was  marUed  seiiaiation  of  Ihe 
bundles  of  muscle  with  only  a  thin  seniiiranspareni 
membiiine  between;  the  endocardium  and  cpicurdiiim 
were  in  places  in  apposition. 

SvMPTo.Ms  AND  I'livsKAi,  Sioxs. — Very  little  space 
need  be  devoted  to  them  as  tliey  have  been  considered  in 
detail  under  valvular  lesions  of  ihe  heart. 

The  socalli'd  idiopathic  hypcrliopliy  produces  n  strong 
first  sound  at  the  apex  and  an  accentuated  aortic  second. 
imaccompanied  by  murmurs.  Hypcrlidphy  of  the  riirlil 
ventricle,  due  lo  disea.se  in  the  liinirs  and  pleura,  pro 
duces  a  stronfr  first  sound  in  the  tricuspid  area  with 
nu  accentualcil  pulmonary  second.  The  apex  beat  is 
lieavini;  and  tlislocalcd  to  Ihe  left,  and  usually  down- 
ward. The  pulse  is  likely  to  be  much  stroiiirer  than  in 
the  hypertrophy  due  lo  valvular  lesions  The  forcible 
heart  action  may  or  may  not  be  perceptible  to  the  indi- 
vidual. 

In  dilatation  the  ape.x  beat  loses  its  heaving  chanicler. 
is  dilTuse.  unihilutory  and  irregular,  and  la|)s  against  llie 
chest  rather  than  thrusts:  dulness  increases,  especially 
to  right  and  left.  The  heart  sounds  become  weak,  (he 
first  upproui-hing  the  .second  in  its  valvular  character;  if 
murmurs  are  present  they  become  weak,  or  even  may 
disiippcar:  fatal  gallop  rhythm  may  develop.  The  ]>ul>e 
becomcssmall.  irregular,  and  iincipial.  All  of  Iheclassi 
cal  syiuploms  of  incompensjition  may  develop,  such  as 
cyanosis,  dyspmea.  u'dema.  bron<liitis.  gastrointestinal 
disturbances,  and  marked  nervousness. 

The  treatment  of  these  conditions  lias  been  discussed 
in  detail  in  the  article  devoted  to  valvular  lesions  of  the 
heart.  Jnmfs  line  Arncill. 
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HEART    DISEASES:     MYOCARDITIS.— Umler    thin 

heailmg  I  simli  discuss  (I)  Aciiic  liilerHlilial  .MviH-aidl- 
lis.  (•.')  I'arcnchymatoiiH  Degeneiiition  of  Ihe  Slvoiiir- 
diiiiii.  (;ii  Segiiieiitiiliiin  and  Krugiiientulioii,  (1)  AbNCBH 
of  the  Heart. 

I.  Ai-iili  liilrinlilial  Mt/n<-<ii(liliK.— Thin  inn  dlHcase  in 
which  Ihe  intermuscular  cuiineclive  tlBsue  Ik  KWolleii  and 
inllltmled  with  small  round  cells  and  leiicoevleH;  the 
blood  vessels  are  dilated  ami  the  muscle  libres  liie  M'iiI  of 
gruniilur.  fully,  und  hyaline  degeneration.  Acule  eiidu 
carditis  and  pericurdilis.  diphlheriu  anil  lyplmiil  fever  are 
most  commonly  iis'-ociuted  with  it.  ('oiiiicilmun  has  de- 
scribed a  very  similar  condition  us  a  Bei|Uel  of  gonoriha'a 
and  was  able  lo  demonstrate  gouococci  in  the  diseused 
ureas. 

II.  Pun  iif/ii/i/iiitiiiiH  J),i/i  iiiiiiliiiii. — This  is  exiremelv 
common  becauw  of  its  intimate  aKsociation  with  the  mi- 
nierousaeule  infccliousdiseases  und  loxiemius.  It  varies 
much  ill  degree,  in  most  cases  being  mild.  In  jiraclieally 
all  of  the  contiiiiicd  fevers  the  inyocaidium  is  aireetcil, 
but  not  .so  much  from  ihe  fever  us  from  the  associated 
loxainia.  Il  may  devilop  iu  the  course  of  a  pericarditis 
or  an  cndocardilis. 

The  heart  is  pale,  turbid,  and  extremely  soft.  Slicro- 
scopicully  there  is  grunular  degeneration' of  the  muscle 
fibres.  They  may  even  lose  their  stria'.  The  sudden 
deaths  which  occasionally  occur  during  the  convalescence 
of  dipliilieria.  pneumonia,  typhoid  fever  anil  inlluenzn, 
arc  undoiibtediy  dependent  on  the  presence  of  a  severe 
grade  of  parenchyma  tolls  degeneration.  Acute  dilalation 
of  the  heart  develops  very  readily  under  these  circum- 
stances  and  explains  the  fatal  li'rniination. 

The  physical  signsari'  Ihosi'of  cardiac  weaknc.s.s.  The 
pulse  is  feeble  and  may  be  both  iiii'gular  and  une(|iial: 
the  first  sound  at  the  apex  becomes  weaker  and  more 
valvular  in  character.  Soft  blowing  systolic  murmurs 
may  develop  c.-^peciully  in  the  pulmonary  regions.  The 
patient  is  weak  and  becomes  short  of  breath  on  slight 
exerlioii. 

III.  /''mf/mfiitiilion  and  &gme)it/ition. — These  condi- 
tions of  the  heart  muscle  interest  the  pathologist  rather 
than  Ihe  clinician.  Heiiaut  and  Landouzy  first  called 
direct  attention  to  the  dis.sociation  of  the  muscle  cells  in 
1877.  Keiiaut  has  gone  so  far  as  lo  consider  Ibis  condi- 
tion a  distinct  disease  from  the  clinicians  stand|ioint. 
Ilowevir.  it  seems  to  us  i:iipossible  to  altempi  lo  distin- 
guish with  any  degree  of  certainly  this  from  numerous 
other  diseases  of  Ihe  myocardium,  by  means  of  signs  and 
symptoms.  In  segmentation  there  is  a  separation  of 
fibres  at  the  ceincnt  line.  In  fragmentatiiin  the  fracture 
is  across  the  fibre  and  ])erhaps  at  ilie  level  of  Ihe  nucleus: 
longitudinal  division  is  very  rare.  Such  hearts  are  soft 
and  easily  lorn,  ami  are  often  pule  and  cloudy.  Kenaut 
attriliules  the  dissociation  of  cells  to  solution  of  the 
cement  Mibstaiiee.  on  aci-ount  of  senile  involutionary 
changes,  alcoliolism.  infection,  and  Uie  a.s.socialcd  high 
temperature.  Hcktoen  s:iys"of  the  morbid  changes  of 
the  myocardium  iiroper,  none  occurs  more  frequently  or 
under  a  greater  variety  of  circumstances,  than  the  le- 
sions known  as  segmentation  and  fragmentation  of  the 
nuiscle  fibres.  They  are  due  to  a  disproportion  between 
the  vigor  and  order  of  muscular  contniction  and  muscu- 
lar cohesion." 

IV.  AbxctHH  iif  the  Iletirt. — This  develops  in  the  course 
of  u  pysemia  or  iufeclivc  endocardilis.  It  is  a  metastatic 
pyamic  process  localized  in  tli<^  heurt.  Infected  emboli 
ure  carried  into  the  coronary  circulaiion  with  a  resulting 
inflammation  and  suppuration.  These  abscesses  vary 
inuch  in  size,  from  very  small  to  fairly  lar^e. 

HEART  DISEASES:  NEOPLASMS.— Primary  tumors 
of  the  heart  are  very  rare.  They  may  arise  in  the  myo- 
cardium, or  iu  the  ]ieri  and  endocardium,  from  which 
points  they  may  invude  the  heart  muscle.  They  may 
also  tuke  their  origin  from  the  valves.  They  may  be  sin- 
gle or  multiple.  They  may  form  nodular  circumscribed 
masses  in  the  heart  wall,  or  project  as  jiolypoid  growths 
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into  tlip  liciirt  cavity.  Only  mrcly  <)n  f licy  form  ilifTuscly 
inliltiMtiiiir  iriciwilis.  Many  arc  of  coni.'rnilal  miu'lii. 
Till'  inajiiiily  of  casfs  occur  in  young  or  inidillcagcU  in- 
dividuals; a  few  Inivf  l)ct'n  found  in  old  ajjc. 

Tlic  iiij/ji'iiKi  is  Die  most  fici|ucnl  variety  of  primary 
lK>o])lasrn  of  tlic  lieart,  eiirlitecn  cases  liavinj:  liecu  ol)- 
served.  Of  tlie.se tin;  majority  were  ])ure  my.\(anata.  the 
others  tibromy.xomala.  In  one  case  the  irrowth  was  (le- 
scriln-d  as  an  aii,i:icilati<-  myxoma.  As  a  rule  they  form 
polypoid  lirowtlis  projecting  into  the  liearl  cavities.  It 
is  very  ilniilitful.  however,  if  some  of  the  polypoid  forma- 
tions found  (Ml  the  endoear<lium  were  really  of  the  nature 
of  neoplasms;  rather  is  it  proliahle  thai  they  were  masses 
of  newly  formed  c<amective  tissue  of  my.xomatous  type 
resulting  from  the  organization  of  thrombi.  In  a  case  of 
libroniy.\omai>f  the  left  auricle  occurring  in  a  girl  of  four 
years,  .lacobsthal  found  largi'  numbers  of  newly  devel- 
ojied  fibres  of  yellow  elasti<-  tissue.  In  the  majority  of 
cases  the  my.xonaitous  tumor  has  been  found  in  the  left 
auricle,  very  often  being  atta<heil  to  the  endocardium  by 
a  slender  ]iedicle.  Papillary  my.\omatJi  have  also  been 
found  u|ion  the  tricuspid  thips. 

Ne.\t  in  order  of  frecjuency  of  the  primary  cardiac  neo- 
plasms is  the  r/iiiMniiii/iiiiiii.  Its  peculiar  histological 
structure  gives  to  it  a  great  interest.  {'as<s  have  been 
described  by  von  UecUlinghausen.  Vircliow.  Illava.  Ko- 
lisko.  Cesiiris  Dciuel,  and  SeilTeit.  The  tumor  is  of  con- 
genital origin,  and  is  usually  nudtiple.  The  nodules  are 
not  encapsulated,  but  are  well  outlined  from  the  cardiac 
tnu.scle.  and  (|uile  sharply  demarcated  from  the  iiericar- 
dium  and  endocardium.  The  growths  may  be  as  large 
as  walnuts,  ami  are  scattered  through  the  ventricular 
walls  and  the  interventricular  septum.  On  secti(ui  the 
nodules  are  reddish-gray  in  color.  The  micro.scopical 
appearances  are  very  striking.  Trabeeulai  of  varying 
thickness  showing  transverse  striations  are  arranged  so 
as  to  form  small  spaces.  These  sjiaces  do  not  communi- 
cate with  each  other;  they  contain  large  polygonal  cells 
of  irregular  outline  having  one  or  more  oval  nuclei  which 
are  centrally  situated.  Their  pliotoplasm  shows  a  faint 
striation.  In  some  cases  the  cell  ajipears  to  form  part  of 
the  wall  of  the  space  and  sends  prolongations  across. the 
latter.  Both  the  ])rotoplasm  and  prolniigatinns  of  these 
Cells  stain  like  nuiscle.  'i'lie  s|nices  and  their  contents 
have  received  very  dilVerent  interpretations  from  the  dif- 
ferent observers  who  have  studied  this  tumor.  Illava 
regarded  lliem  as  intracellular,  Kolisko  as  intercellular. 
Acconling  to  SeilTert  each  space  and  its  wall  represents 
a  greatly  enlarged  embryonal  heart-muscle  cell.  The 
smallest  tumor  nodules  may  consist  of  bundles  of  deli- 
#  cately  striated  libres  only,  without  the  pceidiar  spaces. 
Of  the  signilicauce  and  mode  of  formation  of  tlu^  cardiac 
rliabdoinyoma  we  as  yet  have  no  satisfactory  explana- 
tion. 

Primary  «<')rrt/H((  of  the  heart  is  much  more  rare:  and  it 
is  very  probable  that  some  of  the  eases  diagnosed  as  such 
were  secon<lary  to  some  undiscovered  focus  elsewhere  in 
the  body.  The  reported  cases  have  been  in  both  yoiuig 
and  i>ld  individuals.  The  varieties  observed  were  round 
and  spindle-cell  forms,  myxosarcoma,  libiosarconnv,  and 
angiosarcoma. 

Cases  of  primary  fibromii  of  the  heart  have  also  been 
re|iorted.  but  the  true  uatiue  of  these  cases  is  uncertain. 
It  is  (piite  probable  that  they  represent  organized  thnindii. 
Observations  have  also  been  nuule  of  the  primary  occur- 
rence of  Uiiiiphiiih  iioiiiii.  fdreriiiiiin  ontjiinnti.  and  lipoma  in 
the  heart.  The  polypoid  ('//.v^s  which  have  been  described 
by  a  nundier  r)f  writers  as  jirimary  cardiac  neoplasms  are 
without  doubt  to  be  regarded  as  degenerating  or  partlv 
organized  pi>ly]ioid  thrombi.  They  are  foimd  most  Ire- 
cpiently  in  the  h-ft  auricle,  are  reddish-gray  in  color,  and 
Jmve  a  smooth  shining  surface.  On  section  they  show 
a  cystic  space  filled  w  illi  the  products  of  the  simple  soft- 
ening of  the  central  portion  of  the  thrombus.  When  or- 
ganization of  the  periphery  of  the  thrombus  has  begun 
tile  resemblance  to  a  true  cyst  is  very  close. 

Primary  neoplasms  of  the  valves  arc  more  rare  than 
those  of  the  heart  wall.     A  jinpillarn  iiii/xonui  of  the  pos- 


terior tric\is]ii(l  flap,  multiple  viiiromuln  of  the  size  of 
peas  of  the  same  valve,  and  fpinitlteell  inircoma  of  the 
puluioiiary  valves  have  been  reporte<l. 

Secondary  neoplasms  of  the  heart  are  also  rare  but 
much  more  freiiuent  than  the  i)rimary.  Secondary  wc- 
ciiiiiiiiii  is  the  most  coniiiion  tumor  of  this  organ.  Pri- 
mary cardiac  cancer  is  of  course  an  impossibility,  though 
in  the  older  literature  descriptions  of  growths  regarded 
as  such  are  found.  These  cases  were  cil her  cancer-sec- 
ondaries, or,  as  was  not  infre(|Ucntly  the  case,  sjircomata 
were  diagnosed  as  earciiiomat.i.  Secondary  carcinoma 
of  the  heart  may  arise  through  metastasis,  or  by  exten- 
sion through  continuity  or  contiguity  through  the  peri- 
cardium from  CHiciuomatous  growths  in  the  lungs,  o'sopli- 
agus,  or  secondary  deposits  in  the  mediastinal  lymph 
glands.  Jletastatic  carcinoma  of  the  heart  may  arise 
from  emboli  of  cancer  cells  in  the  coronary  v<ssels,  on 
th<'  mural  endocai<liuin,  between  the  jiapiliary  niiis<les. 
and  on  the  valves.  From  a  secondary  focus  thus  formed 
further  extension  may  take  place  tiirough  the  canliac 
lymph  channels.  In  this  manner  dilTuse  carcinomatous 
inlillralion  of  the  entire  canliac  wall  may  take  place.  In 
other  cases  multiple  metastases  in  the  heart  may  be 
found.  These  may  be  found  in  the  walls  of  both  auri- 
cles and  ventricles.  There  docs  not  appear  to  be  any 
favorite  seat  of  deposit.  In  the  majority  of  cases  the 
carcinoma  is  of  the  medullary  tyjie.  In  the  event  of 
carcinomata  breaking  into  the  vena  cava  large  emboli  of 
carcinomatous  tissue  may  be  carried  to  the  ri.iilrt  heart 
where  they  may  become  attached  to  the  endocardium  or 
develop  as  free  carcinomatous  masses. 

Secondary  mirviii/i  of  the  heart,  while  less  common 
than  secondary  carcinoma,  has  been  observed  by  a  num- 
ber of  writers.  The  growths  are  usually  nietastalic.  but 
the  lieait  may  be  involved  also  by  extension  through  the 
pericardium  from  jirimary  mediastinal  sarcomata.  The 
tumors  may  be  single  or  inultiide.  They  may  be  nodu- 
lar. dilTusely  intiltrating,  or  in  the  form  of  flattened 
plate-like  growths  more  or  less  sharply  outlined.  Free 
sarcomatous  masses  may  be  found  in  l!ie  ri.irht  heart  in 
cases  in  which  the  iirimary  tumor  has  invaded  a  large 
vein.  In  a  case  described  by  Osier  of  sudden  death  ina 
child  the  tricusiiid  orilice  was  found  blocked  by  a  sar- 
comatous mass  coming  from  the  renal  vein.  In  a"  case  of 
primary  sarcoma  of  the  nose  reported  by  the  writer  the 
entire  heart  wall  was  found  to  be  intiltratcd  w  illi  sarcoma, 
while  in  the  right  ventricle  there  was  a  free  sjncomatous 
mass  of  the  size  of  a  wahnit. 

Small  tumors  of  the  heart  may  produce  no  symptoms: 
larger  growths  may  lead  to  cardiac  hyperiroiiiiy.  dilata- 
tion, valvular  stenosis  or  insuffleieney,  rupture  of  the 
heart  wall,  secondary  emboli.sm,  etc.  An  absolute  diag- 
nosis in  the  majority  of  cases  is  impossible.  In  sus- 
pected cases  the  Roentgen  ray  might  reveal  changes  of 
size  or  fcu'm  in  the  heart.  If  the  pericardium  is  involved 
and  a  iiericardial  exudate  luesent.  some  of  the  latter 
.should  be  withdrawn  for  examination.  The  presence  of 
a  hemorrhagic  exudate  wouhl  be  regarded  as  favoring 
the  ]irescnce  of  a  malignant  t\imor.  Of  iireater  iliagiios- 
tic  sigiiiticancc  would  be  the  character  of  the  cells  found 
in  the  exudate.  The  |)resence  of  numerous  mitoses  in 
these,  particularly  aty])ical  mitotic  figures,  could  be 
taken  as  almost  positive  evidence  of  the  jiresence  of  ma- 
lignancv.     The  treatment  is  whollv  svmptomatic. 

A'lh'cd  i^colt  Wailliin. 

HEART     DISEASES:     NEUROSES.-Tre    NKUvots 

Mi;i  UAMSM  OF  1111.;  IIi;.\i!r.  —  It  lias  liccome  known  to 
physiologists  that  the  jiowcr  of  pulsation  of  the  heart  is 
not  engendered  in,  or  derived  from,  the  nervous  system, 
but  rests  in  the  musculature  of  the  organ  itself.  In  the 
frog  and  other  cold  blooded  animals  the  heart  continues 
for  a  short  lime  to  jiulsate  with  a  true  rhytlnii  after  re- 
moval from  the  body  and  complete  separation  from  ner- 
vous or  other  connection.  The  same  is  true  in  a  minor 
degree  in  the  higher  animals,  and  while  not  actually  ver- 
itied  by  observntion.  will  uiidoiiblcdly  hold  good  in  th<! 
case  of  man  himself.    Although  striated  i  he  cardiac  mus- 
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ciiliir  Rtructiin'  it  iiiroiiipli'ii-ly  ililTi-n-iitiiititl.  nixl  tliuo 

n'lllilH  lllf  pnUIT  iif  H|iii||lillll'<ill<>  lllliM'lllt'lll  I'lilllllloll 
III  nil  |iriiiiiii(liril  |ir<>li>|iia.siii.  'I'lir  iiitviiiih  HyKtrtii, 
liuwrviT,  cMTilsis  II  Mi|iri'iiii'  liilliii'iK'i'  iivtT  the  ninliiK' 
iiiiivi-iiii'iilH.  Twii  iiii|iMrliiiil  wis  (if  iiiTVi-s  ilr-rivnl  from 
llir  ri'l'i'liiii  s|iiiiiil  iiiiil  III)'  syiii|iiitlirll('  Hystriiis  iiri' niii' 
ccriD-il  ill  till'  ii'L'iiliiiiiiii  itiiil  riiiitriil  nf  iln-  ('Irciiliitury 

Cl'llliv  'I'llr  si'ii|>i'  iif  tills  !lliirli'  lliX's  nut  ('illll<'IM|lllltf 
II  ('i>iii|ili'ti' mill  ilrtallril   ill  scriiitiiiii  Iif  tin-  iH'rvmis  hiip 

t>ly  iif  till'  liciil'l  iiiiil  llir  |ilirii<iiiii-tiii  iif  its  iiKi'liiiiiisiii. 
t  Im  Niilllrictit  for  iiiir  iiiirpoM'  to  nill  uticiitioii  in  this 
pliiir  III  till'  iiiiijiir  fuels  rrliiliii);  to  llii'  functions  of  tlio 
two  kinils  of  I'lirilliir  m-rvrs  wliii'li  Imvf  liccn  wvll  fstnb 
lislnil  liy  |ilivsioloj;iriir  n-sciircli. 

1.  Tlios<'  lU'iivnl  fiiiiii  llic  viigus  wliicli  uri-  cliirlly 
inliiliitory  or  slowitii.'  to  tin'  urtioii  of  tin-  Iniirl  wlirn 
HiiliJiM'ti'il  III  II  sliniiiliiliiin  of  cillicr  ti  iliri'<'l  or  u  ri'tlcx 
cliiinirlrr.  Tlir  vajriis  is  llms  known  iih  tin-  uimliolic 
lUTvr  of  till'  licart.  Till'  piii'iinioijiislric  trunk  also  ion- 
Vfvs  till'  iliprt'ssor  niriliiic  nerve  w  liieli  enaliU'H  it  to 
Coverii  anil  n-Kulate  the  arterioles  in  aeeordanee  with  the 
(lenianils  of  the  heart. 

2.  The  aeeeleralor.  or  more  properly  the  uugmenKir. 
nervesof  the  lieail,  ileriveil  ehielly  from  the  lirsl.  seconil, 
anil  Ihiril  eervieal  piiiirlia  "f  the  syinpalhelie  system. 
The  fiinetion  of  this  eonl.  known  also  a.s  the  l.;iliihilii- 
nerve  of  the  heart,  is  to  aeeelenite  the  frequency  of  the 
canliac  colli  met  ions  anil  al  the  siimetiine  to  augment  their 
force.  But  when  the  i|uesiioii  isaskcil.  liy  virtue  of  what 
events pniiluceil  in  the  heart  itself  iloihe  impulses  of  one 
kind  lirini;  aliout  inhiliilion  anil  those  of  another  au,<;- 
meiilalion  of  the  impulses,  we  are  met  with  dilticully. 
We  may  speak  if  we  ehoose  of  an  iiihiliitorv  niechaiiism 
plaiiil  w  illiiii  the  lardiiie  siructure,  but  we  have  no  exact 
know  ledi.'e  of  the  nature  of  such  a  mechanism,  slill  less 
of  an  auirmentor  mechanisiu  ( Foster).  It  has  been  sug- 
iresied  that  somevif  the  iiilracardiac  ganglia  may  serve 
as  a  ineiliiim  for  the  ilistribulioii  of  these  inhibitory  or 
augmeiitor  inlliiences.  but  the  evidence  goes  to  show  that 
the  inliiliitory  impulses  proiluce  their  effect  by  ailing 
directly  on  Ihe  miisiiilar  libres  themselves.  Nor  are  we 
ill  a  position  at  the  present  time  to  a.ssign  the  )iro)ier 
function  of  these  ganglia,  although  it  is  believed  that  lliiir 
iiillueiice  is  cliictly  of  a  trophic  or  nutritional  character. 
I5ul.  while  the  nervous  system  neither  initiates  nor  con- 
trols the  rhythmic  movements  of  the  heart,  this  function 
at  once  goes  astray  if  removed  from  nervous  governance. 
It  is  by  the  nervous  system  that  the  hearlbeats  and  the 
calibre  of  I  he  small  arteries  are  brought  into  relation  with 
each  other  and  with  almost  every  part  of  the  budy.  If  is 
by  the  nervous  system  acting  (it  her  on  the  heart  nr  on  the 
small  nrlerie^  that  a  change  of  circumstances  alTecting 
either  Ihe  whole  or  a  |iart  of  the  body  is  met  by  comiieu- 
.siilory  or  regulating  changes  in  the  flow  of  blood:  that 
an  organ  has  a  more  full  supply  of  blood  when  at  work 
than  when  al  rest:  that  the  tide  of  blood  through  the 
skin  rises  and  ebbs  with  the  rise  and  fall  of  I  lie  tempera- 
ture of  the  air:  that  the  work  of  the  heart  is  temiiered  to 
meet  the  SI niin  of  overfed  arteries,  and  thai  the  arterial 
gales  open  and  shut  as  the  force  of  the  cenlral  pump 
waxes  and  wanes.  We  have  thus  learned  the  scat  of  the 
automatic  and  rhythmic  action  of  the  heart,  and  are  able 
to  descry  the  part  played  by  the  nervous  .system  in  con- 
trolling the  force,  freiiuency.  and  rhythm  of  the  muscu- 
lar movements,  and  the  tonicity  or  laxity  of  the  va.scular 
walls.  Ijiit  this  knowledge  does  not  aid  us  greatly  in  a 
deliiiile  appreciatinii  of  the  pathogeny  of  the  various  dis- 
ordered states  of  the  firgan  wliieli  we  designate  as  neu- 
roses, nor  does  it  i|uicken  to  any  gicat  extent  our  jiercep- 
tion  of  the  clinical  ]>lieniimena.  or  our  knowledge  as  to 
the  therapeutic  management  of  these  conditions.  The 
physiological  relations  existing  between  the  vagus  and 
sympathetic  supplying  cords  on  the  one  hand  and  the 
inliacardiac  ganglia  and  muscular  structure  on  the  other 
have  not  lieen  suflieieiilly  detined  to  enable  us  to  agree 
upon  any  fixed  or  delhiite  anatomical,  pathological,  or 
even  clinical  basis  in  our  atteinpts  to  explain  the  cardiac 
neuroses. 
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a  very   recent    inriiMl   ihi'  !■  ;   lule  to 

cover  pniclically  all  of  the  of  ilie 

liearl.  With  iiiireaM'd  expiukiiie  nml  ihIiIiIioiik  to  our 
clinical  knowledge  this  lehtrictlve  aiipelliiiion  no  longer 
wrves  its  forniir  piirposi'.  It  would  appear  indeed  that 
we  are  in  danger  of  going  too  far  In  the  other  direction. 
During  the  last  decade  or  two  th.-re  has  developed  u  leii- 
ileiicy  III  an  embarrassing  luiiliipliratioii  of  terms  in  hi- 
liclling  the  functional  deningemeiils  of  the  heart.  Fiir- 
tlnrniore.  no  two  writers  appear  to  agree  exactly  in 
cla.Hsifying  Ihesi'  disorders.  It  thus  transpires  that  the 
nonieiichit  lire  of  the  subject  is  III  the  presi-nt  time  inn 
most  bewildering,  it  might  almost  be  himiI  chaotic,  simile. 
This  is  perhaps  to  some  extent  inevitable.  Some  of  the 
eondilions  which  we  Ibid  it  conveiiii  nt  to  describe  uiidiT 
disiiiictive  lilies  .so  shade  into  each  other  that  it  is  difli- 
eiilt  to  dicide  where  one  begins  and  aiiolher  ends.  For 
example,  the  condition  desuribed  as  palpilalion  may  pre- 
sent at  limes  the  symptoms  of  neurasthenia  cordis,  or 
of  arhythmia:  whilein  tachycardia,  the  features  of  palpi- 
tation, or  even  of  pseudo-angina,  may  obtrude  tliem- 
s<'lves.  Some  of  the  terms  employed  do  not  constitute 
true  symptom  groups — they  are  mere  symptoms  them- 
selves and  not  ilistinci  disease's. 

After  nimli  anxious  thought  and  study  of  this  subject, 
it  has  s<'enicd  to  the  author  jiroper  to  jiresenl  an  account 
of  these  nervous  manifestations,  each  under  the  head  of 
the  most  prominent  clinical  fealures  exhibited,  noting 
the  points  of  contact  with  other  neurotic  man  i  festal  ions 
and  such  additional  facts  as  our  present  state  of  knowl- 
edge would  appear  to  warrant.  It  must  be  sjiid  that  no 
perfectly  siilisfactory  clinical  classification  of  these  dis- 
I'ldeis  is  |iossilile  until  further  light  has  been  shed  upon 
the  physiological  inter  relations  existing  between  Ihe 
supplying  nerves,  the  cardiac  ganglia,  and  tlie  muscular 
structure  of  the  organ  itself.  It  has  seemed  to  the  w  riler, 
however,  that  all  we  know  at  the  present  time  concern- 
ing the  clinical  and  jialhologieal  features  of  the  cardiac 
neiii'oses  may  be  properly  included  under  the  following 
heads:  (1)  I'alpilatioii :  (i)  tachycardia:  (3)  bradycardia, 
(-4)  the  dys]Mptic  heart:  iTi)  neurasthenia  conlis:  (<>)  the 
irritable  heart:  (7)  arhMhmi;i.  including  delirium  conlis 
and  tremor  cordis;  (8)  the  heart  in  Graves'  disease;  (9) 
angina  pectoris  and  pseudo-nngina.  Of  these  terms  it 
may  be  .sjiid  that  palpitation,  tachycardia,  neurasthenia, 
arhythmia,  and  angina  are  necessary  and  essential;  Ihe 
remainder  might  properly  he  omitted,  but  they  are  found 
in  contemporaneous  literature  and  may  for  the  present 
lie  used  provisionally  as  marking  points  of  which  we 
have  no  exact  scieutitic  conception. 

P.M.riT.vriox. — According  to  Balfour  all  who  suffer, 
or  think  they  suffer,  from  disea.se  of  the  heart  are  prone 
to  palpitation.  Under  LaOnnec's  dclinition.  any  person 
whose  heart's  action  obtruded  itself  upon  the  conscious- 
ness might  be  s;ud  to  have  cardiac  iialpitation.  In  ac- 
cordance with  the  modern  terminology,  however,  the 
name  is  used  to  cover  a  much  more  limited  class  of  cases. 
One  by  one  symptoms  formerly  referred  to  as  falling 
inider  this  term  have  been  relegated  to  other  forms  of 
disorder,  until  at  the  present  time  jialpilation  has  become 
(juite  unfashion,ible.  (several  w  ritei's  mention  it  only  as 
a  symptom  of  other  neuroses.  In  the  author's  opinion, 
however,  it  may  still  be  regarded  as  a  substantive  affec- 
tion covering  a  dislinil  symptom  group. 

Si/iiiptiiiiif:.  —  Probably  some  iialpitation  of  the  heart 
falls  within  the  experience  of  every  one.  Being  very 
near  to  our  consciousness,  eccentricities  of  the  heart  are 
usually  attended  by  great  perturbation  of  the  nervous 
system.  The  attacks  usually  come  on  suddenly,  inde- 
pendently of  any  mental  or  physical  effort,  and  vary  in 
severity  from  a  mere  sense  of  discomfort  or  uneasiness 
to  a  high  degree,  of  pain  and  distress.  Some  persons  ex- 
perience darling  pains  through  the  heart  during  the  at- 
tacks, especially  on  attempting  to  take  a  deep  inspira- 
tion. It  is  often  brought  on  by  a  full  meal  and  the 
belching  of  gas  gives  relief.  The  heart  appears,  a-s  vari- 
ously described  by  the  patient,  to  jump,  to  roll,  to  throb. 
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or  111  sliiiid  slill.  On  physical  cxiiiniiiiiliiin  liic  ii|>cx  Ix'iil 
will  prolialilv  lie  fniiiid  In  lie  iiiciiascd  in  fn'i|Uriii-v  ami 
possilily  ill  force  iliirinir  tlic  atlacUs.  It  strikes  the  pal 
paliii:;  liaiid  with  ii  (|uick  Ihidli  which  extends  tn  the 
greater  arteries.  No  iiuniniir  is  present  except  in  aiue 
mic  cases.  Xoraretliere  other  sii;iis  of  distiirliani-e  or 
lesion  except  possibly  a  sliifhl  interniittcnce  or  iiiegular- 
ity  at  times.  The  attacks  may  last  for  from  a  few  mo 
nii'nts  to  several  liours,  or  at  intervals  for  days  toL'clher. 
One  paroxysm  generally  implies  a  snsceptihility  to 
others. 

AV /«/.*/»/. — The  causes  of  this  disorder  are  lejiion.  Any 
sndden  emotion — surprise,  srrief.  fear,  joy,  or  disjippoint- 
meiit — may  cause  a  liimsienl  palpitation  in  nervous  per- 
sons. Jlore  severe  and  persistent  forms  are  usually  the 
residt  of  some  error  <a' indiscretion  on  the  ))art  of  the 
patient.  Inordinate  use  of  tobacco,  tea.  orcoll'ee.  dietary 
iniliscretions.  exees.sive  veiiery,  self  abuse,  and  late  hours 
are  fruit  fid  causes.  The  eondition  is  far  more  common 
nmonj:  fenialis  than  in  males,  and  is  especially  frc(|Uent 
in  the  aiiainic  conditions  of  yoiinir  girls.  .More  or  less 
palpitation  is  a  common  accompaniment  of  organic  dis- 
casi'  of  the  heart,  brain,  and  spinal  cord. 

Like  other  )iure  neuroses,  simjde  cardiac  palpitation 
gives  rise  to  no  morbid  structural  changes  which  are  tan- 
gible to  our  senses. 

I'rof/iif.si.s. — The  disorder  is  as  a  rule  readily  amenable 
to  tranlinent.  a  withdrawal  of  the  cause  being  usually 
sutVicient  to  cause  a  speedy  disappearance  of  the  symp- 
toms. At  times,  however,  it  is  exceedtiiirly  obstinate 
and  taxes  the  resources  of  the  prjietitioner  to  tlic  utmost. 
It  may  extend  over  years  of  time,  but  never  ;«■)•  w  endan- 
gers life. 

Trnitmeni. — This  consists  lirst  in  the  removal  of  the 
cause,  if  it  can  be  ascertained.  It  is  ciiiite  useless  to  ad- 
minister drugs  witli  a  \  ievv  to  relief  of  this  disorder  to  a 
person  consuming  habitually  excessive  quantitii'S  of  tea 
or  tobacco.  A  careful  mode  of  life  is  an  important  de- 
sideratum. Prudent  and  regular  habits  of  eating  and 
sleeping  and  moderate  outdoor  exercise  are  jioints  to 
emphasize.  A  morning  shower  bath  of  moderately  cold 
water  followed  by  a  vigorous  friction  of  the  skin  with  a 
coarse  towel  is  a  useful  measure  in  lessening  the  liability 
to  the  attacks.  In  habitual  cases  the  daily  administra 
tion  of  three  live-drop  doses  of  the  tincture  of  digitalis. 
cimibined  with  ten-grain  doses  of  bromide  of  iiotassiuni, 
or  sodium,  has  a  valuable  clTect  in  warding  oil'  (he  par- 
oxysms. It  is  important  to  give  the  patient  full  assur- 
ance that  he  is  in  no  dangi'r  whatever  as  to  liis  life. 
During  the  paroxysm  the  ailministiation  of  some  of  the 
diffusible  stimulants  or  anlis]iasnioilics  to  excite  vagus 
inhiliition  is  indicated.  The  old  t'asliioned  coiiLliinalion 
of  valerian,  lloffman's  anodyne,  and  lavender  is  very 
serviceable.  A  gooil  formula  is  as  follows:  IJ  Spiritus 
a;tlicris  compos.,  Tinct.  valerian.,  iia  3  vi. ;  Spiritus 
lavandula'  compos. .  3iv.  M.  et  Sig. :  ;  ss.  every  lialf- 
Imur  until  relief  is  obtained.  The  writer  has  found  the 
application  of  some  form  of  cutaneous  irritant,  in  the 
sliapir  of  a  small  section  of  mustard  leaf  or  thapsia  plas 
tor.  to  simie  sectiiai  of  the  body  remote  from  the  heart 
so  as  to  attract  the  ])atient's  attention  elsewhere,  to  serve 
a  useful  purpose.  The  ailministiation  of  small  (|uanti- 
tics  of  brandy  or  ammonia  may  be  useful  in  .some  cnse.s, 
but  it  is  seldom  that  morphine  is  required  in  simjilc  pal- 
pitation. The  application  of  a  sinapism  or  a  belladonna 
l>lasler  to  the  heart  is  sometimes  useful.  It  is  said  that 
certain  mechanical  means,  such  as  holding  the  breath 
after  a  deep  inspiralion.  )iressiire  on  the  abdomen,  etc., 
will  sometimes  abort  an  attack,  but  the  author  has  dis- 
cariled  these  measures  after  repeated  futile  trials.  Com- 
pri'ssion  of  the  vagiisand  sympathetic  nerves  in  the  neck 
and  the  use  of  faradism  are  worthy  of  a  trial  in  obstinate 
••ases. 

T.MllvcAUliiA.^Etymologically  (™,v";.  quick,  KapMa, 
lieart)  this  word  means  a  quick  heart,  but  the  name 
does  not  afford  altogether  an  accurate  conception  of  the 
disease.  Taclivcardia  is  i  liaRicteii/.cd  by  an  increased 
frequency  of  the  cardiac  pulsi\tions.  but  not  everv  person 


with  a  quick  heart  can  be  said  to  be  a  victim  of  the  dis- 
eased condition  which  we  now  recogni/e  under  this  ap- 
pilation.  .\lthoiigli  the  term  has  been  subjected  to  great 
abuse,  tachycardia  ]iropeiiy  embraces  a  fairly  constant 
symptom  group,  and  as  such  is  entitled  to  be  regarded 
as  a  separate  and  distinct  morbid  entity,  and  not  a  mere 
symptom.  Many  persons  have  normally  a  Inarls  action 
of  100  or  more,  but  this  does  not  constitute  tachycardia, 
nor  does  the  rapidly  actiiiir  heart  of  emotional  disturb- 
ance, or  that  associ;ited  with  tuberculosis,  fevers,  organic 
disease,  or  (iraves'  disease.  Many  theories  have  been 
proposed  in  explanation  of  this  strange  affection,  but 
none  of  them  is  fully  satisfactory.  In  the  present  slate 
of  our  knowledge  we  can  do  little  more  than  gues.s 
whellier  the  immeiliate  causes  lie  in  the  aiigmenlors  of 
the  heart,  the  vagus,  the  ganglia,  or  the  iiiusculaliiri',  or 
whether  it  be  of  centric  origin.  Possibly  it  is  due  at 
limes  to  some  eceenlrie  irrilutioii.  such,  for  examjile.  as 
a  diseased  ovary,  a  lloaling  kidney,  or  a  neuritis  of  dis- 
tant coids.  It  seems  rational  to  attribute  the  trouble  in 
most  eases  lo  overstimulation  of  the  accelerators  or  pa- 
ralysis of  the  inhibitory  nerves;  probalily  in  extreme 
cases  bolh  factors  are  operative. 

Morhid  Aii'itoiiiy. — Tliis  condition  is  essentially  a  nevi- 
rosis.  It  follows  therefore  that  in  the  few  autopsies 
which  have  been  made  in  the  ease  of  |iersons  who  suf- 
fered from  tachycardia  duriiig  life  no  constant  jirimarv 
changes  have  been  found,  although  there  have  been  as 
a  rule  some  marks  of  cardiac  decadence  in  the  shape  of 
secondary  degeneration  of  the  muscular  structure.  Ex- 
aminations of  Ihc  va.L'iis.  the  sympalhelic.  and  the  intra- 
cardiac ganglia  have  been  negative. 

Vdiisdtiiiii. — The  etiology  of  tachvcardia  is  in  many 
cases  past  finding  out.  It  is  most  likely  to  occur  in 
persons  of  a  neurotic  or  hysterical  teniperameiit.  and  in 
some  cases  it  appears  to  be  hereditary.  Po.ssibly  such 
factors  as  worry,  overexertion,  freqiipnt  exeitcmeiil  of 
the  emotions,  and  the  abuse  of  alcohol  and  tobacco  are 
concerned  in  the  causation.  Dyspepsia  and  diseases  of 
the  uterus  and  ovaries  fmin  a  basis  for  many  cases. 
Probably  onanism  and  sexual  excess  or  repression  have 
some  bearing  on  the  causation.  In  a  recent  case,  under 
the  writer's  <ibservatioii.  of  con valescenci'  from  typhoid 
fever  the  i>ulse  would  i|iiickly  rise  from  W)  lo  1,")0  with- 
out apparent  cause.  The  disease  occurs  with  about  equal 
frec|Uency  in  the  two  sexes.  Il  is  rare  under  twenty,  but 
no  age  is  exempt.  Perhaiis  a  majority  of  cases  are  seen 
in  persons  in  middle  life. 

Siiiii]it(iiniit'ili)i/!i. — The  following  clinical  features  are 
fairly  uniform.  The  patient  may  have  felt  in  an  aver- 
age state  of  health  for  a  variable  jicriod.  when  a  iieeuliar 
sensation  of  lassituile  or  restlessness  steals  over  him.  His 
apprehensions  may  be  aroused  and  slight  vertigo  ex|ieri- 
enccd.  Perhaps  the  exireniilies  become  cold  and  numli. 
and  a  shivering  feeling  creeps  up  and  down  the  spine. 
The  face  may  become  ashy  or  mollled.  .\  sensation  of 
o]ipression  or  ti.glitni'S.s,  but  not  of  palpitation,  is  felt 
about  the  heart.  This  may  occasionally  amouiil  loacliial 
]iain.  During  a  marked  attack  the  patient  is  i|uile  help- 
less. He  can  neither  stand,  nor  sit.  nor  lie  with  comfort. 
He  is  irritable  and  generally  miserable.  An  examination 
of  the  heart  will  now  show  a  piilsi'  rale  of  I",20  to  140  or 
100.  Sometimes  il  is  so  frequent  as  to  be  counted  only 
with  Ihe  use  of  the  sphygmograph.  A  case  was  reported 
by  1  )r.  Bristow  e  of  ;MS  per  minule !  The  use  of  Ihc  steth- 
oscope shows  no  murmur  or  other  evidence  of  organic 
disease  of  Ihe  heart.  The  pulsations  have  a  lick  lack 
sound  and  not  allot  them  are  propagaleil  as  far  as  Ihe 
radial  artery.  In  most  cases  the  urine  is  scanty,  but  ner- 
vous polyuria  may  exist.  The  attacks  may  last  for  a 
period  ranging  from  a  few  minutes  to  several  hours  or 
even  days.  In  a  ca.se  reported  by  Bouvcrcl  Ihc  patient 
suffered  for  Ihirleen  davs  {AllbutI).  Permanent  tachy- 
cardia is  an  expression  of  organic  disea.se.  usually  in  the 
course  of  Ihe  vagus  or  medulla,  or  an  evidence  of  ])on- 
line  softening  with  paralysis.  The  iviroxysm  generally 
ends  suddenly  with  a  few  parting  Iwingi's  of  ]iaiii  or 
twitchini:      During    some    allacks,  especially   in   long- 
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NtiiMiliiiK  riiM's.  si);riH  i>f  cunliiir  ililiitiilioii  willi  ■idiiiiii 
of  till'  liiIiK^'.  hui'lliii^  iif  llir  iiuliirs,  tiiiil  itlliiiliiiliiiriit 
limy  Hii|i«'rvi-iir  Di'iHli  iimv  imssilily  ncciir  fmiii  hhvsIuIc 
or  KViirupr.  priilialily  iinirly  iiluuTs  frmii  llic  liilliT. 
Diiriiij;  ilir  iiiliiMils  iiiiiiiiiiH  rcrnviT  Uii-ir  ordiuiiry 
lii'iillli  lull  llir  Hiilistnitiiin  niiiiiliiN. 

l'i'yiii>i.iK  --This  liMs  111  siiiiir  rMrrit  liiTii  fi)rrsliiic|ii\V((l 
ill  Ilii'  |irr('i'illii^'  |i:inii.'ni|ili  Tlir  iillinmli-  Icriiiiimtiiiii 
ill  iiiilividiiiil  ca.v'S  is  iihMiy<  iloiililfiil.  Imt  llir  iiiiiiKiliulc 

1>ron|><-il,  i'S|M'('ially  ihirini;   llic  early  yiais.  is  Imprfiil. 
'atiriits  fuinii'liiiu's  tnlrnili'  tlic  alTi->'tli>ii  fur  many  years. 
(lylllt;  eveiiliially  "f  olil  a^'e 

'  Tri'itiiiriit.  —  \Ve  eaiiiint  with  cerlaiiily  arrest  a  pamx 
vsiii  iif  taeliyi'iinlia  when  it  is  iiiiiler  way,  lint  we  eaii 
lessen  tlie  telicleiiey  tii  reelirieiiee  liy  pnidclit  and  rejjiilar 
lialiils  iif  life.  Iiy  the  aMiidanee  of  txeiss  in  every  diree 
tiiiii.  and  l<y  the  eaiitiiiiisadininistratinii  >>f  siieli  Idiiies  as 
sirveiiiiine  and  ai^i-nie  eDiiiliined  with  a  little  diiritalis  or 
(iilYiiiie.  During  tlii'  altaeks  tlic  exiiiliilion  of  two  or 
thrii'  half  miiK  <•  doses  of  liniiidy  eoinliined  with  Hvcor 
ten  drops  of  tincture  of  diiritalis  may  he  found  useful  in 
niiliiiMtinii  their  siverity.  Strong  i-ollee  internally  ami 
the  appliealion  of  the  iee  hag  to  the  |>rii'('ordium  may 
have  the  elTicI  of  inhibitini.;  the  vai;us.  as  may  also  elee 
tri/ation  of  the  vagus  plai  ing  llie  positive  pole  over  the 
inner  holder  of  the  slernoumstiiiil  muscle  and  the  nega- 
tive ii|>  and  down  the  lower  part  of  Ihi'  sternum.  Ac- 
cording to  Whiltaker.  inorphiiie  is  of  little  value  in  pure 
vagus  tachycardia.  Nitrite  of  aiiiyl  and  iiilroglycerin 
are  likewise  useless.  Compression  of  the  chest  lias  been 
recommended  by  sevenil  well  known  observers.  The 
patient  lying  on  his  back  thrusts  his  lecl  as  hard  as  pos- 
sible against  the  foot  of  the  bed.  then  pressing  his  arm 
closely  to  his  sides  he  lakes  a  long  inspiration.  Now- 
closing  the  glottis  he  makes  a  strong  expiniloiy  cITort. 
thrusting  hard  at  the  sjime  time  against  the  walls  of  the 
chest  with  the  upper  anus  and  clasping  them  with  the 
fori'arins.  By  this  means  it  is  stated  that  the  rate  of 
the  heart  may  be  controlled  and  the  organ  even  caused 
to  intermit  in  its  action.  A  morning  shower  bath  and 
the  graduated  douche  or  cold  pack  has  bicn  employed 
with  advantage.  When  tachycardia  is  due  to  recent 
■Strains  of  the  myocardium,  the  best  Ireatinent  seems  to 
be  absolute  rest,  the  full  action  of  belladonna  or  atropine 
as  indicated  by  slight  dilatation  of  the  pupil,  being  maiu- 
tnined  at  the  same  time. 

Hi!At)vcAHi)t.K — (from  :ipaii-<:,  slow,  and  KopAh,  heart), 
otherwise  known  asaraiocardia,  oligooardia,  pulsus  ranis, 
pulsus  tardus,  etc.  This  condition  cannot  in  our  pres- 
ent state  of  knowledge  be  iilentitied  as  a  di.sliiict  affec- 
tion. The  name  (oimotes  nothing  and  signifies  nothing 
more  than  a  phenomenon  common  to  many  detinite 
groups.  There  is  not.  as  in  t^iehycardia,  a  jiarlicular 
symptom  group  of  which  bradycanlia  itself  is  the  centre. 
Several  eases  of  what  was  supposed  to  be  essential  ]>aro.\- 
ysmiil  bradycardia  have  been  reported,  but  a  closer  and 
more  continued  obsirvation  lias  shown  that  these  cases 
were  always  secondary.  A  description  of  the  condition 
therefore  can  consist  only  in  detailing  the  various  dis- 
eases or  disorders  of  which  it  is  one  of  the  clinical  feat- 
ures. The  ])lienonieiion  is  no  doubt  [lartly  due  to  di- 
rect or  reflex  irritation  of  the  vagus  centre,  or  the  vagus 
trunk,  and  partly  to  increase  of  arterial  jiressure  by  vaso 
motor  or  purely  muscular  contraction  of  the  peripheral 
arteries.  It  may  also  l)e  brought  about  by  diminution  of 
pressure  due  to  loss  of  blood,  to  direct  inHueiice  on  the 
iieart  muscle  of  substances  circulating  in  the  blood,  and 
finally  to  anatomical  changes  occurring  in  the  mii.scula- 
I lire  of  the  Iieart  or  of  the  endocardium.  Some  persons 
have  naturally  a  slowly  acting  heart,  without  apparent 
detriment  to  their  vital  functions.  The  well-known  case 
of  the  first  Napoleon  is  a  familiar  example.  According 
to  his  physician.  Corvis;irt.  the  apex  beat  of  this  by  no 
means  slow  individual  averaged  only  40  per  minute. 
While  bradycardia  is  undoubtedly  produced  through 
some  form  of  defective  innervation,  it  cannot  be  accu- 
rately defined  as  a  neurosis.  It  is  an  incident  of  organic 
disease  of  the  brain  and  its  meninges  and  of  the  spinal 


cord.  During  the  iirogress  of  a  nis<'  of  piicliyinenlngitiH 
ill  a  little  iM.y,  uitiil  live  muts,  Iniely  under  the  wiiler* 
care,  the  heart  beats  fell  us  low  iiH  4M  per  minute  for  kcv- 
eral  days  iN-fore  death.  It  may  oci-iiraH  a  remilt  of  fniet- 
ure  of  the  verlebne  with  coiiiprcssliin  „{  Uie  cord,  iiitli- 
iilly  in  the  icgicui  of  the  tlfih  or  sixth  cervical  vertebra. 
It  occurs  in  epilepsy  and  is  an  iiic  iileiit  of  niiiiiv  infK*- 
tions.  including  typlmid  fever,  piiiumoiiia.  erysipeliiK, 
anil  rheumatism.  Slow  heart  is  often  observed'iii  puer- 
peral wiiineii.  and  it  may  result  from  the  jirescnce  of  bilo 
in  the  bliHid,  of  aiiainia,  of  diabetes,  or  it  may  be  due  to 
many  of  the  disordi'rs  of  the  intestinal  tract."  It  is  prob- 
ablv  not  often  caiisiil  by  alcohol  or  tobacco,  nor  is  it  an 
ini'ideiit  of  organic  disease  of  the  Iieart.  except  when  the 
myocardium  is  involved.  It  is  occasionally  s<'eii  in  aortic 
stenosis  and  may  result  from  (K-clusiuii  of  the  coronary 
arteries. 

The  condition  calls  for  no  sjiecial  form  of  treatment, 
its  management  being  involved  in  the  general  Ireatinent 
of  the  as,socialed  disease  or  disorder.  It  is  iisuiilly  advis- 
able, however,  to  adniiiiister  digitalis  in  inoderaie  doses 
so  as  to  iiiainlaiii  the  metaliolism  of  the  myoiardiiim  and 
enable  it  to  willistanil  llic  great  strain  produced  by  the 
conditions  iiiider  w  liieh  the  circulation  is  carried  on. 

Till-;  Dvsri.i'Tii'  Hi;  vnr. — Here  we  have  anolher  name 
applied  to  certain  iienrotie  stales  of  the  heart.  TIk'  tenii 
has  not  aciiuired  extensive  vogue  as  yet.  but  its  xim:  ap- 
peal's to  be  increasing.  Is  there  a  symptom  group  refer- 
able to  the  Iieart  as  its  centre  occurring  with  siillicient 
frequency  or  uniformity  to  warrant  the  additiViii  rif  the 
term  dyspeptic  heart  to  our  nomenclature  as  a  separate 
and  distinct  affection ?  After  much  careful  Ihoiight  and 
observation  the  writer  is  led  to  answer  this  (puslion  in 
the  negalivi-.  Aberrations  of  the  digestive  functions 
lead  to  all  kinds  of  disturbances  of  the  heart's  action, 
whether  it  lake  the  form  of  palpitation  or  of  tachycardia, 
of  neurastluenia  cordis  or  of  pseudo-angina;  but  they 
present  nothing  iieeuliar  or  distinctive.  The  neurotic 
cardiac  manifestations  due  to  digestive  trouble  are  i|uite 
.similar  to  those  resulting  from  other  cau.scs.  plus  the 
presence  of  clinical  features  referable  to  thi- stomal  b  or 
intestines.  Tl»'  association  of  gastric  and  cardiac  tidtible 
is  one  of  extreme  fre(|iieiicv,  so  much  so  that  it  is  impor- 
tant to  investigate  every  ca.se  of  functional  cardiac  dis- 
order for  a  possilile  digestive  origin.  These  disturbances 
are  of  two  kinds:  first,  reflex,  giving  rise  usually  to  sim- 
ple nervous  palpitation,  but  not  infre(|iiently  to  tachy- 
cardia, to  bradycardia,  and  even  to  pseudo-angina.  It 
is  probable  that  almost  every  case  of  so  called  trinicr 
fiintix  is  of  gastric  origin.  Second,  the  most  severe  and 
even  dangerous  syiii]itoins  of  mechanical  disturbance  of 
the  Iieart  arise  from  the  presence  of  an  overloaded  or 
tympanitic  stomach.  Some  of  these  cases  closely  resem- 
ble in  their  manifestations  organic  di.sease  of  tlic  heart 
itself,  and  it  is  not  to  be  doubted  that  not  a  few  sudden 
deaths  attributed  to  heart  disease  might  more  justly  have 
been  credited  to  an  abused  and  rebellious  stomach.  These 
cases  of  mechanical  interference  with  the  action  of  the 
heart  are  not.  however,  strictly  speaking,  neuroses,  and 
do  not  properly  fall  within  the  domain  of  our  present 
subject.  It  need  only  be  adiled  that  in  all  cases  of  car- 
diac trouble  of  gastric  origin  therapeutic  measures  are  to 
be  addressed  to  the  sloinacli  and  not  to  the  heart. 

NK.fn.\sTHi:xi.v  Counts;  Tin-;  Wkak  Heart. — This 
condition  is  very  similar  in  its  manifestations  to  the  irri- 
tjible  heart  of  .some  aulhors.  It  is  practically  identical 
with  the  not  infrei|Uent  class  of  cases  somewhat  loosely 
denominated  weak  Iieart.  The  condition  denotes  aberra- 
tion or  insiifliciency  of  the  Iieart.  the  result  of  ilefects  of 
innervation.  It  is  clearly  a  neurosis,  aiifl  in  our  present 
slate  of  knowledge  excludes  all  organic  diseasi'.  al- 
though the  time  is  probably  close  by  when  keen  obser- 
vers will  be  able  to  distinguish  pathological  departures  in 
the  intimate  structure  of  the  cardiac  ganglia  or  nerve 
trunks,  or  perhaps  in  the  muscular  substance  of  the  myo- 
cardium. Patients  .sulTering  from  this  atTecliou  usually 
belong  to  the  neuroiiuthic  type,  which  may  or  may  not 
be  the  result  of  defective  eudowment,  hereditary  or  oth- 
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crwise.  It  is  brought  on  by  overstuclv.  by  sexual  excess, 
or  imssibly  liy  coitus  rcserviitus.  tiy  loiij;  coiitiuucil  (Ic 
prcssiiii;  cinolions,  fnibnc  in  busiiii-ss.  triMHicnl  e\(ili' 
Jiicnis.  long  miurhes.  ami  exlmuslinj;  cITorts  <if  all  kinils. 
Onanism  ami  unrc(|uit('<l  love  have  been  cited  as  fruitful 
causes.  It  is  fre(|uenlly  seen  after  recovery  from  lonjr 
attacks  of  prostratinji  diseases,  more  especially  the  essen- 
tial fevers.  Beinjr  to  some  e.xlenl  an  occupation  neuro- 
sis, it  is  far  more  fre(|iiiiit  in  iiialis  than  in  females.  It 
seems  to  occur  wiih  ujiii'.^iial  ficiiuency  anion:;  ironwork- 
■crs  en-jajied  in  high  buildini;  operations. 

■Sf/niiit'imn. — By  what  means  are  we  able  to  identify  the 
tondilioii  of  ni'inaslhenia  cordis?  The  cardiac  features 
jiredonunate.  although  general  nervous  maiufestations 
are  usually  junminent.  The  patient  as  a  rule  is  fretful, 
irritable,  and  tidgely.  He  is  easily  startleil  on  siulden 
exiilement  and  is  apt  to  be  more  or  less  hypochondriacal 
in  his  tendencies.  The  cariliae  attack  itself  is  liable  to 
begin  with  some  (|Ui<'kcning.  possibly  more  or  less  ir- 
regularity or  intermiltcnee  of  the  heart.  The  lirst  car- 
diac sound  is  short  and  lacking  in  volume:  the  second 
sound  is  not  accentuated.  Palpitation  is  not  common. 
but  there  may  be  a  feeling  of  more  or  less  uneasiness 
about  the  heajt.  The  patient  is  apt  to  show  vaso- 
motor disturbances  in  the  shape  of  fre(|Ucnt  changes  of 
color  in  the  fa<e  and  sudden  coldness,  followed  by  burn- 
ing heat  <if  the  hands  and  feet.  There  are  no  (edema  of 
the  feet  or  ankles  and  no  dyspno'a.  but  in  severe  cases 
there  may  be  sufficient  local  distress  to  resemble  p.seudo- 
angina.  The  sleep  is  liable  to  be  restless  and  the  iiatieut 
wakes  with  a  sudden  jump  of  the  heart.  After  the  stage 
of  irritability  the  patient  falls  into  a  slate  of  moic  or  less 
depression,  marked  by  defective  luUrition.  Insomnia  is 
a  constant  symptom.  In  some  cases  the  patients  are  un- 
able to  lie  ii]!  and  must  remain  in  bed.  The  pulse  oon- 
tinues  111  be  weak  and  excitable  and  the  sphygmograph 
shows  marked  dicrotism. 

Diiigiift.six. — The  diagnosis  of  neurasthenia  cordis  is  to 
he  reached  by  discriniinatiiig  consideration  of  the  symp- 
toms, as  above  outlined,  and  by  exclusion.  The  term 
weak  heart  is  too  often  used  as  a  cloak.  This  condition 
is  not  one  of  palpitation  on  the  one  baud,  nor  of  tachy- 
cardia on  the  other.  The  patient's  general  long-contin- 
ued neurasthenic  slate,  coupled  witli  the  cardiac  symp- 
toms and  with  l!ie  ab.sence  of  any  signs  or  symjiloms  of 
organic  trouble,  of  Addison's  disease,  diabetes,  carcinoma, 
or  tuberculosis,  renders  the  existence  of  neurasthenia  cor- 
dis a  )iraetieal  certainty. 

I'rofinosis. — Xeurastlienia  cordis  seldom  destroys  life 
directly,  but  it  forn:s  a  bad  accomiianimcnt  for  acute 
prostrating  diseases.  Patients  succiniib  much  more  read- 
ily to  typhoid  or  other  intercurrent  alVcclions.  'I'hc  con- 
dition is  essentially  chronic  and  a  long  duration  may 
usually  be  predicted. 

Ticntment. — This  should  consist  chiefly  of  cheerful 
surroundings,  agreeable  society,  and  i>leasant  occupation. 
The  food  should  be  simple,  abuuilant,  and  easily  di- 
gested. Daily  systematic  outdoor  exercise,  particidaiiy 
walking  at  a  slow  or  moderate  pace,  should  be  advised. 
A  morning  shower  bath  as  cold  as  the  patient  can  endure 
and  react  from  with  comfort  is  a  useful  habit  to  incul- 
cate. Da  Costa  allows  alcohol  in  liberal  quantities  to 
patients  of  this  type,  but  it  seems  to  the  writer  that  this 
remedy  should  be  used  as  discriminatingly  in  these  cases 
as  elsewhere.  One  of  the  lighter  wines  may  be  allowed 
with  meals,  but  in  most  cases  the  extract  of  malt  will 
answiT  all  purposes  to  be  gained  from  alcohol  and  with 
less  likelihood  of  iinpleasiuit  results.  A  very  useful 
sloma<hi<'  tonic  and  reconstructive  is  as  follows:  R 
Acid,  hydroehlor.  dil.,  Tr.  nucis  vomica*  aa  11.  J  iv.; 
Elixir  lactopeptin  q.s.  ad  tl.  j  iij.  M.  et  Sig. :  A  tea- 
spoonful  in  half  a  wineglassful  of  water  before  each 
meal.  Cascara.  rhubarb,  and  Kut now 's improved  spnidel 
salt  used  alternately  luc  to  be  preferred  for  the  consti- 
pation of  these  snITercrs.  The  bronudes,  valerian,  and 
even  opium  may  be  required  at  times.  Digitalis  and 
nitrogleyerin  are  useless. 

The  rnuiTABLE  Heart.— Under  this  name  a  form  of 


cardiac  neurosis  is  described  in  various  ways  by  differ- 
ent writers.  The  term  was  originally  used  by  Da  Costa 
in  describing  a  peculiar  <ardiac  excitability  which  he 
foimd  to  exist  among  soldiirs  in  the  field.  The  condi 
lion  is  much  mo'e  frequent  among  nun  than  among 
the  gentler  sex,  and  is  usually  seen  piior  to  the  ihirtii-th 
year  of  life.  The  palicnl  complains  thai  he  is  never  free 
from  a  tired  feeling  about  his  heart,  sometimes  a  sharp 
pain  is  fell.  The  organ  is  liable  to  throb  ai:d  jump  an<l 
is  mvcr  entirely  outside  of  consciousness.  Kvcn  when 
the  patient  is  lying  cpiictly  in  bed  it  makes  itself  a  nui- 
sance, banging  away  at  the  time  when  he  shoiiU'  be  asleep, 
while  exercise  or  exerliun  brings  on  a  violent  beating  ( .\I1- 
butt).  In  most  cases  there  is  a  history  of  overexertion. 
The  trouble  frequently  remains  among  college  men  as  a 
reminder  of  the  rush  and  crush  and  iudiscrel  ions  and  un- 
tamed passions  of  youth.  Spasmodic  bouts  of  st'!-.'.y, 
overdoses  of  alcohol  ami  lubacco,  late  siqipers.  ovciwork 
in  the  gyninasium,  and  other  incidents  of  an  irnitional  and 
irregular  life  in  a  nervous  or  dyspeptic  young  person  usu- 
ally go  to  form  the  groundwork  of  the  irritable  heart.  A 
physical  examination  may  show  a  slight  degiee  of  hyper- 
trophy, but  dilatation  is  most  freqin'iitly  present.  The 
peripheral  arteries  are  lax  and  the  |iulse  is  dicrotic:  its 
slackness  is  in  marked  contrast  with  the  excitable  state 
of  the  heart  itself.  The  rhythm  uf  the  cardiac  eontrac 
tions  is  often  a  little  uneven  and  tin-  second  sound  at  the 
apex  too  loud.  The  action  of  the  heart  may  seem  la- 
bored and  heavy  under  the  palpating  hand.  A  murmiu- 
may  possibly  be  heard,  but  more  often  simply  an  impur- 
ity of  the  tirsl  sound,  as  though  it  were  dimmed  by  a 
distant  murmur, 

Trent iiiiut. — Prevention  of  this  trouble  during  the  early 
years  of  young  adult  life  is  of  the  utmost  importance. 
Young  men  especially  shuuld  be  warned  of  the  dangers  of 
an  unsteady  method  of  life.  Violent  and  irregular  exer- 
cise, drinking  and  smoking  to  excess,  late  hours  and  sex- 
ual indiscietions  should  be  guarded  against.  Adolescent 
youths  are  prone  to  err  in  all  of  these  directions,  and  it 
is  the  function  of  older  and  wiser  persons  to  inculcate 
correct  and  uniform  habits.  If  the  condition  which  we 
know  as  the  irritable  heart  has  actually  become  estab- 
lished, the  medical  adviser  iif  the  patient  must  set  liiin- 
self  to  the  task  of  reiiairing  the  mischief  without  delay. 
The  patient's  daily  habits  must  be  carefully  investigated, 
and  ids  life  made  as  tranquil  and  as  free  from  sources 
of  irritation  or  excitement  as  ]iossible.  His  good  health 
cannot  possibly  be  recovered  by  any  other  means.  It 
is  useless  to  give  digitalis  or  other  cardiac  tonics  or 
stimulants,  though  at  times  a  systematic  exhiliition  of 
bromides  in  small  doses  may  serve  a  useful  purpo.se.  In 
many  eases  a  eomiilete  change  of  scenery  and  surround- 
ings is  retiuired.  A  temporary  removal  to  a  qtuet  rund 
locality  absolutely  free  from  temptations  to  indiscretions 
or  excess  is  usually  foUoweil  by  good  results. 

AnHvrii.Mi.v  (n.  privative,  and  flvftui^,  rhythm),  known 
also  as  the  pulsus  ina'qualis  or  pulsus  irregularis,  is  a 
disturbance  of  the  rhythmic  contractions  or  regularity  of 
the  heart.  Tin-  rhythm  of  the  heart  may  be  normally  in- 
termittent or  irregular  in  some  ])cr.soiis,  and  slight  devia- 
tions of  this  kind  are  not  incompatible  with  the  complete 
and  proper  performance  of  the  cardiac  functions.  It  is 
not  uncommon  to  notice  certain  ilislurbances  of  the 
rhythm  in  childhood,  especially  during  sleep,  which  dis- 
a|ipear  after  the  child  wakes  and  runs  about.  This  has 
no  pathological  signiticance.  but  the  irregularities  which 
are  increased  by  exercise  or  excili'inent.  especiidly  if  ac- 
companied by  jiain  or  paljiitation.  are  always  a  sign  of 
gravity.  Irregularities  of  the  heart  may  be  due  to  di- 
rect, retiex.  or  toxic  causes,  or  a  combination  of  any  or 
all  of  these.  According  to  Hoy  and  Adami,  they  are 
biotight  about  by  the  failure  of  the  auricles  to  respond 
to  some  of  the  contractile  influences  which  reach  them 
from  the  sinus  (venosusV  or  by  the  interference  of  the 
sinus  and  ventricular  rhythm  with  each  other.  I'lti- 
uialely  the  cause  of  all  irregularity  may  be  traced  back 
t<i  inhibition  of  the  heart  through,  but  not  by  the  vagus. 
Simple  intermitteuce  is  always  an  indication  of  cardiac 
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failiirr'  dnr  tn  ivnirniiii.  ovitwi'ih,  .m  \v..ir%  li  nmv  Im? 
HHMoriiUril  »illi  vjilviiliir  Icsiiiiis.  Iiiil  has  iiiilv  nil  lin'i 
ilfiiliil  I'liiiiii'i'tioii  with  llii'iii  Iiili'iiiiiilnii'i' iiiay  lii'  Iriic 
or  fiilM'.  Ill  Iriic  iiilcriiiillriKi'  llu'  lii'iirt  ilwlf  iiiliiiilly 
oiiiils  itronlnii'tidii.  wliilr  in  fnlHc  iiiii'iiiiillriici'  llii'  iirpiii 
ciinlnu'ls  hut  the  jiiiIm' wave  is  nut  tnuisiiiifli'il  lolhi- 
wrist.  'rUcsc  iiiHiilllrii'iit  wuvis  arr  Unnwii  as  "  friis 
trull-"  <iinlnic'liiins«ii(l  wiiiirlinusohwrvf  a  furiii  nf  nir- 
iiliirily  thi'iiisclvis.  i  ;/. .  ilir  siripnd.  ihinl.  orcvni  up  to 
the  tt'iitli  or  llftri'iitli  contnictioii  may  hen  rriislnitc.  or 
two  friislnilis  may  apprar  tojirlhrr  siirci'ssivcly,  or  thiy 
may  hr  iiii'Kular  for  mhih' time  ami  t  Inn  . show  llicinsrlvcs 
ill  riiplil  siicci'ssioii.  Ill  soiiii-  iiistaiii'i's  tlics)'  friislrali- 
coiitnii'tioiis  iin-  simply  iliir  to  a  NJi^ht  iirrvmis  dislurli' 
unci'  ami  havi-  no  real  si);iiilifaii(  r,  Aiiioii>;  ihr  writir's 
patinits  is  ii  man  of  sixty,  usually  in  the  licsi  of  licallh. 
whosi'  lirart  lias  shown  tlirsc  iiitiriuissioiis  for  the  Inst 
tlflccii  years.  SonutiiiK  s  slroiii,'  ami  weak  heals  alter 
mile  with  emli  other  rei;iilarly.  ^'iviiin  lise  to  what  is 
termeil  lUr  iikIaiih  4ilti  rim ii».  Two  strokes  in  ()uirk  siie- 
ci'.s.sioii  followi'il  hy  a  lon);er  pause  eonstitiite  the  inihun 
biiifiiiiiiiiK.  three  strokes  the  juilfiiii  tn;)i iiiiimg.  A  eoin- 
hinalioii  may  oecur  conslilutiii);  the  jiuhiiH  hiijiiiiiiiun 
altiriiiiii.-!. 

Ai.i.oititiiYTiiMi.v  {a/.>.o(,  another)  is  it  rondition  In 
which  a  distinct  method  is  ohserved,  the  irreiinlarity 
heiiii;  alway  s  the  same.  When,  in  addition  to  this  slate, 
the  heart  is  tumultuous,  it  Is  know  n  as  (/>/n/i/m  i'"((/(<. 
Tlu'  w  riter  has  at  the  ]>resi-iit  time  a  ease  under  ohserva- 
tioii  in  which  aeei-liTalion.  intermittence,  and  irreiiular- 
ity  are  comhined.  llie  ]uilse  rate  never  lieiiis;  less  than  H!0 
per  minute.  :iiid  coiiiplele  allorrhylhmia  l)ein;i  present. 
The  inilxKH  luiriKh'.nin  is  more  a  distiirhanoe  of  the  i>ul.se 
than  of  the  heart,  the  pulse  beiii^  weaker  instiad  of 
stronirer  durinir  inspiration.  The  rhythm  of  the  heart 
ma,v  lie  in  no  wise  disturbed,  liul  its  contractions  are  n<it 
slroiif;  eiioui;li  to  propel  the  lilood  through  the  vessels  of 
tlie  thora.\  airaiiist  the  inspiratory  suction  force  which 
arrests  <n'  holds  hack  the  hloi.d  wave. 

CdiiKtu. — .\rliytlimia  is  found  occasionally  in  all  nf  the 
other  rnrdiac  neurosis  and  the  causes  w  liicli  originate 
those  conditions  likewise  liriiii;  about  ineirularity  of  the 
cardiac  rhythm.  Oisease  of  the  brain  and  spinal  conl 
and  pressure  upon  the  nerve  trunks  by  tumors  or  intlam- 
iiiatoiy  produi  ts  are  anioiii;  the  direct  causes.  In  leiico- 
cylhaiuia  and  progressive  pernicious  aiiamia,  conditions 
iiiterferinjr  witli  the  nutrition  of  the  heart,  arliythmia  is 
a  frei|Uent  accoinpaiiinicnl.  It  is  sometimes  due  to  the 
pres-sure  on  llii'  heart  of  a  lariie  pleiiiitie  lU'  pericardial 
efTusion.  or  a  llatuleiit  or  distended  .stomach.  Among 
the  rellex  causes  may  be  included  diseases  or  disorders 
of  distant  organs  or  parts,  viz..  an  inllamcd  ovary  or 
uterus,  the  i)a.ss;ige  of  a  pill-stone,  a  blow  on  the  stom- 
ach, a  sharp  attack  of  intestinal  colic,  or  an  operation  on 
the  pelvic  or  abdi>minal  visceni.  The  to.xic  causes  cm- 
brace  certain  drugs,  notably  miiscarin.  alcohol,  digitalis, 
strophanthiis.  tobarco.  chlond  hydrate.  an<l  aconite,  all 
of  which  may  cause  interference  with  the  cardiac  rhythm. 
Certain  infections,  like  those  of  typhoid  fever,  scarlatina, 
diphtheria,  etc..  produce  this  result.  In  a  severe  ca.se  of 
scarlatina  under  the  writers  care  in  a  little  girl  aged  si.x 
years,  the  heart  remaine<l  intermittent  during  sleep  for 
some  weeks  after  the  pas.s;ige  of  the  fever. 

Si/wptrniiK. — The  symptoms  of  arliythmia  are  referable 
chielly  to  the  heart  and  pulse  and  are  of  an  objective 
character.  Many  persons  have  an  irregular  or  an  inter- 
mittent heart  for  years  without  becoming  aware  of  it. 
In  many  <-ases  there  are  no  subjective  symptoms  what- 
ever, while  in  others  there  may  be  a  feeling  of  an.xiety 
about  the  pnvcordiiim  or  even  severe  palpitation  or  an- 
ginal symptoms.  In  gnive  cases  there  may  be  signs  of 
pulmonary  o-denia.  cyanosis,  or  dropsy.  The  condition 
is  to  be  recognized  only  by  a  careful  observation  or  ac- 
tual count  of  the  heart's  piilsjitions. 

Priignofiii. — This  depends  eiitiiely  upon  the  cause.  It 
may  pos.sess  no  evil  signitieance  whatever,  or  it  may 
be  a  harbinger  of  approaching  dis.solution.  As  a  rule 
arliythmia  may  be  looked  upon  as  a  graversymptoni  than 


pnlpltntion  ll  h  Oi-iipii.  jo-,  umli  r  1  xriiiiiicMl  or  ixcr 
cise.  it  may  be  disngaicl.il  asc.r  litlle  lonseipience.  but 
if  inereu.sei|  under  thest'  ilriuinstaines  it  is  a  sign  of 
gravity.  The  iiitermiitetne  or  iriegiiliirily  reKiiltlng 
from  the  abuHi'  of  alcohol,  tobacco,  ami  bad  liabitK  at 
the  table  generally  disappearnon  removal  of  the  olTeaU- 
ing  calls*-. 

Tri'iliiiriil. — The  systi-niati<-  treatiiuMit  of  aihuhiiiia  U 
elosily  involved  in  that  of  the  assoiiateil  conditions,  al- 
though the  symptoms  of  irregularity  and  inlerinitleiicc 
will  at  times  re>|uire  din ct  allintion.  If  there  be  pres- 
ent a  tlalulent  or  an  irritable  stomach,  ini'iisiires  directed 
toils  relief  should  not  be  delayed.  If  the  uteriis  in  dis- 
plaeed.  it  should  be  restored  to  its  propi-r  position;  if 
an  ovary  is  diseased  or  a  kidney  loose  from  its  aiiehonige 
attention  must  be  givi'ii  to  these  matters.  Thi'  arhyth- 
inia  follow  ing  ai'iiie  febrile  states  generally  disjippiars 
with  the  lapse  of  a  few  weeks  more  or  less.  In  mr>st 
cases  of  persistent  arliylhinia  the  daily  adiniiiistration 
of  strychnine,  in  doses  id  not  less  than  one  thirtiilh 
of  a  grain  before  each  meal,  is  imlicaled;  with  this  may  - 
be  combined  one-half  to  one  grain  of  digitalis  orcalTeine, 
or  two  or  three  minims  id'  the  tiiieliire  of  slrophanthiis. 
In  cases  of  high  arterial  tension,  as  shown  by  a  hard,  in- 
compressible pulse,  the  use  of  nitroglycerin  is  re(|iiireil. 
If  the  ai'tioii  of  the  heart  be  heaving  and  tumultuous  a 
warm  bath  (".Hi  to  100  K. )  may  be  nf  service,  provided 
there  is  no  atheroma  or  oilier  organic  trouble  with  the 
heart  or  arteries.  Mild  ca.ses  are  often  benetited  by  the 
systematic  use  of  cold  baths.  Icebags  to  the  pra-cordial 
legion  have  been  reconimen<led  by  Some  excellent  authori- 
ties. The  use  of  niassiige  is  frequently  |)rodu<tive  of 
gooil  results.  Moderate  exercise,  regular  habits,  and 
proper  food  should  be  insistc'd  upon. 

TiiKMoit  C'cutDis. — This  term  siivors  somewhat  of  ped- 
aiilry.  It  should  never  be  undirstood  as  In-ing  applica- 
ble to  a  morbid  entity,  but  to  a  symptom  sometimes  met 
.with  in  neurotic  persons.  es|)eeially  those  of  a  dyspeptic 
tendencv.  It  is  a  ]ieculiar  form  of  irregularity  of  the 
heart  wliich  seizes  llie  siilTen'r  without  a  moiiieiit's  warn- 
ing. The  symptom  is  exceedingly  alarming  to  the  pa- 
tient but  is  devoid  of  danger.  "Like  a  bolt  from  the 
blue,  ami  with  as  little  warning,  a  <|uiet.  steady  lieait  is 
suddenly  seized  with  a  rapid  llutli'ring  and  the  onlinary 
full  )iulse  of  health  suddenly  drops  to  a  mere  tremulous 
thread"  (Balfour).  The  aliacks  may  vary  in  duration 
from  three  or  four  to  a  series  of  short,  rapid,  incomplete 
systoles  extending  over  several  seconds.  On  laying  the 
hand  over  the  heart  a  delicate,  tremulous  sen.sjition  is  felt 
and  the  radial  pulse  is  scarcely  perceptible.  The  par- 
oxysm ends  suddenly  with  an  unusually  forcible  beat  and 
is  luver  attended  by  fainlness  or  vertigo.  There  is  no 
doubt  some  weakncs-s  of  the  myocardium  and  cardiac 
tonics  are  reipnred.  but  all  direct  medication  must  be 
subordinated  to  careful  dieting  and  promoting  the  gen- 
eral health. 

DklikiI-M  CoiiDis  denotes  an  extreme  degree  of  irreg- 
ularity accompanied  by  intermittence  and  a  rolling  or 
sta.i.'.gei"ingscnsiitioii  conveyed  to  the  palpating  hand.  It 
is  usually  classitied  as  a  neuro.sis.  although,  as  it  seems 
to  the  w  riter.  im|uoperly  so.  as  true  exampli'S  of  the  con- 
dition are  found  only  in  cases  of  dilatation  and.  very 
rarely,  in  mitral  stenosis.  Delirium  cordis  is  not  very 
amenable  to  treatment,  but  large  and  freiiuently  repeated 
doses  of  digitalis  somotinies  give  temporary  relief. 

TiiK  Heakt  in  Gii.WKs'  i)isK.\SE. — Graves'  or  Base- 
dow's disea.se,  more  recently  known  as  the  thyroid  ca- 
chexia, is  clas.sitied  by  numerous  aulhors  among  the 
cardiac  neuroses.  This",  it  seems  to  the  w  riter.  is  not  fully 
warranted.  The  clinical  triad  which  constitutes  the 
basis  of  a  typical  case  of  Graves'  disea.se  are.  lirst.  a  rap- 
idly acting  liearl  :  second,  enlargement  of  the  thyroid 
.irland:  and.  third,  protuberance  of  the  eyeballs.  All  of 
those  symptoms  arc  not  invariably  present.  It  often 
happens  that  the  bulging  eyes,  or"  hyperlrophied  thy- 
roid, are  not  in  evidenced  the  rapid  heart  is  the  most 
constant  symiitoiu.  but  the  writer  has  seen  more  than  one 
case   presenting  all   the  active  signs  and  symptoms  of 
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Graves'  disease,  with  a  lieart's  action  little  or  not  at  all 
accelerated.  In  a  wellinarkcd  case  of  thyroid  cachexia, 
liowever,  the  action  of  the  heart  is  very  rapid,  amount- 
ing to  I'-O  or  more  beats  to  the  minute.  This  is  often 
accompanied  by  a  violent  throbbing,  which  extends  ev<Mi 
to  the  small  arteries.  TIk'  sounils  of  the  hi'.'irl  are  aKo 
greatly  augmented  in  volume,  being  audible  in  some 
instances  at  a  distance  of  .several  inches  from  the  chest. 
This  peculiar  action  of  the  heart  dilVers  from  simple  \m\- 
pilation  by  its  continuity  and  by  its  embnicing  the  small 
arteries  as  well  as  the  heart  itself  in  the  throbbing.  At 
first  there  is  no  structural  change  in  the  heart,  but  the 
ra|>id  and  p<-rturlieil  action  is  associated  with  a  fallin.g- 
ofT  in  the  ventricular  outpul,  and  this  ultimately  leads 
to  residual  dilatation  with  its  attendant  train  of  evils. 
The  treatment  of  the  thyroid  cachexia  is  to  be  directed  to 
the  general  condition  and  not  to  the  heart,  although  a 
little  digitalis  condiined  with  IIoiTman's  anodyne  or 
valerian  may  be  exhibited  to  mitigate  severe  throbbing. 
General  tonics,  outdoor  air.  and  good  food,  supplemented 
by  the  use  of  the  thyroid  or  thymus  extract.  ar<'  recog- 
nized at  the  pri'sent  time  as  olTcring  the  best  liojie  for  a 
modification  of  the  course  of  this  prolonged  and  obstinate 
alTeetion. 

An(;ix.v  Pectoris. — This  name  was  introduced  by 
Ilebenlen  in  1768.  It  was  intended  to  denote  a  strangu- 
lation (linden:  to  bind,  to  strangle).  The  affection  has 
been  known  as  stenocardia,  sternalgia,  and  breast-pang. 
There  are  two  varieties,  the  true,  or  angina  pectoris 
proper,  and  the  false,  or  pseudo  angina.  True  angina  is 
always  attended  by  structural  changes  and  is  no  more  a 
neurosis  than  is  atheroma  or  endocarditis.  It  is  usually 
treated  as  a  neurosis,  however,  and  this  is  at  least  par- 
tially justified  by  the  fact  that  the  most  formidable  and 
striking  manifestation  of  the  trouble  undoubtedly  has  its 
origin  in  some  of  the  nerve  structures  commiuiicatiiig 
with,  or  located  within,  the  heart.  JIany  authorities 
have  regarded  it  as  a  neuralgia.  Pseudo-angina  is  not 
attended  by  organic  change  aud  is  uneqinvocally  a  neu- 
rosis. The  features  of  false  angina  are  not  usually  so 
severe  as  those  of  angina  vera,  but  it  is  not  always  possi- 
ble! to  sejiarate  the  two.  A  fatal  issue  has  undoubtedly 
resulteil  from  pseudo-angina  pectoris  in  some  instances. 

Ciiiimititiii. — The  structural  changes  which  <'onstitute 
the  basis  of  true  angina  pectoris  do  not  occur  in  early 
life.  Thus  the  afTection  seldom  makes  its  a])i)earance 
before  the  fortieth  year  of  age.  All  influences  which 
give  rise  to  sclerosis  or  atheroma  of  the  arterial  coats  tend 
to  lay  the  foundation  of  this  dreadful  disease.  These  arc 
notiibly  alcoholic  excess,  high  living,  syphilis,  gout,  lead- 
poisoning,  and  overw-ork.  especially  of  a  mental  or  sed- 
entary character.  Probably  idnety  jier  cent,  of  cases 
occur  in  males.  It  is  especially  prone  to  ajijx'ar  in  per- 
sons in  the  upper  walks  of  life,  those  of  an  intellectual 
occupation  being  most  liable  to  it.  Physicians,  clergy- 
men, lawyers,  and  writers  supply  the  greater  number  ()f 
victims.  Heredity  plays  a  role  in  some  instances.  The 
paroxysms  may  be  precipitated  by  exhaustive  work  or 
sudden  excitement,  anger,  fright,  etc,  A  patient  under 
the  writer's  observation  suffering  from  a  double  aortic 
lesion  developed  attacks  of  unmistakable  angina  on  two 
successive  occasions  when  taken  before  a  class  of  stu- 
dents. 

M)irhid  Changes  in.  T^-ue  Anqina  Pectoris. — Atheroma 
ol  the  coronary  arteries  is  the  most  constant  lesion  j>res- 
ent,  Welch  found  this  change  in  every  one  of  six  fatal 
cases.  Embolism  of  these  vessels  may  also  be  present,  as 
pointed  out  by  Cohnheim  and  Vircliow  many  years  ago, 
Tlie  process  is  apt  to  begin  in  the  ascending'aorta  at  the 
point  of  origin  of  th('  left  coronary  artery.'  The  calibre 
of  this  vessel  may  become  entirely  occluded,  or  so  con- 
tracted that  a  bristle  cannot  bi^  passed  into  it.  Various 
other  organic  lesions  have  been  observed,  notably  fatty 
degeneration  of  the  heart,  calcification  of  the  aortic 
valves,  aneurism  of  the  aortic  arch,  iiericarditis,  and  en- 
docarditis. Not  every  case  of  coronary  sclerosis  is  accom- 
panied by  angina  pectoris.  The  lumina  of  the  vessels  are 
sometimes  left  sulliciently  patent  to  admit  of  enough 


blood,  and  in  other  cases  the  cardiac  cireidation  is  carried 
on  by  supplemental  corollaries  w  hieh  niiiain  uiiairected. 
It  will  thus  be  seen  that  an  im]ierfeet  metabolism  of  the 
myo(ardiuni  furnishes  the  groundwoik  for  angina  pec- 
toris. No  one  has  ever  .seen  the  heart  during  a  paroxysm 
of  angina,  but  reasoning  fnmi  analogy  it  seems  prohable 
that  the  .seizures  are  preeipil.'iled  by  a  suilden  ischa'inia 
of  the  cardiac  muscles,  the  blood  supply  of  the  c'oronaries 
being  for  the  moment  totally,  or  almost  totally,  arrested. 
Pseudo-angina  may  be  produced  by  any  of  the  causes 
which  have  been  enumerated  as  jn'oducing  other  cardiac 
neuroses.  It  is  in  greater  or  less  degree  an  occasional 
cuncomitiint  of  those  alTeetioTis.  Probably  "angina  dvs- 
peptiea,"  a  mere  ga.seous  dilatation  of  the  stomach,  con- 
stitutes a  majority  of  the  cases  of  pseudo-angina  pectoris 
in  nervous  subjects. 

Siiiiiptdiiin. — The  [laroxysm  may  set  in  .stiddenly  with- 
out previous  warning,  although  the  marks  of  arterio  scle- 
rosis and  general  failure  of  the  health  and  strength  may 
have  shown  themselves  for  some  years.  Cardiac  palpi- 
tation, arhythmia,  <'le.,  may  also  have  been  exiierienced. 
The  attack  may  come  on  when  the  i>atient  is  sitting 
quietly  in  bed,  but  is  most  likely  to  ajipcar  during  some 
exertion,  such  as  climbing  a  hill,  breasting  the  wind,  or 
.straining  at  stool,  or  when  laboring  under  .some  form  of 
excitement.  In  true  angina  the  seizure  isof  overwhelm- 
ing suddenness  and  of  unspeakable  intensity.  The  pain 
begins  in  the  pi;eeordial  region,  tisually  about  the  mid- 
sternum,  and  radiates  as  a  rule  upward  into  the  li'ft 
shoulder  and  down  tlie  left  arm,  perhaps  as  far  as  the 
finger  ends.  Sometimes  it  is  |iroiiagatecl  in  th<'  direction 
of  the  right  shouUler,  or  possilily  downward  toward  the 
leg  or  the  lumbar  region.  The  nervous  system  is  acutely 
alert.  One  of  the  most  characteristic  features  is  the  feel- 
ing of  imminent  death.  Some  patients  state  that  the 
heart  feels  as  Ihotigh  it  were  being  tightly  sepieezed  in 
the  grasp  of  a  gigantic  hand.  Probably  no  condition  in 
the  entire  range  of  our  knowledge  entails  more  dreadful 
agony  than  that  of  a  typical  attack  of  true  angina.  In 
some  cases  a  sense  of  coldness,  numbness,  deadncs.s, 
creeping,  or  other  vasomotor  di.stin-bance  is  felt.  In 
others  the  pain  may  not  be  so  acute,  but  takes  the  form 
of  a  dull  ache  (angina  sine  dolore)  and  is  overshadowed 
by  the  intense  anxiety.  During  the  attacks  of  angina 
the  features  are  haggard  and  the  face  is  blanched;  the 
forehead  is  bedewed  with  a  cold  sweat.  The  respiratiim, 
as  a  rule,  is  in  nowise  alVeclcd  b\it  m;iy  be  hurried  and  su- 
perficial. The  patient  is  well  abk'  to  take  a  deep  breath, 
but  is  afraid  to  attempt  it.  He  \isually  prefers  to  keep 
perfectly  ipiiet  in  a  sitting  or  upright  posture  for  fear  of 
increasing  the  seveiity  of  the  paroxysm,  A  idiysical 
examination  may  or  may  not  show  the  signs  of  organic 
heart  disease;  the  most  frecpient  lesion  is  aortic  stenosis. 
During  the  attack  the  heart's  action  may  be  incrcil-sed  or 
(limiuished  in  fre(|uencv.  In  one  of  the  writer's  ]iatients 
it  saidv  lielow  40  pir  minute.  The  blood  pressure  is  al- 
ways raised  ;it  the  beginning  of  the  attack.  The  seizures 
may  last  for  from  a  few  moments  to  an  hour  or  more, 
probably  live  or  ten  minutes  being  about  the  average. 
After  the  attack,  which  may  cease  as  suddetdy  as  it  set 
in,  the  patient  feels  weak  and  exhausted  for  a  sjiort  time. 
A  sensjition  of  nundmess  and  formication  in  the  arms 
may  be  experienced.  There  may  be  a  considerable  belch- 
ing of  gas  and  voiding  of  a  l.irge  (luantily  of  urini'. 

Didnuiish. — This  is  usually  not  dilVicult.  No  other 
condition  presents  the  same  com|)lex  of  symptoms — sud- 
den irradiating  pain,  S(|ueezing,  tightening,  constriction, 
overwhelming  sense-  of  impending  death,  etc.  As  dis- 
tinguishing between  true  and  false  angina,  Huchard's 
aphorisms,  while  not  infallible,  are  very  important;  (1) 
Every  angina  produced  by  effort  is  a  true  angina.  (2) 
Every  angina  which  occurs  spontaneously,  without  ef- 
fort, is  a  false  angina.  C-\\  But  an  an,sina  occurring  at 
night,  though  independent  of  effort,  is  a  true  angina. 
Disturbance  of  the  special  .senses,  hysterical  maidfesta- 
tions,  etc.,  are  far  more  characteristic  of  false  than  of 
true  angina.  The  absence  or  presence  of  .signs  of  organic 
heart  di.seasc  is  imjiortant  in  the  diagnosis.     The  hysteri- 
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ml  |iM>ii<lo-nnf;inn  of  yminf;  wnmon  \*  (•xcliulril  liy  the 
(UA  mill  liiir  iif  ilic  |iiiiii'iil,  ilic  iiliiliiy  III  wri'iim  and 
lliiiiw  lii'nu'lf  itlioiil.  mill  tlic  |iri>liitlili'  |iir>u'Mt'i- of  miii  iiiiii 
III'  iiiriislnml  ilisiinlrrs  'I'lu'  psi'iiilii  mi^'lnii  nf  iilriilml 
itiiil  iiiliiiccii  iH-nirs  MS  II  lull'  in  yunii);  prrsuns  ami  nin 
jtrnrniily  Im'  rf(i>nni/ril  liv  tlir  liisliiry  nf  llic  raw  Tlir 
pain  lull' is  iif  siiliiiiiliiiatr  M'Vfiily.  In  canliac  aslliiiia 
ilvs|iiiii'ii  is  a  inarkril  m  iiiptniii.  Imt  is  cnlirrly  alisini  in 
aii»;iiiii  pictMiis.  Thru  In  lanliar  asllinia  air  suprraililiil 
till-  sviiipliiins  of  liliHxl  sla>>is  in  llir  I'Mri'iniliis,  cnlil 
liaiiilsanil  ticl,  liyprniinia  of  tlir  livir.  anil  (iccasionully 
till-  i'\prrliii-aliiin  of  IiIihhI  slninril  spiitniii. 

I'liyinmiii.  —  In  tnii' an^'ina  llir  pruKiiiisis  fm  rninplrli' 
ri'i'iiviTV  is  liopi-lrss.  till' anatoiniral  Irsions  nnl  ailiiiillin>r 
iif  I'cstiiialion.  Tlir  patient  is  in  tniislanl  ilaiiL.'i'r.  Ilr 
may  ilir  in  tlir  first  attack,  nr  after  wvinil  allarlis.  I'll- 
cxpirtril  proloimatiiin  nf  life  uiiiirs  ill  snine  eases.  The 
patient  may  not  have  a  repetition  of  llie  early  attaeUs 
anil  may  possibly  ilie  ol  other  troiililes.  A  case  reporleil 
by  Miirrell  lastei'l  forty  years,  tiiiil  the  eliler  Austin  Flint 
bi'lieveil  that  lie  liail  seen  a  case  of  actual  n'covery. 

'J'n  III  nil  III. — This  re.sfilves  it.self  into  the  management, 
llrsl.  of  the  paroxysm,  si  couil,  of  the  interval.  When 
calleil  to  see  a  casi'  iliirin^r  an  attack  the  practitioner 
slioiilil  always  feel  the  pulse:  this  will  u'ciienilly  but  not 
invariably  lie  foiinil  liaril  ami  tense,  ileiiotini;  lii;:h  arte- 
rial pressure,  which  comlition  is  usually  present  at  the 
be.^iniiiii!;  of  an  attack.  The  lirst  object  of  treatment  is 
to  lower  the  blooil  teiisioM  ami  relieve  the  strain  on  the 
heart.  For  this  purpose  the  nitrite  of  aiiiyl  is  still  our 
most  prompt  ami  ellicient  weapon.  This  ilnii;  may  be 
adminisleiiil  by  inhalation,  a  few  drops  beiiii:  placed  on 
a  hamlkercliiif  and  held  to  the  nose,  increasini;  the  dose 
eiirefiilly  if  iicces.sary.  Small  |icarls  or  capsules  may  be 
supplied  to  the  patient  with  instruction  to  break  and 
inhale  in  the  event  of  an  attack.  Xitrojilyceriii  acts  in 
a  similar  manner  to  nitrite  of  amyl  but  is  niucli  slower. 
Its  elTi'Cis,  however,  arc  more  lastinjr.  usually  extending 
over  a  period  of  from  four  to  six  hours.  It  is  very  use- 
ful in  mild  cases  of  va.so motor  an.i:iiia  and  in  pseudo- 
angina.  The  nitrite  of  sodium  has  an  elTccI  i|uile  simi- 
lar to  that  of  nitroglycerin.  If  the  arterial  tension  be 
found  low  ami  the  pain  slill  severe  it  is  better  to  try 
the  administration  of  a  little  chloroform  or  ether  by  in 
lialation.  the  former  being,  in  the  writer's  ii|)iiiion.  most 
tnistworlhy.  These  a.ueiits  must  always  be  used  by 
the  physician  or  a  trained  attendant.  A  hypodermii; 
injection  of  morphine  is  sometimes  demanded.  Yeo  rec- 
ommends the  continuous  eurreiil  at  the  inception  of  a 
paroxysm.  Mild  cases  may  be  relieved  by  antispas- 
modics and  ditlusible  stimulants  r.ueli  as  llolVman's  aiio 
dyne.  musk,  valerian,  and  assjil'utida.  Sinapisms  or  hot 
w'ater  bags  to  the  surface  are  sometimes  helpful,  and  the 
same  may  be  sjiid  of  the  (piick  application  of  the  ice  ba.i; 
or  cold  cloths.  During  the  intervals  the  vmderlying 
pathological  state — arterio  sclerosis — should  be  combated 
by  every  available  means.  The  iodide  of  iiotassium. 
strychnine,  and  arsenic  form  our  main  reliance.  Accoril- 
ili.ff  to  Balfour,  arsenic  is  indicated  in  all  heart  diseases 
attended  with  pain.  A  most  careful  and  discriminating 
mode  of  life  is  to  be  observed.  All  undue  exposuri'  and 
excitement  should  be  avoided  and  the  strictest  self-con- 
trol practised.  ./iitnes  K.  Crook. 
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HEART  DISEASES  :  SYPHILIS.-Sypbilisof  theiiiyo 

cai.liiiMi  iiiiiiiilc^K  ii--clt  1)1  t ]i.-  form  of  a  liK-al  or  liifTiisc* 
librojd  iiiyocaiililis  or  as  a  gummatous  inyocarilitiH  The 
interslilial  induration  is  by  far  the  more  comnion  proir- 
ess;  it  may  be  the  result  of  the  direct  ai  lion  of  the  .sy|)h- 
ililie  poison  or  .secondary  lo  a  syphilitic  endarteritis  It 
oeeiMS  in  both  aci|uii'eil  and  congenilal  syjihilis,  in  the 
former  ia.si' as  a  terlimv  lesion.  In  its  earliest  stages  the 
interstitial  change  is  found  as  a  cellular  iiililtnitioii  along 
the  small  vessels  of  the  intermii.scular  connective  tissue. 
Fibroblastic  prolifeiation  occurs  in  the  latter,  leading 
gradually  to  the  formalion  of  small  scattered  nodules  of 
granulation  tissue,  which  soon  become  coiiverleil  into 
scar  tissue.  In  the  libroid  areas  thus  formed  remains  of 
degenerated  muscle,  pigment,  fat  droplets,  etc..  are  found. 
The  newly  formed  libroiis  tissue  may  undergo  casi'iitionor 
become  calcilied.  The  neighboring  muscle  shows  exten- 
sive atrophy  and  fatty  degenenilion.  In  other  cases  the 
celliihir  intiltralion  is  in  the  form  of  bands  or  sheets  run- 
ning parallel  w  illi  ihe  axisof  the  muscle  bundles.  These 
may  or  may  not  be  sharply  dilineil :  usually  Ihe  new  tis- 
sue sends  out  tine  prolon^'alioiis  into  the  neighboring 
muscle.  As  the  cellular  inliltration  develops  it  becomes 
gnidiially  changed  into  a  coarse  hyaline  variety  of  tibroiis 
tissue  containing  few  nuclei.  Tlirougli  atrophy  of  the 
intervening  muscle  the  bands  of  conuective  tissue  gradu- 
ally coalesce  and  may  come  to  make  np  the  entire  thick- 
ness of  the  heart  wall  ftom  |)ericardiuin  to  endoeardiiiin. 
The  left  ventricle,  the  anterior  wall,  the  apex,  and  the 
septum  ventriculonim  are  most  comim.iily  alTectcd.  the 
|iapillary  muscles  ami  the  walls  of  the  auricles  only 
rarely.  In  the  congenital  form  the  wall  of  the  right  ven- 
tricle is  much  moix;  frequently  affected  than  that  of  the 
left. 

In  the  majority  of  cases  the  libroid  change  is  directly 
dependent  upon  the  presence  of  an  obliterating  endar- 
teritis in  the  coronary  arteries.  Complete  occlusion 
of  a  terminal  Inaiicli  produces  an;eiiiie  infarction,  the 
necrosed  muscle  being  replaced  by  scartis.sue:  slowly 
)iliigressive  oblileration  of  the  vessels  leads  to  de.ceneia- 
tive  changes  in  the  muscle  with  secondary  intlammation 
and  proliiferation  of  tlie  interstitial  tissue.  To  the  naked 
eye  the  fibroid  areas  appear  as  white,  i^listening.  tendon- 
like  bands  or  masses.  The  weakening  of  the  heart  wall, 
due  to  the  inability  of  the  new  connective  tissue  lo  con- 
tract against  the  intracardiac  pressure,  often  lends  to  an 
aneurisinal  dilatalion  at  the  point  of  greatest  ehan.ue. 

The  gummalous  form  of  myocarditis  is  of  much  less 
common  occurrence.  Il  is  usually  associated  with  a 
more  or  less  dilluse  interslilial  change.  It  is  probable 
that  in  many  cases  the  libroid  myoeaidilis  found  at  au- 
topsy is  the  result  of  antecedent  .srummatous  proces.«os. 
Giimmata  ma.v  be  found  in  any  part  of  the  heart  wall,  in 
the  myocanlium.  or  beneath  the  peri  or  endocardium. 
To  the  naked  eye  they  appear  as  yellowi.sh  or  grayish 
cheesy  nodules,  varying  in  size  from  a  mustard  seed  to  a 
walnut,  and  are  iisualiy  surrounded  by  a  dense  tibrous 
capsule.  Fresh  gummata  are  red  or  pink  in  color  and  of 
a  soft  homogeneous  structure  They  do  not  possess  a 
tibrous  capsiile  and  are  not  sharply  outlined  from  the 
surrounding  tissue.  Usually  the  iieart  gummata  are 
solitary,  but  in  many  cases  multiple  caseous  nodules  , ire 
found  "scattered  throughout  the  cardiac  wall.  When  the 
gumma  is  located  just  beneath  the  peri  or  endocardium 
chronic  adhesive  pericarditis  and  .sclerosis  of  the  endixar- 
dium  arc  usually  pieseul.     Hypertrophy  and  dilatation 
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of  llu'  hcail  lire  frc(Hiciil  secondary  cliiinjrfs  cicpcnilrtit 
upmi  tilt'  mvorardial  c-mulilinn.  On  inicinscopical  exam 
inatiiiM  iIk'  i;uniniata  of  the  liiail  are  disliniriiislieil  tmni 
those  in  other  reirioiis  of  the  Imdy  liy  the  cellular  nature 
of  the  process,  the  rarity  of  giant  cells,  anil  the  nlatively 
slight  degree  of  caseation,  Ohlileraliiig  eixlarterilis  of 
the  corotniry  arteries  may  or  may  not  lie  associated  with 
gununatoiis  myocarditis. 

Slight  ilegrei'sol  interstitial  myocarditis  and  gninmata 
of  small  size  may  give  rise  either  to  circulatory  disturb- 
ances or  to  general  symptoms.  In  the  majority  of  cases 
the  onset  is  slow  and  insidious,  the  symptoms  of  serious 
myocarditis  developing  only  when  extensive  involve 
ment  of  the  heart  muscle  has  occurred.  C'onsi-quuntly 
sudden  death  from  acute  cardiac  insulliciency  is  very  com- 
mon, occiirriu.ir  in  two-thirds  of  the  cases.  In  those  cases 
wli:.-h  are  observed  for  some  time  before  death  <lyspna'a, 
venous  stasis,  ascites,  and  general  (edema  gradually  devel- 
oiied  without  the  presence  of  the  physical  signs  of  val- 
vidar  disease,  E.xtensive  fibroid  ehan.iri' or  gummala  of 
large  size  may  lead  to  aneurismal  dilatation  of  the  heart 
wall,  general  hypertrophy,  or  dilatation  accompanied  by 
the  gradually  developing  symptoms  of  cardiac  instdVi- 
ciency.  Rupture  of  a  softened  gumma  into  the  blood 
stream  very  freiiucntly  h/ads  to  throml>nsis  and  embo- 
lism. In  the  ii'ported  ca.ses  the  emboli  were  found  in 
the  vessels  of  the  retina  and  ch<iroid.  and  in  the  coronary 
and  pulmonary  arterii-s.  A  form  of  syphilitic  angina 
pectoris  has  been  (h'-crihed  by  some  writers  who  have 
attributed  it  to  a  sjiecitic  action  of  the  syphilitic  ])oison 
upon  the  ncuro-muscular  apparatus  of  the  Jieart  wall  or 
upon  the  sympathetic  nerves.  The  progress  of  cardiac 
syphilis  is  usually  very  slow,  iieiiods  of  ai>i)arcntly  good 
health  nmy  alternate  with  extended  attacks  of  cardiac 
insufficiency.  In  either  jicriod  slight  accidents  may  cause 
sudden  death.  This  may  be  due  to  rupture  of  the  heart 
or  to  occlusion  of  the  coronary  arteries,  either  through 
fibroid  changes,  or  through  thromliosis  or  embolism. 

The  diagnosis  of  syphilitic  disease  of  the  heart  rests 
ujton  the  exclusion  of  other  causal  factors  and  the  estab- 
lishment of  the  existence  of  a  syphilitic  infection,  either 
pastor  present.  In  doubtful  cases  the  tberai)eulic  test 
should  be  cm])loycd.  The  prognosis  in  undoulili'd  cases 
of  syphilitic  myocarditis  is  very  unfavoratile  if  the  con- 
dition is  well  advanced.  Duly  in  the  earliest  stages, 
before  much  structural  change  of  the  heart  wall  has  oc- 
curred, is  there  hope  of  a  cure.  The  treatment  is  that 
pursued  in  casesof  s^-philisin  general,  with  special  treat- 
ment directed  to  the  myocardial  condition.  It  is  very 
probable  that  systematic  treatment  of  all  cases  of  syph- 
ilis, if  continued  faithfully  for  four  oi'  five  years,  would 
greatly  diminish  the  number  of  cases  of  myocardial 
syphilis.  A/ilrnl  Scott  W'lirthiit. 

HEART  DISEASES:  TUBERCULOSIS.— Tuberculosis 
of  the  mvoeardiuin  is  very  rare.  The  tirst  recorded  case 
is  that  of  Townsend  in  1832.  In  18'J4  Valentin  collected 
thirty-six  cases  from  the  literature,  and  estimated  that 
the  condition  occurred  but  once  in  one  thousand  tuber 
culous  bodies.  IIan<l,  in  1898,  collected  forty-two  cases, 
ami  in  18!»!l  Thiry  was  able  to  gather  .sixty-three  cases 
from  the  literature  up  to  that  year.  With  the  exception 
of  a  few  cases  the  condition  was  secondary  to  tubercu- 
lous disease  elsewhere  in  the  body.  Demnie  and  Knopf 
have  reported  cases  thought  to  be  primary.  The  major- 
ity of  the  cases  occurred  before  the  fifteenth  year,  several 
in  infants  The  ventricles  are  more  often  iiflected,  the 
wall  of  the  right  auricle  next  in  frequency.  In  the  ma- 
jority of  cases  the  lesions  are  characterized  by  the  scarcity 
of  tubercli-  bacilli  found  in  them. 

The  infection  of  the  myocardium  occurs  either  by  di- 
rect extension  from  the  ])cricardiuni  or  endocardiuiii,  or 
by  hematogenous  or  lyinjihogenous  metastasis.  Accord- 
ing to  some  writers  a  retrograde  lymphogenous  metas- 
tjisis  from  the  bronchial  lymph  glands  forms  the  most 
common  means  of  infection.  This  is  denied  by  others, 
inasmuch  as  the  lack  of  collateral  anastomo.sis  of  the  car- 
diac lymph  vessels  does  not  favor  retrograde  metastasis. 


In  the  miliary  cases  the  avenue  of  infection  is  usually 
through  the  veins. 

The  ilisease  may  manifest  its</lf  in  several  forms:  »1) 
Seattereil  ndliaiy  nodules  through  the  muscle;  (2)  large 
caseous  nodidis  varying  in  size  from  a  pi'a  to  a  hen's 
<'g.!:.  usually  multipli',  but  occasionally  single;  (H)  dilTuse 
tnbercidous  myocar<lilis  in  the  form  of  a  fibroid  chan.ire 
with  scattered  caseous  nodules  <jf  snuiU  size;  (4)  fibroid 
myocarditis  with  small  non  caseating  tubercles.  The 
thinl  anil  fourth  forms  aie  very  rare;  and  arc  with  dilli- 
culty  distinguished  from  .sypliilitic  jirocesses.  as  the  ba- 
cilli are  found  in  such  scanty  numbers  as  to  be  very  ililli- 
cnlt  of  demonstration.  The  miliary  tubercles  are  usually 
most  numerous  just  beneath  theepicardium.  occasionally 
beneath  the  endocardium.  They  rarely  extend  far  into 
the  muscle.  Thi'  large  caseous  lidjcrcles  represent  a  more 
chronic  infection  ;  they  may  be  encapsulated  or  show  ex- 
tensive signs  of  healing.  In  these  eases  the  pericardium 
is  almost  always  involve.il.  the  endocardium  oidy  rarely 
when  the  lesion  is  in  tlie  ventricles.  In  the  case  of  "a 
tuljercle  of  large  size  developing  in  the  auricular  wall 
both  peri-  and  endocardiiun  arc  soon  involved.  Perfora- 
tion into  the  auricular  cavity  may  take  place  and  give 
rise  to  a  general  miliary  tubercidosis.  In  a  case  reported 
by  Puscbmann  there  was  an  acute  miliary  tidjcrculosis 
which  seemed  to  have  taken  its  origin  from  a  thrombus 
conlainin.L''  lumierous  tubercle  bacilli  which  was  attached 
to  a  caseating  tubercle  in  the  auricular  wall. 

With  slowly  developing  tubercles  there  is  always  asso- 
ciated an  interstitial  myocarditis.  In  the  case  of  the 
large  caseous  tidjerclc  this  process  is  confined  to  its  im- 
mediate vicinity.  This  form  of  interstitial  myocarditis 
is  much  less  important  than  the  diffuse  form  associated 
with  scattered  tubercles  of  slow  growth  and  showing 
little  tendency  to  caseate.  In  spite  of  the  weakening  of 
the  cardiac  wall  tbrougli  replacement  of  the  muscle  by 
coimective  tissue  and  through  caseation  of  the  tubercle, 
a  rupture  or  aneurism  of  the  wall  is  not  likely  to  occur 
in  these  cases  because  of  the  diminished  blood  pressure. 
In  none  of  the  recorded  cases  of  myocardial  tuberculosis 
has  this  event  been  observed.  Further,  there  is  usually 
extensive  fatty  degeneration  of  the  heart  muscle  in  the 
neighborhood  of  the  tubercidous  process,  ami  this  dimin- 
ishes to  a  still  greater  de.irree  the  efficiency  of  the  heart's 
action.  Caleilieation  or  encapsulation  of  the  caseous  tu- 
bercles may  occur  liere  as  elsewhere.  Complete  healing 
may  result,  the  tubercle  being  wholly  replaced  by  eou- 
nective  tissue. 

Within  very  recent  years  the  presence  of  tubercle  ba- 
cilli in  parietal  throndii  and  endocardial  ve.!retations  has 
been  many  times  demonstrated,  and  it  is  very  probable 
that  tul)ereulous  endocarditis  is  of  much  more  frequent 
occurrence  than  is  usually  supposed.  The  great  fre- 
quency of  cardiac  thrombi  in  iinlmonary  (idierculosis 
suggests  the  possibility  of  their  formation  by  the  lodg- 
ment of  bacilli  ujion  the  endocardium.  Secondary  in- 
volvement of  the  myocardium  may  follow  the  develop- 
ment  of  such  endocardial  tubercles. 

Tubercidosis  of  the  myocarilium  presents  no  character- 
istic symptom  complex,  and  in  the  great  majoi  ity  of  cases 
cannot  be  diagnosed.  The  .symptoms  di|ieniling  directly 
upon  the  coiidilion  would  be  those  of  a  myocarditis.  In- 
volvement of  the  pericardium  may  .give  rise  to  such  defi- 
nite si.gns  and  symptoms  as  to  ])ermit  of  the  dia.srnosis 
being  made.  In  case  of  pericardial  elfusion  a  bacterio- 
logical examination  of  lluid  obtained  by  puncture  could 
be  made.  The  ternniiation  of  the  cases  is  by  dciith,  due 
usually  to  the  general  tidiereidosis  rather  than  to  the 
condition  of  the  heart.  Karely  solitary  tubercles  of  small 
size  and  slow  growth  may  heal.  For  the  .srreat  majority 
of  the  cases  there  is  no  treatment  beyond  that  of  a  purely 
symptomatic  nature,  Aldred  Scott  W'arthin. 

HEART    DISEASES:    VALVULAR    LESIONS.— Gen- 

Kl!-\i.  I'/riiU.ni.v.  — The  great  niaii>rily  of  eases  of  chronic 
valvidar  lesions  originate  in  acute  or  eliionie  endocardi- 
tis. A  single  attack  of  acute  rheumatism  may  leavi-  the 
valves  in  a  seriously  damaged  condition,  but  more  fre- 


002 


KEFKKEMfc:  IIANUIMJOK   <)1'  Till;   MKDUAL  l5CiENCli.S. 


Ili'tirl   IINi-aft«-i», 
■Ivitrl  UImmu*. 


qiU'iitly  coiilnirliou  iiiiil  thicki-tiiii);  of  llir  viilviiliir  up- 
|mniiii'>.  I  niiliiiiic  iillir  tlicmiili-  •.in;.'!-  hut  |iu-si-(l  nlT.  iiiiil 
llif  liiilliit  ftmiliiiilly  Immmiiu'  ill  lipiiiiiil  mill  ilrfnlhr  in 
fiiiictiiiii.  UiTiirriiii;  iillmkicif  iiiiliMiinlliis  hit  lliilili-  l" 
orciir  111  vtilvi'i.  iiiirr  iliiiiiii);rii  li\  this  iiiiim'.  iiihI  sli^'lil 
(h-fivt.s  iiiity  Ihiis  Irniiiiiiiti'  in  mtUiiih  and  iircpitriiliU'  in 
Jiirv. 

Vnlviiliir  ilifiiiinily  niiiy  alsn  oriKinnlr  in  ii  rhriinic 
BC'liTiitir  prmi'Hs,  riiiiipanilili'  I"  llii' ihanuis  Hlijrii  '.alir 
plair  in  srliTini- nl  I  hr  vrsscU.  Ailli<>iii;li  tiiin  rhrnnic 
priKi-ss  may  iiiivinalf  frnni  rluMinialir  inllinncis,  yet 
1 1  If  re  an- a  nnnilii  r  nf  caiiMs  wlilch.  when  lakiii  ciillfc- 
tivi'ly,  cxiil  a  nimr  fn  i|in'nl  inllucncc. 

Tlial  liiuli  aiii  rial  pn-Hsuii'  is  lapablc  of  prixliuin); 
valvular  Irsinns  is  shown  very  ricarly  by  llii'  t-xperi 
luvnls  of  Hoy  ami  Ailanii.  'I'licsi-  oIisim-vci-s  uarrowcd 
llir  aorla  of  llir  (lot;  by  clampini;  ami  thus  imliuril  a 
frinirr  of  swollrn  lissin-  at  llir  fin-  eilgr  of  the  valve,  due 
to  inliltralion  of  ci'lls  and  o'llnna. 

C'linirallv  il  is  well  reeouni/.id  that  long-eonliniied  high 
arterial  pressure  may  result  in  sclerosis  and  thiekeiiiiig 
of  the  valves.  More  particularly  is  this  noticed  in  the 
aortic  segments  wliicli  have  to  lieiir  the  brunt  of  in 
creased  strain  in  the  arterial  sysleiii:  the  mitral  cusps 
often  sulTer  as  well,  and  thickening  of  their  free  borders 
is  very  frei|iient  in  caidiae  hypertrophy,  a  condition  in 
which  they  are  siibjicled  to  im  nascd  siniiii. 

The  proportion  of  cases  originating  in  acute  and  in 
chronic  emlocardil is,  has  been  variously  estimated.  It  is 
more  common  to  mice  an  origin  in  acute  endocaiilitis. 
resulting  from  iheumalisnv  or  either  infectious  proces.se.s, 
inthe  mitral  ili:in  in  l  he  aortic  segments.  In  aortic  lesions 
the  process  is  freipiently  clironie  from  the  oiit.set. 

Outtmami  reu'ards  three  fourths  of  all  valvular  ca.scs  as 
beginning  in  a  chronic  fashion,  and  Woroli Jew's  (I)eiit. 
Arc/i./.  /•■/ill.  .!/(</..  (i!).  4tit'>)  analysis  of  18l»  cast's  also  con- 
flrnis  "this  view.  .Most  w  riters  liave.  however,  regarded 
the  rbeumatie  cases  as  the  most  freiiuent:  Scliott  attrib- 
utes ,"i4  percent.,  and  Gib.son  G3  percent,  of  cases  to  a 
rhiiimatic  origin. 

Aonric  iNriiMiM-.TENXE. — Eliohfn/. — Although  occur- 
ring at  all  ages  and  in  both  sexes,  it  is  far  more  commonly 
met  in  males  about  the  middle  period  of  life,  liidir  the 
age  of  twenty  live  most  eases  are  due  to  a  rheumatic  ori 
gin.  and  in  liiese  it  is.  usual  to  lind  the  luitral  valve  also 
afleeted.  .Vnatomieally.  a  large  majority  of  cases  origi- 
untc  in  a  chronic  tibrosis  of  the  segments  of  the  valve 
with  resulting  retniclion  and  deforndty.  All  eonilitions 
leading  to  continued  or  even  intermittent  high  pressure 
tend  to  the  development  of  fibroid  thickening.  Incom- 
petence is  consciiuently  often  seen  in  arteriosclerosis. 
chronic  Ilriglils  disi'ase.  gout,  plumbism.  anil  in  chronic 
alcoholism.  Those  engaged  in  laborious  physical  work 
constitute  the  greater  number  of  cases.  It  is  conse- 
quently freipient  in  laborers,  and  is  occasionally  seen  in 
athletes.  Old  soldiers  often  sulTer  frcim  the  disea.se,  ow- 
ing partly  to  laborious  physical  exertion,  partly  to  chronic 
alcoliolisin  and  to  specific  infection,  which  has  a  well- 
marked  but  obscure  relation  to  the  disease.  Tabetics  are 
not  infrciiuinlly  attacked  by  aortic  insufViciency.  a  fad 
attributed  by  Goweis  to  a  common  origin  in  syphilis. 
Owing  to  the  frei|Uenl  involvement  of  the  coronary  ves 
sels  in  the  s<-lerotic  proi'es.ses  at  the  root  of  the  aorta,  the 
arterial  cases  are  nstially  more  serious  than  those  due  to 
stationary  rheumatic  endocarditis. 

Mtirliiii  AiKitniiii/. — In  the  great  majority  of  cases  aortic 
incompetence  is  due  to  a  chronic  sclerotic  process  in  the 
valves.  Their  free  edges  become  thickened  and  relraited, 
and  the  cusps  fail  to  support  a  column  of  water  when 
poured  into  the  aorta.  Tlieir  ed.sles  freipiently  adhere  to 
each  other,  causing  more  or  less  obstruction.  Patches  of 
atheroma  are  often  present  on  the  valves,  and  in  old- 
slunding  cases  there  may  be  an  abundant  deposit  of  lime 
salts,  giving  a  hard  bony  feel  to  the  margins  of  the  ori- 
fice. Whoii  extreme  adhesions  and  stenosis  are  )iresent. 
a  transverse  bar  is  sometimes  seen  running  from  the 
united  cusps  to  the  wall  of  the  aorta,  and  represents  the 
margins  of  the  original  segments.     The  mitral  valve  is 


I  frei|ueiitly  involved  in  llie  wlemtle  priK-ewt.  particularly 
in  the  rheumatic  emus  The  nuii  ol  the  aorta  ofii  u  pn*. 
hciits  atbeiiiiiialous  and  ■  ali  iireous  plales  and  in  many  in- 
slaiiccsil  isdiliited.  Krixbly  iiiiM-d  utheromatiiiiN  plHcpieH 
in  the  aorta,  involvlngoneor  iiioie  of  iheiiorlicM'giiieiilM, 
are  occasionally  mei  wiih.  I'reHli  eiidiKrurdiliK  Ik  fic- 
ipieiitly  added  on  to  older  lesions,  and  il  iH  mil  iiiicoin- 
moll  to  llnd  a  row  of  warty  granulations  along  the  edge 
lit  the  valve.  Vigitalioiis  are  found  in  the  coiirw  of 
aculc  rheumatism  and  in  malignant  endocarditis  They 
I  may  interfere  mecliaiilcally  with  the  i  losiiie  of  the 
I  valves,  or  in  the  latter  inslanee  cause  incompetence  fiom 
rupture  of  one  of  the  segments. 

l)ilatalion  of  the  root  of  tin-  aorta,  the  rcHult  of  atlie- 
romatc.ns  changes,  is  a  rare  cause  of  aortic  iiisulDeieiicy. 
I    A  series  of  cases  has  been  recorded  by  I'itI  t'I'iaiis    I'atli. 
I    Soc.  |S*IH|  ill  which   iiicoiiipelence  was  iiidueed   in   this 
I    way.  without  markid  i  liairgcs  in  the  valve       In  aneur- 
ism it  is  very  coninion  to  lind  aorlic  regurgitation,  but  in 
such   ca.ses   it   is   nsiiallv  due    to  a  coexisting  sclerotic 
change  in  the  valve.     A\  ith  advancing  age  the  aortic  iiri- 
lice  liecomes  wider,  but  the  comparative  rarity  of  aorlic 
iiiconipclence  in  old    peo)ile  would  si'em  to  indicate  that 
the  dilaialion  is  insiillicicnt  to  allow  of  ri'gurgitalion. 

( )slcr(Tians.  .\m  I'liys.  (has  poiiiled  oul  Ibe  frei|uency 
with  w  liich  .sclerosis  and  iiisulliciency  occur  in  those ca.ses 
of  malformation  in  which  two,  instead  of  three  cusps, 
exist. 

Huptiire  of  the  aortic  cusps  occurring  spontaneously, 
or  more  commonly  from  violent  efforts,  or  as  the  result 
of  severe  direct  injury  to  the  chest  has  been  recorded  in 
a  number  of  instances,  and  is  a  rare  cause  of  aortic  incom- 
petence. Biirie  has  shown  that  rupture  may  be  |iioduced 
experimentally,  and  that  llic  aorlic  cusps  sillier  more 
readily  than  other  valves.  Although  perfectly  healiliy 
valves  may  sulTer  in  this  way.  yet  in  most  instances  there 
is  evidence  of  previous  sclerotic  change.  The  average 
age  at  which  rupture  occurs  is  thirty-nine,  a  period  of 
life  at  which  degenerative  changes  are  common,  and  is 
suggestive  of  previous  disease. 

rmportant  secondary  changes  take  place  in  the  cardiac 
chambers  as  the  result  of  aorlic  incompetence.  The  left 
ventricle  is  obliged  to  accommodate  not  only  the  usual 
amount  of  blood  from  the  auricle,  but  also  that  which 
regurgitates  during  diastole  of  the  ventricle.  The  conse- 
Huence  is  that  this  chamber  becomes  dilated  .to  an  extent 
corresponding  with  the  volume  of  blood  passing  from  the 
aorla.  and  the  degree  to  which  dilatation  takes  jilace  is 
thus  an  iiide.x  to  the  extent  of  regurgitation.  In  the 
severer  types  of  the  disease  dilatiilion  is  extreme,  and  the 
heart  reaches  a  size  seldom  allainid  under  other  circiim- 
staiices.  M«'  ror/joriiniiii.  Allhougli  dilatation  is  primary 
and  the  cavity  remains  greatly  enlarged,  some  hypertro- 
phy of  the  ventricular  wall  al.so  risulis.  and  thus  balances 
or  comi)eusates  for  the  diseased  valve.  Owing  to  the  dif- 
ficulty it  experiences  in  propelling  bUxid  into  a  ventricle 
already  distended,  the  auricle  in  turn  dilates  and  hyper- 
trophies, and  eventually  the  right  heart  becomes  involved 
as  in  mitral  disease. 

Si/mptomx. — This  lesion  is  most  frei|iieiitly  discovered 
during  the  routine  examination  of  patients  in  apparent 
hialth,  or  in  the  subjects  of  other  maladies.  Compensa- 
tion is  often  well  maintained  for  years,  and  during  this 
period  there  arc  few  or  no  subjective  sjniptoms.  and  in- 
deed there  is  usually  much  less  discomfort  than  in  mitral 
lesions.  Dizziness,  palpitation,  and  ])recordial  jiain  are 
sometimes  noticed.  ,ind  dysjiinea  on  exertion  is  often  an 
early  symptom  of  failing  coni]iensiition.  The  facies  pre- 
sents in  many  instances  a  p:ile  and  anxious  aspect,  con- 
trasting with  the  cyanosis  of  mitral  alTections. 

An  exccjition  to  the  insidious  onset  is  seen  in  cases  of 
ruptured  valve.  Here  tlieabrn|)t  onset  with  severe  pre- 
cordial pain  and  dyspniva,  the  development  of  a  diastolic 
murmur,  sometimes  so  loud  as  to  be  perceptible  to  the 
[latient  himscMf,  the  occurrence  immediately  or  shortly 
after  some  unusual  strain  or  external  violence  to  the 
chest,  form  a  clinical  picture  w  Inch  is  very  striking.  The 
severer  cases  may  terminate  fatally  in  a  few  w  eeks,  but 
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fur  the  niDst  |)iirl  tlicy  survive  for  n  Icmircr  prrioil.  Two 
i)f  Harir's  casfs  lived  for  eleven  unci  lliirleeii  yeare  re- 
spectively. 

Kitilinj;  compensiitioii  is  niarkcil  Ky  dv  spnien,  palpitii- 
tion,  and  swelliiiir  of  the  feil.  1)_\  >|iiiieii.  as  in  other 
fcirrns  iif  ear<liae  disease,  cdines  on  from  exertion,  espe- 
eially  in  niounlinir  a  hill  or  eliniliini;  a  siair.  As  the 
malady  advanees  there  are  often  allacUs  of  paroxysmal 
(lysi)ii(ea.  coming  on  especially  at  niirlil,  and  known  as 
caniiac  asthma.  Loss  of  sleej)  and  a  moderate  loss  of 
flesh  irive  the  patient  a  wurn  and  anxious  aspect.  (Ede- 
ma, if  present,  is  iisnally  inod<'ral<'  in  extent,  except  in 
advanced  cases  in  which  llirrc  is  secondary  mitral  incom- 
petence, when  it  may  nltain  a  hijih  i,'raihv 

Pain  is  more  commonly  present  in  aortic  than  in  other 
valvular  lesions.  Il  varies  much  in  intensity,  from  a 
sense  of  wcifrht  and  tmeasinesS  to  acnte  jiain,  often  radi- 
atin;;  to  the  left  arui  and  shoulder,  seldom  to  the  rijjlit. 
In  arterio-sclerutio  ea.ses.  in  which  the  coronary  arteries 
are  involved,  all  the  characters  of  true  an,!;ina  may  be 
present. 

In  advanced  sta.sres  of  the  disease  orthopua-a  and 
Chcyiie  ^'tokes  hreathinji:.  cither  with  or  without  ceneral 
anasiirea  and  the  visceral  congestion  of  mitral  lesions, 
may  be  prescitt. 

Mental  disturbance  develops  more  commonly  in  aortic 
than  in  other  valvular  alTectious.  and  shows  itself  in  rest- 
lessness and  chaniTc  of  trm|ier.  In  some  instances  delu- 
sions are  pronuiicnl  and  the  patient  may  rc(|uire  restraint. 

The  symptoms  in  many  instances  are  duniinated  by 
those  of  arterio-.sclerosis  or  chronic  renal  disease,  in  which 
the  incompetent  valve  is  merely  an  incident.  Sudden 
death  is  an  accident  which  may  ensue  even  in  apparent 
health.  Such  an  occurrence  is  more  liable  to  happen  when 
there  is  disease  of  the  coronar.v  vessels.  Death  occasion- 
ally comes  rather  iuiex]iectedly  after  the  sym|>tonis  of 
ruptured  compensation  have  lasted  for  some  time,  but  the 
more  common  termination  is  by  gradual  failure,  dropsy, 
and  asystole. 

P/ii/sical  Sigiiti. — Visililc  pidsation  in  the  arteries  often 
suggests  the  existence  of  aortic  incomjietence.  Throb- 
bing of  the  carotids,  visible  pulsation  in  the  radial  and 
temporal  arteries,  and,  in  severe  cases,  even  in  the  ditrital 
branches  of  the  hanils  and  feet  are  distinct l.v  seen.  Pul- 
sation of  the  jialalc  and  tivida  has  been  observed,  and 
the  pulse  may  be  counted  in  the  retinal  arteries  with  the 
ophthalmoscope.  Capillary  pulsalioii  is  seen  in  the  fin- 
ger nails,  and  is  also  readily  observed  in  the  lips  when  a 
glass  slide  is  jiressed  on  them.  The  pulse  has  certain 
characters  which  at  once  reveal  l\w  nature  of  the  alTec- 
tioTi  to  the  practised  (ini;er.  The  wave  is  large,  it  strikes 
the  finger  suddi'idy  and  as  rapidly  recedes,  these  charac- 
ters being  more  marked  when  the  arm  is  raised.  Since 
(he  appearance  of  Corrigan's  paper,  this  pulse  has  gone 
by  his  naiue,  and  is  also  known  as  the  water  hanuner  or 
collapsing  pulse.  It  is  regidar  in  volume  and  rhythm 
except  in  the  later  stages,  when  slight  irri'gularity  may 
(leveloj).  The  arteries  are  frequently  thickened  and  this 
feature  is  seen  even  in  young  people  sulTeriug  from  the 
rheumatic  form  of  the  (lisease. 

Examination  of  the  heart  shows  the  ])resence  of  very 
distinctive  signs,  the  more  important  being  the  increased 
size  of  th(' organ  and  the  diastolic  murnuir  al  Ihe  base. 
These  signs,  taken  in  con.jiuiction  with  the  arterial  ])lie- 
tiomena.  rendi-r  the  aflection  one  of  the  easiest  of  cardiac 
lesions  to  reeogiu/.e. 

Inspection  often  shows  a  slight  degree  of  fulness  in  the 
cardiac  region,  particularly  in  children  and  youngadults. 
in  whom  the  elii'St  wall  is  more  elastic.  Visible  pulsa- 
tion is  seen  below  atid  outside  Ihe  normal  apex  site,  and 
retraclion  may  be  s<en  in  the  third  and  fourth  spaces  due 
to  atmospheric  pressure  dining  systole. 

On  palpation  the  cardia<'  impulse  is  forcible -and  heav 
ing.  and  the  apex  is  fell  in  the  nipple  line  or  as  far  out 
as  Ihe  mid-axilla,  in  the  lifth,  sixth,  or  even  the  seventh 
space.  The  incrca.sed  area  of  Ihe  heart  is  also  .shown  by 
pi'rcus-sion.  the  dulne.ss  extending  down  and  to  the  left 
side. 


The  most  chanicteristiesign  is  found  on  auscultation  in 
a  diastolic  imirmur.  due  to  the  retlux  of  blooil  to  the 
ventricle.  It  is  usually  a  soft  (iiolonged  souffle,  begin- 
iiiiig  with  the  second  sound,  and  occupying  the  greater 
part  of  the  diastolic  inlerval :  il  is  .soniil  inns  shorter  or 
its  character  may  be  harsh.  Althougli  .sonietimes  having 
its  site  of  maximum  inlensily  at  Ihe  aortic  cartilage,  it  is 
usually  best  heard  about  the  ]iulmoiiary  region.  It  is 
transmitted  down  the  sleinum,  especially  to  its  left  side, 
and  is  occasionally  heard  only  at  Ihe  lower  sternal  region. 
It  is  freijuently  tiansinilled  to  Ihe  apex,  and  when  loud 
is  heard  all  over  the  front  and  back  of  theclnsl.  The 
diastolic  murmur  in  i|Uestion  is  one  of  the  most  per- 
sistent of  cardiac  murmurs.  It  occasionally  disappears 
during  periods  of  asystole,  to  reappear  with  increasing 
cardiac  power.  Instances  have  been  reported  in  which 
Ihe  murmur  disappeared  from  closure  of  the  orifice  by  a 
vegelalion,  and  Zinsser  has  recorded  a  remarkable  case 
in  which  the  leak 'ceased  owing  to  wearing  down  of  the 
thickened  corpfira  Arantii.  A  systolic  murmur  com- 
monly precedes  the  diastolic  sound,  and  with  it  gives  the 
well  known  to-and-fid  murmur. 

The  second  sound  is  often  dull  and  indistinct  and  may 
be  entirely  lost.  When  absent  it  indicates  serious  de- 
formity of  the  valve  segments  and  is  usually  a  sign  of 
extensive  regurgitation.  The  sound  should  be  listened 
for  in  the  arteries  of  the  neck,  as  it  may  be  present,  but 
obscured  by  murmurs  at  the  base  of  the  heart. 

The  gradual  devclopnieiit  of  aortic  incompetence  may 
.somelimes  be  traced  from  an  accentuated  second  sound 
in  arterial  .sclerosis  to  the  diastolic  inuniiur  of  the  incom- 
petent valves. 

A  presystolic  murmur  at  the  apex  was  first  described 
by  Flint  in  cases  of  aortic  incompetence,  and  commonly 
goes  by  his  name.  It  exactly  resembles  the  rumbling 
murmur  iK'ard  in  many  ea.ses  of  mitral  stenosis.  Thayer 
in  a  recent  study  of  this  murmur  stales  that  it  was  pres- 
ent in  sixty  jier  cent,  of  his  cases,  and  that  thrill,  snap- 
ping tirst  sound,  and  the  tap))ing  impulseof  mitral  sleno- 
.sis  were  also  oecasionall}'  noticed.  The  pulse  characters 
form  the  best  guide  in  distinguishing  the  I  wo  conditions, 
but  when  they  are  combined  it  is  often  dillicult  or  iin])os- 
sible  to  state  whetherlhe  murniiir  is  associated  with  mitral 
steno.sis  or  is  due  to  aortic  incompetence. 

The  teiii])(ralure  ill  cardial- disease  is  usually  subnor- 
mal. Elevali<in  of  teni]ieratiiie  is  sometimes  the  tirst 
evidence  of  a  fresh  cndoi;;irdiiis.  It  may,  however,  sig- 
nify some  rheumatic  or  other  iullamniatory  complicsitiou. 
In  the  adranced  sta.ge  of  cardiac  disease  it  is  most  often 
due  to  a  broncho-pneumonia,  and  is  frciiuently  seen  a 
few  daj's  preceding  death. 

Diai/nf/sim.— The  physical  signs  of  a  well-marked  case 
of  aortic  incompetence  are  unmistakable.  The  diastolic 
murmur  is  a  very  constant  feature,  only  seklom  disap- 
(learing  in  advanced  eases  with  a.syslole.  Temporary 
diastolic  murniursare  occasionally  heard  in  arterioscle- 
rosis, the  valve  ])robably  yielding  lo  the  increased  blood 
ju-essurc.  Allbult  regards  such  cases  as  the  early  stage 
of  the  alTcction.  A  diastolic  murmur  is  sometimes  heard 
in  mitral  stenosis  at  the  pulmonary  area,  and  represents 
a  temporary  inconipctence  of  the  pulmonary  leallets 
from  increased  ]iressure  in  this  vessel.  Such  a  nuirmur 
is  disliiiguishcd  by  the  small  jnilse  of  mitral  disease, 
instead  of  the  large  collapsing  ]iulse  of  aortic  incompe- 
tence. 

The  degree  of  re,gurgitatiou  is  estimated  by  the  size  of 
the  ventricle  and  tlie  character  of  the  i)ulse.  Disiippear- 
anee  of  the  second  sound  at  the  base  and  in  the  arteries 
of  the  neck  also  indicates  free  regurgitation, 

.\onTic  SriCNosis. — /-Jliiilnf/i/. — Although  occurring  at 
all  ages,  and  sometimes  as  the  result  of  changes  in  early 
life,  aortic  stenosis  is  most  common  in  old  men  with  cal- 
careous arteries. 

In  high  degrees  of  the  affection  the  valves  are  thick- 
ened and  calcareous  and  the  orilice  may  become  so  nar- 
rowed as  hardly  to  admit  a  probe.  In  rare  eases  the 
obstruction  is  snbvalvular  and  Ihe  result  of  an  attack  of 
f(etal   endocarditis.     Stenosis,   apart   from    the   slighter 
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Ili'url  niiu'BM-a. 
Ili-url  Hint  uiM'K. 


Kmilcs  of  llif  iilTcrliiiii.  iiiiil   iinii.xfUH'iiilnl  with  aortic  in- 
('iiiii|>ctfii<'c.  is  II  nillii-r  niri'  ciiiiiliiiiiii 

Till'  \vin|>l>iMiK  an-  siiiiilar  tu  iIhmi- r<>ilii<l  in  aortic  rr 
KurKitalioii.  ami  ili'pcnil  nilliir  on  luiMH-ialnl  romlitions. 
HiH'li  as  fTciicnili/ril  aitiriii  s<liro>is.  sclrrosis  of  tlii'  mot 
of  the  aorta,  iliscaw  of  llic  coroiiarv  vi-sm-Is,  ami  nivoiar 
(litis,  tliaii  oil  till'  aorlir  Irsioii  itscll. 

Tlir  onset  of  tlic  allri'tioii  is  insidious,  anil  tlicrc  Ih  u 
loiit;  |H'rioil  of  lali'iuy.  I'linisiiii'ss  or  |<aiii  in  llic  car 
iliac  rcirioii.  soniilinirs  avsiiiiijiii;  ilir  cliaiiii'tirs  of  true 
ani:lna.  canliiic  o|i|in'ssioii.  |ial|iilation  ainl  iliz/iiicss. 
ilys|iiiii'a  anil  synco|ial  or  cvrn  c|iilc|itic  attacks,  may 
lie  iiinoiii;si  till'  I'iirliiT  syniploins.  In  llic  lalrr  sta>;is 
dilatation  of  the  left  vcnlricli'  takes  (ilace  and  relative 
initnil  insnlllcieiicy  ensues.  Dropsy  and  the  usual  cvi 
dciice  of  venous  sta.sis  si-l  in,  and  the  eliiiieal  picture  as- 
siiines  the  type  wen  in  the  more  advanced  stages  of 
initnil  disease. 

The  diau'iiosis  rests  on  llii'  pliysical  signs.  Theperiph- 
end  arteries  an'  usually  lliickeiied  and  calcareous, 
whilst  the  chaiiicters  of  the  pulse  alTord  valuahlv  cvi- 
(Iclice  of  the  nature  of  the  lesion.  It  is  small,  oltetl  of 
high  tension,  the  upstroke  is  slow  and  gradual,  the  wave 
is  well  sustained  and  it  falls  away  slowly.  These  feat- 
ures are  well  shown  in  a  spliygmograpliic  tracing-  the 
upstroke  is  olilii|Ue  and  is  siiiiietimes  inlerriiplril  liy  an 
anacrotic  notch,  like  the  dicrolic  notch  in  the  down 
stroke.  This  notch  has  been  regariled  as  a  double 
olTorl  on  the  part  of  the  ventricle  during  systole,  but  it 
occurs  ill  other  conditions  aixj  has  no  special  diagnostic 
sigiiilicance;  the  ape.x  of  the  curve  is  rounded  and  the 
downstroke  gnidiial.  The  pulse  rate  is  often  iufrc- 
<|uenl.  falling  to  lid  or  below.  (  I'iilr  Clin.  Soc.  Trans., 
18i»7. 1 

Evidence  of  hypertrophy  of  the  ventricle  is  present, 
but  the  enlargenient  does  not  reach  the  degree  seen  in 
ilortic  iiiconipetence.  Inspection  and  palpation  reveal 
nn  iipe.\  beat  below  and  outside  the  normal  site,  with  a 
strong  heaving  chanicier.  Eii)i>hy.sema  of  the  lungs, 
however,  is  fre(|Ueiitly  jirescnt  and  prevents  the  apex  site 
from  being  determined,  nndeiing  it  weiiU  and  indistinct. 
Under  these  ciriumslanccs  cardiac  diiliuss  is  often  less- 
oned. A  systolic  thrill  alioiit  the  aortic  cartilage  is  com- 
monly presiiit  ;  it  is  often  well  marked  and  of  gnat  in- 
tensity, and  is  soniclimes  Iransiiiilted  to  the  vessels  of 
the  neck,  or  felt  in  the  e|iisternal  notch.  With  failing 
cardiac  power  the  thrill  may  lessen  or  disappear.  Oii 
uuscultation  a  rough  harsh  murmur  is  heard  in  the  aortic 
region,  occasionally  having  a  mu.sical  character.  It  is 
prolonged  through  the  whole  of  .systole,  often  coni|)letely 
ohs<'uriiig  both  sounds  of  the  heart,  the  second  being  lost 
from  the  rigid  characler  of  the  valves.  It  is  best  lieard 
about  the  aortic  cartilage  and  liaiisuiitted  to  the  vessels 
at  the  root  of  the  nick.  It  is  heard  over  the  cardiac  area 
with  diminishing  intensity  toward  the  apex,  and  in  many 
cases  it  is  so  loud  that  it  is  heard  all  over  the  chest  and 
oven  at  a  short  di.stance  from  the  patient.  In  llie  termi: 
nal  stages  of  the  ir.alady.  with  failing  cardiac  action,  the 
murmur  may  losi-  something  of  its  intensity  and  rough- 
ness. 

Diiigiimin. — A  common  error  is  to  regard  all  aortic  sys- 
tolic murmurs  as  due  tostenosis.  Miirmursin  thisiegion 
are  most  fri(|Uently  due  to  atheroma  of  the  root  of  the 
aorta,  to  slight  sclerotic  changes  in  tlie  valves,  or  they  are 
of  a  functional  character.  They  arc  then  often  less  loud 
and  rough  than  in  ca.ses  of  stenosis.  Coarse  atheroma- 
tous changes  in  the  aorta  may.  however,  cause  both  a 
rough  murmur  and  a  thrill,  and  it  may  prove  dillicult  or 
impossible  to  distinguish  siiili  a  ccnidition  from  true  ste- 
nosis. An  accentuated  second  .sound  is  common  in  alhero- 
niatous  states,  and  is  not  likely  to  be  present  in  stenosis, 
owing  III  the  rigid  state  of  the  valves. 

The  peculiar  characters  of  the  pulse,  the  marked  char 
actors  of  the  inuniiur.  and  the  presence  of  thrill  form  a 
combination  of  signs  wliitb  are  highly  characteristic,  and. 
when  distinct,  are  unmistakable. 

MiTU.vi.  IxcoMPKTKNCK. — This  may  result  from  acute 
or  chronic  cndocaiditis.  trom  rupture  of  the  chorda  ten- 


diiiea',  or  from  dlliitutioii  of  the  veutricle  preventliiK  the 
apiiosition  of  the  \alve  M'giiienlH. 

Ill  young  people  a  large  proportion  of  niKcit  originate 
in  acute  endocaidilis.  heiire  the  frei|Uency  with  wliich  a 
history  of  acute  rheumatismocciirM  in  the  clinical  history. 
It  is  by  no  ineatiHinfreipieiit  to  obiuin  no  histoiy  of  rlie'ii 
nniliir  conililions,  even  in  children  and  young  people, 
whilst  in  older  individuals  a  cliiiitiic  sileVotic  priHCHs  in 
often  the  pritiiarv  change. 

The  mitral  Milve  is  much  more  liable  to  rheuiiuilic  In- 
llammation  than  the  aortic,  and  in  fact  the  latter  viilve 
.si'lilom  siilTers  from  this  cause  without  involveineul  of 
the  former. 

In  malignant  endocarditis,  rapid  ulceration  or  necrotiiN 
of  the  valves,  or  rKptiire  of  the  chorda',  is  occimionallv 
responsible  for  serious  destruction  of  the  valve.  Uiipl 
lire  of  the  chorda'  also  occurs,  apart  fioni  acute  endocar- 
ditis, as  a  result  of  strain  or  external  violence,  although 
such  cases  ale  very  unusual.  Canliac  dilalalioii.  lesiill- 
iiig  from  strain  or  from  myocardial  changes,  often  pro- 
duces relative  initiid  incompetence,  even  with  perfectly 
healthy  valves.  This  condition  is  fre(|Uent  as  a  tempo- 
rary maiii  festal  ion  in  the  acute  dilatation  of  inlectioiis  dis- 
ease and  in  ana'inia.  In  aortic  lesions  and  in  chronic 
dilatation  or  myocarditis,  incom|)eteuce  occurs  owing  to 
rliis  iiiecliaiiism. 

M-'ifnil  Aiiiiliiiini. — The  changes  in  old-standing  cases 
consist  in  thickening  and  rigidity  of  the  valvular  s<'g- 
menls.  Ill  cases  due  to  eiiilocarditis.  there  is  almost  in- 
varialily  some  degree  of  narrow  ing.  The  orilice  is  natur- 
ally wider  than  normal  when  relative  incompetence  is 
present. 

.Secondary  changes  of  a  compensatory  cliar^icter  take 
place  in  the  various  cardiac  cavities.  The  left  auricle 
dihiles  to  ai'coniiuodatc  the  extra  current  of  blood  pass- 
ing tlii'ough  the  leaking  valve,  and  also  hypertrophies  to 
cope  with  the  increased  work  thrown  upon  it.  The  ven- 
tricle undergoes  similar  changes,  being  stimulated  by  the 
increased  How  from  the  left  auricle.  The  circulation  in 
the  pulmonary  ciriiiit  is  imiieded  by  the  overfilled  auri- 
cle, and  in  conse(|uence  the  right  ventricle,  and  ulti- 
mately the  right  auricle,  dilate  and  hypertrophy. 

The  tricuspid  oritice.  owing  to  dilatation,  may  become 
incompetent,  a  fealinc  which  accounts  for  certain  clini- 
cal phenomena  in  the  advanced  stage  of  the  alTection. 
Sclerotic  changes  occasionally  occur  both  in  the  trunk  and 
in  the  smaller  branches  of  the  pulmonary  artery,  owing 
to  the  increased  blood  pressure. 

A  deposit  of  librin  amongst  the  inusculi  |)ecliimti  or 
chordie  tendine;e  is  seen  in  the  dilated  cardiac  cimmbers, 
and  forms  the  irsual  source  of  emboli. 

Venous  stasis  in  the  various  organs  is  frequent  in  mi- 
tral lesions.  The  lungs  are  airecled  earliest,  and  under- 
go the  change  known  as  brown  induration.  The  capil- 
laries are  overtilled  and  co!ise<|Uently  thrown  into  loops, 
whilst  blood  pigment  passes  to  the  alveolar  walls,  and 
a  slight  increase  of  interstitial  tissue,  the  result  of  chronic 
coiigestiou.  takes  place.  The  eiiithelial  lining  in  the  al- 
veoli is  somewlial  swollen,  and  contains  specks  of  jiig- 
meiit. 

Hemorrhagic  infarcts  are  common  in  the  advanced 
stages.  They  are  often  attended  by  Iwemoptysis  and  a 
localized  jdeiiritis.  (Kdeiiia  of  the  lungs  and  hydro- 
thorax  are  freiiuent  as  manifestationsof  part  of  a  general 
drop.sy.  and  a  terminal  broncho-pneumonia  is  a  common 
cause  of  death. 

The  liver  shows  dilatation  of  the  radicles  of  the  hepa- 
tic veins  in  the  centres  of  the  lobules,  with  an  exiidalion 
of  pigment  in  t'«- surrounding  cells,  whilst  the  iieripherv 
of  the  lobule  undergoes  fatty  changes  ow  ing  to  delicient 
oxygenation.  To  the  naked  eye  the  cut  surface  ])resetits 
a  mottled  aiipearance.  the  dark  colored  centres  contrast 
ing  with  the  pale  peripheral  portions  of  the  lobiih'S.  and 
giving  the  organ  t lie  name  of  the  nutmeg  liver.  When 
congested  it  is  enlarged  and  extends  below  the  costal 
border,  and  in  the  later  stjiges  tibroid  changes  may  super- 
vene, the  organ  becoming  indurated  and  uneven  on  the 
surface,  a  condition  know  ii  as  cardiac  cirrhosis. 
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Soinewlmt  similur  changes  rake  |)laoe  in  the  kidneys; 
these  orjrans  are  enhirjri'd  and  eonjrested  in  the  earlier 
slajies,  and  eventually  may  lerniiuate  in  cirrhosis  and 
contraction. 

(Kdenia  and  congestion  of  tlie  paslro-intestinal  tract, 
and  suliciilaneous  cedenia  willi  elTiision  into  the  semns 
sjics.  are  also  jirescnt  in  the  advanced  stages  of  the  alTec- 
tion. 

S;j,„iiliniiit — Tlicse  vary  greatly  according  to  the  char- 
acler  !iiid  stage  of  the  disease. 

In  acute  endocarditis  the  development  of  a  mitral  in 
competence  is  revealed  only  hy  the  |ihy.sical  signs; 
dropsy  and  dys])n(ea  are  only  exceptionally  jircsent  even 
in  the  graver  forms  of  endocarditis,  and  Ihc  clinical  pict- 
vu-e  istlial  of  the  primary  infeclioiis  |>roccss.  In  chronic 
cases  coniiieiisation  nv.>.\  be  maintained  for  a  long  period, 
even  when  the  serious  naliiri'  of  the  lesion  is  shown  by  a 
greatly  enlarged  heart  and  an  apex  murmur.  Although 
somi'  individuals  pass  through  a  long  life  with  little  or 
no  dis;-oniforl.  it  is  more  usual  to  tind  some  dyspncea  on 
excilion.  The  facial  appearance  is  often  suggestive. 
The  lips  and  cheeks  may  be  of  a  dcejier  linge  than  usual. 
the  veins  of  the  neck  are  distendeil.  and  there  is  stellate 
enlargement  of  the  veinules  of  the  cheeks,  and  occasion- 
ally clubbing  of  the  tinger  nails.  Attacks  of  palpitation 
are  often  induced  by  exertion,  but  they  may  also  result 
from  tiatulence.  A  dry  hacking  cough  or  recurring  at- 
tacks of  bronchitis  arc  freijUintly  found. 

.\niongst  the  graver  symptoms  are  a  weak,  irregular 
pulse,  dropsy,  and  increasing  ilyspna>a.  Brcathlessness 
is  brought  on  by  even  slight  exertion,  ultimately  becom- 
ing conslanl  even  at  rest.  The  respirations  are  deep  and 
labored,  accompanied  by  contractions  of  the  e.xliaor- 
dinary  muscles  of  respiration,  and  the  patient  rests 
projiped  up  by  pillows,  or  lianing  forward  in  an  arm- 
chair. Attacks  of  ('heyue-.Slokes  breathing  arc  often 
seen,  or  again  paroxysms  of  dyspna'a,  often  occurring  at 
night  and  interfering  with  rest. 

Accompanying  the  dyspn(ea  is  ffdcma,  which  begins 
about  the  feet  and  ankles,  noticed  lirst  after  Vicing  up. 
and  <lisjjppeariug  with  a  night's  rest.  Unless  checked  by 
suitable  treatment  it  gradually  increases,  and  extends  to 
the  thighs,  scrolum.  and  serous  sacs.  The  face  remains 
free,  but  the  upper  cxtrenu'ties  sometimes  share  in  the 
progressing  (edema.  The  (edema  is  firm  and  hard,  and 
is  accom))anied  by  coldness  and  cyanosis  of  the  extremi- 
ties, and  lividity  of  the  face.  When  the  abdomen  be- 
comes distended  with  llnid  it  still  further  embarrasses  the 
breathing. 

Hydrolhorax  is  usually  bilateral,  but  in  some  instances 
occurs  chiefly  on  one  side.  In  some  cases  the  droiisical 
effusion  aflccts  jirincipally  the  serous  sacs,  particularly 
the  peritoneum,  and  re(|uires  periodic  removal.  It  some- 
times collects  with  extraordinary  rapidity,  after  a  period 
of  absence. 

Sleeplessness,  starting  from  sleep,  and  bad  dreams  occa- 
sionally occur,  even  ajiart  from  the  severer  symptoms  of 
failure  of  compcnsjition. 

Of  the  various  organs  the  liver  is  enlarged  and  some- 
what tender,  fre(|in-nlly  reaching  as  low  as^he  umbilicus, 
A  slight  tinge  of  jaundice  is  very  conunon,  and  bile  may 
l)C  detecled  in  the  urine.  The  secretion  of  urine  is  greatly 
diminished,  sonielinus  falling  to  three  or  four  ounces,  or 
even  being  suppressed.  It  is  of  high  specific  gravitv.  it 
deposits  a  sediment  of  urates,  and  shows  alliumin  in 
small  or  moderate  (piantitics.  and  often  gnxinilar  and 
hyaline  cas:s.  With  the  disappearance  of  drojisy  diure- 
sis sets  in.  and  the  urine  may  run  up  to  two  or  three 
limes  its  normal  (piantity.  with  disappearance  of  albu- 
min, and  later  of  casts.  CJaslric  symptoms  such  as  flatu- 
lence, and  sometimes  nausea  and  vomiting,  are  not  un- 
common. 

With  appropriate  treatment  dyspntea  and  (edema  may 
disappear,  and  the  patient  be  restored  to  comparative 
health.  Sooner  or  later,  however,  the  same  symptoms 
recur,  particularly  in  individuals  who  ire  unable  to  ob- 
tain the  neces,s!iry  rest.  It  is  fretjuent  to  find  several 
such  attacks  before  the  fatal  issue. 


Eventually  a  peritMl  is  reached  when  the  heart,  either 
in  conse(|uence  of  extreme  dilatation  or  of  myocardial 
degeneration,  fails  to  respond  to  treatment.  The  termi- 
nal illness  is  fre(|Uently  very  prolonged,  and  for  several 
months  the  imfortunate  individual  struggles  with  dysp- 
n(ea  and  drop.sy,  and  eventually  succumbs  to  exhaus- 
tion, 

P/ii/tieiil  Sif/M. — The  most  characteristic  sign  is  a  sys- 
tolic murnmr.  heard  best  at  the  apex.  It  is  variable  in 
character,  being  sometimes  loud  and  bellows-like,  some- 
times having  a  musical  character,  or  again  being  ex- 
tremely soft  and  distant.  Faint  .systolic  murmurs  at  the 
ajiex  al.so  occur  with  slight  defects  in  the  valve,  and  in 
conditions  of  tem]iorary  dilatation,  whilst  a  loud  bellows 
or  a  musical  murmur  usually  indicate  more  definite 
changes  in  the  valve.  The  murmur  of  incompetence 
may,  if  faint,  be  localized  at  the  apex,  but  it  is  usually 
transmitted  to  the  axilla,  or  heard  in  the  back  at  or 
above  the  angle  of  the  scapula;  it  is  often  heard  up  to 
tlie  pidmonary  cartilage  and  near  to  the  ensiform,  and  it- 
may  even  have  its  site  of  maximum  intensity  at  the  pul- 
monary area.  The  riist  sound  is  often  obscured  or  re- 
placed by  the  murmur,  whilst  the  second  sound  is  accent- 
uated at  the  pulmonary  area.  With  failing  power  of  the 
right  ventricle  accentuation  disappears,  and  is  thus  of 
unfavorable  omen. 

A  thrill  is  of  the  larest  occurrence  in  mitral  incompe- 
tence. When  there  is  any  considerable  degree  of  regur- 
.gitation  there  is  cidargement  of  the  left  ventricle.  The 
impulse  is  strong  and  iicaving.  and  lies  in  a  line  with,  or 
outside  the  nipple;  a  well  marked  epiga«tiic  ]iiil.sation  is 
often  present  owing  to  hypertrophy  of  the  right  ventri- 
cle. As  dilatation  or  weakness  supervenes,  the  impulse 
becomes  weak  and  diffuse.  Fulness  and  distention  are 
sometimes  seen,  particularly  in  the  yielding  chest  walls 
of  children.  Percussion  shows  an  increase  in  dulness  to 
the  left  and  often  to  the  right,  reaching  the  right  sternal 
bender  or  even  the  jiarastcnial  line.  Upward,  dulness 
often  begins  a  sjiaee  liigher  than  normal. 

Dui'iiiiisix. — It  is  not  imcommon  to  find  a  systolic  mur- 
mur at  the  apex  in  the  absence  of  any  other  sign  of  car- 
diac disease.  Its  chief  imiwrtauce  is  the  mental  dis(^|uie- 
tiide  il  may  cause  in  nervous  patients,  and  the  \uifavorable 
light  in  which  it  is  tisiially  regarded  by  life  insurance 
companies.  Such  murmurs  are  sometimes  evidence  of 
slight  valvidar  damage,  but  in  the  absence  of  symptoms 
and  of  other  signs  ofdisease,  such  as  eidargemeiit  and  pul- 
monary accentuation,  they  may  be  disregarded.  A  mur- 
mur heard  toward  the  end  of  inspiration,  and  attiibuted 
to  the  entry  of  air  into  the  pidmonary  vesicles  during  sys- 
tole, is  not  uncommon,  and  is  known  as  the  cardio-rcspi- 
ratory  murmur.  It  has  usually  no  cardiac  significance. 
It  is  not  always  possible  to  distinguish  regurgitation  due 
to  a  valvular  lesion  from  that  of  muscidar  dilatation.  In 
elderly  individuals,  in  Bright's  disea.sc  or  arterial  sclero- 
sis, or  in  ananuia.  the  latter  condition  may  be  suspected, 
A  history  of  rlu-iunatism.  on  the  other  hand,  suggests 
endocarditis.  In  some  instances,  as  in  anaemia  and  in 
acute  dilatation  from  strain  or  infectious  fevers,  any 
doubt  is  often  cleared  up  by  the  gradual  dis;i])pcanince 
of  the  morbid  signs. 

Mitiiil  Stenosh. — Narrowing  of  the  mitral  valve  is  for 
the  most  jiart  a  disease  of  the  first  half  of  adult  life  often 
starting  from  an  acute  endocarditis  in  childhood.  It  is 
much  more  common  in  females,  owing  doubtless  to  the 
gr(>aler  frcq\iency  of  rheumatism  in  young  girls  than  in 
males  of  the  same  age.  Although  the  lesion  is  often  re- 
garded as  of  purely  rheumatic  origin,  it  is  remarkable 
how  often  a  history  of  acute  rheumatism  is  absent.  In 
children,  however,  rheiuuatism.  as  iiointcd  out  by  C'hea- 
dle,  is  fre(|uently  an  ill  marked  condition,  the  articular 
jnanifeslations  being  slight,  or  replaced  liy  such  symp- 
toms as  tonsillitis,  growing  pains,  or  erythema,  and  yet 
in  these  apparently  slight  cases  severe  forms  of  endocar- 
ditis may  develop. 

Ca.ses  of  mitral  stenosis  are  occasionally  found  in  a  first 
attack  of  acute  rheumatism,  a  fact  strongly  suggestive 
of  an  old-standing  latent  rheumatic  influence.     An  ab- 
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wDcc  of  II  liiHliirv  of  uciito  rlic'iinintisni  Ih  tlirrvforu  no 

i'\  icii'iici'  of  a  null  I'lii'tiniiilic  nrU'iii. 

Milnil  siciiiisis  is  iirniniiiiijillv  rniiiid  in  iinirio'Srlcrotic 
cas.'s  iiikI  ill  ilitrrslititil  iii'|ilinli>.  ji  Tin  I  nliirli  Iiiih  kii^ 
>;i-ili  il  III!  lutrrinl  nriKi"  l"i'  wniic  nf  llir  rasi-s  In  .Vli 
aiilii|»ii's,  in  cases  oT  inlcrsliliiil  iii'iilirlliH.  I'ill  fiainil 
mitral  sirnnsis  :i:i  liiiirs.  iinil  oilier  wrlu'in  liuvi-  rceordcd 
till' assiK'iatioii  oT  llii' two  conililiiHis. 

Ill  most  if  not  all  instanrrs  of  rliiMiiiialii'  iiiiloianlitis. 
tliiri'  is  soiiii'  iiinidwini,'  of  tin-  initial  oriliii-.  Init  it  is 
only  when  this  is  consiilcralilc  tliat  tlic  si^'iis  Ihcoiiic  ills 
tiiii'l. 

Aiialomically  llic  valve  eiirlains  are  riftiil.  tliickened. 
and  iidliereiit.  and   form  a  diaidiniirm   prrforiiled  liy  llie 
milnil  orillie,  wliii  li  is  nil  need  to  a  narrow  slit  like  o|ien 
in^'.  often  termed   llie  "  Iniltoliliole  "  orilire.      Less  com 
moldy  the  valves  project  in  a  funnel  sliiiped  fashiiai  tow 
aril  tile  vi'iitricle.     Tlie  cliordie  teiidincM'  are   thickened 
and    adherent,    whilst    a   deposit    of   calciininis    salts    is 
frei|Ueiil  in  the  valve  ami  even  in  the  iliurda-  thi  nisidves. 

Till'  secondary  chanjres  are  seen  llrst  in  the  left  iiiirtcle 
which  liecomes  liy pertropliied  and  often  dilaleil.  Ac- 
cording;  to  Isiimway's  ohstTvalioiis  liyperlriipliv  is  the 
primiiiy  change,  dilatatiim  occnrrinji  later,  lie  found 
that  ciis^'s  of  stenosis  dyinir  from  cardiac  failure  pre- 
sented, in  nddition  to  hypertrophy,  a  marked  degree  of 
dilatation,  whereas  those  dying  from  surgical  diseases  or 
alTectiotis  apart  from  the  liearl  usually  showed  hyper- 
trophy only. 

The  state  of  the  Uft  ventiiclo  varies  greatly.  Theo- 
retically it  is  argued  that  the  ■'"■■.inished  i|U.intity  of 
Mood  passing  thiough  the  iiarroweu  orilice  cannot  induce 
hvperlrophy  or  dilatation,  and  that  the  ventricle  remains 
of  normal  si/.e  or  even  undergoes  a  certain  degree  of 
atrophy.  This  view  is  certainly  correct  for  some  cases; 
•It  the  same  time  hyinrtrophy  is  seen  in  a  consideniblc 
)>ioporlion  of  cases,  and  aicordiiig  to  I5:iumhacli.  who 
cnliis  into  this  iiueslioii  very  fully,  a  niodiiiile  degree  of 
livperlrophv  is  jiresent  in  almost  all  ca.ses.  Mitral  re- 
gurgitation may  lie  regarded  as  responsible  for  thi.s  hy- 
]iertri>phy  in  some  instances,  whilst  in  others  there  are 
pericardial  adhesions  or  arterio  scleiosis.  The  cavities  of 
the  right  side  uniliigoa  marked  degree  of  dilatation  and 
hypertrophy .  ami  the  contrast  helwceii  the  enlarged  right 
ventricle  aiiil  the  small  left  is  somelimi's  very  striking. 

S;/iniil»iiiH. — Some  degree  of  ilyspiioa  is  almost  always 
presi'nt  on  exertion,  and  this  wi'th  jialpilalinii  may  con- 
tinue for  years.  When  the  disease  dates  from  childhood 
there  is  frei|Uently  a  stunted  growth,  the  chest  is  ill  de- 
veloped, and  there  is  diminishi'd  physical  and  mental 
vigor.  The  lips  are  ofieii  of  a  deep  hliicMinge,  and  in 
old-standing  cases  there  is  sonntiines  duhbing  of  the 
nails  of  the  lingers  and  even  ol  the  toes. 

As  compensation  fails  ilyspiuea  becomes  :  lore  and 
more  troublesome,  and  signs  of  venous  stasis  similar  to 
those  seen  in  mitral  incompetence  are  found  in  the  vari- 
ous organs.  Pulmonary  symptoms  are  common  and 
these  patients  are  very  subject  to  recurring  attacks  of 
bronchitis. 

.\ttacksof  hipmoptysis  occasionally  occur,  and.  \inle.ss 
due  to  infarction,  often  have  a  benetirial  effect,  relieving 
luilinonary  congestion  and  thi'  embarrassed  right  heart. 
Other  signs  of  venous  congestion  aK- observed  in  recur- 
ring attacks  of  epistaxis  from  which  son-.e  initients  suf- 
fer, whilst  hemorrhoids  or  menorrhagia  occur  in  others. 

Drojisy  of  the  extremities  is  .seldom  a  prominent 
feature,  iitid  any  <eiieina  ]iresint  is  usually  slight.  Signs 
of  a  venous  obstruction  often  fall  chielly  or  exclusively 
on  the  portal  system,  and  hepatic  enlargement  or  even 
cirrhosis  ma.v  bi'  )>resent  with  ascites,  in  cases  which 
show  little  or  no  (edema  of  the  lower  extremities. 

Welch  (Trans.  Am.  I'hys..  liMMi)  has  recently  called  at- 
tention to  venous  thiombosisin  cardiac disea.se.  occurring 
in  serious  failure  of  com]iensntion.  and  more  particularly 
in  mitral  stc'iiosis  The  veinsaffected  are  most  frei|Uently 
thos^'  conveying  blood  from  the  neck  and  u)iper  exlreni- 
itv.  and  more  commonly  on  the  left  than  the  tight  side. 
Tlie  peculiar  localization  of  the  thrombosis  is  to  be  attrib- 


uted In  the  greater  lenglli  and  iililiquily  of  the  left 
innominate  vein,  and  lo  pressure,  direct  or  Imllrect,  on 
the  left  Kiibclaviiin  vein  from  the  diluted  left  uurlcle  and 
pulmonary  \eins. 

Svmptomsof  ruptured  cumpenKution  ofleii  tIrKt  appear 
during  pregnancy  or  labor,  or  follow  parturition:  alarm 
ing  or  even  fatal  atliieks  of  pulmonary  o'deiiiii  mhiii  liineit 
appear,  or  persistently  nipiil  action  of  the  heart  hading 
to  asystole  Pregnancy  is  a  conipliciitioii  in  which  there 
is  always  serious  risk,  although  in  favoudile  casi  s  iheie 
is  little  or  no  disturbance.  .Sub8i'i|Uiiii  pregnancies  are 
.sonietiniis  passed  without  spi  lial  (lilliculty.  when  earlier 
ones  had  caused  great  disturliaiiee 

Hysterical  manifestations  are  not  uncommon  in  Ihe 
I'oursi' of  mitral  stenosis,  bolh  condilions  lieiiig  conimon 
in  young  women.  (  ardiac  syniploms  often  predominate, 
and  severe  attacks  of  pseiido  angina,  of  palpitation,  or  of 
dyspiiiea  may  occi.r  in  wellcompensateii  cases.  Without 
a  ciirii'ct  appreciation  of  the  neurotic  element  in  such  in- 
dividuals these  symptoms  may  lead  to  undue  alarm 

Embolism  is  more  common  in  this  Ihan  in  other  forniH 
of  valvular  lesions.  If  it  oc<'Urs  in  the  bmiii  this  accident 
shows  itself  in  the  form  of  lieniipligi.'i,  and  if  the  embo- 
lus lodge  on  the  left  side,  there  w  ill  be  aphasia. 

The  physiial  signs  when  well  marked  are  extremely 
characteristic,  but  in  the  advanced  stage  of  the  disease 
they  are  often  indelinite  or  ei|iiiviical.  The  more  impor- 
tant are:  the  presystolic  thrill  and  murmur,  the  sniipping 
lirst  sound,  the  accent iiatid  pulmonary  second,  and  evi- 
dence of  enlargement  of  Ihe  light  heart. 

The  pulse  is  small,  somewhat  iiK-reased  in  rate,  and 
often  of  good  tension;  it  is  usually  regular  until  a  late 
stage  of  file  malady,  when  extreme  nipidity  and  arrhyth- 
mia may  set  in.  The  thrill,  which  is  one  of  the  most 
characteristic  .signs  of  the  disiase.  is  fell  at  the  apex,  and 
when  the  heart  is  not  unduly  rapid  it  is  readily  made  out 
dislinctly  to  juecede  the  systolic  impulse.  It  is  some- 
times prolonged,  running  through  the  whole  diastolic  in- 
terval, or  it  may  immeiiialely  piccede  the  impulse,  and 
is  then  strictly  presystolic.  "When  jiresent  it  is  patliog- 
nomonic  of  stenosis.  The  cardiac  impulse  often  gives  the 
impression  of  a  jet  of  liquid  In  ing  projected  against  the 
hand.  The  murmur  in  typical  i  a.ses  is  loud  and  rough, 
and  is  commonly  ccinipari'd  to  the  sound  "  rrrb ''  It  runs 
up  to  and  terminates  in  a  loud,  abrupt,  and  snapping 
first  sound.  The  murmur  maybe  prolonged  through  Ihe 
diastolic  interval,  but  in  Ihe  great  majority  of  instances 
it  occurs  at  the  end  of  this  period.  In  either  case  it  is 
usually  spoken  of  as  the  |ire-systolic  murmur.  The  mur- 
mur is  in  most  instances  localized  at  or  about  the  apex, 
although,  as  pointed  out  by  Gritliths,  it  is  sometimes 
transmitted  to  the  axilla  or  even  heard  in  the  back.  The 
murmur'is  sometimes  represented  by  a  mere  rumble,  and 
in  the  absence  of  the  snapping  lirst  sound  is  easily  missed 
by  the  untrained  ear.  With  advancing  cardiac  weakness 
biith  thrill  and  murmuroften  disappear.  A  systolic  mur- 
mur is  frecineutlv  luesent,  due  to  associated  incompe- 
tence. It  may  persist  when  the  thrill  and  murmur  have 
disappeared. 

Hardly  less  chamcteristic  than  the  murmur  is  the 
abnijit  snap|iing  lirst  sound  in  which  it  terminates.  It 
is  often  mistaken  for  the  second  sound,  but  the  distinc- 
tion can  be  made  bv  noting  that  it  is  synchronous  with 
the  apex  impulse.  Yhc  second  sound  is  often  lost  at  the 
ai^c.x,  and  is  sometimes  reduplicated  at  this  r<'gion;  in 
the  pulmonary  area  it  is  accentuated  and  even  ringing, 
losing  these  characters  with  failing  pow<'r  in  the  right 
ventricle.  With  liiL'h  tension  in  Ihe  pulmonary  artery, 
a  faint,  whifling.  diastolic  murmur  is  occasionally  heard. 
This  is  regarded  by  Gibson  and  others  as  due  to  a  tem- 
porary incompetence  at  the  pulmonary  orifice. 

Evidence  of  enlargement  of  the  right  heart  is  often 
present. as  shown  by  the  increased  impulse  over  the  lower 
sternal  region,  and  by  an  extension  of  dulness  to  the  right 
border  of  the  sternum  or  beyond,  reaching  in  extR'ine 
eases  as  far  as  the  right  nipple  line.  With  failing  com- 
pensation and  particularly  in  advanceil  stages  of  the  dis- 
ease the  thrill  and   murmur  often  disappear,  and  the 
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lesion  is  rt-iuiily  overlooked.  A  slmrp  first  Round,  evi- 
deiu'e  of  i'iiliirj,'eiiu-iit  i>f  tlic  ii;rlil  liciirl.  sonictinii's  a 
gallop  rlivllmi,  toircllier  with  a  siimll  pulse  should  su;;- 
ttcsl  slciii>sis.  and  with  reeovery  tin-  thrill  and  nuirtiiur 
(iftcii  reappear. 

I)iiif/i4'>«iK. — A  presystolic  in\irinur  is  occasionally  heard 
in  e<>nditii>iis  ullicr  than  mitral  slinosis. 

The  Flint  iiuirinur  has  already  lieen  referred  to  under 
norlie  ineonipelenee.  In  an  adiirreiit  peiieardiuni  and 
in  ve-retative  eiidoear<lilis  of  the  iniind  valve,  a  murmur 
of  this  eharaeler  is  smuelimes  I'nund.  usually  of  the  lnw 
ruinlilinv:  variety  rathci- than  of  the  loud  and  roUL'h  char 
aetcr.  K«arl  :ind  Itulherford  have  rreonled  a  ease  in 
whiih  all  the  typical  sii^ns  of  stcmisis  were  present  and 
in  which  the  autopsy  showed  a  Iil)rinous  polyp  haniring 
from  the  auricle  throiiirh  the  nutral  oiitice. 

Tiiui'si'io  Kkoikoit.xtiox.  — Heuuriritation  at  thi.s 
orilici'  is  very  sencndly  admitted  to  occur  in  health,  re- 
sultin.i;  from  conditions,  such  as  violent  exercise,  which 
temponirily  raise  the  blooil  pressure  in  th<'  pidmonary 
circuit.  This  is  often  spoken  of  as  the  safety  valve  ac 
tion,  preventinf;  the  luuirs  from  hecominji  unduly  <c>n- 
gestcd. 

In  the  creat  majority  of  instances,  tricusjiid  ineumiie- 
tenee  is  the  result  of  dilatation  of  the  rijrht  ventricle,  in- 
diicinir  relative  incompetence  at  this  orifice;  in  only  a 
comparatively  few  cases  does  the  lesion  depend  on  or- 
ganic eliaiiires  in  the  valves. 

Dilatation  iif  the  right  ventricle  is  always  a  secondary 
process.  It  ecinstantly  occurs  in  old  standing-  initial  le 
sions,  and  as  the  result  of  obstruction  in  the  |i\dmonary  <ir 
euit.  from  eniphysenni  or  fibrosis  of  the  lungs.  In  dilata 
tion  of  the  left  ventricle,  from  whatever  cau.se.  the  right 
vi'iitricle  is  commonly  included  in  the  morbid  process. 

The  valve  may  be  alVected  by  encUxarditis,  acute  or 
chronic,  or  by  degenerative  changes.  I'nder  these  cir 
cuiuslances  the  valves  of  the  left  heart  are  almost  in va 
riably  involved  by  similar  lesions.  In  malignant  endo- 
carditis,  the  valve  is  occa.sionally  alTeeled  alone.  In 
thirty  nine  instances.  Pitt  found  ten  in  which  tliis  valve 
was  alone  attacked. 

S;/iiij)t'tiiix. — These  are  similar  to  those  found  in  nu'lral 
disease,  and  consist  in  breatlile.ssne.ss.  with  evidence  of 
obstruction  in  both  the  systemic  atid  the  iiortal  venous 
systems. 

I'lii/siriil  Signs. — A  systolic  bruit  is  sometimes  heard  in 
the  lower  sternal  region,  having  its  ma.ximum  intensity 
just  to  the  right  of  the  sternum  about  the  fourth  and  fifth 
ribs,  and  occ^i.sionally  transmitted  to  the  right  as  far  as 
the  panisternal  line.  It  is  not  heard  at  the  apex,  al- 
though it  may  be  dilliciilt  to  dilTerentiate  it  from  a  co- 
existing mitral  murmur.  In  some  inslancesa  difreience 
in  timbre  may  be  noticed.  Owing  to  a  debilitated  condi- 
tion of  the  right  ventricle  the  murmur  may  be  absent 
even  in  well  marked  cases,  anl  again,  it  may  disappear 
under  the  intlueiice  of  rest  and  liigitalis.  The  enlarge 
meat  of  the  right  ventricle  causes  increased  pulsation  in 
the  epigastric  and  lower  sternal  regions.  Dulness  ex- 
tends to  the  right  border  of  the  sterninn  or  for  two  or 
three  tinger-breailths  beyond,  although  it  is  frei|uently 
mas'ied  by  emphysema 

I'.ils.ition  in  the  veins,  accom|)anying  each  systole  of 
the  lie.iit.  forms  important  evidence  of  the  condition  un- 
der discussion  It  depends  on  a  rellux  of  blood  in  the 
dil.ited  veins  after  their  valves  have  become  incompetent. 
It  is  seen  in  the  external  and  int<rnal  jugulars,  and  some- 
times even  in  more  distant  veins  such  as  the  brachial. 
Care  must  he  taken  not  loconfuse  true  venous,  or.  asit  is 
Pomelimis  liMined,  positive  pulsation,  with  certain  iindu 
latory  movenniitsof  tliese  vessels  If  the  vein  is  emptied 
from  below,  positive  pulsation  continues. 

Venous  pulsjiiion  is  also  observed  in  the  liver.  The 
enlarged  organ,  grasped  between  lh<'  hands.  ]irisents  a 
true  expansile  pulsjilion.  and  not  merely  a  Irausndtted 
epigastrii-  impulse  from  an  enlarge<l  right  ventricle. 

TitirtsiMi)  Sri-.M ISIS.— This  condition,  although  rare, 
is  more  fr<'c|in'nt  than  are  li'sions  al  the  pulmonarv  orifice. 
Pitt  foimd  it  H7  ii:nes  in  rJ.DIi:)  atilopsies. 


Congenital  stenosis  is  not  tiDConiinon  in  still-born  chil- 
dren, or  in  tho.se  who  have  lived  a  few  days  It  is 
fre(|uenlly  as.sociated  with  other  cardiac  abnormalities 
or  defects. 

It  has  been  a.ssiTled  that  almost  all  cases  are  of  con- 
genital origin,  but  this  view  is  not  borne  out  by  statistics. 
In  Pitt's  series  of  H7  cases,  only  oiu'  patient  died  under 
ten,  and  in  llerrick's  tabulation  of  4lt  cases  the  youngest 
patient  was  twelve  years  old,  with  a  history  of  acute 
iheumatism  two  years  previou.sly,  facts  which  strongly 
suggest  an  ai'i|Uired  origin.  In  the  great  majority  of 
cises.  tricuspid  stenosis  is  associated  \vitli  a  siiriilar  proc. 
CSS  ill  the  mitral,  and  often  with  diseasi'  (if  the  aortic 
segments  as  well.  In  I.,euilet 's .series  of  1 14  casis  the  tri 
cuspid  valve  was  alVected  alone  in  only  one  instance,  and 
in  llerrick's  once  iu40cases.  Femahsare  alfected  about 
four  limes  as  often  as  males.  A  history  of  acute  rheiima- 
lism  was  present  in  10  or  2.")  per  cent,  of  llerrick's  series, 
iliorea  in  'i^  doubtful  rheumatism  in  4,  no  rheumatism 
ill  9,  and  in  l."i  there  was  no  record.  In  Pitt's  cases, 
however,  rlieumatism  played  a  predominant  role  in  the 
etiology. 

A  fatal  issue  usually  results  in  patients  who  are  under 
thirty,  and  in  only  12  cases  out  of  151  (Leudet's  and 
llerrick's  series)  did  the  jiatient  reach  the  age  of  fifty. 
The  symptoms  are  those  of  mitral  stenosis  of  the  most 
pronounced  form.  Dyspnua  and  cyanosis  .are  often  ex- 
treme, and  ISroadbent  regaiils  pronounced  dropsy  as  evi- 
ileiiee  of  the  disease.  The  diagnosis  has  been  nnule  in  a 
lew  instances  during  life,  but  in  the  great  majority  of 
eises  it  has  been  overlooked. 

A  presystolic  murimir  and  sna|)ping  first  sound  heard 
at  the  ensifonu  carlilage  or  a  little  to  the  right,  and  fad- 
ing off  and  again  lu'coniing  marked  at  the  mitral,  has  been 
correctly  interpreted  as  indicating  stenosis  of  both  ori- 
liees,  and  ill  a  few  cases  a  thrill  li.-is  been  <letected  in  the 
tiicuspid  region.  The  muniiurs  in  the  tricuspid  and  ini- 
tial regions  have  also  lieeii  noted  as  having  a  ililTereiit 
character,  but  the  cliaraeiers  of  the  cardiac  sounds  are 
often  rendered  dillicult  of  interpretation  owing  to  rapid 
or  irregular  cardiac  action.  The  heart  is  enlarged  to  the 
light  as  in  mitral  stenosis,  whilst  both  the  venous  and 
the  hepatic  rorms  of  pulsation  are  often  present  owing  to 
associated  tricuspid  regurgitation. 

Pri,Mo.\Ai{Y  Oitti'icu. — Disease  of  the  luilmonaiy 
valves  is  usually  congenital,  and  is  then  commonly  asso- 
ciated with  other  cardiac  anomalies.  Only  a  few  of  these 
ca.ses  reach  adult  life. 

The  majority  of  ac(|uired  cases  are  due  to  malignant 
endocarditis.  Congenital  absence  of  one  of  the  cusps 
may  lead  to  sclerotic  processes  in  later  years,  as  in  aortic 
disease. 

Acute  rheumatism  is  not  a  frequent  cause,  being  pres- 
ent in  only  seven  of  twenty-nine  cases  collected  by  Ger- 
hai-dt. 

Obstruelive  disease  is  ditlicult  to  recognize  owing  to 
the  frei|ueiit  occurrence  of  systolic  murmurs  in  the  pul- 
monary area  from  other  cau.ses.  A  distinct  thrill,  a  harsh 
murmur,  and  evidence  of  enlargement  of  the  right  ven- 
tricle are  th<'  signs  which  may  be  found,  but  similar 
signs  may  be  caused  by  the  pressure  of  an  aneurism  or 
tumor  on  the  trunk  of  the  ves.sel. 

liudiupetenee  gives  rise  to  a  diastolic  murmur  in  the 
|)iiluionary  region,  often  louder  during  expiration,  and 
traiismilted  down  the  left  sternal  binder.  It  is  not  heard 
toward  the  apex  or  in  the  vessels  of  the  neck, 

Knlargemeiit  of  the  right  ventricle  is  usually  consider- 
able and  the  ajiex  is  pushed  to  the  left.  There  is  an  ab- 
sence of  the  arterial  phenomena  of  aortic  disease,  but 
Cierliardt  has  shown  that  graphic  ri'|)reseiitations  of  the 
pulmonary  puls.Tlions  show  analogous  cliaiii;fs.  By  in- 
Irodueiiig  a  nianometer  into  one  noslril.  closing  the  op- 
posite one  by  pressure,  ami  directing  the  patient  to  cease 
breathing,  he  obtained  a  tracing  showing  larger  excur- 
sions of  the  lever,  and  a  more  sudden  rise  and  fall  than 
is  obtained  either  in  health  or  in  aortic  incompetence. 

Cyanosis,  venous  enlargement,  and  pulmonary  embol- 
ism have  also  been  noticed  in  disease  of  this  orifice. 
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TiiIhtciiIonIs  Ih  not  nn  iiiironimnn  iiuhU*  nf  ditilli,  iiiul 

\*  llllrilllltrd  to  lllr  llllll'lllil-  Clillllilinll  nf  till'  lllllKX 

CiiMiiiNKii  V.M.vi  i.Mi  I.kmonk  —III  II  liiip'  |>ro|iiirlii>ii 
(■r  t'lisi's  iiiiirr  lliiiii  Hill-  viilvr  is  iilTi'i'tril,  iir  lliiTi-  limy  l>i' 
liDili  iii<'>>ni|ii'li'nrr  anil  olisiniiliiiii  ill  iiiii'  orilli'i'  Tlii' 
Ki'iiinil  fi'iiliiirs  mill  oi^fiis  iisiiiilly  pnjiii  in  pmliiMiliiiint 

llisilisc   111    iillr    Vlllviv        \iiTllr    mill    lllllllll    ill<'lilll|lrlrin  r 

iirr  iifirii  iisMirjiilicl.  wliilsl  mil  nil  Hlniiwis  is  rri'i|iU'ii!ly 
iiri'i<in|imili'il  liy  sli$;lil  srli'msis  of  the  uortic  scginpul.s, 
liiiviiii;  nil  rlliiinil  si);iiitlniiii'i'. 

I'liiii.MisiH  III'  Vai.vii.mi  Kisk.xsk. — The  |iiiii;iiiisis  is 
linsi'il  |iiirlly  I'll  iiii  I'Sliiiiiitr  of  Ilir  cMi-lil  miil  cliiiriirlrr 
of  llii'  viilviiliii'  U'siiiii.  piirlly  nil  III!'  );;i-iii'iiil  lirtillli  anil 
lialills  of  III!'  |iiilii'ii!. 

.\iiilii'  iii(iiiii|u'liii(r  is  nsiially  icpirilril  as  tin-  iiiiisl 
si'iiiiiis  of  valvular  alTriliniis.  Tlir  ailrrioMliTiilii' 
rasi'S.  iiwliii;  to  llir  frrnui-iiry  willi  wliicli  Ilir  roroiiaiy 
vrs.M-ls  mi'  iiivolvril.  an-  iiiniv  si-rioiis  tlimi  slalinmiiy 
rlii'iiiiialii  ronilitioiis.  Of  the  valvular  airrilions.  aortir 
in('oiii|ii-ii'ii('e  is  tin-  om-  in  wliii-li  suilili'ii  ilialli  is  most 
apt  to  orrur.  Favoialili'  fratiiirs  arr  a  luoilinitc  dcgrof 
of  ('miliar  i'iilari;i'nii'iit.  a  piilsr  not  sliowint;  Ilir  collaps 
ini;  I'liiinicli'i'  to  a  liiuli  di'siriT,  a  distimt  sii'iinil  sound  in 
till'  arlrriis  of  tlir  iiirk.  and  an  alisirirr  of  cardial'  syiiip 
loins.  A(  rordins:  111  N.  S.  Davis  llic  aviriiLio  diiralion  of 
life  afirr  compensation  lic>riiisto  lircak  down  is  U.S  years, 
a  period  wliidi  closely  corresponds  to  lialfnur's  cstimalu 
of  four  yeai-s. 

Aortic  stenosis  is  usually  leirarded  as  the  least  serious 
of  valvular  lesions.  In  luoderate  jrrades  of  llic  disease 
liilt  little  dislurhanee  of  function  lakes  place.  More 
serious,  however,  ari'  the  eases  wilh  evidence  id  a  liiL'h 
deirree  of  stenosis,  as  shown  parlicularly  liy  the  pulse. 
Arlerio  sclerosis  always  suirj^ests  I  he  possibility  of  dis- 
ease of  the  eoroimry  arteries,  and  aiijrinal  attacks  con- 
vert siieli  a  su'r!r<'stion  to  a  certainly. 

Sudden  death  is  rare,  althoujih  it  may  occur  from  dis- 
ease of  the  coronary  vessels,  and  has  also  resulted  from 
occlusion  of  an  e.Mreniely  narrowed  oritice. 

Mitral  lesions  are  on  the  w  hole  less  serious  than  aortic 
rci;uri.'itntion.  Stenosis  is  usually  rcjjarded  as  a  more 
serious  atTeclion  than  incompetence.  Osier  rcj;ards  the 
latter  as  ahnosi  as  serious  as  the  former,  whilst  N.  S. 
Davis  reverses  the  opinion  usually  held. 

Ill  many  cases  in  wliicji  a  mitral  sy.stolic  murmur  is 
heard  at  the  npcx,  this  lesion  shows  no  tendency  to 
shorten  life,  and  in  the  absence  of  lardiac  symptoms,  and 
of  other  siiins  of  cardiac  disease,  its  presence  may  be  I'c- 
earded  wilh  but  sliirht  apprehension.  More  serious  are 
the  eases  in  which  a  considerable  dejrree  of  regurjiitalion 
is  revealed  by  marked  enlai'jrenient  of  the  ventricle, 
but  even  here  the  ])atient  may  enjoy  a  loni;  period  of 
good  health,  provided  that  symptoms  of  cardiac  disturb- 
iince  are  absent, 

A  eardio  pulmonary  murmur  is  not  uncommon  at  the 
apex,  and  is  heard  best  or  exiliisivily  at  the  end  of  in- 
spiration. It  is  fi'ciiueiit  in  pulninnary  tuberculosis,  and 
in  the  absence  of  other  evidence  of  cardiac  disease  may 
be  disreganled. 

The  mere  loiidcess  of  a  murmtir  is  in  itself  no  index  to 
the  severity  of  the  le.siou.  Very  soft  murmurs  are  often 
heard  in  failini:  hearts,  whilst  loud  rasping  murmurs, 
although  indicative  of  valvular  damage,  may  be  pre.sent 
with  perfect  compensation. 

.Mitral  stenosis  is  not  incompatible  wilh  longevity,  hut 
in  most  cases  there  is  a  marked  shorlening  of  lite.  liroad 
bent  found  the  average  age  at  death  to  be  thirty  three 
years  in  males  and  thirty  eight  in  females,  and  oilier  es- 
timates agree  closely  with  this.  Of  other  intluences  af- 
fecting the  duration  of  cardiac  diseiuse  experience  shows 
that  cliildren  bear  these  lesions  badly,  and  such  casi'S  fre- 
(|uenlly  terminate  fatally  at  or  shortly  after  puberty. 
Females  bear  valvular  disease  better  than  males,  a  fact 
which  is  probably  to  be  atlribiiled  to  their  less  active 
habits  and  to  their  less  fref|Ueiil  indulgence  in  alcoholic 
excess.  An  exception  to  this  rule  is  somilimes  seen  as  the 
result  of  pregnancy,  in  which  the  increased  strain  occa- 
sionally results  in  serious  and  even  fatal  cardiac  failure. 
Vol..   IV  —:i!) 


IjiborioiiH  m'riipalioim  are  iinfiivoiuble,  iih  me  u\»n 
sexual  and  aleoliolie  excess,  and  the  free  iiw  nf  lobacco 

Kiiially  poor  genenil  health,  anaiiiia.  recurring  attaekH 
of  lii'oni'hilis.  hepatic  iiiid   nnal  enKorgenieiil,  uiid  |nil 
nioiiaiy  emliolisin  are  all  unfavorable  signs. 

Hi'ciiriing  aliacl.s  of  rlnumalis ficn  exerl  a  imml 

iinfavonilile  inlliiiiice  oHini;  to  fnsli  atiiicks  of  einliHur- 

dltis.  and   in  chililrcn  rheuniatie  inllai ations  occiutinii- 

ally    progress  to   a  fattd  issue  within   a    few    weekH  or 
inonllis. 

Acute  disease,  piirlieiiliirly  pneumonia,  is  often  ill 
borne,  and  if  survived  is  soinetimes  followed  by  loss  nf 
compensation.  I  have  known  si-veml  casi's  n"l  mitral 
stenosis  dale  their  symptoms  from  an  attack  of  pneu- 
iiionia. 

Finally,  poor  general  heallh,  aiiaiiiia.  hepatic  oi  renal 
cngorgemeni,  and  pulmonary  embolism  are  all  unfavor- 
able syniptoins. 

TiiK.\'r.MKNT. — During  the  period  of  conipensntion  no 
very  active  treat inent  .should  be  directed  toward  the 
heart. 

It  is  important  in  this  stage  to  keep  the  general  health 
up  to  the  best  possible  poinl.  For  this  purpose  the  diet 
should  be  plain  and  nourishing,  and  the  eoiirsir  vege- 
tables .should  be  avoided  as  lending  toward  tlatulinee. 
Alcohol  is  unnecessary  in  young  people,  and  if  used  at 
all  should  he  taken  in  strict  moderation  with  food.  To- 
bacco is  injurious,  whilst  lea  and  eolTee  must  be  avoided 
should  they  cause  any  cardiac  palpitation  or  uneasi- 
ness. 

Ill  rheumalic  ca.scs  special  care  should  be  taken  to  .see 
thai  the  palieiil  is  suitably  clad,  and  even  with  slight 
rheuniatie  manifestations  he  should  be  coiilined  to  bed  or 
the  house. 

Exercise  and  athletics  are  beneficial  provided  they 
cause  no  undue  fatigue  or  are  not  |)ushi'd  to  the  point  of 
inducing  dyspnna.  The  more  violent  forms  of  exercise 
such  as  football  or  even  tennis  should  be  forbidden,  but 
golf,  mild  bicycling,  or  rowing  and  walking  arc  .safer,  in 
asmiich  as  lliey  llirow  niucli  less  slniin  on  the  heart.  In 
case.»  in  which  for  :iny  reason  il  is  juilL'id  iiinvise  to  allow 
even  easy  exercise,  lest  in  the  open  air  is  beiielicial. 

Medicinally,  an  occasional  a]»'rient ;  tonic  doses  of  iron 
or  arsenic,  particularly  w  heiiananiia  is  present,  or  strych- 
nine are  valuable.  Small  doses  of  digilalis  ( ni  v.  in  x.) 
mav  be  administered  should  any  tendency  to  dyspnoa  or 
imlpitalion  exist,  and  the  usi'  of  this  drug  is  .sometimes 
continued  for  lenglheiiid  )ier!ods  with  decided  beiietit. 

AVlieii  coiiipensalion  begins  to  fail,  and  dyspniea, 
dro]i.sy.  and  ]ialpiialioii  become  marked,  a  more  active 
plan  of  treatment  is  required. 

In  most  instances  of  uncoiiiplicated  valve  lesions  fail- 
ure of  compensation  is  due  to  dilatation,  brought  about 
for  the  most  part  liy  excessive  muscular  work,  although 
in  some  cases  it  is  induced  by  severe  mental  strain.  The 
first  object  is  therefore  to  secure  physical  and  someliines 
mental  rest.  Wlicn  the  syniploiiisare  al  all  severe,  abso- 
lute rest  ill  bed  must  be  enjoined  :  and  treatment  by  this 
method  alone  is  sometimes  siillicienl  to  relieve  dyspna'n 
and  remove  dropsy.  It  is.  however,  advisable  in  most  in- 
stances to  use  medicinal  or  other  ageiils,  which  hasten 
recovery  and  alleviate  distress. 

Of  the  cardiac  stimulants  by  far  the  most  valuable  is 
digitalis.  This  remedy  slows  and  strengthens  the  mus- 
cular contraction  of  the  heart,  whilst  the  jiiilse  nite  is  re- 
duced and  becomes  more  regular,  the  peripheral  arteries 
are  contracted,  the  renal  arteries  relax,  and  a  large  vol- 
ume of  blood  passes  through  the  kidneys  as  shown  by  the 
-free  diuresis. 

In  aortic  incompetence  the  objection  to  iligitalis  is 
sometimes  raised  that  it  prolongs  dia.stole  and  hence 
allows  of  freer  regurgitation.  This  objection  is  largely 
theoretical,  and  many  cases  receive  a  markeil  degree  of 
benefit  from  the  increased  niuseular  action,  dyspna'a  is 
relieved,  and  in  favorable  cases  compensation  is  com- 
pletely restored.  It  is  in  mitral  di.sease.  particiilarly 
w  lien  dropsv  and  dyspnwa  are  present,  that  digilalis  in- 
duces the  most  brilliant  results.     Dyspmea  is  relieved, 
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frre  diuresis  is  set   up,  and  dropsj-  lessens  and  disap- 
|>(iirs. 

hi  iiiiiral  incompcteuce,  not  only  is  the  mus<le  stiniu- 
liitvd,  but  the  regurgitation  is  lessened  owing  to  the  more 
perfect  closure  of  the  auriculo  ventricular  ring.  In 
stenosis  the  lengthened  diastolic  ])rriod  allows  more 
time  for  blood  to  pass  from  the  engorged  auricle  through  I 
the  narrowed  valve. 

The  action  of  digitalis  is  .somewhat  slow  and  it  is  not 
until  the  third  day  thai  the  full  effects  of  the  drug  are 
seen.  When  marked  slowing  of  the  pulse  to  (iO  or  un- 
der, or  a  fall  in  the  (piantity  of  urine  occurs,  the  dose 
should  111'  lessened  or  stopjied.  owing  to  the  danger  of 
to.\ic  manifestations,  which  reveal  themselvis  in  the  form 
of  nausea  and  vomiting,  weakness  and  irregularity  of  the 
pulse,  or  a  double  beat  of  the  heart  to  one  of  the  |iuls3. 

Thedrugshould  be  given  freely  for  from  forty eight  to 
seventy-two  hours  wlu'ii  the  symptoms  are  at  all  urgent — 
say  in  doses  of  m  .\v.  of  the  tincture  or  3  iv.  of  the  in- 
fusion every  three  or  four  hours.  Smaller  doses  are  usu- 
ally sufficient  (m  x.-.w.  t.i.d.)  in  the  absence  of  severe 
symptoms.  Nausea  and  vomiting  are  sometimes  pro- 
duced by  even  moderate  (hises.  and  in  .such  ca.ses  rectal 
administration  of  one  or  more  large  doses  of  the  lluid  ex- 
tract are  often  e-\tremely  beneficial.  Five  or  ten  minims 
("li.-gr.  i.  digitalis)  administered  with  starch  in  this  way 
often  act  lajiidly.  and  1  have  seen  the  jiulse  slowed  and 
dyspniea  relieved  in  the  course  of  a  few  hours.  An  old 
and  reliable  preparation  is  (;uy's  |iill,  consisting  of  gr.  i. 
each  of  digitalis,  squills,  and  pil.  liydrarg. 

Strophantlius  is  a  valuable  substitute  for  digitalis.  It 
acts  on  the  heart  like  digitalis,  but  has  not  the  same  tonic 
effects  on  the  arteries.  It  is  consequently  sometimes  pre- 
ferred in  aiierio-selerotic  cases  with  increased  arterial  ten- 
sion. It  is  inferior  to  digitalis  in  removing  dropsy,  but 
is  sometimes  of  value  in  alleviating  cardiac  symptoms 
when  this  drug  fails.  Sparteine  acts  in  a  similar  manner 
to  strophanthus,  but  as  a  rule  is  inferior  to  it. 

Caffeine  is  occasionally  usefvd  as  a  substitute  for  digi- 
talis.    It  .sometimes  induces  restlessness  and  insomnia. 

Suprarenal  extract  has  recently  come  into  use  as  a  car- 
diac tonic:  itacis  on  the  muscular  substance  of  the  heart. 
Some  of  the  clinical  reports  are  very  encouraging  and  it 
seems  worthy  of  further  trial. 

Strychnine  is  a  valuable  adjimct  to  digitalis  and  may 
be  administered  in  doses  of  gr.  ^'^  three  to  six  times  daily. 

Diffusible  stimulants  such  as  alcohol,  ether,  and  ammo- 
nia are  of  value  in  emergencies,  and  until  the  more  slowly 
acting  stimulants  affect  the  heart. 

A  dose  of  calomel,  gr.  v.  with  gr.  x.  of  bicarbonate  of 
soda,  is  often  administered  with  benefit  preceding  the 
course  of  digitalis.  It  relieves  portal  congestion  and  en- 
gorgement of  the  right  lieart,  and  increases  the  efficacy 
of  digitalis. 

In  arterio-sclerotic  cases  the  long-continued  adminis- 
tration of  iodides  often  proves  of  much  value  in  control- 
ling palpitation  and  other  symptoms,  possibly  by  low- 
ering peripheral  resistance.  Nitroglycerin  is  also  a 
valuable  agent  in  lessening  peri)dieral  resistance  and  is 
often  advantageously  given  with  digitalis  in  doses  of 
Til  i.  of  the  one-percent,  solution. 

Obstinate  or  persistent  symptoms  often  require  special 
measures  for  their  mitigation  or  relief. 

Diinpnau  continuing  after  the  use  of  digitalis,  and  es- 
pecially when  nocturnal  in  character,  is  usually  relieved 
in  a  remarkable  manner  by  a  hypodermic  injection  of 
morphine,  and  in  advanced  "cases "this  drug  is  invaluable. 

Sleeplessness  sometimes  yields  to  paraldehyde,  trional, 
or  snlphonal,  but,  as  it  is  often  dependent  on  dyspncea, 
these  remedies  are  much  inferior  to  morphine. 

Pain  over  the  cardiac  region  is  often  alleviated  by  the 
iodides,  especially  in  arterial  cases,  or  by  nitroglycerin. 

Diiorsv. — Dropsy  may  be  diminished  by  free  purga- 
tion. For  this  purpose  calomel,  salines,  and  hydra- 
gogues,  especially  compound  jalap  powder,  are  most 
serviceable. 

Needle  puncture  of  the  distended  limb  with  strict  asep- 
tic precautions  allows  considerable  quantities  of  the  fluid 


to  drain  away.  Southey's  tubes  are  also  very  efficacious, 
but  there  is  considerable  danger  of  inflammatory  changes 
taking  jilaee  in  the  subcutaneous  tissues. 

Theobromine  in  doses  of  gr.  Ix.  to  gr.  xc.  daily  may 
be  used  with  occasional  benefit  as  a  diuretic  when  the 
urinary  secretion  is  persistently  small. 

AVhen  considerable  i|uantities  of  fluid  collect  in  the 
abdominal  or  the  pleural  cavity  paracentesis  is  necessary 
and  may  be  repeiited  as  often  as  required. 

Pitljiiliilii'ii  is  much  relieved  by  an  ice-bag  over  the 
precordial  region.  A  dilTusible  stimulant,  or  strychnine 
in  full  doses  often  proves  of  signal  service.  If  the  attack 
is  severe,  a  hypodermic  injection  of  morphine  may  be 
given.  Strict  attention  to  diet  together  with  quiet  and 
rest  is  also  essential. 

Vomitiiifj. — Food  must  sometimes  be  withheld  for  some 
hours,  or  replaced  by  sips  of  hot  water,  brandy,  or  cham- 
pagne. After  the  vomiting  has  yielded  or  lessened, 
liquid  food  may  be  cautiously  tried.  31ilk  may  be  given 
freely  diluted  with  lime  water,  Vichy  or  effervescing 
waters,  or  peptonized  beef  es.sences  are  often  tolerated 
when  other  foods  are  rejected.  In  ob.stinate  cases  rectal 
alimentation  may  become  requisite.  The  frequent  action 
of  digitalis  in  inducing  vomiting  must  be  remembered  in 
this  connietion.  It  must  often  be  withheld  fur  a  period, 
but  should  not  be  given  uji  without  good  reason. 

Venesection  is  occasionally  recpiired  when  marked  cya- 
nosis or  dyspno'a  is  present,  and  ten.  twenty,  or  even 
thirty  ounces  of  blood  may  be  abstracted  from  the  arm. 
A  valuable  measure  which  has  largely  fallen  into  disuse 
is  the  application  of  a  few  leeches  to  the  precordial  re- 
gion followed  by  hot  fomentations  to  encourage  bleeding. 

During  the  past  few  years  much  has  been  written  on 
the  Xauheim  methods,  consisting  in  bathing  in  aerated 
water,  and  movements  with  resistance.  The  baths  lessen 
the  peripheral  resistance,  and  the  movements  tend  to 
empty  the  veins.  Percussion  and  skiagraphs  show  a  less- 
ening of  cardiac  dilatation  after  application  of  these 
methods.  They  seem  to  be  more  successful  at  the  natu- 
ral springs  than  when  applied  in  hospitals  or  other  lo- 
calities, fyederick  G.  Finliy. 

HEART,  RUPTURES  OF.— These  are  divided  into  two 
classes:  FirKt.  Tijuse  due  to  degeneration  of  the  myocar- 
dium, the  so-called  spontaneous  ruptures;  and  tecond, 
those  due  to  traumatism. 

Instances  of  the  first  class,  while  not  freipient,  are  more 
often  observed  than  are  those  of  traumatic  origin. 

Morhid  Ak.\tomy. — Spontaneous  rupture  of  the  heart 
generally  occurs  in  the  substance  of  the  left  ventricle 
owing  to  the  greater  fret|Uency  of  degenerative  changes 
in  this  locality,  and  to  the  greater  strain  wbieli  this  part 
of  the  heart  has  to  bear  in  lifting  the  blood  through  the 
systemic  circulation. 

The  anterior  face  of  the  ventricular  wall  somewhat 
above  the  apex  is  usually  the  site  of  the  tear.  Although 
it  is  siud  that  the  tear  usually  begins  from  within  and  pro- 
ceeds to  the  outer  face,  the  reverse  may  hap|)en.  and  it  is 
impossible  to  tell  from  inspection  ujion  whieli  surface  the 
lesion  originated.  The  sites  of  the  riqiture  in  Tm  ca.ses 
collected  by  EUeaume  were  as  follows:  48  in  the  left 
ventricle.  7  in  the  right.  3  in  the  right  auricle,  and  2  in 
the  left  auricle. 

The  tear  may  be  complete  or  incomplete,  and  may  vary 
in  extent  from  acentimetre  tothe  length  of  the  ventricle. 
It  is  usually  single,  but  as  many  as  five  have  been  noted. 
sometimes  intcreommunieating.  The  rent  is  generally 
ragged,  irregular. and  sometimes  ccchymosed  at  the  edges. 
Its  course  through  the  ventricular  wall  may  be  tortuous 
so  that  the  endocardial  and  epicardial  openings  do  not 
correspond.  Usually  the  fissure  runs  iiarallel  to  the 
course  of  the  muscular  fibres.  Those  ruptures  which 
are  due  to  an  abscess  of  the  heart  wall  or  to  hemorrhagic 
softening  more  frequently  are  in  the  form  of  an  ulcera- 
tion or  jierforation.  The  immediate  result  of  this  aeei- 
dcnt  is  the  distention  of  the  iiericardial  siic  with  blooil 
which  generally  forms  clots,  leaving  the  serum  in  the 
pericardium. 
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■  I<'url, 
liraru 


C'liM'R  Imvo  Imtii  nntctl  in  whirli  ii  |>lii|r  of  lUirIn  liuR 
liiiiM'iir  li'H!ii'oiii|ili't<'ly  <H'i'lucli'il  llii'triiriii  tlirlii'iiil  wall. 

ETloi.iMiv— 1  his  fi>riii  iif  rii|iliiir  is  iilwiiys  llir  ri'siili 
of  illsi'nsi'  iif  tlic  iiivcH-ariliiiiii.  suficiiiiiK.  Tally  iIci^i'Iiit- 
aliiiii.  Tally  liillllralion.  i-ic  .  (ii'|>riiilriil  K<'i»'n'llv  iipmi 
ot'cliisiiiii  or  lllirosis  of  tlir  t'oroiuiry  arlcrirs  'I  liis  ili' 
KciK'iatioii  may  lie  local  or  jjrninil.  ami  miiy  rcsiili  pii 
niarily  in  an  aiKiirisin  of  tin'  hiarl  or  aorla.  wliiili  niav 
Imrsi.  Vi'iy  ranly  wi'  have  alisirss  of  llir  licarl  wall, 
which  tnirsts  ami  Icjuls  lo  nipluic.  The  urilini/  initsi- 
of  tlic  lesion  may  lie  a  suchlrn  ami  perhaps  an  unusual 
motion  like  stuinlilin^  or  falling;,  lifliiiK  or  slniiniii);.  A 
coiupanitivi'ly  frccpH'Mt  cause  is  running  for  a  train. 
An);<'r,  cxcitiinenl,  ami  mental  or  jiliysical  shock  may  tie 
tcrmiiie  the  a<<  iilenl.  Not  iMfieipienlly  it  occurs  while 
llie  patient  is  in  perfect  rest,  lie  niiiy  lie  ash'ep  in  lieil. 
The  male  sex  is  consiileralily  more  lialih'  to  this  accident 
than  the  female.  It  .seUlom  occurs  before  the  llflieth 
year,  more  often  after  the  si  \  I  let  h. 

SYMfToMs.^Selilom  are  the  premonitory  signs  of  this 
ilisjister  ilislinctive.  There  would  naturally  lii'  siirns  of 
a  disea.sedand  feelile  heart.  Comparatively  few  diseased 
hearts,  however.  H"'!"  •"  rupture.  On  the  occurrence  of 
the  li'sion.  dialh  is  usually  instantaneous:  the  patiiiit 
not  infri'i|Uc  iitly  lieiu);  fnund  dead  in  hedwilli  llieclothis 
not  even  disturlied.  In  case  the  rupture  is  obliipie  in 
direction  and  small  in  extent,  the  pnticiit  may  survive 
sevenil  hours,  or  even  days. 

Dr.  Landman  has  recently  reported  a  ease  of  a  man 
w  ho  had  two  rupluresof  Ihe  heart  wall,  one  havinj;  liap- 
pi'ned  I  wo  weeks  before  the  other.  He  died  four  hours 
after  the  occurrence  of  the  .second,  which  was  in  Ihe  left 
ventricle,  the  first  was  in  the  right.  The  heart  walls  were 
thin,  but  not  fatty. 

The  special  symi>loms  denolins;  approaching  dissolu- 
tion are  intense  jirecordial  pain.  restle.s.sness,  dyspntea, 
rapid,  feel)le.  and  llultenng  )iulse;  vomiting,  cyanosis, 
los-s  of  consciousness,  and  convulsions. 

Ilampeln  has  observed  that  there  is  greater  jiain  in 
rupture  of  the  pericardial  portion  of  the  aorta  than  in 
that  of  the  heart  substance  ]iroper. 

The  physical  signs,  even  w  hen  the  patient's  lifeissuffl- 
rienlly  proldngeil.  are  more  or  less  indeliiiile.  The  pulse 
is  weak  and  intermitlent.  The  heart  sounds  are  muttled, 
distant,  ami  imp<'rfectly  developeil,  with  probably  some 
increa.se  of  peiicarilial  ilulucss. 

Di.\iJNOsis. — This  is  so  uncertain  that  it  cannot  as  a 
rule  be  relied  ujioii,  although  in  some  cases  the  condition 
lias  liein  made  out  ante  mortem.  .V  diagnosis  ouirlil  cer- 
taiidy  to  be  made  in  those  cases  in  whicli.  in  addition  to 
the  rational  symplomsalready  detailed,  pcr<-ussiou  alTords 
cvidiiice  that  the  pericardial  area  has  recently  undergone 
enlargement. 

PruKiNosis. — This  is  imiformly  unfavoralile:  no  case 
of  spontaneous  heart  rupture  having  ever  been  known  to 
recover,  although  life  may  be  prolonged  for  several  days 
and  even  weiks.  by  judicious  treatment  and  luirsing. 

Thk.^tmknt. — This  is  mainly  palliative  and  can  liave 
no  elTect  on  the  diseased  condidou  of  the  heart.  Cold 
applications.  mor|ihine  hypodcrniatically.  a  strict  main 
tenance  of  the  rcciunlient  posture,  perfect  ijuiet.  and 
warmth  to  the  extremities  may  prolong  life  for  ,i  limited 
period.     Stimulants  are  contraindicated. 

Tiaiimiitic  Rupliirti  of  tlif  llenrt  arc  (|uite  rare.  This 
organ  from  its  sliajie  and  ))osition.  its  mobility  and  the 
protection  afforded  it  by  the  ela.sticity  of  its  walls,  and  by 
its  overlying  and  surrounding  siructures.  is  seldom  ru]!- 
tured — except  in  cjises  in  which  the  entire  chest  wall  is 
crushed  in.  A  certain  number  of  cases  of  rupture  of  the 
heart  walls  have  occurred  with  comparatively  little  injury 
to  the  chest  wall,  even  without  penetration  of  the  pericar- 
dial SfU'.  The  writer  was  able,  in  1899,  to  collect  forty- 
five  CJises  of  heart  rupture,  not  due  to  stab  or  gunshot 
wounds,  and  generally  speaking  caused  by  an  injury 
frojii  the  efTects  <if  winch  the  heart  walls  would  be  ex- 
pected to  escape  scot  free.  In  the  majority  of  the  cases 
there  was  evidence  of  disea.sc  or  abnormality  of  the  or- 
gan.    But  in  a  few  cases  the  heart  muscle  was  healthy. 


The  writer  reporu-d  llie  mm>  of  n  vigorouit  miin  of 
twentyeltthl  who  was  riding  liiK  bicycle  rapidly,  when 
Ihe  forward  wheel  struck  a  Ii<>m-  pijii'  widcli  uas  filled 
with  watei  and  which  lay  across  Ihe  road.  Ax  a  icKult  of 
this  sudden  strain  the  bicycle  broke  at  the  ''head,"un<l 
the  rider  was  thrown  to  the  gmuml  with  greal  violence. 
llie  iletai'lii'd  lianille  liiir  post  inlerpoNing  itwlf  lielweeii 
his  body  and  the  hard  mail.  This  iiiipiict  fniclured  the' 
sixlh  coslal  cartilage  soniew  liai  to  ihe  left  of  the  sternum 
and  drove  the  distal  emi  attached  to  the  rib  inl<i  the  peri- 
cardial siu'.  The  sac  did  nol  tear:  but  Ihe  force  of  tho 
blow  was  so  greal  that  the  right  auricle  was  torn  entirely 
through.  .\  triangular  fiap  (see  accompanying  pluito- 
grajih.  Kig.  •J.')9lii  of  llie  heart  wall  had   lieeii   lifted  up. 
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and  when  it  was  turned  ba<k  the  ventricular  cavity  was 
e.xpo.sed.  The  heart  weighed  eleven  and  one  ijuarter 
ounces,  and  its  valves  an<l  muscular  substance  were 
healthy  and  competent.  The  man  lived  for  an  hour  and 
a  half  after  the  accident  and  partly  recovered  from  shock. 
TIk'  cause  of  dealli  was  apparently  Ihe  distention  of  the 
liericardiuin  with  lilood,  of  which  from  eight  to  ten 
ounces,  moslly  coagulated,  was  found  in  the  sac. 

Of  traumatic  ru)ilures  a  majority  occur  in  the  right 
ventricle  near  its  apex.  Of  (Jamgee's  2S  cases,  in  9  there 
was  no  fracture  of  ribs  or  slernum  and  either  no  bruise 
of  the  parietes  or  a  very  sliglit  one.  The  perir  aniiuin 
was  intact  in  at  least  one-half  of  the  cases,  and  in  22  in 
which  the  principal  seat  of  the  injury  was  noted,  the 
right  ventricle  was  torn  in  !^:  the  left  in  3.  The  left 
auricle  was  injure<l  in  7  and  Ihe  right  in  4.  The  apex  of 
the  right  ventricle  is  a  favorite  spot  for  traumatic  rup- 
ture, first,  on  account  of  its  exiwsed  positi<in  as  it  comes 
in  contact  with  tin'  chest  wall  in  systole,  and  .second,  be- 
cause the  myocardium  is  thinnest  at  this  point.  Hup- 
tures  of  the  muscular  fibres  most  fre(|ueiitly  occur  in 
systole  when  they  are  tense  and  firm  and  offer  the  great- 
est resistance  to  the  imjiact  of  the  opjiosing  force.  If 
slruik  in  diaslole  when  tlii'  ventricles  are  filled  with 
blood,  their  walls  being  fiaccid,  the  seat  of  rupture  will 
be  in  the  resisting  valves,  or  on  the  interventricular 
se]itum. 

So  far  as  ascertained  Ihe  longest  time  that  a  per.son  has 
survived  after  traumatic  heart  rupture  is  sevenleen  hours. 
The  symptoms  of  intense  pericardial  pain,  weak.  Mutter- 
ing or  inlermittcnl  pulse,  dyspno-a,  lividity.  cold  es- 
tremitics,  sweating,  and  convulsions,  are  much  the  Sitme 
as  in  cases  of  spontaneous  rupture.  AVith  the  history  of 
a  blow  upon  the  chest,  esiieiially  if  the  ribs  or  their  car- 
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tilufri's  lire  fiuinil  fniotiircil.  llii'  iliiifriiosis  of  licarl  nip 
turi'  iiiif.'lil  be  iiiatli'  out  miil  liolil  suiiriTy  iiiijflil  siivc  ii 
life.  The  l('('hni(|iif  of  llic  opi'iiition  woiilil  lie  llii>  siiiiic 
a.s  lliat  laid  down  Tor  woiiiiilsof  llic  licarl  siilisljiiirc.  No 
oilier  Ircatiiifiit  i-oiild  lie  aiivlliiiif;  more  than  palliative. 

Ilichiiiil  Ciile  .Xiirttiii. 

HEART  STRAIN.— This  may  he  detini'il  us  the  nii 
towMiil  rllriKol  overexertion  on  the  previously  normal 
Ileal  I 

While  Die  nieiabolie  chaiiires  diirini;  violent  exercise 
cloiililless  lUdduee  toxins — "' fatiijui'  prodiicls" — alTeel- 
inj;  the  nulrition  nf  the  heart,  anil  causini;  relaxation  of 
its  tonus,  the  eirecis  are  largely  meehanieal.  The  heart 
is  railed  u|inn  to  do  more  work  than  w  hi-n  at  rest,  to  re- 
<-eive  and  send  out  more  blood,  anil  to  do  this  under  dif 
ferent  eondilinns  of  blood  pressiiie  and  nutrition. 

The  workdone  by  the  heart  in  a  siiven  interval  of  lime 
depends  on  two  factors — the  amount  of  blood  .sent  oui 
and  the  resistance  ajraiiist  which  it  is  pumped.  The 
Iiearl's  arterial  output  in  turn  is  dcpenilent  u|)on  its 
venous  input. — that  is,  the  lieait  normally  sends  out  the 
ainie  amount  of  blood  per  second  as  it  receives.  The  re 
sistaiice  or  aortic  blood  pressure  depends  on  the  balance 
between  the  output  of  the  heart  and  I  hat  of  the  arteries 
— the  heart  endeavors  to  overcome  the  peripheral  resist- 
ance. The  output  of  the  heart  reniaiiiiii.^r  lliesaine.  in 
other  words,  the  resistance  would  depend  upon  the  state 
of  contraction  or  dilatation  of  the  arleriolcs. 

The  peripheral  blood  jircssure  shows,  duriuf?  active 
exercise,  a  temporary  increase,  which  is  followed,  even  if 
the  exercise  contiinics,  by  a  very  marked  di  crease.  In  a 
recent  exaniiualion  of  the  contestants  in  a  tweuty-live- 
niile  running:  race  with  which  the  writer  was  associated. 
this  fall  was  invari.ibly  present  in  men  examined  at  the 
finish  and  was  shown  iiy  direct  study  of  the  blood  jiress- 
ure  and  by  the  sphy!,'moi;raph.  The  tem])orarv  rise  is 
due  to  increased  output  of  the  lieart.  The  pressure  of 
the  muscles  of  the  extremities  on  the  larj^c  veins,  the 
similar  action  of  the  muscles  of  the  abdomen  and  ilia- 
plira!;m  on  the  portal  system,  and  the  increased  activity 
of  the  respiratory  apparatus,  all  favor  the  flow  of  blood 
to  the  rifjlit  auricle,  and  throujrh  the  lungs  to  the  left 
heart.  For  a  while  the  increased  output  causes  an  in- 
crease iu  arterial  tension  and  increased  work  for  the  left 
ventricle,  but  there  is  .soon  a  dilatation  of  the  peripheral 
vessels,  esjieeially  in  the  muscles,  and  a  conseiiucnt  fall 
of  pressure  with  relief  to  the  left  heart.  According  to 
Allbiitt,  when  this  ad,justment  is  accomplished  the  phe- 
nomenon of  "second  wind  "  occurs. 

7'rtiiiiiiir/. — When  the  heart  is  frequently  called  upon 
ti;>doa  large  amount  of  workchan,!;es  take  place  thrinigh 
which  it  is  able  to  meet  larger  demands  upon  it.  In 
trained  athletes,  especially  in  tho.se  engaged  in  sports  re- 
quiring long  continued  violent  exertion,  as  iu  long-dis- 
tance runners  or  oarsmen,  the  heart  area  shows  marked 
and  progressive  enlargement.  Inspection  frequently 
shows  visible  bulging  of  the  left  chest  and  percussion 
shows  more  or  less  enlargement.  The  left  border  may 
be  outside  the  nipple,  and  the  right  correspondingly 
changed.     The  impulse  is  often  diffuse  and  jiowerful. 

The  explanation  of  these  lindings  is  doubtless  that  the 
heart  muscle  undergoes  hyperlrophy*  exactly  like  any 
other  muscle.  Perhaps  there  is  some  dilatation  as  well, 
the  capacity  of  the  organ  as  well  as  its  streugtli  being 
incTcased.  The  respiratory  apparatus  also  becomes 
more  ellicient,  but  the  changes  here  are  less  easily  de- 
termiiud  than  in  the  heart.  It  cannot  be  too  strongly 
insisted  u|ion  that  these  chan.iresare  physiological.  More 
than  that,  it  is  probable  that  without  more  or  less  cardiac 
hypertrophy  a  man  caiiiioi  with  impunity  euirasre  in 
violent  athletic  contest.s,  while  with  the  heart  pnrperly 
tniincd  he  will  rarely  do  himself  any  immediate  damage. 

W'hat  are  the  remote  results  of  normal  training?  Are 
these  hearts  more  subject  in  after  years  to  functional  dis- 
orders or  degenenitive  conditions  than  others?  Impor- 
tant as  this  question  is  in  connection  with  modern  college 
athletics  there  is  much  doubt  about  its  answer.     It   is 


probable  that  a  heart  in  which  simple  hypertrophy  has 
MCcurred  as  a  result  of  training,  which  has  never  sulTered 
from  any  of  the  acute  or  chronic  disorders  ]>re.sently  to 
be  described,  which  has.  in  short,  enabled  itsowner  to  per- 
form tasks  beyond  the  power  of  other  men  without  at 
an\  lime  causing  any  untoward  symptnius — such  a  heart 
will,  after  the  cessation  of  training,  return  quietly  to  its 
original  .size.  The  decrea.se  is,  howevi^r.  slow.  Darling 
found  that  aftera  yearthe  Harvard  rowers  still  had  large 
hearts.  But,  as  Darling  riniaiks.  hypertrophy  of  the 
heart  from  training  is  no  more  uudesirabh'  anil  gives  the 
liatient  no  more  trouljle  than  the  corresiionding  hyper- 
trophy of  the  biceps.  Peibaps  the  most  tlmniugh  in- 
vestigation iif  this  mailer  was  that  of  .Morgan  |IS7;{)  who 
studied  the  after  health  of  the  ■.21I4  men  who  rowed  in  the 
Oxford  t'ambriiige  liices  between  IS'JV)  and  ISIill.  Hut 
seventeen  claimed  to  have  been  injured,  and  in  only  two 
or  three  would  the  evidence  convince  us  today  that  pre- 
viously healthy  men  sulTercd  permanent  damage  lo  the 
heart.  The  mortality  was  less  than  comparison  with  in- 
surance statistics  would  lead  one  tn  exiiect.  and  .Morgjin 
eoneluiliil  that  in  the  majority  ot  cases  training  iloes 
great  and  lasting  good.  ( In  the  other  hand  Stengel  men- 
tions cases  iu  which  trained  men  several  years  after  the 
cessation  of  active  athletics,  with  no  intervening  symp- 
toms, began  to  complain  of  sensations  of  oppres-sion  and 
distention  in  the  ehestwith  "consciousness  of  the  heart." 
Certainly,  if  in  the  course  of  training  the  heart  has  suf- 
fered any  of  the  forms  of  strain,  permanent  damage  may 
remain.  Too  little  attention  has  been  given  the  subject 
of  training  by  medical  men  and  the  matter  cannot  be  said 
to  rest  at  present  on  very  lirm  scieutitic  foundations. 

Acute  He.\kt  Sth.\i\;  .\ct  te  1)ii..\t-\tiox. — When 
the  heart  is  examined  immediately  sifter  an  athletic  con- 
test it  is  common  to  find  enlargement  of  the  area  of  dnl- 
ness  over  and  above  what  was  already  present  as  r,  result 
of  training.  So  commonly  is  this  the  case,  and  so  rapidly 
does  the  tcmpoiary  enlargement  subside  that  some  dila- 
tation or  lela.xation  would  seem  to  be  jthysiological  after 
sullieient  severe  exercise. 

I'uder  constant  conditions  of  intraventricular  blood 
])ressure  the  total  stress  on  the  walls  of  the  ventricle 
varies  with  the  size  of  the  cavity,  and  the  increase  in 
total  stress  is  as  the  cube  of  the  radius  of  curvature,  as- 
suming that  the  ventricle  isapproximately  spherical.  It 
is  evident  that  as  dilatation  advances  the  heart  miLScle 
has  to  bear  a  constantly  increasing  strain,  and  thai  should 
it  continue  a  point  would  be  reached  where  it  could  no 
longci'  contract  at  all  (paralysis  from  overdistention.) 

There  are,  however,  certain  things  which  limit  this 
process:  in  the  first  place,  up  to  a  cert.iiu  point  the  mus- 
cle fibres  act  to  better  advantage  when  stretched  than 
when  iiartly  contracted :  secondh',  the  chorda'  tendinciC 
and  trabecula'  tend  to  jirevent  excessive  stretching: 
thirdly,  the  fall  of  blood  pressure  as  exercise  continues 
relieves  the  strain;  tinally,  the  auricu.o-ventricular  ori- 
fices share  the  dilatation,  or  the  mitral  and  tricuspid 
sphincters  relax  and  regurgitation  occurs.  In  regard  to 
this  last  point,  the  normal  mitral  and  tricuspid  valves  are 
able  to  close  an  oritice  considerably  dilated,  and  the  action 
of  the  so-callrd  sphincters  is  not  fully  adiuiltcd  by  jiliysi- 
ologisls.  According  to  ,\lbult  sudden  stress  alTects  chief- 
ly the  aortic  area,  prolonged  exertion  the  right  heart. 

'.\cutc  dilatation  may  result  from  severe  exertion  in  any 
form,  though  it  is  said  to  be  most  frequent  when  the  legs 
are  u.seil,  as  in  running,  rowing,  forced  marchin.i:,  bicy- 
cling, and  mountain  climbin,!;.  It  has  resulted  from 
fright  and  other  emotional  shocks,  and  from  sudden  ]ier- 
ipheral  vasouiotor  contraction  the  result  of  cold  bathing. 
It  is  much  more  apt  to  occur  in  untrained  individuals, 
but  even  in  the  Harvard  I'nivcrsity  crew  s  each  race  is 
followed  by  temporary  increase  in  the  area  of  dulness. 
It  is  more  easily  produced  in  older  persons,  in  those  with 
beginning  degenerative  conditions,  and  after  convales- 
cence from  acute  diseases.  » 

The  symptoms  due  to  severe  physical  exertion  are  fa- 
miliar to  every  oni — rapid  pulse,  jiallor.  and  dyspuiea. 
In  extreme   cases  these  symptoms  are  severe  and    the 
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fikin  is  cviinositl  or  pmylxli      There  niny  !«•  n  wnw  of 

N'Vrrr  (ippressidii  in  Ijii'  clusl.  ili/ziiii'sv.  imu>eii.  nr  nose 
lileeii.  'I'll!'  iiiiiii  limy  full  hi  llir  );ri>iiiiil  iiiiriiiiMJotiH  nr 
even  (lend,  lint  reeiivery  Is  f;i'neriilly  |>riini|it.  K(i  tlitit 
tlie  iithlele  ulio  f.ills  exIiiiiiKteii  ill  llie  lliiixli  of  u  liiiril 
fiiiit'lit  niee  nmy  lie  well  in  iiii  lioiir  iiiiil  ii'iiily  In  win  iin- 
oilier  evelil. 

Hill  syni|iliiiiis  nmy  pi  r-ii>i  fur  smne  ilays  or  weeks, 
iliiriiii;  w  liieli  ilirii'  iiii'  il\  spnuii  mi  sli^lil  exertion,  palpi 
laliiinN.  praioKliiil  npprissinn.  pain  or  "  NJije  iielie."  willi 
vertigo,  mill  tilliiiiiiiniiriii  Tlie  lieiirt  i'i  nipiil  ami  irre/.ni 
lar.  Kxacerliations  of  lliesc  syniptonis  nmy  oeciir  iifler 
»  meal,  willioiil  exeiliiiK  iniise  or  may  even  uakeii  llie 
IHilieiit  al  nii;lil.  The  palieiil  nmy  tlie  in  ii  few  iliiys. 
ronipeiisalion  iml  lieini;  e-.|iililislieil.  Somelinies  there  is 
permiiiieiil  iliimai;e  anil  he  remiiiiis  "  hroken  wiiiileil"iii 
Ihe  eiiil  of  his  days  -iiimlile  lo  jierforiii  any  unusual 
e.\erlinii  wiileiut  ily-pniea  ami  eaiiliae  irrei.Milarity. 

Tlie  iiiosi  iinpiirtaiil  physical  siiin  i>f  piilholoi,'ieiil  ilila- 
tnlion  is  siiilih'ii  anil  persl-teiil  imrease  in  the  area  of 
canliiu'  iliilness  It  must  he  remeinliereil  that  Ihe  liearl 
of  the  alhlele  is  >;eiierally  alreiuly  enlarged  from  hyper- 
Iropliy  ami  that  some  fiirlher  lemporary  dilutalion  is  so 
I'omnion  thai  it  eiliiiiol  ali'iie  eonsliliile  a  disease.  The 
Impulse  is  often  feetile  and  llie  rliylhni  irreiruhir.  There 
may  l>e  a  murniur.  usually  sysiulic.  at  Ihe  liase  lo  Ihe  left 
of  the  sternum.  The  niiinniir  is  fuijiiive.  }remrally  ilis- 
nppearini;  within  a  few  niiniiles.  Itsnatiireand  |)(>sition 
of  niaximiim  intensity  are  .somewhal  varialile. 

The  explanation  iif  this  iniirmiir  w  liich  is  frei|iK'ntly 
present  in  the  normal  eases  of  slijrht  tempoiary  dilatation 
is  a  (lUislion  that  has  excited  considenilile  discussion. 
Sleiiirel  helieves  that  it  is  due  to  dilatatinn  of  the  pul- 
monary ronns  arti'riosus.  In  a  sliiily  of  the  runners  in 
the  Hoslon  Alhlelic  As.s(ieiation's  Marathon  race  (twenty- 
live  miles)  of  1>^!I!I.  Williiiiiis  and  Arnold  fniiml  fiiirilive 
systolic  murmurs  at  the  base  to  Ihe  left  of  the  sternum  in 
eleven  out  of  thirteen  ea.ses  examined.  In  some  it  was 
transmitted  aloiis;  the  left  border  of  the  heart  to  the  ai>e.x 
and  in  some  lo  the  hack.  They  consider  that  the  heart 
shared  in  the  ueiieral  muscular  cxhauslion.  and  that  Ihe 
mitral  sphincter  ami  papillary  musch  s  relaxed.  i.'i\iiijr  a 
true  resjiM  irilatiiiii  into  the  auricle.  Darlini:  fouml  simi 
lar  murmurs  in  the  Harvard  crew  after  racinji;  and  accepts 
Williams'  and  Arnold's  explunatiou,  which  appears  to  he 
widely  adopteil. 

The  writer  has  assisted  in  examininjr  llie  hearts  of  the 
Hoston  Manithoii  runners  for  the  past  two  years,  dnrinjj; 
which  murmurs  were  not  found  with  the  same  resularity 
as  hy  Williams  and  Arnold.  Some  nii<:ht  lie  described 
as  mere  ■■iiuirmurislincss "  of  the  first  sound.  In  two 
cases  murmurs  were  fouml  at  the  riirht  of  ihc  sternum. 
In  some  they  were  present  both  before  and  after  the  race, 
and  in  one  or  two  lliey  were  present  at  the  start  and  not 
at  the  linish.  If  any  considerable  mitral  resurgitation 
had  occurred,  evidences  of  iiulmonic engorgement  would 
be  expected.  These  were  not  iiresent,  nor  were  they  re- 
ported by  either  of  the  othi  r  writers  mentioiu-d.  Pos 
sibly  some  niiirmurs  were  eardin  respiratory .  and  certainly 
some — thosethat  wereiiresent  at  the  start  only — wcreiliie 
to  nervousness.  Such  murmurs  from  nervous  e.xiitemeiit 
are  matters  of  common  observation.  Further  study  of 
the  matter  is  needed. 

The  diagnosis  of  acute  dilatation  is  generally  oVivious. 
The  enlargement  and  murmur  which  are  the  normal  re- 
sult of  severe  exertion  will  soon  dis;ippear.  while  in  Ihe 
serious  dilatation  they,  together  with  the  syiuptoms. 
will  be  more  persistent.  Persistence  of  Ihe  miirmurwitli 
the  other  signs  of  mitr.il  insutlieieney  after  the  di.s;ippear 
ance  of  the  symptoms  will  usually  mean  a  preexisting 
valvular  lesion.  If  the  heart  is  known  lo  have  been  pre- 
viously normal  a  ]iernianent  murmur  with  i>aiii.  o'dema, 
and  gradual  recovery  with  hypertrophy  may  indicate  a 
ruptured  valve. 

Treatment  should  be  directed  lo  relieving  the  heart 
from  wiirk  as  much  as  possible.  Rest  in  bed  is  impera- 
tive in  the  sivere  cases.  When  cyanosis  is  extreme  and 
the  right  heart  distended,  veuesectiou  may  be  called  for, 


inon-  often  In  older  full  liloiMled  men  timn  in  young  ulli 
letes  h'.ir  drugs,  situ'liniiie  ami  aliiihnl  niiiy  In-  iin-d, 
with  digitalis  if  the  piilhe  is  weak  and  rupiil.  The  laller 
kIioiiIiI  be  uwd  caul ioiihly  opecially  ill  the  early  ilios: 
later  il  may  be  of  the  finatest  value'.  During  aiiil  alU-r 
eonvaleseenee  the  patient  must  be  very  careful  not  lo 
overexert  liiinseir.  An  athlete  hIiouIiI  "return  to  iieliv« 
exercise,  if  al  all,  very  grailiiidly  and  iiiiiler  doHe  medi- 
cal KUpervisiiin. 

In  prophylaxis  Ihe  most  im|iortaiit  point  is  IrainiiiK, 
the  object  being  to  produce  a  hyperlrophj  <if  llic  heurt 
comparable  lo  Ihe  accompanving  development  of  llie 
peripheral  musiles.  This  is  illiistrat<-d  by  Ihe  cases  <.f 
Williams  and  Arnold.  The  only  two  of  their  thirteen 
who  failed  lo  slmw  enlargement  drnpped  out  of  Ihe  race 
before  reaching  the  linish.  The avcijilaiice  of  alcohol.  Ui- 
baccip.  and  other  excesses  is  important. 

The  i|iiestiiiii  as  til  w  hat  limlliigs  should  exclude  a  man 
fmni  pari  iii  pat  ion  in  a  nice  or  game  isdillicult  to  answer. 
Wi'  are  not  jiistilied  in  excluding  a  man  because  his 
heart  dix'S  not  show  the  rei|uisite  liypcrtiopliy.  If  he 
has  been  under  constant  supervision  there  is  no  dilliciilly 
—persistent  murmurs  with  dyspnoa  and  irregularity 
after  preliminary  trials  should  exclude  him.  Jliil  a  mur- 
mur just  before  the  start  is  of  no  signilieance. 

Itiijilnir  iif  II  ]'(i/ic  is  a  rare  result  of  overexertion  in 
the  normal  organ.  Theaortic  and  mitral  valvesare  most 
freiiucntly  involved.  There  is  gciu'rally  seven'  pain  at 
the  time  of  the  accidi'iit.  often  with  a  sense  of  somelhing 
giving  way  in  the  chest.  The  usual  signs  of  regiirgila- 
lion  are  present.  Iinmediale  death  may  occur  or  recov- 
ery, according  to  the  .severity  of  the  lesion. 

Kiijiliiie  of  l/ii  Jfmrl  is  even  more  rare  and  probably 
never  occurs  in  the  normal  organ.  A  number  of  eases 
have  occurred  in  degenerative  conditions  as  a  result  of 
sudden  strain.      Heath  is  usually  instantaneous. 

C'liuo.Mc  IIk.vkt  Srit.MX. — Uy  this  is  meant  tho.sc 
forms  of  cardiac  disturbance  which  result  from  freipieiit- 
ly  repeated  exertion— tlie  functional  condition  known  as 
"irritable  heart"  and  the  Iiypertrophicd  or  dilated  organ 
with  symplonis  of  ovcraetion.  The  pathology  of  these 
comlitinns  and  their  relation  to  one  another  are  obscure. 
.1.  JI.  D.i  C'osta.  wild  studied  soldiers  in  the  War  nf  the 
Ucbellion.  considered  thai  irrilable  liearl  was  an  early 
stage  whose  continuance  resulted  in  hypertrophy  and 
overaction.  Trcadwell  studied  the  sjiine  cla.ss  nf  men 
seven  years  after  the  war  and  concluded  that  the  symp- 
toms were  due  to  dilatation  when  compensatory  hyper- 
trophy had  failed. 

While  repeated  ovcrcxcrlion  is  Ihe  chief  element  in 
the  |iroiiuction  of  many  of  these  cases  it  is  certain  that, 
especially  in  the  functional  cases,  syjiliilis.  and  exce.s.se8 
of  alcohol,  loljacco,  tea  and  colfce,  play  an  important 
part.  They  often  commence  after  convalescence  from 
acute  diseases — diarrhiea.  digestive  troubles,  typhoiil.  or 
malaria.  Improper  food,  insufticient  sleep,  and  ex|)osure 
or  sexual  excesses  are  occasional  factors.  In  athletes 
worry  over  an  approaching  contest  and  in  soldiers  the 
excitement  of  an  active  c.impai,gn  may  have  a  direct  or 
indirect  influence.  Conslrietion  of  the  cliesi  by  heavy 
and  imiu-operly  adjusted  accoutremenis  has  been  given  a 
prominent  place. 

Most  of  the  "soldier's  hearts"  occur  in  men  under 
twenly-tive.  of  tall,  lanky  build.  In  civil  life  it  is  com- 
moner in  pedestrians,  mountain  climbers,  and  bicyclists. 
It  may  result  from  excessive  dancing.  J.  Burney  Yeo 
ilcsrrihes  .similar  conditions  in  girls  at  ])uberty  as  a  result 
of  rapid  growth  and  ediicalional  strains.  In  college  ath- 
letes who  are  kept  in  the  best  ])hy.sical  condition  and 
whose  training  is  carefully  managed  it  is  apparently  un- 
common. Still,  the  cause  of  "staleness"  or  overtraining 
is  very  obscure  and  probably  the  heart  (Darling)  is  a  fac- 
tor. 

The  symptoms  and  course  of  "soldier's  heart"  are  thus 
summarized  by  Da  Costa:  "A  man  who  had  been  for 
some  months  or  longer  in  active  service  would  be  .seized 
with  diarrhoea,  annoying,  yet  not  enough  to  keep  him 
out  of  the  field;  or,  attacked  with  diarrhoea  or  fever,  he 
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rcjoiiifd  liiscoiniimnd  and  asrnin  iindcrwi'iit  the  i-xiM(i(ins 
of  a  soldii  r's  lilV.  Ilrsoim  iiotii  id  tliiil  lie  could  nut  tniir 
tlicin  as  fdiincily :  he  jrnt  out  i<(  liitatli.  <(iMld  not  kicp 
up  with  his  coniiadi'S,  was  aiiiKiyi'd  with  di/ziiicss  and 
palpilatiiins;  liU  aicoutretnitits  oppressed  liiiu.  and  all 
this  thoujiJi  he  appeared  well  and  healtliv.  Seeking  ad 
vice  fidin  the  s\irj;eon  of  the  regiment,  it  was  decided 
(hat  he  was  untit  for  duty  and  he  was  sent  to  the  hospi 
lal.  where  his  persistently  nidck  aetilii.'  heart  contirined 
his  story,  though  he  looked  like  a  man  in  sound  eon<li- 
tion.  Any  iligestive  disturl)anci'S  which  niiirlil  liave  ex- 
isted gradually  Jiassed  away,  hut  the  irritaliility  of  the 
lieart  remained,  and  only  very  slowly  ilid  the  excited  or- 
gan return  to  its  natural  condition.  Or  it  failed  todo  s<i. 
iiotwithslaiuling  the  use  of  remedies  wlii<h  control  the 
fireulation ;  thus  the  case  might  go  on  for  a  long  time, 
and  tiie  ])alient.  after  having  been  the  round  of  the  hos- 
pitals, would  be  discharged,  or,  as  unlit  for  active  ser- 
vice, be  ]>laccd  in  the  Invalid  Corjis." 

The  iniporlant  symptoms  arc  ]irccordial  pain,  tisually 
paroxysmal;  jialpilalions.  tachycardia,  the  heart  being 
t'haraetcristically  more  rapid  in  the  upright  jjosiliou  or 
after  slight  exertion:  dys|)n(ea;  and  nervous  ilisturb 
aiices — headaclie,  dizziness,  and  sleeplessness.  The 
symptoms  may  be  absent  excejit  during  exercise  or  they 
may  come  on  pamxysmally  during  rest  or  sleep. 

Kxannnalion  in  the  functional  cases  sliows  little  or  no 
enlargement,  the  chief  physical  signs  being  irn'giilarity 
or  nipidity  of  action  on  slight  exertion  or  on  smhleuly 
assuming  the  erect  posture.  Systolic  murmius  may  be 
present,  buf  they  are  inconstant  and  variable.  The  first 
sound  is  described  as  short  and  valvular.  In  the  cases 
witli  permanent  dilalatioii  the  area  is  liirge.  tlie  impulse 
labored  and  diffuse,  the  first  sound  dull  and  prolonged. 
Constant  murmurs  may  be  ]ii'escnt :  due  to  regurgitatiou 
from  nlalivc'ly  iiisutiicicMit  valves. 

In  the  dillercntial  diagnosis  it  must  be  remembered 
that  a  true  valvular  lesion  from  endocarditis  may  exist 
without  causing  a  murmur,  especially  in  the  case  of 
mitral  stenosis,  and  that  the  patient  with  such  a  lesion 
may  correctly'  date  the  onset  of  symptoms  to  a  period  of 
over-exercise.  Henal,  ])ulmonarv,  and  vascular  degener- 
ationsmust  be  borne  in  mind.  Someof  the  cases  are  clini- 
cally identical  with  myocarditi.s. 

The  prognosis  is  uncertain.  ('om|ilete  recovery  may 
occur,  but  as  a  rule  more  or  less  irritability  remains. 
The  quotation  from  Da  Costa  given  above  indicates  what 
seems  to  be  the  common  residt  in  military  cases.  It  is 
probable  that  many  cases  become  virtually  ones  of  val- 
vular disease — relative  insutticiency — or  of  myocarditis. 
Some  go  from  bad  to  worse  and  die  within  a  few 
years. 

For  prophylactic  treatment  training  is  again  of  great 
importance,  or  at  least  occupations  reciuiring  severe  ex- 
ertion should  be  entered  into  gradually  so  that  hypertro- 
phy of  the  heart  muscle  may  occur  before  the  fidl  strain 
is  put  on  the  organ.  Active  exercise  should  be  resumed 
with  great  care  after  recovery  from  acute  disease.  Ex- 
cesses, especially  of  tobacco  and  alcohol,  slumld  be 
avoidc<l  permanently  by  those  whose  occujiations  call 
for  a  large  junount  of  work  on  the  part  of  the  heart. 

When  the  condition  of  irritable  or  dilated  heart  is  once 
established  jirolonged  rest  is  imperative  with  gradual 
return  to  active  life  after  recovery.  Among  drugs 
digitalis  will  be  of  greatest  use.  The  bromides  will 
also  be  of  service.  Iron  and  other  tonics  may  be  called 
for. 

In  conclusion  the  statement  must  be  reiterated  that  the 
danger  from  over  exercise  in  healthy  hearts  is  not  great, 
especially  if  the  subject  be  well  trained.  Indi'ed.  Darling 
mentions  one  oarsman  in  whom,  at  the  begiiming  of  the 
season,  the  heart  showed  obvious  signs  of  mitral  regur- 
gitation from  previous  organic  disease  of  the  valve.  As 
the  season  advanced  the  symjitoms  and  signs  entirely 
disappeared,  and  the  man  ilid  valuable  work  in  the  final 
hard-fought  intercollegiate  boat  race.  Such  instances 
may  be  rare,  but  the  iieart  cerlaiulv  has  a  vast  reserve 
power.  ttiil/ili  C.  Lorrabee. 
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HEART,  THROMBOSIS  OF.— The  blood  clots  found 
within  the  heart  cavities  may  l)e  divided  into  three 
classes:  post-mortem  clots,  mitr-morlem  or  of/oiuil  riots,  and 
true  til rooihi.  The  ]iost -mortem  clot  is  formed  after  the 
heart  has  ceased  to  beat;  it  is  a  soft,  darkieil.  jelly  clot 
tilling  up  the  Ciivity  of  tln^  auri<'le  or  ventricle  ami  not 
adherent  to  the  heart  wall.  It  is  commonly  known  as 
cruor  or  the  cunaiit  jelly  clot.  Such  coagula  are  found 
usually  in  the  right  auricle  and  ventricle,  but  may  be 
present  in  all  four  of  the  cavities.  When  coagulation 
occurs  rapidly  after  death  the  clot  is  uniformly  red 
throughout:  but  if  coagulation  is  delayed  the  uppermost 
])ortion  of  the  clot  nniy  be  light-colored  or  yellowish  from 
the  sinking  of  the  red  cells.  In  them.selves  the  post-mor- 
tem clots  ai'e  of  significance  only  in  so  far  as  the  character 
of  the  blood  and  its  coagulability  are  concerned.  If  coagu- 
lation takes  place  while  the  ventricles  are  contracted  in 
rigor  mortis  the  clots  will  be  found  in  the  auricles  only, 
but.  if  coagtdatiou  bedelayed  until  the  ccuitraction  of  the 
ventricles  has  passed,  the  ventricular  cavities  may  again 
become  tilled  witli  blood  which  later  coagulates. 

The  ante-nnirtem  or  agonal  clot  is  a  white  or  mixed 
clot  found  in  the  |ieripliery  of  the  large  veins,  right  and 
left  auricles,  and  ri.ijht  ventricle,  b\it  rarely  in  the  left 
vcutiicle.  Such  clots  consist  of  fibrin  with  few  or  many 
leucocytes,  while  that  part  of  the  clot  toward  the  axial 
stream  may  contain  red  blood  cells.  They  develop  dur- 
ing the  slowing  of  the  blood  stream  in  cases  of  slow- 
death,  and  are  formed  only  in  the  i)eri]5lieral  stream 
where  there  are  lu)  red  cells.  As  the  current  becomes 
slower  red  cells  are  caught  in  that  jiortioii  of  the  clot 
toward  the  central  stream.  As  soon  as  death  occurs  and 
the  current  comes  to  a  standstill,  the  blood  in  the  central 
stream  coagulates  forming  a  postmortem  curnint  jelly 
clot.  Combinations  of  agonal  and  jiost mortem  clots  are 
thus  formed  and  are  distinguished  by  the  |)resence  of  a 
central  red  clot  surrouinled  by  a  periplieral  layerof  white 
clot.  The  agonal  clot  is  soft,  but  much  tinner  than  the 
curr.nnt  jelly  clot.  It  is  not  attached  to  the  endocardiiini 
and  is  I'asily  removed  from  between  the  trabecida"  of  the 
ventricular  wall.  It  is  further  distinguished  from  true 
cardiac  thrombi  in  its  moist ness,  tnuishu'cncy,  and  greater 
elasticity.  On  microscopical  examiiuition  the  agonal 
clot  is  found  to  consist  almost  entirely  of  a  coarse  reticu- 
lum of  librin;  on  the  other  hand  the  tibrin  in  the  post- 
mortem jelly  clot  is  in  the  form  of  tine  tilirilhv.  The 
signilicance  of  the  agoinil  clot  is  only  that  of  a  slowly 
jirogressive  heart  failure;  in  cases  of  siulden  death  with 
out  pievious  inipairnient  of  cardiac  ellicicncy  the  white 
periphend  clots  are  either  very  small  or  absent,  while  in 
cases  of  slow  death  in  chronic  valvular  disease,  cachex- 
ias, etc.,  they  may  be  very  large.  Care  should  be  taken 
to  dilTerentiate  between  these  and  the  true  heart  thrombi 
for  which  they  are  frei|Uently  mistaken. 

The  true  lieart  thrombi  are  yellowish,  reildish.  or  red- 
dish-gray or  brown.  o]iai|ue,  dry,  iiu'laslic,  brittle,  and 
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in  till'  (.'rem  iimjiiritv  i>f  canes  more  or  Icm  ndlierpnt  to 

llir  I'liilix'Mriliiiiii.     'I  lie  I'liiidiiiciiis  iiiiiliT  wliirli  llii-v  an- 
fiiniiril  iiri'  |ini<'tiriilly  the  siiiiu'  an  iIidhc  nf  llir4iiiili(isjs 

(if  till'  lllcind  vrswis.  III!'  (  llilf  flicliirs  llrillf  Irsiolis  cif 
till'  ciiilmariliiiMi.  (lisliirliaiii  I'M  »(  tin-  riniilalion.  anil 
('lian):i"i  <>>  till' rliriiiinil  r<>iii|iiisiliiin  '<{  tlic  IiIihhI.  Of 
tlirsi'  till'  riiiliirarilial  rliaiii;i"<  ari'  liy  far  tlir  must  ini|ii>r 
tant.  At  tilt'  |ii>iiil  <i(  Irsimi  lilinul  platrs  an'  IIpnI  iIi'|i(is 
ilril,  rojlouril  liy  tin'  |iri>ri'S.'«'s  nf  riiiiL'liitinaliiiii  anil 
('im;;iilaliiin  as  in  llii'  ruiinatinn  of  tlirnnilii  In  ilii'  vrssi'ls. 
Till'  rrsiiltini,'  tlirninlnis  is  nsnally  a  inixcil  ilnt.  vrry 
fn'i|iirnllv  laininiiti'il.  Wliuii  forinrd  in  tlir  pcriplH'riil 
.strrani  »  itii  nijiiil  riiriilaliim  it  iiiiiy  lir  iiitiri'ly  wliilr: 
if  till'  riirri'iit  is  viry  niiirli  slnwiil  it  may  lir  nil 
tliriiii!;liiiiit.  Ill  ulil  ml  lliminlii  the  ililTiisinii  of  llii' 
lia'nioL:loliin  from  tlir  ml  ci'IIh  may  ^ivr  a  wasliril  out 
mlilisli  or  brown  I'olor.  Tlic  lattrrrolor  is  also  the  rr- 
suit  of  llic  formation  of  hloml  pi;;nirnl  from  Ilir  ilisiiitr 
trillion  of  till'  ml  ci'lls.  Tlir  siirfaci'  of  tin'  lliroinlnis  is 
not  iiifr<'i|iirnlly  rililiril;  tliis  a|>pi'aniii(r  has  birii  I'X 
plaiiiril  as  ln'injr  iliii'  to  wave  likr  moviniriits  in  tlir 
iilooil.  till'  pronss  tii'inir  analogous  to  the  formation  of 
wavi'  marks  on  sandy  lioiloms.  Tlir  u'l'inial  cxtrniui 
appiaranri'S  of  cardial' tliionilii  arr  drprinli'iil  upon  llii'  j 
inannir  of  formation,  rapidity  of  dcvclopmciit.  and  llii' 
liK-al  conditions  of  Ilic  circulation.  The  si/c  and  shape 
of  cardiac  thromlii  show  u'rcat  variation.  Tlicy  may  he 
so  small  as  to  lie  hidden  lietHien  the  miisile  columns,  or 
so  larije  as  completely  to  till  one  of  the  heart  cavities. 
They  may  appear  as  small  irlohular  masses  projectiiif; 
fnini  hetweeii  the  niuscle  traliecnlit  (irloliular  vetreta 
tionst;  or  as  tiat.  ciicumscrilied  mas.s('S  lirmly  attached 
to  the  heart  wall.  On  the  valves  they  may  form  lieail- 
like  excrt'S<'eni'i'S  or  vejretatious.  Not  infreiinently  the 
thmmlms  is  attached  to  the  endocaidium  liy  a  pedicle 
(heart  Iiolyp)  ;  as  the  result  of  the  tearinj;  of  such  at- 
tac'hment  free  ^lohular  throndii  may  lie  fonned  (hall 
thrombi).  In  rare  cases  the  thrombus  may  be  spread 
over  the  endocardium  like  a  false  nii'iiilirane. 

The  thrombus  when  cut  into  may  he  found  to  be  made 
lip  of  dry  and  lirjille  laminations,  in  sonic  instances  the 
cciitnd  liortion  of  the  thrombus  is  under  slight  pres.surc 
easily  crumbled  to  dust.  In  other  cases  the  central  por- 
tion may  he  cystic,  the  cavity  tilled  with  a  thick  reddish- 
brown  or  piis-like  substance.  Such  secondary  degener- 
ations are  of  freiiueiit  occuin-nce.  The  most  common  is 
a  simple  softening  or  liquefaction ;  when  many  leuco- 
cytes are  present  a  grayish  piis  like  tluid  may  he  formed; 
if  the  degenerating  portion  is  made  up  of  red  cells  alone 
a  grnnious  reildisli  brown  tluid  results.  Calcitication  of 
the  thrombus  may  also  take  place,  resulting  in  the  forma- 
tion of  a  cariliolitli.  As  a  more  favorable  seiiuela  of  car- 
diac throinbosisorgainzationof  the  llirombus  may  occur, 
the  latter  becoming  ultimately  converted  into  a  noihdar 
or  dilTuse  librous  thickening  of  the  endocardinm.  In 
some  cases  both  the  degeinraring  and  the  organized 
thrombi  have  been  mistaken  for  cardiac  iieoidasms,  cysts. 
and  tibroma  respectively.  It  is  also  not  improbable  that 
some  of  the  growths  on  the  endocardial  surface  described 
as  myxoma  were  recently  organized  Ihromhi. 

The  microscopical  examination  shows  the  cardiac 
thrombi  to  be  composed  of  tibrin.  disintegrated  blood 
cells,  blood  pigment.  ma.s.ses  of  calcitication.  etc.  In 
ca.se  of  siin|>le  softening  of  the  central  portion  the  cavity 
thus  formed  contains  granular  debris,  liloml  iiiginent. 
etc.  In  recent  thrombi  the  leucocytes  present  may  still 
show  tnices  of  their  nuclei.  If  organization  has  begun 
fibroblasts  and  new  capillaries  may  be  seen  extending 
from  the  endocardium  into  the  throndnis. 

Thrombi  ate  more  freiiuently  found  in  the  right  side  of 
the  heart  than  in  the  left.  In  the  auricles  the  appendix, 
and  in  the  ventricles  the  neighborhood  of  the  apex  are 
the  favorite  seats  of  locution.  The  pedunculated  throm 
hi  (cardiac  iiolypsi  are  of  freiinent  occurrence  in  the 
right  ventricle,  while  the  free  ball  throndii.  in  the  major- 
ity of  recorded  cases,  were  found  in  the  dilated  left  ami 
cle  in  cases  of  mitral  stenosis.  Cardiac  thrombi  may  be 
single  or  multiple,  and  may  be  found  at  any  age.     Ac- 


otnilng  to  their  locntion  In  the  heart  they  ure  ul»«>  detiig- 
nali'd  as  parietal  and  valvidar 

KriiM.iiiJV. — The  chiingeH  in  the  endoctinliiim  leailiiig 
to  ihronibosis  are  either  inllaniniiitory,  or  degenenillve, 
or  necrotic  in  natiire  These  lesions  may  be  tlie  result  of 
the  local  action  of  pathogenic  hactiria  or  due  to  general 
intoxications,  disturbances  of  nutrition,  clnmges  in  the 
blood,  etc.  The  pus  forming  organisms,  gonociHciih,  and 
tubercle  liaeilliis  have  Ih'I'Ii  found  in  cardiac  tliroinbi 
under  siieli  conditions  as  to  make  it  very  probable  tliut 
they  were  the  exciting  factors  of  the  thromhohiH.  The 
valvular  vegetations  are  in  the  majority  of  cases  due  to 
bacteria  In  the  acute  infections  fatty  degeneration  of 
the  endocardial  endothelium  not  infri'i|iieiitly  leuds  to 
thrombosis.  Local  changes  in  the  myocardium,  such  iiH 
aniemic  infarction,  myocarditis,  etc.,  are  usually  as.soci- 
aled  with  the  formation  of  thrombi  on  the  overlying  en- 
docardium. Aneurismal  dilatations  of  the  cardiac  wall 
are  very  likely  to  be  partly  or  wholly  tilled  by  a  throm- 
bus. In  many  chronic  diseases  in  whiih  there  are  gen- 
eral dislurliances  of  nutrition,  .systemic  intoxication,  etc., 
as  in  chronic  nephritis,  pulmonary  tuberculosis,  chronic 
valvular  disease,  etc.,  heart  thrombi  are  frei|Uently 
found.  In  |iulmonary  tubercidosis  they  are  of  ifuch 
freipient  occurrence  as  to  give  rise  to  the  suspicion  that 
in  many  cases  they  may  he  due  to  the  local  action  of 
tubercle  bacilli  which  have  lodged  upon  tlie  endocar- 
dium. Cardiac  thrombosis  often  occurs  in  cast-s  of  gen- 
eral cachexia  (inarasmjc  thrombi).  In  severe  siiperticiul 
burns  of  the  skin  the  changes  produced  in  the  blood  may 
lead  to  the  formation  of  thrombi,  both  in  the  right  side 
of  the  heart  and  in  the  pulmonary  arteries.  Small  em- 
boli coming  from  venous  thrombi  and  lodging  upon  the 
valves  or  between  the  muscle  Irabecuhe  of  the  right  ven- 
tricle may  give  rise  to  secondary  or  induced  thrombi. 
Sclerotic  changes  in  the  valves  or  miirjd  cndixardium 
followed  by  atheromatous  degeneration  or  calcification 
may  also  become  the  seat  of  thrombosis.  Dilatation  of 
the  heart  and  slowing  of  the  blood  stream  are  favoring 
factors  in  all  of  the  conditions  named  above,  but  are 
probably  not  in  lliemselves  suHicient  to  cause  thrombo- 
sis; the  changes  in  the  endocardium  must  he  regarded  as 
of  prime  importance. 

SvMi'TOMs. — Thrombi  of  large  size  may  exist  indefi- 
nitely without  serious  impairment  of  cardiac  efliciency. 
In  the  majority  of  cases  the  symptoms  produced  cannot 
be  ditferentiated  from  caidiac  insutliciency  due  to  other 
causes.  The  (ihysical  signs  are  those  of  dilatation:  in 
case  of  the  blocking  of  a  valvular  orifice  by  the  throm- 
bus the  heart  s  action  is  usually  too  weak  to  produce 
audible  murmurs.  The  valvular  vegetations  may  give 
rise  to  .symptomsof  stenosisor  insnlliciency.  In  the  ca.se 
of  the  ball  thrombi  so  frei|uently  formed  in  the  left  auri- 
cle in  mitral  stenosis  sudden  death  or  the  most  serious  dis- 
turbances of  circulation  may  be  caused  by  the  complete 
or  partial  blocking  of  the  mitnd  orifice.  The  occurrence 
of  embolism,  cither  of  the  pulmonary  or  of  the  systemic 
arteries,  is  the  symptom  of  greatest  valiu^  in  the  diagnosis 
of  cardiac  thrombosis.  Embolic  abscesses  may  be  pro- 
duced throughout  the  body  in  the  case  of  emboli  arising 
from  thrombi  caused  by  pyogenic  bacteria.  In  the  case  of 
a  patent  foramen  ovale  paradoxical  embolism  from  throm- 
bi in  the  right  side  of  the  heart  may  occur.  In  general 
it  mav  lie  said  that  the  diagnosis  of  cardiac  thrombosis  is 
usually  inipos.sible.  having  been  made  in  but  few  cases. 
Aside  from  the  occurrence  of  embolism  the  irregularitv 
of  the  symptoms  and  physical  signs  in.iy  excite  suspicion 
of  a  movable  body  within  the  heart. 

The  Prognosis  is  bad.  not  only  because  of  the  interfer- 
ence of  the  heart's  action  and  the  danger  of  emlmlisni. 
but  also  because  of  the  conditions  which  have  led  to  the 
thrombosis.  The  treatment  is  directed  chielly  to  the 
latter  and  to  the  supjiorl  of  the  heart. 

Aldred  Scott  Wartfiiii. 

HEART.  WOUNDS  OF.— Wounds  of  the  heart  may 
be  either  non-penetrating  or  penetrating— injuring  the 
cardiac  wall  or  opening"  a  cavity.     The  chief  dangers 
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from  tlio  former  ure  shock  and  injury  to  n  coronary  ar- 
tery. Xini-ly  percent,  nre  peiielraliiiL'.  an<l  Df  these  only 
nineteen  i>ercent.  are  iniuieiliatelv  fatal.  TIk'  ri);ht  ven 
triele  is  most  fre(iiiintly  injured,  and  the  left  auricle  is 
leiust  swi.  Auricidar  wdundsare  more  fatal  than  vinlri<- 
ular.  and  injuiies  to  Ihr  apex  ari'  less  ilaufrernus  than 
eillier.  A  needle  puuelwre  will  ranly  eausi'  lienii>rrliaj.'i' 
friiin  a  ventricle,  lint  ixeessive  lileedini;,  whi<li  is  mostly 
systiilic.  is  liable  to  follnw  a  like  injury  to  an  auricle.  A 
wound  inllieleil  liming  iliaslolc  is  less  daii;,'erous  than  a 
similar  injury  tlurini;  systole,  perpendicular  wounds  are 
more  fatal  than  diaironal.  and  those  of  the  ri<;ht  lieart 
Meed  more  profusely  than  those  of  the  left.  The  pres 
enee  of  the  foreign  Imdy  in  the  heart,  the  size  of  the 
wound,  the  location  of  the  wound,  the  ninidHr  of  wounds, 
the  connectinj;  eavitiis.  the  altetidin;.'  syncope,  the  in- 
volvement of  Kronecker's  co-ordination  centre,  are  impor- 
tant factors  in  deli-rmiiung  the  ouleome.  Pericarditis, 
myocarditis,  eiulocarililis.  eerehral  emholism.  and  cmpy- 
inia  are  frequent  secondary  complications.  When  the 
wound  heals  there  is  a  possihility  of  cicatricial  stretch- 
iiifl.  and  .stdjseiiuent  rujilure  as  in  a  case  n'portcd  by 
Iz/.o  of  a  man  stabbed  in  the  left  ventricle,  w  ho  was  con 
veyed  to  the  hospital  from  which  he  was  discharged 
cured  on  the  twenty-eighth  day:  a  few  hours  afterward, 
while  lifting  a  heavy  body,  he  fell  and  i|uiekly  died.  At 
the  autopsy  the  cicatrix  of  the  left  ventricle  was  found 
ruptureci.  In  addition  to  injuiies  of  the  heart  caused  by 
bullets,  da.sgers.  knives,  ueeilles.  and  various  implements 
of  war.  it  may  be  wiMinded  In'  a  fraci  ured  rib.  by  a  foreign 
body  that  has  perforated  the  cesophagus,  or  by  lilows  upon 
the  chest.  Traumatic  ruptures  are  more  fre(|Ueiit  after 
u  full  meal,  as  the  distended  stomach  pushes  the  heart 
upward  and  forward,  and  causes  a  large  area  of  the  or- 
gan to  be  in  contact  with  the  thoracic  wall  and  receive 
the  im|>act. 

.N'ewton  and  Gamgee  liave  collected  forty-live  cases  in 
which  traiunatisms  caused  rupture  of  the  heart  without 
opining  the  pericanliuTii,  All  wire  fatal.  Only  one  of 
Gamgee's  cases  survived  the  injury  fourteen  hours.  The 
fatalitj'  is  easil,v  vuiderstood.  for,  there  being  no  exit,  as 
soon  as  the  accumidalion  of  blood  exceeds  the  limit  of 
pericardial  disiiiisibility.  the  cardiac  movements  are 
na'chaiucally  stopixd.  The  surgeon  not  only  would  be 
justilied,  but  it  is  his  bouuden  duty  to  operate  upon 
every  one  of  the.se  cases,  for  it  is  more  im])ortaut.  if  pos- 
sible, to  rescue  a  drowning  heart  than  to  relieve  a  stran- 
gulated hernia.  It  is  possible  for  a  foreign  body,  us  a 
gun  missile,  to  remain  i|uiescent  for  years  in  the  myocar- 
dium, as  in  the  case  of  a  British  ollicer.  reported  by  Ste- 
venson, who  carried  a  bullet  encapsuled  for  eleven  years. 
or  the  still  more  remarkable  case  of  Beers  (Cincinnati 
Lancet  Clinic.  lt(98).  of  an  American  soldier  who  sur- 
vived the  lodgment  of  a  bullet  in  the  wall  of  the  left 
ventric  le  for  thirty  seven  years. 

Symptoms. — There  is  no  certain  cardinal  sign  by  which 
an  injur}-  of  the  heart  can  be  deiuiled.  but  w  hen  we  con- 
sider the  location  of  the  external  wound  and  the  usuallj' 
]irofuse  hemorrhage  from  it.  if  it  is  large,  in  connection 
with  other  signs  and  symjitoms.  il  can  generally  he  rec- 
ognized. The  pidse  is  weak,  irregidar.  and  intermittent, 
and  often  imperceplihle  in  the  extremities.  There  are 
pain,  pallor,  restlessness,  and  generally  dyspiiaa.  Fre- 
quent attacks  of  syncoi)e  are  connnon.  The  mind  is  clear 
but  the  countenance  depicts  an  anxiety  and  distress  that 
seemingly  woidd  welcome  death,  with  the  wintrv  steril- 
ity of  the  grave,  a-s  a  sympathizing  friend.  If  there  is 
much  blood  in  the  peiicardium  tjie  heart  sounds  are 
indistinct  and  percussion  elicits  increased  didness.  With 
the  pidsation  of  the  heart  a  foreign  body,  as  a  needle, 
may  be  simmi  to  move  under  the  skin  a  sign  centuries  ago 
enshrined  in  tlie  maginlieence  of  indestructible  verse: 

"He  fell,  the  sponr  point  qulvi-rinjr  tn  Ills  heart 
Which,  with  iiinviilslve  lhn>l>l>lnir.  .«ho«ik  the  "shaft." 

Theatment. — I  presume  no  one  will  (|Ue.stion  tlie  pro- 
priety of  immediate  operative  interference,  as  experience 
tfaches  that  about  thirty  nine  percent,  of  cases  recovered 


in  winch  the  heart  had  been  sutured  as  against  ten  per 
cent,  of  recoveries  in  w  hich  no  operation  had  been  per- 
formed. The  iiatient  must  be  kept  absolutely  (piiet,  A 
probe  shoidil  never  be  em]iloyed.  as  il  is  liable  to  inllict 
an  additional  injury  upon  the  myocardium.  For  lem 
porary  laemoslasis  some  openilors  have  recommended 
I'ean's  forceps  and  various  miKlilications  of  it,  liut  Ihey 
all  more  or  less  lacerate  the  myocaidiuin  and  can  never 
replace  digital  pressure.  Interrupted  sutures  are  prefer- 
able in  closing  a  wound  of  the  myocardium.  They  should 
not  involve  the  endocardium,  and  as  lew  as  possible 
should  be  passed,  commensurate  with  sjifety  against  leak- 
agr.  as  they  cause  a  degeneration  of  the  nuiscular  fibre 
with  its  tendiiuv  to  dilatation  and  rupluie.  Giordano, 
from  his  experiments  uimn  rabbits,  concludes  that  auric- 
ular wimnds  might  be  closed  advantageously  with  Lem- 
herl's  sutures.  Silk  is  preferable  to  any  other  material. 
The  needle  should  be  the  s;ime  as  that  used  in  suturing 
the  intestines.  The  sutures  should  be  passed  and  tied 
during  diastole.  If  the  wound  in  the  heart  is  sulHcieiitly 
large  a  tiiiger  shoidd  be  iiuroducrd  into  it,  as  Parrozani 
did.  for  the  double  jiurpose  of  chicking  the  hemorrhage 
and  to  facilitate  the  passage  of  tlie  tirsi  suture  which 
should  be  used  to  steady  the  heju't  fur  the  ])assjige  of  the 
others.  If  the  pericardial  sac  is  closed  either  interrupted 
or  continuous  sutures  may  be  used.  It  hardly  seems  nec- 
essary to  accentuate  the  fact  of  the  necessity  of  perfect 
cleanliness  in  these  operations  whenever  the  urgency  of 
the  case  does  not  riipiire  instant  intervention,  as  in  the 
patients  of  Longo  and  Ninni,  The  question  of  adminis- 
tering an  ana-sthetic  is  a  mooted  one.  Oilier  sa,vs  gener- 
al anasthesia  should  not  be  thought  of.  Parrozani 
opeiated  upon  his  two  cases  without  an  an;esthetic.  and 
observed  only  slight  movement  when  he  cut  the  skin  and 
in  passing  the  sutures  in  the  myocardium,  Giordano 
made  the  same  observation  in  hisca.se.  but  thinks  Ollier's 
statement  is  too  sweepin.g:  and  if  the  pulse  is  strong  and 
the  general  condition  good,  chloroform  may  be  adniinis- 
lereil.  Struggling  from  an  aua'sthelic  is  liable  to  ))ro- 
duee  detachment  of  a  clot,  and  renew  the  hemorrhage,  as 
occurred  in  P:u'lavecehio's  case.  Xo  two  operators  have 
made  similar  external  incisions  for  exposing  the  heart. 
Professor  Hotter  performed  a  nundier  of  experiments  upon 
the  cadaver,  and  concluiled  that  the  easiest  wav  to  ex- 
pose the  heart  was  by  making  an  incision  four  inches  iu 
length  along  the  lower  border  of  tlie  third  rib.  commenc- 
ing three  tifths  of  an  inch  to  the  left  of  the  sternum.  A 
similar  incision  was  made  along  the  lower  bolder  of  the 
lifth  lib.  The  external  ends  of  these  incisions  were 
joined  by  a  third.  The  fourth  and  fifth  ribs  were  divided 
and  the  musculo-os.seous  tlap  was  turned  inward.  If 
more  space  should  be  requiied  the  third  rib  could  be  in- 
cluded. No  arteries  excejiling  the  intercostal  require 
ligation  in  this  operation.  In  Parrozani  s  successful  op- 
eration an  incision  Ihrough  the  soft  (larts  one  and  one- 
fourth  inches  from  the  margin  of  the  sternum,  in  the 
fourth  inti-rcostal  space,  was  carried  fora  distance  of  live 
and  one-half  inches,  then  it  descended  vertically  in  the 
mid-axillary  line  as  far  as  the  superior  margin  of  the 
ninth  rib.  The  fifth,  sixth,  seventh,  and  eighth  ribs  were 
cut  through,  in  the  mid-axillary  line,  the  incision  extend- 
ing through  the  pleura.  The  tlap.  or  door,  was  raised 
with  the  cartilages  of  the  ribs  acting  as  hinges.  Parrozani 
closed  the  pericardial  sac  and  sutured  the  tlap  in  jiosi- 
tion.  As  the  uiulcanliness  of  the  weajion  and  often  the 
urgency  of  the  operation  preclude  the  ]uoper  preparation 
of  the  patient,  it  is  considered  .safer  to  drain  the  iieri- 
carilial  siic  with  iodoform  gauze  as  was  done  in  the  suc- 
cessful cases  of  I{chn.  Kamoni.  and  Rosa.  There  are  on 
record  eighteen  cases  of  heart  sutiiie  and  one  of  ligation 
of  the  left  coronary  artery.  Five  of  these  eighteen  cases 
were  injuries  to  the  right  ventricle  and  were  slab  wounds. 
In  two  of  the  cases  tlie  surgeons  stated  that  the  wounds 
were  one  fourth  of  an  inch  and  three  tifths  of  an  inch  in 
length.  In  two  cases  three  inteirupted  stitches,  in  two 
four  interrupted  stitches  were  taken,  and  in  the  fifth  case 
the  wound  was  closed  with  a  continuous  suture  of  five 
stitches.     Two  of  the  ])atients  recovered.     Of  the  three 
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II-  II  rl. 
llt'-ul-Slrukr. 


iiniiiK-rvwifiil  ruM-K,  l)ronclio  uneiiiiioiiiii  ruiiNc<l  llir  ili-nlli 
of  oMi-  nil  till'  sixili  (liiv.  anil  ill  Ilir  ollirr  luii  casi'K  tin- 
iiprmliiis  niTi'  not  ixpliiit  us  to  tlir  niiiM-  iil  ilnitli 

III  mil'  |iiilii'iit  till'  li'fl  iiiiricli'  U'ii.sii|H'ii('il  til  till'  I'Xtriit 
iif  fiiiir  lUllis  nf  nil  iiii'li  It  WHS  rliisi'il  with  fmir  silk 
Kliti'lii's.  Mnitli  lu'i'tirrcil  on  tliu  iiiiictoi'iiili  iliiy  froiii 
aliM'i'sM'S  ill  till'  liiii';s. 

In  llirrt'  cases  Ilir  >lat;f|;i'r  t'litiTiil  tin-  apex,  anil  in  two 
of  llii'si'  it  cMi'iiilril  into  tin-  k'ft  Vfiilrirlr.  In  llii'sw  twn 
iiisc.H  the  wiiiiiiils  wcri'  ii'spi'i'livcly  lliri'C  foiirllis  of  an 
iiirli  mill  oiii'  ami  a  half  iiiclii's  in  Inictli.  Iiolli  wcrr 
closi'il  with  four  iiilrrru|it<'(l  siiliires.  The  wniiiiil  wliicli 
dill  not  I'litiT  a  niviiy  was  closed  with  one  stitch.  All 
ended  in  rei  oven  . 

There  an'  si'Veii  eases  of  stab  wounds  of  the  left  veil 
triele.  Tiie  leiiirlh  of  these  woiinils  varied  lioiii  Iliiee 
fifths  of  an  ineli  to  one  iiuli  and  two  lifihs.  aiul  reijiiired 
from  two  to  four  slitihes.  Two  |iatieiils  recovered,  one 
died  (Ml  the  openitini;  table  of  lieiiiori'liaKc,  one  in  lifleeii 
liliniites  after  reachini;  the  bed.oneof  pericarditis  several 
days  after  the  operation,  and  the  oilier  two  within 
twcntyfoiir  hours,  never  hiiviiit,'  reacted. 

In  two  of  the  cases  no  nuntioii  is  made  as  to  the  liica- 
tioii  of  the  Wound.  <  Inc  was  a  shot  and  the  other  a  slab 
wound  of  llir  heart.  'I'he  patient  that  was  slablied  il'ied 
of  eiiipyeina  on  the  twenty  seiond  day  after  siilurinj:. 

The  left  coronarv  artery  was  cut  and  lii;aled  two  hours 
after  t)ie  injury.  Plie  patient  had  pi-ricardilis  and  died 
thirty  niiniites  after  the  second  operation,  which  was  pi'r 
formed  on  the  liftli  day  for  the  inirpose  of  drainage. 
Afl<'r  liiosi  of  these  operations  stiinulaliiiL'  hypoderniie 
injeitions  were  used  and  hypodernioelysisnnil  auloirans 
fusion  pniciised. 

Dr.  .lohn  15.  Huberts,  of  I'liiladel|)hia.  in  18S1.  sii^'gestcd 
licart  suture,  and  Dr.  Del  Vecchio,  of  Naples,  in  I!Slt4, 
denionstiiiled  its  feasiliility  before  the  Kleveiith  Interna- 
tional .Medical  CoULTess  in  Home,  by  his  e.xperinients  on 
dogs.  Two  years  later  the  huniaii  heart  was  sutured  by 
Farrina  and  i'ai>pclen.  It  is  surprising  to  lind  lliestjii- 
islies  collected  by  Fischer,  of  Hre.slaii.  in  lHliS.  ipioted  as 
late  as  llMIl  as  authoritative  in  coiiipiiling  the  prognosis 
in  this  class  of  injuries. 

The  successful  suturing  of  the  heart  by  Helms,  Parro- 
zani,  I'arla vecchio.  Pageustecher.  and  others  has  revolii 
tionized  the  treatment  and  changed  the  probable  out- 
come. Fischer's  stjitistics.  though  a  moniiinent  to  liis 
untiring  zeal  and  energy,  an-  now  like  an  autiijuated 
signboard  on  a  discarded  highway  ;  but 

"  Fallli.  fannllr  faitli.  once  neddcHl  tasi 
To  s<iiiii'  dear  (alsehiKMl.  liiiRS  It  to  the  la.«I." 


Liit/ifi-  L.  inn. 


HEAT.  ANIMAL.— Sec  Calorimetii/. 


HEAT-STROKE. — (Synonyms:  Sunstroke,  insolation. 
till  riiiie  fever.  k/ciVmiVi.  cnip  tie  snleil,  roup  de  c/nilei(r, 
llitzitdiliig,  tyiiiiieiislieh,  iritis  siilii,  innoliitin. ) 

Dkkimtiox. — Insolation  is  a  disease  whose  main  feat- 
ures are,  in  its  milder  forms,  intense  cxhauslion,  with  or 
without  rise  of  temperature,  and  in  its  severer  forms, 
with  an  enormous  rise  of  temperature  and  coma  prob- 
ably caused  by  acute  autointoxication  due  to  the  pres- 
ence in  the  bloo<l  of  lo.xic  decomposition  products  or 
to.xic  substances  produced  at  the  unusually  high  teiii- 
peratiiie.  the  exact  nature  of  these  substances  being  at 
prest-nt  unknown. 

From  the  time  when  it  is  recorded  that  Klislia  restored 
the  Shuiiammite  woman's  son  to  life  after  a  sunstroke  the 
freiiiu'iiey  of  tbisalTeetion  has  often  been  noted,  .\rinies 
ut  times  have  been  almost  decimated  by  it.  especially 
when  operating  in  subtropical  or  tropical  countries. 
.Sunstroke  occurs  most  frequently  in  the  tropics,  particu- 
larly w  here  the  climate  is  damp.  In  the  I'niled  States 
it  occursduring  sumnierin  the  .Mississi|>pi  Valley,  around 
the  southern  shores  of  the  Great  Lakes,  and  especially 
along  the  .\tlantic  coast  In  the  Western  ami  Soiithw  est 
ern  Stales  it  is  rare,  owing  to  the  dryness  of  the  climate. 

Anv  cause  that  diminishes  the  resistance  of  the  ImkIv 


prediHpnscH   to   minHtrokiv     Alcoliollom   In   iiiidoiibledly 

the  most  fi'i'i|ucnt  pn  ill-poslui;  cause  not  onlv  chronre 
alcoholiKiii  but  even  a  sint'li  i  \i  ess  .\||  ciium-s  proline 
ing  I'Xtreiiie  faiii-Mie.  kiiiIi  iih  hevere  niiiNriilar  exertion 
and  sexual  excesses.  pri'dispoM-  to  an  attack.     Elderly 

I pie  siilTeriiig   from  ehionic  ailments  and   invaliilHof 

any  age,  even  if  takiiii;  no  iKulily  exereiw'  and  reiiuiin 
ing  indooi's.  are  sonietimes  overcome  by  llie  heat  and 
KiilTer  true  attacks  of  heal  stroke  It  Is  not  ho  coiiinion 
amongst  children  as  amongst  adiills.  .Men  are  more  fre 
i|Ueiilly  attacked  than  women  because  their  occii  pat  ions 
more  often  subject  them  to  difTerenl  foriiiK  of  expoNiire 
to  heat  and  reiiuire  of  them  greater  physical  exercise, 
and  because  men  are  more  often  given  to  alcoholic  excew) 
than  women. 

Kvposurc  to  the  direct  rays  of  the  sun  is  usually  the 
exciting  caiisi'.  but  this  is  not  ncces.sary:  some  of  the 
worst  epidemics  in  the  tropics  have  occurred  during  the 
night.  While  soldiers  on  the  niareli  and  laborers  work 
ing  in  the  sun  have  given  the  greatest  number  of  victims 
to  this  disease,  men  working  in  superheated  environment 
such  as  lireiiien,  stokers,  and  laiindrynu'ii  have  often  been 
attacked.  The  main  faclors  in  the  weather  which  are 
sjiecially  prone  to  assist  in  the  eaiisalion  of  in.solation 
are  hiirli  humidity  with  conliniiouKly  high  lemperatiire 
and  lack  of  motion  of  the  air.  lliimidily  and  especially 
the  absence  of  cooling  breezes  are  as  important  factors 
as  is  high  tempiratiirc.  although  the  cause  of  sunstroke 
is  usually  attributed  to  the  liigli  temperature  alone.  It 
lias  long  been  noticed  that  a  hot.  sultry,  lifeless  atmos- 
phere is  the  one  in  which  most  cases  of  sunstroke  occur. 
Impurity  of  the  atmosphere  is  not  uniniportaiit,  as  is 
shown  by  the  fait  that  men  sleeping  in  crowded  barracks 
or  small  tents  are  more  often  victims  than  those  in  well- 
ventilated  (iiiarlci's. 

Sunstroke  occurs  with  greater  frei|uency  in  the  tropics 
amongst  unacclimated  individuals  than  amongst  llmseof 
long  residence,  who  have  aci|iiircd  a  certain  amount  of 
immunity  to  the  elTccIs  of  heat.  This  imniiiiiity.  how- 
ever, is  by  no  means  absolute,  as  even  the  natives  of  In- 
dia, Egypt,  .\iabia.  anil  .\frica  are  at  limes  overcome. 
The  light -skinned  races  are  more  susceptible  than  the 
dark-skinned. 

P.\Tiioi,o(iiCAl.  As.\TOMY  .\xu  P.\Tiloi,oov. — The  post- 
mortem appearances  depend  on  the  time  that  has  elaps<'d 
since  death  occurred.  When  the  post-morleni  examina- 
tion is  made  shortly  after  death  the  following  conditions 
are  usually  present;  When  the  ante-morti'iii  leni|)erature 
has  been  high  the  viscera  feel  noticeably  hot;  the  lungs 
are  congested,  often  extreinily  so;  the  liver  is  large,  and 
the  abdominal  veins  are  tilled  wilh  blood  and  there  is  in- 
tense congestion  of  the  brain  and  meninges.  The  left 
ventricle  of  the  heart  is  contracted  and  empty  ;  the  right 
ventricle  is  filled  with  semi  lliiid  blood,  sometimes  giving 
an  acid  reaction.  Higor  mortis  has  set  in  early.  When 
several  hours  have  elapsed  since  death  decomposition 
has  rapidly  set  in.  Tlie  heart,  instead  of  being  con- 
tracted, is  then  flabby  and  filled  wilh  grumous,  semi- 
fluid blood.  The  spleen  is  slightly  enlarged  and  soft. 
The  nieninges  of  the  brain  are  congested,  and  there  is 
more  or  less  abundant  subpial  fluid.  The  brain  itself  is 
usually  firm  and  not  congested,  with  sometimes  a  little 
bloody  fluid  in  the  ventricles.  The  membranes  of  the 
spinal  cord  are  congested,  the  cord  being  firm  and  about 
normal  in  appearance.  Small  hemorrliagic  extravasa- 
tions are  sonietimes  found  in  the  viscera,  jileura-.  and 
pericardium.  The  luosi  constant  changes  seem  lo  be 
marked  congestion  of  tile  meninges  and  viscera,  ilic  fluid 
ity  of  the  blood,  and  the  iiiuisiial  rapidity  with  which 
rigor  mortis  and  decomposition  supervene. 

In  the  minute  cellular  structure  of  the  brain  we  find 
changes  which  are  much  more  constant  and  which  are 
fairly  characteristic.  Dr.  Ira  Van  Gieson.  of  Xew  York, 
has  described  tlie.sc  lesions  in  the  neurons  of  the  brain 
and  cord,  as  an  acute  pareneliymatoiis  degeneration  of 
the  ganglion  cells  best  shown  by  the  Xissl  stain  and 
countersiain  with  eosin.  In  the  normal  cell  stained  in 
this  manner  the  chroniophilic  pla<|ucs.  or  Xissl  bodies, 
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nppi'iir  t«  Imvc  a  soinowliiit  Imrrclslnvc  sliiipi'  aiiti  to  \w 
siimrwliat  lliitklv  packrd  in  the  hiuly  of  ilir  cell.  In 
insoliiiidn  tlir  appciininccs  iirc  .sliiUin^lv  dilTrrcnt.  In 
till'  curly  slii!;is(if  ilcijciiinilinn  the  cliiiininpliilic  pl:i(|ii(S 
arc  (liviilid  iiilii  larsic  and  .small  sijrnicnis.  and  in  ntlifr 
pla<r.<  appiar  fiis<d  tiijritlicr  in  a  ccinlluont  cundiliiin. 
and  they  show  clianiics  in  iDiin,  liavinjr  n>un<lrd  ends  or 
arc  oval  or  siilicrical.  and  are  alinornnilly  few  in  nunilxT. 
In  oilier  eells  tile  elironiophili''  plai|nes  .show  furllier  dis 
inteirnilion.  and  have  been  fonvert<>(l  into  line,  dusl-like 
panicles  strewn  alii>ul  over  the  cytoplasm,  irivinir  it  a 
finely  iininnlar.  almost  honiosieneous  appear.ince.  The 
outlines  id"  these  cells  are  much  less  ilisliiict  thiiii  normal. 
These  appearances  seem  to  he  more  idtcn  found  in  the 
anterior  horns  of  the  spinal  cord,  where  the  elianires  do 
not  seem  to  have  advanced  so  far  as  in  the  ccJebral  cor- 
tex and  eerelielhim.  When  the  changes  are  further  a<I- 
vanced  the  chromophilic  phuiiiesare  not  only  converted 
into  dust  liUi'  particles,  hut  in  some  eells  tlic  particles 
have  disappeared,  irivinsj  to  the  cell  body  a  palli<l.  shad 
owy  outline.  The  chanses  in  the  nuclei  may  also  be 
marked  and  radical.  The  midcar  membrane  is  uneven 
in  outline,  notched  in  places,  and  slijrhtly  crenatcd:  the 
nuclear  tluid  is  changed  in  consistence,  so  that  it  appro- 
priates methyleue-blue  stjiin  very  freely.  This  is  in  dis- 
tinct contrast  to  the  normal.  In  some  cells  the  nuclear 
contents  ajijicar  homogeneous,  while  in  others  there  is  a 
fine  gninular  content.  In  some  cells  the  nucleus  seems 
to  have  entirely  disiip]ieared.  In  none  of  the  ganglion 
eells  of  the  cerebnd  cortex,  ecrebellum,  and  spinal  cord 
wliieh  have  been  examined,  has  there  been  any  distinct 
evidence  of  destruction  of  the  cells.  There  have  been  no 
vacuoles  nor  loss  of  substance  in  the  cytoplasm.  The 
cells  preserved  their  form,  with  the  exception  of  the  vari- 
ous phases  of  dissolution  of  the  eliromophilic  plaques. 
In  the  eereliral  cortex  these  changes  occurred  iu  both 
motor  and  psychic  cells. 

The  changes  thus  described  are  simply  those  produced 
by  the  oiieration  of  a  great  variety  of  poisons,  as  lead, 
aieohol,  themierobic  ])oi.sons.  and  auto-intoxieatious.  It 
is  therefore  evident  that  a  chemical  reaction  has  occurred 
between  the  poison  and  the  constituents  of  the  cells.  By 
the  method  of  elimination  and  excluding  other  groups  of 
poisons,  these  changes  having  been  found  in  the  nervous 
systems  of  patients  in  whom  alcoholism  can  lie  positively 
excluded,  it  is  justiliable  to  conclude  that  the  lesions 
found  in  cases  of  insolation  nre  from  some  kind  of  auto- 
intoxication. This  toxic  resolution  of  the  ganglion  cells 
may  not  necessiirily  go  on  to  destruction  of  the  cells. 

Heeently  L.  AV.  Sainbon  lias  brought  forward  the  idea 
that  sunstroke  is  due  to  mierobic  infection,  basing  his 
opinion  on  the  fact  that  the  cellular  lesions  cannot  be 
distinguished  from  those  of  mierobic  infections,  and  upon 
the  ,symptoms,  relapses,  its  peculiar  geograidiical  dis 
tribution,  epidemic  outbreaks,  condition  of  climate  nnd 
soil  under  which  it  prevails,  and  the  relative  immunity 
by  acclimatizaliou.  He  has  given  the  name  of  " uriasis" 
to  this  disease. 

The  explanations  of  these  reasons,  advanced  by  this 
author,  do  not  seem  to  be  sufficient  to  justify  this  Opin- 
ion, and  the  history  and  circumstances  under  which  the 
various  epidemics  have  occurred  point  strongly  against 
the  microiiic  origin. 

The  changes  in  the  cells  of  the  other  viscera  also  seem 
to  be  those  of  acute  )>arencliymatous  degeneration. 
Tlies(!  are  especially  noticeable  in  the  liver  and  kidneys. 
The  blood  ill  sunstroke  also  undergoes  certain  marked 
changes.  The  number  of  red  cells  seems  increased,  but 
this  is  probably  only  apparently  due  to  the  condensation 
of  the  bloixl  from  loss  of  lluids  through  excessive  sweat- 
ing. The  hanioglobin  in  twelve  cases  gave  from  eighty- 
five  to  one  hundred  and  twenty-five  per  cent.,  averagiiig 
one  hundred  per  <-ent.  The  increasi-  above,  the  average 
normal  was  probably  also  due  to  blood  condensjition. 
There  seems  also  to  be  destriielionof  the  red  cells,  as  the 
leucocytes  ari'  found  to  contain  pigment.  The  pro- 
nounced anuMiiia  following  sunstroke  also  bears  out  the 
destruction  of  the  rid  iilN      These  blood  changes  occur 


not  only  in  patients  who  have  sudered  from  hyper- 
pyrexia, but  also  ill  tliosi'  whose  temperatures  do  not 
rise  above  10-")  F.  As  the  red  cells  do  not  disintegrate 
from  heal  until  the  tempciaturi'  rises  to  r.>.'j-12i(  F  .  the 
destruction  observed  in  insolation  points  definitely  to 
Some  toxic  elements  in  the  blood.  The  blood  serum  of 
sunstroke  iMiticnts  has  also  been  shown  to  be  exceed- 
ingly toxic  to  animals.  Levene  and  Van  (Jieson  found 
that  9  c.c.  injected  into  the  ear  veins  of  rabbits  killed  the 
animals  in  less  than  an  hour,  normal  human  serum  hav- 
ing no  such  cITect. 

The  gases  in  the  blood,  however,  seem  to  remain  nor- 
mal. \\'ood  and  other  observers  have  rejiorted  that  the 
alkalinity  of  the  blood  in  individuals  dying  of  sunstroke 
is  greatly  diminished,  and  in  some  instances  the  reaction 
is  distinctly  acid.  Levene  and  Van  Giesoii  have  also 
found  that  the  urotoxic  coellicicnt  was  diminished  in  the 
urine  of  sunstroke  jiaticnts.  while  it  was  increased  in  the 
urine  of  the  same  patients  during  the  first  twenty-four 
to  forty-eight  hours  of  recovery.  This  seems  to  point  to 
failure  of  elimination  of  toxic  substances  during  sun- 
stroke. Arloing  has  found  that  the  sweat  during  severe 
muscular  exercise  is  two  or  three  times  more  toxic  than 
that  of  the  same  individuals  at  rest.  When  sweating 
ceases  in  sunstroke  there  would  seem  to  be  an  accumtr- 
lation  of  these  toxic  substances. 

Based  on  the  above  lesions  and  experimental  observa- 
tions, the  clinical  symptoms  of  the  various  forms  of  sun- 
stroke are  more  n-adily  explained  and  understood  than 
by  the  theory  that  heat  alone  within  the  body  was  the 
sole  cause.  The  changes  in  the  cvtoplasm  in  the  gan- 
glion cells  show  the  injury  to  the  functional  activity  of 
the  cell,  while  the  changes  iu  the  nucleus  show  processes 
detrimental  to  cell  life. 

The  prodromal  symptoms  of  the  severe  forms  of  sun- 
stroke are  those  of  severe  functional  disturbance,  while 
the  later  symptoms  of  the  si'vere  forms  show  a  tendency 
to  destruction  of  the  neurons.  Heat  undoubtedly  is  the 
main  contributing  cause  of  sunstroke,  as  exposure  to  cold 
is  of  pneumonia.  From  whatever  source  tlie  heat  comes 
the  action  on  the  body  is  practicallly  the  same. 

The  even  temiicrature  of  the  normal  body  is  main- 
tained by  the  maintenance  of  the  eiiuilibrium  between 
heat  production  and  heat  loss.  Young  persons  with 
healthy  elimiiiutive  organs  will  .stand  a  high  degree  of 
teni])ciature  and  long  exposure  to  the  elTcets  of  heat. 
Eiiuilibrium  is  secured  by  the  contraction  and  dilatation 
of  the  skin  capillaiies  and  increase  and  decrease  of  per- 
spiration, with  the  consei|uent  increa.se  and  dimintition 
iu  radiation  and  conduction  of  heat  over  the  body. 
There  are  also  said  to  lie  nervous  centres  controlling  tlie 
production  of  heat,  but  their  exact  location  and  action 
are  not  fully  determined. 

Heat  is  produced  in  the  body  by  cliemic  metabolism 
constantly  acting,  especially  during  muscular  exercise. 
Xormally  2.()  per  cent,  of  heat  is  lost  from  warming  food 
and  drink  ingested;  2.6  per  cent,  by  warming  the  in- 
spired air;  14.7  percent  by  evaporation ;  and  SD.l  per 
cent,  by  radiation  and  conduction  through  the  skin. 

Sunstroke  occurs  with  greatest  fi'ei|ueney  among  per- 
sons iHrforniing  some  form  of  bodily  exercise  in  an  in- 
tensely hot  environment.  The  heat  production  of  the 
body  is  thus  at  the  maximum,  while  the  heat  loss  from 
warming  the  insjiired  air  is  zero.  The  loss  from  radi- 
ation and  conduction  is  also  zero,  the  air  being  as  warm 
as  or  warmer  than  the  body.  If  sweating  is  excessive 
heat  loss  may  be  sufficient  to  maintain  the  ei|uilibriuiii ; 
but  if  sweating  ceases,  as  it  usuall.v  does  in  insolation, 
heat  loss  ceases  and  heat  iiroduetion  continuing,  the  heat 
ra]iiilly  accumulates  in  the  body,  and  thus  an  enormously 
high  temperature  is  brought  about. 

(Joldscheider  and  Flataii  have  shown  that  the  neurons 
of  the  central  nervous  systems  of  animals  whose  temper- 
atures have  bein  artificially  raised  to  ll>9.4  F.  seem  to 
show  the  Sfime  changes  when  stained  by  the  Xissl  method 
as  those  described  aliove.  The  neurons  of  living  animals 
whose  temperatures  have  remained  for  three  hours  at 
107-11)7.0"    F.  also  began   to  show   the   same   changes. 
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Ill  Hl-Slroki'. 


nut  when  tlic  iiiiliiml  Imil  hocn  prpvlotinlv  klllcfl  find  tlio 

tiiiilirriiliin' iif  till- liiiily  raisiil  In  1I','M  V.  Ilic  (ills  iliil 
not  cliiiiiKc.  Ileal  iilniic.  llnrilnir.  will  imi  priiiluc  i- 
llii'si'  I'lmii^'i'S,  iiikI  till'  iictioii  must  be  mii'  of  rliriiilriil 
iiii'tnlMiliMu  ill  till'  living  rill  |in>ti>|>lHSMi  In  siiiiHlnikr 
imtliiils  at  tiiiii'S  ilii',  llir  Iriniii'ratiiii'  iirviT  liiiviii);  Kmir 
iilHivr  IIMI  .  Tills  tciii|>rraliirr  ill  DlliiT  ilisciDicsof  iiiiiro 
bic  iiriKiii  is  iHiriic  willnnil  caiisiii);  ili'iitli.  Iiciicc  llir 
niiiDiiiit  iif  Ileal  /irm-  in  llie  liiiilyiliies  mil  eaiiKc  ileatli  in 
tlifse  eases  of  stinsli'iike. 

Must  aiillinrilies  stale  lliul  a  leiii|)eralure  nf  1111  V  is 
iie<essjiril\  fatal,  bill  a  |ialienl  siilTeriii^  fimii  siinKtriike 
was  itilniilteil  to  tlie  I'resbyteiiaii  llospilal,  in  New- 
York,  with  II  leiiiiieniliire  of  ll."i  K  ,  anil  reeovcreil. 
'I'lie  liiiiil  of  teinpenilliie  wliicli  rail  be  borne  by  tin- 
biMly  with  reeoveiy  ciin.  therefore,  not  be  iletiiillely 
statl'il.  Ill  iiifielioiis  diseases  it  is  the  lesion  pioiliieeil 
by  the  causal  ai;eiil  anil  iiol  the  leinpeiatiire  w  liii  h  kills; 
ill  siiiisiinke  it  is  llie  iiietabnlie  iluuiges  ill  tile  eiutral 
neurons  and  not  the  lnat. 

As  to  the  delinile  eiiuse  of  dentil  iu  suustrokp,  mnny 

theories    have   1 n    lulvanied.      Sudden   cim^rulalion   of    ' 

the  card iae  iiiiisele  due  to  heat  does  not  seem  a  leiiiilile 
theory.  While  it  is  true  that  on  the  batllelield  men 
have'been  known  to  drop  from  sunstroke  ami  beeome 
riirid.  ilvini;  almost  inslanlly.  Iieat  eoasrulalion  of  llie 
liiart  niiiseie  does  not  oeeiir  lielow  a  leiiipeiiiluie  of  rjO 
V.  or  liii;lier,  wliili'  many  patients  die  lon.i;  before  sueli  ii 
tempenitiire  is  even  approaehed,  and  the  liighi'st  tern 
peratiireever  reeordid  in  suiislroke  is  IIT.S  F.  Death  is 
also  not  due  to  lack  of  eonduelion  in  the  nerve  lilires.  as 
tlie.se  do  not  lose  their  power  of  eomliietion  to  impulses 
until  a  teinpenitiire  of  13."). (!  F.  is  reaehed.  It  would 
therefore  seem  to  be  due  to  some  toxic  a<lion  on  the  car- 
diac and  respinitory  eenlres  at  wlialcverlempeiiiliiie  lliis 
aclion  may  occur.  In  tlie  most  accurately  recorded  ex- 
periments on  animals  respiralioii  ceased  before  Ilie  liearl. 
Clinieallv  there  seems  to  be  simultaneous  failure  of  heart 
and  respinition.  but  at  times  lirst  one  ceases,  then  the 
other.  As  will  be  seen  later,  the  prodromal  symplonis 
of  insidatiou  are  tliose  of  disturbanee  of  the  diseslive 
tnict  and  liver.  Food  is  liadly  assimilated,  there  is  inili 
eestion  in  tlii^  stomach  ami  in  llie  iiileslims.  and  some- 
times slitrht  jaundice.  .Vliiiormal  substances  are  thus 
|)rodiiceij  in  the  iliiresiivc  Ir.-ict  and  liver.  This  causes 
iieadache  and  malaise.  When  severe  muscular  exercise 
adds  its  de(  (imposition  products  to  the  circulation  and 
at  the  unusual  liiiih  temperatuio  of  the  blood,  abnormal 
chemic  clian-rcs  may  take  )ilace.  1 

The  milder  fornis'of  sunstroke  known  as  heat  prostra-  I 
tion.  or  exhaustion,  are  therefore  due  to  a  mild  form  of 
autointoxication,  and  are  lull  the  ludilromal  period  of 
the  severe  forms,  the  neurons  l)ein,ir  but  functionally  dis- 
turbed. If  the  intoxication  is  more  severe,  syncope  and 
iineonseioiisiiess occur.  Heat  loss  due  to  j; real  dilatation 
of  the  skin  caiiillarics  is  sulticient  to  prevent  accumula 
tion  of  heat.  Heat  loss  may  be  so  pronounced  and  pre- 
dominate over  heat  iiroduclion  that  lessening  of  tem])cr 
ntiire  may  occur.  When  the  inloxicatioii  is  very  severe 
unconsciousness  may  divclo|)  suddenly  with  or  without 
prodromal  symptoms,  and  the  vasomotor,  curdiae,  and 
respiratory  centres  are  alTeeted,  Ileal  loss  lieiiij:  aliol- 
ished,  ami  heat  production  and  accumulation  beinj;  at  a 
maximuni,  an  enormously  liisrli  leinperatiire  is  developed. 
The  neurons  are  so  severely  poisoned  that  their  functions 
are  abolished  and  convulsions,  delinum,  coma,  and  death 
supervene. 

Symptoms, — The  mildest  form  of  sunstroke  is  heat 
prostration  or  exhaustion.  An  unusual  weakness  fol- 
lowinir  exertion  in  hot  weather  most  ofieii  seen  in  feeble 
liersons  is  luobably  the  mildest  form  that  occurs.  In 
more  vigorous  individuals  the  symptoiiisof  this  form  are 
more  pronounced.  Exhaustion  may  come  on  suddenly 
without  prodromal  symptoms,  or  there  may  be  prodro- 
mal sympl(uus  fidlowed  by  complete  exhaustion.  There 
are  usually  headache,  dizziness,  pain  in  the  back  and  leirs 
and  epigastrium,  with  someliims  tingling  of  the  hands 
and    feet.     These   symptoms    may   continue   for   a    few 


hours  or  for  three  or  four  dtiyo,  niul  lire  nometlmeH  iic- 
companied  bv  iinorexia,  naiisia,  iiiid  voiiiiling,  oi  there 
may  be  diiirriiiea  or  consllpalion  Some  piilieiitx  kIiiiw 
slight  jaundice  of  the  wliiics  of  the  eycH,  riiciiiiiiiionly 
ill  this  form  of  sunstroke  perspinillon  iiiiiy  ceiisc  While 
the  patients  are  siilTeriiig  from  the  prodroiiial  KyniptoiiiH 
they  may  be  able  to  sleep  and  awake  refreshed,  but  iih 
soon  as  they  atteiiipt  to  goabout  their  iiHiial  occiipiitioiiH 
aftcra  Miryiiii;  liiiiilli  of  lime  ihe  prostration  liecoiiieH  so 
extieiiie  that  tin  y  are  forced  to  give  in  to  it.  The  head 
ache  is  intense,  either  frontal  or  o( cipital,  and  the  patient 
seenisdazed;  consciousness  is  retained  The  respinitioiig 
are  slightly  dilTereiit  from  iioinial,  ^1  to  2H  per  iiiiiiiite. 
The  pulse  may  remain  iioriiial  in  frei|iien('y,  or.  depend- 
ing upon   the   intensity  of  ll \haustion,  it  not   infre- 

i|iieiitly  runs  as  high  as  i:tlMo  1  10  per  iiiiniite.  It  is,  how- 
ever, of  good  force  and  Iciision.  The  teinperatiire  may 
be  normal  or  even  slightly  Mibiiormal.  Ihougli  as  a  rule 
there  is  a  rise  and  Ihe  tempiralure  may  reach  1U-1,M  F, 
I'lider  proper  treatment  the  temperature  may  become 
normal  in  a  few  hours,  the  other  symptoms  abate,  and 
till'  patient  rapidly  recovers,  or  the  symptoms  may  c(jn- 
tinuc  and  there  may  be  a  slight  tlicrmie  fever  for  two  or 
three  days,  even  a  week,  the  Icmpeiiitiire  rangiiiL'  from 
'.)'.>  to  lllli  F..  gradually  falliiiL'  lo  nonnal  Cases  have 
been  observed  in  «  liicli  a  slightly  elevated  tcniperaluie 
has  been  maintained  for  tifteen  days. 

In  modenitely  severe  cases  there  is  always  loss  of  con- 
sciousness, but  the  temperature  does  not  reach  the  hyper- 
pyrexial  level  of  10.")  F.  The  same  prodromal  symptoms 
niay  be  present  as  in  the  mild  form,  and  at  other  times 
there  is  an  intense  feelin.!;  of  burning  and  heat  and  "  pins 
and  needles"  in  the  lieaii.  Someliiiies  there  are  alternat 
iiig  hot  and  cold  tlaslics  over  the  body  with  sweating. 
Vomiting  and  anorexia  are  often  severe.  Perspiration 
may  cease  a  sliort  time  before  unconsciousness  occurs, 
•lust  before  loss  of  consciousness  there  are  noticed  in 
some  ])atients  sudden  dizziness  and  dyspiuea,  sometimes 
with  chromatopsia.  In  other  patients  there  is  no  pre- 
monition of  the  attack. 

These  symptoms  may  occur  while  the  patients  are  at 
work  or  they  may  be  suddenly  overcome  while  fpiietly 
walking  in  the  street  at  night.  Suicidal  tendency  is 
sometimes  developed  .just  prior  to  loss  of  consciousness; 
sailors  have  been  known  to  try  to  throw  themselvesover- 
board.  soldiers  to  attemiit  suicide  with  their  ritle.s.  This 
temporary  mental  aberration  may  continue  for  a  week 
or  two.  and  then  be  followed  by  complete  recovery.  In 
I  some  cases  of  this  class  there  are.  with  the  loss  of  con- 
I  scioiisncss,  symptoms  of  coni]ilete  collapse.  Wood  re- 
ports a  case  with  a  temperature  of  0.")  in  the  mouth. 
Tcmpeiatiiics  of  !lli-!lT  are  not  uncommon.  The 
majority  of  these  patients,  however,  show  a  rise  of  tem- 
jiciature  between  101-104  ,  E.xcejit  inca.sesofcollap.se 
the  jnilse  is  full  and  of  goo<l  force  and  tension,  though 
it  may  be  as  liigh  as  lyO  per  minute.  Respirations  may 
be  normal  or  as  frenueiit  as  40  a  minute,  being  usually 
shallow,  the  stertorous  breathing  of  the  severer  forms 
is  not  inesent. 

Physical  examination  will  show  eoated  tongue,  skin 
hot  ;iml  dry  or  covered  with  jirofiise  sweat,  and  the 
liatieiit  may  be  conscious  or  totally  or  partially  uncon- 
scious, Tlie  pupils  react  to  light  slowly  and  are  some- 
times dilated,  Sliglit  convulsive  movements  may  be 
]iresent,  or  there  may  be  a  restless  delirium  with  moan- 
ing and  groaning.  Not  infreipiently  there  is  a  peculiar 
dark  pinii,  iietecjiial  rash  on  the  body,  dilTerent  from  the 
'   ordinary  prickly  heat  rash. 

The  ( lianges  in  the  blood  enumerated  above  occur  in 
this  form  of  sunstroke  as  well  as  in  the  hyperpyrexia! 
form,  I'nconsciousness,  delirium,  and  other  symptoms 
may  (lersist  for  a  few  hours  after  the  cold  bath :  some- 
times consciousness  is  not  regained  for  twenty-four 
hours. 

Thermic  fever  when  present  pereists  for  several  days 
or  a  week.  Patients  usually  recover  from  this  form  of 
sunstroke.  This  degree  of  "insolation  seems  to  be  the 
least  common.     In  two  hundred  and  twenty-four  ea-ses 
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of  (lilTciciit  Ivpcsdf  siiiislrokc  romiiii;  iiiiili'r  tin-  writi-r's 
iKitiic  in  Ucllcvuc  Hnspital  in  ISitO.  llierc  wcri'  Init  cijrli 
ti'i'ii  cif  this  tvpc. 

The  scvciisl  fi)rin  of  insolation  is  llic  liy|iiTpyrcxiiil 
type.  In  this  cliiss  arc  inclinleil  all  patients  whose  Icni 
ppratiiiv  rises  to  lO.'i  F.  and  over,  with  or  without  loss  of 
eonseiousness.  The  ]>ro(lroinal  syniploins  when  present 
are  often  more  pronoiinred  than  in  the  liirhter  cases, 
thoiiirh  many  <ases  of  lliis  severe  form  of  sunstroke  have 
uo  prmlronial  syniptonis  at  all.  I'lilients  whose  temper 
ntiire  rises  aliove  KIN  are  less  likely  to  have  pmdnim.il 
symptoms  than  Ihosi'  in  whom  the  temperature  is  nut  so 
lii.sh.  The  worst  attacks  of  sunstroke,  therefon'.  may 
apparently  occur  without  warninjr.  The  sjimc  jirodro 
mal  symptoms  arc  oltcn  present  as  in  the  milder  forms. 
Insonuiia,  however,  is  marked,  aiul  may  be  iiresi'nl  four 
or  live  days  before  I  he  attack  eidminates.  There  are  often 
great  irritability  and  restles.siie.ss  anil  sometimes  decided 
increase  in  micturition  for  scvi'ial  days.  A  fcelinfr  of  in- 
tensi'  heat  throUL'hout  the  l)o(ly.  with  the  sensjitiou  as  if 
the  head  were  burslin.i;  open  and  the  eyes  bul.i;ing  out 
waril.  is  often  noticed  just  before  hiss  of  consciousness. 
Chromatopsia  is  not  uncommon,  external  objects  taking 
on  dilTerent  colors,  blue  licing  the  most  common,  or  tin? 
field  of  vision  may  be  occupied  by  brilliantly  colored 
flami'S.  In  other  patients  objects  suddenly  lo.se  color 
and  appear  black.  Previous  to  loss  <if  consciousness 
there  are  sometimes  hallucinations  of  hearing  or  sight. 
Suicidal  mania  may  also  develop.  f>('me  patients  are 
able  to  continue  work  which  r<Miuires  intelligent  aition 
and  perform  complex  acts  working  with  machinery,  or 
may  leave  work  and  go  home,  undress,  bathe,  and  go  on 
the  street  again  before  falling  helplessly  inert,  and  yet 
after  consciousness  is  regained  retain  no  memory  of  what 
they  had  done  for  several  hours  previous  to  the  time  w  hen 
they  were  seen  to  fall.  When  consciousness  is  retained  the 
patients  sulfer  intensely  with  burning  heal  and  intense 
headache,  and  may  become  stui)id  and  dazed.  Retention 
of  con.seiousness  in  these  severe  forms  of  sunstroke  is  the 
exception.  In  patients  with  a  tcmiieratuie  above  109"  I 
have  never  seen  consciousness  retained.  Jlost  patients 
are  comatose.  The  skin  is  dry.  Hushed,  and  hot ;  or  it  is 
liviil,  pale,  and  cvan<itic.  and  covered  with  cold,  clammy 
perspiration.  The  glazed,  set  eyes  are  suffused  and  half 
open,  or  may  be  wide  open  and  staring.  The  ))Upils  are 
at  times  normal,  or  may  be  dilalivl  or  contracted  un 
evenly.  They  may  or  may  not  react  to  light.  Hespira- 
tions  come  in  short  gasps,  often  irregularly,  with  a  noisy, 
gasping  inspiration  and  quiet  expiration,  or  with  ex 
plosive  expiration  and  quiet  inspiration,  often  accom- 
panied with  a  piteous  moan.  Some  cyanotic  i)!itients  lie 
absolutely  limp  and  tlaccid.  not  moving  even  an  eyelid. 
while  in  others  there  may  be  convulsive  twitchiugs  or 
violent  epile])tiform  (-onvidsions.  Other  patients  with 
dry.  hot  skin  are  wildly  delirious  and  ti.irht  and  struggle 
furiously.  In  the  limp  patients  the  i)ulsc  is  usually  soft 
and  frequent  or  .small.  In  the  more  sthenic  cases  it  may 
be  full,  .strong,  with  throbbing  carotids.  The  worst 
cases  are  |)iilsele.ss  Voiniting  ami  involuntary  defeca 
tion  are  very  common.  The  urine  is  scant,  sometimes 
albuminous,  sometimes  containing  blood.  The  ]ieculiar 
petechial  ra,sh  is  often  present. "being  most  abundant 
upon  the  arms  and  body. 

The  se  sunstroke  patients  emit  a  peculiar,  cliaracteristic, 
disagri'cable  odor,  particularly  strong  iu  the  fscces,  though 
it  is  distinctly  not  a  f.ecal  odor. 

The  cyanotic  type  of  sunstroke  occurs  more  often  with 
temperatures  above  Kill  F.  th.in  below  this  tigure.  The 
height  to  which  tin-  tiiiiperature  can  go  isunknown. 
The  highest  reported  temperature  is  117^8  ,  in  n  patient 
brought  to  the  N<'W  York  llosidtal  in  1S96.  Another 
patient  in  the  Presbyterian  Hospital,  New  York,  had  a 
temperature  of  ll.'i  ,  These  temperatures  were  measured 
with  speci;d  thermometeis.  Tempeniturcs  of  from  113 
to  1 1.3  are  not  uncommon,  and  those  of  108-110'  are  ex- 
ceedingly connnon. 

There  is  no  exact  ratio  bitweeii  the  fre(|Uency  of  the 
pill.se  and  the  heigiil  of  the  temperature  in  these  .severe 


forms  of  sunstroke.  With  a  temperature  of  110"  the 
pulse  may  vary  from  90-l.)(l.  The  siune  is  true  when 
the  ti'iuperature  is  105-10(5  .  The  numberof  respirations 
per  minute  may  vary  from  16  to  50,  irrespective  of  the 
temperatures. 

In  the  most  .severe  cases  death  rarely  occurs  immedi- 
ately, but  is  delayed  for  a  few  hours.  It  has  been  stated 
that  when  the  temperature  is  reduced  the  i>atient  is  out 
of  ilan.irer.  altliough  the  elevation  of  temperature  may 
persist  for  some  days  This  is  by  no  means  true.  While 
it  is  true  that  consciousuess  returns  in  about  half  the  cases 
within  an  hour  after  the  reduction  of  the  temperature  to 
normal,  and  when  once  regained  it  is  retained,  others  do 
not  regain  consciousness  until  after  two  or  more  baths 
are  given  to  reduce  the  continually  recurrent  rise  of  tem- 
perature, and  many  patients  may  remain  unconscious  for 
twenty-four  hours  or  even  as  long  as  ten  days  and  yet 
recover.  In  the  worst  cases,  even  after  the  temperature 
has  fallen,  the  patients  do  not  react  but  die  within 
twenty  four  hours;  some,  however,  will  live  longer  and 
die  withovit  regaining  consciousness  at  the  end  of  a  few 
days.  Others,  after  they  have  regained  consciousness 
and  are  apparently  doin.sr  well,  at  the  expiratitm  of  a  few 
hours  or  one  or  two  days  may  develop  delirium  and  re- 
main ilelirious  for  a  few  days  or  a  week  and  recover,  or 
they  may  die  during  the  second  period  of  delirium. 

Patients  with  a  temperature  of  105-107"  frequently  re- 
cover without  thermic  fever  or  any  secondary  rise  of 
temperature.  This  exceptionally  occurs  when  the  initial 
temperature  has  been  107-110°.  With  temperatures 
above  110  there  are  one  or  more  secondary  rises  of  tem- 
perature which  usually  recpiire  active  interference,  or 
there  is  a  continued  fever  for  some  time. 

The  secondary  rises  of  temperature  are  apt  to  occur 
from  three  to  six  hours  after  the  temperature  lias  been  re- 
duced, sometimes  not  until  from  twelve  to  eighteen  hours 
after  the  tirst  bath.  In  serious  ca.ses  the  secondary  rise 
may  come  on  within  an  hour.  It  is  not  uncommon  to 
tind  these  secondary  rises  occurriu.ir  eight,  twenty-four, 
or  thirty  si.x  hours  after  the  first  bath.  Some  patients 
may  have  as  many  as  four  or  live  or  even  more  exacerba- 
tionsof  temperature  reciuiring  active  treatment.  It  is  not 
uncommon  to  have  thermic  fever  lasting  for  several  davs 
or  one  or  two  weeks,  the  temperature  ranging  between 
101  and  U«    F. 

In  severe  cases  after  the  bath  the  pulse  remains  feeble 
and  soft  and  frequent.  In  favorable  cases  it  dro])s  more 
slowly  to  normal  than  the  temperature.  Amou.ii  mark- 
edly alcoholic  patients  there  is  an  asthenic  course  of  the 
disease  re(|iiiriug  special  mention.  The  initial  tempera- 
tures in  these  ca.ses  which  have  come  under  the  writer's 
notice  have  varied  betwiin  KM!  and  109  .  and  the  patients 
were  strong,  well  nourislu'd  individuals.  They  reacted 
well  after  their  baths  and  became  conscious  within  four 
hours,  remaining  rational  for  twenty-four  Ikhu-s:  they 
then  became  w  ildly  delirious  or  sank  into  the  low  niiit- 
teriii.c  form.  Their  skin  became  dry  and  harsh,  there 
was  incontinence  of  urine  and  fieccs.  During  the  wild 
delirium  their  temperatures  ro.se,  frequently  equalliii.ir  in 
height  the  initial  tempeiiiture.  with  a  pulse  of  l','ll-1.50. 
In  the  low  stage  id'  the  delirium  the  teiiiperalure  did  not 
rise  above  102".  with  a  pulse  of  !S0-100.  In  some  pa- 
tients just  before  death  there  was  an  ante-mortem  rise  of 
temperature  to  lOli-llO.  These  patients  died  within 
from  three  to  i if/litttii  days  after  the  sunstroke. 

The  convulsions  mentioned  asoccurring  in  severe  cases 
are  not  dependent  upon  the  height  of  the  temperature. 
They  occur  with  iciiipiratiires  of  10.5-10(>  .  as  well  as 
with  those  of  10S-ir.>  .  though  they  are  more  freciucnt 
with  the  higher  temperatures:  and  since  they  seem  to  de- 
pend on  the  toxic  destruction  of  the  central  ganglion  cells, 
they  are  always  of  serious  import  though  by  no  means 
fatal.  They  may  be  of  a  general  epileptiform  type,  or 
they  may  be  contined  to  the  head,  neck,  arms,  and  legs. 
They  may  be  more  severe  on  one  side  of  the  Imdy  than 
on  the  other  and  rarely  are  distinctly  unilateral. 

While  they  may  oicur  with  the  acme  of  temperature, 
they  may  not  develop  until  some  hours  after  the  t<?m- 
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ppniliirc  Ims  fiillcn.  Wlii-n  tin-  |>iilii-iit  U  in  ronvulsion 
(H'Tori-  llic  llrsi  liiiili  llir  iMiiiviilNioiiH  lire  iipt  l<>  ciiiiliiiiii' 
for  some  liiiH'  iiflcrwiinl.  tlimiuli  llicy  iiiiiv  cniw  wlii'ii 
llir  tciiipi'iiitinr  lii'ciiiiirs  iKiriiiiil  Soiiirliinis  a  siciniil 
luitll  of  li  fi'»  minillis  will  nills"'  tllrlll  In  ci'iisr,  Afti-I' 
tlii'.v  liiivc  ili'<j||i|ic'iii'c'il  mill  tlir  imlli'iil  Ims  liriii  nilioiinl 
fell-  liciiir!*.  Ill-  fVfii  oiir  iir  two  (liiys.  niiivulsiuiis  iiiiiy  siiil 
(lirilv  riTiir  itiid  tlir  |ii>liriit  iiiiiv  ilii'  in  onr.  Tliis  in  iint 
illu'oiiiiiiKii.  .Musriiliir  Iwitcliiiiirs  wlijcli  dii  not  di-vrlop 
Into  llic  I'onviilsioiis  III!'  cxc  riMljii^'lv  roinnion.  An  in 
Icnsj-  liitiilily  of  lln-  niiisclrs  siniiljir  to  tiliinii-  s|iiisni--  w 
of  iiiiilo  coninion  oi<iirri-iirc.  This  usuiillv  nlnxfsiis  llii- 
imtlcnt  sleeps.  'I'lirse  spiisnis  niiiv  nivolve  (lie  lespini 
lorv  niusclis.  iinil  when  tin  y  conn-  on  smlilenly  there  is 
giviil  iliin^'er  of  sniTiK-iiliiiii  Tln'  rigidity  is  often  so 
great  thai  artilUial  respiration  is  inipossihle. 

The  skin,  in  these  lasi'sof  hypiTpyrexia.  often  becoincs 
dry  anil  harsh  during'  the  week  after  the  sunstroke,  and 
ilesiiuanialioii  may  incur,  the  skin  pealini;  olT  in  lari?e 
wales  or  Ilidii'S.  Keehyinoses  wliirh  oeeur  in  patients 
from  hruisinir  diirini;  the  di'liriiim  are  nniih  more  eMen 
sive  than  those  oeiiirrin!;  Irom  ordinary  hruises.  and 
livpoderniie  injeiiions  of  any  sulislanee  are  not  infre- 
quently followed  liy  lari;e  eichymoses  w  liieli  nuiy  go  on 
to  suppuration. 

C'liiiiiilii-iiliniiK. — Meningitis uikI  eneephalilis  are  nnt  iiu- 
rnminon  eompliralions  of  sunstroki'.  pelnsional  insan- 
ity, with  ideas  of  perseeulion  and  hallueiiialions  of 
various  kinds,  are  rrei|Uently  ohserve.l.  Pneumonia 
sometimes  ilevelops  and  is  usually  fatal.  Fayer  men 
tions  that  eerehral  lieniorrhaire  may  follow  sunstroke. 
Patients  with  ehronie  ni-phritis  are  very  apt  to  have 
aeute  exaeerlialions  of  the  nepliritis  and  develop  acute 
urtenna. 

The  seiiuehe  of  sunstroke,  even  after  the  nnldest  forms, 
are  often  very  pronounced.  Not  infrci|uently  headache, 
extrcnn-  weakness,  malaise,  ami  di/./iiiess  are  persistent. 
There  may  he  soreness  in  the  muscles  and  hones,  with 
numliness  and  linirlinir  of  the  hands  and  feel.  This  tin 
glini;  may  last  for  ilays  or  weeks,  or  even  months.  Ana' 
mia  is  usiially  very  noticeable  Polyuria,  glycosuria,  or 
diabetes  mellitus  niay  develop  shortly  after  sunstroke  and 
be  permanent.  Chronic  meningitis  with  intens<'  headache 
and  stilTeningof  the  cervical  muscles  or  enceiihalilis  with 
inco  iirdinationof  thcexta'niities.  so  that  tin-  patients  may 
be  unable  to  feiil  themsilves,  Imveall  been  seiii  follnwing 
sunstroke.  The  nervous  ami  mental  conditions  may  de- 
velop into  permanent  dementia.  Various  forms  of  in- 
sanity, such  as  paresis  or  mania  or  delusional  insanity. 
are  recorded.  JIultiple  neuritis  may  develop.  Some- 
times atrophy  of  a  certain  grouj)  of  muscles,  as.  for 
instance,  tlie'llcxor  muscles  of  the  forearm,  may  occur. 
Patients  may  develop  a  change  of  disposition,  and  from 
good  iiatureil  change  to  an  ugly  irritable  disposition. 
Sensitiveness  to  heat,  dizziness,  and  lnaduclie  are  prob- 
ably the  most  common  soiuehe.  Chromalopsia  on  hot 
davs  may  occur.  Kpilijisy  may  arise,  and  when  pre- 
viously l>re.sent  the  tits  occur  with  increasing  freiiuency 
Loss  of  memory  and  inability  to  concentrate  the  mind 
forces  some  patients  to  give  up  their  work. 

ni.\<i\()sis. — Meat  exhaustion  may  be  confounded  with 
intiTnal  hemorrhage,  cardiac  failure,  and  alcoholism. 
The  intense  headache  of  which  the  patient  com|ilains 
will  aid  in  diagmistieating  heat  prostration.  The  nioder 
ately  severe  forms  of  insolation,  especially  with  subnor 
mal  tempi'nitures.  restless  deliri\im.  and  collapse,  must 
be  dilTerentiated  from  internal  hemorrhage  and  cardiac 
failure.  The  intensity  of  the  delirium  and  twitcliing  of 
the  muscles  will  aid  in  recognizing  the  condition. 

When  unconsciousness  is  present  the  ditignosis  from 
apo]ilexy.  w  ith  its  slow,  full  pulsi-.  stertorous  breathing, 
normal  temperature,  and  local  paralysis,  can  easily  be 
made.  In  sunstroki-  we  have  a  soft,  freiiuent  pulse, 
shallow  l)ri'athing.  and  rise  of  tcnipeniture.  and  often  hot, 
drv.  flushed  skin  and  absence  of  local  paralysis. 

'The  hyperpyrexial  form  may  be  confomnled  with 
meningitis,  tyiihoid  fever,  and  ai)scess  of  the  brain  with 
extremely  liigh  temperature.     The  usual  excessive  heiglit 


of  Ihn  U'liiperatiirc  wllli  the  pcciillnr  rf»pliulloii«,  con- 
vulsive movementKor  inleiiKi-ionvuliiioiiK,  or  the  aliMiliilo 
immobility  of  the  patient  and  ihe  cool,  clammy  skin  and 
high  lenipi-ralure,  with  the  hiklory  of  previons  envittin 
mi  III.  shuiild  render  Ihe  ilia:.'ti<isis  easy. 

PiiiioNosis. — The  prognosis  of  heal  proHtration  is  iinl- 
vei-sidly  good.  In  the  modenilely  M-vere  forinK  of  snii- 
stroke  it  is  also  gmnl.  The  prognosis  of  the  severe  forniH 
depends  on  the  previous  habits  and  condition  of  the 
patient.  In  alcoholics  and  IIiom-  weakeia-d  by  diw-iuie 
the  prognosis  is  worse  than  in  those  of  alislemious  habilx. 
The  height  of  the  ii-inperature  uxually  si  rves  as  a  giHNi 
I  riteiioii.  When  Ihe  lemperalun-  reaches  III  F.  or  over, 
the  proiino-is  is  very  unfavorable,  though  by  no  ineanH 
hopeless  With  a  temperature  between  1 10-1 II  ',  if  pro- 
per treatment  can  beappled  ijuiekly.  about  .'lO  per  cent, 
recover.  If  propi-r  treatment  is  not  applied,  very  few 
recover  with  a  lemperalun-  above  lOM  .  Teiii|>ei'alur(-s 
between  KIHand  IIU  under  good  treatment  have  7."i  per 
cent,  of  recoveries.  With  temperatures  of  lori-lOM' 
.-iboul  ild  per  cent,  recover.  These  slalislics  are  based 
on  the  death  rate  in  1  WHS  among  o'JO  hyperpyrexial  casi-s. 
'I'he  dealh  rate  in  those  treated  by  hy'drolhei-apy  in  vari- 
ous ways  was  'i'>  \'i  per  cent.  In  80.")  casi-s  of  all  forms 
the  mortality  was  lli.:!it  percent.  The  mortjility  is  usu- 
ally given  as  from  A\  to  ."lO  per  cent.  In  Itdl  ca.ses  re- 
])ortcd  in  .Xiken's  "System  of  Medicine."  the  mortality 
was  given  as  from  '>(i  to  li-2  per  cent. 

The  mortality  in  sunstroke  depends  greatly  upon  the 
rapidity  with  w  hieli  lieatmeiil  is  instituted  and  also  on 
the  kind  of  trealnient  employed. 

Thi-:atmi-;nt. — In  the  milder  forms  of  prostration,  if 
the  i)atient  is  overcome  in  the  sun.  he  should  be  imme- 
diately tak(-n  into  the  shade  and  if  possible  to  a  cooler 
place.  The  clothing  should  be  loosc-ned  and  the  head 
bathed  w  ith  cold  water.  If  possible,  ice  should  be  ap- 
plied to  the  head;  this  gives  great  relief  to  the  throbbing 
headache.  Aromatic  spirits  of  ammonia,  llolfman's  ano- 
dyne, or  licpior  Jimmonii  acetalis  should  be  given  for 
stimulation.  A  little  alcohol,  such  as  a  small  dose  of 
whiskey,  is  sometimes  of  l)enelit,  though  it  is  by  no 
means  as  good  as  the  other  forms  of  stimulants  men- 
tioned. Ici-d  tea  aniF  coffee  arc  also  ex(-ellent  r<-mcdies 
here.  Sipping  very  cold  water  will  also  revive  a  patient 
overcome  witli  a  feeling  of  faintness.  Some  of  the  coal- 
tar  products  are  also  vabiabh-  here  to  n-lieve  the  head- 
ache, such  as  phenacetin,  in  gr.  v.  doses;  antipyrin.  gr. 
X.  to  XV. ;  antifebrin.  gr.  iv. ;  and  amnionol.  gr.  v.  to 
.\.  If  tliese  can  be  mixed  with  a  littli-  sodium  bicarbonate 
or  caffeine  they  are  excellent.  The  patient  should  rest, 
preferably  in  bed.  for  some  hours  until  the  feelings  of 
faintness  and  dizziness  have  pass(-d;  he  can  then  be  al- 
lowed to  go  about  as  usual,  being  careful  not  to  over- 
exert himself  and  taking  especial  care  to  eat  only  easily 
digestible  foods. 

In  the  moderately  severe  forms,  when  collajise  and 
subnormal  lemiu-rature  occur,  the  jiatienl  should  be  cov- 
ered with  lilanket.s  and  hot wafer  bottles  jiacked  around 
the  outside.  The  same  stinuilauts  may  be  given,  and  if 
the  patient  is  unconscious  hypodermic  medication  is 
necessary,  gr.  ,V  '"  so  "f  strycimiiie.  gr.  -jjn  of  glonoin, 
gtt.  i.  to"  ij.  of  fluid  extract  of  digitalis,  or  gr.  i.  to  ij.  of 
a  nu'xtiire  containing  ten  per  cent,  camphor  and  ether 
can  be.-idministered."  If  the  temiierature  is  llia-104'  and 
the  patient  is  unconscious  with  convulsive  tw  ilehings,  he 
should  be  placed  in  a  cold  pack,  as  a  sheet  wrung  out  of 
cold  water,  or  put  in  a  cold  bath  and  vigorously  rubbed 
for  a  few  minutes,  then  dried  and  covered  w  ith  iihinkets. 
If  the  temperature  is  not  above  107°  and  is  not  relieved 
quickly,  sometimes  an  enema  of  ice  water  acts  with  great 
benetit".  One  or  two  ([uarts  of  ice  water,  in  w  Inch  salt 
has  been  dissolved  (one  teaspoonful  to  the  pint),  will 
often,  when  used  as  an  enema,  bring  the  temperature 
down  within  an  hour.  But  this  ice-water  enema  will 
not  control  a  rising  curve  of  temperature.  Headache 
in  these  cases  can  be  controlled  by  the  coal  tar  products, 
which  also  aid  in  reducing  lUe  temperature,  and  by  the 
,  ice  cap. 
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The  liypi'ipjri'xial  cases  (lonmiul  the  most  active  nnil 
iniiiu'diatc  trcatniciit.  Various  finnis  (if  cold  luillis  liavi' 
Ik'CM  iisril.  An  ice  Irnlli  consists  of  a  luh  of  water  in 
which  aliinit  half  a  liushcl  of  crackc<l  ice  is  tloatini;. 
Just  hcforc  the  patient  is  lowcreil  into  the  luitli  tlu'  ice- 
shoulil  lie  removed,  as  sometimes  the  sudden  conlaet 
with  the  ice  caus<s  intense  riL'i<lity  of  the  patii-nt  which 
lirinirs  on  sulTocation.  This  is  rare,  hut  it  does  occur; 
therefore  the  ice  should  lie  taken  out  of  the  liath  before 
the  patient  is  put  in.  hut  if  the  patient  is  put  inordinary 
tap  water  and  rulilieii  a  few  momints,  the  ice  can  be 
placed  in  tin'  bath  while  the  patient  is  in  it.  Durinir 
liis  slay  in  the  balli  llie  patient  should  be  rubbed  vigor 
ously  with  roui;h  miltens  or  the  bare  hand  ;  sponges  do 
not  alTord  sulticient  irritation:  and  as  long  as  the  patient 
is  in  the  bath  the  rubbing  should  not  cease.  His  In'ad 
should  be  supported  and  cold  water  continually  poured 
upon  it.  A  t<iwel  folded  over  the  forehead  will  prevent 
the  water  rtuuiing  into  his  eyes.  .Such  a  balli  in  a  few 
minutes  will  cause  th<'  cy;uiotic  skin  of  the  patient  to  aji- 
pear  llushed  and  rosy  ;  .ui  iincon.scious  patient  may  come 
to  in  Ihe  bath  and  the  tinipeniture  will  (piickly  fall  tow- 
ard normal.  A  thermonieler  should  be  constanlly  kept 
in  tlu'  rectum  of  the  patient  in  the  bath,  aial  the  tem- 
perat\ir<'  sliould  not  be  allowed  to  fall  below  103'  F. 
AVhen  this  is  reachi-d  the  patient  sliould  be  (piicklv  taken 
from  the  water,  rubbed  dry,  and  covered  up  warmly. 
Hypodermic  stimulation  will  be  reiiuircd  in  these  |ia- 
ticMts.  The  ordinary  results  of  this  stimulation  do  not 
seem  to  be  observi'd  w  liile  the  temperature  remains  e.\- 
ce.s.sively  liigh.  This  should  be  remembered,  as  over- 
Stimulation  can  easily  be  brouglit  about,  and  this  will  oc- 
cur when  the  temperature  falls  to  a  point  near  normal. 
Forcardiacstinuilation  adoseof  morphine,  gr.  ^toi.  with 
gr.  yjj  atrojiine.  will  be  most  beneficial.  It  diminishes 
the  convulsions  which  are  apt  to  follow  and  produces  a 
sleep  from  which  the  jiatient  wakes  refreslieil.  Strych- 
nine increases  the  tendency  to  convulsions,  although  it 
does  not  cause  all  the  convulsions  following  .siuistroke, 
as  has  been  stated  Convulsions  will  occur  in  patients 
who  have  never  had  strychnine,  but  they  do  not  appear 
so  frequently  as  when  strychnine  has  been  used. 

The  length  of  time  necessary  for  the  reduction  of  tem- 
perature by  these  cold  baths  cannot  be  stated.  It  de- 
pends upon  the  amount  of  heat  being  i)roduci;d,  and  not 
at  all  upon  the  height  to  which  the  temperature  has  gone. 
It  may  take  twenty  minutes  to  reduce  a  temperature 
from  106  to  108  ,  w  Idle  a  temperature  of  110'  may  drop 
to  103   in  live  minutes. 

Another  method  <if  reducing  temperature  is  to  jilace 
the  patient  on  a  rubber  sheet  and  rub  with  ice.  This 
takes  much  longer,  and  it  only  allows  friction  of  the 
upper  surface  of  tin-  body  and  it  does  not  reduce  tem- 
perature so  quickly  or  so  effectively. 

Still  another  method  is  to  place  the  patient  on  a  cot  on 
a  rubber  sheet  and  throw  dipperfuls  of  cold  water  over 
him  from  a  distance  of  several  feet.  The  imiJact  of  the 
water  causes  the  necessary  friction,  and  it  is  not  an  in- 
elTective  method.  While  "it  takes  longer  to  reduce  tem- 
perature, the  reactions  following  it  are  not  so  marked  as 
in  the  case  of  the  ice  bath,  and  when  ice  cannot  be  ob 
tained  it  is  the  ((uickest  substitute.  While  the  water  is 
being  dashed  over  the  body  of  the  patient,  cold  water 
sliould  be  poured  upon  the  "middle  of  his  forehead  from 
a  pitcher  lield  si,\  or  eiglit  feet  above  his  head ;  this  is 
most  beneticial  in  liringingthe  patient  back  to  conscious- 
ness, A  very  excellent  method,  iierhaps  the  best,  is  to 
place  the  patient  in  a  tub  or  on  a  cot  or  simply  lay  him 
on  the  floor  and  playa  lio.se  on  him  through  aline  needle- 
spray  nozzle.  Where  the  head  of  water  is  sufficiently 
strong  this  is  a  most  excellent  method.  It  causes  the 
physical  irrilalion  to  the  skin  which  is  so  essential  to 
overcomi'  the  stasis  in  the  capillaries.  This  stasis,  ac- 
cording to  Winternitz,  jircvents  ninety  four  per  cent,  of 
radiation  of  heat  from  the  skin. 

I'alients  treated  in  this  manner  should  be  allowed  to 
have  Iheir  tempemlvires  fall  to  102  or  lOT  ;  then  tliev 
should  be  taken  up.  dried,  blanketed,  and  put  to  bed. 


In  severe  cases  the  reaction  following  this  method  does 
not  .seem  to  be  s<i  intensi'  as  w  itli  the  ice  baths,  nor  so  apt 
to  fall  below  the  normal.  When  the  reaction  occurs  and 
the  tempenilure  goes  to  10.")  Ih<'  ireatment  sliould  be  re- 
jiealid;  an  ordinary  tub  bath  at  <)•")  will  soinitimes  con- 
trol it.  Warm  baths  have  not  proved  .so  successful  as 
the  cold  ones  for  reducing  the  temperature. 

Xo  treatment  seems  tri  prevent  Ihe  thermic  fever.  A 
useful  method  of  controlling  this  fever  is  to  place  small 
bladders  filled  with  ice  in  the  a.\ill.e  and  groins:  this 
seems  more  eirective  in  women  than  in  men. 

.Vfter  the  jiatients  are  in  bed,  liipiiir  ammonii  acctatis 
is  a  most  excellent  stimulant  and  prodia  is  both  diapho- 
resis and  diuresis.  Digitalis,  ether,  and  spirits  of  am- 
monia are  also  excellent  for  rajiid  siimiilation. 

Among  alcohoiics  the  question  arises  as  to  the  <lcsir- 
ability  of  giving  alcohol.  When  delirium  tremenssi'cms 
about  to  di'Velop,  as  it  so  often  does,  a  mi.xture  of  half 
an  ounce  of  whiskey  with  one  or  two  drachms  of  jiaral- 
dehydc,  lepealed  in  an  hour  if  necessary,  will  often  pro- 
duce sleep  from  which  the  patient  will"  wake  much  im- 
proved. 

It  is  best  for  twenty-four  or  forty  eight  hours  to  keep 
the  patient  on  milk,  or  at  least  tliiid  diet,  followed  by 
eggs,  cereals,  milk,  and  broth.  AVhere  there  is  severe 
thirst  an  abundance  of  water  can  be  given.  The  liquor 
ammonii  acctatis  is  useful  in  this  connection  to  allay 
thirst.  The  .sequeUr  or  comjilications  of  sunstroke 
should  be  treated  as  the  sjime  diseases  under  ordinary 
circumstances.  The  nervousness,  weakness,  and  loss  of 
appi^tite  can  be  overcome  by  a  mixtuie  of  tincture  of  nux 
vomica  and  compound  tincture  of  cinchona,  five  to  ten 
drops  each,  in  compound  tincture  of  gentian  as  a  men- 
struum. For  alcoholics,  one  or  two  (Imps  of  capsicum 
and  sometimes  ginger  can  be  added  to  this  mixture. 
Meningitis  following  sunstroke  may  have  to  be  treated 
by  a  merciless  use  of  the  actual  cautery.  Patients 
suffering  from  sunstroke  in  the  tropics  may  have  to  go 
to  a  more  temperate  climate  or  they  may  become  helpless 
invalids.  Such  patients  may  develop  some  form  of  in- 
sanity, and  it  is  well  to  rememlier  the  possibility  of  sui- 
cidal tendencies  and  never  allow  them  to  travel  alone. 
The  anstmia  and  general  lack  of  nerve  force  following 
sunstroke  can  often  be  treated  with  cod  liver  oil  and 
small  doses  of  tincture  of  iron.  Of  the  latter,  three  drops 
should  be  put  in  a  tumblerful  of  water  and  sijipid  with 
meals.  This  does  not  derange  digestion  and  is  preferable 
to  large  doses.  Blaud  pills  or  any  other  form  of  iron 
may  be  us(xl. 

The  numbness  and  tingling  so  often  complained  of  can 
often  be  benctited  by  the  Charcot  douche  to  the  spine. 

It  is  remarkable  Imw  long  the  sequel;v  of  sun  stroke 
may  persist,  and  they  are  often  discouraging  to  deal 
with.  It  is  often  yc^ars  before  exposure  to  heat  can  be 
withstood  without  recurrent  headache  and  prostration, 

AUxiiiidtr  Lambert. 

HEAT,  THERAPEUTICS  OF.— Alilmugh  heat  has  al- 
ways been  recognized  as  one  of  the  most  valuable  thera- 
peutic a,senls.  it  has  never  been  so  w  idely  used  as  at  the 
present  time.  It  is  one  of  the  s;ifest  and  siniplesi  reme- 
dies known.  lis  good  effects  are  varied  and  the  methods 
of  ajiplying  it  are  numerous.  The  resuUs  of  the  thera- 
peutic use  of  heat  are  dependent  upon  various  conditions, 
chief  auKUig  w  hich  are  the  manner  of  its  application  and 
the  temperature  used.  \  far  higher  temperature  can  be 
borne  when  the  heat  is  dry  than  when  it  is  moist.  For 
example,  hot  water  becomes  painful  at  \\~i  F.  Steam 
or  vapor  cannot  be  borne  above  \'iu\  while  hot  dry  air 
can  be  used  at  a  lem]i(rature  of  300  and  higher  The 
vaso-dilator  nerves  aic  stimulated  by  heat,  while  Ihe  vaso- 
constrictors are  inhibited.*    The  cutaneous  capillaries  are 


•  Ttita  statement  deninndsi  proper  modlflcatton  to  exprps-i  ttiB  facts 
ns  tlie.v  apiiear,  Tliese  are  (riven  in  somewjiat  detiiilfii  manner  in 
Ariiislninp's  article  en  Batlis  in  Foster's  "  Practiral  Thfnipi'uties." 
anil  it  is  frtim  Itiis  soun'e  that  I  bave  derived  liie  itifuniiatiun  wlilch 
Is  fiirnisbeil  in  the  follmvinn?  e,xpianali(tn : 

In  order  tliut  tieat  shall   siiuultaneously  cause  stimulation  o(  the 
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(liliilcil  by  n  hIow  ii|>|>li<'iili<iii  of  licut,  liiil  If  the  HpiilicU' 
linn  is  siiililcii  III!'  |ii'iiiiiiry  I'lTccl  <'(irri-H|i(iiiils  to  tliut  of 
I'ulil.  I  III'  ^kiu  is  Ilium  hill  iiinl  rvni  w  riiikliil. 

Wlli'll    lllr    rlllallriillN   riijiilllll'ii'S    iirr    ililllli'il    llll'  Hkill 
tlcnillll'S  ri'lllll'Ilril.  mill    if    lllr    Ii'lll|irl1llliri'  is  llnl    lli),'lll'r 
tllllll    10)     F    rlllilllriills   Mlisiliilll y   is   illrlriisi'il.       Wlli'll, 
Imwi'ViT,  till'   lilii|ii'nililli'   is   inrii'iiscil   In  lirlwi'i'ii    110 
mill  \''i>  ,  sriisiliilily  is  iliiiiiiiislii'il  iir  I'Vrii  iilioliHliril. 

Till'  iicrviiiis  syslriii  is  •.luilliril  liy  ii  iiinilrniti'  ili'iiriT 
iif  Ill-Ill,  lull  iiiiliiwiilil  I  iTi'i'ts  siirli  MS  lii'iiiliK'lir  mill  vrr 
ti^rii  iirr  ciiiisril  liy  ii  liifili  ili'ttrir  if  llir  air  is  nut  ilrv. 
Till'  iiiTVis  111  till'  swi'iil  jrlmiils  an'  rxrili'il  liy  (lir  ii|i|ili 
I'lilii'li  iif  liriit,  riiiisi'i|Uriitly  llii-  filiirliiiiiill  ai'livily  of 
tlirst'  glaiiils  is  iiirnasi'il  anil  alninilmit  |irrs|iii-aliiiii  is  llii- 
ri'siilt.  Tlicsi'cri'lion  of  iiriiir  is  |irn|iiirliiiiially  ilrrreascil. 
Till'  ililTiTi'iu'i'  in  tlir  clfrrls  of  ilrv  ami  iimist  linit  ii|inn 
till-  iHTspintlory  fiinilinn  ilrpcmis  iipim  llir  fnllowiiii; 
fails.  'I'lic  liiiily  alisiii'lis  Irss  lirat  frmii  iiir  Iliaii  fliiin 
watrr,  ami  llii'  skin  |irrspiirs  iiioir  rnily  in  air  lliaii  in 
wairr — llll'  I'Vapiir.iliiiii  of  llir  prispiialinn  alisliarlin;.' 
llir  lirul — so  thai  it  is  rliar  why  it  is  possihli'  to  lirar  a 
liiilhrr  ili'jrri'i'  of  ilry  llniii  of  moist  limt.  Thi' iniiiibi'i' 
of  nspinilioiis  is  iliinasi'il  liy  dry  heal,  luit  imreusi'il  by 
a  liiiili  ili'iiii'i'  of  moist  liiat. 

.\ltlioii!;h  mii.siiilar  arlivily  is  favorril  by  a  moilciati' 
ili'L'n  T  of  lii'iit.  a  liiiili  tmipiialiin'  is  ilipri'ssinir.  ami 
iimirr  its  inlliirmi'  Ihr  mnsriilaisyslrni  lircomrs  Irss  abk' 
to  support  faliv'iii',  rsprciiilly  if  this  is  iniiiiiiiicd.  A 
pr.irliral  a|>|iliiaIion  of  lliis  far!  is  m.iili'  in  Ihr  liratmcut 
of  till'  various  muscular  spasms,  inrliiiiinir  rliona. 

Till'  cITrrts  of  a  hot  oliniatriliprml  upon  llir  imiividual 
coiiciTiR'ii  and  upon  llir  various  comlitions  of  his  lifr.  such 
as  dirt.  etc.  It  has  lirrn  fri'i|Ucntly  miliccil  that  ilcbili- 
lati'd  persons  arc  slimulatrd  by  a  hot  climalr.  becoming 
si  longer  and  morr  able  to  ward  olT  ilisrasr.  Xorinal  in- 
ilividiials  arr  drprcssnl.  Ihr  riTccIs  bring  quickly  seen 
in  all  of  the  functions  of  llie  boily.  In  a  leinperature 
higher  llian  thai  of  the  human  boily,  body  wiiglil  is  di- 
minislied  and  in  ]iroporlioii  to  the  degree  of  heal  and  the 
length  of  time  of  ils  applicalion.  This  cITeet  is  less  in 
dry  heat  than  in  iiioisi  heat.  Jlot  applications  to  the  ab- 
domen cause  constipation.  This  may  lie  from  I  wo  factors: 
from  the  decrease  in  intestinal  secretions  or  from  the  de- 
irease  in  perislaltic  aclion  of  the  inlesliual  musculature. 
Ileal  hastens  eruiitioiis. 

There  are  many  inetliodsof  applying  heat,  some  of  the 
aiipliaiices  being  as  follows:  bricks,  water  bags.  Bat- 
irons,  saiiil  bags,  Ivi'iter's  coils,  and  Paiiuclin's  thermo- 
electric cautery.  Moist  heat  may  be  applied  by  means 
of  baths,  liolli  water  and  steam;  douches,  fomenlalions, 
and  poullices;  besides  all  of  these  methods  I  here  is  the 
hot  air  bath.  The  use  of  the  hoi  Mat  iron  in  such  trou- 
bles as  rheumalisni  gives  astonishing  resulls.  The  rllrcts 
srem  often  magical,  the  relief  alTorded  by  this  homely 
liouseliold  remedy  being  greater  than  by  many  of  the 
methods  which  are  in  more  genenil  use.  The  affected 
part  should  be  protected  by  several  layers  of  Haniiel,  and 
in  applying  the  iron  it  should  be  held  carefully  so  that 
the  weight  is  supporled  by  the  hand  of  the  operator 
while  the  patient  obtains  the  full  benelit  of  the  heat. 
The  I'aquelin  cautery  oilers  one  of  the  best  ways  of  ap- 
plying counter  irrilalion.  Thr  hot  bath  proi luces  vari- 
ous elfecis  on  the  organism:  by  il  the  absorption  of  o.\y- 
geii  as  well  as  the  exhalation  of  carbonic  acid  is  decreased  ; 
oxyhuiiioglobin  is  reduced;  so  are  the  leucocytes;  the 
exeretiou   of    nitrogenous    products    is    increased.     By 

viLio-<1IIiitor  nen't's  ami  Inlilbftlon  of  the  va-iiMvtnslrlrtors  the  letnper- 
atiire  emplnyed  must  not  iM-  alK>ve  KM"  K..  for  II  musit  be  n'liii'inlHTt'*! 
that  (I  is  a  i/iim/itii/i-  ilejrri'e  of  heat  that  >4llniiilates  ihr  vaso-dllalor 
nrrvi's  anri  inhihti.-*  Ihr  vajMM'onsirirtors.  The  einaiicous  M'lisfhillly 
is  ini'n'a-srii  anri  Ihe  skin  is  nHlitrnni.  When  the  li'inprniiun'  is  in- 
creasiHi  from  11(1'  lo  I2i1°  F.,  senslhllily  is  nt>olI.she<i  or  'lii-p'a.srd.  Ii 
is  fn>in  thr  knowltHlffe  of  this  fart  thai  rrrtain  rtisea-srs  of  ihr  nrr\-ous 
srsti'iii  are  tr-'aliil  liv  thr  applirailon  of  irrral  hral.  Thr  rITerUs  also 
vary  aii-orviinp  to  whrihrr  Ihr  appliralion  is  slow  or  suildrii.  In  the 
flrsl  inslJinrr  ihr  rapilliirli's  are  dilatril ;  in  the  latlrr  thr  vrs.sel.s  of 
thr  skin  an'  ronlniriril  ami  Ihr  .skin  hii'imii's  pair  ils  in  Ihr  applica- 
lion of  rold.  This  fart  Is  lakrn  ailvantaffr  of  in  t>athliii;.  whrrr  rirj/ 
hol  walrr  appliiMl  for  a  very  short  syiacv  of  time  stimiijali's  the  cula- 
neinis  nrrves  hut  does  not  call  for  tbe  same  vigorous  reaction  as  a 
cold  bath  demands. 


nieiuiK  of  hot  batlm  InterNlitlul  eonihuRlloii  U  dliiiinlHhtKl. 
In  Mright'H  diNi'itse  hot  biillis,  on  account  of  tlirlr  weak 
riling  ilTeel  if  often  reprulnl,  should  not  be  rlilplo\ei| 
unless  dropsy  or  iiriemia  Is  prrsnil.  When  iinemiu'ex 
Ists,  however,  the  cerebral  symploiiiH  are  often  eiilirelv 
relieved  by  the  hot  water  or  vapor  balli.  for  by  iUU 
melius  not  only  the  skin  iicIh  freely,  but  the  i-irecl  on  the 
whole  iirganisin  is  Bcdalive,  pain'  and  irritability  being 
allayed  Kspecially  in  ehildhooil,  various  airecliiMiH  of 
llie  lespiralory  tract,  such  as  brom  hial  calarrh,  are  le- 
lirvrd  by  Iliis  Irrulmrnl.  Thr  srdativr  rITict  liriiigH 
sleep  ami  makes  birulhing  Irss  labori'd.  Thr  alTected 
inenibninrs  are  relieved  of  the  surplus  of  blooil.  which  Ih 
drawn  to  Ihr  periphery.  The  patient  inUKt  be  carefully 
walched  and  not  be  allowed  lo  become  weak  from  Hie 
Irealmenl.  as  the  secondary  effects  of  n  too  long conliii- 
iied  hol  bath  are  debililaling.  However,  eontiiiiious 
balhs  of  modrralr  Irniprraliirr  an-  u.sril  in  soinr  affec 
lions,  such  as  sloii^'hiiig  wounds  and  ec/.rmii ;  Ihr  pa 
liriil  calsami  slrrps  in  thr  bath  «  illi  thr  gieulesl  comfort. 
For  many  years  Kaposi,  of  Vienna,  has  employed  llie 
continuous  bath  in  his  wards  w  ilh  great  success.  Inhala- 
tion of  warm  vapor  greatly  relieves  laryngismus  stridu- 
lus. Diabelics  should  butlie  in  water  of  only  a  moderate 
leinperature,  and  the  bulhmust  not  be  too  long  continued 
since  this  trealmeiit  may  cause  or  increase  glycosuria. 
One  of  the  best  mrthoils  of  treating  a  stniined  joint,  if 
seen  early,  is  by  Ihr  hoi  baths,  liurns  and  phagidienu 
are  much  beiieliled  by  this  melliod  of  Ircalnient.  Hot 
balhs  relieve  the  various  forms  of  abdominal  lolic,  as 
renal  and  hepatic;  also  iiiHammation  of  the  urinury  ap- 
jiaratus.  In  dysineiiorrhiea,  the  hot  foot  balh  is  valu- 
able. Heat  applied  to  various  rrgions  of  the  spinal  cord 
alTecIs  the  organs  which  Ihrsr  nrrvcs  supply.  This 
mrlhod  is  often  sui'cessful  in  ihr  Irealmenl  of  metrorrha- 
gia and  meiiorrhagia.  The  Turkish  and  Hiissiaii  balhs 
are  well  known  for  Ihrir  good  rffrcis  in  the  trealmenl  of 
many  alTeclions,  such  as  coryza.  goul,  rheumalism.  elc. 
But  recently  various  new  devices  have  been  introduced 
by  means  of  which  the  patient  may  be  exposed  with 
comfort  lo  the  beneticial  effects  of  an  extremely  high 
temperature,  for  example  ;!.")U  F.,  becausi^  the  air  is  kcjit 
dry.  Before  apparatus  was  devised  by  means  of  which 
the  air  could  be  kept  dry.  the  eva|)oralril  prrspinilioii 
.irradually  rrmlered  the  surrounding  atmos|ilirrr  moist, 
and  the  pcrspiralion  on  llie  skin  actually  scalded  it.  On 
thisaccouni  llieTurkish  bath  cannot  practiciilly  behiglier 
than  aliout  170'  F.  The  diseases  that  have  of  late  years 
been  treated  with  benefit  by  the  new  ajipanilns  are  the 
arthritic  diseases — rheumatic  arthritis,  .gout,  rheumatism, 
etc.;  joint  affections,  such  as  sprains:  affections  of  the 
nerves,  as  neuralgia,  sciatica,  etc.  ;  certain  skin  diseases; 
chronic  iilcrrs.  and  Hat  foot. 

There  is  other  apparatus  by  means  of  which  the  body 
is  subjected  to  llie  aclion  of  radiant  heat.  The  diajiho- 
relic  effects  of  combined  heal  and  light  are  said  to  be 
much  greater  than  the  .same  degree  of  non-luminous 
heat.  The  effect  of  the  electric  heat  waves  is  invigor- 
ating and  tonic.  One  result  of  these  exposures  to  ex- 
tremely high  temperatures,  one  that  is  contiiidictory  to 
forincr  [ihysiological  teaching,  is  that  the  body  temper- 
alurc  is  raised  several  degrees.  The  following  suggestion 
has  been  inade  in  exjilanation  of  cases  in  which  certain 
parts  of  the  body  are  exposed  to  I  he  heat:  "It  is  prob- 
ably due  to  imperfectly  co-ordinated  diaphoresis  in  parts 
of  the  body  other  than  that  eX])osed  to  llie  direct  heat  of 
the  bath — that  is  to  say,  the  blood  as  it  Mows  through 
the  heated  area  is  not  coni|ilelely  cooled  down  before  il 
passes  on  to  other  areas,  where  the  conditions  arc  differ 
eiit.  and  where  rellcx.  superficial,  vascular  dilatation,  and 
conseijueni  diaphoresis,  are  not  correspondingly  estab- 
lished." In  the  application  of  these  new  methods  just 
mentioned,  the  ap|iaratus  is  so  arninged  that  the  head  of 
the  patient  remains  free  in  the  normal  room  temperature. 
Besides  great  local  benefit,  the  general  health  is  improved 
by  these'hot  baths.  In  the  radiant-heat  bath  the  perspir- 
ation, as  soon  as  it  appears,  is  evajiorated  by  the  hot  dry 
air.     If  this  heal  is  applied  locally,  the  circulation  of  the 
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|>::it  licHtiMl  is  incrcnscci  mul  not  only  is  extra  nutrition 
supiiliiil.  Iiiit  a  urciitcr  iiiiioiiiil  of  lilooil  iscairicil  iiwav 
from  the  (larl:  and  it  is  prolialilc  llial  tliis  liloml  lakrs 
away  from  the  iliscascd  area  many  niorliiil  prmlurls  in 
solution.  Wlii-n  radiant  heat  is  proihiccd  by  ilcciricity, 
till'  advanla!;fs  can  !>«•  clearly  seen,  as  there  is  noconilius 
lion  and  the  patient  lircalhes  perfeelly  piircair.  Amnnt' 
the  Mll'eclions  Ireali'd  uilli  l)enetil  liy  this  method  are  Ihe 
follovvini;:  rheumatoid  arthritis,  iroul.  chronic  cramp, 
sciatica,  fi\ed  joints,  inllaniniation  of  the  veins.  a<llie 
sions  followin';  fracture,  chronic  articul.ir  rheumatism, 
chionic  alcoholism,  rheumatic  gout,  slilTness  followinfr 
injury,  jtonorrhceal  rheumalism.  vn.soinolor  disease,  epi- 
lepsy, chronic  liri^xhl's  iliscase.  astlinia.  bronchitis,  stru- 
mous ulcers,  fracture,  sjiinal  disiase.  chorea,  and  jieriph 
{•ral  neuritis.  The  jreneral  elTeel  of  the  railiant  he.-il 
anil  liirht  bath  is  sootiiin-.'.  as  it  allays  pain  and  imjiarts 
a  feelinjr  of  wi'll  beinir. 

The  douche  is  used  chiefly  in  gyuiecologiral,  nasal,  and 
aural  troubles.  For  pelvic  intlammationsand  conijcslion 
the  hot  douche  is  most  valuable.  'I'lie  good  cttects  are 
dependent  upon  ll»'  temperature  used,  and  upon  the 
length  and  the  manner  of  application.  The  lempi'ralure 
of  the  irrigating  tluid  sliouid  be  as  hot  as  can  bi'  l)iirne. 
The  application  shoidd  continue'  for  at  least  twenty  min 
ntes  and  the  patient  should  lie  on  the  back  with  the  hips 
elevated. 

By  fomentation  or  cataplasm  is  meant  the  application 
of  cloths  wet  with  whatever  lii|uid  is  used  and  applied 
to  the  part.  Tin'  heat  may  be  maintained  eitlicr  by  re- 
newing Ihe  cloths  or  by  applying  a  hot  object,  such  as 
a  water  bag  or  a  brick  to  the  cloths. 

Poulticesarc  not  used  now  nearly  .so  extensively  as  they 
were  formerly.  If  they  remain  on  the  jiart  too  long  they 
will  lower  the  vitality  and  luoduce  vesication  or  jnistu- 
latinn. 

Heat  has  many  specific  uses,  some  of  the  iirincipal  being 
as  cardiac  stimulant,  counlerirritant.  dia|dioretic.  general 
sedative,  general  stimulant,  germicide,  hiemostatic.  hyp- 
notic, local  anaslhetic,  and  local  seilalivc. 

Some  of  iliise  etTi'Cts  have  already  been  touched  upon. 
As  a  cardiac  slimulanl  heat  is  used  universally  in  cases 
of  shock  and  collapse,  in  drowning,  exhaustion,  asphyxia 
or  <lebility  of  the  new-born,  narcotic  and  other  forms  of 
poisoinng,  in  chilling  if  the  patient  is  not  frozen,  and  in 
any  condition  of  heart  failure.  It  may  be  applieil  in  the 
form  of  baths,  en<'niata,  drinks,  cloths,  bags,  bricks,  fric- 
tion, etc.  In  the  algid  stale  of  cholera,  for  example,  it 
must  be  remembered  that  clothing  does  not  supidy  heat, 
it  simply  prevents  ils  dissipation,  so  that  special  meas- 
ures slioidd  be  taken  to  impart  heat  to  the  body,  as  sur- 
rounding it  with  hot-water  bags  and  the  like.  Death 
from  chlori>form  autesthesia  is  nearly  always  in  conse- 
quence of  heart  failure.  In  such  a  cas(^  hot  applications 
should  be  made  to  Ihe  cardiac  region.  External  heat 
(imws  the  blood  to  the  iieripliery  and  thus  relieves  the 
heart. 

As  counter  irritant,  it  promotes  absorption  and  hastens 
repair;  it  also  removes  passive  congestion.  In  this  con- 
nection it  is  often  applied  in  the  form  of  the  actual  cau- 
tery. This  treatment  is  more  valuable  in  chronic  than  in 
acute  inllannnalion.  It  is  .sometimes  indicated  in  deep- 
sealed  inllainmalion  of  Ihe  joints.  The  superficial  layers 
of  Ihe  skin  only  should  be  irritated.  The  cautery  should 
be  brushed  over  Ihe  pari  light ly,  and  be  used  at  a  white 
heal  when  vigorous  eounler-irrilation  is  desired,  but  at  a 
cherry  red  heal  for  hemorrhage.  The  relief  from  its  use 
is  often  as  great  as  it  is  sudden.  It  is  indicated  in  neu- 
ralgia and  rheumatism.  Itsaction  may  bercHex  through 
Ihe  nerves,  jiroducing  a  change  in  the  nutrition  of  the 
part,  with  proniolion  of  absorption. 

The  value  of  heat  as  a  diaphoretic  has  already  been 
spoken  of. 

It  is  a  good  general  and  local  .sedalive.  It  draws  the 
Mood  away  from  the  great  vessels  to  the  periphery, 
dilating  the  vessels  of  tins  region  and  i)roducing  a  feel- 
ing of  general  comfort.  It  is  also  used  in  the  treat- 
ment of  neuroses.     Hot  api)licatious  to  the  face  in  tootli- 


nche  are  very  soothing.     This  treatment   also  relieves 

ilching. 

Ils  general  stimulating  effects  have  lH?en  spoken  of. 

Heal  is  the  niosl  trustworthy  germicide  that  we  have. 
It  may  l>e  used  in  the  form  of  fire,  dry  heat,  boiling, 
si  reaming  or  live  steam,  and  steam  under  jiressure.  Fire 
is  used  only  to  destroy  articles.  All  patliogenic  organ- 
isms and  Iheir  spores  are  destroyed  in  boiling  water  in 
live  ndnules.  81  reaming  or  live  sicam  is  ulilized  in  the 
ordinary  slerilizer  or  disinfeclor.  St<'ani  under  pressure 
is  used  to  disinfect  bidky  objects  such  as  bales  of  goods. 

Ileal  is  used  as  a  haniostatic  in  the  form  of  Ihe  actual 
cautery  or  of  water  raised  to  the  teinperature  of  r.30  to 
140'  F.  If  the  bleeding  surface  is  large,  the  oozing 
.shoulil  tirst  be  treated  by  compression  with  hoi  cloths  to 
slop  Ihe  caliillary  hemorrhage  before  the  cautery  is  ap- 
plied. The  clamp  and  cautery  method  of  treating  hem- 
orrhoids is  well  known. 

Heat  is  hypnotic,  hot  baths  being  very  beneficial  in 
acute  and  chronic  insomnia. 

A  high  degree  of  heal  may  be  used  as  a  local  ana"S- 
thctic,  since  it  has  Ihe  facidly  of  blunting  Ihe  perception 
of  dilTercTil  kinds  of  sensalion  at  certain  temperatures,  as 
menlioned  before. 

Aliliougli  the  uses  of  beat  are  at  present  .so  varied  and 
valuable,  this  field  is  probably  yet  but  in  its  infancy,  as 
new  discoveries  and  improvements  are  constantly  being 
made  in  this  department  of  therapeutics. 

Enmiii  K.    W'ulker. 

HEDONAL,  methyl-propyl  carliinnl  unihanc,  occurs 
as  a  while,  crystalline  powiler  insolubh'  in  cold  waliT, 
slightly  sulidjle  in  warm  water,  and  somewhat  more  so  in 
alcohol.  It  lias  a  ]H'i'sislenl.  rather  iiniileasjuil  taste  sug- 
gesting mint,  and  on  boiling  with  an  alkali  decomposes, 
forming  ammonia,  carbon  dioxide,  and  methyl  propyl- 
carbinol. There  are  many  reports  on  the  hypnotic 
properties  of  this  substance,  Goldmann,  Nawrateski, 
Arndt,  and  others  claiming  for  it  valuable  jiowers  without 
any  undesirable  after-etTects.  Brownrigg.  also  Schiller, 
found  it  a  feeble  liy])notie.  useful  only  in  cases  of 
moderate  nervous  irritability.  In  nine  of  Brownrigg's 
thirty-five  cases,  and  in  five  of  Schiller's  twenly-one,  no 
slee|i  resulted  from  ils  administration.  Haimann  found 
the  lethal  dose  in  a  series  of  animals  to  be  1  gm.  per 
kilogram  of  body  weight.  j^Ioderately  large  doses  were 
followed  by  depression  of  circulation,  respiration,  and 
temperature.  Nawrateski  and  Arndt  jioinl  out  that  tlir 
drug  is  so  diuretic  that  it  may  cause  such  a  desire  U 
urinate  as  to  arouse  the  patient.  All  things  considered 
this  drug  is  of  less  value  than  ils  congener,  ethyl-ure 
thane.  The  dose  is  from  1  lo  8  gm.  (gr.  xv.-xlv.)  given 
dry  on  the  tongue  and  washed  down  with  aromatic  water, 
or  given  in  syrup,  in  capsule,  or  in  cachet. 

TV.  .-1.  BnMedo. 

HEILBRONN  MINERAL  SPRINGS.— Bradford  County, 

Florida. 

I'ost-Office. — Starke,  Hotels  and  boardiug-houses 
in  Starke, 

Access. — Via  the  main  line  of  the  fifth  division  of  Sea- 
board Air-Line  Hailroad.  forty  five  miles  from  .lackson- 
ville.  Also  via  Suwannee  Uiver  Division  of  the  same 
system.  Starke,  the  county  seat  of  Bradford  County, 
is  located  on  the  elevated  backbone  of  llie  Florida  pe- 
ninsula at  an  elevation  of  ISO  feel  above  Ihe  ocean 
level.  The  local  ion  is  surroundi'd  on  all  sides  by  an  al- 
most unbroken  |)ine  forest  stretching  lo  Ihe  .Vtlantie  on 
the  east  and  Ihe  (Julf  on  the  west,  about  lifty  miles  in 
either  direction.  The  waters  to  the  west  How  into  the 
Suwannee  River  and  thence  into  the  Gulf,  while  those  to 
the  east  find  their  way  into  Ihe  St.  .John's  Hiver  and  ulti- 
mately reach  the  Allantie.  The  situation  thus  unites 
many  of  tin-  advanlages  of  a  well  favored  nalural  saiia- 
toriuiu  and  olVers  an  allractive  resting  place  for  the  win- 
ter tourist  in  search  of  a  ,geiiial  and  balmy  cliniale.  The 
nieaii  temperature  for  the  months  of  December.  .January, 
and  February  during  a  recent  winter  was  52'  F,     The 
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Il<  ■■••iihI. 

Ilfllfburc* 


ruiiifall  for  this  perlcxl  wuh  W.'iH  IiicIick.  SUirku  Iuih  ii 
|)ii|mliilii>ii  iif  iiliiiiit  l.'JtM)  mill  Ik  well  Hii|)|>liri|  »itli 
wliiMiN,  I  liurclu'H.  livery  .stiililr<<,  luiiilvs,  iiiilils,  liininllii^; 
liiiiiws,  lie  Tin-  s|iriiii.'s  iirr  liKiitnl  iiliuiii  lln'  ami  iiiir 
liair  iiiiirs  iiiirtliursi  finni  Starke  on  a  |iii'tiireNi|iie  si  ream 
known  as  llie  Wateroak,  from  the  |iie.siiiie  of  numerous 
tries  wliieli  ailorn  its  liaiiks.  'I'liey  are  reailieil  liv  an 
e.M'elleiit  rotiil.  Tile  siiriiii;s  are  two  in  niimUer.  known 
as  No  I  anil  No  ~.  No.  I  yieliis  alioul  one  liiimlreil  anil 
fifty  pilloiis  anil  No.  '2,  tiflv  pilions  |ier  minille  'I'iie 
follow  in^' analyses  u'erv  uuiul' by  Prof.  Henry  Lelfmann 
of  l'iiiiaiiel|iliia. 

Onk  Unitfo  CTATKg  Gallon  Contains: 


Snild*. 


SiMlliini  rh|i>r1<l«* 

S*Hhiiiii  nirlNtniiie 

INiUi.s-liiiii  i-iirlM  >fiiit(* 

INiUiK'^luiii  '•itlphiile 

rittt-liiin  rarlMtnule 

Miiirni*7«tiitii  i-iirtMinaU' 

Kemtiis  riirlH>imtt' 

Sin™ .-.. 

Nllniircii  tty  iMTiiiniiininuttf. 
In>n  MXlili'unil  iiluiiiltui..., 

Totiil 

(iU.'M'S. 

I)Ijiw>1vim!  itxygen 

Irliwolved  curliuii  dioxide  . . 


SprloK  No. 
Unilnii. 


S.U8 
.40 
JU 
.17 

5.13 
ja) 
.SI 

1.51 
.30 


lOJSS 


11. TO 


SprlDK  Nn.  3. 
Graina. 


1.4S 
.60 


5.KI 

1.51 

Trice. 

.23 


13.33 


.07 
2.30 


These  arc  excellent  waters  of  the  lijrl't  saline  calcic 
type.  No.  1  also  |iossesses  ferruj;inous  properties.  We 
Imve  carefully  examineil  the  waier  of  No.  1  ami  tiuil  it 
to  Ih"  very  palai.'ihle  ami  well  ailapteil  to  lalile  uses. 
Thoilj;li  not  heavily  mineralized  these  waters  have  nc- 
qiiireil  an  extensive  repiilalion  anion;;  Floriila  pliysieians 
in  the  treatment  of  ilyspepsia.  chronic  skin  iliseases,  and 
rheumatism.  Many  praelilioners  reconiiueml  llieir  local 
use  as  a  lotion  in  ill  (dmlitioned  sores  ami  imloleiil  ulcer- 
ations. The  waters  are  now  used  commercially  and  arc 
bottled  and  shipped  to  distant  points. 

James  Ii.  Crool:. 

HELLEBORE,  AMERICAN.  Vku.uui  m  Vikide. 
Iiuliiiii  l'"ki.  Iti-li-iretd.  ("  Ureen  hellebore."  bill  not  to 
be  confused  with  [fellfhonin  rindin.)  The  dried  rhizome 
and  roots  of  Wnitnnn  r/nV/<'  Ait.  (fam.  MtlntitlnteeiT 
["  f.iliiirnr,"  V .  S.  P.]).  The  plant  is  a  large,  conspic 
nous  swamp  herb,  having  a  siinph-  uprisrht.  leafy  stem, 
from  .10  lo  l."iO  cm.  high  (2  to  ,5  feet),  and  terminating  in 
a  large  spiiate  i>anicle.  Leaves,  Srankeil.  large,  ovate, 
or  broadly  oval,  pointed,  ses.sile,  clasping  at  the  base, 
from  1.")  to  40  cm.  long.  Flowers  moniecimisly  polyga- 
mous, regular,  1  or  3  cm,  across,  spnfuliiig.  Perianth 
of  si.\  narrow,  pointed  segments:  stamens  si.x :  anthers 
cxtrorse,  opening  transversely  across  the  top;  carpels 
three;  fruit  of  three  niaiiy-.-iceded  follicles.  The  whole 
plant  is  slightly  i)ubesceiit.  and  of  a  bright,  light  green 
color,  tlowers  and  all.  It  grows  abundantly  in  marshes 
and  along  brook-sides  in  tlicci«ilcr  parts  of  North  .\nier- 
ica — the  Northern  I'liited  Stales,  (anaila.  ami  Alaska. 
Its  common  neighbor,  and  a  plant  which  might  be  mis- 
taken for  it,  is  the  skunk  cabbage,  but  that  has  siib- 
rotunil  leaves,  at  least  as  broad  as  long,  and  they  lack 
the  conspicuous  ]>lails  of  venitriim.  The  hail's  of  vera- 
truni  are  slightly  irritating  to  the  skin  of  many  persons, 
whence  the  name  "itch-weed."  Varieties  apparently 
identical  with  it  are  found  in  Alpine  districts  in  Europe 
and  ill  Kaslerii  Asia.  The  type  of  the  species,  V.  album, 
replaces  it  in  Europe  and  Asia  generally. 

The  poisonous  properties  of  this  plant  are  said  to  hare 
been  known  lo  the  aborigines,  by  some  tribes  of  whom 
it  was  used  as  a  sorl  of  ordeal  to  lest  their  strengtli  and 
vigor.  "He  whose  sloniiich  made  the  most  vigorous  re 
sist^jnce,  or  .soonest  recovered  from  its  cfTects,  was  con- 
sidered the  stoutest  ot  the  party  and  entitled  to  command 
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the  rest  "  ( BIgelow,  "  .Med.  Bot.,"  qiiotliig  Jowulyn).  It 
was  also  one  of  the  iiuineroiiK  things  used  by  ifie  eaily 
settlers  lo  poison  seed  corn  for  priilection  agiiinsl  biiils': 
it  is  slill  oeeasiiinally  so  used.  In  the  early  |uiri  ofil.iu 
lentury  it  was  employed  as  a  Hiibslitnle  fiir  I'  allnin,  In 
gout,  iheumalisin.  ele.,  in  the  treatment  of  which  that 
stilisiunee  WHS  ihi-n  popular,  and  alsi)  a-  a  panisilieide, 
for  which  purpo.si'  bolh  have  been  supersi'ded  bv  vem- 
Irine  and  oilier  lliings.  lis  iiuHlern  iis<- as  a  carifiac  de- 
pressant is  of  Ihe  Inst  half  century  only. 

'I'lie  rhizome,  w  hieli  is  the  part  used!  is  lolleeled  in  Ihe 
auluinn  and  generally  split  longiludinally  lo  facililule 
drying,  but  it  may  be  variously  cut  or  left  whole;  ihu 
rools.  lo  Ihe  length  of  10  or  \T>  ein.,  are  left  allarhed.  and 
dry  in  a  skein  around  its  lower  end.  The  ollieiiial  de- 
,scriptioii  is  as  follows: 

Khizome  iiprighl,  ovoid  or  obconical,  'i.!i  to  7  cm.  (I  to 
8  in.)  long  and  two  thirds  as  broad,  externally  light- 
to  dark  brown  or  blackish,  freipunlly  bearing  at  the 
summit  some  coal-sely  fibrous  remains  of  leaf  ba.ses. 
densely  clollied  at  the  sides  willi  coarse  roots;  inlernally 
grayish  or  yellowish  while,  exhibiling  numerous  short, 
irregular  wood  bundles;  roots  aboiii  10  lo  L'O  cm.  (4  to  8 
in.)  long  and  about  I  or  'i  mm.  (j'5  to  ,',  in.)  thick, 
light  yellowish  brown,  miieli  shrivelleil.  the  surface  some- 
what reliculale  wrinkled ;  inodorous,  but  the  powder 
higlilj'  sternutatory;  taste  biiterish,  and  very  acrid. 

It  is  very  dilliciilt  to  distinguish  the  V.  ulhiim  from 
this,  and  impossible  when  tlii'^- are  powdered.  V.  album, 
if  fresh,  is  lighter-colored,  ami  its  roots  are  thicker,  fewer, 
moil  spongy,  and  more  reliculate-wriuklcd.  The  proper- 
ties are  apparently  identical. 

Besides  containing  resin  and  slarch,  ver.itrum  has  a 
complex  alkaloidal  composition,  regarding  which  ;iu- 
thors  are  not  agreed.  The  individual  alkaloids  are  only 
of  theoretical  interest,  as  they  are  not  used,  only  one  of 
them  (jcrviue)  being  listed,  and  that  for  expeVinienlal 
purposes. 

.lernne(C,tR,-,'SO,  -\-  2HjO)  is  a  whitish  powder,  solu- 
ble ill  alcohol, 

I'xiinliijirrhie  (CuIIi.NOu)  is  very  similar  to  it  and 
.slightly  soluble  in  absolute  alcohol,  while  Veratroidiiie 
(C'siHtkNjOi.)  is  alcohol-soluble.  There  is  a  very  little 
ruhijern'iie,  wliidi  strongly  resembles  the  last. 

Action  .vxd  Use. — The  action  has  been  studied  with 
care  by  several  Americans,  especially  by  Dr.  H.  C. 
Wood,  from  whose  "Tiierapeulics "  this  paragraph  is 
largely  condensed.  His  experiments  witc  made  with 
jervine  and  Bullock's  "  veratroidine." 

The  symptoms  of  poi.soning  with  Ihe  former  in  animals 
are  sluggishness,  muscular  weakness,  and  tremblings, 
followed  shortly  after  by  violent  convulsions  and  great 
prostration.  Senssition  is  afTected  only  very  late,  and 
consciousness  almost  not  at  all.  There  is  no  purging  or 
vomiting,  but  always  profuse  salivation.  Death  occurs 
from  ccs.siitiou  of  respiration.  .Jervine  is  an  intense  car- 
diac sedative,  acting  bolh  directly  upon  the  muscle  of 
the  heart  or  its  local  ganglia,  and  indirectly  through  the 
general  vasomotor  syslein.  It  nilueis  Ihe  force  of  the 
heart  beats  anil  the  arterial  pressure  to  a  very  great  de- 
gree. The  nipiility  of  the  heart  is  also  diminished  while 
the  animal  is  qiiii't.  but  even  slight  exertion  rai.ses  it  to 
rapid  and  incoherent  action.  There  is  also  in  jervine 
jioisoning  a  markeil  reduction  of  spinal  rellex.  It  is  not 
locally  irritating.  The  other  alkaloid,  "veratroidine," 
resembles  jervine  in  its  genend  action,  but  is  a  local  irri- 
tant like  venitriiie  and  produces  generally  vomiting  and 
diarrhiea,  which  the  otlier  does  not.  It  stimulates  the 
l>neuniogastric.  and  for  a  while  increases  the  arterial 
pressure.  The  crude  drug  has  naturally  the  combined 
action  of  its  two  alkaloids,  and  within  its  medical  limits 
produces  in  man  weakening  and  infreiiucncy  of  the 
pulse,  lassitude,  and  increa.se  of  salivary  and  cuUjneous 
secretions,  lowering  of  temperature,  and  sometimes  vom- 
iting. None  of  llii-se  effecls  should  be  pres.sed  beyond 
a  moderate  degree.  Its  utility  is  limited  by  conditions 
re(|uiriug  these  modifications — that  is.  (juick,  hard- 
bounding  pulse,   febrile  excitement,   high   temperature, 
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and  dry  skin — conditions  found  only  in  tlic  early  stages 
of  niiHf  fcluilc  (lisc)isis  ill  rolmsl  or  plclliDrir  imtiinls — 
iu  the  lHj;inninj;  of  iMieunionia.  pleurisy,  rliewniatisni, 
etc. ;  in  the  liypertniphie  staire  of  cardiac  disease  il  may 
be  needed,  but  not  often;  in  typhoid,  septic,  and  other 
adynamic  febrile  conditions  it  should  never  be  given,  nor 
as  an  emetic. 

In  overdoses  the  Vfanitinjr,  purging,  and  prosti-ation 
are  besi  condialid  by  opium  and  siinudants,  with  a 
strictly  enforced  rceunibcnl  position. 

AuMi.MsTK.vTiON. — Tile  dose  of  the  substance  itself  is 
about  a  di-cignim  (gr,  iss. ).  repeated  rather  frequently 
and  in  increasing  doses  until  the  pulsi'  is  afTccted.  Din- 
ing the  administration  the  patient  should  be  carefully 
watched.  Uiu  e  an  hour  is  a  gooil  interval  for  the  first 
few  doses.  The  following  good  preparations  are  ollicial : 
The  fluid  extract  [/•.'.rtnirtiim  Wnilii  i'hitlU  KtiiUliim, 
V.  S.  P.).  and  a  tincture (7V/ic/h;<7  I'tratri  Viridis,  V.  S. 
P.),  strength  4U  per  cent.,  dose  "l  ij.  to  x. 

If.  P.  Bolk». 

HELLEBORE.  BLACK.-Hia.i.KnomsXiGER.    ChrUt- 

»/(.(,<  /,'..>.  Til.  ilii.il  rliizome  of  JlelMion/s  iiiger  h. 
(fain.  U<iiiiniri,!,ir,<n.  This  is  a  low  perennial  herb  of 
Southern  Europe,  mostly  in  the  mountains,  and  largely 
cultivated  for  its  winter  bloom. 

The  drug  much  resembles  cimicifuga  or  black  cohosh, 
but  is  ratiicr  smaller,  blacker,  and  more  tortuous,  with 
fewer  and  broader  wood  wedges  iu  the  rhizomes,  and 
those  of  the  roots  less  conspicuouslj'  stellate.  It  contains 
the  two  poisonous  glucosiiles  hclleborin  and  lielleborein. 
and  has  been  used  as  a  drastic.  In  overdoses  it  is  an 
einetico  cathartic  poison.  It  is  now  little  used.  The 
dose  is  0..1  to  1..")  gm.  (gr.  viij.-.\x.). 

The  rhizome  of  II.  riridis  L.  or  green  hellebore  (but 
not  to  be  confused  with  nrtitrinn  riride,  also  so  called), 
is  very  similar,  and  even  more  highly  acrid  and  poison- 
ous    "  Ilrnry  H.  liusby. 

HELLEBORE.    iTOXICOLOGICAL.i— Green  Hellebore 

i\'i'iatrum  viridei.  Ann  rirmi  In  lit  In, ri.  Indinii  imlci.  and 
\\  liile  Hellebore  (Vcralrum  album),  the  European  spe- 
cies, owe  their  poisonous  properties  to  several  alkaloids 
which  have  bceue.Vamiucd  by  a  number  of  investigators. 
The  rcsnltsarc  not  entirely  accorduit.  and  what  is  doubt- 
less the  same  substance  has  received  ditTereut  naiues  from 
the  different  writers.  The  researches  of  Wright  and  Eiiff 
and  of  Salzberger  are  of  particular  value.  Wright  and 
Lulf  found  in  veratnim  viride,  jerviii,  cevailin  (crystal 
line  veratrin).  pseudojcrvin.  with  traces  of  rubijervin 
and  veratralbin.  Salzberger  found  in  V,  album,  jerviu, 
the  pseudojcrvin  and  rubijervin  of  Wright  and  Luff,  and 
two  other  bases,  protoveratrin  and  protovcratridin.  but 
no  veratrin. 

Tlie  ollicial  veratrin.  obtained  from  sabadilla.  and 
which  melts  at  about  1-lT'  C..  isaini.xture  of  two  iso- 
meric alkaloids — the  crystalline  veratrin  or  cevadiu  of 
Wright,  which  melts  at  20.j'  C  and  amorphous  veratri 
din.  melting  at  143-1-)S'  C.  Crystalline  veratrin  or  cc 
vadin  crystallizes  with  difficulty,  is  readily  soluble  in 
alcohol,  ether,  and  chloroform,  and  insoluble  in  cold 
water.  It  has  a  bitter,  disjigreeable  taste  and  excites 
violent  sneezing.  It  combines  with  acids  to  form  salts, 
which  are  generally  non-crystalline.  The  reactions  for 
the  official  alkaloid  and  crystalline  veratrin  are  substan- 
tially thes;une.  Sulfuric  acid  gives  a  series  of  colors — 
yellow,  orange  red.  carmine  red.  If  heated,  the  latter 
appears  at  once.  Hydrochloric  acid  produces  no  color 
iu  the  cold,  but  on  heating  a  fine  red  is  obtained  which  is 
quite  pernianent.  Sulfuric  acid  with  sugar  or  with  fur- 
fural gives  a  yellow,  changing  to  an  indistinct  green, 
dark  blue,  and  linally  to  violet.  Xilrie  acid  gives  a 
transient  rosi'  pink;  on  evaporation  and  moistening  with 
alcoholic  potash  a  brown  color  is  obtained. 

Physiological  Test:  A  minute  (|Uaiitity  of  veratrin  in 
jeeled  hypodcrmieally  in  a  frog  causes  vomiting,  slow- 
ing of  heart  beat,  and  contractions  of  the  muscles,  sug- 
gesting the  tetanic  convulsions  of  strychnine. 


.Tervin  forms  white  crystals  which  melt  at  '2;W  C,  and 
have  a  bitter,  acrid  ta.ste.  The  alkaloid  is  iion  sternuta- 
tory. It  is  readily  soluble  in  alcohol  and  chloroform, 
less  soluble  in  ether,  and  insoluble  in  cold  water.  .Sul- 
furic acid  gives  a  yellow,  changing  to  greenish- yellow 
and  greenish  brown  with  green  at  edges.  On  heating,  a 
mahogany  brow  n  appears  at  once.  Sulfuric  acid  with 
sugar  or  with  furfural  gives  a  brownish  color,  changing 
to  a  deep  blue  and  then  to  an  indistinct  violet.  Hydro- 
chloric acid  gives  no  color  in  the  cold;  on  heating,  a  yel- 
low is  obtained.  Nitric  acid,  followed  by  alcoholic  pot- 
ash, gives  the  .same  reaction  as  does  veratrin. 

E.xperiments  upon  animals  show  that  both  hellebores 
first  e.xeite.  then  paralyze  the  .sensory  nerves  of  the  skin 
and  of  the  mucous  incmbianes  of  the  nose  and  alimen- 
tary tract,  lioth  iispiration  and  the  action  of  the  heart 
are  first  accelerated,  then  retarded,  and  finally  paralyzed. 
The  symptoms,  which  usually  appear  soon  after  taking, 
are  burning  in  the  mouth  extending  to  the  stomach,  diffi- 
culty of  swallowing,  intense  nausea,  violent  vomiting,  and 
later  purging,  usually  accoiii])anie<l  by  tenesmus.  Great 
prostration  follows,  headache  and  giddiness  are  fre- 
quently iHcsent,  the  [lupils  are  slightly  dilaleil.  the  pulse 
is  feeble,  respiration  is  diflieult  and  sometimes  fails  en- 
tirely. Death  may  occur  from  heart  failure  or  from  ex- 
haustion caused  by  vomiting. 

Several  homicidal  cases  have  occurred  in  Europe,  not- 
ably iu  France,  but  the  only  cases  reported  in  this  country 
are  accidental.  Thirty-six  drops  of  the  tincture  of  vcra- 
trum  viride.  taken  in  divided  doses,  caused  the  death  of 
a  child  of  one  an<l  one  half  years.  A  teaspoonful  of  the 
tincture,  seventy-tive  dro]is  of  Tildcn's  fluid  extract, 
sixty  drops  of  Norwood's  tincture  in  divided  doses,  and 
an  unknown  (luantity  of  the  tincture,  taken  by  mistake 
for  whiskey,  have  caused  the  death  of  adults.  Kecovery 
has  follow  ed  the  taking  of  much  larger  quantities.  On 
several  occasions,  a  teaspoonful  of  the  fluid  extract  (H. 
C,  Wood)  and  a  tumblerful  of  the  tincture  have  l)ecn 
taken  without  fatal  results.  One-half  ounce  of  i>ow- 
<lered  white  hellebore  has  been  taken  with  recovery. 
No  death  from  veratrin  is  on  record.  The  different 
preparations  are  evidently  of  greatly  varying  strength. 
One  sixteenth  of  a  grain  nearly  caused  death,  while  re- 
covery has  occurred  after  taking  three  grains  in  a  lini- 
ment and  thirty  grains  of  the  crude  iilkaloid. 

The  treatment  of  a  case  of  poisoning  will  vary  with 
the  nature  of  the  symptoms.  Vomiting,  so  commonly 
present,  will  have  emi)tie(l  the  stomach;  if  it  has  not  oc- 
curred, it  sliould  be  induced  until  the  oliji'ct  is  reached, 
then  restrained.  Warm  drinks  and  external  warmth  are 
used  to  raise  the  temperature  and  opiates  tocontrol  pain. 
Alcohol  and  aromatic  spirits  of  ammonia  are  useful  in 
meeting  the  extreme  prostration.  The  latter  precipitates 
the  insoluble  alkaloids  and  thus  retards  absorption. 
Artilicial  respiration  may  be  required. 

Post-mortem  examination  discloses  the  intestinal  tract 
usually  congested  and  the  viscera  tilled  with  blood,  as 
occurs  with  many  other  ])oisons.  There  is  an  absence 
of  characteristic  appearances. 

For  the  recovery  of  the  poison,  the  contents  of  the 
stomach,  or  the  tissues,  after  sviitable comminution,  aredi- 
gested  on  the  water  bath  w  ith  aleohcd  aiul  acetic  acid  for 
some  time,  filtered,  and  the  alcohol  is  removed  by  evap- 
oration. The  residue  is  extraeted  with  water,  filtered, 
and  shaken  with  ether  to  remove  fatly  matters  and  ex- 
tractives. It  is  then  shaken  with  ehlorororin.  rendered 
alkaline  witli  sodium  hydroxid.  and  after  repeated  shak- 
ing the  chloroform  layer  is  separated  and  evaporated.  It 
is  generally  advisjdile  to  repeat  this  process  to  remove 
impurities,  and  on  c'va|ioration  the  veratrin  will  be  found 
sulliciently  pure  for  the  applii'atiou  of  the'  tests. 

Brouardel  isolated  from  a  corjise  of  eighteen  months, 
a  ptomaVn  which  was  extracted  from  alkaline  solution 
with  ethi-r.  It  gave  a  violet  c-olor  when  heated  with  sul- 
furic acid  aiul  a  cherry  red  on  hoiliiiL'  with  hydrochloric 
acid.  This  suggests  the  importance  of  confirming  the 
chemical  tests  by  the  physiological  test. 

Curtis  C.  Hoieard. 


626 


UKKKHKNCK    IIAMHKniK    (>K    llli:    Mi:il|i  Al.   SCIKXCKS 


III  II.  Ik. r<'. 
Il.'lii.  ral«.|.lu. 


HEMERALOPIA  AND  NYCTALOPIA.  ro»|H-<tlvrly. 
il.iv  vision  iii!i/il-''linilii)i",  nwi  Mi^'lM  yi>ii>i>=il'i!/ /iti'iiil 
«<■».  friini  i/iii iKi .  i\h\ ,  ii{,  iiijflil.  riKpcillvclv.  iiiiil  'Jv. 
vyv.  lire  imiii<-s  >is<il  liy  the  clclir  iiicilinil  \vrilcrn  in 
o|i|ii>!<ili'  sinsi's,  I.I  Ilir  uriiil  . unlusinii  iif  llic  lilcnitiin' 
of  llir  Milijrii  Kiill.i«ini;  lli|i|ii«nilrs.  Arisl.'llc.  iiiiil 
OiiU'ii,  allliiiii^li  in  >ii>|ii>>iliMn  In  iIh'  nsii);('  of  liitir  (Ircrk 
uiillmrs.'  n\<'liilii|iiii  is  ii  t'onililinii  in  wliicli  vlsinn  is  inni' 
panilivclv  hiiihI  nt  nij;lit.  ur  in  u  very  frrlile  li>,'lil.  '"H  is 
(li'ffclivi'  in  slnmn  ilii\li);lil ;  iinil.  convcrsclv.  lii'iiicnil 
t)|>iii  (iiM'il.  in  I'liiitniilisiint'lion  t.i  ny('ttil<>|iiii.  in  ii  sinj^lr 
imssii^'i'  in  liiiirn  -l  is  ii  iiiniiilinM  in  wliirli  vision  is  muli' 
liy  (lit\  Iiiiil.  Iinl  rnllsiilT  ilis|ir(i|iiii'iiiiimli'ly  at  niu'lil.  If 
rrrliiin  icoinlcil  (il)s<rvntiiins  arc  in  lie  ai(  i]il.il  as  iiiisl 
Worthy.  i(  woulil  sicin  nrirssiiiy  to  ailniil  lliat  lirn»nil 
opia  may  ociiir  iimlrr  two  tvpcs,  tlif  one  inarkcd  by  a 
(piasi  (linrnal  lliiciiialion  in  tin-  pcrccptivf  powir  of  tlic 
retina,  tlic  other  dirrclly  ilepemient  on  cliaii^res  inillunii 
nation.  Tims,  it  lias  been  stated  lliiit  the  aeiiliness  of 
vision  inei'eases  from  early  dawn  to  tlie  miildleof  the  dav. 
nii<l  diminishes  as  the  sun  di  <lines  toward  eveninjr. '  fall 
instil  its  minimum  as  lwilii;lil  deipens  into  ni^'ht.  or, 
Heeordini;  to  some  writers,  not  until  midiiijrht  ;  ■*  thai  the 
blindness  is  less  marked  in  tlie  early  dawn  than  in 
t\vilif;lit.''  and  that  in  HKiTiovated  cases  the  tiame  of  a 
eandie.  the  stars,  and  even  the  moonjiie  either  totally 
obmMired  or  are  sei'ii  as  throui;li  a  tliiik  smoki'  or  fog 
(Nachlnebel ').  As  a  rule,  however,  luminous  bodies  are 
seen  distinctly,  while  objects  at  a  lilllc>  distane.'  from  the 
lamp  appear  eiiviloped  in  deep  ;.'looni.  so  that  the  light 
of  the  full  moon  may  be  insullieient  to  enable  the  liemer- 
alope  to  sei'  his  way.'  By  eonientnilins;  the  light  of  a 
powerful  lamp  upon  the  book,  the  hemenilope  may  lie 
dble  to  read  laige  print :  in  other  eases  reading  by  artili- 
cial  light  is  iiiipi>ssible  '  That  the  falling  olT  in  vision  at 
night  is  clos<'ly  related  to  the  difeelive  illumination  is 
proved  by  the  fact  that  it  occurs  in  theilaytinie  on  enter- 
ing adark  room,  alllioiigh  with  some  persons,  asit  would 
seem,  in  a  lesser  di-gree  than  at  night."  Kxperimeiilal 
tests  of  the  vision  of  hcmeralopes.  by  varying  degrees 
of  illumination,  have  shown  that  it  begins  to  fail  under 
nearly  till'  same  conditions  as  with  normal  seeing  iicr- 
sons.  but  that  on  further  diminishing  the  light  the  falling 
off  in  vision,  as  nieasureil  by  the  size  of  the  test  objects 
which  can  be  disccrneil,- is  much  more  rapid."'  The 
hemenilope  rei|uires  also  a  relatively  long  tinu-  to  attain 
his  ma.\imum  of  visual  acuteness  on  going  from  full  day- 
light into  a  darUciii-il  room:"  on  thi'  other  hand,  some 
liemeralolHS  siilTer  from  da/./.ling  of  the  eyes  on  tirst  go- 
ing out  into  the  sunlight.''  The  condition  woulil  appear, 
therefore.  tobees,s<'ntially  one  of  dulled  perceptive  power 
(tin-jwr  irtiniT),  which  may.  in  certain  cases,  be  conjoined 
with  soim>  degree  of  retinal  irritability.  This  view  is. 
moreover,  in  accord  with  the  seemingly  well-attested  fact 
that  till-  same  eonibinalion  of  causes  may  give  rise  to 
hemeralopia  in  certain  persons,  and  to  niore  or  less  dis- 
tinctly marked  nycl.'ilopic  symptoms  in  others." 

Ilemenilopia  is  an  almost  constant  symptotn  in  certain 
affections  of  the  retina,  notably  in  retinal  degeneration 
with  stellate  deposits  of  pigment  {ntiiiitin  iiiymeiitaixi). 
in  syphilitic  retinitis,  and  in  incipient  detachment  of  the 
retina:  and  it  is  then  as.sociateil  with  particular  limila 
tions  of  the  visual  lield.  characteristic  of  the  special  reti 
nal  disease,  and  very  often  also  with  marked  falling  off 
in  the  aciileniss  of  vision  in  full  daylight  (see  llitind. 
J)i.'iiis,s  of).  Uarily  it  is  coni;enital.  and  it  may  then  be 
an  early  symptom  of  pigmented  retina,  or  ])erhaps  of 
retinal  deircneration  in  which  the  usually  characteristic 
pigmentation  may  be  absi'iit." 

Idiopathic  hemeralopia  has  been  oftenest  observed  as 
an  acute  epidemic  affection  attacking  lariie  numbers  of 
persons  living  under  nearly  identical  abnormal  condi- 
tions Oe  Sauvages  mentions  such  an  epidemic  as  hav- 
ing broken  out  among  the  soldiers  in  seveiiil  gain'son 
towns  liordering  on  one  of  the  smaller  rivers  in  the  south 
of  France,  not  far  from  Montpellier. '^  Dther  extensive 
epidemics  have  been  observed,  oceuring  almost  alw  ays  in 
lafjje  bodies  of  men  crowdetl  together  under  unfavorable 


hygienic  rnndiliniiR  conjoined  with  cxocKHive  expoKurc  to 
the  direct  inllueiice  of  strong  Hiinllghl  Thus  soldiers  in 
garrison,  going  habitually  Ironi  crowded,  and  ofiin  \ery 
dark.  i|uartirs  in  easiinali  s  to  drill  for  hours  together  oli 
conlined  and  unsheltered  parade  grounds,  wani.n  anil 
niarines  on  tropical  stations,  prisoners  employed  in  Ktoiie- 
breaking  or  other  outdoor  work  In  (ourlyaids  enclom'd 
by  high  whilewashiil  walls,  also  children  "in  greal  public 
orphan  houses,  have  been  especially  Kubjeet  to  these  vig|. 
talioiis.  while  theolllcers,  whose  duties  ordinarily  Involve 
much  less  cNposiire.  and  who  are  belter  nourished  ami 
lodged,  also  ihe  inhabilaiits of  garrison  towns,  have  gen- 
erally escaped.  Ilem.ialopia  has  been  described  as  eii- 
deinie  ineerlain  localities  in  the  Kast  and  West  Indies,  in 
linizil.  on  rice  plantations  in  China,  in  several  provinces 
of  Krance.  in  the  countries  bordering  on  the  Mediterra- 
nean, in  I'oilolia  toward  the  end  of  winter,  and  also  in 
midsummer  among  the  harveslers  of  bothse.ves;"  also  in 
the  Hussian  provinces  bordering  on  the  Hallic.  at  the 
period  of  the  very  strict  I.iiitin  fasts  of  the  (Jreek 
Church  '■  An  oulbreak  of  hemeralopia.  associated  with 
cases  described  as  nyctalopia,  is  reported  by  Canon  du 
Villards  as  having  been  observed  by  his  father,  in  IT'.IH, 
in  the  Piedmontese  army  while  encampid  at  a  high  ele- 
vation on  the  iAIount  Cenis  and  i.ittle  St.  liernurd 
passes.  '■ 

From  very  early  times  both  hemeralopia  and  nyctalopia 
have  been  attributed  to  "  redunil;incy  of  humors  in  the 
system."  Celsus  repeals  in  connection  with  night  blind- 
ness "  the  otiservalion  m:iile  by  Ilippocrales  regarding 
nyctalopia.'-"  that  it  does  not  occur  in  w  omiii  whoso 
menses  are  regular.  I)e  Sauvages  lays  stress  on  the  e.\- 
po.sure  incident  to  guard  mounting  by  day  and  niglit  in 
a  humid  and  nebulous  atmosphere."  Demours  particu- 
larly mentions  ixposure  to  the  night  air."  Hemeralopia 
is  called  moon  blindness  by  sailors,  and  is  attributed  by 
them  to  a  morliilie  inllucnci-  emanating  from  that  iilaiiel, 
especially  atTecting  such  i>ersoiis  as  eoiumit  the  impru- 
dence of  slei'ping  on  deck.  In  Brazil  it  has  been  de- 
scribed us  endemic  among  I  he  negroes:'-'  it  has  also  been 
said  to  affect  especially  persons  with  darkly  |)iginented 
eyes."  an  oliservation  which  was  made  by  Aristotle  in 
connection  with  nyctjtlopia.'-"'  Stellwag  observed  nu- 
merous ca.ses  of  night-blindness  occurring  in  an  asylum 
in  Vienna,  but  almost  exclusively  in  two  pavilions  which 
were  exposed  to  the  light  on  three  sides.-' and  he  cites 
this  instance  in  support  of  the  o|)inion  that  sleeping  w  itli 
the  f.-ice  turned  toward  the  window  may  be  an  exciting 
cause  of  the  affection.  On  shiiiboaid  it  is  often  associ- 
ated with  scurvy,  and  the  sjime  connection  was  observed 
in  the  war  in  the  Crimea.'-'  In  certain  epidemics  preg- 
nant women  have  been  especially  affectcil.'"  As  a  rule, 
whether  in  e]iiilemics  of  night  blindness  or  in  the  condi- 
tions prevailing  in  localities  in  which  it  has  been  observed 
as  endemic  at  certain  sea.sons  of  the  year,  also  in  most  of 
the  sporadic  cases  which  have  been  reported,  two  |)rinci- 
pal  factors  are  to  lie  distinguished,  namely,  imjiaired  nu- 
trition and  long-continued  exposure  to  strong  sunlight, 
often  inteusilied  by  reliection  from  large  bodies  of  water, 
snow,  or  sand;  and  it  ajipcars  most  rational  to  regard  the 
former  as  a  predisposing,  and  the  latter  as  the  chief  ex- 
citing, cause  of  the  affection.  8iiuulatioii  has  doubtless 
often  played  a  part  in  swelling  Ihe  number  of  supposed 
cases  in  outbreaks  which  have  occurred  in  garrisons,  on 
ships,  in  workhouses,  etc..  and  this  probability  must  lie 
considered  in  judging  of  some  of  the  remarkably  prompt 
cures  which  have  followed  very  diverse  plans  of  treat- 
inent. 

Of  the  objective  signs  of  hemeralopia,  that  upon  which 
the  most  stress  has  been  laid  by  military  and  naval  sur- 
geons is  a  considerable  dilatation  of  the  juipils.  generally 
most  conspicuous  at  night ;  also  the  sluggish  respons<-  of 
the  pupils  to  changes  of  illuinination.  Dryness  of  the 
scleral  conjunctiva  with  formation  of  scaly  patches,  a 
dulled  appearanceof  the  corneal  epithelium,  even  .xerosis 
of  the  conjunctiva  and  cornea,  also  conjunctival  hypenc- 
mia  with  lachrymation  and  photophobia,  a  staring  ex- 
pression of  the  eyes,  with  the  eyelids  widely  separated. 
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Iiiivc  all  lu'cii  noliciil.  csiiccially  in  ciiilcMiiic  lu'iiicniliipia; 
Imt  so  fur  as  oiiranii' cliiuiiris  iiavc  lucii  riiiiaiUiil.  llicy 
wimlii  srciii  to  l»'  ((anu'cti'il  latlicr  with  loiicdiiiilaiil  ilis 
lurbani'c'S  of  mitiition  lliau  directly  willi  tlu:  atTwIioii  of 
vision." 

Tin'  iliiralion  of  llic  alTrction  iji  ililTcnnt  cases,  or  as 
Stnteil  liy  (lilVcrent  observers.  Iiaslieen  varionsly  reporteil 
as  liniiled  lo  a  single  day  or  lo  a  few  days,  or  as  e.vleriil 
ills;;  lo  seviral  weeks  or  inonllis.  As  a  rule,  recovery 
speedily  follows  any  clianjie  wliieli  works  an  ameliora- 
lion  of  llie  two  roMililions  of  inipairi'd  iiiiliition  and  un- 
due exposure  lo  slronir  li.i,dit.  Relapses  nre  apl  lo  occur 
on  renewed  e.\posure  to  conditions  similar  lo  those  which 
have  given  rise  to  the  tirsi  attack.  " 

The  treatment  of  nii;lit  lilindncss.  as  also  of  day  blind 
ncss— in  both  of  which  coniiilions  the  name  nyi  talopia 
lias  been  used  with  little  or  no  discrimination — was. 
until  well  into  the  last  ci'ntury,  chielly  ih'pletive  and  de- 
rivative. Hlecdini;  fiom  the  arm  or  from  the  angle  of 
the  eye.''  cuppinir.  piiriration  ■•'  by  elateriiun.-'^  scani- 
luony."  etc.;  the  ailminist ration  of  emetics.''  diuretics, 
and  di;ipliorelics;^'  the  application  of  blisters  aiid  other 
counter  initanls  behind  the  ears^'  or  to  the  back  of  the 
nock;  crrhinesiuiil  niasticatories;^*  baths,  frictions.  e.\er- 
ciso.  and  {largles;"  in  e.\tienie  cases  trepamnng  the 
skull;'"'  vari<nis  applications  to  the  coniunctivn.  espe- 
cially of  an  ointment  made  from  the  jiiiies  exuding  from 
roasting  liver;  al.so  steaming  the  eyes  with  the  vapor  of 
wat<T  in  which  liver  is  boiling,  to  which  is  a<lded  the  rec- 
ommendation lo  eat  the  liver;-"  these  are  the  therapeu- 
tic measures  re<'ommeiided  by  the  earlier  and  later  (ireek 
and  Uoman  authors,  by  the  Arabian  writers  on  medicine, 
and  by  their  followers  down  to  ipilte  recent  times.  Se- 
clusion from  bright  sindight  and  aiiK'lioration  of  diet 
must  have  contril)\ited  incidentally  to  the  cure,  but  u]ion 
these  (loints  little  or  no  stress  was  laid.  In  modern  times 
a  short  conlinement  to  a  more  or  less  iierfi'clly  darkened 
room.^-  attention  to  any  concomitant  ]iathological  condi- 
tions, improvement  of  the  nutrition,  and,  above  all,  the 
removal  of  the  itaticnt  from  the  sphere  of  operation  of 
tlie  combined  causes  of  the  alTection,  have  taken  the 
place  of  the  heroic  jilans  of  treatment  formerly  in  vogue. 

Nyctalopia,  in  the  sense  of  seeing  exceptionally  clearl.v 
in  comparative  darkness,  has  been  observed  in  the  case  of 
prisoners  contined  for  a  considerable  ]ierii)d  in  dark  dun- 
geons ;^^  and  such  persons  are  said  also  to  sulTer  from 
daz;7.1in,g  of  the  sight  for  a  longer  or  .shorter  time  after 
being  set  at  liberty,  or,  in  some  instances,  to  have  cou- 
tiutied  iiermanently  day -blind. ■'■'  I'liysiological  or  path- 
ological variations  in  the  size  and  in  the  dilatability  of 
the  pupils  may  be  relatively  favoralile  to  night-seeing 
or  lo  day-seeing,  according  as  the  pupils  are  habitually 
larger  or  smaller  than  normal.  In  ametropia — whether 
myopia,  hypernietropia,  or  astigmatism — the  rc(juisite 
conditions  for  distinct  vision  are  generally  best  in  a 
strong  light,  owing  lo  the  incidental  eontraclion  of  the 
pui)ils  au<l  the  consecpient  jiarlial  supjiression  of  disturb- 
ing circles  of  confusion  on  the  retina>;  and  this  may  be 
also  the  case  in  turbidity  of  the  vitreous  or  in  dilfuse 
clouding  of  the  crystalline  lens,  in  which  conditions  the 
penetraling  power  of  strong  light  may  be  reiiuired  for 
fairly  good  vision.  On  the  other  hand,  in  certain  cases 
of  circumscribed  central  opacity  of  the  cornea  or  crystal- 
line lens,  vision  may  be  comparatively  good  when  the 
pupils  are  widely  dilated,  as  at  night,  and  very  bad  when 
they  are  strongly  <(intracted,  as  in  bright  siiidjght.  Nor- 
mally pigmented  eyes,  as  a  rule,  best  fullil  IheCondilions 
for  <lear  and  unda/zled  vision  in  strong  sunlight,  where 
ns  the  sight  of  persons  with  very  light  j)lue  eyes,  and  not- 
ablv  of  albinos,  is  generally  best  in  inodcrale  light.  l{et 
inal  irritation  following  prolonged  exposure  lo  direct  or 
retleeled  simlight  (snow  blindness),  and  especially  letlex 
irritability  of  the  retina  depen<lent  on  irritation  of  the 
teriuinal  ramitications  of  tin'  liflh  nerve  in  the  cornea  and 
iris,  are  marked  by  excessive  ami  often  painfid  conliac- 
tion  of  the  pupils  under  the  inllueiiceof  strong  li^dit.  with 
conseipient  inability  to  see  well  in  the  daytime  (photo- 
phobia).    It  is  a  curious  fact  that  nyctaloi>ia  (day  blind- 


ness) is  mentioned  by  medical  authors  several  centuri.'S 
bi'fore  the  detjnile  recognition  of  hemeralopia  (night- 
blindness),  and  it  is  still  more  remarkabli'  that  the  earlier 
teachings  rcgariling  the  etiology  and  treatment,  and  also 
the  name,  of  the  I'ormer  came  later  to  be  applied  lo  the 
hitler  alTection.  Excluding  cases  of  i>hotophobia  and  of 
central  opacity  of  the  cornea  or  crystallini-  lens,  the  con- 
ditions to  which  the  nami'  nyctalojiia  is  in  any  degree 
ajiplicable  are  icdiiced  to  certain  retinal  alTections  at- 
tendecl  with  irritability,  and  lo  the  few  imperfectly  re- 
poited  instances  of  <lay  blindness  following  l<ing  con- 
linement in  the  dark.  A  few  lirief  notices  exist  of  day- 
blindness  of  an  endemic  orepidemic  ty|)e.-'>but  no  recent 
instance  of  the  kind  has  been  reported. 
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HEMIANOPSIA  is  a  ctuidilitm  (jf  blimlness  limited  lo 
one  half  of  the  visual  tield.  Ilciiiinfiin  is  useil  as  a  syno- 
nym incorrectly,  as  it  signifies  vision  (not  bliii'lue.ss)  in 
one-half  of  the  visual  tieltl.  This  comiition  may  be  pres- 
ent in  either  the  outer  (temporal)  or  inner  (nasal)  half  of 
the  licltl  of  vision,  ami  may  alTeit  one  eye  altuic  tir  both 
eyes.  If  both  cyesare  alTecteil  like-nametl  halves  of  both 
may  be  involved— <  .</.,  the  left  half  of  both  eyes,  in  which 
case  the  condition  is  calleii  /iiiiiiii>ii/iiii)>i.i  /umiiitioji.'iiii  ;  or 
unlike  named  halves  of  both  eves  inav  be  invttlved — c.;/.. 
the  left  half  of  the  left  (\ve  ami  the  right  half  of  the  right 
eye,  in  which  case  the  condition  is  known  as  /iiIitdiii/iiiihis 
lion  ill  liiipniii. 

B.v  means  of  Fi^rstor's  perimeter  the  visual  lieltl  of  each 
eye  has  been  ilelermined  (Fig.  2."><1T).  It  is  fouiiil  to  have 
an  irregular  outline,  ami  tti  be  ilivitleil  intti  a  large  outer 
and   a  small  inner  ptirtion   by  a   line  ilrawn   vertically 
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tliriiiiL'li  till'  |ii>!iil  iif  llxiillnii  Tills  |H.iiii  (  Mill -poiiil- 
uilll  llli'  lllllrlllii  lllli'U,  Ulnl  lii'><  nil  till' iMiliT  KJilr  nl'  III)' 
flitnuirc  of  Ilii-  ii|i|if  nerve.  The  tw.i  iiiiier  llelils  really 
overliip  <iiie  iiiiiillier,  so  tliut  the  iictiml  initlini-  of  Ihu  eu- 
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liliies  eoiiiiiii;  fmiii  one  eye.  iinil  eon-(<'i|iieiill,V  u  |iiiit  of 
(he  relinil:  while  II  leHioii  utTectiii);  the  optie  nerve  jtM'lf 
involvfn  uccc-SMirily  the  entire  extcut  uf  the  retinu,  pro- 


^.^ 


*u    :u   w,^    f" 


/ 


'7' 

Tim* 


Fir,.  iWT.-Vlsuiil   Hel.l  .it   ILnli   K.\e; 


Uikiii  sepiinitelv.     Till'  verlknl    linos  n-prewnl  ihc  imtiioii 
lu'iiiluii«|islu ;  the  hiirlzolilal  llm>s,  in  rinM  heiiiliiiii>|<sl;i. 


I'f  the  vLsuiil  Ilelils  alTeetcd  in  left 


tire  visiiiil  lielil  j>f  holli  eyes  is  llial  represeiiteil  in  Fisr. 
2."i98.  It  lieeoiiies  evident  fioin  lliis  tiirnie  thai  llie  loss 
of  one  nasjil  half  of  the  visual  tield  is  nor  appreciated  liy 
any  one  unless  the  unalTeited  eye  is  closed.  This  fact  is 
ol  importance,  as  it  is  evident  that  a  nasjil  lieiiiiaiiopsia 
is  a  syniploni  which  may  not  lie  noticed  by  a  jialienl.  and 
hence  must  lie  looked  for  liy  the  physician.  The  iinciiual 
si/e  of  the  two  portions  of  each  visual  lield  is  so  marked 
that  in  an  homonymous  hemianopsia  the  patient  ii.suully 
asciiliesthe  blindness  wholly  to  a  delect  in  the  eye  whose 
larirer  portion  is  alTected.iiiid  a  careful  medical  examina- 
tion is  necessary  to  establish  the  existence  of  a  bihUoral 
alTection. 

To  determine  a  patient's  visual  tield.  each  eye  is  to  be 
tested  scpai-atcly.  The  patient  holds  a  card  before  one 
eye  and  looks  ihe  examiner  in  the  eye  willi  the  other. 
Any  object,  jircfendily  a  white  one.  is  then  moved  about 
in  the  visual  tield  of  the  eye  which  is  uncovered,  and  the 
jiower  and  extent  of  indirect  vision  is  thus  determined. 
If  hemianopsia  exists  the  patient  will  be  unable  to  see 
the  object  when  it  is  within  the  tield  of  vision  which  is 
defective,  or  when  it  is  carried  beyond  the  vertical  line 
passini;  throuvdi  the  tix.ilion  point  toward  the  defective 
side.  More  aeiunitc  measurcmcnls  may  be  made  by 
means  of  a  perimeter,  bill  the  method  described  is  sulli- 
oient  to  establish  the  existence  of  blindness  in  one-half  of 
the  visual  tield.  In  no  case  of  hemianopsia  is  direct  vis- 
ion at  the  tixation  point  alTccted.  ^ 

Since  the  lens  of  the  eye  reverses  the  imajre  of  the  ob- 
ject seen  upon  the  retina,  each  half  of  the  visual  tield 
corresponds  to  the  opposite  half  of  the  retinal  cx|i,insion. 
A  hemianopsia  therefore  imlicates  a  .suspension  of  func- 
tion in  the  half  of  the  retina  opposite  to  the  defective 
visual  lield.  Such  a  functional  derangement  of  one-half 
of  the  retina  is  rendered  possible  by  the  origin,  course,, 
and  distribution  of  the  nerve  libresin  the  optic  nerves,  as 
seen  in  Fig.  'i'l'.tit.  Kach  optic  nerve  is  seen  to  pass  from 
the  eyeliail  back  to  the  oiilic  chiasm,  and  there  to  divide 
into  iwo  ]iarts.  One  of  these  turns  outward  and  joins 
the  optic  tnict  of  the  sjime  side.  The  other  cros,ses  th(! 
nicilian  line  in  the  chiasm,  decussaiing  with  its  fellow 
from  the  opposite  optic  nerve,  and  joins  the  optic  tract 
of  the  opposite  side. 

The  anatomical  separation  of  the  fibres  from  one  optic 
nerve   renders   it    possible  for  a   lesion   situated   in  the 


during  amaurosis,  not  hemianopsia.  It  is  found  that  the 
portion  of  the  retina  lying  to  the  outer  side  of  thelixalion 
lioinl  is  joined  with  the  libris  of  the  <iptic  nerve  which 
|iass  directly  into  the  optic  tract  of  the  same  side;  while 
till' inner  portion  of  the  lelina  siiids  its  libres  across  the 
median  line  in  the  (lccus.s;ilion  (Fig.  '2'MI).  It  has  been 
already  shown  that  the  nasal  portion  of  the  retinal  cx- 
|iansi(iii,  corresponding  to  the  temporal  half  of  the  visual 
lield,  is  larger  than  the  other  portion.  The  number  of 
fibres  in  the  o]itic  nerve  which  decussiite  is  grealir  than 
the  number  which  do  not  cross  the  nieilian  line.  The 
ratio  of  uon-decussjitingto  decussating  libres  in  the  optic 

L.E. 


FIO.  2.i98.— OulUne  of  the  Entire  Visual  Field  of  Both  Eyes. 

nerve,  in  any  animal,  is  directly  proportionate  to  the  ex- 
tent of  the  visual  tield  common  to  both  eyes.  Thus  in 
the  horse,  or  the  rabbit,  in  w  horn  there  is  no  part  of  the 
visual  lield  which  is  common  to  both  eyes,  the  decussa- 
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tioii  iif  llio  oplic  lil)ri'S  is  total.  In  dnirs.  cuts,  iimiikovs. 
and  nmn.  in  wliom.  to  a  less  or  jri'i'aliT  ilc^jircc.  the  eyes 
arc  ilircclcd  in  parallel  lines,  the  decussation  is  partial. 
In  a  ralibit  or  lior.se  hemianopsia  is  impossible.  In  the 
other  animals  named  it  is  oliserved. 

Unilateral  hemianopsia  is  prodnced  liy  lesions  affecting 
the  optieiliiasm  only.  If  the  lesion  lies  on  the  outer  side 
t)f  Ihecliiasm  it  pni- 

duces    nasal    henii  ft  P.*' 

anopsia  on  tin'  side  .1./  l"-^- 

of  the  lesion.  Thus 
a  tumor  pres.siii'; 
upon  point  A  in 
FifT-  2'"'"-'!'  would 
produce  lilindness 
in  the  temporal  lialf 
of  the  li'lt  retina, 
and  hence  nasal 
Lemianopsia  in  the 
left  visual  lield.  II 
the  tumor  lies  in 
front  of  or  behind 
the  chiasm,  or 
prcs.si'S  upon  it 
from  above  or  be- 
low in  such  a  man 
ner  as  to  involve 
the  decussating 
strand  of  libres  ei- 
ther before  or  after 
they  have  crosseti 
to  the  (>])positc  side. 
it  w  ill  cau.se  a  tem- 
poral hemianopsia 
(7inKi,S.  2599).  As 
it  is  impossible  to 
determine  whether 
the  tibresare  ulTect- 
ed  before  or  after 
decussation,  no 
statement  as  to  the 
side  upon  which  the 
lesion  lies  can  be 
made. 

Bilateral  h  e  m  i  • 
ano]>sia  is  far  more 
common  than  uni- 
lateral. It  may  be 
of  several  varieties. 
Bilateral  nasal 
hemianopsia  im- 
plies a  deslruciiou 
of  the  direct  optic 
libres  on  both  sides. 
the  decussating 
fibres  being  unaf- 
fected. Such  a  case 
lias  been  observed 
by  Knapp,  in  which 
a  tumor  surrounded 
the  chiasm,  press- 
ing ui)on  its  sides, 
but  not  affecting 
its  cent  re.  Bilateral 
t  e  m  pora  I  hemi- 
anopsia is  a  nire  condition,  and  is  produced  only  by  a 
lesion  which  divides  the  chiasm  through  its  antero- 
posterior diameter  without  alTecting  its  lateral  halves, 
thus  destroying  both  decussjiting  slnuuis.  It  has  been 
observed  in  a  few  cjuses  of  tumor  of  the  hyiiophysis. 

Bilateral  homonymous  hemianopsia  is  a  not  uncommon 
condition,  and  may  be  i>roduce<l  liy  many  causes,  and  bv 
lesions  situated  in  many  varii>us  parts.  This  will  be 
better  understood  after  the  course  of  the  ojilic  tracts  has 
bi'cn  followed  to  their  terminations  in  the  visual  area  of 
the  cerebial  cortex  (Fig.  aQitO),  since  a  lesion  at  any  jioiut 
in  this  course  will  produce  the  symptom  named."  Each 
optic  tract,  after  leaving  the  chiasm,  passes  around  the 


crns  cerelni.  lying  directly  upon  the  libres  which  pass 
through  the  foot  of  the  crus(pes  pedunculij,  and  ends  on 
the  level  of  the  tegmentum  of  the  crus  in  the  I'.xtemal 
geniculate  body,  in  the  pulvinar  of  the  oplic  thalamus 
{i.e.,  the  iMninence  forming  its  posterior  surface),  and 
in  the  corpora  (|uadngemina  anicriora,  which  lattcr'it 
reaches  liy  the  brachiuui  conjunclivum.     The  last  nan\ed 

libres   of    the   optic 


y^ 


Fig.  2.ii>9.— The  Visual  Tract.    The  n-sull  of  a  lesiiiii  iin.vwhen'  between  the  ohlusm  and 
cuneiis  Is  10  cause  homon.vinuus  hemiani>psia.    III.    Thin!  nerve;  S.  N.,  subsUinlia 
niKra;  11.  N.,  red  iiui'leus  of  tejfmentum ;  ' 
to  corix.tni  (]uadrlgt* iiiiiia. 


tract  have  ])robably 
nothing  to  do  with 
con.scious  vision, 
anil  may  therefore 
be  excluded  from 
consideration  iu 
studying  lieniian- 
ojisia.  They  foim 
the  sensoiy  part  of 
a  rellex  arc.  whose 
motor  part  is  made 
uj)  of  the  motor 
nerves  to  the  eye- 
balls. The  func- 
tions of  this  reflex 
merlianism  are  to 
direct  the  motion  of 
the  eyeballs,  and  to 
regulate  the  process 
of  acconunodation 
and  the  size  of  the 
pupil.  The  pri- 
mary visual  centres 
are,  therefore,  the 
external  geniculate 
body  and  o]itic  tlnil- 
amus.  The  libres 
of  the  ojjtic  tract 
end  in  the  cells  of 
t  hese  ganglia,  and 
from  these  cells 
n  e  w  ti  b  res  arise 
which  collect  in  a 
large  tract  and  issue 
from  the  posterior 
external  angle  of 
the  optic  thalamus 
into  the  po.sterior 
third  of  the  internal 
lajisule.  This  vis- 
ual tract  turns  up- 
ward and  backward 
in  the  internal  cap- 
sule, radiates  into 
tlie  centrum  scini- 
ovale  of  the  occipi- 
tal lobe,  and,  pass- 
ing around  the 
outer  border  of  the 
])oslerior  horn  of 
the  lateral  ventri- 
cle, terminates  in 
the  convolutions  of 
the  occipital  cortex, 
L„  lennilscus;  T.  G.,  Bbres  from  optic  tract    including  llic  cunc- 

us.     At  no  point  iu 
this   course    is   any 
decussation   found.     The  only  ilecussation   of  fibres  be- 
tween the  eye  and  the  cortex  is  in  the  optic  chiasm.' 

Bilateral  homonymous  hemianopsia  may  be  caused  by 
a  destructive  lesion  lying  anywhere  in  the  course  of  these 
libies  between  the  optic  chiasm  and  the  occipital  cor- 
tex, or  by  a  lesion  in  the  cortex  which  destroys  the  per- 
ceptive centres  in  which  the  libres  end.  Wherever  the 
lesion,  the  character  of  the  symptom  will  l>e  the  sjime. 
Fron\  the  accompanying  sym]>toins.  il  is  in  some  ca.scs 
possible  to  locate  the  lesion  causing  the  hemianopsia. 
Thus,  if  the  optic  tract  is  involved  as  it  curves  around 
the  crus  cerebri,  the  same  lesion  which  causes  the  hemi- 
anopsia will  be  likely  to  affect  the  motor  tract  in  its  pas- 
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II  I'llllil  III! 

il<'nil|ili': 


III. 


(Uiftc  lliroiifch  till'  pen.  or  to  iiiviilvc  tin-  lliini  iitTVo  in  ils 
I'xit  rniiii  till-  |>fs.  Ill  tills  riiM'  li>'iiiiuiiii|isiii  iiiul  lii'iiii 
|>li';{iil    iif   ciiir   sidr,    with    orillci  iiiiilnr    |mnil_vsls  iif  tlir 

(illiiT  Niclr.  will  III' ('iiiiiliitii'il.     Or.  If  till' trriiiiiiatl if 

till'  iiplii'  tnU't  ill  till-  Krllirllliltr  hmlv  iiikI  tlllllllllllis  l.s 
iiiviilvi'il  tlm  Irsioii.  iiiilrss  i\l iciiiily  liiiiiliil.  will  iilTirt 
tllr  S4'lls<ir_V  Inirt  friilll  lllr  cippiisili'  sillr  iif  lllr  IhmIv  ill 
il.t  piis.>«i|;<'  lliriiii^li  till'  Ifmiiriiluiii  iif  till-  cms.  nr  in  llir 
piisi.iiiir  |Mirli<)ii  nf  tin-  iiiliTiiiil  ciiiisiili-;  iii.il  in  tliis  cusi' 
liriiiiunii'Stlirsiii  and  liriiiiiitaxiii  will  lie  ii.s.Hiiriiilril  willi 
lii'iiiiiinii|isia.  i>r.  if  llic  visual  Iniit  in  its  |mssai;r 
lliroii^li  tlir  iiitcriiiil  liipsiili'is  iiiviilvcd  liy  ilisi'iisc  in  tlir 
liii.siil  KiiiiKlia  i>r  in  tlic  rapsiilr.  llir  pro.viiiiity  «(  lintli 
s<ns<iry  itiiil  iimlor  tnicis  in  tlir  capsiili-  will  ninlrr  a 
loiiiliiiiatiiiii  of  lu-iiiiaiiiip-iii.  Iiciiiiana'sllicsia.  and  liciiii 
pli'Cia  i|uitr  pri>lialil.-  Tliis  is  tin- m  nl  nf  llir  lisimi  and 
this  is  till'  ('iinil>inati<iii  i«f  syiiiptunis  nmsl  firiiucnlly  oli 
wrvrd  (SIT  /tniiii  lUfi'iivi:    Dini/noKiK  nj'  /^iful  lAKiiinn). 

Li-sidiis  in  till-  <  rut  rum  ovali-  invcilviny;  tin-  optic  nidi- 
ntiiiii  limy  imt  piddiui-  any  ntlii-r  symplnm  than  that  iiii 
(It-r  dist-rissidii.  If  it  is  tin-  li-ft  hc'iiiisplii-rc.  Imwi-vi-r.  in 
wliii-li  llif  dis(-asc  is  pri-sint.  a  ciinililidn  nf  wmd  lilind- 
nes,s  (st'i-  .l/i/i<(»/''i)  is  not  iiifn-i|iu-nlly  assncialrd  with  it ; 
mill  in  all  ihccasi-s  of  word  lilindniss  liillurto  n-porli-d 
ht-niiaiiopsjii  has  licni  foiinil.  'Phis  is  prolialily  dm-  to 
till'  (It-stniction  of  as.soc-iation  libivs  iR-twt-i-n  the  ot-i-ipilul 
aiul  temporal  lobes  wliieh  lie  side  by  side  with  the  visual 
tnut. 

1.^-sions  inthecorti-x  of  the  oi-cipital  lobe  produce  no 
other  symptom  than  hemianopsia.  It  is  impossible  to 
limit  the  visual  an-a  of  tin-  brain  to  any  one  part  of  the 
lobe,  since  destriu-tion  of  a  portion  of  the  eonvexily  has 
prixluced  tin-  s;uiu-  result  as  deslriK-tion  of  its  median 
surface-  Nor  is  ii  jiossible  to  project  upon  the  cortex 
the  n-liiial  expansion,  as  has  been  attempted  by  Miink, 
since  lesions  in  all  parts  of  the  occipital  convolutions  pro- 
duce the  same  elTeet. 

I.(-siiiiis  in  thi-ani;ular  sryrusmay  iirodiu-e hemianopsia, 
and  it  is  well  known  thai  Ferrier  has  lo<-al(-<l  in  this  con- 
volution the  visual  centres.  It  is  probable  that  such 
lesions  have  caused  I  he  symptom  by  alTcctini;  the  visual 
tract  as  it  passes  bcm-atb  this  gyrus  intlie  centrum  ovale. 
There  is  no  reliable  evideiici- that  a  unihileral  li-sion  in  the 
cortex  can  produce  blindness  of  one  eye  alone. 

Ileniiaiiopsia  is,  therefore,  a  local  symptom  of  brain 
disease  of  great  value  in  determining  tin- situation  of  a 
lesiou,  when  considered  in  connection  with  other  symp- 
toms. The  symptom  alone  alTords  little  evidence  of  the 
naturcof  the  disi-ase  priMlucini:  it.  siiu-i-  it  may  be  caused 
by  any  of  the  various  forms  of  bniin  lesion  (see  Bruin). 
It  has"lH-en  observed  in  (-ases  of  basilar  meningitis,  in  tu- 
mors of  the  occipital  lobe  and  basid  pinjrlia.  in  hemor- 
rhage and  softening  involving  the  internal  capsule,  and 
in  embolism  of  the  terminal  branclu-s  of  the  posterior 
cerebral  artery,  and  of  the  trunk  and  jiosterior  branch  of 
the  middle  cerebral  artery,  as  well  as  in  other  rarer  con- 
ditions. 

The  diagnosis  of  the  symptom  may  be  made  by  an  ex- 
amination such  as  has  iiccn  ili-s(-rili(-d.  The  prognosis 
and  treatment  of  it  w  ill  depend  entirely  upon  the  nature 
of  the  disease  protlucing  it.  M.  Allen  Starr. 

'  Von  Mniinkow:  .\n-li.  f.  P.svchialrle.  xlv..  miS-T.'jn:  xvi.,  l.'il-ain. 
Wemli-k>-:  I,i-lirl>ui-li  ili-r<ii-lilriikr»nklii-ii.-n.  ltd.  I..  S.  T!i-.s4. 

'iiiinpan- riLsi-s  of  Hiiali  wUh  those  "[  Krilw-li  iind  Wt-vlplml  ilu-<l 
by  Starr:  Visual  .\rea»>f  tin-  Itniiii.  .Kmt-rli-an  JiairnaW>f  the  Medical 
S<*it-in-es.  Jannan-,  ISS4 ;  aii<t  ilii-se  with  Seffiiin's  rase.  .loiima)  of 
Mental  and  .Nervous  lilst-ase,  January,  issii.  full  blldioemphies  aR- 
lo  be  fount!  in  thi-seartieles. 

HEMICRANIN  is  a  mixture  of  phcnacctin  five  parts, 
and  one  part  each  of  cafTeine  and  citric  acid. 

ir.  .4.  Battedo. 

HEMIDESMUS.— HF.MiDESMrs  R.\dix.  Indian  Sarm- 
jKfnU'i.  ••  The  dried  root  of  IJemidt.viiu/i  indinm  R.  Br." 
(B.  P.)  (Kam.  Asfhpindaati).  The  plant  is  a  slender, 
twining  shrub,  native  of  India.  The  (lescrii>tioii  in  the 
British  Pliarmacopo'ia.  inlowliich  it  is  introduced  appar- 
ently out  of  compliment  to  the  Indian  physicians,  is  as 


follows:  "The  riHii  |h  long,  rigid,  iieurly  eylhidriuul.  tor- 
tuous and  longiliidinally  furrowed.  It  w-ldoni  exeeed«f 
of  an  iiK-li  id  nun  i  in  thi(-kiies.H  iind  is  of  a  retldlMli  biouii 
or  ilark  brown  color.  •  In  one  side  of  tin-  root  the  cork  Ih 
frei|iieiitly  separated  from  and  raised  above  the  (-ortex. 
and  is  tninsversely  tlssiired  The  Ininsverse  sei-tion  ex- 
hibits niinieroiis  latieiferoiiscells  in  lliecorlex.  The  riHit 
liai  a  frairtant  odor  and  a  soiiK-wliat  sweet  lasle."  A 
vyrup.  made  from  one  oiiiu-i- of  heinidesmiiH  to  ten  and 
line  half  oiiii(-es  of  nieiistiuiim.  is  tist-d  in  Knglaiiil. 

The  medicinal  properties  of  liemiili-sinus  are  said  to  ho 
llioM-  of  sarsaparilla.  in  the  stead  of  which  it  is  iiM-d  ill 
British  India;  in  Kiirope  or  in  thiscoiinlry  it  is  nirelv 
used.  Its  coinposilion  lias  not  liei-n  fairly  studied,  but  (t 
is  safi- to  say  that  nothing  physiologically  very  pei-uliar 
or  active  is  contained  in  it.  .\ii  odorous  principle,  per- 
haps cumarin.  has  been  partially  examined.  The  syrup 
in  which  it  isprepari-d.  like  that  of  sarsapatilla.  iss<-aicely 
more  lliaii  a  tlavoritig  vehi(-le.  llennj  II.  Itunliy. 

HEMIPLEGIA  ('/ut<nx,  "the  half."  and  T:/i/nnu.  "I 
strike-  "1       I'ai.ilysisof  one  half  of  the  body. 

Cm  sKs — lli-niiplegia.  as  ordinarily  si-i-n,  is  usually  the 
tiiial  result  of  an  apo|ilectie  stroke,  from  cerebnil  lieinor- 
rliagc-.  embolism,  or  thrombosis.  The  stroke  is  often  at- 
tended by  loss  of  consciousness  and  profound  paralysis, 
but  if  the  |)alicnt  live  the  paralysis  gradually  les.sens  and 
leaves  the  tinal  lu-miplegic  slate.  In  some  instances  tin.- 
paralysis  is  not  ushered  in  in  such  stormy  niauner.  but 
increases  gradually  for  a  day  or  two.  eith<-r  with  or  with- 
out loss  of  consciousness.  The  early  symptoms  are  the 
expression  of  shock  to  a  larger  or  smaller  part  of  the 
brain,  of  ])ressure.  and,  sometimes,  of  inllammation  of  the 
tissues  adjacent  to  tin-  lesion,  as  well  as  of  destruction  of 
brain  substance.  The  final  .symptoms lire  the  expression 
of  destruction  and  di-generation  of  brain  tis-siie. 

Ilemiph-gia  may  also  come  on  slowly,  causc<I  by  a 
brain  tumor,  brain  abscess.  chi"onic  softening,  nieniiigitjs, 
etc.  In  these  instances  the  <-lini(-al  ])icture  may  be  com- 
plicated by  a  sudden  paralysis  from  hemorrhage  or 
Uironibosis  in  the  iliseascd  area,  or  the  like. 

What  lias  already  been  spoken  of  is  organic  hemiplegia, 
due  to  destrticlion  or  injury  of  the  motor  centres,  or  the 
cortico-muscular  tract,  thatis.  tin;  tract  of  fibres  carrying 
impulses  from  the  motor  centres  to  the  muscles.  But 
hemiplegia  also  occurs  without  palpable  lesiou.  Notably 
this  is  true  of  hysterical  hemiplegia. 

M.vNiFEST.vTiiiNS. — The  paralytic  manifestations  arc 
variable.  Shortly  after  an  apoplectic  attack,  if  it  be 
severe,  most  of  the  musdi-s  on  one  side  of  tli<-  body  are 
paralyzed.  The  arm  and  leg  are  entirely  powerless. 
The  "miisc-les  supplied  by  the  lower  branches  of  the 
seventh  nerve,  those  of  the  check  and  mouth,  are  com- 
pletely paraly/ed.  That  side  of  the  face  is  expr(-s.sion- 
less.  and  the  iiioiith  may  be  drawn  toward  the  other  side. 
But  the  muscles  supplied  by  tin- upper  br.-inches  of  the 
seventh  nerve — the  orbicularis  palpebniruin,  occipito- 
frontalis.  and  coiriigalnr  su|)ei-cilii — an-  as  a  rule  but  lit- 
tle alTected.  The  tongue  may  reiiiaiii  luolioiili-ss  in  the 
tloor  of  the  mouth.  When  protruded  il  delh-cts  to  the 
paralzyed  side.  The  muscles  of  the  chest  are  usually 
somewhat  aflfected.  and  the  bn-athiiig  is  K-ss  deep  on  the 
paralyzed  side.  The  writer  has  found  the  latter  symp- 
tom an  aid  to  diagnosis  of  both  the  jiresence  and  the  side 
of  hemiplegia  in  cases  in  which  the  coma  was  so  pro- 
found that  it  was  impossibli-  to  ilii  it  any  sign  of  power  on 
either  side.  On  the  other  hand,  .some  muscles  almost  in- 
variably escape  injury.  These  are  the  muscles  supplied 
by  the  third,  fourth,  fifth,  and  sixth  nerves— those  of  the 
eyeballs  and  of  mastication— and  the  muscles  concerned 
ill  swallowing  and  vocalization.  The  articulation  is 
usually  somewlua  indistinct  for  a  short  i>eriod.  or 
there  "is  a  loss  nf  spei-ch— aphasia.  Aphasia  occurs 
mostly  with  riclit  hemiplegia  (in  right  handed  individ- 
uals)." P.ut  even  indistinctness  of  speech,  when  there  is 
no  aphasia,  is  often  more  marked  in  right  than  in  left 
hemiplegia. 

The  high  degree  of  paralysis  just  described,  though  in 
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nire  iosliinrps  it   remains    pornmnpntly.   is  iisiinlh'   of 

slii>rl  iliinilioii.  The  punilvsis  of  lln'  iiuisflfs  of  tin- 
tiiiiik  ami  of  tlio  toii>;iu-.  iiiiil  llie  indislinctncss  of  iir- 
ticulaliim  tisinilly  disiipiicar  at  an  carlv  period.  The 
facial  paralysis  also  diiiiiiiislies,  sonu-tiiius  di.sjippiiirs 
alloj;<''lii'r.  The  paralysis  of  llic  arm  is  usually  most 
profounil,  and  slowisl  lo  improve. 

The  liiniiplriria  of  u  later  period  is,  as  a  rule,  to  be 
found  only  in  the  lace  ami  exireniilies,  lliouirli  sometimes 
the  lonirne  eontinms,  wliiii  protruded,  to  delleel  lowanl 
the  iianilyzed  side.  If  the  faeial  paralysis  he  sliirlit.  it 
will  lie  oliserveil  that  the  nasolahial  fold  is  less  marked 
than  on  the  sound  side,  thai  the  upper  lip  is  less  arehed. 
and  the  anirle  of  the  mouth  ilroops  somewhat  on  the  af- 
feeted  side.  A  sliirht  paiidysis  lieeonus  more  m.irUed 
when  the  ninseles  are  actively  e.vereised.  as  in  smiliiij;. 
exposiuii  the  teeth,  etc.  Not  rarely  the  elTort  lo  e.vpose 
the  teeth  will  reveal  a  deeideil  faeial  paralysis,  while 
laugliini:  will  show  none  whatsoever — prolialily  a  p.syehie 
reflex  act  on  the  part  of  the  thalamus.  The  ojiixisite.  the 
appearance  of  a  more  decided  paralysis  with  laughter 
than  with  voluntary  movements  of  tlie  face,  is  observed 
in  i-are  instances,  probably  indicating  lesion  of  the  tlmla 
mus.  lu  the  extremities  usually  certain  groups  of  mus 
des  are  most  liUely  to  be  paralyzed,  or  most  deeply 
alTected,  e.)/..  extensors  of  the  tingers.  supinators,  tra- 
pezius muscles,  anterior  tibial,  and  peroneal  group  of 
muscles,  and  flexors  of  the  Unees.  As  a  rule  the  hands 
aiul  feet  are  more  aflected  than  the  higher  parts  of  the 
extremitii's.  The  skilled  movements  of  the  lingers  are 
most  affected.  In  walking  a  dragging  of  the  toes  on  the 
panilyzed  side  is  often  observed. 

In  ea.ses  of  permanent  hemiplegia,  especially  if  the 
paralysis  be  considerable,  after  a  few  weeks  contracture 
of  the  paralyzed  muscles  usually  occurs,  a  condition 
termed  late  rigidity.  lu  a  well  marked  case  we  shall  find 
the  arm  drawn  toward  the  chest,  the  forearm  lle.xcd  on 
the  arm  and  jironated,  and  the  fingers  flexed ;  in  the  in- 
f<*rior  extremity  all  the  joints  extended,  and  the  foot  in 
the  position  of  talipes  e(iuino-vanis.  The  rigidity  is 
usually  .L'leatcr  iii  the  upper  than  in  the  lower  exlreinity. 
In  rare  instances  we  find  extension  of  the  joints  of  the 
arm  instead  of  flexion,  or  flexion  in  the  lower  extremity 
instead  of  extension.  Sometimes  the  nuiscles  of  the  face 
are  also  alfccted:  then  the  nasolabial  fold  becomes 
deeper,  and  the  angle  of  the  mouth  elevated  on  the  af- 
fected side.  In  extreme  eases  the  rigidity  is  more  or  less 
constant ;  btif  usually  it  is  much  less  than  in  the  instances 
above  descriljed.  and  it  is  then  increased  by  voluntaiy 
efl'orls  to  move  the  parts,  or  by  emotional  excitement, 
while  it  is  diminislieii  or  absent  during  sleep.  In  some 
cases  the  rigidity  improves  very  much  with  time,  so  that 
it  is  oidy  observable  during  acts  rcipiiring  spc<ial  skill. 

Hemii)ligics  often  succeed  in  walking  with  the  aid  of 
a  cane,  even  though  the  leg  be  completely  jiaralyzed, 
es]iccially  if  the  limb  be  at  the  same  time  rigidly  ex 
tended.  In  this  case  the  jielvis  and  hip  of  the  paialyzeil 
side  are  elevated  by  the  contraction  of  the  abductor  inus 
cles  of  the  thigh  on  the  sound  side,  and  the  foot  is  then 
propelled  forward  by  the  action  of  the  inward  rotators  of 
the  healthy  limb,  the  toes  usually  scraping  the  floor  dur- 
ing the  forward  movement.  The  body  now  rests  partly 
upon  the  foot  of  the  paralyzed  limb,  partly  on  the  cane, 
held  in  the  hand  of  the  sound  side,  the  centre  of  gravity 
being  between  them  while  the  healthy  limb  is"  being 
brought  forward. 

In  iiermancnt  hemiplegia  the  deep  reflexes  are  usually 
very  much  increased.  The  knee  jerk,  elbow  jerk,  wrist 
jerk,  etc.,  are  exaggerated  and  the  ankle  clonus  can  be 
elicited,  which  is  ahuost  never  found  in  healthy  individ- 
uals. The  dee])  reflexes  may  even  be  exaggerated, 
though  to  a  less  degree,  on  the  non-paralyzed  side.  But 
it  is  also  true  that  the  latter  side  may  be  weaker  than  be- 
fore the  paralysis  set  in.  There  is  often  some  alteration 
in  the  condition  of  the  superficial  reflexes.  Oidv  one  of 
till'  latter  has  much  diagnostic  import,  the  toe  phenome- 
non, recently  described  by  Babinsky.  The  usual  plantar 
refle-x  is  llexiou   of  the  toes.     Babinsky  observed   that 


when  there  is  disease  of  the  pyramidal  tracts  stroking  the 
sole  of  the  foot  produces  extension  of  the  big  toe.  Care 
is  usually  necessary  to  get  the  iiroper  response.  The 
patient's  mind  sliouhl  be  distracled  if  ]iossible,  and  then 
a  stroke  slowly  made  from  the  heel  toward  the  toes.  A 
not  pointed  pencil  answers  very  well  for  making  the 
stroke.  This  sign  has  not  the  full  signiricanee  of  the 
ankle  clonus,  because  not  so  commonly  found,  yet  it 
may  have  a  greater  diagnostic  value.  becaus<'  it  may  be 
found  very  soon  after  the  paralysis  sets  in.  while  one  or 
several  weeks  elapse  before  the  ankle  clonus  can  be  elic- 
ited. In  several  instances  the  writer  has  found  the  toe 
phenomenon  within  one,  orat  least  a  few,  hours  after  the 
onset  of  an  apoplectic  stroke. 

Otli<r  motor  phenomena  are  observ<Ml  more  or  less  fre- 
iiuently,  the  jirobable  results  of  irrit.'ition  of.  or  lessened 
inhibition  in,  the  motor  areas.  (Jfteii  there  isa  movement 
of  the  paralyzed  arm — hand  lifted  to  the  head  or  the  like 
— in  yawning,  etc.  A  slighter  movement  in  the  jiara- 
lyzed  extremity  is  frequently  observed  at  the  same  time 
with  corres]Miiiding  movements  of  the  sound  limb.  The 
opposite  isalso  (jbserved,  viz..  contractions  of  correspond- 
ing muscles  on  the  sound  side  with  attempted  movements 
of  the  paralyzed  side.  The  kind  of  motor  phenomena 
just  <les<rilied  are  usually  spoken  of  as  accessory  move- 
ments. .More  rarely  tremor,  or  choreic  niovemenls.  or 
athetoid  movements  (slow  continuous  movements  of  fin- 
gers and  toes)  are  found  in  the  paralyzed  extremities. 
The  choreic  and  athetoid  movements  have  been  supposed 
to  occur  especially  with  lesion  of  the  thalamus.  If  that 
be  true,  it  is  ]ii'(ibable  that  it  is  rather  because  the  poste- 
rior jiart  of  tlu'  intcinal  <apsulc  is  alTccted  than  because 
of  injury  to  the  tlialaiuus  itself. 

Seat  ok  Li;sion. — Hemiplegia  is  most  fre(|uently 
caused  by  a  lesion  of  the  corpus  striatum,  or  in  its  neigh- 
borhood, the  paralysis  being  on  the  opposite  side  of  The 
body.  If  the  paralysis  be  permanent,  it  is  because  the 
internal  capsule  has  been  damaged,  while  the  late  rigid- 
ity is  attendant  on  degener-atitm  of  the  pyramidal  tnu'ts. 

IlemipU'gia,  produced  bj-  lesions  in  oilier  |>arts  of  the 
motor  tracts,  has  in  some  instances  special  manifesta- 
tions. 

Cortex. — Lesions  in  the  motor  area  of  the  cortex,  the 
anterior  and  posterior  central  convolutions,  more  fre- 
quently produce  monoplegia — paralysis  of  one  limb,  or 
of  the  face — than  hemiplegia,  but  the  latter  may  occur  if 
the  lesion  be  sulliciently  extensive.  Such  lesions  are 
often  attended  by  convulsive  niovcinenls.  especially  in 
case  of  a  neoplasm.  In  such  instances  there  occur  usu- 
ally |ieriodic  attacks  of  clonic  spasms  in  one  eMicmity  or 
one  side  of  the  face;  in  the  hand  if  the  lesion  chiefly  af- 
fect its  centre,  etc.  These  sjiasms  are  likely  to  be  at  first 
quite  limited  and  not  accompanied  by  loss  of  conscious- 
ness. But  in  succeeding  attacks  the  convulsions  may 
extend  to  other  jiarts of  the  body.  They  first  travel  over 
one  side  of  the  body.  If  the  convidsiou  also  seizes  the 
other  side,  loss  of  consciousness  is  likely  to  sup<'rvene. 
There  is  often  some  blunting  of  the  sensibility  corre- 
sponding to  the  amiuint  of  jiaralysis.  indicating  that  the 
cortical  centres  for  motion  have  also  direct  relationship 
with  the  sensory  functions.  But  such  cas<'S  do  not 
always  give  a  like  clinical  picture.  In  a  case  of  the 
writer's,  in  which  there  was  a  large  tumor  on  the  con- 
vexity, imiilieating  chiefly  the  leg  centre,  there  was 
paresis  of  tlu'  opjiosite  arm  and  leg.  but  no  appreciable 
imp.iirment  of  sensation,  and  there  had  never  been  any 
convulsive  movement. 

Criit  Cerebri.  —  Ilemiphgia  from  lesion  of  the  cms  cere- 
bri is  often  attended  by  paralysis  of  the  third  nerve  on 
the  side  of  the  lesion.  There  is  paralysis  of  tlii'  face  tuid 
extremities  on  one  .side,  and  of  the  muscles  of  the  eye  on 
the  <ither  side. 

Poii.i  i'arolii. — I,,esions  of  the  pons  Varolii  cause  what 
has  been  termed  alternate  hemiplegia,  that  is,  paralysis 
of  the  arm  and  leg  on  one  side,  and  of  the  face  on  the 
other,  the  extremities  bein.L'  alTeeted  on  the  side  opposite 
to,  the  face  on  the  Siime  side  as,  the  lesion.  The  reasi^n 
fortius  is  th('  following:  The  central  prolongation  of  the 
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M'Vi'iilli  iii'rvc>.  like  timl  nl  nil  ollirr  motor  nervi-H.  iiuknch 
fnnii  niii'  Niilf  of  tilt'  liniiti  III  till'  iitliiT.  tilt'  Hill'  iif  ('niKs 

ill^     llrillf;,    ill  CUM-  (if  till'    M'VCIIlll.    ill   till'    pllllS.         Ij'hinllN, 

tlirii.  ill  llir  liilli-r  liinilily  limy  iilTni  mily  llic  |ii'ri|>lirnil 
|mils  iif  till'  iHivt — till'  iiiTvc  Iniiik  itself,  or  its  iimli'iis 
— mill  till'  riirliil  piinilysis  lie  mi  llir  Kiilr  nf  tlii'  IrNioli 
Till' fill  iiil  iiiinilv-is  ill  siicli  i-uM  s  ilillcrs  fiimi  tliiit  willi 
iiriliniirv  liriiii|>lr».'iii.  in  tliiit  it  liiis  liii- slaiii|i  of  iicripli 
■■ml  |iiinil\  sis  Till'  |iiiiiilysis  is  liUrly  to  lir  cniiiiili'ti'. 
all  iiiirlssii|i|ilii'il  liy  llir  iirivi'  liciiig  i'i|iiillly  iilTrc'tril.  Ilii' 
I'Vtiiils  and  fnrrlinul  iis  iiiiirli  us  tlir  lips  iiiiil  clii'i'li. 
'I^Ik'Ii'  will  also  III'  foiiiiil  rliuliKcs  in  the  rln  triciil  I'fiK- 
tiiilis.  till'  so  (ullrii  iraclioii  of  ilr^ciicnition  Tlir  il<-i' 
trical  rnntioiis  of  ihc  ncrvr  anil  faiiiilic  <oiilni<tility  of 
till'  nuisrlis  an-  lost,  wliili'  tin-  ualvanir  rnntniclilily  of 
till' nitisrirs  inav  lir  In  iirlitiiinl.  Imt  williii  clmni.'c  in  Ilic 
noiiiial  foriniilu  of  the  ri'iiclioiis.  SirIi  rlian^'rs  in  tlir 
I'li'ctiiral  ri-aclion  arc  iu-vit  fonml  iu  cciitnil  paralysis, 
only  in  paralysis  of  a  pi-riplicnil  type.  If  llic  ili-fjivc  of 
paiiilysis  In-  fircal.  sonic  utropliy  of  tliu  facial  iiuiscli'S 
niav  also  laUr  placi-. 

Sifihiltii  Oliloiii/iilii. — Ilcniiplc^'ia  from  loslons  of  llic 
mrdiilla  is  likely  to  lie  alleiiiled  liy  [lanilysis  of  other  cra- 
nial nerves,  while  llie  seventh  nerve  escapes.  There  arc 
likelv  to  Ik'  a  considenililc  paralysis  of  the  ton.iruc.  imlis- 
tiiicliies,s  of  arliciilation,  and  paralysis  of  the  vocal  cords 
from  llic  involvcmcnl  of  the  liypoj;los,sal  and  pneiinio- 
gastric  nerves.  The  writer  liaii  under  his  oliservatimi  a 
case  of  umisiial  interest,  in  which  llieic  was  probably  a 
lesion  of  the  medulla  and  pons  of  traiiiiiaticori.<;in.  The 
injury  was  caused  by  an  iron  rod  penetnitinj;  the  rijslil 
siibiiia.\illary  space,  and  passing  iiiiward  four  inches  in 
the  direction  of  the  fonimcn  iiia.iinuin.  Iniiiicilialcly 
after  the  injury  llicre  wjis  complete  paralysis  of  the 
ri.tjlit  anil  and  le;;,  of  the  checks,  lips,  tongue,  and  vocal 
cords.  The  patient  was  unable  to  swallow  or  to  make 
any  vocal  sound.  The  upper  pan  of  the  face  was  uu- 
alTecteil.  He  could  move  the  eyes  freely,  open  and  close 
the  lids,  and  was  entirely  conscious.  There  was  also  loss 
of  seiisjilioii  on  Ihelifl  side  of  the  face.  The  conililio'i 
of  the  patient  rapidly  improved,  bill  there  iciiiained  per- 
manently a  riglil  silled  paralysis,  considcralilc  dilliculty 
iu  articiilalion,  and  anaslhesiaof  the  left  side  of  the  face. 

Sin'iiiil  Cnril.  —  lleiniplcjria  from  iiiiiUiteral  lesion  <if  the 
cord  is  not  altendi'd  by  iiaralysis  of  any  cniuial  nerve, 
but  the  arm  and  leg  of  the  sjtme  side  are  |iaraly/.ed  if  the 
lesion  be  in  the  cervical  region,  and  the  le.ir  only,  if  the 
lesion  be  at  a  lower  level.  Such  a  unilateral  lesion  pro- 
diicesa  |<eculiar  array  of  symptoms,  spoken  of  as  Hrown- 
Sei|Uaril  paralysis,  because  iirnduced  e.\periiiientally  and 
first  described  by  that  distinguished  physician.  The 
symptoms  are  motor  paralysis  and  loss  of  muscular  sense, 
on  the  side  of  the  lesion,  iu  every  ])art  below  it,  and  im- 
paired or  lost  tactile,  pain,  and  temperature  sense  on  the 
opposite  side.  There  is  likely  to  be  a  narrow  area,  encir- 
cling the  body,  at  the  level  of  the  lesion,  in  wliieh  there 
is  liypera'stliesia.  The  explanation  of  the  syinptoms  ap- 
pears to  be  that  the  tracts  for  the  motor  fibres  and  mus- 
cular sense  run  lip  in  the  (  old  on  the  same  side  as  are  the 
corresponding  nerve  roots,  and  only  cross  to  the  other 
side  in  the  iiiediiUa.  while  the  tracts  for  tactile,  pain,  and 
temperature  sense  cross  to  the  otlier  side  of  the  cord  ini- 
meiliately  after  Icavin.irthe  nerve  roots. 

liifiiiiti/f  l'iinili/Ki.1. — Some  cases  of  hemiplegia  of  in 
fancy,  which  are  either  congenital  or  acquired  early  in 
life,  deserve  special  mention.  The  lesion  is  a  varied  one, 
from  hemorrliai;e,  intlammation,  arrested  development, 
etc.,  and  is  orieii  of  Iraiiinatic  origin.  The  liemiplc.iria  is 
usually  attended  by  contractures  of  the  paralyzed  mus- 
cles, and  by  a  considerable  arrest  of  development.  The 
le.g  and  arm  are  smaller  in  circumference  and  shorter 
than  those  on  the  sound  side,  and  the  face  is  also  frc- 
iiuenlly  smaller  than  on  the  paralyzed  side.  The  choreic, 
athetotic,  and  acccs.sory  movements  already  spoken  of 
occur  very  frei|uently  in  these  cases.  Great  inipairnient 
of  intellect,  even  complete  idiocy,  is  freiiueutly  found, 
and  epileptic  convulsions  become  established  in  many 
cases. 


llfliiUrifnl  IfemiiiUyiii, — In  liyNtrrlcul  lieiniph'glit  tliu 
panilysiH  is  moslly  coiitliied  to  the  exlremltles.  the  face 
escaping.  When  there  is  an  appciimnce  of  facial  pandy 
sis  it  Is  usually  fiiiind  that  there  In  leitlly  Hpasiii,  mil 
panilysiH  of  the  facial  iiiuscIch.  It  U  not  ho  comiiioiily 
true  of  hysterical  as  of  organie  paralysis  that  the  arm 
is  more  proroiindly  paraly/.i-d  than  the  leg  .MoNtly 
till'  paralysis  is  not  complete.  There  is  paresis,  rather 
than  paralysis.  In  that  ease  one  fri'i|iieiitly  oliHcrveH 
that  the  resistance  of  the  patient  to  the  elTortH  of  the  ex 
amiiier  to  move  the  limb  is  done  in  ii  jerky  manner. 
There  is  resisLance  for  a  nioinent,  then  none  wlialever, 
as  though  there  were  iioeirorl  on  the  part  of  the  patient. 
More  power  may  be  niaiiifested  in  emotional  eoiulitions,  in 
geslieiilation.  etc.  A  degree  of  power  may  be  revealed 
ill  an  apparently  panily/.ed  limb,  by  a  sense  of  resistance 
on  passively  moving  the  limb,  or  by  the  limb  remaining 
inoincntarily  in  the  position  in  which  it  has  been  placed, 
a  position  ri'i|iiiriiig  some  muscular  clTort.  The  gait  is 
ordinarily  dilleri'iit  fioiii  that  of  organic  hemiplegia,  the 
paraly/.ed  fool  rather  dragging  behind,  than  swinging 
forward  in  a  circle. 

The  retlc.xes  are  coinnionly  iiol.  alTccted,  neither  tlie 
siiperlicial  nor  deep  being  altered  in  the  way  already 
described  asocciirring  in  organic  lieiiiiplegia.  Not  rarely 
conlracliires  occur  in  the  paralyzed  limbs.  As  a  rulelhiy 
make  the  prognosis  less  favorable,  at  least  in  so  far  as  the 
duration  of  the  symplonis  is  likely  to  be  much  greater. 
Aniesthesia  is  commonly  found  with  hysterical  hemiple- 
gia. The  sensorv  symptoms  are  usually  more  extensive 
than  is  the  paralysis,  the  face  being  alteitted  as  well  as 
the  extreiiiilies.  There  may  be  both  siiperlicial  and  deep 
ana'Sthcsia  and  also  of  I  he  special  senses  on  the  allected 
side.  Not  rarely  there  is  partial  anasthesia,  loss  only  of 
tactile,  or  only  of  pain  sensation,  or  impairment  of  one 
more  than  of  the  other.  The  patient  may  be  altogether 
unaware  of  the  impaired  .sensation. 

Hysterical  hemiplegia  alTects  mostly  the  left  side.  It 
has  been  said  to  occur  three  times  as  often  on  the  left  as 
on  the  right  side.  It  may  eomeon  abruptly  or  gradually. 
Not  rarely  it  follows  a  convulsive  seizure.  It  may  be 
cau.sed  by  an  injury,  or  any  jihysical  or  mental  shock. 
Very  likely  an  emotional  condition,  or.  at  least,  some 
mental  impression  underlies  the  hemiplegia  in  most  in- 
stances, though  it  need  not  immediately  follow  upon  tlic 
exciting  cause. 

The  patient  usually  recovers  from  the  paralysis,  but  it 
may  take  days  or  years.  During  this  time  the  paralysis 
may  remain  unchanged,  or  it  mav  vary  .irreatly  iu  its  in- 
tensity. The  ilisjippearance  of  tlie  paralysis,  just  as  its 
inception,  may  be  due  to  mental  causes,  shock,  sugges- 
tion, or  the  like. 

Tlie  characteristics  of  the  paralysis  just  given  may  sug- 
gest or  establish  tliedia.irnosisof  hysteria.  But  it  is  well 
to  remember  the  ofttime  dillieulties  of  diagnosis,  uot  the 
less  so  that  uot  rarely  there  is  association  of  hysteria  and 
organic  disease.  Where  the  iiuestion  of  liyslcria  lias 
arisen  mistakes  have  been  made  not  infrequently  even  by 
till' best  men.  Not  only  the  peculiariliesof  the  supposed 
hysterical  symptoms  should  be  considered,  but  also  the 
personality  of  the  patient,  the  apparent  cause  of  the 
manifestations,  as  well  as  the  history  and  the  whole 
clinical  picture.  P/iilip  Zenner. 

HEMORRHAGE.— From  ama,  blood,  and  nnvim,  to 
break  tliioiigh.  The  blood  may  escape  from  the  arteries, 
veins,  or  capillaries,  and  from  its  origin  the  hemorrliage 
is  designated  arterial,  venous,  or  capillary. 

In  arterial  hemorrliage  the  blood  escapes  from  the 
arteries  in  jets  synchronously  with  the  contraction  of  the 
left  ventricle,  aiul  flows  continuously  during  diastole. 
The  blood  is  then  of  a  bright  or  pale  red  according  to  the 
quality. 

In  'venous  hemorrhage  the  blood  escapes  from  the 
veins  in  a  continuous  stream,  and  is  dark  in  color.  Blood 
has  been  seen  to  eseaiie  from  a  hemorrhoidal  vein  in  jets, 
but  synchronoiislv  with  the  contraction  of  the  abdominal 
muscles.     In  capillary  hemorrhage  the  blood  oozes  from 
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HEFEUEXCE   IIANDUUUK   OF  THE  MEDICAL  SCIE>'CES. 


(he  cnpillniics  over  a  smaller  or  larger  surface,  aud  is 
reddish  in  cnlor 

S riiiiiliiri/  heuinrrhnrje  is  bleediiijf  thai  arises  from  failure 
ill  repair  of  an  injured  or  lijrated  vessi'l  or  from  uUcni 
tion  into  a  vessel  ((touldl.  The  cause  may  be  in  the 
altered  eomposition  of  the  lilood  itself  or  in  a  ruptiiri-  of 
the  vessels,  or  both  conditions  may  obtain  at  one  and  the 
same  time  Sometimes  abnormal  pressure  may  cause 
the  rupture  of  thin-widled  veins,  as  happens,  fur  exam 
pie.  in  rupture  of  the  thinwalled  veins  of  the  lower  end 
of  the  o'soplmjius  in  hepatic  cirrlio^is. 

.lust  what  are  the  alteralinns  in  the  blood  which  favor 
hemorrliti.ue  are  not  dellnilely  determined,  but  th<-  while 
CorpUM-les  are  jrreally  increased  in  niunbcrs  and  the  lime 
reindred  for  coajiulation  is  incresised.  The  coairulation 
time  may  be  determined  by  the  coagulometer;  normal 
blood  chits  in  the  tubes  in  from  three  to  live  minutes. 
In  some  forms  of  purpura  the  coagulation  time  is  retarded 
t<r  ten  or  fifteen  minutes,  and  in  haniophilia  it  has  been 
delayed  fur  as  lonir  a  time  as  lifty  minutes  (Osier). 

Tiiese  changes  in  the  cnnslituliiin  of  the  blood,  which 
lessen  its  coa.uulability  and  thus  favor  hemorrbajres,  ob- 
tain particidarly  in  leukainia.  purpura,  and  prolonged 
icterus,  especially  if  associated  with  malignant  disease. 

Of  recent  years  there  has  been  an  increasing  tendency 
to  regard  the  spontaneous  hemorrhages  occurring  in  new- 
born children  as  a  maiufestatiou  of  micro-organismal 
disease:  and.  although  this  view  can  scarcely  as  yet  be 
said  to  111'  thorou.irhly  established,  there  are  a  great  many 
facts  in  favor  of  it  (Thompson  in  "  Allbult's  System  "). 

C'oNSEQtKNCKs. — Repeated  small  hemorrhages  may 
gradually  bring  about  a  profound  degree  of  an:emia. 
I.arge  liemorrhages  result  in  anfemia.  but  they  are  also 
followed  by  a  condition  of  shock.  It  has  been  shown 
conclusive!}-  that  death  from  hemorrhage  takes  place  in 
consequence  of  a  loweiing  of  intracardiac  and  intra- 
vascular pressure,  incompatible  with  the  continuance  of 
the  function  of  the  circulatory  organs. 

Hemorrhage  may  result  disastrously,  not  only  from 
the  loss  to  the  individual  of  a  large  quantity  of  blood, 
but  also  from  the  pressure  of  the  escaped  blood  on  adja- 
cent structures.  This  is  notably  the  case  in  intracranial 
and  pericardial  hemorrhages. 

Sv.MPTOMS. — The  symptoms  vary  with  the  rate  and 
quantity  of  blood  lost.  In  repeated  small  hemorrhages 
aua'tnia  is  the  obvious  result.  The  objective  signs  are 
pallor  of  the  skin  and  mucous  meml)ranes,  coldness  of  the 
surface,  the  degree  of  antemia  present  being  most  accu- 
rately determined  by  a  blood  count.  It  is  of  course  evi- 
dent that  a  much  greater  quantity  of  blood  may  be  lost 
in  small  quantities  and  at  inlerv!>ls  without  a  fatal  result 
than  in  one  or  two  large  liemorrhages.  In  the  former 
instance  repair  is  constantly  going  on  and  the  system 
acquires  toleration. 

The  shock  resulting  from  the  rapid  loss  of  a  large 
quantity  of  blood  is  most  alarming  to  all  concerned. 
The  patient  becomes  rapidly  pale,  cold,  and  restless. 
The  dilated  pupils,  blurred  vision,  weak  voice,  small  or 
imperceptible  pulse,  yawning,  and  the  appeal  for  more 
air  are  evidences  of  the  resulting  acute  anemia.  The 
patient  may  complain  of  roaring  noises  in  the  ears,  a 
cold,  clammy  iierspiration  may  cover  the  body,  and  the 
thermometer  may  not  register  at  all  in  the  axilla,  and 
give  a  very  low  temiierature  per  rectum. 

At  other  times  the  evirlences  of  hemorrhage  are  to  be 
sought  for  in  focal  lesions  of  the  brain  or  in  the  presence 
of  pbysicid  signs  of  fluid  in  the  pericardium,  in  the  pleura, 
or  in  liie  abdomen. 

It  is  not  always  easy  to  differentiate  the  symptoms  of 
acute  ana'inia  the  result  of  a  large  concealed  hemorrhage, 
from  .shock  due  toothercauses.  Reliancemust  be  placed 
upon  the  history  of  the  onset,  and  the  exclusion  of  other 
cau.ses  of  shock,  such  as  fright,  local  injuries  to  impor- 
tant organs,  extensive  superficial  burns,  seveie  pain,  and 
the  presence  of  the  i)liysical  signs  of  fluid  in  the  great 
cavities  of  the  body. 

Tui;.\T>iEXT  may  be  prophylactic,  constitutional,  and 
local. 


ProplnilariK. — The  researches  of  Dr  A.  E.  Wright  have 
.shown  tliat  the  cuagulability  of  the  blood  may  be  in 
creased  by  the  administnition  of  siilts  of  lime.  Mayo 
Hobson  has  made  practical  application  of  this  discovery, 
and  has  found  that  the  administration  of  thirty-grain 
doses  of  calcium  chloride  every  four  hours  for  a  few  days 
before  operation  has  rendered  the  blood  more  pla.stic  and 
has  lessened  the  tendency  to  bleeding,  both  at  the  time 
of  operation  and  subsetiuently.  After  the  operation  the 
drug  may  be  continued  by  the  mouth  or  by  nutrient 
enema. 

Before  beginning  an  operation  usually  attended  by 
considerable  hemorrhage,  some  surgeons  have  made  it  a 
practice  to  introduce  into  the  circulation  through  a  vein 
or  subciitaneously  a  litre  of  normal  sjiline  solution. 

In  operations  ii|ion  an  extremity  much  blf>od  can  be 
saved  by  previously  placing  around  the  liinban  Esmareh 
elastic  baud.  The  con,stricting  band  should  be  two 
inches  or  more  in  width  aud  so  placed  that  important 
nerves  shall  not  be  unduly  pressed  upon.  Negligence 
of  this  precaution  has  occasionally  resulted  in  a  more  or 
less  jiersistent  paralysis  of  the  parts  below  the  elastic 
ligature.  There  is  no  object  in  applying  this  bandage 
too  tightly.  Sufficient  pressure  to  arrest  the  circulation 
in  the  arteries  is  better  than  more.  Before  ajiplying  the 
Esniarch  band  the  limb  may  be  elevated  for  a  few  min- 
utes. Force  of  gravity  will  materially  les.sen  the  quan- 
tity of  blood  in  the  vessels.  It  is  not  usually  wise  to 
bandage  the  limb  before  applying  the  constrictor;  by 
so  iloing  septic  matter  might  be  forced  along  the  vessels 
into  the  circulation.  Troublesome  oozing  is  apt  to  follow 
the  prolonged  application  of  Esmarch's  elastic  band.  It 
is  due  to  a  degree  of  vasomotor  jiaralysis. 

Temporary  ligation  of  vessels  ma.y  be  practised  with 
safety.  Senn  states  that  a  temporary  li.irature  may  be 
left  on  a  ves.scl  for  twenty-four  hours  without  permanent 
injury,  provided  the  ligature  is  not  drawn  tight  enough 
to  injure  the  iutima.  He  has  frequently  placed  tempo- 
rary ligatures  on  the  carotid  at  tlie  level  of  the  lower 
bolder  of  the  thyroid  cartilage,  before  operating  on  the 
parts  above.  He  refers  especially  to  operations  per- 
formed on  the  pharynx,  parotid,  and  submaxillary  re- 
gions. He  places  a  double  ligature,  which  if  need  be  can 
be  made  permanent.  Temporary  may  well  replace  i)rc- 
limiuary  ligature  of  large  arteries  in  suitable  cases. 

Compression  of  the  abdominal  aorta  as  practised  by 
Mace  wen  is  a  valuable  prophylactic  measure  when  indi- 
cated. 

Conntitutional  Measures. — ^lany  drugs  are  held  in  high 
repute  as  haemostatics.  >Iention  may  be  made  of  aro 
matic  sulphuric,  tannic,  and  .sallic  acids,  spirits  of  tur- 
pentine, ergot,  acetate  of  lead,  aud  opium.  Some  act  by 
producing  clotting,  some  by  stimulating  the  vessels  to 
contract,  and  opium  by  equalizing  the  circulation  and 
thus  lessening  intravascular  pressure  at  the  bleeding 
point.  Turpentine  has  many  advocates.  It  may  be 
given  three  or  four  times  daily  in  doses  of  ten  to  fifteen 
minims.  In  hemorrhage  from  the  intestinal  mucous 
membrane  opium  has  been  found  very  useful. 

Stypticin.  Iiydrochloride  of  cotamin.  is  the  base  of  the 
opium  alkaloid  narcotinc.  It  is  a  yellow,  inodorous,  bit- 
ter powder.  It  is  usually  given  in  doses  of  three  fourths 
of  a  grain  from  five  to  eight  times  daily.  In  some  ca.ses 
three  grains  or  even  more  may  be  safely  given.  A  ten- 
per-cent.  solution  may  be  introduced  in  the  form  of  deep 
intermuscular  injections.  It  issjiid  to  have  yielded  good 
results  (Senn). 

Suprarenal  capsule  is  now  being  used  largely  as  a 
styptic  Its  active  principle  is  called  adrenalin.  Pow- 
dered suprarenal  capsule  may  be  used  locally  or  may  be 
given  internally  in  doses  of  I  wo  or  five  .irrains.  Adrenalin 
is  very  readily  oxidi/ed,  and  is  on  the  market  in  solution. 
That  prepared  liy  Parke.  Davis  i  Co.,  is  adrenalin  chlor- 
ide 1  to  1.000  of  normal  sjrline  solution.  Its  permanence 
is  maintained  by  the  addition  of  0..j  per  cent,  of  chlore 
tone.  It  may  be  used  locally  or  internally  in  doses  of 
from  five  to  thirty  minims.  Locally  it  ails  in  very  weak 
solution.     A  solution  made  by  adding  one  part  of  the  1  to 
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lli'iiiMrrliH^p, 
lli'iuurrbnifv. 


1.000  fMiliitlon  to  OIK-  thoiisanil  pnrrx  of  Klvriliznl  iinniinl 
Hiilt  solulioii  is  iin  cITritivc  IikhI  iistriiiKciil.  I'o\VfliTi'<l 
Hii|intri'iiiil  ImhIv  iiikI  its  nrtivr  priiic  i|>lc  iKlrcnitllli  ml  l)V 
<'iiiislliK  llir  <<)litnicti"li  i)f  till'  Willis  iif  tlir   Vrssrl,      Kvi- 

<|i'iii f  Its  I'tTrclivi'iii'ss  is  iiictimuliilini;  iliiily.     Tlir 

writer  Ims  fimiiil  it  must  siitisfaitory  in  iirrrstiiiK  Iiciiiht 
rlm^i'  ill  r|>ista\is  ami  in  iiicnliiii;  pilrs.  As  it  acts  In 
HtiniiilaliiiL:  till'  (nil  Hart  ion  anil  rli.siirr  nf  tin-  k"I''"-' 
vi's,s<-l.  it  iiiii;lil  111-  i\|>irtril  to  fail  w  lini  a|i|ilii-il  to  vi-^ 
scis  wliiisr  siirrininiliiii;s  pri'viiitcd  cnnlniition,  as,  fm 
iiistanri'.  in  I  In-  iiidiinitril  liasi-  of  n  gustric  ulcer  or  pi-i 
h»(>s  in  li('niorrliai;r  frmn  lioiii-. 

ijiTiil  7Vf.(/m././.— Arterial  licniorrliiij;*'  may  In-  ai 
resli'il  sponlaniMiiisly  liy  tlir  cimtniclinn  of  the  vcssi  1 
wall  anil  llie  rloliini;  of  tin-  lilnoil.  "  II  a  small  artery  i^ 
coniplelily  ilivideil  the  i  irrillar  llliles  nf  the  iiiiiseiilin 
coat  eontnict  and  narrow  the  oritiee;  at  the  sjiiiie  liiii' 
the  internal  and  niiildle  eoals  eiirl  up  in  the  interior  ol 
the  vessel,  and  the  loniritudinal  tihi'es  eoiitriut  and 
shorten  it.  so  that  it  retniet.s  w  ilhin  its  shealli.  As  a  n 
suit,  there  is  <lottinir  of  hlooil;  ii.s  soon  as  the  hloo.l 
conies  in  contarl  with  the  tissues  which  are  injured,  oi 
which  are  not  similar  to  the  liniiip  memhnine  of  the  vi  s 
iM'Is.  it  underjiroes  coairulation.  C'onsei|Ucntly.  as  soon 
as  the  Idoiiil  escapes  from  the  vessel,  cioltiii!.'  tends  t. 
take  place,  unless  the  escape  of  hlooil  he  so  free  that  tie 
clot  is  swept  away  liy  it.  The  clottini:  within  the  vessi  I 
extends  up  to  the  nearest  collateral  liranch."  Later  on 
the  clot  Ikcouics  oriiani/eil  into  tibrous  tissue.  If  lln 
vessel  is  only  partially  divided  it  cannot  contract  w  ilhin 
its  sheath  and  the  heniorrhairc  is  more  apt  to  conlinin 
The  spontaneous  arrest  of  hemorrliaue  from  veins  and 
capillaries  is  due  chiclly  to  clotting  and  sealing  liy  lymph 
(C'lieyne  and  Hurghanl). 

Of  all  the  artiiicial  methods  of  arrestin.g  hemorrhag' 
that  by  lii/nlun  is  far  and  away  the  most  importanl 
The  asi'ptic  ligature  is  one  of  the  great  results  of  Lister'^ 
work.  Of  the  absorliahle  ligatures  catgut  is  the  chiet 
and  silk  is  the  ideal  non  ahsorlialile  ligature,  t'algiii 
mav  now  lie  prepared  in  a  niauucr  that  renders  it  aseplir 
ami  not  too  readily  absorbed.  It  is  certainly  the  be>i 
lipiture  to  use  in  a  Held  that  is,  or  is  likely  to  become 
infected.  Silk  has  the  great  advantage  of  being  easil\ 
prepared  and  may  be  used  in  aseptic  tissues.  It  is  belli  i 
to  use  the  smallest  sizes  of  both  catgut  and  silk  that  ciin 
be  used  with  safety.  It  is  no  longer  thought  nece.s,snr\ 
to  tie  a  ligature  tightly  enough  to  rupture  the  inlima. 
If  the  walls  of  the  vessc-1  arc  brought  tirmly  in  contact 
adhesions  between  them  will  take  place  and  the  vessel 
be  quite  safely  occluded. 

Siiluie  of  wounds  in  large  arteries  and  veins  may  be 
successfully  accomplished.  Although  Lambert,  of  New 
castle,  successfully  sutured  a  wound  of  the  carotid  artery 
in  1762.  but  little  attention  has  been  given  to  this  method 
of  closing  wounds  of  blood- vessels  until  recent  years. 
This  method  of  closure  should  be  adopted  in  wounds  of 
important  ves,sels.  such  as  the  aorta,  carotid,  a.xillary,  or 
fcmond  arteries,  when  not  more  than  half  the  circum- 
ference of  the  vessel  is  divided  and  when  the  wound  is 
aseptic.  E.\i>eriments  seem  to  show  that  if  end  to  end 
anastomosis  is  performed,  after  complete  division  of  the 
artery,  complete  occlusion  will  ociur  in  a  few  weeks, 
but  not  until  siiflicient  time  lias  elapsed  for  the  collateral 
circulation  to  become  established.  The  endothelial  and 
connective-tissue  proliferation  which  closes  the  wound 
in  a  part  of  the  vessel  wall  goes  on  to  complete  occlu- 
sion when  the  w  hole  circumference  has  been  divided  and 
afterward  stimulated  by  many  needle  punctures  and  by 
the  presence  of  the  suture  material.  Closure  of  wounds 
of  veins  by  means  of  sutures  has  also  been  practised  sue 
cessfully.  In  the  suturing  only  the  outef  coats  should 
be  included,  the  intima  being  avoided.  The  sheath  of 
the  artery  should  also  be  sutured. 

Pie»»)irf  is  a  valuable  means  of  controlling  hemorrhage 
from  small  wounds  and  from  veins.  The  hemorrhage 
from  a  ruptured  varicose  vein  is  thus  readily  stopped. 
Even  bleeding  from  the  sinuses  of  the  bniin  may  often 
be  effectually  arrested  by  jiressure.     In  applying  press- 


ure it  is  im|Hirt4iut  t4i  gel  tlio  pail  dln-rlly  on  Ui  llie 
bleeding  ves.s<d.  If  this  \h  at  the  iMittoiii  of  a  deep 
wound  and  it  is  not  desirable  to  enhitge  it.  a  gniduute<l 
compreHs  may  be  applied.     I'Ince  rtrst  iJinply  uHiimll  pad 


Fit-,  -tlo.  V;in..ii>  I  niiui..ui<  •  >  in  I  mhiiii'.ti  IS.-  f..r  .\m-^tin^ 
Hi'iiiorrhape.  The  three  kn«tls  shuwii  in  ihe  rik'ht-hand  upper 
conierof  the  pleture  represent  rt^speedvely  ifroin  aliove downward! 
ttip  j*nr{;foH')i  hmit.  theyrioinj/  kiml,  and  ttie  m  fir's  htntt.  tni- 
iiHillalel.v  lielow  the  la.st  kiml.  placed  transversely,  l.s  I'raii'f  artrrii 
fitrcfps:  atid  beldw  this  an*  four  dtUerenl  lypi-s  of  fonvps  known 
respei-tively  I  from  left  to  riirhl )  as  Armsirimu'i*  furrrits,  Do;/rn'.s 
chiinp  forct-iis  istraiKhti.  Terriir's  linmif  /orrc/w  irnr\edi.  and 
Hiclicliil's  ektmj)  /oiif/js  (latenil-eiin-ed).  The  left  half  of  the 
picture  is  occupied  hy  a  series  of  eiehli-en  ditTerenl  patterns  of 
forceps  known  respii-tivelv  ifnun  above downwunli  as  ili  Kochcr's 
loriYjw,  (2)  I'lizzin  T-Uiin  jis.  '\Si  Ilnltiiii's  (iircrits.  I4i  Toil'.'* 
/orft'ps.  i.^)  Pean'f  hniiilitiht  ItUt'liiiuix'ii't  /orrc/>s.  (6)  imnaniiKl 
patteni  of  forceps.  (7)  (ircifi  Smith's  /icar// f'orccjw.  (S)  HiiUtfd'ti 
ninsi/uito-piiiut  fi/rcfptt,  d*)  Sn/o»it'.s  /»?c(-i/iHy-;>oni(  furccps 
iheavvi.  (10)  Horyhii's  hileriil  aiiu>iUtr  /oici-jw,  (11)  ii Hyior/njrf , 
tl-')  H'Tshji's  niicni  furcrps  (cunwl  on  the  Hat),  (13)  Plan's 
lung  hlcfdit'ig-poiut  fiineii!'.  lUi  Ilnmillnn'K  arlrni  fi^rrepK.  (13) 
Horstcj/'.s  arfrry  fitrcep/t^  (Irti  Esitmrch'it  tiirsiim  fitrfciftt,  (17) 
Oreig  SmitU'n  ninall  fimips,  (ISi  Ferguxim's  arlcryfrirrcpa. 

deep  down  on  the  bleeding  point,  then  another  against 
the  first,  and  so  on  until  siiflicient  pre.ssure  is  obtained. 
In  emergency  cases,  when  bleeding  is  taking  place  from 
an  extremity,  a  bandage  or  handkerchief  or  a  pair  of  sus- 
penders may  be  placed  around  the  limb  above  the  bleed- 
ing point.  This  may  be  tightened  by  twisting  as  in  the 
Spanish  windlass. 

Elevation  of  the  limb  is  of  material  assistance.  The 
pressure  of  the  haemostatic  forceps  permanently  stops 
the  bleeding  in  many  small  cutaneous  vessels.  Doyen  ex- 
tended the  application  of  this  principle  in  his  angiotribe. 

T'li-ximi  has  not  been  very  extensively  used.  By  tor- 
sion the  intima  and  media  are  ruptured.  They  curl  up. 
plug  the  lumen  of  the  vessel,  and  are  held  by  the  twisted 
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iii;Fi:ui;N(  i;  hamusodk  hf  tiif,  mkdrak  sc  iknces. 


a<lvcn(itiii.  If  apiilicil  to  larfie  artcrii-s  the  vi-sst-l  slioiiUl 
K-  (MM);!!!,  freed  from  its  sliciilli  and  siirroumlini;  tissues, 
uiiil  lieUI  liy  one  |inir  of  foreeps  at  a  point  above  where 
it  is  (lesireii  to  nipliire  the  inner  coals.     Tiie  cut  end  of 


Frc;.  3lini.— oilier  ApparaUis  used  In  Arresllni?  Hemorrhage.  On  the 
left-lmnd  side,  Fjiinnreh's  llul  Imirniiniet:  on  llie  riKliI,  i-mercency 
Uiiirniqiiel :  In  the  eenlre.  iihove.  Ske.v's  urlerial  compressor;  in  the 
centre,  helon',  Iheriniwautery  apparatus. 


the  vessel  is  tlien  caught  by  aiiollier  forceps  nnd  Iwisled 
uutil  the  rupture  is  felt  to  occur.  It  am  siareely  lie 
calli-d  a  safe  method  and  sliould  be  conlined  to  small  and 
cutaneous  vessels.  In  such  cases  it  is  unnecessary  to 
apply  more  than  the  one  forceps  and  that  to  the  cut  end. 

The  riiKlcrii  is  still  somelimes  found  useful  as  a  Inemo- 
static.  ))articularly  to  arrest  oozing  from  surfaces  that 
are  deep  and  inaccessible  or  wliere,  because  of  the  thin- 
ness of  the  tissue  or  its  extreme  friability,  a  ligature  is 
contraindieated.  The  T'aquelin  thermocautery  is  now 
generally  used,  and  for  hiemosUUie  purposes  the  point 
should  i)e  only  of  a  dull  red  heat,  iust  turniii.g  black. 
If  loo  hot  it  does  not  arrest  the  bleeding,  an<l  if  loo  cold 
it  slicks  lo  the  tissue.  It  is  said  to  be  less  ctTective  as  a 
liainostalie  than  the  old  cautery  irons,  but  is  much  more 
conveinent. 

lleuKirrhage  from  bone  is  sometimes  troublesome. 
The  bleeding  vessel  may  have  retracted  into  a  bony  canal, 
as  happens,  for  example,  in  the  case  of  the  middle  incu- 
ingeal  in  the  Ilarlleylvrause  operation  for  removal  of 
the  (iasserian  ganglion.  If  the  vessel  cannot  be  caught 
the  bony  canal  may  be  plugged  with  gauze,  an  ivory 
peg  or  a  bit  of  slerilized  wood.  For  the  oozing  from 
the  edges  of  divided  bone  Victor  Horsley  has  prepared 
an  antiseptic  wax.  It  is  composed  of  beeswax  7  parts, 
almond  oil  1  part,  and  sidicylic  acid  1  part.  It  is  often 
very  helpful.  Supnueiuil  extract  or  adrenalin  may  be 
ftiund  the  most  .sjitisfaclory  of  all.  The  writer  used  it 
successfully  in  a  case  of  secondary  hemorrhage  in  acute 
osteomyelitis. 

Colli,  locally  applied,  in  the  form  of  Leiter's  tubes,  or 
cracked  ice,  may  be  used  in  robust  ]>atients,  lor  the  arrest 
of  oozing.     It  acts  by  stimulaling  the  muscular  coals  to 


contract  and  relle.xly  may  stimulate  ves.sels  situated  be- 
neath llie  surface.  Cold  should  genendly  be  avoided  in 
the  weak  and  in  acute  anainia. 

Hull,  preler.ibly  in  the  form  of  hot  .sjiline  solution,  has 
a  decidiilly  styptic  action  on  tissues.  The  temperature 
mav  be  lib    lo  lb")    F..  or  as  hoi  as  I  be  hand  can  bear. 

Hot  sleani  has  been  applied  lo  bleeiliiig  surfaces  as  a 
Glyptic  by  Snegirew,  with  .sjitisfat  lory  results.  He  used 
it  at  a  lemiieratuie  of  213'  ¥.  in  the  cavily  of  the  uterus 
(Semi). 

Tniiliiiciit  <'f  the  Aetite  Aiiiiiniii  resulting  from  l^euior- 
rhage  is  only  second  in  importance  lo  the  arrest  of  Ihe 
bleeding  which  caused  it.  8tinudanls  musl  be  exhibited 
with  caution  until  lli<'  bleeding  is  stopped,  as  their  cITect 
is  often  lo  increase  intravascular  ]iressure.  They  l.ave  an 
imporlunl  jilacc  in  the  treatment  when  used  with  discre- 
tion and  good  judgment.  Opium  is  also  valuable  as  an 
e(|iuilizerof  the  circulation  and  a  delerininant  of  blood  lo 
I  lie  cerebral  centres. 

Triiinifimiiiu. — At  the  head  of  the  list,  however,  s'.ands 
normal  saline  solution,  si.x  tenths  of  one  per-ceni,  solu- 
tion. It  may  (|Uickly  lie  prepared  liv  adding  a  ilraclim 
of  salt  to  the  iiini  (jf  b<iiled  water,  cook-d  to  a  leuipera- 
lure  of  1(10°  F.  A  ])int  thrown  into  the  rectum  is  useful. 
.Much  better  and  quicker  results  are  obtained  by  in  jecting 
il  beneath  the  skin  in  the  infraclavicular  anil  submam- 
niary  regions.  A  double-branched  lulie  with  a  hollow 
iiicdle  attached  to  each  branch  alTords  the  most  e.xpedi- 
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-.\pparauis  (or  Suheutaneoiis  and   Inmuencius  Injivtio.i 
of  Saline  Solution. 


lions  means  of  acom]ilisliing  this.  Two  pints  can  thu^ 
be  iutroduce<l  in  from  ten  to  twenty  minutes.  While  il 
is  being  injected  gentle  massage  should  lie  continuously 
pr.iclised. 

Many  prefer  in  extreme  cases  to  introduce  the  saliiK" 
solution  directly  into  the  circulation  Ihrough  one  of  the 
superticial  veins.  A  vein  of  the  arm  just  above  Ihe  elbow 
is  usually  selected.  This  little  o]ier;ilion  will  be  most 
readily  aecompli.shed  by  carefully  laying  bare  the  vein 
selected  for  a  distance  of  an  inch  and  then  carefully  pass- 
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Il«*iiiiirrlin:j 

ll<-  llliu  lie. 


iiiK  Iwiii'iitli  it  n  iloiililf  lipiliin-:  tie  the*  dlslitl  llpiliiro: 
with  a  sliiir|>  l^iiifi'  iiiiilic-  mi  incisiini  in  tin-  wiill  >>f  llit' 
vein  jilsl  liirtJi' riiHiij;li  In  iKliiiil  tlii' cini  nf  llii'  iirirjjc  iir 
iinzzli'.  tlicn  Iir  llic  |irii\tmul  lif.'iiHiri' iiniiiiiil  tin-  vein 
anil  llir  inilndnl  iii'i-illc-  nr  yui/zU-  As  iniicli  as  two  or 
llirri'  pjnlH  nf  ■iiiliilicm  in.'4V  lii'  inlrmlin  r<l  'I'lii'ii  willi 
(Iniw  ilii'  no/./lc  and  iir  llir  |iiii\iinal  iiiialnrc  or  pass  a 
firsli  lipiiMrt-  arininil  llir  vrliial  lliat  pciiiit  l*rf<-aiiliuiis 
iiiiisl  lie  takfn  mil  to  |)cniiii  any  air  iDcnlrr, 

III  i-vlri'iiic  lasi-s  iiiiiil  ilic  liiri'iiiii);  in  NioppctI  cliistic 
Imnds  may  !«■  applird  In  llir  cMrcmilirs  dose  up  to  tlic 
IumIv.  Iliiis  savini;  llic  patiriilH  lilood  Tlii'  fool  of  llii' 
lii'd' should  lie  niisiil  ci^'lii  or  ten  iinhcs.  llins  scMidiiij; 
tlir  major  pari  of  llie  IiIcxhI  lowanl  the  >rrcal  criilrcs  of 
till'  iiirvous  and  rirnilalory  syslfiiis.  Tliis  is  a  most 
cfTrctivo  method  of  auto  tnuisfiiHioii. 

lleinye  E.  Animlroiig. 

HEMORRHOIDS.     Sco  .lii»/«,  etc. 

HEMP.     See  Ciinnabit  Silira. 

HEMP.  INDIAN.     Scq  OiiiitnhU  Iiidiea. 

HENBANE.— IlYi>s(YAMfs.  "The  dried  leaves  niul 
llowiiiiiL'  lops  of  l/i/onn/iiiiiiiii  in'i/tr  [,,  (fani  Suliiimrfa) 
collceli-il  from  liicnnial  plants "  (l'.  S  P.).  Of  the  three 
rormsiii  which  this  plant  pre.sents  itself.  Ihemosl  clliiienl 
one  is  iiisurc-d  hy  tlie  laiiiruaire  of  this  delinilion  and  of 
the  aieompanyiii!;  dc'seription.  The  plant  jriows  liolh 
as  an  annual  and  as  a  liiiiiiiial.  The  former,  and  the 
latter  durini;  the  tirst  year  of  its  growth,  are  to  he  re- 
jected. The  last  nieiitioiied  hears  no  llowers  and  is  o.\- 
chaleil  hy  the  words  "lloweriiig  tops."  Flowers  arc 
supplied  "liy  the  annual  form,  hut  they  lack,  to  a  frreat 
extent,  the  "purple  veins"  called  for  hy  the  dcseriinion 
Tims  the  highly  active  second  y<'ar's  growth  of  the  hien 
ni.'d  plant  is  the  only  form  w  hich  alTords  a  drug  markedly 
chanictcri/ed  liy  yellow  llowers  wilh  purple  veins. 

Ileiiliane  isa  iiativeof  Kuropeaiul  Western  Asia,  where 
it  isa  very  eonnnon  andaliundaiit  weed.  It  isalsoculti 
vated  for  mcdicinid  purposes.  Harely,  it  occurs  as  a 
weed  in  the  rnilc<l  Slates.  It  looks  somewhat  like  the 
sinimonium.  hut  is  not  so  large  anil  is  even  more  coarse- 
looking  and  more  strongly  viscid  hairy.  The  hahit  of 
the  inlloresceiu  e  is  shown  in  the  aeconi]>anying  cut. 

Tlie  following  is  the  description  of  the  drug; 

Coarsely,  roughly,  and  glandularly  hairy  throughout. 
except  the  corollas;  larger  haves  shortly  and  liroadly 
petioh-d.  1.")  to  2.5  em.  ((>  to  10  in. )  long,  and  two  thirds 
as  hroad.  the  upper  heeoming  smaller  and  sessile;  lilades 
angularly  ovate,  acute,  coarsely  and  angularly  toothed 
or"  lolled,  gniyish  green  or  slighllv  yellowish  green ; 
tlowcrs  in  pseudo-racemes,  short  pedieelled.  the  calyx 
cylindmerous.  somewhat  contntcted  ahove  the  ovary, 
tineiiually  live  toothed,  the  teeth  Iriangidar,  acute,  the 
corolla  eampanulate.  live  lohed,  sulphur  yellow,  wilh 
deep  ])ur|)le  veins;  capsule  a  two  celled  pyxis:  oilor 
heavy,  narcotic;  taste  bitter,  .somewhat  acrid.  From 
tobacco,  henbane  is  distinguished  by  its  incised  leaves, 
from  stramonium  by  its  hairiness,  and  fmm  belladonna 
by  both  these  chanK'lei-s. 

A  full  account  of  the  com|)osilion  ami  properties  of 
henbane  would  eonstilute.  to  a  great  exteiil,  a  duplica- 
tion of  our  account  of  belladonna.  It  may  therefore  be 
most  profitably  considered  by  compai-ing  it  with  that 
drug. 

The  alkaloiilal  |)ercentage  of  henbane  is  very  much 
lower  than  that  of  belladonna.  Some  aulhorities  place 
it  below  one  tenth  of  one  per  cent.,  while  others  state 
it  as  high  as  three  tenths.  The  best  authorities  agree 
upon  0.2  to  0.'2ii  per  cent,  as  the  standard  The  most 
of  this  alkaloid  is  ln/'isri/nniiin .  separately  treated 
Whether  any  atropine  is  present,  is  disputed,  but  if  so, 
the  amoiinl  is  unimportant.  Atropine  may  readily  form 
during  manufacturing  operations,  by  conversion  of  the 
hyosfvaniine  The  most  imporlanl  variation  from  bella 
donna  is  in  the  presence  of  a  small  amount  of  hyoseiue 


or  8co|MjlHinlne,  alHo  8opttiiitely  roniilclered.  In  lu  alpha- 

betieal  order. 

The  geiienil  siiiiilarilv  of  henbane  to  IN-Iladonna  in 
propcrlies  and  uses  will  readily  iH-inferred  from  lis  com- 
position; yet  the  slight  charaiteristii  dilTerenees  Hinted 
are  sulllcient  to  establish  notieeable  dilTereiiceH  in  these 


Fiu.  3<i08.— Henlfflne,  Plant  and  Fruit  lalxiut  one-balf  niiiunil  s(7e 
Seed  Enlarged.    (Balllun.) 

directions.  These  differences  may  be  stated  generally  by 
saying  that  henbane  is  more  distinctly  sedative  than  hel- 
lacionna.  and  that  this  sedative  action  extends  to  the  cere- 
bral, motor,  and  sensory  functions,  though  less  so  to  the 
latter.  The  marked  tendency  to  delirium  resulting  from 
the  use  of  belladonna  may  be  quite  ab.seiit  in  that  of  hen- 
bane, or  even  the  opposite  effect  can  be  induced 

Hence  the  distinct  uses  of  henbane.  It  is  scarcely  em- 
ployed in  eye  practice,  though  it  iiroduces  very  similar 
effects  to  tliose  of  atropine.  If  distinct  cerebral  depress- 
ant effects  are  desired,  it  is  better  to  give  hyoscine  itself, 
but  when  we  wish  tlie  effects  of  belladonna,  but  desire 
to  avoid  its  mental  disturbances,  henbane  is  chosen.  Its 
commonest  uses  are  intestinal  and  cystic,  rir  renal.  The 
former  use  is  mostly  in  combination  wilh  [lurgatives 
which  wotdd  otherwise  be  griping.  At  the  same  time 
that  this  nnplea.sant  effect  is  averted,  the  henbane  itself 
powerfully  promotes  peristalsis,  and  is  therefore  laxa- 
tive, even  excelling  belladonna  in  this  respect.  The  sec- 
ond-named use  is  as  a  sedative  diurelic,  relieving  both 
painful  and  spasmodic  conditions  of  the  genito  tirinary 
tract.  Here  again  it  is  usually  combined  with  other 
drugs,  such  local  diuretics  as  buchu.  kava.  or  oil  of 
juntper.  It  is,  however,  often  given  alone  in  colic,  cys- 
titis, calculus,  etc.  It  is  commonly  given  in  larger  doses 
than  belladonna.  There  are  ofliciaran  extract,  the  dose 
of  which  is  0.3  to  1  gm.  (gr.  ss.-iss.) ;  a  fluid  extract,  dose 
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0.3  to  1  c.c.  (Til  V.  to  .\v.):  a  15-pcr-cenl.  tincture,  iloso 
2  to  6  c.c.  (fl  3  ss.-iss.  or  ij.). 

Ikidmiit  Seed*,  tlioii^li  imofflcinl.  lire  largely  pmi>l(ncil. 
Tliry  arc  litrlit  l>ri>wii.  I>rcia<lly  kiiliii  v.'*lia|ic(l.  ami  llal 
tt'iicd.  1  to  1.5  mm.  li>ii,?  ami  nearly  as  limad.  ami  limly 
pitlcil.  Tims  llicy  licar  a  close  nscmlilaiicc  In  siniinu 
iiiiiin  scnl,  c.\cc|it  in  cnlnr  ami  in  their  si/.i'.  wliieli  i-mie 
fcMirtli  Id  onc-tliinl  as  ^^real.  I'lieir  alUal<>i<lal  eiiniiMi>i 
tion  is  alxuit  tlic  .same  as  of  liic  lierb.  bill  tlicy  conlaiii 
twenty  five  percent,  of  fixed  oil,  and  a  little  resin.  Since 
their  perceimijre  of  alkaloid  is  a  little  jrreater.  the  dose 
of  the  seeds  is  about  one-fourth  or  one-third  smaller  than 
that  of  the  herb. 

There  are  eleven  species  of  hyoscyamus,  and  several  of 
them,  notably  //.  iiUmiiiL.,  have  similar  properties  and 
uses  to  those  of  //.  iiiger.  llenrg  JL  Itnsby. 

HENNA. — Under  this  name  the  leaves  of  IjiirxiDiin  hi- 
eriiiix  I,,  (lam.  A//M/-<;<V(ii  are  extensively  used  in  Eastern 
countries  as  a  piffment  for  coloriiifr  the  skin  and  hair  and 
also  as  an  astringent.  Their  use  in  jaun<lice  is  doubtless 
due  to  a  superstition  relaliiiir  to  their  color.  They  con 
lain  a  iieculiar  aslrinirent  resinous  substance  which  has 
bei-ii  nilleil  henotaimic  acid.  Ikitry  11.  ItuKhij. 

HENPUYE. — GorxDor.  Anakiiuk.  Gnos  Nez.  Dog 
Nose.  I'mler  the  second,  third,  and  fourth  of  these 
names  tli<'  French  writers,  and  under  all  of  them  except 
yrns  iiiz  the  English  writers,  discrilie  a  disease  w  liich  nji 
to  the  present  has  not  been  found  outsiile  of  tropical  or 
sub-tro|)ical  countries.  The  trouble  in  (|Uestion  c<insists 
of  a  iHculiar  form  of  exostosis  or  bony  tumor,  situated 
on  each  side  of  the  nose.  The  grow  Ih  is  always  bilat- 
eral, and  usually  symmetrical,  but  occasionally  one  side 
grows  larger  or  more  ra|iidly  than  tlie  other.  The  exos- 
tosis is  from  the  external  surfaces  of  the  nasal  bone  and 
the  nasal  process  of  the  sniierior  maxillary  bone,  with  in- 
volvement of  the  body  of  the  superior  iTiaxillary  bone  in 
severe  cases.  The  trouble  is  contimd  to  the  bone:  the 
nasal  cavities,  nasjil  cartilages,  motitli,  ororl]itsnot  being 
afrectcd  except  mechanically  by  the  jiresence  or  pressure 
of  the  tumor. 

Geoou.M'hic.vl    DisTRTBiriox.  —  When    first    noticed 

foundoti,  or  henpuye,  was  sujiposed  to  be  limited  to  the 
vory  Coa.st  of  West  Africa  and  to  the  district  watered  liy 
the  river  {'omoi'.'  .Since  then  it  has  been  foiuid  in  the 
neighboring  territory  of  the  Gohl  Coast;-  ami  further 
afield  at  .Sierra  Leone  (./"im-.  nf  Trop.  Mid.,  ii.,  l-l."));  but 
in  every  case  the  suflcrcr  was  a  negro.  But  cases  have 
since  been  reported  of  a  Malay  being  affected  in  Sumatra 
{.lour,  of  Tiop.  .1/rt/..  iii.,  11).  a  native  in  Southern  China 
(Jour,  of  Trop.  Med.,  iii.,  110),  and  some  negroes  in  Ja- 
maica, West  Indies.'  The  case  of  goundou  reported  from 
Singapore  (Jour,  of  Trop.  Mul..  .July  1st.  1901.  p.  218)  was 
probably  not  one  of  goundou  at  all.  as  the  tumor  was  not 
solid  but  consisted  of  a  shell  of  Ijone  covering  cerebral 
meninges.  AVe  may  .safely  say  that  the  disease  is  con- 
fined to  tropical  and  sub  tropical  countries,  with  a  pre- 
dilection for  the  negro  race. 

GkXKU.M,  DESCUlfTIOX  .\XD  CotlKSE  OF  THE  DlSK.\SE. — 

The  trouble  generally  comna-nces  with  a  cold  in  the  liead 
followed  by  headaches  cliietly  over  the  frontal  region :» 
these  headaches  last  for  about  a  year,  when  a  slight  ful- 
ne.ss  is  noticed  (jii  each  side  of  the  nose;  as  this  swelling 
increases  the  headaches  are  apt  to  disappear.  .Sometimes 
the  tumor  will  continue  to  grow  for  a  year  or  two  only, 
and  sometimes  it  will  develop  slowly  for  many  years. 
The  overlying  skin  is  apparently  (piite  normal,  being 
freely  movable  and  <|Uite  healthy  in  appearance.  The 
tumors  are  non  llucluating.  grow  slowly  and  almost  sym- 
metrically with  no  tendency  to  supjiurale.  have  an  ovoid 
shajie  with  the  long  axisoutward  and  downward,  become 
inten.sely  liar<l.  but  are  not  as  a  rule  painful  except  in 
wet  weather.  There  is  no  tenderness  on  pressure.  The 
size  varies  from  a  pea  to  an  orange  or  an  ostrich's  egg,' 
bvit  a  pigeon's  egg  may  be  taken  as  an  average  of  the 
dimensions  attained.  <)f  cour.se  the  countenance  is  ter- 
ribly deformed.     In  some  cases  a  bloody  or  purulent  dis- 


charge from  the  nose  lias  been  observed :  in  others  there 
has  l)een  neither  discharge  nor  sore.  The  cartilages  of 
the  nose  are  not  involved,  nor  is  the  nasiil  duct;  and 
iliere  is  no  epiphora.  Sometimes  the  tumor  will  press 
upon  the  anterior  iiares  and  compress  the  cavities,  with 
the  result  that  the  voice  obtains  a  uasiil  twang.  The  or- 
liital  (avities  may  be  similarly  pres.sed  upon,  but  gener- 
ally the  growth  of  the  tumor  causes  liist  a  sijuint,  then 
the  patient  may  have  to  flex  his  head  in  order  to  see  over 
the  tojis  of  the  tumors;  and  later  on,  the  tumors  becom- 
ing still  larger,  there  is  a  total  obstruction  of  vision.  But 
the  eyeball  is  not  destroyed.  In  Maclaud'sca.ses  '  the  pa- 
tients were  free  from  tuberculosis  and  .syphilis.  Chal- 
iner's  cases-  had  all  sull'ered  from  yaws. 

Erioi.oov. — The  natives  of  the  Ivory  Coa.st  believed 
in  a  divine  or  diabolicjd  origin  of  the  disea.se.  Maclaud  ' 
advanced  the  theory  that  the  trouble  was  parasitic,  being 
dui>  to  the  larva'  of  some  dipterous  insect ;  but  the  bilat- 
eral and  symmetrical  nature  of  the  complaint  remain  un- 
explained by  thishyipothesis.  Further,  for  I  he  acceptance 
of  this  theory,  it  would  be  necessiiry  to  know  the  i>articu- 
lar  insect  or  insects  with  their  exact  habitat,  and  to  as- 
certain whether  this  insect  is  found  in  West  Afrii-a,  Chi- 
n.i.  Sum.itra.  and  the  West  Indies  Chalmers'  considere 
the  disease  the  result  of  yaws  or  frambcesia.  which 
certainly  .seems  more  plausible;  he  asserts  that  goundou 
follows  that  disease,  that  it  is  caused  by  the  absorption 
of  the  yaws  poison  from  the  mucous  membrane  of  the 
nose  an<l  is  carried  by  the  lymphatics  and  small  vessels 
tbrouL'h  tlie  foramina  in  the  nasal  |iroeess  of  the  superior 
maxilla,  and  that  in  the  cases  which  he  observed  there 
was  a  .sore  in  and  some  discharge  from  the  nose.  But  if 
.i^oundou  was  caused  by  yaws  there  would  have  been 
himdreds  of  cases  reported  from  the  West  Indies  alone, 
where  yaws  has  been  carefully  studied.  Strachan  con- 
siilcrs  it  the  result  of  atavism;'  this  theory  seems  the 
most  jirobable  of  any,  and,  as  in  the  somewhat  similar 
case  of  the  "horned  men"  of  Africa,  these  bonv  out- 
.growths  may  be  consi<lered  liereditar.v  or  at  any  rate  char- 
acteristic of  race.  Of  these  '"  horned  men  "  Macalislersays 
"that  outgrowths  lure  may  be  reall.v  race  characters  is 
not  to  be  entirely  ridiculed,  for  the  neighboring  malar 
bone  which  here,  according  to  O'Reilly's  description, 
participates  in  the  swelling,  certainly  shows  certain  race 
|ieculiaiities,  such  as  the  bigger  T'djcrogittts  niidnris  of 
the  -Mongolians,  and  the  l'riif>K.vis  tmirgiiifdis.  whose  race 
peculiarities  have  been  pointed  out  by  Wcrfer"  (Bland 
Sutton.  "Evolution  and  Disease."  1890.  p.  197.  Engli.sh 
edition).  It  may  be  well  to  nu'iition  here  the  chief  dif- 
ferences between  ,fouudou  and  the  deformity  of  Ihe  horned 
men:  (1)  in  the  former  the  tumor  is  fairly  parallel  with 
the  nasal  bone,  in  the  latter  it  is  at  ri.irht  an.srles  to  it ;  (2) 
in  goundou  the  exostosis  is  from  the  nasal  process,  in  the 
"horned  men"  it  is  from  the  infraorbital  ridge;  (3)  in 
goundou  tlie  malar  bone  is  not  affected,  while  it  is  apt  to 
be  involved  iu  the  latter  condition. 

P.vTiroi.oGT. — The  growth  consists  of  a  centre  of  can- 
cellous bone,  covered  with  a  casing  of  liard  compact 
bone,  from  which  the  perioste\ini  can  be  very  easily  re- 
moved. The  growth  is  iu  all  probability  an  osteophistic 
periostitis. 

TKE.vrMEXT. — Iodide  of  i)otassiuin  has  been  tried  but 
without  success.  The  only  treatment  is  surgical.  A 
longitudinal  incision  is  niaih-  in  the  skin  over  the  tumor, 
with  perhaps  a  cross  incision  to  allow  more  room,  and 
the  tumor  can  be  removed  with  a  saw,  gouge,  or  bone 
forceps;  the  hemorrhage,  which  is  slight,  can  generally 
be  controlled  by  pressure;  and  undrr  the  ordinary  asep- 
tic precautions  the  parts  unite  bv  first  intention. 

li.  J.  E.  Sfott. 
Rkkkrexces: 

'  Maclnnd  :  .\rrliivfs  de  metlet-ine  navate.  touie  Ixlil.,  p.  2,5. 
'nmluiet^:  Ijuii'Pt,  I/milon,  ll««i.  i.,  p.  'Ji. 
=  SITO-lian  :  Brit.  Med.  .luum..  Ism.  1..  p.  1S9. 

HEREDITY.— Heredity  may  be  defined  as  a  correlation 
between  the  variations  of  characteristics  in  individuals 
related  to  one  another  by  birth. 

The  words  used  as  the  names  of  phenomena  are  apt  to 
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iltrt'illi). 
Il<  r<  illi). 


iDtlui'nrv  our  coiioopliond    of  thi'ir  clmmcti-r.     This  Ik 
IMirllciilnrly  true  nf  licriMlily      No  diuilit.  iiinsl   iicrwuis 

tliiiikdf  litiiilily  iis>iiiiiliir  tci  III!'  iiiliiiiiaiK f  tJiMMlsiiiiil 

cliiiltrls.  Tci  ilii'iiiii  s<iii  liiis  rrnivcil  fiiitii  lii^^  tatlii  r  the 
nilnr  iif  lilH  I'Vt'H  vt-ry  iiiiicli  in  the  sitiiic  way  lliiil  In-  may 
i'.\|i<'<'t  tori'ci'ivi'  Ills  Kt-al  riiiKor  liis  walcli.  Siicli  an  uU'ii 
in  I'lilin'ly  fnni^ii  In  (lie  Ktii'iililic  i'i>ii('<'|iliiiii  nf  liiri'iiily . 
iiikI  ill  iisiii);  llir  Icnn  it  is  iiiMTssiiry  tn  krvy  in  iiiiiid  al 
ways  its  iiii'iaphorical  rliaiariir  in  nnliT  imt  to  cunfiis)' 
tlii'iiirtaplior  aIiIi  the  rialily  that  it  ri'iinwnts.  Scii-n- 
tillrally  licirilily  is  imTrly  ii  spt'cial  nisi'  nf  tin-  lorri'hitinn 
(if  varialiniis. 

Til  is  ciirrt'hition  may  hi-  dirtrl.  ns  hetwca-n  fallicr  or 
inolhrr  and  S4in  or  duiiglitcr,  hctwccn  jfiiiniiralhcr  and 
);ninds<>n.  vtc. ;  or  it  may  Ik-  cottutt ml .  as  liclHccn  broth- 
i-rs.  sislors,  hiollicrs  anil  sislrrs,  untli-s  or  aiiiils  and 
ncphrws  or  nieces,  helweeii  eoiisiiis,  ete.  In  mail  and 
the  hijiher  aiiinmls  inheritance  is  always  hiimi;  ntnl. 
That  is  to  say.  every  individiial  has  two  pureiils;  hut 
there  are  cases  in  wliieli  there  is  only  one  parent,  as  in  cer- 
tain iiiM'cts  iind  cnistacea  that  pindiice  young  most  fre- 
(|iicntly  liy  means  of  parthenojtenctie  eiiirs.  ami  anioiif: 
some  of  the  lower  animals  and  the  plants,  which  fre- 
(juently  produce  new  imlividiials  hy  means  of  liuils,  uu- 
dcrgro'iiiul  shoots,  etc.     In  such  cases  iulieiitance  is  uni- 

JHtft  lltitl. 

Of  direct  inheritance  there  are  three  imponant  types: 
(1)  bliiiiliil  inheritance,  where  thechild  is  iniermeiliate  in 
chanuter  hetweeii  the  two  i«irents.  as  in  stature:  (-')  iJ-- 
duKir,  inheritance,  where  the  ehanicterof  the  child  is  like 
that  of  one  parent  but  not  like  the  other,  if  they  dilTer. 
us  in  the  color  of  the  eyes;  (3)  jHirtiruhiU  inheritance, 
where  the  characters  of  both  parontsappear  in  the  child, 
but  do  not  blend;  for  c.\aini>le.  a  pup  may  have  spots, 
some  of  which  are  of  the  color  of  the  mother,  while 
others  are  like  the  coat  of  the  sire,  or  a  boy  may  have  a 
Dose  like  his  father  and  eyes  like  his  mother. 

Wiriiiliilitji. — Variation  isdeviation  from  the  type,  and 
for  most  staiistical  in((uiries  the  type  taken  as  the  stand- 
ard is  the  iirilhmctical  mi'an  of  the  population  or  irroup. 
Deviations  are  of  two  kinds,  abnormal,  such  as  the 
"sports"  of  the  horticulturist,  and  normal  variations, 
which  may  be  observed  in  every  family  or  other  group 
of  individuals.  The  normal  variations  are  found  to  be 
distributed  about  the  mean  in  a  way  that  may  be  ex- 
]ires.sed  by  certain  mathematical  formulie  derived  from 
the  theory  of  jirobability  and  chance  (see  articles  Ecolu- 
ti"i)  and  'Vdriiiti'iii).  The  relations  most  frequeutly  met 
with  are  reiiresented  in  Fig.  2604. 

The  rectangles  in  this  figure  taken  together  form  what 
is  called  a  polygon  of  frequency .  and  the  tlowiug  curve 
is  a  theoretical  curve  of  chance,  or  probability,  that  has 
been  fitted  tn  the  polygon,  which  represents  graphically 
the  observed  facts.     "Xow  if  we  plot  the  curves  of  two 


netsof  obwrvationK,  employing  unilH  of  scale  of  the  Kiinio 
value  in  both,  the  ililTerenees  In  the  forms  of  the  curvcB 
will  ilepeml  upon  the  nuiiibirof  individualH  in  the  iniwt 
frei|Uenl  ehtss,  or  nwilt,  that  is  the  tullest  rectangle,  uud, 
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Fig.  2ii(»4.— Graptilo  liepresemmlon  of  a  Series  of  Variations.  Varla- 
tlon  111  the  wldtli  of  the  unitle  at  tlic  ap<-x  of  the  shell  in  Piirj)Mra 
Uiiiillua.    J/j-o,  ixisltiun  of  tlie  mean  :  ir.  standard  devlallun. 

supposing  the  curve  to  be  symmetrical,  upon  the  amount 
of  derintion  on  either  side  of  the  mean.  The  amount  of 
deviation,  that  is  Ihi- niiinbilil!/ of  the  group,  is  measured 
by  what  is  called  the  stuiuUiid  dtTiulinu  (the  "mean 
error"  of  the  mathematicians).  This  is  obtained  by 
multiplying  the  square  of  the  deviation  fi-oni  the  mean 
of  each  class  by  its  fi'equency,  adding  all  the  result* 
together,  dividing  by  the  total  number  of  observa- 
tiie   square    root   of    the    quotient 


The  Greek  letter  c  is  used  as  the 


tioDS,    and    finding 

symbol  for  this  quantity.     Its  relation  to  the  curve  of 
frequency  is  shown  at  c  in  Fig.  20(14. 

Vorreltitioii. — "Two  variatile  organs  are  said  to  l)e  cor- 
related when  the  variation  of  one  is  ai-companied  on  the 
average  bv  more  or  less  variation  of  the  other,  and  in  the 
same  direction  "  (Galton.  1888).  In  order  to  determine 
the  degree  of  corrdation  between  two  organs  accurately, 
it  is  necessary  to  have  a  large  number  of  observations 
and  to  arrange  them  in  a  "co'rrelation  table  "like  the  one 
given  below.  Table  I. 


T.\lil.K  I. — CouiiKl..\Ttox 


IS    THE    Ll-:SGTH  OF   FlKST  JoiST  OF   INDEX   FiSGEUS   OF  WoME.N,  UlCiUT    AND    I.KFT 

H.vNDs.     (From  Whitely  and  Pearson.) 


LKFT  Hand 
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RIGHT  HA.VD   (SUBJECT  CLASSES). 
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U-netli  of  Joint  In 
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17.75 
3.5 

13.5 
12 

0.25 
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48 
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1 
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The  construction  of  tins  table  may  be  understood  from 

a  considiTiitidii  of  tlir  liisl  ((iliimii  i>f  entries.  Five  tin 
gers  of  Ilic  rijrlil  liaml  were  fimml  in  which  the  h-nglh 
of  the  first  joint  was  between  1  ,!i")  ami  "J. 00  inehes.     These 
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Fig.  2G05.— Gallon's  Standard  Sciieme  of  Descent.     (From  Galton.* 


form  a  "<•/««,<."  Of  the  corresponding  liiiirers  on  the  left 
hand  only  one  was  of  thesninc  length.  One  was  shorter, 
1.90  to  l.il.5  inches;  and  three  were  longer,  one  of  these 
being  exactly  2. 0.j  inches  long,  was  placed  half  in  the  rel- 
ative class  uhove  and  half  below  that  mark.  Tims  the 
totals  at  the  base  of  the  ciilunnis  show  the  number  of  lin- 
gers in  each  class  of  the  riglit  hand,  while  the  tigures  in 
the  columns  show  the  iiuiidier  of  assdciatcd  tingeis  in 
each  class  of  the  left  hand.  The  riglil  hand  is  siiid  to  be 
the  mihjfct  and  the  left  hand  the  rilnlire  and  each  column 
is  called  an  itrriiy.  Conversely,  we  may,  without  idter 
ing  Ihi'  table,  regard  the  left  hand  as  subject,  and  the 
right  hanil  as  relative,  and  the  arrays  would  then  be  the 
rows  (if  ligiires.  which  are  added  u|i  in  tin-  last  cdliimn. 

Now  by  this  means  we  may  study  the  ciinclation  of 
any  pair  of  urgans  in  respect  tn  any  cliai'acteiisli<-  that 
permits  of  being  e.\pre.sseil  in  (|unntilative  terms.  We 
may  compare  not  only  dilTerent  organs  or  parts  of  the 


same  individual,  but  also  any  suitable  characteristics  of 
distinct  individuals,  provided  they  are  related  in  .some 
cimstant  way.  as  for  e.\ainple  husbands  and  wives,  fa- 
tliei-s  and  sons,  brothers  and  sisters,  etc.  Hut  fathers  and 
sons,  and  hmtheis  anil  sisters  are 
related  by  birth,  and  when  we 
-.tudy  the  correlation  between  them 
we  are  studying  what  is  called 
natural  iidieritance. 

'/'/((  Pill  ii'iiiii  ml  iif  I/iiedili/. — 
Some  of  the  most  important  results 
of  a  long  series  of  studies  of  inheri- 
tance are  representeil  gnipliiially  in 
tJalton's  "Standard  .Schenie  of  l)e- 
sient."  which  is  repiciduecd  in  Fig. 
■-'."ill."i.  This  scheme  leprcsents  a  slip- 
poseil  case  in  which  there  are  a 
tliousaiKl  couph's  of  parents  and  in 
wliich  each  pannt  is  mated  to  an- 
other of  till-  opposite  sex  having 
relatively  the  SJime  deviaticm  from 
the  mean  in  the  characternieasured, 
and  each  couple  is  supposed  to  have 
one  adult  i  hild.  The  iiarents  are 
(liviiled  into  eight  classes  having 
the  lelative  freipiency  and  deviation 
from  the  mean  re]iresentcd  by  the 
polvifoM  of  freiiucncv  at  the  to])  of 
the"tigure.  The  classes /^,  .V,  T.  U, 
present  positive  deviations  from 
the  mean,  and  i\  s.  t.  ii,  have  cor- 
responding negative  deviations. 
Thedislrii)Utionsof  the  variations  in 
the  children  of  each  ])arental  class 
are  represented  by  the  polygons 
below — drawn  to  the  same  .scale. 
An  attentive  study  of  this  diagram 
reveals  many  interi'sting  things. 
In  the  lirst  ]ilace  the  filial  jiolygons 
are  siuiilar  in  form  to  the  parental 
one.  .V  dot  above  each  tilial  I'oly- 
gou  inilieates  the  position  of  its 
mean;  and  the  second  point  of  in- 
terest is  that  the  mean  of  any 
grotip  of  children  does  not  corre- 
spond w  itii  the  mean  of  its  parents, 
nor  with  the  mean  of  parents  in 
general,  but  lies  between  the  two. 
Still  the  mean  of  the  children  of  « 
is  much  nearer  the  mean  of  ii  than 
the  children  of  V.  There  is  evi- 
dently a  correlation  between  the 
parents  and  their  olTspiing.  But 
this  is  not  iierfect.  for.  while  parents 
with  negative  deviations  from  the 
mean  have  children  whose  devia- 
tions on  the  average  are  negative 
and  those  with  positive  deviations 
have  children  who  deviate  on  the 
average  in  the  p<i.sitive  direction, 
the  mean  of  the  children  deviates 
and    toward   the   mean    of 


still  in  each  case 
from  that  of  their  parents 
parents  in  general,  which  is  probably  the  .sjime  as  the 
mean  of  the  popidation  of  which  they  form  a  sample. 
This  tendency  for  the  mean  of  the  children  to  deviate 
from  the  typcMif  their  parents  toward  the  type  of  the  pop- 
ulation in  general  is  called  >;i/>r.isi-ii.  The  results  that 
follow  froin  the  laws  of  variability  anil  regression  in  chil- 
dren arc  of  considerable  interest  .and  iniiiortance.  If  we 
suppose  parents  of  grade  U  to  be  especially  gifted  in 
some  way,  we  sec  that  when  both  i>arents  are  of  this 
grade  they  may  hope  to  have  children  cipially  gifted  in 
the  proportion  of  0  to  ii  or,  say,  two  children  equally 
gifted  with  themselves  in  a  family  of  seven  On  the 
other  hand,  if  we  take  twenty  children  in  grade  f,  only 
six  will  have  parents  as  gified  as  themselves,  and  two 
of  them  will  be  derived  from  very  mediocre  parents  of 
grade  R.     Nevertheless,  the  chances  that  the  exceptional 


640 


RKFEUE.NCK   IIAMHinoK    OP  THE   MEUIC'AL  BCIENCE8. 


Ill 
li< 


•.III). 

i'<lii). 


INiri'iil.s  will  iiniiliirc  ri|iiiilly  i-M'c|ilii>iiiil  cliiltlrcii  ft!) 
iipiiiist  iiwiliiirrr  cliililrt'ii  iiri'  tl  to  'i.  wlillr  tin-  cliiiiicfs 
of  iiiidincic  imifMls  iif  C'ikIi'  /I'lUr  '.'  Id  I.VI,  'I'lir-  rntwMi 
(liiit  llicrc  iiri'  .m>  umiiv  vrifliil  iliildicn  of  iilnlivi-ly  iiinli 
<K'ri'  piiiriit.s  is  lliiil  llicrc  iiii'  so  iimiiy  iiii'illniTc  piirciils. 
Wlicii  \\c  mill  ii|i  nil  (he  ilijlilrcii  in  ciirli  f;""''''  <»*  i^  iloiic 
at  llic  liotloiii  of  llic  scliciiic,  \vc  lliiil  lliiit  llic  nicnii  and 
varialtilily  of  cliililrcn  in  general  is  nriirly  the  miiiii'  iix 
of  purriilsin  1,'riii'iiil  Tiny  woiilil  have  lircn  iiioic  nearly 
tliesiime  if  we  hail  lalieii  lar);er  iiumliers.  So.  if  noselee- 
lion  is  lieini;  inaile,  llie  |io|iiilation  as  a  u  hole  in  one  ^en- 
cnilion  will  Ih'  the  sjiiiie  in  eliaraeler  as  the  previous  one. 

Kor  the  exact  stinly  of  inherilaiiee  iis<'  is  iiiailc  of  eor- 
relittioii,  or  re);ressiiiii.  tables  similar  to  Table  I.  Wc 
have  converted  (ialtiin's  schcnii'  of  ilcscent  iiilo  such  a 
table  (Kii;  "■JflOli)  leprcscnlcil  m'rapliically  by  placini;  each 
tllial  polyi;iiii  as  an  army  beneath  the  centre  of  Ihecorre- 
Hponiliiii;  parental  ;.;iailc,  or  class:  ami  mhliiii;  up  the 
tllial  ;.M'mli'S  at  the  ri::lit.  In  this  ilia^ratii  the  paniital 
deviations  are  measured  on  the  liori/.ontal  scale,  and  the 
tllial  deviations  on  the  vertical  scale.  The  lieijilitsof  the 
shaded  areas  represent  the  fi'ei|Ucncy  of  each  parental 
fla.ss,  and  widths  represent  frci|Uency  in  the  lilial  classes. 

The  line  )')■  occupies  I  he  position  of  the  parental  mean 
and   the    line    A'.Y     the  , 

position  of  the  lilial 
mean.  The  two  lines 
cross  at  riirhl  angles  in 
the  middle  of  the  ilia- 
gnim.  The  line  All  is 
a  straight  line  drawn 
throuch  the  position  of 
the  mean  (represented 
by  a  round  dot)  in  each 
array  ami  throuirh  the 
point  of  intersection  of 
the  lines  A'.Y  and  I'l". 
It  is  called  the  rrijiriuiioii 
line.  In  an  actual  re- 
gression table  it  would 
not  pass  throutrh  every 
dot,  l)Ul  would  be  placed 
so  that  the  deviations  of 
the  means  above  and 
below  it  would  balance 
one  another  as  nearly  as 
possible.  Now  the  slope 
of  this  line  may  be  meas- 
ured by  taUinir  the  nitio 
between  the  distance  of 
juiy  point  on  the  line  .!/» 
from  the  line  A'A'  and 
the  distance  from  the 
Siuiic  point  to  the  line 
)')'.  A  point  three 
spaces  to  the  left  or  right 
of  the  line  }'}'  will  be 
two  spaces  below  or 
above  A'A'.  So  the  slope 
of  Ali  may  be  Siiid  to 
be  3  in  :i,  or  j.  This 
quantity  (in  this  case, 
=  5)  is  called  till'  fi'i'ffi- 
rifiit  of  niireiwidn.  It  is 
the  quantity  w-hicli  mul- 
tiplied by  the  deviation 
of  a  jmreiital  class  from 
the  mean  of  parents  will 
pive  the  average  devia- 
tion of  its  array  of  chil- 
dren from  the  mean  of 
children.  Kor  example, 
parents  of  graile  .S  de- 
viate on  the  average  one 

and  one  half  spaces  of  our  scale  from  the  mean  of 
parents.  H  X  «  =1.  which  is  the  deviation  of  the 
mean  of  the  children  of  6'  from  the  mean  of  children 
in  general.  The  slt)pe  of  the  rcgres-sion  line  will 
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differ  in  dilTeri'nt  <'aKeM.  If  there  were  uo  re((reiu<liin, 
the  deviutions  of  the  pari-iitjil  elaHM  and  of  the  army  of 
olTspriiig  would  be  the  sjime,  and  the  regresslini  line 
would  occupy  the  poHilion  (  l>  On  (he  other  hand,  if 
there  slioiild  be  ciiinplete  regreHMiiin,  theineaii  of  the  Oltal 
army  noidil  be  the  same  as  the  mean  of  children  in  gen 
I  ral.  no  innlter  how  great  the  devijition  of  their  parentx, 
and  (hen  (he  regression  line  would  coincide  with  A'A". 
The  regression  line,  then,  may  lie  anywhere  between  the 
posilioii  r/>  where  the  coellleieni  is  I  and  A'A'  where  it 
isO.  So  the  less  the  regression  the  greater  (he  coelllcieiit, 
and  rii-r  rcriui.  Mill  it  is  evident  thai  the  slopi'  of  the  line 
may  depend  on  sevemi  factors.  If  we  kIioiiIiI  plot  the 
parental  deviations  mi  a  scale  having  units  twice  as  long 
as  in  tile  scale  of  lilial  deviations,  the  slope  of  the  line 
would  be  reduced  one  half.  Hut  having  equal  units  of 
scales,  we  should  linil  Hie  same  result  if  the  variability 
of  iiarents  were  twice  that  of  children.  Now  dilTerences 
of  variability  are  found  in  the  practical  study  of  correla- 
tions and  must  be  taken  into  account.  This  is  done  if  wc 
regard  the  slope  of  the  regression  lini'  as  the  resultant 
of  two  factors:  the  ratio  of  the  two  variabilities,  and 
an  unknown  factor  that  is  called  the  rueffieiciit  <>j  corre- 
liitiiiii. 


Purentiil  Gradts  (Subject). 


|u|t{sr{R            s|t{u| 

No.  In  eacti. ..       2S 

67     1    101 

2.10         230 

I)il 

67          28 

Sums 


161. 


250 


250 


161 


67 


22 


1. 000 


Fig.  2806.— ReRresslon  Table.  Children  on  Parents.    One  thousand  parents  with  mates  of  same  grade  and 
one  adult  child  to  each.    (Data  from  lialton.) 


a. 


Puttinir  this  into  symbols,  in  this  case  i  —  p — .  where  c, 

(7, 

=  Standard  deviation  of  parents,  it,  =staudard  deviation 
of  children,  and  p  =  coefficient  of  correlation.     From 
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tliosc  considemtions  Pearson  lias  derived  a  general  for- 
mula* for  calculiitiug  Uie  value  of  />  as  follows: 

II  a,  a. 

When  there  is  perfect  <iirrcliitiiiii  p  —  \  ;  when  there  is 

no  correlation  p  =  0.     In  the  theoretical  example  that  we 

have  been  studying  parents  and  children  are  supposed  to 

have  the  sjime  varialiilitv. — that  is,  n,  =  tj.     In  such  a 


case,  of  course,  p 


— ,  and  the  slope  of  the  line  AB 


represents  the  coellicient  of  correlation  as  well  as  that  of 
regression. 

In  practice  the  coefficients  of  regression  and  correlation 
are  found  to  be  essentially  the  same  in  collateral  inheri- 
tance; and  also  in  direct  inheritance,  if  we  take  into  ac- 
count only  one  parent  of  each  couple  and  suppose  the 
other  to  be  chosen  at  random.  The  value  of  /i  calculated 
from  observations  in  a  number  of  such  cases  is  given  in 
Table  II.  (see  below). 

'J'/ie  ifiil-I'iirtid. — But  in  man  and  the  higher  animals 
inheritance  is  always  bipareutal.  and  in  order  to  study  the 
true  relations  between  parents  and  offspring  it  is  neces- 
sary to  take  both  parents  into  account.  This  involves 
the"  correlation  of  three  variable  (juantities.  In  order  to 
avoid  this  difflculty  the  two  parents  are  combined  into  a 
single  artificial  ituliviilual  called  the  midpiirent.  For 
example.  Galton  found  that  the  mean  stature  of  women 
in  Kngland  is  1.08  less  than  that  of  men.  So  in  order  to 
study  the  inheritance  of  stature,  he  converted  the  stature 
of  each  mother  and  daughter  into  its  "male  equivalent" 
by  multiplying  it  by  1.08;  and  he  obtained  the  mid-par- 
ent by  taking  the  mean  of  the  father's  stature  plus  the 
mother's  male  eijuivalent.  Thus  if  the  father  had  a  sta- 
ture of  70  inches  and  the  mother  of  (iO  inches,  the  stature 
of  the  mid-parent  would  be 

10+2fy^  =  70.64 

In  the  study  of  heredity,  however,  deviations  from  the 
mean  are  u.sed  more  frequently  than  the  absolute  dimen- 
sions of  organs.  Therefore  Pearson  has  generalized  and 
simplified  Gallon's  formula  for  the  mid-parent  by  putting 
it  in  this  form : 


Hh.  +  -h.) 


H 


where  A,  =  the  deviation  in  the  particular  father  from 
fathers  in  general ;  /(j  =  deviation  of  mother  mated  to 
this  father  from  the  type  of  mothers,  c,  —  standard  de- 
viation of  fathers  in  general ;  a^  =  standard  deviation  of 
mothers;  and  H  =  deviation  of  the  mid  parent  from  the 
type  of  mid-parents.  This  formula  will  apply  to  meas- 
urements of  any  organs,  and  it  enables  one  to  calculate 


easily  either  the  deviation  or  the  absolut*  value  of  the 
organ  in  the  mid-parent.  Having  calculated  the  mid- 
parents,  one  may  study  the  correlation  between  children 
and  niicl-parents,  just  as  if  the  latter  were  single  individ- 
uals. 

'lilt  Liiir  iif  Auctiilral  JlcrciUty. — Now  we  are  prepared 
to  consider  the  influence  of  eacli  ancestor  upon  the  char- 
acteristics of  tlic  child.  Returning  to  Fig.  260G.  if  there 
were  no  inlieritance,  the  means  of  all  the  arrays  would  lie 
along  the  line  XX :  and  we  may  think  of  heredity  as  a 
force  f  tending  to  [lull  each  array  away  from  A'A'  in  the 
direction  of  its  parental  grade,  that  is,  towanl  the  line 
CD.  Now  the  question  is.  How  much  of  this  pull  is 
exerted  bv  each  parent,  grandparent,  great  gnuidparent, 
etc.  ? 

From  the  study  of  a  variety  of  data,  Galton  came  to 
the  conclusion  that,  of  the  total  heritage,  the  mid-parent 
contributes  one-half,  the  mid-grandparent  one-quarter, 
the  mid-great-grandpareut  one-eighth,  and  so  on.  Or.  if 
/(  be  the  mean  deviation  of  a  given  group  of  offspring 
from  offspring  in  general  and  II,,  II.j,  Hs.  etc.,  be  the 
deviations  from  their  mid-parental  means  of  the  mid-par- 
ent, mid-grundparcut,  etc.,  of  these  offspring,  then 

h  =  +11,  +in, +  iH,  .  .  .  etc. 
If  the  mid-parent  contributes  one-half,  each  parent  wiH 
contribute  one-quarter.     So  we  may  state  Galton's  law 
ill  the  words  of  Pearson  as  follows: 

■'  Each  parent  contributes  on  an  average  one-quarter, 
or  (0."))-',  each  grandparent  one-sixteenth,  or  (0. •"))■',  and 
so  on,  and  that  generally  the  occupier  of  each  ancestral 
place  in  the  ;ith  degree,  whatever  be  the  value  of  n,  con- 
tributes (0.5)'^"  of  the  lieritage," 

Galton's  series,  +  +  i  +  i  +  tV-  -  •  ■  ftc-  =  1.  is  a 
geometrical  series  having  a  total  of  one.  But  the  values 
+.  i,  etc.,  may  not  be  true  for  all  species,  and  Pearson, 
therefore,  proposes  to  substitute  the  symbols  jrt.  ;«*,  )«', 
etc.,  in  which  there  are  two  factors,  one  constant  in  each 
generation  (}),  and  one  which  varies  in  a  geontetrical 
series  (<f.  rt',  rt",  .  .  .  etc.).  Galton's  law -would  now  take 
the  form 

/,  =  5  (rt  H,4-«*H,  +  n'H,  .  .  .  etc.). 


♦In  this  formula  .r  and  ;/  are  the  deviation.s  from  ttieir  means  of 
the  two  organs  of  an  associated  pair,  as  father  and  son.  f  Is  their 
frequency,  n  is  the  Ujtal  nuinl>er  of  pairs,  and  -  is  the  symlx>l  for 
addition. 

When  there  Is  no  correlation  2  (j-. )/.  /  )  =  0  .  " .  p  =  0. 

When  coiTeiatlon  is  perfect  M  =  r  and  cr^  =  a,. 

Then  l^^^^Ml  =  ^i£LQ  =  .,  „„.,  ^  =  J. 
11  «  IT,  o.,       <r' 

.     S  {X.  V.  f)  _  g'  ^i  =  . 
ntr,  a,  <r» 

+  Note  that  this  Is  a  purely  metaphorical  expression. 


Table  II.     (From  Pearson.) 


Relationship. 

Material. 

Organs. 

Coefficient  of 

Subject. 

Relative. 

Subject, 

Relative. 

correlation  p. 

Father  

Son    

Middle  class  English 

Stature         

Forearm . 

0369 

Father 

Stature 

.396 

MidilU-  class  Kiijilish 

Mlddh'  rliiss  Kn^rlish 

.360 

Mother 

.3oe 

MnthtT 

Daughter 

JiUkiW  class;  En^Hsh 

Stature 

Stature 

,284 

MnlhiT 

Son 

Head  index    

Head  index  . 

.370 

MolhtT  

.300 

Sire 

Foal 

.517 

Dam 

KhhI 

Thi'mufhlirtHl  horses 

Sin 

.XSi 

(irandslre 

OfTsprlnR 

.134 

Brother 

Brother 

MM. Ill*  rliiss  Knk'lish 

391 

Coll 

<oll 

Sister 

.1123 

SUter 

MliMIt*  Class  Kncllsh 

444 

Slstvr 

Siator 

.489 

Fllly 

Filly 

6!IS 

SIsUt 

Sister 

Mi<l.11rrl;iss  Ellplish 

,375 

Itrolber 

North  AintTinin  Indians 

Thoroughbred  horses 

Head  Index 

.340 

Colt 

Filly 

583 

Wboh;  brethren 

Wbole  brethren 

Basset  hounds Coftt  color        

.iiOS 
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Now  wliiMi  )■  («»  -f  a'  +  a*  .  .  .  etc.).  =  1. 


)  " 


=  \.:r  = 


l-.»    1 


-  -  1  .• 

II 


1 


1  -<l       " '  ■  '         II        «       ■  ■        "   1  +  ) 
So  wc  limy  I'liniiniilf  llii'  (|imiility  a  from  the  ronnula  liy 
substitiitiii),'  this  vitliif  itiul  our  foriiiiilii  bccoiiu'S: 

But  if  we  winli  to  be  vi-ry  fXiicl,  we  inUHt  lake  into  iic- 
c-oiinl  the  fuel  llllit  llie  \  aiiiiliilily  of  nil  llie  ulTspritltr.  n, 
limy  (lilTer  from  the  viiiiiiliillty  of  the  NUeeiwIve  (feiicni- 
lions  of  mid  |>iiri'iils,  n,.  o,,  Oi.  ele..  so  the  nitios  of  thi'Se 
Htiiiiihinl  ilevialioiis  must  be  iueludeil  in  our  formula, 
wliieli  llieu  becomes: 

This  is  llie  /<iir  of  aiift«lr<il  hcrtdity  a»  piveii  by  Pearson 
in  its  eomplele  form.  It  is  undmibledly  n  irenenili/.alion 
of  );reiil  imporlniiee,  and  for  a  number  of  years  lo  come 
the  chief  aim  of  a  larite  number  of  scienlilic  invesll>;ators 
will  be  to  test  and  criticise  this  law.  Accordini:  lo  this 
theory  llie  decree  of  correlation  bilween  parents  and  olT- 
spring:  "ill  depend  upon  the  lien-dilary  inlluenec  leiire 
sented  by  the  symbol  )  In  Gallon's  original  formula 
y=\.  very  nearly.  The  etfects  of  dillercnt  values  of  ) 
are  shown  in  the  following  table: 

Tablk  III.— HKRKniTY— Dirkct  LINK.    (From  Pearson.) 


roEFl-ICIE.NT  OK  CORRKLATICN,  f. 

Offsprtnjf  and— 

When 
Y=l. 

When 
1  =  0.9. 

When 
1  =  2.35. 

.3000 
.1300 
.0750 
.0875 
6.  X  (i)  »i. 

2851 

.»a> 

.0713 

.0836 

.5702  X  d)  II. 

.4(100 

.2(1(1(1 

(in'at-trniiKliwin'itt 

<in'ai-tf  rful-i:niinlparvnl 

nth  enler  gruuaimn'nt 

.1(1(10 

.laid 

.8  X  (J)  ... 

These  theoretiail  values  of  the  coefficient  of  correlation 
should  be  compared  with  the  values  obtained  from  ob- 
servation in  Table  II.  From  the  study  of  "a  really  con- 
siderable amount  of  (|iiantilative  measurements  of  hered- 
ity" Pearson  concludes  thai  the  values  of  the  coellicient 
of  heredity  given  in  the  lii-st  column  of  Table  III.  (when 
)  =1)  "seem  to  til  the  observed  facts  fairly  well  in  the 
case  of  liliiuli/l  inheritance."  The  coat  color  of  horses 
and  dogs  appeal's  to  belong  to  one  of  the  other  types  of 
heritage,  either  exclusive  or  particulate;  and  it  seems  to 
be  doubtful  if  these  types  come  under  Pearson's  law  of 
ancestral  heredity. 

Table  II.  gives  cases  also  of  collateral  inheritance,  and 
the  theoretical  values,  when  ;  =  l.are  giveu  below: 

Tahi.k  IV. -collater.vl  Herkdity.    (From  Pearson.) 

nniiitlves  Correlation 

Relau\es.  ^^^n  .^  ^  , 

Bnithers -1000 

linrlp  anil  nephew l-'iOO 

(irent-iim-le  anil  nephew 0(>25 

First  ."iislns 0750 

First  i-fULsins.  mice  removed 0:W4 

SfTund  i-oi.sins 0172 

s<i"nil  ciiiisins,  iiiii-e removed 0082 

Third  cousins OOJl 

AVe  see  that  brothers  are  more  closely  related  than  parent 
and  offspring,  and  the  correlation  between  first  cousins  is 
the  same  as  that  between  offspring  and  great-grandpar- 
ent. 

I'liipnreiitiil  InhcrUdnre. — The  coeflicicnt  of  correla- 
tion, or  heredity,  between  brothers  is  of  special  interest 
iH'cause  of  its  similarity  to  certain  other  correlations. 

In  Gallon's  standard  scheme  of  descent  it  is  supposed 
that  both  parents  are  of  the  same  grade  and  tlu^  coeiri- 
cients  of  legres-sion  and  correlation  were  found  to  be 
equal  and  have  the  value  ::=  J.     When  >  =  1  this  value 


woulil  be  O.n.  But  tliJH  U  a  condition  thai  would  liol  lie 
met  with  (Pidinarily  in  iialure.  More  ofieii  then'  U  little 
or  no  eorn-lalioii  belwi  in  JKiNband  and  wife  in  the  eliur 
aelera  measured,  that  is.  maliii^'  is  iil  random  mi  far  UM 
Iheehanieler  ill  ()iieslion  is  rniiecrnid,  and  under  I  bene 
(iiiidiiiiinH  the  niiil  parents  will  be  less  variable  than  the 
olfspring;  and  Iherefoie  Hie  eoelllcieiils  of  regrewiloil 
and  correlalioii  will  dilTer.  I'euison  Ims  shown  lliat, 
when  )=I,  if  there  be  no  sexual  seleelion,  the  coelUcielil 
of  regression  of  olfspring  mi  mid  parenls  remains  o.O,  but 
the  eoellleieiil  of  eonilaliiiii  is  nduciil  lo  II  tj  fj  With 
random  mating,  then,  the  olfspring  will  nsemlile  llieir 
mid  parents  more  nearly  than  they  will  either  single  par- 
eiil,  the  correlation  between  single  parents  and  olfspring 
under  these  conditions  being  =  0.11. 

Dr.  K.  Warren  has  made  an  interesling  comparison  be- 
tween these  results  and  observations  that  he  has  made 
upon  heredity  in  parthenogenesis.  I)a|ilinia  is  a  small 
fresh  water  enislaeean  that  reproduces  rapidly  under 
favonilile  ciinditions  by  means  of  piirthenogeiielie  eggs, 
thus  presenting  good  material  for  the  study  of  uniparen- 
tal inheritance.  From  ".23  individuals  Warren  olitained  96 
young  in  broods  of  three  to  si.\,  and  these  were  allowed 
io  grow  up.  He  measured  the  length  of  the  first  joint  of 
the  second  antenna  of  the  right  side  in  each  inilividual 
and  recorded  the  results  in  thoiisandlhs  of  tin-  body 
leiiirth.  Construiling  a  correlation  table  he  found  a  co- 
ellicient of  regression  of  olfspring  on  mothers  of  O.OUt  ± 
OIISOll,  and  a  coellicient  of  correlation  of  0.460  ±  0.0.539, 
the  olfspring  being  more  variable  limn  the  mothers. 
While  these  results  aresoiiiewliat  uncertain,  owing  to  the 
small  number  of  individuals  measured,  the  resemblance 
between  these  results  and  those  obtained  with  mid-par- 
ents is  strikinir  and  somewhat  surprising. 

Very  recently  (lOOll  Pearson  has  published  the  results 
of  twenty-two  series  of  correlations  of  serially  homolo- 
gous organs  (homoty pes)  in  jilants,  as,  for  example,  the 
correlation  between  the  number  of  prickles  on  the  leaves 
of  a  holly  tree,  of  the  sori  on  the  fronds  of  a  fern  plant, 
etc.  The  result  was  an  average  eoeflicient  of  correlation 
of  0.4->TO. 

In  nineteen  cases  of  fraternal  correlation  in  the  animal 
kingdoin  he  obtained  a  mean  coellicient  of  correlaliou 
=  0.4479.  These  results  from  various  sources  are  com- 
jiarcd  in  the  following  table : 

TaIILE  v.— CORRKLATIONS. 

Uelatlonsl.lp.  Coefflclents. 

Ollsprlns  anil  mld-|)arents  (theoretical  1 0.4242 

OUsprlnu  and  mothers,  Daphnla  (observed) 0.486 

Homologous  organs  on  siune  Individual  (observed) 0.4.570 

Brothers  (observed  0.4479 

The  similarity  of  these  coeflicients  may  be  the  acci- 
dental resull  of  di.ssimilar  causes.  But  Pearson  has  .sug- 
gested that  they  may  have  a  profound  significance.  The 
ova  and  spermatozoa  tliat  are  produced  so  abundantly  by 
a  single  individual  are  homologous  organs,  and  may  be 
expected  to  exhibit  the  same  degree  of  correlation  that 
other  homologous  organs  do.  As  we  shall  see  later,  the 
characters  of  brothers  depend  to  a  great  extent  upon  the 
charactersof  the  germ  cells  from  which  they  are  deriveil. 
So  there  may  be  some  one  fundameulal  law  of  growth 
that  determines  the  variability  and  heredity  alike  of  in- 
dividuals and  of  organs. 

Exchimre  Inheriiaiice. — So  far  we  have  dealt  chietly 
with  heritages  that  are  blended  in  the  offspring.  But 
there  are  some  characteristics  that  appear  in  the  individ- 
ual child  as  if  derived  from  one  ]iarent  only.  Gallon 
found  such  lo  be  the  case  iu  regard  to  the  color  of  the 
eyes.  If  one  parent  liave  dark  eyes  and  the  other  light 
eyes,  the  eyes  of  each  child  will  be  either  light  or  dark, 
seldom  intermediate  in  color.  The  laws  governing  this 
form  of  inheritance  are  so  iincerlain  at  the  present  time 
that  they  need  not  be  considered  in  this  article. 

Ptirtirtihtte  luhiritunre. — Every  one  will  recall  instances 
of  particulate  inheritance.  It  is  especially  well  shown 
when  individuals  of  two  races  are  crossed.  The  writer 
has  in  mind  a  family  in  w  liich  the  father  was  a  European 
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jiiul  till-  motlicr  a  mulatto.  Soiin' of  the  cliiltlrcti  Iiiiil 
liidiiiiiiiurd  iK'gro  fentiiros  with  fair  (oinpli'xidiis.  otlicis 
Jiail  (lark  skins  and  regular  featuns;  llic  (■liara<l<iisti(s 
of  the  two  parental  races  were  mil  evenly  lilended  in  any 
i)ne  111'  the  eliildren.  Parlieulale  iidierilanei'  is  so  similar 
t(i  exclusive  inlierilance  thai  it  is  sometimes  dillicult  to 
ilelerinine  to  wliieli  type  a  jfiveii  case  belongs,  as  is  tru(; 
for  example  in  regard  to  the  color  of  the  hair  of  horses 
and  dugs. 

Prejtiiliiici/. — Sometimes  the  ofTspring  on  the  average 
will  resemble  one  parent  more  than  the  oilier,  and  then 
the  parent  with  \vhi<li  the  correlalinn  is  the  griatcr  will 
lie  .SJlid  to  lie  prepotenl.  IJrecilcrs  lind  asa  rule  that  pure 
breil  animals  are  pripotcnt  over  mongrels.  The  prepo- 
tency may  alTect  all  olVspring  alike  or  it  may  alVeel  only 
one  sex.  Aliiiormal  variations  are  siiid  to  lie  highly  ])re- 
potent,  and  Darw  in  gives  a  number  of  cases  of  the  inheri- 
tance of  such  variations  by  one  sex  only. 

Inheyitdiicc  iit  ('orrmpniKliiig  Perioih  of  Life. — Correla- 
tions may  be  obs('rve(l  not  only  between  adidt  i)arents 
and  aduit  ofTspring,  but  also"  between  the  immature 
stages  of  parent  and  olTsprings.  and,  <if  course,  these 
c<inelations  come  at  corresponding  periods  of  life,  or 
there  would  be  no  regularity  in  the  course  of  develop- 
ment. Hut  it  has  been  observed  that  abnormalities  in 
parent  and  olTspring  tend  to  appear  likewise  at  corre- 
spondiug  periods  of  life.  Of  this  Darwin  gives  a  number 
of  examples. 

Cluiiiicters  that  tiiai/  be  Inherited. — In  general  all  con- 
genital characters  exhibit  the  phenomena  of  heredity, 
either  of  one  type  or  another.  This  includes  not  only 
normal  variations  but  also  various  abnormalities  and 
those  constitutional  weaknesses  that  predispose  the  sub- 
ject to  disease.  Pearson  has  shown  that  fertility  may  be 
inherited  and  every  hortieulturalist  knows  that  variability 
is  an  inhcrilable  characteiistic.  As  lo  the  inheritance  of 
modilications  acquired  as  Ihe  result  of  external  influences 
upon  Ihe  cells  of  the  body,  we  have  but  few  observations 
of  value.  The  results  from  Fay  s  observations  on  the  iu- 
lieritance  of  deafness  are  given  in  the  following  table: 
Tablk  VI.— i.\hkritaxce  of  Deaf.vkss. 


CoDditlon  of  parents. 

Number 
of  children. 

Per  cent. 
deaf. 

Botli  (leaf,  ac(tulre(l 

1,720 
713 

1,820 
528 
779 

2.3 

HeairliiL' iiiid  ik'iif,  acquired 

22 

Iieaf,  cuiij^i-iiital  anil  acquired 

Hf^rini:  and  deaf,  coiitrenital 

Both  d(Mif,  congenluil. 

0.3 
11.9 
259 

ThedifTerence  of  the  results  between  the  eases  in  wjiich 
congenital  deafness  appears  in  the  pareiilage  and  cases 
in  which  it  apparently  docs  not  is  very  striking.  It  is  pos- 
sible that  it  might  be  still  more  so  if  it  were  not  for  Ihe  dilti- 
culty  of  distinguishing  in  every  case  between  congenital 
and  acquired  deafness,  a  difliculty  which  may  perhaps 
account  for  the  appearance  of  eveii  the  small  percentage 
of  di'af  children  credited  to  parents  that  appear  to  have 
ac(piired  deafness.     {See  Emlvtion.) 

Here  mi"  II. — The  discussion  of  reversion  and  atavism  is 
reserved  f(jr  another  i>lace.     (Sec  article  Jkrji-.tioii.) 

Teleyoii//. — Many  breeders  of  domestic  animals  are 
firmly  convinced  that  a  previous  sire  may  influence  the 
progeny  of  a  subsecjueut  one.  This  supposed  intluence 
is  called  telegony  and  is  regarded  as  a  phenomenon  of 
heredity.  The  subject  has  been  investigated  experi- 
mentally by  Ewarl.  using  horses  and  zebras,  and  he 
found  no  evidence  of  such  an  influence.  Pearson  has  at- 
tacked the  problem  from  Ihe  statistical  point  of  view  and 
likewise  reached  negative  results. 

In  i>laiils  there  is  a  phenomenon  called  renia.  In  In- 
dian corn  when  two  varieties  are  crossed  the  maternal 
part  of  the  fruit  takes  on  the  characteristics  of  the  male 
parent,  which  one  would  not  expect  lo  appear  until  the 
formation  of  Ihe  fruit  of  the  next  generation.  I)e  Vries 
and  Webber  have  explained  this  as  due  to  a  process  of 
double  fertilization  first  (observed  by  Nawaschiu  and 
Guignard  (see  Impregnation). 


In  concluding  our  review  of  the  phenomena  of  heredity 
it  should  be  noted  that  little  is  to  be  learned  by  the  study 
of  i.solaled  ca.ses.  Wecanac(|inrei(leasof  value  in  regard 
to  heiedily  only  by  dealing  with  large  numbers  of  obser- 
vations by  approved  .stati.stieal  method.s.  And  it  has 
been  with  the  hope  of  giving  sfinie  notion  of  Ihe  lirst, 
jirinciples  of  that  new  and  important  branch  of  liiologi- 
eal  science  that  we  have  devoted  .so  much  sjiace  lo  Ihe 
subject.     AVe  now  turn  to  the  theories  of  heredity. 

TllEOKlES  OF   HEKEniTV. 

Importance  of  the  Subject. — We  are  all  interested  in 
Ihe  question  as  to  how  we  have  come  to  be  what  we 
are,  and  we  have  seen  that  what  we  call  Ihe  principle  of 
heredity  has  been  an  important  factor  in  determining  the 
present  condition,  not  only  of  every  human  being,  but 
also  of  every  living  thing  whether  animal  or  iilaiit.  We 
now  turn  naturally  lo  the  study  of  the  iMcchanism  of 
heredity.  But  this  is  a  thing  which  is  no*  open  to  direct 
observation,  and  the  best  that  we  can  do  is  to  construct 
a  theory  of  heredity  from  such  facts  as  we  can  observe. 
Such  an  iiKpiirv  is  not  only  of  im]iortance  to  the  students 
of  pure  science  desirous  of  fully  comiircliending  the  ori- 
gin of  organic  individuals,  but  is  eijually  impcrtani  to 
the  practical  breeder  of  domeslic  animals  and  plants 
wishing  to  maintain  his  stock  at  the  highest  value  and  to 
the  iiraclical  philanthropist  anxious  for  Ihe  perfecli(.n  of 
the  human  species.  The  medical  practitioner  is  also  cnn- 
slantly  face  to  face  w  ilh  (luestious  of  heredity,  and  the 
value  of  his  advice  in  such  cases  will  depend  on  whether 
or  not  the}'  are  founded  upon  a  sound  theory. 

We  often  hear  it  stated  that  theory  is  one  thing  and 
practical  experience  is  another.  But  all  experience  goes 
for  nothing,  if  it  docs  not  lead  to  the  formation  of  correct 
theories.  It  is  the  comprehension  of  theories  thai  makes 
the  dilTerencc  between  the  skilled  engineer  who  jilaus 
great  bridges  or  powerful  machines  and  the  day  laborer 
who  nuxes  the  morlar  or  hammers  the  iron;  and  when 
we  realize  the  immeasurably  greater  complexity  of  the 
simplest  organism  over  the  most  intricate  mechanism  of 
human  construction,  we  can  see  how  much  more  impor- 
tant a  correct  theory  is  in  the  effort  to  improve  the  laces 
of  higher  ainmals  and  plants. 

lie(/iiircnicnlfi  if  a  Thiiirrj  if  Herci/ili/. — A  theoi'v  of 
heredity  is  not  reqiiired  lo  explain  the  multiplication 
of  organisms,  but  it  must  explain  the  relations  of  foini 
between  parent  and  offspring.  These  relations  are  ex- 
pressed by  the  terms  heredity  and  variation.  We  have 
seen  how  intimately  connected  variation  and  heredity  are 
with  one  another  that  they  are  in  fact  but  the  oiqiosite 
phases  of  the  same  phenomena.  A  theory  of  heredity, 
th(<refore,  must  be  also  a  theory  of  variation.  But  hered- 
ity and  variation  are  both  Ihe  result  of  the  process  of 
developmeiU  and  to  exiilain  llicm  one  nuist  tirst  exjilain 
development.  The  embryologist  has  ex]ilained  the  de- 
velo])ment  of  any  structure  sutticiently  for  his  imrpose 
when  he  has  shown  how  this  structure  is  Ihe  necessjiry 
result  of  a  certain  observed  order  of  cell  division,  growth, 
and  dilTerenlialion.  For  him  the  cell  is  Ihe  fundamental 
structure,  and  une(|ual  growth,  fusion,  and  flssion  of 
tissues  are  fundamental  jirocesses.  For  Ihe  student  of 
heredity,  however,  it  is  neces.saiy  to  go  deeper  and  to  try 
to  discover  the  fundamental  structure  of  the  cell  itself 
and  to  investigate  the  minute  processes  of  cell  division 
to  determine  if  pos.sible,  the  causes  that  result  in  un- 
equal growth  and  differentiation  and  thus  control  the 
development  of  the  organism  as  a  whole  A  theory  of 
heredity  and  variation,  therefore  nuist  be  also  a  theory 
of  development  in  the  deepest  sense  It  follows  from 
this  that  our  theory,  to  be  valid,  must  be  cajiable  of  ex- 
plaining all  of  the  phases  of  development,  including  di 
reel  developmenl.  both  sexual  and  asexual,  metamorpho- 
sis, sexual  (limor]>bism.  other  forms  of  polymoriiliism. 
regeneration  of  lost  ))arts.  and  the  alternation  of  genera 
tions.  It  will  i'(^a(lily  be  seen,  moreover,  that  such  a 
theory  necessarily  involves  some  conception  as  to  the  es- 
sential structure  of  living  matter. 
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Thr  /''•iiiitiimfuliil  <'onrfi>tii>ii»  in  Throrif*  of  Jleredily. 
— Tlirnrli's  of  liiTc'dity  iiri'  nciirly  iin  miiiicrium  itM  tlic 
iliiiiUi'n«  u|iiiii  lliiM  HulijiTi.  It  wiiiilil  III-  very  iiit<'i' 
I'siiiii;  li>  tiikr  up  tlic  vii'ws  iif  ciii'li  iiiilhiir  in  tlii'ir  liin 
liiiicnl  iHiIrr  Hill  I  III  study  llir  cITi-rtsiif  pri'viiius  ulim-rvii 
linns  iiiiil  ili'iliii'tinns  ii|iiiii  tlirin  iiinl  tlii'ir  intliii'iici'  in 
turn  ii|>iiii  llir  o|iiiiii>iis  lliiit  liiivc  lirrii  r.xpicsscil  liilrr. 
If  »'■■  sliiMilil  (In  iliis.  \\i-  sliiiiilil  lliiil,  liiiwi'Vir,  lliiil  in 
spiti' i>r  niiiltiplirity  of  ilislinrt  llii'iirirs,  tlinr  is  u  coni- 
punitivi'ly  siiiull  niinilHTof  funiliiiiii'lilnl  conrrptions,  one 
or  more  of  wlilrli  form  tin-  liiisis  of  null  of  tlir  llirorii's. 
W'v  should  lind.  also.  Ilmt  iis  llir  knowlcd;,'!'  of  aniiloniy. 
pliysiolo);v,  mill  rnil>ryoloi.'y  Ims  iidviimrd  with  tlin  ill 
vi'iilion  of  iiiorr  pncisi'  iiii'liioils  of  nsciinli.  llir  llirorirs 
of  lirrt'dily  liiivr  lonir  lo  drpi'iid  liiori'  and  iiiori'  upon 
oliscrvi'd  fiiits  iind  li'ss  upon  <i  jin'mi  principli'S.  Tlic 
rcsiill,  liowi'vcr,  Ims  nol  hrcn,  ns  oni-  niii;lil  suppose,  lo 
simplify  llie  lliiorics.  hut  nillicr  liimiikr  tlu'iii  more  com- 
plex. In  fill  t,  the  more  we  know  iilioiit  heredity  the 
more  Wonderful  the  pliiiiomeim  iipprnr  and  the  more 
dillieult  lieeonies  their  expliiiiatioii.  To  discuss  all  of 
tiles*'  theories  in  their  liislorical  relations  would  unduly 
e.vleiid  this  article,  and  wc  shall  have  loeoiileiit  ourselves 
with  an  exaniiniition  of  the.  fundaniental  conceptions  un- 
deriving  them.  These  conceptions  may  he  enumerated 
as  follows:  (I)  animism,  i'i)  physioloirical  units,  {'i) 
heredity  as  a  form  of  motion  or  as  memory.  (4)  pangene- 
sis, (.'i)  idioplasm  as  distinguished  from  trojihoplasm.  (0) 
germ  plasm  as  distinguished  from  somatic  idioplasm.  (7) 
continuity  of  gvrni  pla.sni,  (H)  evolution,  and  I'.l)  epigene- 
sis.  We  shall  take  these  up  one  liy  one.  judge  tlieiii  in 
llu'  light  of  the  facts  and  from  such  as  seem  valiil  try  to 
build  up  for  ourselves  a  theory  of  heredity  and  develop- 
ment. 

Animism. — The  earliest  views  as  to  the  rauses  of  tlic 
phenomena  of  heredity  may  genemlly  he  clas.sed  under 
the  head  of  animism.  Most  of  them  agree  that  the  char- 
acter of  the  material  hody  is  controlled  by  a  spiritual 
body,  the  soul,  or  iinimiiii,  which  enlers  the  material 
body  at  its  conception. 

Van  Ilelmont  ami  other  writers  of  the  middle  ages 
have  supposed  llial  there  is  an  actual  transfer  of  spiritual 
substance  not  only  through  the  se.xual  products  but  also 
through  the  milk  of  the  mother  or  nurse.  Indeed,  it  is 
said  tliat  such  is  the  beli'ct  of  many  persunsat  the  pres- 
ent lime. 

Others  believe  that  the  thoughts  of  the  mother  may 
afTecl  the  mental  and  physical  character  of  the  develop- 
ing child.  Birth  marks,  supposed  ca.ses  of  telegony,  and 
the  like,  have  been  explained  in  this  way.  When  Jacob 
set  up  the  rods  before  the  cattle  he  was  acting  upon  this 
theory. 

The  animistic  theories  have  the  great  advantage  of 
simplicity,  but  they  are  utterly  without  scientific  basis 
and.  therefore,  must  be  rejected. 

IVii/sii/liit/irnl  ['iiitK. — III  direct  contrast  with  tlie  ani- 
mistic theories  of  heredity  are  the  materialistic  theories. 
— tlio.se  that  postulate  a  /i/ii/sioil  bti^is  for  heredity.  One 
of  the  earliest  iitteni|)ts  to  ascribe  a  physical  basis  to  he- 
redity is  that  of  HulTon.  According  to  his  conception, 
organic  matter  is  es.sentially  different  from  inorganic 
matter  and  the  two  are  e<nially  indestructible.  Oiynnir 
mnlcriilin  are  to  be  found  everywhere  and  are  capable  of 
uniting  to  form  an  organism  wheiever  they  come  to- 
gether under  certain  conditions,  hence  his  theory  of 
spontaneous  generation. 

When  Herbert  Spencer  wrote  his  "  Principles  of  Bi- 
ology." it  was  known  that  there  is  no  chemical  element 
found  in  living  bodies  that  is  not  found  also  in  inorganic 
substances  and  that  ButTon's  idea  of  organic  molecules 
was  without  foundation.  Spencer,  however,  made  a 
very  decided  step  forward  when  he  revived  the  idea  in 
another  form. 

If  living  material  be  separated  into  its  constituent 
chemical  molecules  it  cea.ses  to  be  alive.  J,ife  is  not  a 
jiroperty  of  any  ordinary  chemical  substance.  Still  you 
can  dividi'  living  material,  and  even  particles  of  a  cell 
will   retain  for  a   time  at  least  their  vital   projjerties. 


Therefore  living  matter  muHt  \h-  iimde  up  of  unltH.  miicli 
smaller  than  a  cell,  and  much  larger  and  more  <'oinple\ 
than  a  elieniical  molecule.  Siieiieer  eallH  theM-  iiltiniule 
particles  of  living  niatlir  /ilif/ntil'H/inil  unitn.  He  ri- 
gards  them  us  ponmssin;;  tlii'  physic  »1  baKlsof  life  and  ax 
being  the  bearers  of  the  hereditaiy  i|ualities. 

Ilaeekel  aecepls  Spenrir's  theory  bill  refill's  lo  believe 
that  llie  physiologieiil  iinii,  which  he  calls  a /<///«/((/«/<•,  Is 
anvthing  more  than  a  very  complex  chemical  molecule, 

\Veisniaiiii  agrees  with  Spencer  in  regarding  prolo 
plasm  as  made  up  of  units  which  are  of  a  higher  order 
than  anioleciile.  Ilecalls  them  ii"/(A«;-j<(tlir-  life  bearers) 
and  attributes  to  them  somewhat  dilTerent  properties  from 
those  that  Spencer  supposes  his  physiological  units  lo 
po.ssess.  The  biophois  carry  with  them  only  the  ele- 
mentary (lualities  of  the  organism.  The  Irni-  iM-arers  of 
heredity  arc  higher  units,  the  dilrriiiinnnlit,  which  are 
themselves  composed  of  biophors  having  certain  proper- 
ties and  arranged  in  a  delinile  order. 

Xilgeli  takes  a  .soiiicw  hat  similar  position.  Aj-cordini; 
to  him.  w  hen  proteids  are  forined  in  a  watery  solution 
they  are  precipitated  in  miiiule  crystal  like  nias.ses  that 
he  calls  jiiii-rUn.  but  they  do  not  form  purl  of  the  living 
material  until  they  are  iinilcd  into  larger  nias.ses  which 
are  drawn  out  into  threads.  These  threads  of  micella- 
arc  the  ultimate  particle  of  living  iiiatter  and  the  bearers 
of  the  hereditary  (|iiiililie8. 

Darwin,  who  was  one  of  the  first  to  give  to  the  world 
a  definite  theory  of  heredity,  made  noatlenipt  to  discover 
the  iiltimati'  structure  of  living  nialler.  lie  believed, 
however,  in  a  jdiysical  basis  of  heredily,  which  he 
thoiight  could  be  found  in  minute  bud  like  boilies, //<;»- 
iiiiiliK.  given  olT  from  the  various  cells  of  the  brnly.  lie 
was  followeil  by  Brooks  and  to  a  certain  extent  by  Gal- 
ton,  and  de  Vrics  attempted  to  improve  his  theory  by- 
supposing  the  gemmules,  which  he  named  jiangnun,  not 
to  lie  produced  by  the  cell,  but  by  the  nucleus. 

In  all  of  these  theorii's  the  bodies  that  are  supposed  to 
carry  the  hereditary  characteristics  are  ton  niiniile  for 
observation,  and  therefore  it  is  C(|ually  iinpnssible  to 
prove  or  disprove  their  existence.  In  fact,  these  theories 
are  not  intended  lo  be  anything  more  than  working 
hypotheses.  The  main  question  with  us  is.  not  whether 
one  or  the  other  of  these  hypotheses  is  correct,  but 
whether  the  general  principle  that  underlies  them  all 
should  be  accepted  or  rejected.  It  seems  to  the  writer 
that  no  one  who  has  carefully  stuilieil  the  phenomena  of 
fertilization  and  develnpnient.  and  has  cniisidered  the 
results  of  heredity,  can  fail  to  believe  that  it  has  a  physi- 
cal basis  and  that  this  must  consist  of  units  that  are  much 
less  than  the  cell  and  iguch  more  complex  than  the  mole- 
cule. 

lleredily  tiK  ti  l-nfiii  of  ytotiitu. — The  earliest  theory  of 
heredity  that  is  sulticiently  well  founded  to  deserve  seri- 
ous consideration  is  that  of  Merbert  Spencer.  But  even 
this  theory  is  conceived  lo  a  great  extint  independently 
of  any  facts,  and  is  therefore  lar.irely  metaphysical  and 
to  be  understood  only  in  connection  with  Spencer's  phil- 
osophical system  of  cosmic  evolution. 

He  compares  the  organism  to  a  crystal.  The  molecules 
which  go  to  make  up  a  crystal  are  originally  all  exactly 
alike,  but  in  the  crystal  they  do  not  all  have  the  same 
relative  position  nor  the  .same  morphological  value.  One 
will  form  part  of  an  angle,  another  part  of  a  face.  etc. 
In  a  similar  way  the  organism  is  made  up  of  physiologi- 
cal units  that  are  all  alike  but  dilfer  in  position.  The 
inoU'Cules  of  the  crystal  on  the  one  hand,  and  the  physi- 
ological units  of  the  organism  on  the  other,  have  a  cer- 
tain fmJarity  that  cau.ses  them  to  unite  whenever  jiossible 
into  aggregates  having  a  certain  definite  form.  If  a 
crystal  be  mutilated  and  then  placed  in  a  saturated  solu- 
tion of  the  same  salt,  deposition  of  new  material  will 
take  place  in  such  a  way  as  to  restore  the  crystal  to  its 
original  shape.  Spencer  regards  the  regeneration  of  lost 
parts  in  organisms  as  an  exactly  analogous  process. 

The  foriii  alike  of  the  crystal  and  of  the  organism  is 
due  to  interaction  of  internal  and  external  forces.  But 
the  organism  differs  from  the  crystal  in  being  much  more 
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sensitive  to  cxicriinl  conditions;  it  is  due  to  llicni  tlial 
varliitions  occur.  Whin  a  pcrniancnl  variation  is  |)io- 
diiccd  tlie  polarity  of  tlic  plivsiologiial  units  lias  been 
clianiicd.  Hut  any  force  alTcetin);  a  |)art  alTc<ls  liic 
whole  and.  therefore,  the  polarity  of  all  the  pliysiol<igi<al 
iniils  ill  the  body  will  he  allercMl.  iiieludinj;  those  of  the 
germ  ce'ls.  Coiisei|Uenlly  when  the  physioloifiial  wnils 
of  the  jrerni  grow  and  multiply  to  form  a  new  oiiiaiiism. 
they  will  tend  to  arniiiire  themselves,  not  in  the  form 
that  the  parent  had  oriLTinally.  but  in  the  form  that  it  ac- 
(piired  as  the  results  of  the  action  of  external  conditions. 
In  this  way  all  chanicteristics,  whether  conjreiiilal  or  ac- 
(juired.  tend  to  be  inherited.  According  to  this  view 
heredity  may  be  regarded  as  a  form  of  motion  or  energy 
tbat  is  propagated  from  all  parts  of  the  bmlvto  the  germ 
cells. 

The  famous  botanist.  Niigeli.  spent  the  latter  years  of 
his  life  in  working  out  a  very  complete  theory  of  hered- 
ity that  in  many  of  its  essential  features  closely  resembles 
Spencer's.  The  threads  of  micell.T  that,  according  to 
Jsilgeli.  constitute  the  active  living  material  are  arranged 
in  bundles  which  are  continuous  throughout  the  body 
and  into  the  germ  cells.  Each  thread  is  the  seat  of  one 
of  the  fundamental  chfiractersof  the  organism,  and  all  of 
the  ililTcreiit  kinds  of  threads  neccssjiry  to  make  a  com- 
plete organism  are  present  in  each  bundle.  From  time 
to  time  new  threa<ls  may  arise,  causing  congenital  varia- 
tions in  n  certain  definite  direction.  E.vternal  conditions 
affect  the  micellar  threads,  and  their  reactions  lead  to 
adaptive  modilications.  These  morphogenic  stimuli  .set 
up  by  external  conditions  may  be  transniilled  ahmg  the 
threads  to  the  germ  cells  with  the  result  that  the  adap- 
tive modifications  of  the  parent  may  be  inherited  by  the 
olTspring. 

If  a  stone  be  dropped  into  the  edge  of  a  pond,  the  sur- 
face of  the  pond  at  that  point  is  momentarily  altered. 
This  disturbance  sets  up  a  wave  motion  in  adjacent  par- 
ticles and  these  set  other  particles  in  motion  and  so  on 
until  the  wave  finally  reaches  the  farthest  shore.  Spen- 
cer and  Xilgeli  think  that  in  the  same  way  anything  that 
affects  the  iihysiological  units  or  micella-  in  one  ]iart  of 
the  organism  sets  np  a  .sort  of  wave  motion  that  extends 
throughout  the  body  and  into  llie  germ  cells  alTecting 
their  phy.siological  units  so  that  they  may  give  rise  to 
similar  modificuti<ms  in  the  ofTspring.  Niigeli  makes  an 
improvement  on  Spencer's  theory  in  furnishing  a  path 
for  heredity  along  the  micellar  threads. 

Several  other  authors  have  attempted  to  construct  simi- 
lar theories,  but  none  of  them  presents  any  advantage  over 
the  ones  that  have  been  outlined. 

Hacckel's  theory  is  intimately  connected  with  the  mon- 
istic system  of  philosophy  and  is  almost  entirely  meta- 
physical. The  cycle  of  life  from  egg  to  egg  is,  according 
to  Haeckel,  a  great  wave  motiim.  As  each  individual 
gives  rise  to  numerous  offspring,  this  wave  motion  be 
comes  branched  with  the  act  of  generation.  This 
branched  wave  motion  is  called  perif/enesis — and  the 
pliistiiliilis  of  which  the  living  material  is  composed  have 
a  similar  wave  motion,  or  perigenesis.  Heredity  is  due  to 
tlie  propagation  of  this  wave  motion.  Haeckel  sums  up 
his  theory  by  saying  that  heredity  is  the  memory  of 
the  plasliilules;  variability,  their  power  of  perception. 

Orr  has  made  rather  an  elaborate  attemjjt  to  show  that 
heredity  is  a  i)henonienon  akin  to  habit.  The  proloplasnt 
of  the  parent  acipiires  the  habit  of  growing  in  a  certain 
way.  anil  when  a  small  piece  of  this  protopla.sm  is  sejia- 
nited  to  form  a  child  it  retains  its  previously  acquired 
habits,  with  the  result  that  the  child  grows  in  the  same' 
way  that  its  parent  did.  Cope  also  favored  a  theory  fol- 
lowing somewhat  these  sjime  lines. 

The  only  evidence  of  importance  in  favor  of  tliese 
theories  is  the  fact  that  in  certain  tissues  of  animals  and 
Jilants  the  cells  are  found  to  be  connicled  by  minute  ))ro- 
toplasmie  tlm^ads.  This  line  of  evidence  has  been 
gathered  together  recently  (lS!)H)by  O.  Hertwig,  who 
calls  attention  also  totheinlenslingexperiments  of  Pfef- 
fer,  which  sliow  that  in  one  ca.se  at  least  tliese  protoplas- 
mic filaments  may   transmit   a   formative   impulse,     A 


vegetable  cell  deprived  of  both  its  nucleus  and  cellulose 
wall  will  not  regenerate  either,  but  if  the  nucleus  be 
lireseiit  a  new  cell  wall  may  be  formed.  I'felTer  pre- 
pared cells  of  the  protonema  of  a  moss  in  such  a  way 
that  an  isolated  mass  of  proto|)lasni  without  a  nucleus 
remained  connected  to  its  iK'ighboring  niicleateil  cell  bv 
the  fine  protoplasmic  filaments  traversing  the  cell  wall. 
In  such  a  case  a  new  t-ell  wall  wjus  formed  around  the 
piotoplasm.  Hut  if  both  cells  were  deprived  of  nuclei 
the  cell  wall  was  not  regenerated. 

On  the  other  hand,  there  are  certainly  in  the  bodies  of 
both  animals  and  plants  cells  that  have  no  such  con- 
nections, and  a  general  continuity  of  protoplasm  has  not 
been  demonstrateti  in  any  oiganism  except  in  certain 
alga'  and  in  the  earliest  stages  of  cleavage  in  the  eggs  of 
some  animals.  We  cannot  tell,  of  course,  what  future 
experiments  may  bring  forth,  but  there  is  no  evid<-nce  at 
present  tbat  any  formative  impulse  may  pass  from  one 
cell  through  a  series  of  cells  to  a  distant  one,  as  would  be 
required  by  the  dynamic  theories  of  heredity. 

The  objection  to  these  theoiies  that  occurs  to  one  at 
once  is  their  fanciful  character  and  lack  of  any  really 
substantial  basis  of  fact.  Their  real  motive  is  to  account 
for  the  sujiposed  inheritance  of  aec|uircd  characters.  If 
any  one  of  tliese  theories  is  true,  then  the  inheritance  of 
acquired  characters  should  bi'  a  matter  of  everyday  oc- 
currence. It  is  impossible  to  prove  that  acquired  charac- 
ters are  never  inlierited  and  it  is  therefore  impossible  to 
disprove  any  such  theory.  Hut  the  ablest  advocates  of 
the  doctrine  of  the  inheritance  of  ac(|uireil  characters  are 
admitting  now  that  such  inheritance  is  not  common,  and, 
therefore,  such  a  theory  cannot  be  a  comiilete  explanation 
of  heredity,  but  must  represent  at  most  only  a  small  factor. 

We  may  conclude,  then,  that  the  idea  tliat  heredity  is 
a  fmin  of  motion  oi'  something  akin  to  memory  cannot 
be  accepted  until  more  evidence  in  its  favor  is  presented, 
and  such  evidence  does  not  seem  to  be  forthcoming. 

PiinffeuefiK. — Four  years  after  Spencer  jiublislied  his 
"Principles  of  Biology,"  Darwin  gave  to  the  woHd  his 
provisional  hypothesis  of  "Pangenesis,"  as  the  conclud- 
ing chapters  in  his  book  on  the  "  Descent  of  ilau." 

The  fundamental  conception  in  this  liypothesis  had 
been  exjiressed  about  four  hundred  years  before  Christ 
by  the  Greek  phiIo.soplier  Democritus  wlien  he  Siiid  that 
the  seed  of  animals  is  elaborated  by  contributions  from 
all  parts  of  the  body;  and  HulTon  likewise  had  supposed 
that  the  different  parts  of  the  offspring  are  made  up  of 
organic  molecules  derived  from  corresponding  ]iarts  of 
the  parents.  But  the  infiuence  that  this  conception  has 
had, on  scientific  thought  is  due  to  the  brilliant  manner  of 
its  presentation  by  Darwin. 

Darwin  supposed  that  the  <'ontributions  from  the  vari- 
o\is  parts  of  the  body  are  in  the  form  of  tjeminuUn,  little 
buds  given  olf  from  each  cell  in  the  body.  The  gem- 
mules  circulate  in  the  blood  and  are  finally  collected  in 
the  sexual  products.  When  the  egg  develops  each  gem- 
mule  may  give  rise  to  cells  like  the  one  from  which  it 
was  derived.  Thus  by  a  simjile  and  perfectly  intelligible 
process  Darwin  explains  the  inheritance  by  the  child  of 
the  various  characleristics  of  the  parent,  both  congenital 
and  acquired.  All  of  the  geiuniules  in  the  egg  are  not 
supi)osed  to  develop,  but  some  may  be  jiassed  on  to  sub- 
sequent generations.  This  is  always  the  case  with  the 
gemmules  repicsenting  the  sexual  characters.  Individ- 
uals of  one  sex  always  contain  the  gemmules  of  the  other 
in  a  latent  condition.  All  cases  of  reversion  aresuppo.sed 
to  be  due  to  the  development  of  such  latent  gemmules. 
Other  forms  of  variation  are  explained  as  due  to  the  re- 
arrangement of  the  gemmules  in  the  egg.  or  else  as  due 
to  the  direct  action  of  the  environment,  or  the  effects  of 
use  and  disuse  upon  the  cells  of  the  parent  which  are 
transmitted  by  the  gemmules  given  olf  from  them. 

The  central  fact  upon  which  Darwin's  theory  is  based 
is  the  supposed  inhirilance  of  aciiuircd  characters,  but 
it  explains  ei|ually  well  the  inheritance  of  congenital  va- 
riations, reversion,  particulate  inheritance,  alternation  of 
generation,  etc.  It  is  therefore  a  very  complete  theory 
of  heredity. 
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As  cnrly  iis  1H72.  Iiowcvor,  Oiillnn  wnR  led  to  tloiiht 

Diirwiiislliiiiry.  Mr  urmd  liis  iiliJrciiiniH  in  llii' llrsi 
pliu'i'  on  II /iri'i'i'i  );rciiinils.  Ilciliil  rml  iM'liivi' that  nc 
(|uirfil  rInimrUTH  tirr  K'^'^olly  inln-rilcil.  Tlif  ffcin- 
inulct.  Ik'  siiiil,  arc  purely  iiniiK>ii'iry.  un<l  Ihrrcfdrc  tlicir 
cxisti'iK'c  is  tin  iinuiirninti'il  iissiiniplinn.  Itiit,  wiiivin); 
tliid  la>t  iilijcrlicin,  armlln-r  anil  niori-  s<'rii>im  cine  arises. 
If  wi-  snppiiM'  llial  cvi  ly  cell  is  cnnlinnjillv  jjivinn  olT 
ftcniiniilrs,  the  niinilit'r  prrsi-nt  in  the  cirpinisin  must  l>c 
(•nurniims;  ami,  if  rvi-ryull  <>(  llir  offspring  is  rcpre 
wntcil  liy  a  ^'I'nininli'  in  tin'  ^'rnn,  wr  s<'<'  that  if  a  s|)('r 
iinitii/iion  is  to  ciinlalii  nut  only  tliisc  ^'I'lnniilli-s.  lint  also 
H  l»ri;i'  nuinl>rr  of  latriit  onts,  in  onlcr  that  so  many  may 
UhIk''  >>i  so  small  a  space,  they  must  1h' excessively  minute. 

In  the  seconil  place,  (iallon  testeil  the  i|ueslion  ex|>eri- 
meiitally.  lli-  took  silversniy  nilihils.  which  genenilly 
lireeil  Irui',  ami  into  eiiihtienof  these  he  Iransfuseil  lilooci 
from  nilihils  of  other  lireiils.     He  ri'asoneil  ilml,  if  ;.M-m 

mules  tie  jriven  olT.  as  Uarwiti  supposed,  the  hi 1  must 

ciilitain  a  lar^'e  ninulxr.  and,  if  lilood  of  oni'  lireed  is 
tninsfuscd  into  the  body  of  another,  the  olTspring  of  the 
latter  should  show  iwime  tnices  of  chaiiicters  of  the 
foriucr.  Kightysix  y<um>r  were  reareil  from  the  iiuli- 
viduals  experiinenleii  upon,  uud  none  of  them  showed 
anv  tnice  of  foreijrn  blood. 

lie  concludi'd,  therefore,  that  pangenesis  pure  anil  sim- 
ple is  an  incorrcil  hypothesis,  lie  waswillinir  to  admit, 
however,  that  acijuired  ilianuters  nii.uht  nirely  be  inher- 
ited and  that  this  luiu'ht  be  explained  b3-  the  occasional 
giving  olT  of  jiernis  by  cells. 

In  lf<7K  Brooks  outlined  a  theory  of  heredity  which 
was  very  fully  developed  in  his  book  on  "Heredity,"  in 
18S<:i  This  tiieory  is  a  moditicntiou  of  Darwin's  theory 
of  pangenesis  chani-'ed  to  meet  the  objections  of  Galton 
and  others.  Acconlini:  to  HrooUs.  the  plienonienH  of  he- 
redity in  the  strict  sense  are  due  to  the  eDntiimity  of  the 
genu  rtlh.  a  iirinciple  that  will  be  discus-sed  later,  while 
variability  is  explained  by  pangenesis.  Hrooks supposes 
the  germ  cells  to  contain  gemmules  representing  all  |)arts 
of  the  iKwly.  Most  of  these  gemmules  are  derived  from 
more  or  less  riMuote  ancestors,  having  been  passed  on  in 
a  latent  condition  from  generation  to  generation.  New 
gemniules  are  not  being  given  off  all  the  time  by  cells 
of  the  body,  but  are  |)ro<luied  only  by  cells  which  for 
the  tinu'  being  are  subjected  to  \infuvorable  conditions. 
The  new  genunules  may  circulate  throughout  the  body, 
but  in  the  male  the  sperm  cells  constitute  a  special  ap- 
paratus for  the  collection  and  stonng  of  new  gemmules. 
When  fecundation  takes  place  the  new  gemmules  unite 
with  the  corresponding  ones  in  the  egg  and  hybrid  gem- 
mules are  produced  which  like  imi/  'il/n  r  liiilirith  are  vari- 
able. This  causes  variability  in  parts  of  the  otispring 
which  correspond  to  those  subjected  to  unfavorable  con- 
ditions in  the  |)arent.  especially  in  the  father.  According 
to  this  view,  the  mother  is  the  conservative  element,  the 
father  the  progressive,  or  variable  element  in  heredity. 
External  conditions  affecting  the  i)arent  cause  variability 
in  the  olTspring.  but  not  inany  particular  direction.  Ac- 
quired diameters  arc  not  inheriteil.  Brooks  brings  a 
strong  array  of  facts  and  much  skill  in  argomeut  to  the 
support  'of  his  theory,  but.  nevertheless,  it  is  far  frnm 
convincing.  The  gemmules  of  Brooks  are  just  as  much 
priMlucts  of  the  imagination  as  Darwin's,  and  none  of  the 
investigations  of  cell  structure  or  of  cell  function  has 
revealed  any  process  analogous  to  the  formation  of  gem- 
mides. 

To  sum  up.  the  theory  of  pangenesis  presented  in  vari- 
ous forms  by  Darwin  and  Brooks  supposes  the  germ  to 
be  made  up  of  material  particles  derived  from  all  parts 
of  the  parents  or  more  remote  ancestors  and  able  by  de- 
veloping to  form  corresponding  parts  of  the  otispring. 
This  theory  agrees  with  the  dynamic  or  memory  theories 
in  supposing  that  the  characters  of  the  olTspring  depend 
on  the  character  of  certain  physical  substances  in  the 
germ,  and  that  the  germinal  characters  in  turn  are  in- 
fluenced directly  by  the  corresponding  parts  of  the  par- 
ents. The  theories  ditTer  in  llie  method  by  which  this 
intiuence  is  supposed  to  be  exerted.     According  to  the 


dynamic  th...nr-.  In.tniilogouii  pniln  of  the  parent  and 
olfspring  are  alike  becaum-the  germinal  rudiiniiils  of  the 
parts  of  the  olTspring  have  been  Niibjected  to  the  intlu 
ence  of  some  sort  of  formative  energy  radiating  from 
homologous  parts  of  the  paniil.  According  to  the 
theory  of  pangenesis,  homologous  parts  of  the  pan'iit 
and  olTspring  are  alike  because  thiy  are  of  the  Kame  sub 
stance  (II  ,  Kig.  UfMlT).  But  Ihesi'  theories  are  found  to 
be  e(|ually  uiisjilislactory  when  tested  by  the  light  of  re 
cent  know  leilge  of  the  history  "f  the  gi-rm  cells. 

lilinj,l,iKiii.—'\'hi'  theory  of'  epigenesis  is  intermediate 
between  the  idea  of  heredity  as  a  form  of  energy  and  a 
third  fundamental  conception, — runt  in  nit y  (A  ihi;  physi- 
cal basis  of  heredity.  The  doctrine  of  continuity  de- 
pends upon  obsiTvations  of  the  structure  and  history  of 
the  germ  cells,  and  involves  two  other  fundamental  con- 
ceptions in  regard  to  the  relations  of  the  parts  of  the 
cell.  These  are  the  doctrines  of  iilinjiliiiiiii  and  of  t/erin 
/iliimii.  We  owe  the  first  of  these  ideas  to  Nilgeli.  He 
regarils  piotoplasmascomiio.sed  of  two  substances.  Both 
of  these  consist  of  proteids  in  the  form  of  minute  rounded 
micellie  and  of  water.  In  one  of  these  substances,  the 
■■  Nahrplasma  "  or  trophoplasm,  the  micellie  are  .s<-attereil 
throu.irh  the  water  without  any  special  arrangement.  In 
the  other  substance,  to  which  he  gave  the  name  r'l/i'o- 
jiliifiii.  the  micellie,  on  the  contrary,  have  a  very  definite 
arntngcment  into  threads  which  in  turn  are  united  into 
bundles. 

The  idioplasm  is  the  triu'  living  substance  and  all  of 
the  characters  of  the  organism  are  due  to  its  activities. 
The  trophoplasm.  on  the  other  hand,  is  not  really  alive, 
but  is  tiie  nutritive  material  upon  which  the  idioplasm 
draws  in  order  to  grow  anil  to  make  good  its  waste. 
The  threads  of  micellie  have  been  mentioned  before  as 
being,  according  to  Xilgeli,  the  bearers  and  conductors 
of  hereditary  ((ualities.  These  threads  constitute  the 
idioplasm. 

Weismann  adopts  Xilgeli's  conception  of  the  idioplasm 
with  .some  important  nioditications.  He  agrees  with  De 
Vries  in  holding  that  Xilgeli's  view  that  the  idioplasm 
forms  a  connected  network  throughout  the  organism  is 
untenable.  According  to  Weismann,  the  idioplasm  is  to 
be  looked  for  oidy  in  ihe  nuclei  of  the  cells.  It  is  in  the 
nucleus  that  new  living  material  is  constructed,  and  it  is 
from  the  nucleus  that  it  migrates  into  the  cytoplasm 
where  it  is  used  up  in  the  course  of  its  functional  activi- 
ties,— such  as  secretion,  contraction,  and  the  like.  The 
formation  of  new  material  takes  place  in  the  nucleus,  the 
functional  activities  of  the  cell  take  place  in  the  cyto- 
plasm:  or,  in  other  words,  the  nucleus  is  the  seat  of  the 
anabolic  processes,  while  the  cytojilasm  is  the  seat  of  the 
katabolic  processes.  According  to  this  view,  then,  the 
cj'toplasm  is  actively  alive  and  not  merely  a  ma.ss  of  nu- 
tritive material,  but  its  character  is  due  to  the  stamp  im- 
pressed upon  it  by  the  idioplasm  within  the  nucleus. 
There  is  con.siderablc  evidence  in  favor  of  the  view  that 
such  a  division  of  labor  between  nucleus  and  cytoplasm 
really  exists,  as  will  be  seen  later. 

Germ  Plaum  as  Distiiiffninhed from  Soimitic  Idioplaam. — 
Weismann  goes  a  step  furlher  and  divides  idioplasm  into 
two  kinds, — somatic  idioplasm  and  germinal  idioplasm, 
or  germ  pli^m.  It  follows  as  a  matter  of  course  that  the 
idioi)lasm  of  the  germ  cells  must  be  capable  of  bearing 
the  heredity  qualities  of  the  organism.  It  is  idioplasm 
of  this  kind  that  Weismann  calls  germ  plasm.  He  thinks 
that  the  somatic  cells  do  not  contain  germ  plasm  as  a 
rule,  but  each  cell  contains  only  a  certain  kind  of  idio- 
plasm which  constituted  only  a  small  part  of  the  original 
germ  plasm.  Thus  muscle  cells  contain  oidy  muscle 
idioplasm,  liver  cells  only  liver  idioplasm,  ganglion  cells 
only  nerve  idioplasm,  etc  It  is  dilTereutiaied  idioplasm 
of  this  sort  that  he  calls  somatic  idioplasm. 

Many  critics  of  Weismann  refuse  to  accept  these  dis- 
tinctions. They  say  that  there  is  no  evidence  that  there 
is  any  real  difTerence  between  germ  plasm  and  somatic 
idioplasm.  We  shall  be  better  able  to  judge  of  the 
merits  of  this  controversy  later  on.  In  the  mean  time  we 
may  employ  germ  plasm  as  a  convenient  terra  to  desig- 
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iHitc  the  ididplasiii  of  jtcriii  rcUs  williDiil  implying;  luiy- 
tiling  in  rejiiird  to  tlif  soiniitic  idiopliisin.  .Miiiot  jrocs 
still  furtluTiind  {li'diircs  timt  the  whole  idea  of  idioidasni 
is  wrong.  That  we  have  no  right  to  say  that  any  part 
of  the  eell  is  more  es.sential  to  it.s  life  than  another,  tiiat 
■we  must  regard  the  life  of  the  eell  as  the  total  elTeel  of 
everything  that  it  eontains.  whether  streaming  jirolo 
pla.sm.  food  particles,  i)roduets  of  e.xerelion.  or  what 
not.  and  thai  the  form  and  functions  of  the  eell  depend 
upon  all  of  these.  Minot  calls  this  the  theory  of  pan- 
plasm. 

In  view  of  the.se  opinions  and  others  that  are  to  follow, 
it  will  be  interesting  at  this  point  to  glance  at  the  evi- 
dence in  favor  of  the  theory  that  the  nucleus  is  the  centre 
of  control  for  the  activities  of  the  cell,  and  especially  of 
the  germ  cell. 

Till'  Locution  of  the  Iilio/ila»m  in  the  yiirleus. — The 
theory  that  ii  part  of  the  protoplasm  is  differentiated  as 
an  idioplasm  controlling  the  destinies  of  the  cell,  and 
that  (his  idi(>pla.sm  is  situated  in  the  nucleus — more  es 
pecially  in  the  chromatin  of  the  nucleus — rests  upon 
three  principal  arguments. 

In  the  tirst  place  a  study  of  the  phenomena  of  hered- 
ity shows  that  the  correlation  between  parent  and  off-' 
spring  is  practically  ecjual  for  both  parents  (see  Table  II.). 
Therefore,  if  the  physical  bases  of  heredity  be  an  idio- 
plasm, it  must  be  contributed  to  the  fertilized  ovum  in 
equal  ]u-oportion  by  the  two  parents.  Now  observations 
show  that  the  chromatin  of  the  fertilized  egg  is  derived 
in  exactly  equal  proportions  from  the  two  parents,  and. 
moreover,  the  clinjuiatin  is  the  oidi/  part  that  is  equally 
of  male  and  female  origin.  It  was  supposed  at  one  time 
that  the  centrosomes  of  the  tirst  cleavage  spindle  (see 
ISegnientiilion  of  the  Oriiiii)are  derived  from  tlie  centro- 
somes of  both  the  male  and  female  germ  cells.  But  it 
has  been  pretty  thoroughly  demonstrated  in  a  large  num- 
ber of  cases  that  the  ceutrosome  of  the  ovum  disappears 
at  the  time  of  the  formation  of  the  female  pronucleus  (see 
Oriiiii)  and  that  the  centrosomes  of  the  tirst  cleavage 
spindle  are  either  <lerived  from  the  spermatozoa  only  or 
else  arise  dc  now,  in  the  cytoplasm.  The  centrosome, 
therefore,  cannot  be  the  bearer  of  the  hereditary  charac 
tcristics.  Therefore,  if  present,  the  idioplasm  must  be 
looked  for  in  the  chromatinie  element  of  the  nucleus. 
The  evidence  upon  which  this  argument  is  based  has  been 
discussed  in  the  article  Chivmiinoine.  (See also  lieduction- 
dieision,  Oriim,  Spermntozoa,  and  Imprer/nation.) 

Secondly,  it  is  known  that  th('  correlation  between  lio- 
mologous  parts  of  parent  and  olVspring  is  approximately 
equal  for  all  parts  of  the  body  in  which  the  heritage  is 
blended.  From  this  it  is  evident  that  physical  basis  of 
the  hereditary  characteristics  must  be  distributed  eijually 
from  both  parents  to  all  jnirts  of  the  body  of  the  off- 
spring. Now  we  know  that  all  cells  of  the  body  are  de- 
rived by  fission  from  one  .single  cell,  the  fertilized  ovum. 
Further,  <luring  the  first  division  of  the  ovum  the 
chromosomes  are  divided  in  such  a  way  that  the  two 
daughter  cells  receive  chromatin  of  both  male  and  female 
origin  in  exactly  the  same  proportion  as  found  in  the  fer- 
tilized egg;  and  in  each  subseeiuent  cell  division  the 
chronmtin  is  distributed  e(|ually  between  the  daughter 
cells.  Therefore  we  may  infer  that  vmder  ordinary  cir 
cumstances  the  chromatin  of  every  cell  in  the  bi"dy  is 
equally  of  maternal  and  paternal  origin, — provided  that 
it  can  be  shown  that  the  chromosomes  maint.'iin  their  in 
dividuality  during  the  so  <alled  resting  stage  between 
two  eell  divisions.  It  is  well  known  that  there  is  no  ap- 
peanmee  of  such  individuality  in  most  resting  nuclei. 
Neverthele.s.ss,  as  the  reader  may  see  by  reference  to  the 
article  C/iromogome.  there  is  a  considendde  body  of  evi- 
dence to  show  that  this  is  only  an  appar<'nt  loss  of  indi- 
viduality, anil  that  the  chromosomes  fnrmecl  jireparatorv 
to  division  are  es.senlially  the  same  as  those  present  at  the 
end  of  the  previous  fission,  only  grown  larger. 

Ilislorically.  then,  the  chromatin  fullils  all  the  reqviire- 
ments  of  the  sup])osed  idioplasm.  It  remains  now  only 
to  examine  the  third  argument,  that  the  chromatin  and  the 
nucleus,  which  contains  it,  have  a  controlling  effect  more 


than  other  i)arts  upon  the  activities  of  the  cell,  especially 
upon  the  formation  of  structures. 

As  early  as  1877  Brandt  showed  that  fragments  of  a 
protozoan,  if  laiking  a  nucleus,  would  die  quickly,  while 
portions  containing  nuclear  material  would  heal  their 
wounds  and  live.  These  observations  have  been  con- 
lirmed  and  extended  by  Nussbaum.  Gruber,  Verworn, 
IJllie.  and  fithers.  They  find  that  eiiuclealed  fnigments 
of  various  protozoa  may  live  under  favorable  conditions 
for  a  number  of  days,  or  even  weeks,  and  "  will  ])erform 
perfectly  normal  movements,  show  the  same  sus<'eptibil- 
ity  to  .stimulus,  and  have  the  same  power  of  engulfing 
food  as  nucleated  fnigments."  "They  lack,  however, 
the  power  of  digestion,  .secretion,  and  regeneration."  In 
like  manner,  if  a  nerve  fibre  be  cut  in  two  the  porti(m 
connected  with  the  cell  containing  a  nucleus  lives  and 
grows,  while  the  distal  portion  dies  and  disintegrates. 
Verworn  has  found,  however,  that  an  isolated  nucleus  is 
equally  incapable  of  regeneration,  and  Lillie  has  shown 
that  in  Stentor  a  fragment  containing  a  nucleus  cannot 
regenerate  its  lost  parts  if  the  cytoplasm  is  reiiuced  be- 
yond a  certain  amotmt — one-twenty-seventh  of  the  origi- 
nal volume  in  this  case.  From  this  it  is  evident  that  the 
life  of  the  cell  depends  upon  the  combined  activities  of 
the  nucleus  and  the  cytoplasm.  Perhaps  regeneration  is 
impos.sible  because  the  means  of  engulfing  food  has  been 
destroyed.  It  does  not  disprove  the  theory  that  the  nvi- 
cleus  is  the  nutritive  and  dynamic  centre  of  the  normal 
cell,  a  theory  that  is  supported  by  several  other  lines  of 
evidence. 

The  jumitioii  of  the  nucleus  indicates  that  it  plays  an 
especially  important  part  in  the  economy  of  the' cell. 
For  example.  Ilaberlandt  (1877)  showed  that  in  plants 
the  nucleus  lies  nearest  that  part  of  the  cell  which  is  im- 
dergoing  most  rapid  growth,  as  in  the  formation  of  root 
hairs,  thickening  of  cell  walls,  etc. ;  and  Korscheldt  (1889) 
has  called  attention  to  the  fact  that  in  animal  cells  the 
nucleus  lies  on  the  side  nearest  the  source  of  food  supply. 
Changes  in  the  fonn  of  the  nucleus  indicate  the  same 
thing.  In  both  animals  and  plants  it  has  been  seen  that 
in  cells  actively  forming  new  material  the  nucleus  be- 
comes enlarged,  and  sometimes  branching.  Jloreover, 
an  actual  triinnfer  of  matcrinl  from  the  nucleus  to  the 
cytoplasm  has  been  observed.  Hodge  found  that  the 
nuclei  of  ganglion  cells  shrink  during  functional  activity. 
In  cell  division  all  parts  of  the  nucleus  except  the  chro- 
mosomes and  sometimes  jMirtsof  the  chromatin  disapjiear 
in  the  cytoplasm.  They  may  be  lost  as  products  of  me- 
tabolism, but  it  is  probable  that  part  of  them  remain  as 
lierniaiient  structures  in  the  cytoplasm.  I'pon  the  for- 
mation of  a  new  nucleus  after  division  the  nuclear  mem- 
brane, linin  network,  and  nucleoli  are  regenerated  from 
the  chromatin. 

Finally,  we  have  the  Interesting  experiments  of  Boveri, 
which,  while  unfortunately  not  perfectly  conclusive,  tend 
to  show  the  great  importance  of  the  nucleus  in  heredity. 
He  mixed  fragments  of  eggs  of  one  species  of  sea  urchin 
with  spermatozoa  of  another  and  obtained  dwarf  larva', 
[iresumably  by  the  union  of  spermatozoa  with  enucleated 
egg  fragments,  and  these  larvae  possessed  purely  paternal 
characteristics. 

In  the  cells  of  higher  plants,  there  are  small  proto- 
plasmic bodies  called  phmtidK.  and  some  of  these  are  the 
chorophyll  bodies  and  give  the  cohu'  to  the  plant.  Plas- 
tids  multiply  by  fission.  They  are  present  in  the  egg 
cell  and  are  passed  on  to  the  daughter  cells  in  eell  divi- 
sion. But  there  are  no  plastids  in  the  pollen  tube  so  that 
these  structures  if  they  are.  as  they  a|)pear  to  be,  perma- 
nent cell  organs,  are  of  purely  muternid  origin.  Never- 
theless, hybrid  plants  may  exhibit  more  or  less  of  the 
color  of  the  male  parent,  showing  that  the  male  compo- 
nent of  the  nucleus  influences  the  character  of  tlu'se  appar 
ently  indepen<lcnt  iihistids. 

It  is  well  known  that  the  character  of  the  grain  of  In- 
dian corn  is  modified  by  the  kind  of  pollen  that  falls  upon 
the  stigma  The  part  affected  seems  to  be  of  j)urely  ma- 
ternal origin  and  this  phenomenon,  known  as  xenia.  was 
for  a  long  time  an   unsolved  puzzle.     Webber  has  re- 
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n-iitly  siit'KrstccI  tlinl  lis  i  \|.Mii:iiiiin  Is  to  \w-  foiinil  In 
llir  (lisciivirics  of  (iiiiniiiml  iinil  Nuhiibi  liiii.  llml  hi  llic' 
lily  mill  Kritillariii  llirrr  in  ii  ili.uhli'  fiTllli/.iitiiui.  Wlillr 
our  iimli'iis  from  tlir  |iiilli-ii  IuIh'  iiiiiliH  with  llir  nurli'iis 
of  lllr  r^K  <•■"■  "  'ii'i'llil  "lir  frolll  tin-  Sllllli'  s<nir<-r  llllilrH 
Willi  llir  iiuclriis  of  II  icU  tliiit  liv  its  ilivisioii  in  to  n'Wi- 
risf  to  llir  iimiii  purl  of  llir  wni.  If  llir  siiiiii'  |irocc8S 
full  III'  slum  II  |o  III  riir  in  iiiiii/i'.  llii'll  \riiiil  in  )'\|ilililii-il 
ami  till'  iiiiiiortiiiil  foriimtivr  iiilliniicr  of  tin-  inuli-iis  is 
ili'iiioiislnitcil.  for  lliirr  is  no  iviilcmr  lliiil  any  ollirr 
slriirliirr  |m.ss<'S  from  llir  niiili'  |ilaiit  iiilo  ilir  niilnyo  sar. 

Ciitiliiiiiily.  —  \Vr  arr  now  |irr|inrril  to  rmisiiliT  our  of 
tlicmosl  imjiorlant  of  llw  fuiiilamiiitalcoiicciitiiiiis  foiiiul 
ill  till'  morf  riTcnt  lliiorifs  of  In-rcilily.     Tin-  iili-a  is  iiii 
|iortuiil  iKTausi'  il   is  foiindi'il  ii|ion  ilir  facts  of  obscrva 
tiiiii  wliirli  liavc  Ihtii  oiilliiinl   in  llir  |irccrilin>,'  scclions 
of  this  arliclr.     This  is  llir  Ihrory  of  lonliiiuily.      I.ikr 
till'  lln-orv  of  piinjti'ncsis,  il  allrnnils  to  iliscovir  a  pliysi 
<al  tuisis'for  lirri-ilily  in  llir  K"!""!  <'•'•'*      "'"   ','   'l''T'-'s 
fri'iii   llial  Ihrory  in  llir   vii-w  lakin  as  to  llir   hisloiy  of 
Ihr  liiairrs  of  till'  licri'tlitarv  ijualilit'S,  and  in   icgaril  to 
tlic  relation  of  the  gemi  cells  to  the  soiimtic  cells  of  the 
parent. 

Accorilin;,'  to  the  theory  of  |>an>rem'sis.  the  Rerm  nivvs 
rise  loan  imliviiliial  like  the  parent,  beeause  the  };erni  is 
eoinposeil  of  malerial  particles,  ealleil  cemmnles.  derived 
from  e>erv  part  of  tlie  parent  and  capable  of  reproduc- 
ing: the  parts  from  which  they  arose  (II.,  Kiir.  20(17). 

In  St ronj:  colli rast  w  illi  paiiireiiesisis  the  tlieory  of  con- 
tinuity. .Vccordiiiir  to  this  theory,  the  fierm  jrivesiis*'  to 
an  imliviiliial  like  the  jmrent.  not  becAiise  any  part  of  the 
jierin  is  derived  from  the  parent,  but  because  this  germ 
w  hieh  produces  the  ofTspring  is  a  part  of  the  mini  germ 
that  gave  rise  to  the  parent  (III..  Fig.  2607).  An  egg  or 
a  spermatozoon  is  a  cell,  and  like  every  other  cell  is  derived 
from  a  preexisting  cell  by  division.  If  we  trace  the  his 
torv  of  the  germ  cells  in  any  individual,  wetiiid  that  they 
have  arisen  by  a  succession  of  cell  divisions  from  the 
same  fertili/ed"  eggs  that  pidduccd  I  lie  whole  body  (see 
J..  Fig.  2007).  They  are  the  lineal  descendants  of  that 
eitg.  and  having  undergone  little  or  no  diireiciilialion 
tiiey  share  its  i|iialities.  The  two  germ  cells  that  united 
to  form  that  egg  have  bad  a  similar  history,  and  so  on 
back  for  all  gcnenilions.  and  in  every  case  this  history  is 
shared  by  the  nucleus  ami  more  especially  liy  the  chro- 
matin, if  we  regard  the  chromatin  as  the  scat  of  germ 
])lasni.  then  we  have  good  reason  to  believe  that  the 
germ  plasm  in  every  germ  cell  to-day  lias  been  derived 
by  growth  and  an  unbroken  series  of  divisiims  fnmi 
germ  plasm  that  existed  when  germ  plasm  was  first  dif- 
fereiitialed  in  organisms  living  so  long  ago  that  even  the 
HK-kscan  tell  nothing  of  their  history.  According  to  this 
view,  the  succcs.sive  generations  in  a  family  may  be  com- 
pared to  a  string  of  pearls  in  which  the  cord  that  holds 
lliein  can  grow  at  one  end  and  by  an  annular  enlarge- 
ment and  division  produce  a  new  pearl  one  after  another. 
Each  pearl  would  represent  the  somatic  cells  (body  tells) 
of  an  individual  and  the  cord  would  represent  the  germ 
plasm. 

I.lovil  Morgan  has  exprcs.sed  the  difference  between 
pangenesis  and  the  continuity  of  the  germ  plasm  very 
graphically  by  siiying  that  by  pangenesis  the  hen  pro- 
duces ihe Cgg  wiiicli  in  turn  gives  rise  to  a  new  lien, 
w  bile  by  continuity  of  the  germ  ]ilasm  the  hen  docs  not 
priMluce  the  egg  but  the  egg  produces  the  hen. 

The  first  to""recognize  that  the  germ  cells  differ  from 
the  iMidy  cells  and  are  continuous  in  descent  from  genera 
tion  to  generation,  and  thai  Ibis  may  serve  to  explain 
heredity  was  Sir  Richard  (Iwcn.  who  published  this 
opinion  in  1S4(».  Afterward,  however,  he  denied  that 
such  an  explanation  is  po.ssible. 

The  next  one  to  express  a  similar  opinion  was  Francis 
Gallon,  writing  in  1S72  and  1S70.  He  gave  the  name 
"stirp"  to  the  sum  total  of  all  hereditary  principles,  or 
germs,  in  the  germ  cells  and.  according  to  his  theory,  he- 
redity is  explained  by  the  multiplication  and  transmission 
of  this  stirp. 

Brooksoutlined  his  theory  of  heredity  in  1876  and  pub- 


Hshcrl  If  In  full  In  1883.  He  Juiys:  "The  nvum  U  a  cell 
which  has  griiiliially  aci|iiin'd  a  compllcaled  orgaiii/ation 
and  which  contains  iiialeriiil  parlicleK  of  Home  kind  to 
correspond  to  each  of  the  heriililary  clianicieriHiici*  <if 
the  species.  The  ovum,  like  other  cells,  Ik  able  to  repro- 
duce its  like,  and  il  not  only  given  riiie  during  it*  (level- 

First  Renerotlnn.    fw-omil  Ki'in'mtlun.    Ttiird  irpni-mUon. 

I  ;  1 


Fin.  2007.— Diapraiii  llliislralliifr,  I.  Normal  HUtoRenesIs:  II.  Theory 
of  PanRenesfs:  III.  Theory  of  Conlinulty  of  the  (ienn  IMaiiii.  The 
fertilized  ovum  ( /.o.)  by  the  process  of  rell  division  drives  rise  to 
the  adult  body,  or  soma  i>').  comiioseil  of  mmiatic  ciUi<  (»,  *(,  ni, 
(I.  r)  oonstlliitinp  the  nervous,  secp'tory.  nuiseular.  diei-slive.  and 
other  tissues,  besiiles  tiie  (irrm  nil.t  tfi)  of  the  reproductive  onrans. 
I.  Histogenesis,  sliowinir  Ihe  smeesslve  rise.  d.  and  union  i  f.o.) 
of  tlie  maternal  and  palemal  perm  rells  by  direct  hislopenesis.  II. 
Pantrenesis.  shoHint:  the  tissues  of  the  Imly.  .'^.  contrihiilory  to 
Ilie  perm  cells.  '»'.  so  that  each  f.  o.  is  conipostHi  of  elemeni.s.  pern- 
mules.  tTi'Ui  \i-'Ui  Ihe  somatic  and  penu  cells.  III.  lontinuiiy  of 
the  pemi-rilasm.  showinp  the  division  of  the  idioplasm. /.o..  of  the 
eua  into  somatoplasiri.  .S.  fniiu  which  the  Kxly  colls  arise,  and 
Kerm  plasm,  0.  which  passes  directly  to  the  perm  cells  esiablisliine 
a  direct  oontinuity. 

opment  to  the  divergent  cells  of  the  organism,  but  also 
to  cells  like  itself,  the  ovarian  ova  of  the  offspring  are 
these  latter  cells  or  their  direct  unmodified  descendants." 
The  child  will  therefore  be  like  the  mother  except  in  so 
far  as  it  is  affected  by  new  gemmules  intr<«iuced  chiefly 
in  the  process  of  fertilization.  Here  we  have  the  theory 
of  the  continuitv  of  the  genu  cells  stated  v.-ry  cleariy. 
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but  ])iin,!,'eiiesis  is  added  to  it  to  fxplaiu  tlic  origin  of  coii- 
geiiitiil  variation.?. 

The  cDHlimiily  of  freriii  rclls  lia<l  liceii  iccojiiii/cd  l)y 
Jilsrer  and  Nus.s'liaimi  in  IMTit  and  ismi.  Imi  this  did  not 
h'ad  in  eillicr  ea.su  to  any  inipoitaut  geneiali/alioiis. 


.■^'Ar 


Fig.  aKK.— Early  stages  In  the  Development  of  the  Parthenogenetlc 
Esp  of  the  Gall-lly,  Cecidomyla.  j).«.  Primary  perm  cell.  (After 
Mi-schnlkoir.) 

From  studies  on  the  origin  of  tlie  germ  cells  in  insects 
and  in  hydromediisie,  Weismamianived  at  a  similar  view 
at  about  the  Siime  time  and  (jinte  independently,  and  it  is 
due  to  his  series  of  brilliant  essays,  begininng  iu  1883.  that 

the  theory  of  con- 
tinuity has  taken 
so  important  a 
place  in  recent 
discussions. 

\V  e  i  s  m  a  n  n 
draws  a  distinc- 
tion between  con- 
tinuity of  germ 
cells  and  contin- 
uity of  germ 
plasiu.  In  a  few 
organisms,  the 
germ  cells  are 
really  continuous. 
In  the  Diptera 
(Hies)  for  example 
the  IJrst  cleavage 
of  the  ess  (Fig. 
•.'608)resulisinthe 
I'ormalitm  of  two 
nuclei,  one  of 
which  gives  rise 
to  the  luiclei  of  all 
tlie  germ  cells  of 
the  embryo  and 
to  them  only, 
while  the  other 
gives  rise  to  the 
nuclei  of  all  the  somatic  cells.  A  remarkable  case  of 
contininty  of  genu  cells  has  been  discovered  by  IJoveri  in 
Ascaris.  Fig.s.  2fiOi)  to  2(il.')  represent  .some  of  the  princi- 
pal stages  illustrated  in  his  beautiful  memoir.     Fig.  28t)i» 


ti 


Flc.  SBOn.^Tu. 
htct'iihnlii  var.  mn 
cell ;     /';.    Ilrsl 
MIghly  iiiHgiiltled. 


rvil, ).,..   .Si.  First  somatic 

■i-ll   «t  the   Bcnn     traoi. 

(Afierllovcrl.) 


shows  the  egg  in  the  two-cell  stage  and  both  cells,  >S7 
anil  PI.  wliieli  are  apparently  alike,  are  preparing  to  di- 
vide. In  Fig.  2(ilO  the  division  is  fartliir  advanced,  and 
a  striking  dilTerence  is  noticeable  in  the  mitotic  ligures. 
The  cliromosomes  of  the  cells  ^1  and  Ji,  daughter  cells  of 


i:.r 

/•■•: 


Pi 


FIG.  2810.— Saiiu'.  Scconil  Cleavape.  SI  Is  dlvidlnK  into  .1  and  B; 
PI,  is  also  In  process  of  division.  Note  difference  iu  size  and  num- 
ber of  chromosomes. 


SI.  are  numerous  and  very  small,  and  in  the  plane  of  di- 
vision there  are  some  tlark  bodies  composeil  of  chromatin, 
the  rejected  ends  of  the  chromosomes  of  Si.  These  will 
take  no  further  part  in  the  formation  of  the  nucleus  and 
will  finally  <lisappear.  On  the  other  hand  in  Pi,  which 
we  may  call  the  first  cell  of  the  gcnn  tract,  using  AVcis- 
niann's  terminology,  there  are  only  two  large  chromo- 
somes moving  toward  each  pole  to  form  the  daughter 
nuclei,  .-l  and  B  are  purely  .somatic  cells.  Of  the 
daughter  cells  of  Pi,  one  is  likewise  a  purely  scmiatic 
cell,  and  when  it  divides  the  chromosomes  undergo  the 
same  transformation  that  has  been  observed  in  .*>/.  The 
other  daughter  cell  is  1'?,  the  second  cell  of  the  germ 
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Flu.  2611.— Same.     Six-cell  SUiire.     Pi,  Second  cell  of  Kcrm  trjict. 
/),  /3.  DauRliter  cells  of  B ;  0,0,  daughter  cells  of  .1 . 


tract.  This  is  seen  ^)repariug  for  division  in  the  dorsal 
view  of  the  six-cell  stage.  Fig.  2611.  The  two  large 
chromosomes  have  been  reformed.  This  cell  behaves  ex- 
actly as  J'l  (lid,  siving  rise  to  a  somatic  cell  and  to  the 
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tliini   cell  of  the  Kirni   tnut.  PJ,  KIr.  2813.     TIiIh  cell 

clividi's  iikfiiiii  ill  till'  siiiiii'  iiiiiniirr,  |iriHliiriiiK  /' iiiiil  J'4, 

Kin    '-'<"•<.  "Illl  < f  llir  (IiiiikIiIit  ci-llsof  /'J  is /'.•^  Kl).', 

'.'•111.  wliirli  ill  turn  priHiiici'S  tlic  two  priiirilltil  j.'i'riii  ci'IIh 
I  11/ ntt>\  I'dll.  V"\K  ■-'•ll.'),  Tims  till'  niimrkiililf  ililTer 
Illl  r  hit  Wi'i'ii  till'  iiiK'Iriiif  tlir;;rriii  iillsiinil  llii'  Miiiiiltlc 
irllH  ill  lliin  riiriii  liiis  I'liiilili'il  lliivrri  ti>  tnici'  cvcrv  .«laf;r 
ill  till'  ^I'lii'iiJiiKy  of  till-  Kiriii  ceUsitiiil  llicir  iiiiclci  liiiik  In 
till'  fertili/ril  vti\i. 

In  iiiosl  iiiiiiniils.  however,  the  cells  whicli  nriM-  liy  the 
('leiiviine  of  the  ovum  iippeiir  to  he  .soniiitie  cells,  .some  of 
»  liich  lifter  II  (greater or  lessniimlier  of  iliviHions  jrive  ris<' 
to  ^erni  cells.  In  the  pliiiits  mill  pliiiil  like  iiniiiiiils.  such 
as  the  llyilroiils,  we  have  e.\treiiie  rasis  in  which  there  is 
no  tniee  of  ri'(o);nizalile  uerm  cells  until  we  reiicli  the  eml 
of  a  siriis  of  several  neiier.ilions  of  iisexuallv  pn.ilueeii 
iiuliviiliials.  Such  heini;  the  fact,  how  are  we  to  explain 
liireditv?  There  are  t«o  iiossihlc  e.Nplaiiatioiis,  accoid 
ini;  to  \Veisiiiann.  Either  the  .somatic  idioplasm  in  cer- 
tain cells  i.s  reconverted  into  nenii  plasm,  or  else  cells  in 
a  certain  series  contain  two  kinds  of  idioplasm:  their 
own  peculiar  soinalic  idioplasm  that  controls  their  activi- 
ties, and  also  germ  )>lasm  in  a  latent  conililioii,  which 
is  a  part  ol  the  orij;in«l  germ  plasm  of  the  egg.  \Veis.s- 
niaii   holds  to  the  latter  view.      He  lielieves  Hint  at  the 
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lu8C8,  the  germ  tructis  longer,  hut  may  Ix-  traced  tliroiigh 
a  relatively  hiiiiiII  iiuiiiher  of  very  detl'nite  cell  ilivisioiiH. 
Ill  the  vertehrnt<s  there  is  a  liirgi-  iiiimliiT  of  cell  divi- 
sions hit  ween  the  cleavage  of  the  egg  and  thi' appeal^incu 
of  gi  Till  cells  in  the  einhryo.     Still   they   appi-ar  early. 


1)1       i^" 
Fio.  36U.— Same.    (ItleeiKell  StoRe.    P5,  Tbtrd  cell  of  (ferni  tract. 


time  of  the  first  cleavage  of  the  egg  its  germ  plasm  di- 
vides into  two  similar  jiarts.  One  of  these  hecomes  con- 
verted into  active  somatic  idioplasm  to  form  the  embryo, 
the  other  remain!!  latent  and  is  pas.sed  on  in  this  condition 
ti>  certain  cells  which  lieconie  the  germ  cells  lor  the  pro- 
duction of  the  ne.xt  generation,  as  repiesenteil  schemati- 
cally at  III.,  in  Fig.  2(>07.  In  some  cases,  as  in  the  Hy 
droids,  these  germ  cells  are  dilTerentiated,  accoriling  jo 
Weismann,  from  ordinary  somatic  cells.  Nevertheless, 
these  cells,  like  all  other  cells  of  the  body,  have  arisen  by 
an  unbroken  series  of  cell  divisions  from  the  cleavage 
of  the  original  egg.  Therefore,  while  it  is  shown  that 
in  most  cases  the  germ  cells  are  nut  really  continuous  as 
such,  we  can  suppose  that  there  is  perfcii  continuity  of 
germ  plasm.  Wcisniaun  has  invented  the  name  "r/trm 
tnu-t"  to  designate  the  series  of  cells  which  forms  the 
line  of  descent  from  the  egg  to  the  germ  cells  of  the  ein- 
brvo  and  which  may  he  supposed  to  c<mtain  the  germ 
l.h'ism.  for  example.'/'/  to  I'.i,  Figs.  2609  to  261.5.  In 
the  ni|>tera.  Fig.  26flt-  the  germ  tnict  is  very  short. 
There  is  pnictically  none  at  all.  for  the  primary  germ  cell 
is  formed  at  the  first  cleavage.  In  .\scaris.  as  we  have 
seen,  it  runs  through  five  genemtions  of  cells.  In  the 
Uiiphnida'  the  germ  cells  are  .sepanited  olT.  likewise,  dur- 
ing the  early  stages  of  cleavage.  In  Sagitia  this  takes 
place  in  the  gastrula  stage,     lu  the  Auuelids  and  Mol- 
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Flii.  %U.— Same,    (ipliitil  LnnirlliKllnal  Seellon  ol  a  Ulastula. 
Fourtli  cell  of  Keriu  tract. 
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within  the  first  half  of  embryonic  life  at  most.  Finally 
we  come  to  the  plants  and  the  llydroids  where  the  germ 
tract  is  very  long,  extending  through  .several  generations 
of  ase.xual  individuals.  Tims  if  we  studied  a  suflicient 
number  of  species  we  should  probably  find  all  gnides  from 
the  condition  of  the  Diptera  to  that  of  the  Hydroids. 

The  distinction  between  somatic  idioplasm  and  germ 
plasm  is  upheld  by  the  fact  that,  except  perhaps  in  rare 
cases,  cells  outside  of  the  germ  tracts  are  incapable  of 
becoming  dilTerentiated  into  germ  cells.  If  the  gonads 
(ovary  or  testis)  of  any  of  the  higher  animals  be  removed, 
germ  cells  never  reappear,  lii  this  connectioti  there  is  au 
interesting  experiment  published  by  F.  Bracm  in  1S93. 
The  subject  was  a  large  female  ixilychietc  of  the  genus 
Ophryotrocha  with  ripe  eggs  and  having  thirtytive  seg- 
ments bearing  parapodia.  The  animal  was  cut  in  two. 
At  the  end  of  three  weeks  the  anterior  ]iart  had  regener- 
ated seven  segments  bearing  parapodia.  It  was  then 
killed  and  cut  into  serial  sections  and  no  trace  of  germ 
cells  coidd  be  found  in  the  regenerateil  part  Evidently 
here  is  a  difference  between  somatic  cells  and  germ  cells 
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Fig.  3814.— similar  Seetlon  of  Embryo  in  ttie  Gastrula  Stajre.  PB. 
Flftli  cell  of  Kenn  trad  underpolne  rtlrislon  to  fonii  llie  prliiii)rtl(al 
(fenii  cells  Trt/ and  IT;//.  T\s.  ail.i.  The  cell  to  the  left  of  (ill  is 
a  si^matic  cell  in  tbe  same  stajre  of  di\ision. 

in  the  powers  of  regeneration.  Of  coui-sc  germ  cells 
might  have  appeared  later,  but  in  the  annelids  the  germ 
cells  are  restricted  to  cerfciin  areas  of  the  peritoneum,  and 
it  is  probable  that  in  thistase  the  wound  did  not  pass 
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Ilirouirli  one  of  these  areas.  So  it  is  iirolmblc  tliat  the 
gciin  cells  (lid  not  neeive  the  same  stiinuhis  to  growth 
that  alTeeteil  the  other  tissues  atitl  that  therefore  no  part 
of  the  germ  tract  was  included  in  the  regenerated  jiart. 
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Fig.  2615.— Ixinirttudinal  and  Transverse  Sections  of  an  Older  Eml)ryo.    JJGT,  UOII.  ITlmordial 
(term  cells  I>eg1nnlng  to  retreat  Into  the  Interior  o(  the  body.    (Figs.  StWJ  to  2615  after  Boveri.j 

According  to  Weisinann,  the  best  evidence  in  favor  of 
tlie  existence  of  distinct  germ  tracts  is  alfordcd  by  the 
history  of  the  germ  cells  of  the  Hydroniedusie.  It  is 
needless  to  repeat  his  rather  complex  argument  here,  for 
much  better  evidence  has  been  furnished  rc^cenlly  by  Bo- 
veri  in  the  history  of  the  germ  cells  of  Ascaris,  of  which 
an  outline  lias  just  been  given.  The  fact  of  especial  im- 
portanie  from  \Veismann's])oint  of  view  is  the  difference 
between  the  nuclei  of  somatic  and  germ  cells;  compare, 
for  example,  the  nuclei  of  the  primordial  germ  cells, 
fr'/and  ran,  with  the  nuclei  of  the  somatic  cells  in 
Fig.  2015.  The  origin  of  this  difference  may  be  seen  in 
the  two-  and  four-cell  stages,  Figs.  200!)  and  201U.  In 
the  first  somatic  cell.  Si,  the  ends  of  the  large  chromo- 
.somes  are  thrown  olT  into  the  cytoplasm  and  finally  dis- 
appear, while  the  middle  part  of  each  chromosome  di- 
vides transversely  into  small  segments,  which  behave 
like  onlinarj-  chromosomes  in  cell  division,  give  rise  to 
small  round  nuclei,  and  reappear  in  s\ibse(iuent  genera- 
tions of  the  somatic  cells.  On  the  other  hand,  the  large 
chromosomes  of  the  cells  of  the  germ  tract.  Pi  to  PS.  be- 
have exactly  like  the  chromosomes  of  the  fertilized  egg 
and  give  rise  to  large-lobed  nuclei  rich  in  chromatin. 
"Through  this  remarkable  jirocess,"  as  Wilson  remarks, 
"it  comes  to  pass  that  in  this  animal  only  the  germ  cells 
ret'cive  the  sum  total  of  the  egg  chromntin  IniKdcd  doien 
from  the  jtarent.  All  the  somntic  celln  contain  only  a  jtor- 
tion  of  the  on'i/inal  genu  snbstanee.  The  original  nuclear 
constitution  of  the  fertilized  egg  is  transmitted,  as  if  by  a 
law  of  piimogeniturc,  only  to  one  daughter  cell,  and  by 
this  again  to  one,  and  so  on;  while  in  tlie  other  daughter 
cells  the  chromatin  in  jiart  degenerates,  in  pi'rt  is  trans- 
formed, so  that  all  of  the  descendants  of  tlie.sc  side 
branches  receive  small  reduced  nuclei.''  Wilson  adds 
that  it  would  be  dillicult  to  overestimate  the  importance 
of  this  discovery. 

All  of  the  evidence  goes  to  show  that  there  is  some 
kind  of  continuity  between  the  germ  cells  of  one  genera- 
tion and  those  of  the  next.  The  earlier  investigators 
sjiid,  "This  is  a  continuity  of  germ  cells."  Thencame 
Weismann,  who  sjuil.  "  Hold  on,  you  are  trying  to  prove 
too  much.  Continuity  of  germ  cells  is  very  rare.  Or- 
dinarily the  egg  gives  rise  entirely  to  somatic  cells,  and 
then  some  of  these  somatic  cells  give  rise  to  germ  cells. 
But  the  germ  jilasni  is  continuous  for  it  is  pas-sed  along 
by  the  somatic  cells  of  the  genn  tract  until  it  is  finally 
separated  out  in  the  new  germ  cells.  This  is  proven  by 
the  fact  that  germ  cells  cannot  be  produced  except  by 
lells  of  the  gi'ini  tract."  Now  conic  various  critics  of 
Weismann  and  say:  "This  idea  that  the  cells  of  the 
genn  tract  contain  two  kinds  of  idioplasm  is  a  pure  as- 
sumption that  is  not  warranleil  by  the  facts";  and  they 
present  a  good  deal  of  evidence  to  show  that  there  is  no 


real   difference  between  somafopla.sm  and  germ  plasm. 
They  might   add  that   in  the  case  of  the  germ   tnict   this 
distinction  is  unnecessary,  because  in  every  group,  not 
excepting   the  Hydroids,  these   cells   remain  in   a  more 
or   less  undifferentiated   embry- 
onic  condition.     Even    if    they 
do  form    jiart   of   the  lining  of 
_  —  the  body   cavity  or  some  other 

organ,  the  cells  which  give  rise 
to  germ  cells  have  never  been 
highly  dilTerentiated  as  somatic 
cells.  If  a  muscle  cell  coiiUl  liy 
division  produce  a  germ  cell, 
we  might  be  forced  to  assume 
that  it  originally  contained  two 
kinds  of  idioplasm.  But  there 
is  mi  reason  why  the  cells  which 
usually  produce  germ  cells 
should  contain  anything  but 
germ  plasm,  for  they  are  not  as 
a  rule  differentiate<l  in  any  other 
direction. 

It  wouhl  .seem  then  that  Weis- 
mann has  been  trying  to  draw  too 
fine  distinctions  and  we  must  fall 
back  upon  the  ol).served  facts.  These  are  that  the  germ 
cells  produced  by  any  individual  are  derived  by  growth 
and  lission  from  the  fertilized  egg  that  produced  that  in- 
dividual. There  is  strong  evidence  toshow  that  the  chro- 
matin is  the  seat  of  tlie  controlling  power  in  the  cell  and 
that  the  individuality  of  the  chromosomes  is  maintained 
during  successive  mitoses.  If  this  be  true,  then  it  is  an  im- 
portant fact  that  the  chromosomes  in  each  germ  cell  are 
derived  by  growth  and  precisely  C(|ual  fission  from  the 
chromosomes  of  the  fertilized  egg  that  produced  the  in- 
dividual containing  them.  I  Ijelieve  that  these  observa- 
tions must  stand  as  facts  and  that  they  form  the  only 
safe  foundation  for  a  theory  of  heredity. 

Preformation  and  Erobition. — The  theory  of  continuity 
postulates  that  the  child  and  its  parent  are  alike  because 
both  of  them  have  been  producctl  by  the  s;inie  germinal 
substance.  Thisisa  .s;itisfactory  explanation  of  heredity 
so  far  as  it  goes,  but  it  leaves  unanswered  two  large 
questions.  How  is  variability  introduced?  and  How  is 
differentiation  brought  about?  An  attempt  to  answer 
these  questionsiuvolves  lis  at  once  in  the  old  controversy 
of  Evolution  i-s.  Epigenesis  (see  Erolution). 

The  observations  of  Wolff,  von  Baer,  and  their  succes- 
sors settled  this  controversy  forever  so  far  as  tlie  visible 
phenomena  of  development  are  concerned,  but  the  (pies- 
tion  acquired  a  new  meaning  with  theadvent  of  scientific 
speculation  on  liereility. 

Darwin's  theory  of  heredity  was  the  first  one  in  which 
the  theory  of  iireformation  was  clearly  stated.  He  re- 
garded the  egg  as  made  up  of  gemmules,  each  one  of 
which  is  capable  of  growing  and  pinducing  one  or  more 
cells  of  a  certain  delinitc  part  of  the  body.  Differentia- 
tion is  merely  the  development  of  the  diiferent  kinds  of 
gemmules.  Congenital  variations  are  due  to  the  timis- 
niission  from  the  parent  of  gemmules  having  new  quali- 
ties. Every  part  of  the  embryo  is  represented  in  the  egg 
by  one  or  more  gemmules.  The  embryo  is.  tlierefore, 
just  as  much  preformed  in  the  egg  as  it  was  according  to 
the  views  of  Bonnet  a  century  earlier. 

Brooks  differs  from  Darwin  in  his  theory  of  the  origin 
of  the  gemmules  and  of  the  kind  of  variability  that  they 
produce,  but  he  fully  agrees  with  him  as  to  their  func- 
tion in  develo]imenl.  He  regards  a  theory  of  preforma- 
tion as  the  only  kind  of  theory  of  development  that  can 
be  defended. 

Before  Brooks  published  his  tlieory  Wilhelm  His,  in 
187.5,  presented  a  theory  which  has  had  considerable  in- 
fluence upon  subsequent  thought.  He  did  not  attempt 
a  complete  theory  of  here<lity.  hut  aimed  to  explain  only 
development  and  ditTerentiation.  He  rejected  the  hy- 
pothesis of  gemmules  and  relied  upon  two  principles:  (1) 
the  principle  of  diffeveiitiation  of  areas  (Princip  dcr  or- 
ganbildenden  Kciinbezirku*   and  (2)  the  principle  of  un- 
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t'liiml  .i;n>wth.  lie  Imil  in  iiiiiiil  iiii  i-kk  liki-  tliiit  of  any 
1)1  till'  iiiKlirr  viTlrlinili-s,  in  whicli  ilir  cnilinn  is  fiirnicd 
III  uliiit  is  |ini(liriilly  ii  lliil  lilii-lc«liiiii  (■.<•<•  .I;<>i  rmhri/o 
iiiiHk).  AcciirilliiK  111  Ills  views  llic  ciiilino  is  iiiii|i|ii'il 
oiii  111  lirsl  ii|"iii  llic  siirfiifc  cif  ilir  lUK,  •■'"■•'  "rpm  "nil 
|iiirl  iif  nr^'iiii  liciiif;  ir|ii(si-iil<Ml  liy  ii  i  rrliiln  iiirii  (dllTcr- 
I'litiiilioii  ipf  iiri'118).  Tlifsc  ilitTrniil  iirriiH  of  tlif  I'Kj;  tlif- 
fiT  from  OIII'  iiiiollicr  in  ili'iisilv,  vjsiosily.  iliriiiiriil  coiii- 
l>osiiloii,  111-  .  mill  llicrefori'.  wlini  cfowili  lir>;iiis,  it 
oniirs  III  ililTcrnil  linii-s  iiiiil  !o  ililTcnnt  ilr^tn  is  in  llii' 
ililTrirlit  pulls.  Tills  iiiui|iiiil  ;rro\\lli  nsiills  in  llirwi'll 
l^iiowii  |iriH'i'ssi's  of  foliliiiL'.  iiiMmiiiiitioii,  iiixi  llu-  lil^i'. 

'I'lir  |irinii|il<-  of  iiiu'iiiml  ^rnnvili  is  imw  uiiiMTsiilly 
tirrr|iti'il  ns  oni-  of  Ilir  fiiiiiliiiiiriiliil  |iriiii'i|>li'S  of  iiiiiiii-ni 
riiil>i_volo>:y.  So  fur  IIS  il  >,'""'s  il  is  iiiidoiildrdlv  ii  i-or 
rrct  ilii'ory  of  dcvi'lo|iiiii-nl,  but  wr  slill  wiiiil  to  liiiow 
«  liiit  i-iiiisis  tills  iiu'i|uiilily.  It.  isilur,  iircordiii);  lo  His, 
to  till- dilTrrcntialion  of  iiifiis;  lint  lir  dors  not  rxplain 
liow  tliry  iirisr.  and  tlu'ir  rxislciiiT  in  tin-  iinsi'u'nunted 
cgK  is,  to  siiy  till'  liiist.  not  sclfivident. 

|)<'V<lo|>iiiriit,  iKcoidiiii;  to  His.  is  rlnirly  a  procfss  of 
evolution.  Ill  1SS,S  l{oii.\  piililisliid  llic  results  of  sonie 
fXpiTiinents  on  frojis'  cirirs  thai  would  serin  to  demon- 
stnite  tlietriitliof  the  principle  of  dilTen-ntiation  of  areas, 
or  germinal  localization,  as  Wilson  rails  it.  15y  )>unctur- 
ing  one  lilastoiiiere  in  the  two  cell  stajre  he  could  kill  the 
liliistoinefe  operated  upon  without  aireiting  the  other. 
Tlie  result  of  the  operation  was  that,  while  the  injured 
lilastomcre  lemaiiied  inactive,  the  uninjured  one  devel- 
oped into  a  complete  half  einliryo.  .\ppareiitly  the  right 
mill  left  halves  are  pivdeterniiiied  in  the  egg  liel'ore  it 
divides. 

Hut  in  till-  mean  time  Nilgcli  Imd  published  his  idio- 
plasm theory,  iind  various  oliwrvations  upon  the  func- 
tions of  the  ihkU'Us  in  fertilization  and  development  had 
niiiile  il  seem  prolialile  that  the  idioplasm  should  be 
looked  for  in  the  chroniatin  of  the  nucleus.  I{oux. 
Iheiefnie.  ilid  not  look  for  the  predelermiimlion  of  the 
H\o  halves  of  the  emliryo  in  the  cytoplasm  of  the  egg,  us 
lliswoulil  have  done,  but  sought  for  it  in  the  nucleus. 
In  fait,  he  had  five  years  before  these  experiments  pre 
seiileil  the  importani  idea  that  the  chroniatin  may  divide 
in  two  ways.  It  may  undergo  a  giniitlitnliiv  division 
wliiili  results  in  r/rmrl/i,  by  division  of  the  cell  into  two 
similar  cells,  or  it  may  suffer  vir/diililnlin  division,  which 
results  in  diireiciitialion  by  llii'  division  of  the  cell  into 
twi>  dissimilar  cells.  The  first  cleavage  of  a  frog's  egg 
wdiild  be.  accordingly,  a  cpialilative  ilivision  separating 
the  idioplasm  of  the  right  side  from  thai  of  the  left. 

De  Vries  in  ISHi)  seemed  to  help  the  theory  of  piefor- 
inalioii  by  supplying  a  reasonable  hypothesis  to  account 
for  the  control  of  the  cell  by  the  nucleus.  Although  he 
calls  bis  theory  "iutnicellular  pan.2enesis,"  it  has  very 
little  resemlilance  to  Darwin's  tlieory.  According  to  de 
Vries.  the  idioplasm  has  the  sjime  composition  in  all  the 
<ells  of  the  body.  It  is  coniposcd  of  minute  iiarticlcs 
called  /hiiii/i  i)f»,  each  one  of  which,  like  a  niicellar  thread 
of  Nilgeli.  represents  one  of  the  elementary  qualities  of 
the  organism.  The  pangenes  in  the  nucleus  are  in  an  in- 
active, or  latent,  condition  and  only  a  few  pangenes  of 
each  of  the  many  kinds  are  to  be  found  there.  Thecyto- 
plasm  is  made  up  likewise  of  pangenes  surrniinded  by 
a  nutritive  fluid.  IJiil.  unlike  the  nucleus,  the  cyto- 
plasm contains  a  great  number  of  ])aiigcnesof  only  a  few 
kinds,  and  they  arc  all  in  an  active  condition.  From 
time  to  time  a  ;.;..5g"ne  in  the  nucleus  will  divide.  One 
half  remains  in  the  niicleus.  the  other  half  migrates  into 
the  cytoplasm,  wlieie  it  may  undergo  rejieated  divisions?. 
In  tliis  way  the  nucleus  controls  the  cell,  while  at  the 
sjiine  time  its  idioplasm  remains  unchanged,  nifferen- 
tiation  is  brought  about  by  dilTerent  kinds  of  pangenes 
Incoming  active  in  different  cells. 

He  Vries  argues  that  various  hereditary  qualities  must 
be  representeil  by  .separate  material  factors,  because  these 
<|ualities  may  vary  independently  of  one  another.  It 
may  be  supposed  that  the  nucleus  controls  the  cell  by 
liberating  some  form  of  energy  which  acts  as  a  stimulus. 
But  this  implies  something  in  the  cytoplasm  having  defi- 


nite vitAl  pro|)ertleH  to  receive  the  HtimuliiN.  Or  il  niiiv 
Ih>  thought  that  the  iiucleiiH  Hecretes  »  ferineril.  but  thlx 
imiiiii  implies  somi'thing  in  lher\loplasm  for  the  ferment 
to  act  upon.  This  somelhin;:  in  the  cyioplnKin  ri'i|iiiieH 
to  beexpliiined,  and  de  N'rii  s  ciniclinliH  thai  the  iiiilv  li-lia 
bh'  hypothesis  is  that  the  eonil'ol  of  tin- cell  bv  tlie  nil- 
dens  is  exercisi'd,  not  through  any  power  of  Htlmiihitlon 
nor  by  means  of  a  ferment,  but  through  the  migration  of 
particles  of  the  nucleus  into  the  eytopluxin,  of  which  they 
I  lien  form  a  part. 

We  come  now  to  a  theory  of  heredity  where  the  theory 
of  evolution,  or  prcformalion.  is  carrieil  to  its  ultiiiiate 
conclusion  This  is  the  llieory  of  Weisinaiin.  which  has 
for  its  basis  the  by  potliesis  of  the  continuity  of  the  germ 
plasm  with  the  toial  denial  of  any  inheritance  of  acipiireil 
characters.  Superimposed  upon  this  is  the  idioplasm 
theory  of  Nilgeli.  the  theory  of  qualitative  cell-divisions 
of  Houx.  and  the  theory  of  intracellular  niigmtion  of 
pangenes  of  de  Vries. 

As  lias  been  stated  before,  heredity  pure  and  simple  is 
exi>laincd  by  \Veismaiin  as  due  .solely  to  the  continiiity 
of  the  germ  plasm,  some  of  which  is  held  in  reserve  in 
each  individual  and  is  passed  on  to  the  next  generalion 
without  receiving  any  formed  material  from  the  somatic 
idioplasm.  We  use  the  term  fiinind  material,  for.  of 
course,  the  germ  plasm  receives  nutriment  just  as  do  all 
other  living  parts  of  the  body,  and  it  utilizes  this  in 
growth.  Weismann  rejects  entirely  both  the  dynamical 
and  the  pangenesis  theories  of  liercility. 

According  to  this  view  strictly  new  congenital  charac- 
ters can  arise  only  by  the  modify  iiig  inlluence  of  external 
conditions  acting  directly  upon  the  germ  plasm.  Kxter- 
nal  conditions  which  may  alTect  the  germ  plasm  in  this 
way  are  fiXKl.  fem))eratiirc.  anil  perhaps  chemical  com- 
position of  the  surrounding  medium.  Any  change  in 
these  factors  of  the  eiivirniiment  may  alTcct  the  genu 
plasm  within  an  individual  and  result  in  the  ai>pcarance 
of  a  new  character  in  its  off.'-iiring.  The  ap]iearance  of 
really  new  characters,  however,  is  rare.  Most  varialion 
is  brought  about  by  new  combinations  of  old  characters, 
just  as  any  number  of  new  words  may  be  constructed 
from  the  twenty-six  letters  of  the  alphabet,  and  innunicr- 
ablc  combinations  of  this  kind  arc  produced  according  to 
Weismann  by  sexual  ri]iidduclion. 

The  process  of  fertilization  results  in  the  bringing  to- 
gether of  two  masses  of  germ  plasm  having  slightly  dif- 
ferent histories,  and,  therefore,  slightly  dilTerent  quali- 
ties. This  mingling  of  two  germ  plasms  is  called  by 
Weismann  the  process  of  amp?iiniixiii.  In  this  process 
the  two  germ  ])lasms  do  not  fuse,  for  if  they  did  the 
child  would  always  have  the  average  character  of  its  par- 
ents. As  a  matter  of  fact  this  is  a  rare  occurrence;  the 
individual  child  is  more  apt  to  resemble  one  parent  or  a 
grandparent.  We  must  siiii[>ose,  therefore,  that  the 
germ  plasms  derived  from  each  parent  remain  as  distinct 
units  in  the  child,  and  Weismann  calls  each  one  of  these 
units  an  id.  If  there  existed  an  animal  in  which  sexual 
reproduction  had  nevertakeu  place  its  germ  plasm  wiiiild 
consist  of  a  single  id.  That  such  units  do  exist  in  all 
organisms  now  living  is  shown,  according  to  Weismann. 
by  the  presence  of  a  special  device  for  preventing  the 
doubling  of  the  ids  that  would  otherwise  occur  with  each 
sexual  act.  This  is  the  ri'ducing  division  that  always 
precedes  fertilization  (see  ludnrtiim-dirixioi,). 

WiMsmann  docs  not  think  that  the  chromosomes  are  the 
ids.  which  of  course  lie  within  the  nucleus,  but  he  thinks 
that  the  small  granules  of  which  thi'V  are  sometimes  seen 
to  be  composed  may  be  the  ids.  anil  therefore  he  would 
substitute  the  word  ('rfrt/i?  for  chromosome.  Each  idant 
or  the  germ  cell  he  regards  as  composed  of  a  large  num- 
ber of  ancestral  germ  plasms,  or  ids.  any  one  of  which  is 
capable  of  directing  the  entire  development  of  the  organ- 
ism. 

Now  each  id  cannot  be  a  homogeneous  unit,  for  we 
find  that  a  child  may  resemble  one  parent  in  some  par- 
ticular, the  other  par  'nt  in  another  particular,  and  per- 
haps a  grandjiaient  in  a  third,  and  connected  with  this 
'.here  is  freqi  eiitly  a  lack  of  correlation  so  that  not  only 
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(lifTercnt  piirts  of  the  nthilt  but  diiTcrent  stages  in  its  on- 
Idgcny  may  be  iiKlcpcnilciilly  variable.  As  Ualloii  puts 
it.  inliorituiicc  is  paniculate.  Eacli  iil  must  tlierefore  con- 
tain  at  least  as  many  smaller  uuits  as  there  are  imie- 
|ieiuienlly  variabl<'  parts  in  llie  (irijanisin.  Weisniann 
ealls  these  \inits  ilelirmimuih.  Tin'  ill.  then,  has  a  cer 
lain  slriieture.  It  is  composed  i>f  iteterininanls  that  are 
arrani;e(l  in  sueli  a  iletinile  way  in  relation  to  one  another 
tliat  they  give  riso  to  an  organism  of  their  speeii'S.  Each 
determinant  may  eontnjl  a  single  cell  or  a  large  number 
of  cells  if  Ihoy  all  vary  together. 

liut  a  cell  may  vary  in  [lart  and  not  as  a  whole.  More- 
over, the  determinant  must  be  supposed  to  reside  in  the 
nucleus  and  lis  control  over  the  ic-11  must  be  accounted 
for.  The  determinant  must,  therefore,  be  composed  of 
still  smaller  units  which  are  able  to  pass  out  from  the 
nucleus  and  become  a  part  of  the  cytoplasm,  like  the 
pangenes  of  de  Vries.  Weismann  points  out  that  we 
nuisl  not  regard  protoplasm  asa chemical  substance  com- 
posed simply  of  atoms  and  molecules,  for  no  chemical 
molecule  has  the  ]>ower  of  assimilation  and  growth.  We 
have  to  suppose  the  living  material  to  be  a  structural 
combination  of  dissimilar  molecides.  These  molecules 
must  be  animged  in  grou]>s.  thus  forming  units  of  proto- 
plasm which  have  the  power  of  assimilation,  growth,  and 
multiplication  by  division,  but  which  if  further  divided 
would  be  separated  into  their  constituent  molecules  and 
would  then  cease  to  be  living  matter.  These  units  Weis- 
mann calls  hiiijihiirn.  lie  insists  that  their  existence  is 
not  a  mere  assumjition.  but  that  they  must  exist.  All 
living  material  is  com|)0.sed  of  them,  and  he  asserts  that 
the  nucleus  exerts  its  control  over  the  cell  body  by  means 
of  the  biophors,  which  pass  through  the  nuclear  mem- 
brane and  become  a  part  of  the  cytoplasm,  like  the  pan- 
genes  of  de  Vries.  Each  determinant,  therefore,  must  be 
composed  of  a  large  number  of  biophors,  and  when  the 
]iart  that  it  controls,  \ts  (leterminalt:  presents  a  dilferen- 
tiation  fif  |iarts,  it  must  cojitaiu  a  different  kiu<l  of  bio- 
phor  for  each  part. 

This,  then,  is  Weismann's  conception  of  the  structure  of 
the  germ  plasm.  We  can  imderstand  now  from  his  point 
of  view  how  ontogenj'  would  take  place.  Suppose  a 
species  where  reproduction  had  always  taken  place  by 
means  of  an  unfertilized  egg,  the  simplest  possible  case, 
tlK'U  the  germ  plasm  woidd  consist  of  a  single  id  contain- 
ing one  determinant  foreach independently  variable  (pial- 
ity  of  the  species,  and  each  determinant  would  contain  at 
least  as  many  biophors  as  there  are  distinct  parts  in  its 
determinate.  Now  before  cleavage  begins  each  deter- 
minant divides  into  two,  and  one  set  of  determinants 
forms  an  id  of  reserve  germ  plasm,  which  is  to  be  handed 
on  to  th(^  future  offspring:  while  the  other  forms  the  idio- 
idasm  for  the  developing  organism.  The  tirst  stage  in 
development  is  the  rapid  growth  of  one  determinant  of 
the  active  id.  This  is  followed  by  its  division  into  its 
constituent  biophors,  which  migrate  out  of  the  nucleus 
into  the  cytoplasm  of  the  egg  and  cause  it  to  divide  into 
the  lirst  two  blastomeres.  With  the  division  of  the  cell, 
the  id  and  its  determinants  likewise  divide,  so  that  each 
cell  contains  an  i<l,  but  this  is  no  longer  an  id  of  germ 
plasm  but  an  id  of  ,somatic  idioplasm,  for  it  has  been 
<liangc'd  by  the  loss  of  the  determinant  that  was  used  up 
to  cause  the  lirst  division.  At  least  one  cell,  however, 
(corresponding  to  the  cell  /'/  in  Asearis,  Fig.  2(iO'J)  will 
contain,  besides  its  own  particular  id  of  active  idioplasm, 
also  an  id  of  inactive  reserve  germ  plasm  Ontogeny 
thus  proceeds  by  the  orderly  division  of  the  determiiiants 
and  tile  separation  of  their  biophors.  In  the  course  of 
ontogeny  two  kinds  of  cell  division  will  occur.  In  one 
the  daughter  cells  will  have  the  same  hereditary  quali- 
ties; in  the  other  they  will  be  ludike.  In  the  lirst.  the  di- 
vision of  the  id  is  preceded  by  the  division  of  each  deter- 
minant into  two;  in  I  he  second,  there  is  no  division  of  the 
determinants,  but  they  become  separated  into  two  sets, 
one  of  which  goes  to  form  each  new  id.  Thus  at  the 
lirst  cleavage  one  nucleus  may  contain  all  the  determi- 
nants for  the  ectoderm  and  the  other  all  of  those  for  the 
endodi'rin,  or  one  may  contain  all  determinants  for  the 


right  aide  of  the  body  and  the  other  for  the  left.  When 
ontogeny  is  compli-ted  the  idioplasm  of  each  cell  contains 
but  a  single  determinant,  which  continues  to  <-ontrol  the 
cell  by  sending  fresh  biophors  into  the  cytoplasm  to  re- 
place tliose  that  are  used  up  in  performing  thi'ir  func- 
tions. In  addition  to  this,  each  cell  in  the  germ  tract  con- 
tains a  complete  id  of  reserve  germ  plasm,  which  remains 
inactive  or  simply  grows  without  intluencing  the  cell 
which  contains  it. 

Now  probably  in  the  history  of  all  living  organisms  • 
sexual  reproduction  has  occurred  during  innumerable 
generations.  The  germ  plasm  would  therefore  consist 
not  of  a  single  id.  but  of  a  great  many.  Each  one  of 
these  \voul(l  behave  in  ontogeny,  however,  just  as  we 
have  supposed  the  single  one  to  act. 

Now  we  can  see  how  sexmil  reproduction  aids  varia- 
tion. When  tliere  was  but  a  single  id  of  germ  jilasm, 
congenital  variations  could  arise  ordy  by  the  slowly  modi- 
fying intluence  of  external  conditions  upon  its  biophors 
and  determinants;  but  with  sexual  reproduction  we  have 
l)rouglit  together  a  number  of  ids  dift'ering  slightly  in 
hereililary  qualities  and  each  trying  to  control  the" de- 
velopment, the  result  will  bring  about  variation. 

The  determinants  in  the  various  ids  will  be  related  in 
two  ways.  Those  determinants  are  homologous  that  con- 
trol homologous  parts  of  the  body,  and  homologous  de- 
terminants may  again  be  either  homodynamous  or  het- 
erodynamous  to  one  another,  according  "as  they  have  the 
]iroperty  of  impressing  the  .sjime  or  a  differc'nt  quality 
upon  the  part  that  they  control. 

When  the  homologous  determinantsof  the  two  jiarents 
are  homodynamous,  the  oll'sjiring  will  pos.sess  the  qualil  v 
that  they  control  in  a  greater  degree  than  either  parent. 
When  they  are  heterodynamous  there  will  be  a  struggle 
lietween  the  detcrminantsand  the  ipiality  in  the  oflfspring 
will  be  dependent  upon  the  relative  strength  or  uund)ers 
of  the  two  sets.  All  of  thi'  determinants  from  one  par- 
ent are  not  likely  to  have  the  sjuiie  relative  strength,  and 
hence  it  is  that  the  child  generally  resembles  one  ))arent 
in  some  peculiarities  and  the  other  one  in  others. 

If  we  accept  this  theory  of  the  structure  of  the  germ 
plasm,  it  is  easy  to  explain  all  of  tla;  phenomena  of  he- 
redity and  development. 

Variation  in  the  protozoa  is  due  to  the  direct  effect  of 
the  environment  and  to  amiihimixis.  The  metazoa  and 
higher  plants  iidierit  their  fundaUKntal  characters  from 
their  prot<izoan  ancestors.  New  characters  have  been 
addi'd  to  these  b_v  direct  action  of  environment  upon  the 
germ  plasm;  but  the  most  usual  cause  of  variation  is  the 
formation  of  new  combinations  of  old  characters  as  a  re- 
sult of  am]iliimi\is. 

Reversion  in  hybrids  is  d\ie  to  the  extrusion  of  ids  of 
one  line  of  descent  in  the  reducing  divisions  during  the 
formation  of  ri])e  germ  cells.  In  pure  races  it  is  due  to 
ids  acc|uiring  new  strength  and  thus  becoming  the  more 
poweiful  after  a  latent  period. 

Sexual  dimorphism  is  due  to  the  doubling  of  the  cie- 
terminanls  for  the  sexual  character  in  each  id. 

Regeneration  of  lost  parts  isitroduced  by  special  deter- 
minants in  the  germ  plasm,  :ind  re|iroduclion  by  lissiou 
is  due  to  a  higher  sjiecialization  of  the  same  jirocess. 

Hudding  is  ex|ilained  as  the  result  of  a  doubling  of  the 
ids  of  germ  plasm  and  the  distribution  of  parts  of  the  re- 
serve germ  plasm  to  the  somatic  cells  from  whicli  the 
Inids  ai'ise. 

Alternation  of  generations  is  accounted  for  by  suppos- 
ing each  reprodurlive  cell  to  contain  two  kinds  of  germ 
plasm,  one  of  which  becomes  active  in  each  alternate 
generation. 

According  to  this  theory  every  |ieculiarity  of  the  or- 
ganism in  every  stage  of  its  di'velojiment  is  represented 
by  a  distinct  and  detinitely  located  .structural  element  in 
the  germ  plasm.  Dcvelopmenl  is  an  evolution,  a  becom- 
ing visible  of  preexisting  potentialities. 

On  its  face  it  is  a  very  satisfactory  theory,  but  we  shall 
find  that  when  tested  by  experiment  it  fails  in  many 
parts. 

Epigencstis. — As  was  noted  at  the  beginning  of  the  pre- 
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Il<'r<-llll|r. 

■  !•  ri  illly. 


nHllnK  M-ctioii,  ir  we  stnrt  with  the  idcii  of  ooiitlnuity  of 

i(li<>|i|iiitin  UK  llif  liiisis  for  a  Ilii-dry  of  liiTC'tlity,  wi'  wmpm 
IIikI  mirwlvrs  iiivulvrd  ill  llii'  >|iicHliiiii  nn  to  wlii-tlirr 
i|(Vi'|o|iiiiiiil  mill  ililTiTciiliiilioii  an'  iliir  lo  iirrroniiitlioii 
anil  a  piiMis.s  of  ivoliitiou  or  an-  iluc  to  a  piiM  rk-i  of  cpi 
^•iirsis.     .Iiisl  as  WI-  iiiav  laki-  Wrisiiiaiiii  ils  tin-  iliaiii 

Iiioii  of  llif  |iri'fi>riimlioii  tlicory.  no  iimy  «i'  tal\i'  Oscar 
ItTtwig  IIS  thf  rimiiipioii  of  llir  liiori'cMrciiirHiiic  of  llir 
theory  of  ('pi);i'iii'Kis.  Mis  position  is  siipportcil  to  a 
crcHliT  or  li-ss  il<');rc<?  Iiy  tli'  Vrics,  Driest'li,  ami  E.  H. 
Wilson. 

llcrtwiK  a(tr<'i'S  with  Wci.siiianii  in  ivjfiirilinj;  hrrt'ililv 
as  In-ill);  iltir  to  a  lontinuity  of  i-i-riiiinal  iilioplasiii  wliii-li 
rt-siilrs  ill  tin- inicliiis  ami  coiiliuls  tin-  arlivilirs  of  tin.- 
(-•■11  liy  iiii):mlinf:  out  of  tin-  mirli-iis  into  tin-  ci-ll  lioily 
ami  tlu-rc  iHToiniii);  part  of  tin-  active  cytoplasm.  Like 
Wcisiiiann  lie  siippos«-s  the  idioplasm  to  lie  iiiinU-  up  of 
niiniile  structural  eU-ments  which  have  the  jiower  of  as 
siinilation.  j;row  til.  and  n-prodiiction  hy  lission ;  hut  hi- 
dilTirs  from  W  risnmiin  in  iej;ard  to  their  other  i|iialitii's. 
lie  calls  lliese  IhhMi-s  i</i..'./.(.«^*  and  they  (-orrespond  in 
frem-ral  to  Weisniann's  liiophors.  to  de  Vrics's  pungenes, 
and  to  Nilgeli's  niicellar  thnads. 

According  to  AVeismann.  the  germ  pln.sin  is  made  up  of 
determinants  that  rcpresi-nt  every  jiart  of  tlu-  tiody  that 
niav  vary  independently,  whether  this  he  made  up  of  one 
cell  or  of  a  grouji  of  (-ells.  According  to  llerlwig.  on 
the  other  hand,  the  germ  plasm  is  made  up  of  idiolilasts 
that  rt-pr<-sent  only  cell  chaniclers.  All  of  the  dilTerent 
cellular  stnielures  that  may  o<-i-ur  anywhere  in  the  or- 
ganism may  he  represented  hy  sepanite  idiolilasts  in  the 
germ  plasin.  but  chariKleristics  that  depend  upon  com- 
hinalions  of  (-ells  cannot  he  represented  there.  The  egg 
and  tliQ  spermatozoon  are  cells  formed  by  lission  from 
preexisting  ci-lls.  and  the  fi-rtilized  egg  is  likewise  a 
cell  capable  by  division  of  giving  rise  to  a  colony  of 
cells.  An  egg  may  contain  eU-ments  representing  nerve 
libre.  muscle  tibrilhe.  and  the  like,  because  these  struc- 
tures may  occur  within  a  (cll;  hut  it  cannot  contain  ele 
meats  represi-nliiig  a  hair  or  a  biceps  muscle;  for  hair 
and  muscle  are  formed  only  by  the  union  of  many  cells, 
and  it  is  impossible  to  suppose  that  characters  which  can 
he  formed  only  by  the  union  of  many  cells  may  be  repre- 
sented in  the  structure  of  a  .single  cell.  Nevertheless. 
II(-rtwig  agrees  that  the  characteristics  of  tin-  adult  de- 
pend fundamc-ntally  upon  the  structure  of  the  idioplasm 
in  the  fertilizcdegg  from  which  it  springs.  Ilecompares 
the  organism  to  a  ntnlf.  If  we  suppose  a  community  or 
a  state  to  be  composed  of  the  offspring  of  a  single  i>air, 
the  schools,  the  markets,  the  courts  of  justice,  and  all 
departments  of  the  government  will  be  the  result  of  the 
character  of  that  lirsi  man  and  woman,  and  yet  it  would 
be  absurd  to  suppose  that  these  institutions  were  present 
in  them  in  a  latent  (-ondilion.  Just  as  all  the  cliara(-ter- 
islics  of  such  a  state  will  be  the  ne((-s.sary  result  of  the 
human  nature  of  the  man  and  woman  from  which  it  has 
descended,  so  all  chani(-t eristics  of  the  organism  are  idti- 
nnitely  due  to  the  cell  nature  of  the  fertilized  egg  from 
which  it  has  developed.  AVe  tind  Hertwig,  therefore, 
opposing  two  of  Weisniann's  fundamental  conceptions, 
viz.,  iirt/oniiiitiiiii  and  the  qnnlitntire  division  of  the  idio- 
plasm, and  it  would  bi-  w  ell  to  make  a  digression  here  to 
test  these  ideas  by  the  results  of  experiment. 

Let  us  take  up  lirst  the  fads  of  normal  development. 
A(Xording  to  Hou.x's  th(-ory  of  (pialitative  divisions, 
which  is  one  of  the  fundamental  conceptions  of  Weis- 
niann's theory,  the  egg  is  at  tirst  isutntjiic,  that  is,  there 
is  no  pnMlelinealion  of  the  embryo  or  of  its  planes  of 
.symmetry  in  the  cytoplasm.  But  when  cleavage  begins, 
tiie  (iiialitative  divisions  of  the  idiopla.sm  have  the  result 
that  the  embryo  becomes  a  mosaic  made  up  of  cells  hav- 
ing dilTerent  (|ualities  and  capable  of  giving  rise  only  to 
certaiii  definite  parts  of  the  detinitive  organism.  This  is 
called  the  mosaic  theory  of  development. 

As  aln-ady  pointed  (mt,  Houx  found  evidence  for  his 
theory  in  his  experiments  on  frogs'  eggs.  Since  then 
other  evidence  has  been  produced.  Cronipton  experi- 
menting on  the  eggs  of  a  marine  gasteropod  (Ilyanassa) 


found  tlmt  iHolated  hliii4t(>tiu.'rH<i  from  uinhryofi  in  the  two- 
cell  or  four  cell  »lage  (Fid.  201(1),  "exhibit  a  typical  par- 
tial developiiM  111  ;  that  is.  ea(-h  one  di-velops  as  if  the 
missing  porlloiii  of  ihe  einhryo  were  pn-M-nt  Non-gen- 
inition  of  the  missing  parts  lakes  place."  TIiIk  hearH  out 
what  we  are  li-d  toexpi-ct  from  a  study  of  the  normul 
cleavage  of  the  gast(-rop<Mls  and  annelids,  two  large 
groups  in  which  the  nn-thod  of  i-li-avage  is  almost  identi- 
cal. The  (liviKion  of  the  egg  in  these  groups  follows  it 
conipl(-x  but  very  di-llnite  plan.  Wilson  found  that  in 
Nereis  every  cell  division  follows  a  prescribi-d  order  up 
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Fio.  3ftl6.— Early  Sliiges  in  (lie  Iievelopnient  of  the  Marine  (iasteroixid, 
liyanas.'ia.  i.  Normal  (Win-ell  tstofre;  I'i..  nnnnal  el(rh(-<-eIl  sta^; 
lit.,  iialf  ei(rlit-<'el!  stape  develofH^d  from  (he  siiialler  isolated  l>la.sto- 
nii-re,  AB;  ic,  half  elph(-<-ell  stage  devcloperi  from  (he  larger 
isola(ed  blastonu-rt-.  (■ />.      ■   112.     C.\fter  Cnimploii.) 


to  the  fifty-eight-cell  stage.  At  that  stage  the  chief 
organs  of  "the  body  are  represented  by  separate  cells. 
Similar  results  linve  been  obtained  by  later  investigators 
working  upon  the  development  of  other  annelids  and  on 
mollu.scs.  Conkliu  has  trac(-d  the  cell  lineage  in  Crepi- 
dula  to  the  one  hundred  and  nine-cell  stage  (Fig.  2617). 
The  cells  appear  in  such  definite  and  similar  succession 
in  the  various  species  that  each  cell  has  been  given  a  dis- 
tinctive designation,  and  the  history  of  each  cell  division 
has  been  traced  to  the  time  when  the  principal  organs  are 
outlined.  In  such  a  form  the  embryo  is  really  "a  visible 
mosaic  work,  not  one  ideally  conceived  by  a  mental  jiro- 
jection  of  the  adult  characteristics  back  upon  the  cleav- 
age stages."  There  can  be  no  doubt  about  the  truth  of 
these  observations,  and  if  they  constituted  all  of  the  evi- 
dence, Roux's  theory  of  qualitative  divisions  and  of  the 
mosaic  character  of  the  embryo  would  be  fully  verified. 

Unfortunately  for  the  theory,  however,  there  is  a  great 
mass  of  evidence  to  show  that  these  observations  must  be 
interpreted  differently. 

Beginning  with  tiie  phenomena  of  normal  develop 
inent,  observations  of  Miss  Clapp  on  toad  fish,  and  of 
Morgan  on  other  Teleosts  and  on  frogs  show  that  there  is 
no  constant  relation  between  the  first  cleavage  plane  and 
any  plane  of  the  adult  body.  Observations  of  H.  V. 
AVilson  on  the  sea  bass,  of  Jordan  on  Am|)hibia,  and  of 
E.  B.  'Wilson  on  Amphioxus  show  that  there  may  be  con- 
siderable variation  in  the  process  of  cleavage  and  yet  nor- 
mal embryos  will  result.  E.  B.  Wilson  found  three  tyi)es 
of  cleavage  in  Ainphioxus,  a  radial  form,  a  spiral  form, 
and  a  bilateral  form,  with  all  grades  between,  and  all  of 
these  are  equally  capable  of  producing  normal  larva-. 

These  cases  are  enough  to  prove  that  the  mosaic  theory 
is  not  universally  applicable,  and  there  is  experimental 
evidence  that  is  still  more  convincing. 

Driesch  was  the  lirst  to  experiment  with  segmenting 
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eggs  uiidiT  p)-e*»«re.  Ordiiinrily  in  thesi.xteeu-cell  singe 
of  an  (■(•hiiioiliTm  ej;g  tlie  cells  lire  sepiimted  byulterimte 
vcrliciil  mill  liorizDiitjil  pliiiies.  Driescli  found  tliiit  if  the 
fertilized   egg    were   compressed    between    glass    plates 
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Fio.  3817.— Two  Stages  Illustrating  the  Mcsalc-llke  Cleavage  of  a 
Mollusc  Crepldulo.  I..  Eight-cell  stage;  //.,  stage  with  one  Inin- 
dred  and  nine  cells.    Highly  magnlfled.    (After  Conklln.) 

cleavage  would  lake  i)lace,  but  nil  the  planes  would  be 
vertical,  so  that  at  the  end  of  the  si.xleeu-cell  stage  the 
embryo  would  consist  of  a  one-hiyered  plate  of  cells. 
Helalions  of  the  nuclei  in  such  an  embryo  wotild  be 
very  different  from  the  normal,  yet  if  the  pressure  w^ere 
now  released  the  embryo  would"  develop  into  a  perfect 
larva. 

Hertwig  obtained  the  same  results  from  e.\])eriments 
on  frogs'  eggs.  These  are  of  more  interest  because'  of  the 
early  differentiation  of  the  egg  into  micromeres  and  ina- 
cromeres.  Hertwig  obtained  a  different  mode  of  cleav- 
age, according  as  he  compressed  the  eggs  between  hori- 
zontal or  vertical  plates,  and  both  of  these  forms  were 
found  to  differ  very  greatly  from  the  normal,  cells  be- 
coming macromeres  which  should  normally  lie  micro- 
meres and  rice  rerm.  Yi't  upon  pre&surc  beiiig  removed, 
all  developed  into  normal  embryos. 

The  most  interesting  experiments  in  this  line  are  a  few 
performed  by  E.  B.  AVilson  on  fertilized  eggs  of  Nereis 
(Fig.  2(118).     They  are  esi)ecially  interesting  because  of 


the  great  definiteness  of  the  cleavage  In  N"rels  ana  be 
cause  of  the  results  that  Crampton  obtained  rrom  the 
isolation  of  the  blii.stomeres  of  llyanassa.  I'nder  press- 
ure beneath  a  cover-glass,  the  eggs  would  divide,  each 
forming  a  Hat  plate  consisting  of  a  single  layer  of  eight 
cells.  ■■  If  they  are  now  released  from  the  pressure,  each 
of  the  cells  divides  in  a  plane  approximately  horizontal, 
a  smaller  granular  micromere  being  formed  above,  leav- 
ing below  a  larger  clear  macromereiu  which  the  oil  drops 
remain.  The  sixleen-cell  stJige,  therefore,  consists  of 
eight  deuloplasm-ladeii  macromeres  and  eight  proto- 
plasmic micromeres  (instead  of  four  macromeres  and 
tw<'lve  micromeres,  as  in  the  usual  development).  These 
embryos  developed  into  free-swinmiiiig  trochophores  con- 
taining eight  instead  of  four  macromeres,  which  have 
the  typical  clear  protoplasm  containing  oil  drops.  In 
this  case  there  can  be  no  doubt  whatever  that  four  of  the 
entroblastic  nuclei  were  normally  destined  for  the  first 
quartet  of  micromeres  (cctoblast)  from  which  arise  the 
apical  ganglia  and  prototrocli.  Under  the  conditions  of 
the  exiieriment,  however,  they  have  given  rise  to  the  nu- 
clei of  cells  which  dilVer  in  no  wise  from  the  other  endo- 
derm  cells.  The  immediate  cause  of  <lilTerentiation  must 
therefore  be  .sought  not  in  the  distribution  of  the  nuclei 
or  their  mode  of  division,  but  in  the  conditions  existing 
in  the  cylo|)lasm." 

This  conclusion  is  borne  out  by  the  converse  experi- 
ments performed  by  Morgan  upon  the  egg  of  Fundulus. 
In  this  minnow,  as  in  other  fishes,  the  blastoderm  in  the 


Fr(i.  2fiI8.~F.lght-oeIl  Stage  of  Nereis.  ,1,  Noniial :  B,  under  pn-ss- 
uri'.  Doited  lines  show  the  outlines  of  the  micromeres  formed 
after  release  from  pivssure,    (.\tter  Wilson,! 

eight-cell  stage  consists  of  a  single  layer  of  cells  lying  on 
one  side  of  the  yolk,  Mi^rgau  discovered  that  by  prick- 
ing a  fertilized  egg  so  tint  jiart  of  the  yolk  esciiped,  he 
could  apparently  reduce  the  pressure  on  the  giMiuinal 
disc,  which  would  become  rounded  and  wouK'  divide  so 
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that  the  p|ght-c«-ll  Rtnf;f  rniiHlntnl  (if  a  rliimp  of  ci-IIr 
K«|mnit<'<l  by  two  viTlioil  iiml  oiii-  Imri/.oiitnl  iiliiin"< 
Itiil  ill  vpltc  (if  this  iihiioriiiiii  cli'iivii);!'  it  iiiiniiiil  riubryii 
«lis  |iriHllll-r(l 

'I'll!'  ii<ulis(if  ilic  imiUitiiin  iif  Iilusl(iini'rc8  arc  ronipli 
CHlccI  (III  till-  mil'  liiliiil  we  liiivc  cxpcriliii'lil.'*  like 
('niiiiiiton'ti.  wluTc  iiii  iwilitii'il  liliistniiirn-  nf  tlit'  two-cell 
HbiKc  I'oiiliiiili'S  lo  ilcvilii|i  into  II  liiiir  rnibryo.  lis  if  llir 
oIIht  liiiir  were  |irfsciil ;  whili'.  on  the  oIIk't  IiiiikI.  wr 
liiivi'  the  i'X|M'riliiriils  of  Zojii,  who 
foiinil  lliiil  isojiilt'il  lilustoiiirri's  of 
thi' iiii-<luxjr,  Clyliii  iiiiil  Luoilin.  in 
the  Ni.Mi'i'li  ('I'll  slairr  wniilii  ilrvrlop 
into  frri'  sw  iiniiiini:  liirv:i'  wliicli 
coiilil  not  1)1'  ilistiiijinislu'd.  I'xci'pt 
for  llii'ir  sniiill  si/c,  from  liirvic 
(k'vclopcd  from  whole  cjfjfs.  (Ap- 
ixirciitly.  Iiowrvir.  ii  one  fonrili 
Vflf  of  Clylia  was  llie  siimllcsl  llmt 
would  di'vi'lop  into  ii  coniplrli' 
medilsii.)  IJc'l  Weill  lliese  two  ex 
trcmi'S  there  are  speeies  pii'siiiliii!; 
iiitermeditUe  prudes  in  ilieiriupiuily 
to  develop  from  isoliilid  lilnslo- 
ineres.  80  far  as  we  know  now. 
the  form  that  comes  nearest  lo  the 
niediisii*  (leseriliid  tiy  Zoja  in  power 
to  develop  from  isolated  lilaslomeres 
is  Aniphioxiis.  Wilson  discovered 
that  lilaslomeres  of  the  two  cell 
stajie  isolaled  by  shakiiii;  would  de- 
velop precisely  like  whole  efii,"- 
jfiviii);  rise  to  perfect  blastiilas,  per 
feet  gnslrulas.  and  nearly  i>erfect 
larvir  (mc  half  the  normal  si/c 
The  same  result  was  obtained  from 
jrroiips  of  two  lilastomercs  of  tin- 
four-cell  stage.  Sinirli;  blastoineies 
of  this  stajre.  however,  miirlil  jtive 
rise  to  ])erfcct  blastulas  and  pis- 
trulas,  but  the  larva'  were  less  per- 
fect. While  from  the  eight  cell 
stage  single  blastomeres  would  jiro 
(luce  only  imperfect  blastulas.  most 
of  Ihem  developing  as  if  still  |iart 
of  a  whole  embryo.  >[orgaii  found 
that  if  one  bias  to  me  re  of  the 
two-cell  stage  of  Fundulus  were 
killed,  the  other  would  develop 
'nto  a  perfect  embryo  two-thirds  of  the  normal  size. 

An  isolated  blastomere  of  the  sea-urchin,  Kchinus.  ac- 
cording to  Dricsch.  developsat  first  as  if  it  werca  half  of 
a  whole  embryo  producing  a  half  blastula.  Then  the 
opening  closes  forming  a  complete  blastula  which  de- 
velops into  a  gastnila  and  pluteus.  Crampton  obtained 
similar  results  with  eggs  of  an  Ascidian  (Kig.  2019). 

In  the  clenophore.  IScroe.  we  have,  as  Driesch  and 
Morgan  have  shown,  a  condition  similar  to  that  found  in 
the  gasteropod.  Isolated  blastomeres  of  the  two- or  of 
the  four  cell  stage  segment  as  if  forming  a  half  or  a 
quarter  of  a  whole  embryo,  and  they  give  rise  tiually  to 
imperfect  larva-.  Driesch  and  .Morgan  made  also  the  in- 
teresting discovery  that  if  a  fertilized  ctenophore  egg 
have  part  of  the  cytoplasm  removed,  it  also  gives  rise  to 
an  im|>erfect  larva  "showing  certain  defects  which  repre- 
sent the  parts  ninoved."  This  last  observation  shows 
that  the  cytoplasm  may  be  of  importance  in  directing 
development.  For  here  a  defect  in  the  cytoplasm  gives 
rise  to  a  delinitc  deformity  in  the  larva. 

All  of  these  results,  taken  together,  make  a  very  strong 
case  against  the  theory  of  (pialitative  divisions.  The  iso- 
lation experiments  sliow  that  in  many  cases  a  nucleus 
which  normally  should  give  rise  to  nuclei  of  only  one- 
sixteenth,  one  eighth,  one-fourth,  or  one  half  the  embryo 
may  when  isolated  ]iroduee  all  of  the  nuclei  of  a  normal 
larva.  The  pre.s,sure  experiments  show,  moreover,  that 
even  in  cases  in  which  isolated  blastomeres  will  not  pro- 
duce wliole  larva',  these  same  blastomeres.  if  all  together. 
Vol.  IV.^t'2 


may  Ix-  HJiuflled  like  11  pocket  full  of  niurhlcH  and  yet 
produce  perfect  larvie.  Kvldenlly  we  inUHt  Mcek  Komo 
cause  ol her  lliaii  iiualilalive  diviMionN  to  explain  diller- 
eniialion. 

Aeeordiiig  lo  WeiKiiianii'H  theory  of  (letenninuiilH,  wo 
must  not  only  have  (pialitiillve  dlvisioiiH,  but  the  celU 
of  the  bod^-  must  become  diverse  by  a  pnKX'SS  of  sflf- 
dilTerentiation.  That  is  to  say,  ibe  cniiHe  of  liilferentl- 
ation  lies  within  the  cell  itself  and  uutonly  within  the  cell 


Fig.  ana-  &irl,v  si;ini-: 
viewed  fmii'i  ihi-  !■ 
trum  an  Is.hitecl  left 
Not*)  the  relative  p<i 
bryos.     X  2.50  to  2H0. 


a  liic  lievelupmpnt  nf  an  Asoidian.    ],  Nnnnal    elirlit-cell    stafre, 

ft  side:  2.  same,  sixteen-cell  staye:  •\.  lialf  eiifhl-i-en  sUik'f  ilevi-toped 

blastomere  of  the  two-cell  stape ;  I.  same  In  the  half  slxleenn-ell  stage. 

'Sltlons  of  correspondiDK  cells,  /i**',  B*-'-'.  etc..  In  noniial  and  half  eui- 

<ln  part  aft«r  Castle,  from  Crampton.) 

but  in  the  idiopla.sm  residing  in  the  nucleus.  There  is 
no  room  left  in  this  process  for  the  effects  of  external 
conditions.  Ilertwig,  on  the  other  hand,  maintains  that 
external  conditions  form  a  very  imiiorlant  factor  in  dif- 
ferentiation. That  this  must  be  true  is  dtuiionsLrated  by 
the  numerous  modifications  of  form  that  occur  as  reac- 
tions to  external  stimuli.     (See  article  Diffcietitintiuti.) 

It  should  be  borne  in  mind  in  this  connection  that  if 
the  idioplasm  resides  in  the  nucleus,  as  we  have  reason 
to  believe  that  it  does,  then  the  yolk  and  other  constitu- 
ents of  the  cytoplasm  in  the  same  cell  form  jiart  of  the 
external  conditions  relative  to  the  idioplasm.  Since  the 
days  of  Balfour  morphologists  have  universally  accepted 
the  belief  that  the  presence  of  yolk  has  a  profoundlj- 
modifying  effect  upon  the  course  of  cleavage. 

Morgan  and  Driesch  have  presented  experimental  evi- 
dence that  not  only  is  this  true,  but  that  later  stages  may 
be  affected  by  the  presence  or  absence  of  portions  of  the 
yolk  in  the  egg. 

Weismann's  theory  of  determinants  breaks  down,  then, 
when  examined  critically  in  the  light  of  the  most  recent 
observations.  Let  us  see  now  what  Ilertwig  would  give 
us  in  place  of  it. 

According  to  Hertwig,  the  fertilized  egg  is  after  all 
merely  a  cell,  and  can  have  no  characteristics  other  than 
those  that  properly  belong  to  cells.  The  impul.se  for  the 
first  division  comes  cither  from  the  nucleus  or  the  centro- 
some,  l)ut  the  plane  of  the  division  is  detennined  by  the 
shape  of  the  egg,  the  distribution  of  the  deutoplasm,  its 
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relfitivo  amount,  tlic  plane  of  union  of  tlip  pronuoici,  and 
so  forth.  For  example,  if  the  ej,';;  is  ohlonfr.  the  plane  of 
oleavago  will  he  at  right  angles  to  the  lung  a.\is.  If 
there  is  more  (leutoi>lasm.  volk  granules,  in  one  side  of 
the  egg  than  in  the  other,  the  egg  will  iliviile  unei|Ually. 
the  larger  .segment  ineluding  that  part  of  the  I'gg  w  liieli 
is  richer  in  deulophusm.  In  the  next  stage  internal  struel 
ure  of  the  lilaslomeres  again  m.iy  have  a  eonlrolling 
effect.  HIastomens  mav  again  divide  un<'iiually  for  the 
Siime  reason  as  before,  and  those  which  are  the  less  cum- 
bered with  deutoplasm  will  divide  the  more  rapidly. 
Now  another  factor  comes  in,  for  as  soon  as  the  organism 
consists  of  more  than  one  cell,  the  interaction  of  one  cell 
upon  anolhiT  atTects  the  mode  of  cleavage  and  the  dilTer- 
entiation  of  the  cell.  At  the  .same  time  the  cellsare  being 
nITected  by  stimuli  from  without  the  organism,  such  as 
light,  heat,  gravity,  and  chemical  composition  of  sur- 
rounding me<lia.  Although  the  cytoplasm  may  divide 
into  |ians  dilTering  in  composition  anil  s|)ecilic  gravity-, 
the  division  of  the  itliojilasm  in  the  nucleus  is  always 
qua  lit  i  til  I  ire  only.  The  two  daughter  nuclei  are  exactly 
alike.  Nevertheless,  the  nucleus  controls  the  ditTerenti 
ation  of  the  cell,  and  this  is  affected  by  the  dilTcrent  idio- 
blast.s  which  become  active  in  different  nuclei.  Which 
idiolilasts  shall  become  active  in  any  cell  is  deterniined 
by  the  dilTi-rcnt  positions  of  the  nuclei  relative  to  the 
whole  mass  and  the  consequent  dillerencc  in  the  stimuli 
that  they  receive.  Ilertwig  (juotes  with  approval  the 
remark  made  by  Driesch  th.nt  "the  differentiation  of  the 
cell  is  a  function  of  its  position." 

There  is  no  preformation  of  the  embryo  in  the  egg. 
The  mosjiie  theory  of  the  cleavage  is  a  myth,  and  it  is 
still  more  mythical  to  cany  this  mosaic  idea  back  to  the 
idioplasm  of  the  egg.  Preformation  exists  onlv  in  so 
far  that  the  structure  of  the  egg  as  a  whole  determines 
the  charaetcr  of  the  firet  cleavage.  The  structure  of  the 
whole  embryo  in  the  two-cell  stage  determines  what  the 
next  step  in  development  shall  be.  The  new  c/ui meters 
thiit  appear  in  ontor/eny  are  renUy  new  formations  and  not 
merely  the  becoming  visible  of  preexisting  latent  possi 
bilities.  The  form  of  the  embryo  is  the  resultant  of  two 
factors,  viz.,  the  character  of  the  idioplasm,  and  the  na- 
ture of  the  stinuili  to  which  it  is  subjected.  Of  these 
stimuli,  those  which  arise  within  the  organism  arc  the 
most  important  in  ontogeny,  for  thej'are  the  ones  that  are 
constantly  changing  as  development  proceeds.  The 
character  of  the  idioplasm  determines  primarily  what  the 
reaction  shall  be  to  any  given  stimulus,  and  tliis  leaction 
in  turn  determines  what  the  stimulus  shall  be  in  tlie  next 
stage.  Development  is  jnirely  a  jirocess  of  epigenesis, 
and  I'ach  stage  determines  only  what  the  next  stage 
shall  be. 

Wilson  takes  a  position  that  is  somewhat  less  advanced 
than  that  held  by  Hertwig.  He  points  out  that  while  it 
is  generally  true  that  the  relative  |io.sition  of  a  blastomere 
determines  what  shall  develop  from  it.  this  relation  can 
not  be  a  i)urely  geometrical  or  mechanical  one,  for  in 
different  species  of  eggs  blastomeres  may  exactly  corre- 
sponrl  in  origin  and  relative  position,  yet  have  entirely 
different  morphological  value.  This  is" strikingly  shown 
by  a  comparison  of  tlie  polychide  egg  with  that  of  the 
annelid  or  gasteropod.  Cells  with  exactlv  similar  geo- 
metrical relations  give  rise  to  entirely  different  organs  in 
the  two  groups. 

Wilson  .■igrees  with  Hertwig  that  the  differentiatiim  of 
the  cytoplasm  in  one  stage  has  a  determiuini:  iiitlucnce 
upon  the  next  stage,  and  he  explains  the  difference  be- 
tween eggs  of  the  gasteropod  and  the  medusjiin  the  abil- 
ity of  single  blastomeres  to  ijroduce  a  whole  embr3-o  by 
supitosing  this  differentiation  to  have  begun  in  the 
fonner  early  in  the  history  of  the  ovarian  egg.  He  does 
not  agree  with  Hertwig  in  supposing  the  somatic  nuclei 
to  ret.iin  their  embryonic  char.uler.  He  points  out  that 
the  facts  of  regeneration  indicate  thai  the  nucleus  has 
undergone  a  change,  and  he  suggests  that  the  change 
may  be  due  to  a  process  like  that  ob.served  in  the  somatic 
cells  of  the  segmenting  egg  of  Ascaris.  That  is,  the  so- 
matic nuclei  do  really  differ  from  germ  nuclei,  but  this 


is  because  they  have  given  up  part  of  their  sid)stance  to 
the  cytoplasm,  and  not,  as  Weismaiui  would  s\ippose,  be- 
cause they  have  undergone  (puditative  <livision. 

Coiirliiniiiiis. — We  have  now  completed  a  review  of  the 
princi|)al  fundamental  conceptions  to  be  found  in  theories 
i  of  heredity.  We  have  seen  that  the  aninustie  theories 
belong  to  the  age  of  mysticism,  and  receive  no  eonlirma- 
tion  from  scienlitic  investigations  We  have  seen  that 
there  is  reason  to  believe  that  heredity  has  its  foundation 
in  a  physical  basis,  which  islhi>  protojilasm  of  the  cell; 
and  this  may  perhaps  be  differentiated  into  physiological 
units  of  some  kind.  Further  there  is  much  evidence  from 
ob.servation  and  experiment  to  show  that  the  physical 
basis  for  heredity  forms  an  idioplasm  resiiling  in  tlie  nu- 
cleus of  the  ci'll  and  more  especially  in  those  parts  of  the 
nucleus  which  are  composed  of  chromatin.  Wliclher  the 
idioplasm  of  the  germ  cell  is  essentially  dill'erent  from 
that  of  somatic  cells  is  doubtful.  The  view  that  such  a 
differentiation  docs  exist  is  .strongly  supporleil  on  mor- 
phological evidence  in  the  single  case  of  Ascaris.  The 
physiological  evidence  is  clearly  against  a  qualitative 
division  of  the  idioplasm.  On  thi'  otiii-r  band,  it  indicates 
some  sort  of  ]u-ogressive  differentiation  in  the  idioplasm 
of  somatic  cells  during  development,  a  differentiation 
which  begins  earlier  or  later  in  different  species.  The 
causes  of  this  differentiation  apjiear  to  lie  partly  within 
the  idio])lasm  itself  and  |iartly  in  the  conditions  sur- 
rounding it.  Both  experiment  and  common  sense  favor 
the  view  that  the  cell  can  contain  no  elements  presenting 
other  than  purely  cellidar  characteristics.  Development 
is  essentially  a  jirocess  of  epigenesis.  There  are  as  many 
species  of  germ  cells  as  tlare  are  species  of  orgaiusnis,  anil 
the  germ  cells  of  any  single  individual  have  probably  the 
same  degree  of  variability  that  other  serially  linniologous 
organs  of  that  individual  have.  The  normal  offspring  is 
similar  to  its  normal  parent,  because  the  germinal  idio- 
plasm of  the  two  are  of  common  origin,  and  both  have 
develojied  under  normal  conditions.  There  is  no  evi- 
dence that  the  germ  cells  in  an  adidt  organism  may  be 
affected  in  any  direct  way  by  any  changes  that  may  take 
place  in  Ihe  cells  nf  the  body,  'riierefore  the  inheritance 
of  acquired  modifications  of  somatic  cidls  is  theoretically 
improbable.  Hobert  Payne  Bigeloir. 
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HEREDITY  IN  RELATION  TO  THE  DEVELOPMENT 

OF  MORBID  STATES.  Ii  im  iilnwi-t  ..I  ilir  imliirr  i.f  ii 
truism  l>'  ~l:i!c  Iliiil  iimrliiil  <  (iiiiliiiiiMS  iiir  anil  iuii>>iily 
Ir- fitlici- iiilirrlltil  cir  iii'i|ulri-<l ;  Vi'l  \v<' iiri' ii|it  liironfiisc 
tlx'M'  Iwii  iiichIi'S  iif  |inHlii)'lliiii ;  liciu'c  III  (litillii^' with 
hiTitlity  IIS  II  fiii'lnr  ill  lilt'  ili'vi'liipniciit  of  stnti's  nf  iJiK- 
uiM-  it  Is  I'sM'iitiiil  at  till'  niitsi't  til  lav  ilnwii  clrarly  what 
Isaiiil  »  hill  i^iiiiit  iiiluriti  il.  A  lltllrrinisiilrnitiiiii  slmus 
lis  that  Hilly  that  i-i  iiiliiriti'il  »  liirli  is  llir  |irii|M  riy  iif  tlii' 
itiiliv  iiliial  al  tlir  lii'uiniiiiiK  uf  llio  I'.xisliiiri'  iif  that  iiiili 
viiliial.  fur  iiiMi' I'Xisii'iiri'  has  Ih'>;iiii  any  distiirhaiH  rssi't 
up  liy  iiillucni-rs  fmiii  witlmiit — liy  injury,  inlrrtinii.  or 
tiitiixiciitiiiii— art-  oliviously  a<'i|iiiiril.  Sow  imliviiliial 
c.x'istcncoi'rrtaiiily  ilors  not  liriiin  at  Ihcmoniriil  of  birth: 
it  iH'^ins  at  the  iiio'iu'iit  that  llii'  iiiicliar  iiialiTial  of  the 
spcriiiato/.iion  fiisi's  with  tlic  iiiirlcar  iiiiitiMial  of  thnivum 
111  form  the  frrtili/nl  irll.  Ilinrc  that  only  is  iiilu'ritctl 
H  hiih  has  lii-in  iiiiivrycil  to  llir  imliviiliial  liy  llif  sprr- 
luato/.iNinor  thi'  ovum,  or  wliith  iliivctly  results  from  the 
fii.siiiM  anil  intcnu'tion  of  thi!  substunci'S  of  those  two 
parental  <  ills. 

Il  follows.  Ilifrcfori',  that  conililinns  aniuinil  by  (he 
iiiiliviilual  iliitiiiK  inliitiitcrine  existenci-  must  bo  rare- 
fully  separatiil  from  iiiheritril  slates.*  Thus  we  have  to 
(liviiU-  morbiil  romlitions  into: 

A.  Ill/,,  lit, it. 

(I )  From  the  father. 
Ci)  From  the  mother. 

(3)  Uesullinir  from  the  intcraetion  of  the  paternal 
and  maternal  genu  plasms. 

B.  .■Uqiiireil. 

(1)  Of  antenatal  acquireinent. 

(2)  Aefiiiireil  iliirin!;;  parturition. 

(3)  Of  postnatal  aei|uiremeiit. 

In  oin-  (letenuination  of  what  is  truly  inlieriteil  we  have 
to  reeojriii/.e  that  infection  as  such  eannot  be  inlieriteil; 
syphilis  ami  tubereiilosis.  for  example,  cannot  be  sjioken 
of  as  inherited  eonilitions.  Not  that  these  infections  of 
the  |)ar<nt  may  not  tell  upon  one  or  other  of  the  conju- 
gating genu  cells  ami  so  leail  to  ilistuibeil  slates  of  ovum 
or  siiermalozoon  which  may  luaterially  inHuence  the  re- 
sulting imliviiliial:  such  indirect  inllueiices  may,  as  I 
shall  point  out  later,  lead  to  the  manifeslalion  of  fuii;,- 
xi/ji/iilitir  and  ixiriitnliiiriil^tiis  lesions:  but  the  actual  in- 
fection cannot  be  iiiheriled.  There  is  no  such  thing  as 
inherited  syphilis  in  the  proper  sense. 

For  such  infeelion  presupposes  the  passageof  microbes 
from  one  or  other  |mreiil  to  the  offspring  through  the  in- 
slruiuenlality  of  tlie  germ  cells.  Apart  from  the  fact 
that  such  microbes  cannot  strictly  be  regarded  as  proper- 
ties of  the  parental  organism,  and  apart  from  the  fact  that 
Hie  spermatozoon,  the  germ  cell  tiirough  wliicli  this 
tmnsmis,sion  is  supposed  often  to  occur,  is  so  small  and 
of  suih  a  stnicliire  that  it  eannot  be  conceived  as  a  car- 
rier of  microbes  save  by  adhi'sion  to  its  exterior,  were  a 
microbe  or  microbes  to  gain  entrance  by  any  means  into 
the  ovum,  that  would  be  at  the  most  a  fortuitous  inclu- 
sion, and  we  are  not  juslitied  in  imagining  that  it  could 
l)e  present  without  so  seriousU'  injuring  the  cell  as  to 
render  it  barren  or  monstrous.  Asa  matter  of  fact  the 
lalxirioiis  obsiTvations  of  Giiitner  uimu  the  number  of 
tubercle  bacilli  present  in  the  semen  of  tuberculous 
guinea-pigs  have  ilemoiistrated  that  the  probability  of  a 
bacillus  bearing  spermatozoon  fertilizing  an  ovum  is  so 
extraordinarily  minute  that  it  may  be  neglected,  while 
the  statistics  of  Cliiari  upon  the  specific  lesions  of  infants 
suffering  from  antenatal  syphilis  show  that  the  liver  is 
the  organ  most  extensively  involved  in  nearly  all  cases — 
a  sure  indication  that  the  chanui-4  of  infection  has  been 
from  the  placenta;  for  the  blood  coming  from  the  pla- 

*  riiiinteniesse  and  Po<lwy.«sotslvy  siiffpo-si  for  the  fomuT  thf  t^nn 
"  riiTinc  tntierilanif."  I  sln^npiy  oltjei't  lo  this  on  tlie  ffrmind  that 
in  ilis*'iissiiar  inherltaiire.  we  wh"  ileal  witli  one  branch  of  hiolniry 
must  eonfi'nii  to  Uie  iisape  of  iliose  workinir  in  other  liranchea.  In- 
tra-iitiTine  exlsleni'i'  t.i  rhanii-tenstie  of  only  one  ilivision  of  animalii 
anil  itiat  a  s»Miiewlial  liinilod  one.  To  spt'a'k  of  intra-nli-rine  acquire- 
nienl  as  inhpfitanre  is  a  sure  means  of  rttntinuint:  the  prn^jent 
eonfusion  which  exists  uuiun^  uiiHiical  men  in  connection  vvith  this 
sutijeit. 


conta  flrst  pauses  through  thU  or^an,  which  thus  beani 
the  brunt  of  the  infection 

The  not  infreiiuenl  cases  in  which  a  Hyphili/ed  father 
begets  syphili/ed  children  withunt  the  mother  showing 
signs  of  geneiiil  Ny|p|ijlis.  must  therefore  be  due  to  intra 
iilerini- infection,  either  by  pitHHiige  of  the  specilic  virijg 
from  the  uterine  cavity  lliroiigli  the  cells  of  the  amniotic 
sac  (this  has  recently  rieeii  shown  possible  in  cuniiection 
with  other  palliogenelic  microbeM,  or  by  local  Infection 
of  the  fietal  placenta  from  the  uterine  eilvllv.  or  by  //«-.(< 
infection  of  the  uterine  mucosa  and  iiiatei'nal  plai  eiilji 
without  extension  of  the  ilisea.se  in  the  unit  her,  although 
with  conferment  of  relative  immunity  upon  the  mother. 

Having  now  cleared  the  ground  it  is  possible  to  dis- 
cuss the  effects  of  heredity  pure  and  simple.  The 
inheritance  of  morbid  conditions  may  be:  1.  Specific  or 
ex  specie,  {.,.,  peculiar  to  all  the  members  of  a  S|H'cle9. 
2.   Kacial.     il.   Familial,      t.   Individual. 

1.  Kx  Si'iociK. — This  shows  itself  mainly  in  |ireilisposl- 
tioDS  to  certain  infections  including  the  liisliiilianees  set 
up  by  the  grosser  parasites.  The  infectious  liisi-ase'S  of 
cold  blooded  animals,  for  example,  are  ipiite  different 
from  thoseof  warm  blooded,  and,  while  some  diseases  oc- 
cur inc  ommon,  the  disea.ses  to  which  man  is  liable  are, 
as  a  series,  well  differentiated  from  those  affecting  cattle. 
Certain  infections  like  syphilis,  gonorrhiea,  and  typhoid 
would  appear  to  affect  man  alone  under  natural  condi- 
tions. 

An  interesting  line  of  thought  has  been  touched  \ipon 
by  Bland  Sutton  in  his  "  Introduction  to  General  Path- 
ology," where  he  points  out  that  certain  structural  feat- 
ures so  characteristic  as  to  be  differential  in  certain 
species  and  races,  are  cssi'iitially  inherited  morbid  coudi- 
ti<ins  or  malformations.  He  notes  that  the  nice  of  tailless 
trout  of  Islay  (and  we  may  add  the  race  rif  JIanx  cats), 
the  alliinic  or  non  |iignieiiled  species  ol  snails;  the  t'lue- 
todon  with  its  remarkable  osteomatoid  enlargements  of 
the  bones,  the  race  of  horned  men  of  Akim  in  Africa  with 
their  huge  symmetrical  exostoses  of  the  malar  bones,  are 
all  examples  of  such  morbid  inheritance.  He  is  inclined 
to  believe  that  horn  and  horny  outgrowths  in  genera! 
have  originated  as  pathological  states,  and  what  is  more 
he  would  regard  I  he  descent  of  the  testicle  into  the  scrotum 
in  man,  ami  other  animals  which  assume  the  nifne  or  less 
erect  position,  as  an  inherited  anomaly.  Another  good 
example  of  inherited  pathological  structures  is  the  pair 
of  "castors"  situated  on  the  inner  side  of  either  foreleg 
of  the  horse.  These  faiuiliar  objects  are  of  culicular  ori- 
gin, are  horny  and  unconnected  with  bone;  they  are  con- 
stant and  apparently  useless.  The  only  sjitisfactory  ex- 
planation he  can  suggest  for  the  inheritance  of  these 
anomalies  is  that  some  prcpoti'iil  ancestor  of  the  horse 
conveyed  this  to  its  descenilauts  along  with  other  more 
valuable  properties;  in  other  words,  that  there  is  a  cer- 
tain correlation  in  the  inheritance  of  variations. 

2.  R.\ci.\i.. — Among  the  members  of  one  species  those 
of  a  different  race  show  peculiar  susceptibilities.  Thus 
among  the  lower  anituals.  the  "Butrel"  or  native  cattle 
of  Austiiallungary  have  been  found  largely  insu.«cep- 
tible  to  tuberculosis,  in  this  differing  widely  froiu  ordi- 
nary domestic  cattle:  the  race  of  Algerian  sheei)  is  re- 
fractory to  anthrax  when  ordinary  domestic  European 
breeds  are  peculiarly  susceptible,  numerous  similar  ex- 
amples can  be  cited  among  the  races  of  mankind;  negroes 
arc  peculiarly  liable  to  succumb  to  tuberculosis,  they  suf- 
fer from  sleeping-sickness,  ainhum,  etc.,  and  on  the  other 
hand  appear  not  to  be  so  susceptible  to  malaria  as  are 
white  r.aces.  Malaysians  show  a  inarkeil  tendency  to  con- 
tract beriberi,  they  and  the  Hindoos  (though  to  if.some- 
what  less  extent)  and  Eastern  peoples  in  general  are  more 
liable  to  contract  and  to  die  from  the  plague  than  are 
those  of  European  descent,  although  the  latter  show 
themselves  more  susceptible  to  yellow  fever.  In  Cana- 
da, as  in  France,  the  greater  severity  of  scarlet  fever 
when  it  attacks  those  of  Anglo  Saxon  descent  as  com- 
pared with  those  of  French  origin  is  distinctly  notice- 
able. I  have  already  in  the  previous  paragraph  cited 
some  examples  of  the  racial  inheritance  of  anomalies. 


fi59 


■Icredll}'. 
Heri-dlly. 


REFKltENCK   HANUUOOK   OF  THE   JIKUICAL   SCIENCES. 


3.  Fwm.iAL. — Very  uumcrous  i-xiiiiipli's  may  !)»■  <-ii«Ml 
of  fiiiiiilial  iiiliiTitaiu'c.  These  exuinples  raiij;e  tliciii- 
selvi's  ill  various  groiii)8: 

(1.)  IiiIk  ritiiiire  nf  Aiii'iiinlies.  Numerous  well  reoiinleil 
examples  of  <as(S  iif  pulvdactyly,  syiiilactyly.  alinoriuul 
sliorliiess  of  llie  plialaiitri'S.  Iiy pospailias,  pliiinosis,  arc 
noted  as  occurring  Ihrougli  several  generatious. 

(II.)  Other  couditions  \vhi<li  may  be  regarded  as  jimh- 
ably  iini'iniilienofdtfii-t.  and  which  are  markedly  inherited, 
are  lia'mophilia,  albinism.  Daltonism,  myopia,  strabis- 
mus, ichthyosis. 

(III.)  Diiil/utic  The  last  example  together  with  the 
tcndcucy  to  the  f<irmalioii  of  cataiiK  t  may  possibly  conic 
under  the  heading  of  diathesis,  or  liabilities  to  aluiornial 
functional  distiirbauccs  occurring  at  certain  periods  of 
life.  Among  these  also  arc  to  be  included  obesity,  gout, 
chronic  rheumatism,  and  diabetes 

(IV.)  JiifWIioiiK.  It  is  a  matter  of  popular  knowledge 
that  certain  families  are  much  more  susceptible  than  is 
the  race  in  general  to  aciinircd  conditions  like  tuberculo- 
sis or  one  or  other /.yinolic  disease. 

(V. )  ^'tl■rl>ll.s.  Tlie  familial  nervous  conditions  are  es- 
pecially worthy  of  note,  because  in  a  remarkable  propor- 
tion of"  cases  of  mental  and  other  nervous  disturbances 
•we  liii^J  a  history  of  antecedent  nervous  conditions,  either 
homceoraorphie.  i.e..  of  the  sanw^  order,  or  heleromorphic. 
of  dilTerent  type.  Among  the  former  wn  recognize  in- 
herited paralytic  and  ataxic  conditions,  pseiido  hypertro- 
phic and  aiiiyolropliic  paralyses.  Friedreich's  disease. 
etc.;  among  the  latter  and  more  freiiiicntly  we  find 
mental  disorders  traceable  to  ancestral  disturbance. 
There  is  one  well  known  county  family  in  England  in 
which  a  state  of  weak  headedness  varying  in  its  mani- 
festations is  traced  back  to  the  .seventeenth  century  and 
is  popularly  attributed  to  the  prominent  part  played 
by  a  celebnited  ancestor  in  connection  with  the  behead- 
ing of  Charles  I. 

"The  tendency  of  lat(^  years  has  been  to  lay  increasing 
<'m]ihasis  ujion  the  hereditary  factor  in  the  production  oif 
insanity,  but  it  is  doubtful  whether  even  yet  the  true 
Ijearing  and  signilicance  of  this  factor  has  been  recog- 
nized." 

Carlos  F.  MacDonald  lays  down  that  the  so-called  ex- 
citing causes  of  insanity  play  a  very  iiuiniportant  jiart  in 
the  ctinliigy  of  this  disease,  except  in  so  far  as  they  may 
operate  to  liring  about  a  lowered  and  disturbed  state  of 
the  brain  and  those  set  in  motion  hitherto  latent  inherited 
conditions  or  tendencies.  In  .support  of  this  he  jioints 
out  that  substantially  every  individual  at  some  time  dur- 
ing his  life  is  exposed,  in  many  cases  repeatedly,  to  many 
of  the  so  called  exciting  eau.ses  of  insanitj-,  both  mental 
and  physical;  and  yet  despite  this  fact  we  find  that  san- 
ity is  the  rule,  insanity  the  exception. 

4.  IxDiviDiAi,  Iniikkit.vnce. — Thus  far  we  have  had 
no  dirticiilty  in  recognizing  and  toa  large  extent  compre- 
hending the  intluence  of  inlicritanceinpa.s-siDgdown  from 
individual  to  individual  of  one  species,  race,  or  family, 
certain  peculiarities  of  constitution.  We  can  under 
stand,  that  is.  that  just  as  there  are  passed  down  those 
grosser  properties  whereby  each  member  of  a  species  re 
sembles  all  the  rest  and  dilTcis  from  members  of  other 
species,  so  there  are  ])assed  down  these  morbid  constitu- 
tional states.  It  is  when  we  come  to  study  the  subject 
of  iniliviilual  inheritance,  the  inheritance  of  conditions 
that  is  which  have  tirst  manifested  them.selves  in  one  or 
other  pariMit,  that  from  a  medical  as  from  a  general  bio- 
logical standpoint  we  find  ourselves  in  dilliciilties.  So 
that  in  order  to  understand  what  is  and  what  is  nol  cap- 
able of  inheiitaiice  wc  lind  it  necessary  to  i>robe  deeply 
in  order  to  discover  if  pos.sible  some  principle  or  ]irinei- 
ples  which  shall  make  it  com|)reliensible  why  certain 
individual  characteristics  can  thus  be  passed  on  in  later 
generatif)ns.  why  others  cannot.  As  Virchow  has 
pointed  out,  every  variation  from  the  normal  is  strictly  a 
pathological  stjite,  however  slight  it  may  be,  and  this 
whether  it  acts  favorably  or  unfavorably  upon  the  indi- 
vidual. Hence  in  discussing  theories  of  inheritance 
which  of  necessity  bear  upon  this  subject  of  the  produc- 


tiim  and  descent  of  variations  we  are  still  strictly  within 
pathological  limits. 

Hut  in  the  lirsl  place,  before  considering  these  theories, 
it  is  well  to  analyze  individual  variations,  for  these  it 
will  be  seen  may  be  of  two  orders,  some  being  due  to  the 
interaction  of  the  conjugating  germ  i)lasnis  and  so  truly 
inherited,  others  being  of  the  nature  of  acquirements. 
Among  the  latter  are  conditions  of  excessive  develop- 
ment of  one  or  other  function  or  organ,  brought  about 
by  continued  use  of  the  same;  the  inusciilar  develop- 
ment of  the  athlete,  the  specialized  development  of  the 
musculature  of  the  tingcrs  and  of  the  nerve  <entres  con- 
li'ollitig  the  same  in  a  pianisi,  and  so  on.  Of  the  same 
order  are  the  general  results  upon  the  organism  of  disease 
allecling  the  iniliviilual,  as  of  infection  due  to  tuberculo- 
sis anil  syphilisand  the  zymotic  disea,ses.  of  injuries,  e.;/., 
to  the  brain,  anil  of  intoxications,  e.g.,  plumbism  and 
alcoholism. 

Inailililion  totlie.se  we  have  torecognizc  the  occasional 
occurrence  of  what  is  known  as  " spontaneous  variations." 
resulting  in  the  iiroduction  of  sports.  The  most  clearly 
marked  examples  of  these  are  to  be  found  among  |>laiits; 
in  a  bed  of  tulips,  all  ajiparently  growing  under  the  same 
conditions,  an  occasional  llower  may  be  met  with  pos- 
sessing four,  live,  seven,  or  eight,  instead  of  the  usual 
.six  petals.  Now  while  one  or  more  of  these  variations 
may  be  ascribed  to  atavism— to  a  breaking  back  to  an 
ancestral  state — all  cannot  be;  that  is.  the  tulij)  must  be 
derived  in  the  distant  past  from  the  precursor  of  the 
Liliacea'  having  either  more,  or  less  than  six  petals;  it  can- 
not be  derived  from  both.  And  as  these  conditions  of 
excess  anil  defect  are  of  the  .same  order,  it  is  probable  that 
atavism  plays  little  or  no  |)art  in  the  development  of 
sports  of  this  nature.  Discussing  such  cases  the  only 
conclusion  we  can  reach  is  that  some  intluence  atTecling 
the  root  bud  at  its  origin,  or,  it  may  be.  the  abiioriual  in- 
teraction of  the  pollen  and  ovum,  has  brought  about  an 
abnormal  development.  Similarly  in  man  and  animals 
in  general,  the  appearance  of  a  .sport  in  one  member  of  a 
family  is  rarely  if  ever  to  be  ascribed  to  atavism,  but  to 
similar  influences  acting  either  at  the  time  of  fusion  of 
the  ovum  or  spermatozoon,  or  telling  upon  the  embrj-o 
during  the  very  earliest  stages  of  development. 

Further  than  this,  admittedly,  we  cannot  advance  in 
the  cx]ilanation  of  so-called  s]iontaiicous  variations.  I 
refer  to  this  matter  because  it  is  necessary  to  ])oint  out 
that  both  qualitative  and  iiuaiititativc  variations  likesex- 
digitism.  Albinism,  Daltonism,  and  li;emo]ihilia.  may  and 
do  constantly  present  themselves  in  the  individual,  and 
it  is  not  necessary  to  assume  that  some  ancestor  exhibited 
a  like  condition;  they  may  arise  ilc  ii'iro.  What  is  more, 
it  would  seem  that  there  is  a  peculiar  liability  for  these 
spontaneous  variations  to  show  themselves  in  succeeding 
generations,  and  to  become  familial.  The  strain  of 
creamy-white  horses  preserved  for  more  than  a  century 
at  Hanover  originated  from  a  single  sport  of  this  order 
by  careful  in  aiid-inbreeding;  as  again  did  the  Mau- 
champ  strain  of  merino  sheep  with  their  iieciiliarly  silky 
wool. 

TiiK  Inhicuitanxe  ok  Conditions  Ar(jitRi'.i>  by  the 
Individual. 

To  us  as  medical  men  it  is  of  special  interest  to  de- 
termine how  and  to  wdiat  extent  aciiuired  characteris- 
tics tend  to  be  propagated ;  to  what  extent  does  disease 
in  the  individual  tell  upon  the  ofTspring;  is  it  po.ssible 
that  besides  resulting,  it  may  bi\  in  the  production  of 
ofTspring  of  lowered  vitality,  the  dilTerent  aciiuired  in- 
fections or  constitutional  slates  arc  liable  to  intluence 
that  ofTspring  in  a  specitic  manner  in  one  or  other  direc- 
tion and  so  afford  examples  of  an  inheritance  of  acquired 
characters? 

According  to  Weismann  in  multicellular  individuals 
characters  aciiuired  by  the  individual  cannot  be  inher- 
ited, or  at  least  it  has  still  to  be  proved  that  they  can. 
This  I  might  add  is  a  |iosition  that  is  generally  taken  by 
biologists  of  the  present  day  {vide  article  on  KroUition). 
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Wriniiiinii'ii  Thfori/. — To  iiiKlcrHtniiil  Wi'iBmniin'K 
lliriirv  it   in  iii-crssiiiv  in  llir  llrnl    pliHi-  ti)  n-ali/.f  lln'  im 

{lortiiiii'i'  >>f  tlic  iiiii'li'im  ill  the  ci'lliiliir  I'Ciiiiniiiy.  This 
H  llic  <ipiili<plliiif'ii){<-iit  ill  IIhmtII:  ri'iiiiivc  it  iiiiil  llic' crll 
is  iiirniiiililciif  rr^'riK'nitiiiiiaiiil  pniiilcnitioii  i  Niisslniwiii, 
Vcrvviiriii.  Wliiit  in  iimrr  it  in  llir  ••Hsciiiiiil  m.'i-iit  in 
fi'ciiiKliiliiin.  As  IhhIiiiwii  liy  Viin  llniriliiM  INT.'i)  in  iiiii 
mill  fiii'ins  iiiiil  tiy  SlnisslniririT  i  ls.><-l  i  In  |>liiiils.  fcriindii 
linn  is  I'ssi'iiiiiilly  llir  fiisldii  i.f  porlions  of  llir  iiiirliiir 
limtrrliil  irliriiiniillnl  iif  llir  iiiair  iiliil  friiiiilr  ffcrni  cells. 
At  a  lairr  iliilr  Itovcri  sliowcil  lliai  <'i|Ual  purliniis  of  the 
iiiiili'  anil  friiiali'  I'lirniniiliii  iinili-  to  frivi-  iiri);in  to  tlio 
new  iiiiliviiliial.  Hire  llirii  in  this  rrniiiikiilpli'  nuclear 
nialerlal  is  the  physical  basis  of  iiereilily.  There  is  no 
substance  in  the  fertili/.eil  cell  which  is  similarly  anil 
eiiually  deriveil  from  both  piiiental  j;erin  cells. 

When  now  the  fertili/.eil  ovum  proceeds  to  sejtment 
and  lo  develop  Into  the  embryo  and  ultimate  mature 
form,  the  process  is  seen  to  be  primarily  a  division  and 
distribution  of  the  chromatin,  so  that  the  nucleus  divid- 
ini;  Ix'fore  any  .siirns  of  lis.sion  of  the  cell  biMJy  show 
themselves,  there  are  dislribiiled  to  each  daughter  cell  ap- 
parently eiiual  i|iiaiililies  of  the  chronmliii  of  the  parent 
cell.  Hence,  asthis  processof  division  cnntiiiuis  and  the 
whole  cell  miissof  the  adult  imlividual — the  «  holioriiiiii- 
ism — is  developed,  each  cell  in  thai  oriranism  contains  a 
portion  or  derivative  of  the  oriirinal  chromatin  of  the 
ferlilized  ovum.  Uul  a  dilTereiilialion  is  folic  made  out. 
The  iiiajorily  of  these  cells  form  the  tissues  of  the  body 
and  as  such  arc  found  incapable  of  iinderiioing  fecunda- 
tion and  givinj;  rise  to  new  individuals.  Theseare  Wcis- 
inann's  w';/«(^i'c  r(7/.'i.  Only  a  certain  number  present  in 
the  reproductive  glands  maintain  this  capacity  :  they  are 
thv  <ifi III  o 111.  And  il  is  these  germ  cells  which  convey 
tollic  ollspring  the  parintal  germ  |ilasiii;  it  is  through 
them  and  through  their  nuclear  chromalin.  in  which,  as 
above  said,  the  genu  plasm  would  seem  necessarily  jircs- 
enl,  that  descent  occurs,  and  as  in  their  turn  llicy  are  the 
direct  descendants  of  the  germ  cells  which  gave  ri.se  to 
the  imreiit  individiialsiiiid  so  contain  germ  plasm  directly 
derived  from  ancestor  after  ancestor,  so  their  essential 
germ  plasm  is  poti-iitially  eternal.  It  has  been  jiassed  on 
from  geiieililion  to  generation;  the  somatic  ci'lls  of  one 
jteiicnition  afteranotlnr  luive  inevitably  undergone  death 
and  dis.solution;  they  have,  after  the  simile  of  Lucretius, 
served  but  as  the  runners  passing  on  the  torch  of  life  from 
one  to  the  other. 

Thus  far  we  must  follow  Wcisinann,  and  furtlier,  with 
him  we  must  see  that  the  characters  of  the  individual  do 
not  directly  depend  ui>oii  the  characters  of  the  body,  or 
.soma,  of  the  parents.  For  these  characters  are  trans- 
mitted by  the  germ  plasm  of  the  largely  undilTerentiated 
ovum  or  sperniatozoon — by  germ  cells,  that  is.  which 
are  iiol  derived  from  the  body  cells,  and  which  never 
have  been  in  other  than  a  latent  condition  within  the 
parental  body.  That  body  has  grown  and  become  differ- 
entiated and  has  been  acted  upon  by  its  environtnent,  but 
its  function  throughout  has  been  to  form  a  protecting 
envelope  for  the  germ  cells. 

Such  being  the  relationship,  it  is  inconceivable  that 
any  character  ac<|uircd  by  the  jiarent  in  the  nature  of  a 
gross  lesion  (the  loss  of  an  arm,  for  e.vamplcK  or  again  in 
the  nature  of  a  S|>ecial  develoiiment  of  one  or  other 
faculty  (as,  for  example,  the  special  dexterity  of  the  tiiiger 
muscle  in  a  pianist)  can  be  transmitted  to  the  offspring. 
And  as  a  matter  of  fact  we  know  that  the  children  of 
those  who  have  lost  a  limb  are  born  with  a  full  comple- 
ment of  limbs;  that  ritual  circumcision  practised  for  long 
centuries  by  .lewsand  Mohammedans  has  not  resulted  in 
inherited  phimosis,  and  that  the  dinking  of  tails  of  lioi-scs 
has  had  no  effect  upon  the  length  of  tail  of  their  off- 
spring. 

These  considerations,  while  flioy  throw  light  upon  the 
ixact  nature  of  descent  and  whili- they  explain  largely 
the  likeness  of  successive  generations  in  one  species  or 
family,  do  not  explain  the  other  important  condition  of 
riin'iiti'iii.  For  if.  as  Weismann  repeatedly  allirms,  the 
environment  of  the  germ  cells  while  in  the  parental  or- 


Kiinlsiii  hiiK  H  miiilniiil  elTect  iiiKin  them,  we  do  not  wi  far 
gain  any  comprehension  of  how  it  in  that,  although  de 
rived  from  intermitigling  of  the  Name  germ  idasins,  the 
varioiiH  olTspring  ol  om-  pair  of  mankind,  llsh,  or  any 
other  animal,  while  lesiinbling  each  other  in  thi'ir  main 
features,  ililTer  obviously  the  one  from  the  other,  so  that 
no  two  animals  of  the  same  species  or  even  of  the  same 
family  are  absolutely  alike.  Still  less  do  these  consider- 
alions  explain  the  oci-iirrence,  in  lertaiii  of  the  olTspring 
of  one  pair,  of  features  absent  from  either  parent  but 
present  in  one  or  other  ancestor  (atavisiiM. 

To  explain  this  imlividuiil  variation  and  kindred  mat- 
ters U'eismaiin  has  developed  a  most  elabonile  Iheorv,  so 
elaborate,  and  undergoing  so  many  iiioililicalions  as  new 
facts  have  presented  themselves,  that  il  is  impossible  to 
present  il  in  its  entirety  in  the  limits  of  this  iirliile 
lirielly.  he  has  conceiveil  the  genu  plasm  or  nuclear 
chmmatin  to  be  composed  of  an  enormous  number  of  in 
dividual  particles  or  4iV<///(«r< ji  deri ved  from  Ihe  ancestral 
genu  plasms  on  either  side.  Prior  to  ferlili/.alion  a  re- 
inarkabli-  process  of  reduction  is  observable  in  the  nuclei 
of  both  the  male  and  female  germ  cells  whereby,  accoril- 
ing  to  Weismann,  at  the  time  of  fertilization  each  conju- 
gating cell  contains  only  half  the  number  of  biophores 
originally  present.  By  this  rediiclion  il  conies  lo  pass 
that  through  conjugation  Ihe  ferlilized  ovum  contains  the 
normal  number  of  binphmes.  half  of  them  derived  from 
the  male  and  half  from  the  female  germ  cell.  Thus  in 
each  successive  generation  the  germ  cells  will  contain  bio- 
phores derived  from  the  mule  and  female  germ  cells  of 
tho  previous  generation.  And.  carrying  out  this  concep- 
tion, it  will  be  seen  at  the  end  of  .sjiy,  one  hundred  gen- 
erations, the  number  of  representative  bio])hores  derived 
from  the  whole  chain  of  ancestors  (even  if  as  Weismann 
suggests  these  are  so  small  as  to  beijiiile  invisible)  would 
be  so  enormous,  but  for  this  process  of  reduction  with 
their  number  being  halved  prior  to  each  fertilization, 
that  they  could  not  be  conceived  as  capable  of  being 
crowded  into  one  nucleus. 

Now  in  this  process  of  reduction  Weismann  lays  down 
that  there  is  no  regular  onler  of  discharge  of  the  bio- 
phores or  ids;  they  are  intimately  commingled  ;  represen- 
tatives or  dilerminaiils  ilenved  from  certain  near  or  re- 
mole  ancestral  germ  plasms,  must  drop  out;  and  so  it 
happens  that  each  mature  germ  cell  contains  a  different 
series  of  these.  Thus  each  individual  is  the  outcome  of 
the  action  of  a  different  series  of  combinations  of  these 
biophores,  and  as  such  dilfers  from  every  other  individ- 
ual. 

This  theory  also  demands  that  if  these  biophores  are  the 
essential  and  controlling  constituents  of  the  nuclear  ma- 
terial, then,  in  division  or  segmentation  of  the  fertilized 
ovum,  nuclear  chromatin  and  with  it  germ  iilasm  is  trans- 
mitted to  each  cell  forming  the  organism.  And  to  ex- 
plain the  difference  in  structure  and  characters  of  the 
cells  forming  the  different  tissues  Weismann  is  forced  to 
suppose  that  there  is  a  r/ualiliilire  difference  in  the  trans- 
mission to  the  different  cells  and  that  so  the  different 
organs  and  tissues  depend  for  their  characters  upon  dif- 
ferent combinations  of  the  biophores.  which  in  the  proc- 
ess of  successive  segment;ition  of  the  lilastomeres  gain 
cnlruncc  into  and  determine  the  composition  of  the  nuclei 
of  the  different  forms  of  cells.  The  inheritance  of  spe- 
cial, racial,  and  familial  features  peculiar  to  and  showing 
themselves  in  structural  and  other  features  of  the  body 
is  thus,  according  to  him,  essentially  due  to  these  bio- 
phores, their  particular  distribuliou  and  their  controlling 
action. 

These,  for  our  present  )iurposes,  arc  the  main  outlines 
of  Weismann 's  celebrated  theory.  Others,  among  whom 
may  be  mentioned  Darwin,  Roiix,  de  Vries.  and  we  ought 
specially  to  mention  FVancis  Gallon,  had  previously  enun- 
ciated theories  or  considerations  along  the  lines  here 
indicated,  but  to  Weismann  certainly  must  lie  given  the 
incredit  of  elaborating  a  theory  which  attempts  to  cover 
the  whole  siibjeci.  As  this  theory  has  influenced  the 
whole  study  of  the  subject  of  heredity,  it  has  been  ncces- 
.sary  to  explain  to  this  extent  its  main  tenets. 
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It  will  1)1'  st'cii  fnini  « 1ml  I  Imvi'  slutcd  that  cliroiiialiii 
exists,  auil  in  the  fiTlili/.iition  of  tlio  jrrrni  (rlls  umUr 
_i:<Ksa  rcmarUablcsiritsdf  clianijcs:  prior  to  fcrlilizalii>ii 
iIkii'  is  a  niuarkalili'  reduction  in  llir  nuclear  siilislanci'. 
In  indirect  cell  division  a  soinevvliat  parallel  series  of 
<lian.i:es  are  to  be  made  out.  All  these  are  known  facts 
wliieli  can  bo  followed  and  readily  observed;  but  bio- 
pliores.  ills,  and  iilants  have  never  been  recognized  ;  they 
are  creatures  of  the  inia^'ination.  and  what  is  more,  re- 
<'ent  researches  have  shown  that  they  cannot  uccoimt  for 
the  facts  of  heredily. 

From  what  I  havcslati'd  it  will  bi'  seen  that  this  theory 
rei(uires  for  the  nplmildinjrof  the  oriranisni  thai  a  special 
set  of  these  biopliores  becomes  dislribtiled  to  each  of  the 
early  blastomeres,  so  that  eventually  sundry  of  these  find 
their  way  inU)  the  nioiher  cells  of  each  separate  tissue. 
As  a  genenil  rule  in  bilaterally  synunetrical  animals  ii 
has  been  detennincil  that  the  tirsi  sesrmcntalion  of  the 
ovum  leads  lo  the  formation  of  two  blastomeres.  one  on 
either  side  of  thi'  median  jilane.  which  correspond  and 
jrivi'  rise  lo  the  future  right  and  left  halves  of  the  body. 
Thus,  according  lo  Weismann,  a  set  of  biophores  which 
will  lead  to  Hie  development  of  the  organs  of  the  right 
side  passes  into  one  blastomere.  a  set  for  the  organs  of 
the  left  side  into  the  other.  But  now  the  observations 
of  Driesch.  conlirmed  and  expanded  as  they  have  been, 
more  ispecially  by  Morgan  of  IJryn  Mawr.  by  E.  B. 
AVilson  of  Columbia,  by  Zoja  and  others,  show  that  in 
the  two-,  four-,  eight-,  and  even  sixtecn-cell  stage  of  the 
segmenling  ovum  of  quite  a  number  of  animals,  the 
Iilastomeres  can  be  shaken  apart  and  each  separate  cell 
may  show  itself  capable  of  developing  into  a  com- 
plete, if  dwarfed  larva.  Again,  as  Houx.  of  Breslau, 
shf)wed  years  ago,  if  a  given  blastomere  of  the  frog's 
ovum  lie  destroyed,  that  is  lo  .siiy  one  holding  a  detinite 
position  in  regard  to  the  rest,  the  individual  is  liable  to 
<levelo|i  minus  one  special  jiortion  of  the  body — one  side 
of  the  head  for  example,  one  hind  limli  or  quadrant. 
This,  while  it  woidd  seem  at  first  to  point  in  favor  of 
AVeismann's  view,  is  nevertheless  no  proof  that  individ 
iial  blastomeres  contain  special  germ  plasms,  for  as 
Driesch  and  others  have  shown,  if  the  segmented  ovum 
in  ihe  morula  stage  be  submitted  to  pressure  and  the 
blastomeres  be  forced  into  abnormal  relationships,  upon 
removing  the  pressure  the  individual  blastomeres  do  not 
continue  to  segment  and  produce  those  organs  and  parts 
which  they  woidd  have  done  in  normal  conditions,  but, 
according  to  their  newly  acquired  position  and  relation- 
ship toward  the  rest  so  do  they  now  proceed  to  develoji : 
there  is.  in  short,  an  exchange  of  properties.  So  that 
to  a  very  large  extent  the  prospective  development  of 
given  cells  is,  as  Driesch  has  laid  down,  a  function  of 
their  relative  position.  It  certainly  is  not  determined 
by  primary  qualitative  modifications  of  the  nuclear 
chromatin. 

Yet  clearly  this  is  not  all.  Mere  relative  position  of 
tlie  segmenting  cells  of  the  ovum  does  not  determine  the 
eventual  structure  of  the  adull  The  eggs  of  a  vast  num 
ber  of  species  arc  curiously  alike,  and  what  is  more,  un- 
der like  environment,  the  earlier  segmentations  are  along 
the  sitme  lines,  and  yet  these  eggs  give  rise  to  individuals 
absolutely  ilissimilar  and  belonging  to  wholly  dillerent 
species.  There  is.  I  need  scarce  say,  a  something  in  the 
nature  and  composition  of  the  ovum — nay  more,  we  can 
go  further  and  say — of  its  nuclear  constituents,  which 
«lelerminis  the  eventual  structure  of  the  individual  and 

111  germ 
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theory  of  "determinants"  and  also  being  unable  to  ex- 
plain heredity  and  variation  by  any  conception  of  fixed 
morphological  gemmules,  pangenes,  biophores,  etc.,  we 
nevertheless  have  to  attribute  directive  properties  to  the 
germ  iilasm  and  its  contained  idioplasm.  Is  it  possible 
to  conceive  the  idioplasm  of  the  fertilized  germ  cell  as 
being  of  such  a  naUire  that  with  the  progressive  growth 
anil  segmentation  of  the  embryonic  cells,  set  up  by  its 
agency,  it  undergoes  pidgressivi'  modilicalion  according 
lo  the  ftirces  acting  upon  it  in  the  dillerent  cells  of  the 


this  sonielhing  is  conveyeil  by  the  parental  germ  plasm. 
Thus  while  denying  as  wholly  inadeipiale  Weismann's 


embryo  to  which  it  is  distributed?     Let  me  indicate  Ihe 
lines  along  which  we  may  develop  such  a  theory : 

Till-;  Chemico-Piiysical  Tiieokv  ok  Iniieritakce. 

The  primary  proi>erty  of  living  matter,  whereby  it  is 
distinguished  from  non-living  matter,  is  the  capacity  of 
growth — is  Ihe  capacity  manifested  by  that  living  matter 
to  assimilate  non-living  matter  of  certain  orders,  lo  ab- 
sorb it  and.  in  .so  doing,  convert  it  into  matter  like  unto 
itself,  in  doing  which  work  is  performed.  As  I  have 
pointed  out  el.sewhere.  looking  ujion  living  mailer  in  this 
light  and  recognizing  that  its  other  properties  are  but 
secondary  manifestations  and  oulccmies  of  this  cupacily 
for  growth,  we  see  that  mulliplicalion  of  the  cells  com- 
posing the  individual,  and  multiiilieation  of  Ihe  individ- 
ual (whether  by  simple  fission  as  in  certain  uiucellular 
organisms  or  by  the  develojiinent  and  emission  of  germ 
cells  as  in  multicellular  organisms)  are  in  es,sence  means 
whereby  it  is  insured  that  Ihe  living  matter  of  Ihe  iiiili- 
vidual  continues  to  absorb  and  assimilate  new  material, 
means  whereby  lo  insure  its  continued  existence  and  ac- 
tivity. Reproduction  thus,  as  it  occurs  in  man.  is  but  a 
form  of  interrupted  growth  and  a  means  of  carrying  on 
and  carrying  downward  the  living  human  substance. 

When  we  come  to  incpiire  what  is  the  nature  of  growlh 
we  see,  as  above  indicated,  that  it  is  essentially  a  process 
of  conversion — a  chemical  process.  Certain  substances 
through  Ihe  agency  of  this  living  matter  undergo  chemi- 
cal change  and  are  imited  with  and  converted  into  Ihe 
living  substance.  The  living  cell  unit  is  thus  to  be  re- 
garded as  compfised  of  at  least  two  subst^mces — the  iilin- 
plasm  or  essential  and  directive  living  matter,  and  Ihe 
cytoplasm  or,  better,  panipUimi  consisting  of  substances 
absorbed  but  not  yet  converted,  of  the  remains  of  sidi- 
stance.s,  portions  of  which  have  lieen  assimilated,  and  of 
various  formed  elements  developed  and  controlled  by  the 
idioplasm.  Accepting  this  as  the  chemical  basis  of  life 
and  of  growth,  can  we  go  furtherand  picture  to  our.selves 
the  manner  iu  which  the  molecides  of  living  matter  un- 
dergo Ihe  process  of  accretion  and  multiplication?  The 
modern  working  conception  of  Ihe  structure  of  comjilex 
molecules  is  that  these  are  composed  of  a  central  radicle 
or  series  of  radicles  which  are  united  relatively  firmly  in 
the  form  of  a  ring.  This  method  of  attachment  does  not 
necessjirily  result  in  theattachments  of  all  the  combining 
atoms  and  radicles  being  brought  into  play  and  "  sjitu- 
rated  "  and  the  ring  thus  becoming  closed.  The  atom 
of  carbon,  for  examjile.  is  quadrivalent ;  capable,  that  is, 
of  uniting  with  four  atoms  of  hydrogen.  If  in  such  a 
ring  it  is  luiited  with  an  atom  of  hydrogen  on  either  side, 
this  still  leaves  two  attachments  free,  audio  these  two 
surfaces  there  may  be  lateral  attachments  of  other  atoms 
or  radicles. 

Our  conception,  therefore,  of  the  molecule  of  idioplasm 
is  thai  it  consistsof  -;nch  a  centnil  rin^  with  attached  side 
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chains  formed  of  various  radicles  and  combinations  of 
atoms.  Judging  from  Ihe  results  of  analysis  of  cell  sub- 
stance, the  molecules  of  living  matter  are  extniordinarily 
complex:  the  tigure  here  given  is.  I  need  scarcely  say. 
but  diagrammatic  and  illustrative  of  the  structure  of 
these  molecidar  rings;  in  it  the  composing  atoms  or  radi- 
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cirs  lire  supposed  iiioli  li)  be  rnpnhlc  of  )^iliilnf;  four  (it- 
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A-isiiiiiliiliiiii  ilirri  iniiht  Im'  ri'Kiirilcd  iih  ii  priK't-ss  in 
wliii'li  I'l'i'taiii  iiiisi(tiiml>'<l  siirriict's  of  cniiHtitiU'tit.H  of  tin- 
NJilr  ('Inline  lii'ciiiiic  sjitunilcil,  tiiiil  wr  mil  ronccivf 
(;rri\vlli.  thai  is.  iiiultipliinlioii  of  llic  imciId'IiIi-n  of  iilin 
plasm,  iislH'iiii;  liniiivlil  alH)iit  by  a  pnici'ssnr  priifjrcHsivc 
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biiildiiij;  up  of  new  i'iii;L:s  willi  tlicir  »lta('lie<l  side  cliiiius 
in  intiniale  connection  willi  preexislinfr  rinjrs.  tlic  new 
molecule  when  completed  lireakiiij;  apart  (riile  Fig. 
2621). 

If  now  We  lake  this  as  our  fiinilaineiilnl  conception  and 
postulate  fiirtlier  lliat  sundry  side  chains  may  he  added 
or  removed  withoul  ileslroyinir  the  canlinal  properties 
of  the  molecule,  as  also  that  the  lon^rer  a  side  chain  re- 
mains in  relation  to  llie  central  rinjr  (or  it  may  he  the 
more  multiple  the  atluchnunts  it  ^^aiiis  lo  llial  central 
riiij;).  the  more  ti.\ed  it  hccomes  as  an  iiileirral  portion  of 
the  molecular  conslitution.*  we  then  fiaiii  ihe  basis  for  a 
plivsicochemical  theory  of  inherited  variation. 

ijt't  us  take  the  simplest  example  that  offers,  that. 
numely.  of  the  bacteria.  AVe  know  that,  preserved  in 
the  same  environment,  these  retain  the  same  characleris- 
tics  for  a  Ion;;  .series  of  generations.  In  other  worils. 
the  sjime  foodstulT  bcinir  presented  for  a.ssiniilalidn.  Ihe 
idioplasm  enters  into  combiiialion  with  a  ccriaiii  ditinile 
number  of  Ihe  coiistiluinls- of  Ihe  saini';  when  the  in- 
crease of  this  idioplasm  has  reached  a  certain  point  fission 
or  division  occurs  and  Ihe  substance  of  Ihe  individual 
divides  into  two  like  parts,  each  containing  idioplasm  of 
the  same  composition.  Hence  tuese  two  members  of  the 
second  generation  are  identical  in  characters  and  carry  on 
the  particular  and  distinguishing  properties  of  the  "spe- 
cies. We  know  also  that,  grown  on  ditTerent  media  the 
same  strain  of  bacteria  exhibits  line  points  of  differenee 
in  size,  nile  of  growth,  pathogenicity,  etc.  In  other 
words,  a  dilTerent  fooilstulT  being  presented  for  assimila- 
tion I  he  idioplasm  combines  with  somewhat  different  sub- 
stances and  so  forms  somewhat  dilTerent  side  chains.  If 
this  growlli  on  dilTerent  media  is  not  continued  for  too 
long,  return  lo  Ihe  original  medium  leads  to  complete 
return  to  Ihe  original  cliamclers. 

But  we  know  also  from  .several  examples  that  growth 
uiidiT  widely  dilTricnl  condilions  for  a  short  luriod.  or 
subjiction  to  less  wid<-ly  dilTerent  conditions  for  a  long 
period,  is  capable  of  impressing  such  alterations  upon 
i)aiteria  that  these  moditications  persist,  it  may  be  for 
years  after  return  li>  previous  environment,  i.e..  the 
change  in  the  constitutiim  of  the  idioidasm  has  become 
rrliilinly  f[\vi\.  Thus  Houx  with  Ihe  action  of  minute 
quantities  of  carbolic  acid  added  lo  tin-  medium  of 
growth  has  dcvelopeil  an  asixn-ogenic  variety  of  the  an 
thnix  bacillus:  by  growth  at  higher  temperatures  several 
observers  have  produced  more  or  less  permanent  colorless 
races  of  pigment-producing  bacteria,  while  Vincent  has 
succee<led  in  making  non-virulent  bacleria,  like  the  B. 
Jlegalherium,  intensely  virulent  for  Ihe  animals  of  the 
laboratory. 


*  I  liave  (]l»rusj«e<1  the  (mxinfls  upon  wlilrh  we  ma.v  make  these  as> 
.sumptions  In  the  article  alrpady  referred  to. 


Without  dlsciiNning  Ht  length  the  modiflcaltons  Intro- 
duci-d  by  mulli(  illidar  urgaiii/ulion  and   by  drscinl  fol- 

hiwiiuf  u| iiiijugiilion  of  germ  cells  emanuling  from 

dilTerent  individiialH,  following  these  lines  of  reaHoning 
il  will,  I  think,  be  evident  that  we  can  conceive  heredity 
in  higher  animals  as  iH'iiig  brought  about  by  the  Iraim 
mission  fidiii  gtneralion  to  gi'iii'ralion  of  idioplasm  of  it 
certain  <'hemi(al<'omposilion,  whi(h  iilioplasm,  present  in 
one  birm  in  the  giiiii  cell,  bicomes  imvilably  iiioilitled  in 
one  or  other  dii'e<'tion  as  the  ovum  segmints  and  the  ccIIh 
of  dilTerent  areas  of  the  embryo  and  <li've|i>ping  tissues 
of  the  boily  become  subje<l<(l  in  difTin-nl  chemical  and 
physical  activities  according  to  their  rehttionship  one  to 
the  otheranil  lo  the  eXt<'rior:  so  that  the  eventual  Ktriict- 
iire  of  the  dilTeriiit  (issues  is  the  manifeslation  of  the 
dilTerent  moililications  which  this  controlling  idioplasm 
has  undirgone  in  the  course  of  embryonic  and  fo'lal  life. 
Or.  otherwise,  a  given  iilinplasin  in  a  given  noriual  envi- 
roinni'iil  must  follow  a  particular  line  of  growth  and  dif- 
ferentiation, so  that  under  like  condilions  successive 
generations  inevitably  resemble  each  other  (/itri<lili/). 
Widi  C(mjuga(ioii.  ht)wevcr.  and  Ihe  fusion  of  distinct 
idioplasins  rarintioii  is  induced.  The  result  of  the  con- 
ju.ijalioii  is  an  idiophism  h.iving  properties  not  ab.solutely 
identical  with  those  nf  either  parental  idioplasm.  The 
resulting  individual,  while  re.si-mbling,  varies  from  either 
parent. 

We  now  are  in  a  ])osilion  to  discuss  how  and  to  what 
extent  conditions  acipiired  by  either  parent  are  capidile 
of  being iidierited,  either  directly — llic  olTspring  .sliowiug 
the  same  morbid  stnte  as  did  the  parent,  or  indirectly — 
disease  of  the  parent  having  an  inlluence  upon  the  organ- 
ism of  the  olTspring.  but  this  of  a  dilTerent  order  from 
that  manifested  in  the  parental  orgainsm, 

1.  Miililiitiutt.  Gross  lesions  of  {\w  body  tis.sues  can 
at  most,  according  to  this  theorv.  only  alTcct  the  o(T- 
spring  indirectly.  They  cannot  be  directly  reproduced 
in  the  offspring;  only  in  certain  cases,  by  bringing  about 
a  (loorer  stjite  of  nutrition  of  the  i>arentiil  organism  in 
general,  and  so  of  the  germ  cells,  may  they  lend  from  the 
offspring  not  attaining  full  development. 

The  only  well  audienticated  example  fre(|uently  quoted 
as  an  instance  of  the  inheritance  of  gross  lesions — viz., 
Brown  Sequanl's  (xperiments  in  which  by  sections  of 
nerves,  etc..  in  guinea-pigs,  he  produced  epilepsy  which 
manifested  it.self  in  the  oflspring — is  not.  it  tuay  be  noted, 
an  example  of  the  inheritance  of  gross  lesions,  but  is  an 
example  of  the  inheritance  of  a  constitutional  state  set 
up  in  the  parents  by  such  a  lesion.  What  is  more,  re- 
peated attempts  to  contirm  these  ex  peri  nunts  have  failed. 
We  do  not  doubt  that  Brown  Seiniard  obtained  the  results 
recorded  by  him.  but  un<ler  the  einumstancis  the  only 
valid  explanation  is.  that  be  experimented  with  animals 
of  lowered  vitality,  this  sliowin,tr  itself  especially  in  the 
direction  of  nervous  instability,  and  that  the  nutritional 
changes  following  upon  his  operations  led  to  the  off- 
spring being  of  still  poorer  constitution  and  still  more 
unstable.     (  Vide  paragraph  3  A,  following.) 

2.  Acquired  Orerderiln/miriit  and  lielatite  Ejeessire 
Funrtion  in  One  nr  Other  DirrrHon.  Similar  consider- 
ations .show  that  these  cannot  be  <lirec(ly  transniilted  to 
the  offspring.  At  most,  full  and  harmonious  exercise  of 
sundry  fiuictions  of  the  body  by  leading  lo  increa.scd  nu- 
trition may  tend  toward  a  healthy  sountl  state  of  the  sys- 
teiu.  and  by  insuring  general  good  nutrition  mav  insure 
good  nutrition  and  as.similation  on  the  part  of  tiic  genu 
cells,  and  so  tend  toward  a  sound  condition  and  good  de- 
velopment of  the  offspring. 

3.  In(oTicatious(lncbidin;i  Infections)  ;  Indirect  Effects. 
Inasmuch  as  we  cannot  regard  the  germ  cells  as  lying 
absolutely  inactive  and  inert  within  the  parental  repro- 
ductive organs,  and  must  from  every  consideration  regard 
them  as  undergoing  metabolism — assimilating  foodstulTs 
from  the  surrounding  lymph  and  discharging  the  prod- 
ucts of  their  metabolism,  so  does  it  follow  that  the  dif- 
fusible toxic  substances  capable  of  acting  upon  the  cells 
of  the  body  generally,  when  circulating  through  the  tis- 
sues, must  be  liable  to  be  absorbed  by  the  germ  cells  and 
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S()  wi<(// iiltiT  the  coiistituliiin  of  llicir  iilii)|iliisni.*  Nor 
<lo  we  laekelenr  evidence  I  hat  this  actual  I  v  occurs.  Tlius 
JIairet  atul  Conihiiuah'  liave  suliji-eted  niaU-  doffs  to 
rhroiiic  or  ucule  ah-oholic  iuto.vicatioii  anil  found  tlial 
tlie  youH};  exhibited  various  arrests  of  dcv(  Inpnienl  and 
were  jireilisposid  to  <'|iilc|it<iid  seizures.  The  only  e\ 
phinalioii  is  lliat  the  al<-<ihol  liad  caused  deterioration  of 
tlie  siiermalozou.so  that  these  conjuiialinf;  with  a  healthy 
ovum  nevertheless  jiave  orijrin  to  iiupairi'd  imlividuals. 
Nor  are  clear  cases  wanting  of  similar  deu'eneralions  oe 
ciirrini;  in  the  proi^eny  of  alcoholic  fathei-s  and  healthy 
mothers  in  man.  The  most  clear  e.\aniple.  however,  of 
this  order  was  alTorded  years  airo  by  Constautin  I'anI  in 
connection  with  the  ctTe<tsof  lead  i)oisoninir.  Studyinir 
a  series  of  cases  in  which  the  father  alone  in  the  course 
of  liis  work  became  the  subject  of  |ihnnbism.  he  was  able 
to  obtain  the  history  of  32  prejfnuncies.  Of  tliese  12  re- 
sulted in  tlie  death  of  the  fo'tus  before  term;  20  children 
were  born  alive,  of  which  8  died  during  the  first  year,  4 
died  durinirthe  second  year,  .5  died  ilurins  the  third  year, 
and  I  died  later.  Two  alone  were  found  to  be  alive,  one 
of  these  ai^ed  twenty. 

The  only  conclusion  from  these  observations  is  that 
substances  which  lead  tointo.xication  in  the  parentjil  sys- 
tem tend  also  to  act  deleteriously  upon  tlie  srerm  cells. 
It  will  be  seen  that  the  individual  olTspriujr  itself  is  in 
one  respect  the  direct  victim  of  the  intoxication ;  inlier- 
itcd  pluinbisin  is  lead  poisoning  acting  initially  upon  one 
or  both  of  the  conjugating  germ  cells,  but  it  must  be 
clearly  understood  that  the  mental  and  other  disturbances 
showing  themselves  after  birth  are  not  the  results  of  the 
action  of  lead  sjilts  still  circulatingin  the  system  and  that 
thus  the  lesions  of  inherited  plumbism  are  of  a  totally 
different  order  from  those  of  acquired  plumbism.  These 
are  one  and  all  le.sions  of  incomi)lete  development. 

3  A.  Xi'iroptitlilis.  The  effects  of  parental  intoxica- 
tions are  peculiarly  liable  to  show  themselves  in  th<'  form 
of  conditions  of  imjierfect  organization  of  the  nervous 
system.  This  is  in  accordance  with  the  principle  or  law. 
tlie  action  of  which  we  repeal edly  see  in  evidence:  the 
law.  namely,  that  characters  which  are  the  last  to  be  ac- 
quired by  the  individual,  the  race,  or  the  speciesare  those 
which  are  the  first  to  be  lost.  Thus  in  the  evolution  of 
man,  one  of  the  last  aeciuircments — that  acquirement 
whereby  man  is  distinguished  from  all  other  animals — 
lias  bi'cn  that  of  the  higher  mental  organization.  An- 
other has  been  the  development  of  relative  insusecptiliil- 
ity  to  sundry  infectious  diseases.  Thus  the  individual 
whose  full  (h-velopment  is  arrested  is  particularly  liable 
to  manifest  a  greater  or  less  degree  of  mental  instability. 
the  development  of  the  higher  nervous  centres  being  in- 
complete; or  again  to  manifest  a  peculiar  su.sceptibility 
to  the  infections  liable  to  attack  human  beings.  Thus 
nervous  instability  of  various  orilers  may  be  regarded  as 
an  evidence  of  familial  degeneration  and  as  due  to  a 
condition  acquired  bj*  one  or  other  ]iarent  or  to  inheri- 
tance from  previous  ancestors,  and  noticeably  may  be  ac- 
.  companied  liy  other  stigmaia  of  incomplete  development 
and  degeneration,  liability  to  contract  infectious  disease, 
etc. 

3  B.  Increased  SugceptibiUty  toicard  Infections  IHseMeit. 
AVhat  I  have  stated  regarding  neuropathies  may  be  stated 
iiiiilutiH  iiiiil<iii<liK  wiih  regard  to  infections.  That  is,  the 
toxins  of  one  or  other  infection  circulating  through  the 
system,  becoming  absorbed  by  the  genn  cells  and  acting 
chemically  upon  the  idioplasm,  niay'result  in  the  weaken- 
ing of  that  idioplasm.  As  a  matter  of  fact  Gheorghiu 
lias  pointed  out  the  frequency  with  which  one  notes  the 
history  of  jiarental  infection  in  cases  of  various  monstrous 
developments. 

It  may  be  and  it  has  been  urged  that  here  we  are  not 
dealing  with  tlie  inheritance  of  conditions  acquired  bj' 

•I  siiy  rH#if/ tHTau.se  It  Utis  In  It*'  renH'mtti-n-*!.  a.s  iHifntetl  out  by 
Meyer,  (tial  llic  cfllutur  Ht>s<>rptl<in  <>r  IdxIc  siil)siaiii-<\s  is  of  two 
orders:  (l.i.  at>Norpllon  tiUo  tlMM-clI  wltliont  rt'.suUlni.' clu'ininil  com- 
litnatlon  <ils  tn  ttie  t-tiM'  >>!  Ilie  alliiiloltlsK  tlie  H)>\<>rt>e<l  sii)>stai)eelnter- 
fertni^  with  iiielalmlle  i>nM-es.se!t,  and  Mt.i  iihsorptloti  with  chemical 
ronililiiatlon,  tlie  loxti'  sultstance  livconiini?  Ilxwl,  e.  (/.,  tetiiniis  toxin 
Id  tlie  cells  of  nerve  tissue. 


the  parent,  that  the  toxic  substances  produced  these 
results  not  by  their  action  on  the  body  cells,  but  by 
direct  action  on  the'  germ  <ells,  and  that  so  the  iiihen 
lance  is  blastogenic,  not  somatogenic.  We  are  quite  pre- 
pared to  grant  that  these  iiiherilani cs  are  of  blastogenic 
origin,  neverlhcless  they  arc  of  iinlividinil  ac(|uirenient. 
The  individual  consists  of  body  pUism  and  germ  plasm, 
:uid  whether  the  defect  tell  primarily  or  secondarily  upon 
the  germ  phism  of  the  inilividiial  we  here  have  examiiles 
of  conditions  acquired  by  the  individual  tnmsniitted  to 
the  olTspring.  We  have  to  admit,  that  is.  that  the  envi- 
ronment of  till'  germ  cells  when  ]irescnt  in  the  parental 
organism  is  capable  of  bringing  about  moditications  in 
the  germinal  idioplasm,  and  so  of  producing  variations  in 
succeeding  generations. 

4.  Intitxifiitiniis^  Jiifcetiiinii,  iiiid  Diitthexes ;  Direct  In- 
heritnnce.  From  the  above  considerations  it  will  be  seen 
that  we  have  reduced  the  possibilities  of  the  direct  in- 
heritance of  acquired  conditions  to  a  relatively  narrow 
field.  We  have  not.  however,  completely  removed  all  of 
them:  certain  conditions  remain  to  be  discussed.  Is  it 
possible,  for  example,  that  these  various  ]iarental  intoxi- 
cations, telling  as  they  do  in  one  or  othi-r  direction  upon 
the  jiarental  constitution,  tell  also  in  a  difTerential  man- 
ner upon  the  germ  cells,  .so  thatalcoholic  inheritance  dif- 
fers from  inherited  plumbism,  and  these  again  from  the 
inilireet  inheritances  of  syiiliilis  and  tuberculosis?  .1 
priori  if  these  toxic  substances,  circulating  in  the  paren- 
tal system  and  gaining  entrance  into  the  germ  cells, 
forming  dilTerent  combinations  with  the  idioiilasmie 
molecules,  combine  with,  that  is.  or  alter  dillerent  side 
chains,  we  must  conclude  that  it  is  possible.  Asa  mat- 
ter of  fact,  children  of  syphilitic  parentage  not  the  victims 
of  intra-uteriue  syphilis,  tend  to  show  parasyphilitic  le- 
sions which  are  of  a  soniewhat  dilTerent  ordiM'  from  the 
paratuberculous  lesions  of  the  progeny  of  tuberculous 
parentage.  Here,  however,  it  has  to  lie  admit te<i  that 
fuller  statistics  are  necessary  regarding  the  lesions  of 
those  whose  fathers  and  mothers  respectively  have  suf- 
fered intoxication:  fur  in  maternal  intoxication  of  tiny 
order,  placental  absorption  of  the  circulating  toxic  sub- 
.stanee  must  tell  upon  the  fcetal  existence.  Nevertheless, 
taking  the  germ  cells  as,  from  their  potentialities,  a|)par- 
eutly  representative  of  the  body  cells  in  general,  the  abun- 
dant studies  upon  immunity  made  during  recent  years 
give  us  the  strongest  grounds  for  believing  that  the  differ- 
ent toxins  act  specifically  and  alTeet  the  idiojilasm  in  one 
particular  direction.  At  Ibis  point  it  will  be  .seen  that 
our  theory  falls  into  line  with  Ehrlich's  side-chain  theory 
of  immunity. 

In  short,  the  facts  gained  from  the  study  of  immunilv 
point  to  three  possibilities: 

(ii)  Wherethrough  disease  or  through  introducti<m  of 
toxins  the  cells  of  the  body  become  iiumuiiized  to  one 
special  infection,  those  cells  are  so  modified  that  they  now 
produce  substanei's  antagonizing  the  toxins  of  that  in- 
fection. We  might  therefore  expect  specific  parental 
immunity  to  be  a<'Companied  by  specific  immunity  of  the 
germ  cells  and  a  condition  of  relative  immunity  of  the 
offspring. 

(/()  When  through  disease  immunity  is  not  attained, 
but  on  the  contrary  the  parental  tissues — as  in  progres- 
sive tuberculosis — become  progressively  weakened  and 
susceptible  to  the  deleterious  action  of  th«  toxin,  the 
germinal  idio])lasni  may  iilso  be  weakeneil  and  an  off- 
spring be  developed  more  susceptible  to  the  particular 
infection. 

(c)  The  idioplasm  of  the  germ  cells,  being  relatively 
undifTercntialed  while  within  the  rciproduetive  glands, 
might  not  in  this  state  jxissess  side  chains  callable  of 
being  acted  uiion  by  the  circulaling  toxins:  so  that 
while  the  parental  organism  in  general  is  atTected  thereby 
in  one  or  other  direction,  the  germ  cells  may  be  unintlu- 
enced,  and  the  olTspring  in  consec|Uenee  may  present 
neither  increased  susceptibility  nor  increased  jiowers  of 
resistance  to  the  specitie  disease. 

Here  it  will  be  seen  that  we  are  in  a  region  of  hypoth- 
esis pure  and  simple:  indeed,  our  researches  into  the  in- 
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hi'ritnnrc  iif  spi'dflr  mnrlild  rnnsfltullnnnl  stntrnlmvc  not 

Ih'<ii  ■•iilllciriil  to  iiidii'iilc  |iiisiiivily  wliicli,  if  itiiY.  <>r 
tliivc  piissiliililii's  lU'ciirils  willi  llii'  iisri'itiiiiiril  fuels 
Even  (imiiliiiK  tliiit  till'  llrst  iif  iIh'm'  |i<iHNiliiliiii'S  in  <i>r 
ri't't,  it  lilts  til  lit'  iioliil  timt  iiri'iiriliiii;  In  tlic  |iriiiri|ilr 
ulrraily  iiH'iiliniii'il — iliiil  ciimliliuiis  liisi  ii<'i|iiiri'il  iin- 
iiiiw  siKiiii'Ht  Inst. — <Kf  sliiiiilil  i'\|>i'('t  lliiit  iiri|iilri'<l  iiii 
llitlliltv  iif  till' prill  (ills,  if  olitaiiDil.  wiiilld  Irml  to  lir 
of  sliil'lit  (liinitloii.  not  Htroii;;lv  iiii|iri'K.si'il  Ilriicr  for 
the  ili'Vi'lo|i|iii'iil  of  iii'i|iiiiril  iiiiiiiiiiiity  us  of  iiri|iiii'i'<l 
Kiis<T|ililiililv.  ii'ii  II  siii>;li'  iirl  of  jiiniiiiiii/iilioii  of  llir 
pari'Mt  but  rr|iriitril  liiiiiiiiiii/iitions  tliroiii,'li  sivinil  mil 
i-mtioiis  iiiiKlit  III'  r('i|iiisitc  Ix-fon'  iiny  iimrkril  iiiiil  {iir 
niiiiiriit  iiitliii'iirf  sliowi'd  itst'lf.  As  ii  niiittrr  of  fuel,  tin- 
vimoiis  atl<'iii|its  tiMoiifiT  iiiiiiiiiiiily  liy  iiiiiiiiiiii/.liiK  tlic 
mull'  piirriil  iiiivi'  ill  till'  iiiiiiii  jrivni  miiiilivi'  ri'siills. 
Cili'V  mill  Cliiirriii  iiloiir  hitvi'  ilrtiitiil  siicli :  Klirlicli 
gtri'iiiioiisly  ilniii's  tliiii  it  is  olitaiiiiiliU'. 

Ncvirtliilcss  I  lliiiik  il  is  iisi-fiil  to  rail  altiiitioii  to 
tlii'sc  possiliilitiis  ill  onlrr  tliat  iiiori'  exact  sliiilies  be 
niiiile  wliiili  sliall  prove  or  disprove  llieiii.  'I'liiis  far  the 
iiiiportaiiee  of  deleriiiiiiiin;  tlie  purl  played  liy  iK'niiired 
disease,  itiore  especially  in  the  fiitlier,  in  the  develop 
nient  of  inorbid  coii.stitutional  KLatcs  of  the  olTs|irin.i;  liiis 
not  been  sutlicieiiily  recoiriii/ed.  It  hasiioi  lieen  i^nisped 
bv  our  profession  that  in  the  study  of  these  states  we 
ha  veil  more  subtle  means  of  deleriiiiniiii;  this  ipiestion  of 
the  iiiherilaiicc  of  aciinired  slates  llian  can  possibly  ]ire- 
sent  itself  to  the  morpholonists.  dependent  as  they  are 
upon  the  more  cxtensivcprossaiiatoniical  chaiijies  before 
they  can  deleriniue  whether  any  alteration  has  been  im- 
preSiU'd  upon  the  olTspriiii;. 

We  have,  us  I  have  pointed  out.  definite  evidence  that 
conslitiitional  disturbance  in  the  parent  iilTects  the  Kerm 
plasm,  and  liaviiii:  this,  it  is  for  us  sedulously  to  collect 
all  the  eviileiue  which  pnseiils  itself  in  order  that  we 
may  detenniiie  the  limitations  of  this  affection  of  the 
germinal  idioplasm  within  the  parental  organism.* 

The  views  here  enunciated  are.  1  know,  contrary  to  the 
generally  expres.sed  opinions  of  morphologists.  It  is 
well  to  point  out  once  again  that  the  conception  of  the 
existence  of  mieelli.  ids,  gemmules,  etc..  can  only  lead  to 
the  view  that  ucipiired  clianictei's.  not  being  able  to  tell 
on  these  uncestnil  bodies,  cannot  possibly  lie  inherited. 
Save  in  the  matter  of  spontuiieous  variation  I  do  not  sug- 
gest that  visible  anatomical  cliuiiges  can  be  expected  in 
the  eoiirse  of  one  generation :  but  this  physico-chemical 
theory,  by  realizing  the  pos,sibility  of  progressive  modili- 
catioii  ill  the  constitution  of  the  idioplasm  while  within 
the  jiarenlal  orguiiisni.  is  fitted  to  explain  not  only  what 
we  obst'rve  in  connection  with  the  ettects  of  disease,  but 
also  the  development  of  familial  and  racial  characters. 
and  to  aid  materially  our  comprehension  of  the  nature  of 
evolution  in  genenil.  ./.  George  Adami. 
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Foiimlcr.  E. :  Stipiiales  livslroitliiiiues  de  rHcri'do-svpliills,   Paris, 

l.sstf. 
Gallon,  F, :  Hereditar\'  (ienlus,  lS4i9. 
GhiHirKhiii :  I.'i»l>st<'tnc|iie,  Janiinry.  inni,  p.  |S5. 
Lctrendre  :  .\rtlol«'  on  Ilereditv,  Boucliard's  Patholofric  (it^nerale,  vol. 

i..  Paris,  ISSIT. 
Miiir>'l  and  Coiiilipniali" :  Inlliience  Di'ireneralivc  de  IWlcool  sur  la 

Dt'-srendance.    Comptes  rend.  .\cad.  de  MimI.,  Man-h  .5th.  1KS8. 

•  Mon'  pspecinllv  1  would  call  attention  to  the  valualile  inalorial  in 
the  liossesslon  of  the  gn'al  .Knierican  insiininiH  i'oiii|iaiili-s  and  the 
pos^lhllltv  i>t  irainini;  infonnatlon  as  to  the  elT'iis  of  aciiuinil  diseasi' 
of  the  i»arem  iiiviii  the  olTsi>rinir  l>y  eiii|>Ioyliie  Ilie  iiiattiHiiiatlcal 
nietli(«ls  eliilnimuit  liv  I'arl  Pears.>n  iviili-  anirh'  on  Kfilutimn  :  It 
they  can  elve  nuiiheuiatiral  e.xi>n'sslon  to  the  inllueni^  of,  say.  ac- 
qiilreil  panMiial  iiilM'nMiI<*sls.  ii[>oii  the  life  [lerlod  of  the  offspring,  we 
shifill  make  a  most  iiiateriiil  adviinee. 


Monwn.  T.  H. :  Aiml.  AnnHitiT.  x..  ISWV.  p.  19. 

Nio-K.-ll.  r. :  MixiuiulwJi-iihyiiloli^.    Tliixirle  der  Ah«Uuninunir.  Mu- 

llleli.  |Mt(4. 

NilHitliallin,  M.  :   let-'  ^  ■ '■  ' ' e...:.,    i-k* 

Paul,  roliNtiilillh  :    \'  '^1.  p.  .Mil. 

Sutton.  ItlaiMl  :  lull  tfV,  l.<>iidon. 

Vllieelll  :    Aim.  '!•■  11:.        :  ..     .  ...  ;  hfi. 

Wi'isiiianii :     mi    Min-uiH         \  ninliitlon    by    PnulUio 

S<-liollllilid  anil  shl|t|f\.  :;  \..N  ',i|. 

Wllwui  :  The  Cell  III  Iweloiuiu  n;  iiUiuee,  N'ew  York.  Slac- 

nilUan,  IHUK,  and  Juum.  of  Morphuioiiy,  viil.,  IMH,  p.  STU, 

HERMOPHENOL,  mercury  phenol  disulphonaU-  of  «»■ 
ilium,  is  11  «  liili\  iiiiiorphoiis  powder  soluble  in  live  to 
seven  partsof  water.  It  is  said  tocontiiiii  fortv  percent, 
of  mercury,  utid  to  be  strongly  bactericidal  witlioiit  cnuH- 
tic  elTect  on  the  tissues.  It  can  slund  a  heat  of  120  (,'. 
without  decomposition.  Ilerard  uses  it  as  a  disinfectant 
for  the  hands,  and  in  three  per  cent,  .solution  for  ojihlhul- 
inia  neonatorum,  and  Heyiies  injects  4  c.c.  (  3  i. )  of^a  half- 
per-cent.  soliilion.  every  two  or  three  duvs,  for  svphilis. 

II'.  .1.  Jl,i»laio. 

HERNIA. — This  term,  derived  from  the  (! reek  r^aoc  (a 
sjioiii  I.  i- I  iiiployed  for  denoliiig  the  protrusion  of  a  vis- 
ciis  from  the  cavity  in  which  it  is  nornially  contained. 
-Vltlioiigli  it  may  be  used  to  denote  the  escape  of  organs 
from  oi her  cavities,  yet  when  unqiialiried  it  signifies,  its 
does  the  vulgar  term  "  rupture,"  a  protriisioii  from  the 
abdominal  cavity.  .\s  usually  employed  it  implies  a 
pouching  of  the  containing  wall  forming  a  continuous 
sac  for  the  displaced  contents.  An  escape  of  the  viscera 
through  a  wound  in  the  wall  is  betler  termed  a  "protru- 
sion." The  term  "intenial  hernia"  is  employed  to  de- 
note either  the  protrusion  of  the  aliiloniinal  contents  into 
the  thoracic  cavity — i.i'.,  iliiiii/inif/innlir  /uriiin — or  the 
introsusception  of  the  intestine  into  one  of  the  peritoneal 
fossie.  The  latter  condition  is.  however,  more  properly 
da.ssitied  as  one  of  the  forms  of  intestinal  obstruction. 

A  hernia  may  occur  at  one  of  the  openings  of  the  ab- 
dominal wall  normally  present  in  fivtal  life,  which  has 
not  become  closed  at  the  time  of  birth,  and  is  then  termed 
a  congenital  hernia;  i.e.,  a  congenital  inguinal  hernia  is 
one  in  which  the  abdominal  contents  push  their  way 
into  the  uuobliterated  processus  vaginalis.  All  lierniie 
developed  subsequently  to  birth  are  termed  tiri/iiireil. 
They  occur  at  the  jioiuts  where  the  abdominal  wall  is 
relatively  weak.  Hence  arises  the  anatomical  classifica- 
tion of  hernioe:  inguinal,  fenionil,  umbilical,  lumbar,  dia- 
phragmatic, obturator,  etc.  The  parts  constituting  a 
hernia  are.  first,  the  Siic  and,  second,  the  contents.  The 
sjtc  consists  of  peritoneum  continuous  with  the  parietal 
peritoneum  of  the  alidominal  cavity.  The  coverings  of 
the  sac  vary  with  the  anatomical  variety  of  the  hernia, 
and  are  as  a  rule  fascial  with  the  exception  of  the  skin. 
The  shape  of  the  sac  depends  upon  the  nature  of  the 
opening  in  the  abdominal  wall  and  the  degree  of  re- 
straint afforded  by  the  fascial  coverings.  If  the  opening 
be  circular  with  more  or  less  sharp  margins  the  .sue  as  a 
rule  is  globular,  as  in  umbilical  and  fi'tnoral  liernisu. 

In  inguinal  hernia  the  sac  is  elongated,  owing  to  the 
fact  that  the  fascial  coverings  are  tubular.  If  the  her- 
nia is  incomplete  the  sac  is  sausage  shaped.  On  the 
other  hand,  it  is  pyriform  in  shape  when  the  hernia  be- 
comes scrotal.  Bands  of  the  investing  fascise  may  con- 
strict the  sac  in  such  a  manner  as  to  produce  hour-glass 
forms;  or  from  the  same  cause  diverticula  may  result, 
the  pressure  being  unequally  exerted.  The  jiarts  of  a 
sac  are  termed  the  mouth,  the  neck,  and  the  fundus  or 
body.  The  contents  of  the  sac  usually  consist  of  small 
intestine  or  omentum,  or  both:  more  rarely  they  consist 
of  the  colon,  ca-ciim.  or  appendix,  sigmoid  flexure,  blad- 
der, or  uterine  adiicxa.  AVheu  the  ci>ntents  consist  of 
intestine  alone  the  hernia  is  called  an  enterocele:  when 
of  omentum  alone  an  cpiplocele :  when  of  both,  an  entero- 
epiplocele.  Fluid  may  be  found  in  the  sjic  cither  free  or 
encysted  by  adhesions — hydrocele  of  the  hcriiinl  sac. 

Etiology. — Causes  preiiisposing  to  hernia  are; 

1st.  /ArfrfiYi/.— Weaknesses  in  the  abdominal  wall 
predisposing     to     hernia    arc    undoubtedly     inherited. 
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Sliurciiily  '  I'slinmlcstlint  Iwi'iity  livf  iicrci'iil.  uf  patients 
with  lu'iniii  jrivc  an  lUKcslriil  liisldiv. 

2(1.  S-r. — Alxiiit  six  m;iliy  sulTcr  from  licrniii  ti>  one 
fciimli'.  This  is  to  lir  ixpliiiind  Imlli  In  llic  iiuiili 
greatiT  fiviiuciuy  <>f  inguinal  hernia  in  nialis.  iliii'  to  iIh' 
necessary  eulaigenient  of  the  iugiiiuul  eanal,  and  hy 
the  nature  of  their  occupation. 

3d.  Agf. — E.xcept  in  the  period  of  infan<y.  when  the 
influence  of  congenital  weakness  upon  the  divelopnient 
of  hernia  is  most  marked,  the  greater  number  of  hernia' 
occur  in  the  active  period  of  life,  between  lifteen  and 
fifty. 

4lh.  Et'iixjiitii'ii  Iff  the  Mtwiititji,  allhough  generally 
given  as  an  etiological  factor  in  the  prodn<lion  of  hernia. 
is  rather  a  concomitant  result — with  hernia — of  causes 
such  as  weakness  and  laxity  of  the  abilominal  wall. 

Kjcitiii;/  Ciiiiwn  iif  //(fiiiit  are:  1st.  Occupations  neces- 
sitating violent  muscular  clTorts.  2<1.  Strains,  as  lifting. 
coughing,  sneezing,  and  parturition,  iid.  Conditions  pro- 
ducing stretching  of  the  abdominal  wall,  as  preguaniy. 
ascites,  obesity.  4tli.  Atropine  changes,  as  senility,  ."ith. 
Traumatism  resulting  in  the  replacement  of  normal  by 
cicatricial  tissue,  or  in  the  destruction  of  nerves,  thus 
causing  paralysis  and  atrophy  of  muscle. 

Clinical  V.\uiiiTiES  ok  IIkuni.v. 

The  clinical  classification  of  herni;v  is  based  upon  the 
condition  of  the  contents  and  the  relalicm  of  the  contents 
to  the  siic.  Thus  we  have:  (")  Heducible;  (h)  irredu- 
cible: (i-)  inflamed;  ((/)  obstructed;  ami  (a)  strangulated 
hcruia". 

(«)  Kediciblk  IIi;uni.\. — A  reducible  hernia  is  one  in 
which  the  entire  contents  can  be  wholly  reduced  to  the 
abdominal  cavity,  without  recourse  to  a  cutting  ojiera- 
tion.  Heduction  is  often  clTccteil  by  ]ioslure,  but  may 
be  accomplished  only  by  ta.xis.  It  is  the  most  common 
class  of  hernia. 

i<!/iiiptoiiis. — The  eailiest  subjective  symptom  in  an 
aci|iiired  hernia  is  usually  pain  (ninety  per  cent,  of 
cases). 

In  a  hernia  caused  by  a  strain  the  jiain  may  be  sharp 
and  accompanied  by  a  scu.se  of  something  giving  way. 
I'sually  il  is  dull  and  dragging  and,  after  a  varying 
period  of  time,  is  replaced  by  a  sen.se  of  fulness  which  is 
markeil  on  sl:uiding  or  .straining  and  disappears  in  the 
reclining  i)osition.  Large  hcrniie  are  not  infreiiuently 
accompanied  by  gastric  or  intestinal  symptoms,  which 
are  jirobably  letlex  in  character. 

Tlie  objective  symjitoms  depend  upon  the  size  of  the 
hernia  and  the  nature  of  its  contents.  A  small  hernia  ex- 
hibits a  tumor  as  a  rule  only  on  standing  or  coughing. 
and  the  latter  disappears  when  the  patient  lies  down.  A 
large  hernia  is  often  not  spontaneously  reducible:  but  it 
increases  in  .size  in  the  erect  position  or  on  coughing,  and 
if  inguinal  it  may  then  be  seen  to  descend  into  the  scro- 
tum or  labium. 

In  both  small  and  large  hernia' a  characteristic  impulse 
is  felt  on  coughing.  In  an  enlcroeele  there  may  be  a 
gurgling  felt  or  heard  either  at  the  moment  when  the 
bowel  (lescen<ls  into  the  sac  or  on  reduction  of  the  hernia, 
and  at  the  same  time  the  tumor  is  more  or  less  tympa- 
nitic. An  ei)iplocele  is  didl  or  flat  and  feels  more  irregu- 
lar and  does  not  give  so  marked  an  impidse. 

lUiiiinosis. — See  Anatomical  Varieties. 

Treiilfiient. — For  ta.xis.  see  Strangulated  Hernia.  For 
operative  and  mechanical  mea.sures.  see  tinder  Anatom- 
ical Varieties;  also  under  Mechanical  Treatment. 

{!>)  IniiKDfciBLK  IIkuni.v. — This  term  is  ajiidied  to  a 
hernia  in  which  the  contents,  although  practically  normal 
in  condition,  cannot  be  wholly  returned  to  the  abdominal 
cavity.  The  chief  causes  of  irreducibility  are.  first, 
adhesions  of  omentum  to  the  sac  or  between  the  contents, 
or  Ihickening  of  the  imprisoned  omenlnni  (according  to 
Macready  the  contents  consist  of  omenlum  in  ninetv  per 
cent,  of  cases);  secondly.  \hv  formation  of  part  of  the  sjic 
by  the  gut  itself  (more  fully  describiil  under  cecal  and 
sigmoid  hernia';;  and,  Ihinliy.  the  t)ulk  of  the  hernia  mav 


be  so  great  that  the  contents  cannot  be  received  into  the 
abdominal  cavity. 

Irreducible  hernia  is  more  fre(nienlly  observed  in  mid- 
dle life  and  in  the  umbilical  variety.  It  is  uncommon 
in  children.  It  may  be  permanent  or  transitory.  It  is 
s;ud  that  it  sehlom  persists  throughout  life. 

Sjliniitiniis. — The  symptoms  depend  upon  whether  the 
hernia  is  large  or  small  and  u|)on  the  nature  of  the  con- 
tents. Small  epiphx-eles  usually  give  no  especial  symp- 
toms, while  larger  ones,  from  dragging  upon  the  omen- 
lum. are  liable  to  cause  digestive  disturbances  and  are 
jirone  to  intlanunation.  In  irreducible  enlcroeele  the  con- 
dition is  more  serious.  The  imprisoned  bowel  is  apt  to 
become  obslructi'd,  which  condition  may  be  evanescent 
or  may  persist,  and  furlhermore  strangulation  may  su- 
pervene. Hence  the  symptoms  vary  from  occasional  at- 
tacks of  colickv  pain  and  tlatulence,  wilh  more  or  less 
consli|ialion,  to  those  of  comi)lete  obstruction  and  stran- 
gulation. 

Trdiliiieni. — Henna-  which  have  only  recently  become 
irreducible  are,  as  a  rule,  more  or  less  intlamed  or  at  least 
congested;  so  that  rest  in  bed  and  the  application  of  cold 
wilh  moderate  pressure  are  indicated.  I'rolonged  efforts 
at  reduction  under  such  circumstances  are  more  than 
likely  to  aggravate  the  condition,  and  hence  considerable 
judgment  lias  to  be  exercised  in  the  employment  of 
laxis.  In  old  cases  or  those  in  which  the  above  treat- 
ment does  not  sullice,  operation  is  indicated.  The  con- 
traindications to  operation  do  not  exist  to  the  same  ex- 
lent  as  in  reducible  hernia,  since  the  condition  ^w  »<■  is 
more  dangerous.  In  cases  in  which  operation  is  distinctly 
conlraindicuted,  as  in  the  aged  or  diseased,  or  in  which 
the  hernia  is  so  large  that  the  n'turn  of  the  contents  to 
the  abdomen  would  not  be  feasible,  the  employment  of 
.some  device  for  supporting  the  hernia  and  preventing  its 
increase  is  indiealed. 

For  unibilital  luinia  some  form  of  abdominal  support 
is  useful.  In  large  scrotal  hernia!  a  stout  canvas  bag, 
sup|iorted  from  the  shoulders,  has  been  found  advan- 
tageous. 

The  employment  of  special  trusses,  as  the  "hinged-cup 
truss"  for  inguinal  hernia,  can  be  recommended  only 
when  operation  is  out  of  the  question,  aUhongh  Macready 
claims  sixty-eight  jier  cent,  of  rediielions  by  ilsuse.  Hut 
even  then  a  cure  of  the  hernia  is  seldom  attained 

(<•)  Infl.^mkh  IIkhni.\. — When  a  local  peritonilisocctirs 
in  I  he  hernial  sac  the  hernia  is  said  to  be  intlamed.  It  is 
usually  the  result  of  trauma,  either  from  a  truss  or  from 
]irolonged  taxis,  but  it  also  occurs  from  disturbance  of 
the  contents  as  from  obstruction  or  possibly  enteritis,  A 
strangulaleil  hernia  always  becomes  intlamed  if  the  con- 
dition jiersists  forany  length  of  time.  Irreducible  herniiC 
are  most  jiroiie  to  intlamniation,  especially  the  femoral 
and  umbilical  varieties.  The  process  results  in  the  pro- 
duction of  lymph  and  fresh  adhesions.  The  sac  may 
lieconu-  distended  wilh  fluid,  and  obstruction  and  stnin- 
gulalion  may  supervene. 

Si/iiiptoms. — A  sense  of  increased  fulness,  pain,  and  ten- 
derness are  present.  There  is  usually  a  slight  rise  of 
temperature.  There  may  be  vomiling  and  constipation. 
If  obstrnclion  or  slrangulation  oceiirs  the  symiitoms  of 
this  condition  sujiervene.  On  jialpalion  there  arc  tender- 
ness and  local  heat,  and  the  mass  may  be  tense  or  semi- 
flnctuating.  Inflamed  omentum  usually  feels  hard  and 
nodular. 

Trciitment.  —  Hest  in  the  recumbent  position  and  Iheap- 
plicalion  of  heat  or  cold-  Eneniata.  Init  not  cathartics, 
should  be  used.     The  pain  may  be  relieved  by  anodynes. 

((/)  OiiSTUfCTKi)  IIkuni.v.— .Vii  obstructed  or  incarcer- 
at<'d  hernia  is  one  in  wbieb  Ihe  pas,sa,ge  of  the  contents 
of  Ihe  intestine  is  inliibiled.  Iiut  in  which  the  circulation 
of  blood  is  not  inti'rfered  with, 

Obstrnclion  is  more  comnum  in  irreducible  than  in  re- 
ducible hernia'.  As  it  is  visually  (lueloeonstipalion.it 
occurs  more  often  in  hernia'  containing  the  large  intes- 
tine. Hence  we  find  it  more  often  in  umliilieal  lierniiB 
and  in  large  inguinal  hernia'  in  which  the  conteiils  are 
the  sigmoid  flexure  or  ciccum.     As  large  hernia'  are  more 
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miiiiiion  iiikI  ilh  tliiTf  U  n  luck  of  iiitoMtiiml  tunc  in  the  ol- 
iIitI.v.  iilisiriK'tinn  oiciini  most  rrt'i|Ui-nlly  (luring  tlie 
jirriiHl  from  iiiiililli'  lifr  on. 

Till'  ilrtirniiiiiiiK  ciiii.scK  iirr  iisiiiilly  ncglrrlnl  coiiHti' 

l>iiiii>ii.  mill  llir  iiiKi'Ktioii  of  inilip-Niililf   f I  or  fiNMl 

tlial  li'iivcs  II  liir),'!'  nsiiliir. 

.S.V«i/</"//i«  — Tlir  .x.viii|iloms  viirv  conHidi-nililv.  Imt  iiro 
ilisiiii;:iiislii'il  from  ilio.s<'  of  stnin^riiliition  liy  their  frntil 
iiiil  ili'Vi'li>|inii'iit  ('onsli|ialioii  lit  liixt  is  not  pni'nillv 
iilisoliiti'.  Till'  lon^iii'  is  (oiitcil,  till'  liri'iith  is  foul,  itiiil 
thiTf  is  ( oiii|ih'U'  iiiiori'.xiit  followiil  liy  vomiting;,  which 
i.snot  iisinillv  pirsisli'iil  iiml  sclilom  strrconiii'oiis.  TIk'I'i' 
iscolii'kv  pain  Hhich  may  br  scvcit'.  liiil  Ihcrr  is  no  col 
la|<si'.  i>islcii!ion  is  iiiori' or  li'S.s  nuirkiil.  The  hiTniii, 
if  before  reilurible.  becomes  irreiliieilile  ami  imrcases  in 
size.  Iiiipiilsi'.  Imwever.  is  oblainiible.  which  serves  to 
eliminate  St nui>;iilatioii.  The  tumor  is  ofleii  doughy  anil 
may  be  iliill  on  percussion.  iilllioii!:h  imprisoncil  ;,'as  mav 
five  a  lympanilic  note.     The  pi'o);iiosis  is  usually  ^'oo<l. 

I'lfiit nil' III, — The  emplyiriir  of  the  bowel  is  (he  lii'st 
'  "nsiik-iittion,  anil  this  siioiilil  be  accomplislicil  by  hi;;!! 
enemataanil  by  nia.s.siip'of  the  hernia.  Cathartics  should 
not  be  !;iveii  until  llie  tumor  has  decreased  in  si/.c. 

If  there  be  no  response  lo  treatment,  and  if  slraniiilla- 
tion  be  suspeeled,  operative  interference  should  be  at 
once  instituted,  as  delay  may  be  fatal.  Uccurrencf  of 
obstruction  may  be  to  a  larjrc  degree  averted  liy  proper 
attention  to  the  fixnl  and  bowels. 

{f)  STK.vsiiii..vTi:i)  IlKitM.v.— A  stnm^'ulated  hernia  is 
one  rontainiMK  intestine  in  which  both  the  pas.sai;e  of 
bowel  contents  and  the  circulation  of  blood  are  interfered 
with.  For  the  time  beini;  it  is  not  sponlaneouslv  redu- 
cible. 

This  condition  is  ran-  in  infancy  and  is  most  common 
in  middle  life  and  old  a>;e.  It  occurs  mine  often  in  small 
than  in  larfre.  and  in  ohi  than  in  recent  hcrniie;  although 
rarely  u  hernia  may  bccoino  stranpulaled  on  its  first 
appearance.  Narrownessof  the  neck  of  the  sac  coiuluces 
to  it.  Hence  if  is  more  common  in  femoral  than  in  other 
varieties,  and  in  irreducible  Ik  riiiic  when  the  neck  is 
partially  occluded  by  adherent  omentum,  as  in  .some 
umbilical  herin;e.  Accorilinj;;  to  Heru'cr.  the  risk  of  an 
iajruiiial  hernia  undergoing  accident  is  2.16  jierccnt.,  of 
a  fcmond  it  0'2  percent. 

I)iteriiiiiiiii(i  Ciininx. — Among  the  more  common  causes 
niiiv  be  inentionetl  straining,  such  as  occui-s  in  lifting, 
sneezing,  coughing,  etc..  in  all  of  which  acts  there  is  an 
increase  in  the  intra-abdominal  jiressure.  Consequently 
all  conditions  predisposing  to  smh  strain,  as  certain  oc 
ciipalions.  |iulmonary  disease,  constipalion.  and  obsl ruc- 
tion lo  urination,  are  all  predisposing  causes.  Trauma 
from  ill-applied  trusses,  iiitlanimation.  and  bands  in  the 
S!ic  all  may  produce  it.  Volvulus  of  the  contained  loop 
may  occur. 

Mic/ia Ilium. — Several  theoiics  have  lieen  advanced  as  to 
the  manner  in  which  the  pressure  is  brought  about  and 
exerted  upon  the  contained  bowel.  rn(h)Ubtedly  the 
exact  mechanism  varies  in  dilTcrent  cases,  and  it  is  a 
combination  of  factors  rather  than  any  single  one  that 
produces  the  residt.  Among  the  various  theories  ad- 
vanced, the  following  are  the  more  inijiorlant:  1st.  Elas- 
ticity of  the  ring  (Richterl  2d.  Coniprcssiim  of  the  ef- 
ferent by  the  distended  afferent  end  of  the  loop  (Lossen). 
3il.  Angulation  of  the  distal  end  at  the  margin  of  the 
orifice  (Scarpa).  4tli.  F.ecal  impaction,  ."it h.  Torsion  or 
volvulus  of  the  loop  (de  Houbai).  Whatever  the  cause 
it  must  first  interfere  with  the  return  circulation,  pro- 
ducing congestion  which  increases  the  bulk  of  the  con- 
tained gut  and  thus  augments  the  ju'cssure.  The  condi- 
tion thus  lends  always  jo  increase  il.self. 

Violent  peristaltic  efforts  of  the  intestine  to  force  its 
contents  onward  increase  the  pressure  at  the  point  of 
constriction.  The  mesentery  becomes  swollen  with  the 
intestine  and  at  the  s;ime  time  is  ])U|  upon  the  sirelch  by 
the  exccs.sivc  peristalsis  This  strelcliiiig  of  the  mesen- 
tery may  produce  intirference  with  ihe  circulaiion  in 
the  mesentery  and  gut  on  the  abdominal  siile  of  the  con 
strietion,  which  accounts  for  the  not  infreipient  circula 


torv  dislurimnceg  observed  pruxlmnl  to  the  site  of  con 
Ktrlclion.  The  latter  may  altwi  he  due  to  the  nipping  of 
Ihe  ines«'nterie  vcshiIh  supplying  gut  which  Is  not  in  the 
hernial  sac.  Kurthermore,  volvulim  of  intcHtine  lying  in 
Ihe  abdominal  cavilv  may  he  cauwHl  by  Ihe  anchoVing  of 
n  loop  in  the  hernial  sac.  Tlii'  Inlesiine  in  the  nic  then 
represeiils  only  a  portion  of  that  iiivulved. 

Aiiiiliiiiiirnl  I'liiiiiiiiK. — Thesirangulaled  inlesiine  passifi 
through  stages  which  can  be  convenienlly  slaliil  as  (1«|) 
congestion;  (2d)  intlaminution ;  (lid)  gangrene.  The  ra 
pidity  of  se(|Uencc  of  these  stages  depends  upon  the  dc 
gree  lo  which  Ihe  circulation  is  interfered  with.  As  ihe 
return  circulation  is  the  lirsl  to  be  inlerfer<'d  with,  the 
lirsl  cliangi'  is  an  engorgement  of  the  vessels.  The  walls 
of  Ihe  intestine  become  ledematous  and  change  in  color, 
becoming  dark  red  or  purple,  and  black  or  grayish  black 
as  gangrene  supervenes. 

The  peritoneum  lo.ses  its  glistening  appearance  and 
becomes  dull  and  granular  as  its  vitality  disappears.  At 
the  site  of  conslriction,  usually  Ihe  neck  of  Ihe  sac,  there 
is  a  deep  furrow  which  is  as  a  rule  grayish  in  color.  The 
intestine  becomes  cold,  loses  its  power  of  conlniclilitv, 
and  is  distended  with  gas.  As  these  changes  progress 
llicre  is  an  exudate  of  serum,  later  becoming  bloody,  info 
the  sjic;  and  a  niigralion  of  palhogeiiie  germs,  notably 
Ihe  11.  coli  communis  and  varieliis  of  streiilococci  and 
staphylococci,  takes  place  through  the  walls  of  the  gut. 
The  local  peritonitis  in  the  sac  may  extend  to  the  general 
cavity  and  produce  a  spreading  perilonilis,  or  it  may  be 
shut  ofT  by  adhesions.  On  the  other  hand,  if  the  vitality 
of  Ihe  bowel  within  the  abdomen  be  impaired,  from  the 
causes  already  stjited  or  from  a  luogressive  thrombosis  of 
the  ves.sels,  peritoinlis  maybe  primarily  instituted  within 
the  abdomen  itsilf.  If  the  strangulation  be  due  to  in- 
tlammationof  an  irrediir'ilile  hernia,  the  sei|Uence  of  events 
is  slightly  changed  in  that  the  stage  of  inllamnialion  pre- 
cedes that  of  congestion.  When  gangrene  ensues  it  may 
occur  locally  in  small  i)atches  at  the  seat  of  constriction 
or  at  the  convexity  of  the  loop,  or  the  whole  loop  may 
slough.  With  the  gangrene  there  is  an  escape  of  the 
contents  of  the  bowel.  The  skin  over  Ihe  .sac  at  first  is 
not  involved,  but  later  the  tissues  covering  the  s;ic  be- 
come infiltrated  and  o-deniafous.  Finally,  an  abscess 
may  form  and  burst  and  a  spontaneous  artifical  anus 
result.  This  is  more  likely  to  be  the  outcome  in  oisesof 
partial  entcrocele  (Richter's  hernia),  when  only  a  portion 
of  the  circumference  of  the  gut  is  nipped,  and  explains 
the  manner  in  which  spontaneous  cures  may  sometimes 
occur. 

The  extent  of  gangrene  varies  from  a  portion  of  the 
circumference  of  the  bowel  to  several  feet. 

The  i>eriod  elapsing  between  the  onset  of  stnuigulalion 
and  the  occurrence  of  gangrene  varies  considerably,  from 
four  hours  lo  several  days,  but  is  rarely  less  than  twenty- 
four  hours.  The  presence  of  omentum  in  the  sac  delays 
the  onset  of  gangrene. 

Symptomn. — Tlie  symptomsof  a  strangulated  hernia  are 
conveniently  divided  into  the  general  and  the  local.  The 
general  symptoms  are  iiractically  tlio.se  of  acute  intcsti 
nal  ol).struction  in  contradistinction  to  tho.sc  of  an  ob- 
structed hernia,  which  are  rather  those  of  chronic  intes- 
tinal obstruction.  They  are  pain,  vomiting,  complete 
constipation,  and  collapse.  To  these  may  be  added  those 
of  general  iicritonitis. 

Pain  is  of  two  varieties:  a  severe  colicky  pain  felt  in 
the  region  of  the  umbilicus,  which  may  be  constant  but 
more  often  remittent,  and  an  aching  pain  at  the  hernial 
site.  After  the  onset  of  gangrene  the  pain  may  disap 
pear. 

Vomiting  is  an  important  symptom.  It  is  as  a  rule 
persistent  from  the  moment  of  strangulation.  The  con 
tents  of  the  stomach  are  first  expelled,  then  those  of  the 
upjier  part  of  the  small  intestine,  and  finally  the  vonii- 
tus  becomes  stercoraceotis.  It  is  not  accompanied  by 
marked  nausea,  and  is  remarkable  on  account  of  the 
(pnintities  expelled.  In  later  stages  it  becomes  regurgi- 
tant and  there  may  be  hiccough  It  may  be  absent  in 
Hichlers  hernia,  and  it  may  cease  o  i  tJie  advent  of  gan- 
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prcnc.  Constipalinn  is  romplrtc,  no  gas  or  ftvccn  bring 
piissfil.  Ildwcvti-,  llic  liowcl  may  lie  ciiiplicd  bilow  llii' 
si'iit  of  stmn^'ulaliiin.  and  11  tlii'  stiangiilaliim  is  hl/.'li  up 
in  the  sniiill  intestine  ii  <(>nsi(leiiilile  inmnlilv  nf  fieces 
nmv  lie  expelled.  Al-so  in  KielitiTS  herniii,  eonslipaliun 
is  uol  the  rule  and  there  may  even  be  iliiirrlnea.  Tiie 
degree  of  abdominal  distention  is  likewise  dependent 
upon  the  site  of  stranmilatlon.  If  this  is  loeateil  high  up 
in  the  small  intestine  il  is  relatively  slight,  whili-  if  the 
large  intestine  is  impliealed  il  is  great.  It  is  ut  tirst  ae- 
eompaiiied  by  e.xeissivi'  pc'iislalsis.  but  later  the  paralytic 
metcorism  of  peritonitis  may  be  present. 

Collap.se  is  usually  profound,  although  it  may  be  do- 
'ayed  for  several  hours.  The  i>ulse  becomes  weak  and 
thready,  the  temperature  is  subnormal,  the  extremities 
are  cold  and  moist,  and  the  facies  abdominis  is  marked. 
'When  iutlammation  sets  in.  the  temperature  usually  rises, 
but  il  seldom  reaches  a  high  level.  The  duration  of  life 
averages  from  live  to  seven  days.  In  the  aged  the  symp- 
toms often  are  not  marked,  the  course  presenting  an  as- 
thenic type  in  w  hieh  some  of  the  classic  symi)toms  may 
be  wholly  absent.  The  symptoms  at  the  site  of  the  her- 
nia are  jiain,  irrediicibility,  loss  of  imi)iilsc,  tenderness, 
dniness,  and  the  absence  of  gurgling.  The  hernial  pro- 
trusion may  be  so  small  as  readily  to  escape  nolice,  ami 
it  must  be  remembered  that  the  absence  of  a  history  of 
hernia  does  not  cxilude,  inasmuch  as  a  hernia  may  be- 
come strangulated  on  its lirst  appearance.  The  atlciition 
of  the  patient  is  usually  allnicted  to  the  hernia  by  the 
presence  of  pain.  The  local  pain  may  be  masked,  how- 
ever, by  the  general  abdominal  pains. 

The  chief  value  of  iiTeduriliility  as  a  sign  of  strangu- 
lation is  in  hernia'  that  have  i)roviously  been  reducible. 
It  may  be  absolute  or  relative.  Tenseness,  dulness,  loss 
of  impul.se  and  the  absence  of  gurgling  are  all  due  to 
the  same  causes,  i.e.,  fixation  and  swi'lling  of  the  con- 
tents of  the  sac  and  the  exudation  of  lluid  within  it. 

In  certain  forms  of  strangulated  hernia  the  character- 
istic symptoms  may  be  masked  or  modified. 

The  following  classification,  slightly  modified  from  that 
of  Eceles,-'  will  serve  to  indicate  the  sources  of  ambiguity. 

I.  Casi'S  in  which  the  peculiarilies  are  depeudeut  upon 
the  conlenis  of  the  sac. 

1.  fStrangulalion  of  a  |iortion  of  the  bowel. 

(1)  Partial  enterocele  iHieliler's  hernia). 

(2)  Strangulation  of  the  vermiform  appendix. 

(3)  Strangulation  of  Meckel's  diverticulum  (Littre's 
hernia). 

2.  Strangulation  within  the  body  of  the  sac. 

(1)  By  bands,  adhesions,  apertures  in  omentum,  etc. 

(2)  By  Uiidiing  or  volvulus. 

II.  Ca.ses  in  which  the  peculiarities  are  deiiendent 
upon  the  sac. 

1.  Strangulation  within  a  loculus  or  pouch  of  the  sac. 

In  cases  of  strangulation  of  a  portion  of  the  bowel  the 
general  symptoms  as  a  rule  aie  not  marked,  while  the 
local  symptoms  may  be  characterisiic.  On  the  other 
hand,  the  remainder  of  the  classified  cases  present  the 
usual  genenil  symptoms,  while  the  local  syniploms  may 
be  markedly  modified.  The  ditTerences  in  the  local 
symptoms  are  diu/  to  the  fact  that  the  entire  hernia  is 
not  neces-sarily  irreducible,  and  there  nniy  be  imptilse, 
tympany,  and  gurgling  at  a  portion  of  the"))rolrusion. 

In  the  following  groups  of  cases  errors  of  diagnosis  as 
to  the  site  of  strangulation,  or  as  to  whether  it  is  present 
or  not,  may  arise  (luodified  from  Eceles"). 

I.  Ca.ses  with  multiple  heruiie. 

1.  Two  (or  more)  hcrniie,  one  irreducible  and  the  other 
strangulated. 

2.  Two  hernia',  one  concealing  the  other. 

3.  An  inguimil  and  a  femoral  hernia  on  the  same  side, 
one  strangulated  and  the  other  not. 

II.  Ca.ses  with  irreducible  liernia  in  which  the  obstruc- 
tion or  strangulation  is  within  the  abdomen  and  not  at 
the  site  of  the  hernia 

In  ca.ses  of  mull iple  hernia"  the  local  symptoms  as  a 
rule  are  sullieient  to  determine  the  site  of  slraugulation. 
In  infants,  inasmuch  as  tliev  are  nimble  to  dinci  alien 


tion  to  the  local  condition  and  as  they  are  fre(|Uently 
subject  lo  attacks  of  vomiling  and  colie,  thi-  diagnosis 
may  be  delayed.  In  tli<ni  continued  vomiting  should 
lead  to  a  thorough  examination  of  all  hernial  sites.  The 
differential  diagnosis  lies  chieHy  between  strangulated 
and  obstructed  or  inflamed  hernia.  Other  conditions 
which  may  simulate  sirangulated  hernia  are  inguinal 
adenitis,  acute  epididymitis  or  orchitis,  and  severe  colic, 
peiilonilis,  or  llu'  unciinlrollalile  vomiting  of  pregnancy 
in  conjunction  with  a  hernia. 

Pi-niiiioiiix. — ^Thc  prognosis  in  untreated  cases  is  uni- 
formly ba<l.  with  the  exception  of  the  exceedingly  few 
cases  that  end  in  recovery  with  the  spontaneous  formation 
of  an  artificial  anus.  The  mortality  following  taxis  and 
that  associated  with  herniotomy  manifestly  cannot  be 
compared,  inasmuch  as  tlu' conditions  found  in  manv  cases 
successfully  oiicratcd  upon  would  absolutely  conlraindi- 
cate  llie  employment  of  taxis,  and  also  because  cases  in 
which  taxis  proves  successful  would  in  all  probability  be 
successfully  treated  by  operation. 

The  statistics  of  FrickholTer'  in  regard  to  cases  in 
which  taxis  has  been  apparently  successful  give  in  3(W 
cases  of  femoral  hernia  a  mortality  of  14.9  per  cent.,  and 
in  .T18  cases  of  inguinal  hernia  one  of  7.S  per  cent.  The 
.statistics  of  herniotomy  show  a  mortality  that  varies  from 
10  per  cent,  to  12  per  cent,  in  cases  in  which  the  strangu- 
lation lias  existed  twenty  four  hours  or  less,  to  ."iO  per 
cent,  in  cases  in  which  it  has  existed  over  three  days. 
The  risk  of  herniotomy  when  the  gut  is  still  returnable 
is  comparatively  slight.  In  gangrenous  hernia  the  mor- 
tality depends  largely  upon  the  methoil  i.>f  treatment  of 
the  intestine  (see  Treatment). 

In  a  total  of  3.i4  cases  of  gangrciunis  hernia,  collected 
hj  Gibson.*  120  were  fatal,  a  mortality  of  34  jier  cent.  ( »f 
these  S.H  cases,  9t!  were  of  the  inguinal  variety,  with  2.5 
deaths  (mortality:  2G  jier  cent.);  b'^H  were  of  the  fem- 
oral variety,  with  69  deaths  (mortality:  37  jkt  cent.); 
22  were  of  the  umbilical  and  2  of  the  ventral  variety, 
with  16  deaths  (mortalily :  67  per  cent.);  and  7  belonged 
to  the  obturator  variety,  with  6  deaths  (inortality  :  86  per 
cent.).  IJy  these  statistics  it  will  be  seen  that  the  mor- 
tality of  femoral  hernia  is  greater  than  that  of  the  in- 
guinal form,  and  the  morlalily  of  umlrilical  hernia  is 
greater  than  that  of  femoral  liernia. 

Tnntiiuiit. — The  treatment  of  strangulated  hernia  is 
by  means  either  of  tiwis  or  of  heriiintoiiiy. 

Taxis  is  the  reduction  of  the  |)rotrusion  by  manipula- 
tion. It  is  best  performed  with  the  aid  of  a  genend 
ana'sthetic.  and  the  operator  should  be  prejiared  to  resort 
at  once  lo  herniolomy  if  his  elTorls  at  reduction  fail.  In 
inguinal  ami  femoral  hernia  the  parts  are  relaxed  liy 
Hexing  the  thigh  oti  I  he  pel  vis  and  rolating  it  in  an  inward 
direction.  Placing  the  patient  in  a  position  of  slight  in- 
version, i.e.,  with  the  head  lower  llian  the  pelvis,  is  per- 
missible. 

The  neck  of  the  sac  is  fhi'U  grasped  with  the  left  hand 
and  gentle  efforts  are  made  with  the  right  hand  to  jiress 
the  couleiils  back.  Pressure  should  be  exerted  in  the 
dircclion  of  the  canal;  uiiward.  outward,  and  backward 
in  inguinal  and  backward  and  uinvard  in  femoral  hernia. 
The  cITorts  should  never  be  prolonged  for  more  ihan  five 
minutes  and  roughness  is  distinctly  contraindicated. 

Success  is  determined  by  the  comiilete  disjiiipearance 
of  the  hernia,  and  by  the  fact  that  the  .surgeon  can  pa.ss 
his  finger  through   the  ring. 

Taxis  is  contraindicated  in  the  following  conditions: 

1.  When  it  has  ,'ilready  failed. 

2.  Whrii  ihc  sujierficial  tissues  are  inflamed. 

3.  Wlien  there  is  reason  to  suppose  that  the  intestine 
may  be  gangrenous. 

4.  When  slraugulation  has  existed  for  twenty-four 
hours. 

■5.  AVhen  the  hernia  has  bien  i>rivi(nisly  irreducible. 
6    When  there  is  great  prostration. 
The  dangers  of  taxis  arc: 

1.  Injury  or  rupture  of  the  intestine. 

2.  The  return  of  gHugrenous  intestine  to  the  abdom- 
inal cavitv. 


668 


i<i:ki:ukn(  i:  handbook  ok  iiii;  MEnic.vr-  sciences. 


II' 
ii< 


mill, 
r  iilu. 


KHi.  ati;. 


8.  Till- tnuiHri-n'iicc  of  M-pticlluld  from  the  imc  Into  the 
piMirrill  piTitiiiiciil  cBvily. 

4       "  Ul'lllK'lilin  ()(    KKIWK'." 

Hriliii'liiiii  Hi   iiKiKiu  H  nirc,  is  iiinic  lii'(iiii'nt  In  inK'li- 

lllll    lirriliil.  Hllil  is    |inii'tirilll\    tlir   I'liliviTslcili  lit    llli'   llrr- 

nlu   into  u  dirni  uf   intcrsliiiul  lnTniii;   tlic   siir  iiml    its 

contouts  bc-iog  furccil  into  u  po.silion  lietwucn  tlie  Iruug- 

vrrsiills  fiisciii  and   llir  rrniiiin 

ilrr   iif     llii-    ulMliiniiniil    wall. 

VNJiili'  llii'  cnnslrictiiin  Htill  rr 

niiiins  al   llii'  ni-ik  (Kii;.  'Jd'J'.') 

Till'  sac  niav  Ix'  ni|>Mirril  ami 

iisnintrnls  rsra|ii'  inlii  ils  ni-w 

|HPsitiiiii;    iir  imlv  pari   of  llie 

sjK'  niav  In*  itiIuitiI. 

In  niiHli'i'ii  siir^i'iT  taxis  is 
n-sorlfd  to  wiili  cnnslantly  <li- 
niinisliiii^  fri-iiiirncy.  most  siir- 
jjrims  now  prrforiniii);;  licrni- 
otoiny  at  oni  r. 

Iliniiiitniiiii  anil  htnlomi/  are 
tlir  trims  applicil  lo  the  opiT- 
alion  for  tlie  relief  of  sti'an);u 
lalril  lirrnia.  This  oprmtion 
possesses  Ihi'  ailvantaL'c  over 
taxis  of  avoiilin^  its  dangers,  of  perinitlini;  inspect iim  of 
the  inli'stine.  ami  of  alTorilini;  an  opportunity  for  the 
railical  iiire  of  the  hernia. 

The  slips  in  the  operalion  are: 

1.  The  exposure  of  the  sjie. 

2.  Opeiiini;  of  the  sac  ami  relief  of  the  constriction. 

3.  Trealinent  of  the  contents. 

4.  Closure  of  the  woiinil. 

The  sue  is  ex|i(>se(l  by  an  incision  similar  to  that  wliicli 
would  he  employeil  in  an  operalion  for  nidical  cure. 
The  incision  should  he  made  in  such  a  manner  as  lo  ex- 
pose well  the  neck  of  the  sac.  and  it  may  have  to  he 
prolonged  in  order  to  alTord  room  for  resection  of  the 
bowel.  The  sac  is  recognized  by  ils  dark  color  and  ils 
gliding  over  the  contents.  It  is  opened  by  pinching  it 
up  w  iih  forceps  so  ns  to  form  a  fold  which  can  be  incised 
without  injury  to  Ihe  contents.  When  an  opening  has 
been  made,  the  tluid  which  escapes  will  be  clear  and  odor- 
less, although  it  may  be  bloiidy,  if  the  gut  is  .sound:  or 
it  will  be  cloudy,  purulent,  or  feculent,  if  the  vitality  of 
the  gut  has  become  impaired.  The  interior  of  the  sac 
and  the  contents  are  llien  llioroughly  w!isheil  with  nor- 
mal sidt  solution  lo  lessen  the  chances  of  coiitamination 
ami  the  constriction  is  sought  for  ami  divided. 

Inasmuch  as  the  constriction  is  usually  caused  by 
bands  of  fascia  which  lie  outside  the  sac,  divi.sion  is  best 
done  from  without,  and  not  from  within,  as  was  for 
merly  taught  by  the  old  school.  It  may  be  ncces.sary, 
however,  in  some  femoral  herniic  to  divide  it  from  within, 
which  is  done  by  cutting  upward  with  Ihe  herniotome  or 
blunt  pointed  bistoury  or  by  use  of  a  director.  The  con- 
striction having  been  freely  divided  ihr  gut  must  be 
gently  drawn  out  to  expose  Ihe  etfercnl  and  alTercnt  por- 
tions, especially  the  latter,  in  order  to  observe  their  con- 
dition, since  changes  in  I  heir  nutrition  may  have  oc- 
curred for  a  considerable  distance  within  Ihe  abdomen. 
If  Ihe  condition  of  Ihe  gut  is  satisfactory  it  is  returned 
to  the  abdomen  and  the  wound  is  closed  as  in  the 
operation  for  radical  cure  of  a  hernia  of  the  same 
variety. 

The  gut  is  returned  if  its  peritoneal  coat  is  smooth  and 
glistening,  if  its  color  is  not  black  or  gray,  even  though 
il  may  be  dark  red  or  purple,  if  the  fluid  in  the  sac  is 
odorless  and  clear,  and  especially  if  it  has  retained  the 
power  of  contractility  in  all  its  jiarts.  It  must  not  be 
returned  if  the  peritoneum  has  a  granular  aspect,  if  the 
fluid  is  cloudy  and  foul,  or  if  the  gut  is  cold  and  flabby 
and  has  lost  ils  contractility.  If  there  is  doubt.  Ihe  con- 
si  rietiou  having  been  freely  relieved,  the  bowel  may  be 
surrounded  with  compresses  wet  in  warm  nornuil  salt 
solution,  for  st-veral  minutes,  and  its  condition  again 
noted.  In  cases  of  exceptional  doubt  it  may  he  thus  left 
for  twenty-four  hours.     Very  small   areasof  gangrene 


miiy  1m-  (•xcIwhI  and  llic  wlgtwof  llii-  riiultliig  iMfrforution 
tiinicil  In  with  LeinlHTt  Riiturctt. 

If  the  gut  is  not  in  a  returnable  condllion,  there  are 
Iwo  methods  of  trealinent  applicable:  I.  Kesi'ction  and 
immeiliiile  reunion.  'J  Kornialion  of  an  arlitieliil  anus. 
Ill  the  pirliirmame  lit  the  latter  the  gul  is  lilher  fixed 
by  u  few  HUturcH  lotliv  niurgiimof  the  wound  Hiidopuui-d 
to  relieve  the  obslruelioii,  or  it  is  resi-cted  and  the  euils 
are  sutured  to  the  wound. 

In  the  choice  between  reKcetion  and  linmediate  reun- 
ion, and  the  formation  of  an  arlillcial  anus,  the  operator 
must  tjike  into  consideration  the  condition  of  the  patient 
and  his  own  skill  asaii  intestinal  surgeon.  According  lo 
llofmeisti'r,^  the  decision  to  form  an  artilieial  anus  is 
tantamount  to  Ihe  cx]ircssioii  that  the  ca.se  is  otherwise- 
hopeless. 

As  the  following  statistics  in  regard  to  gangrenous 
hi-rnia  show.  Ihe  treatment  by  primary  resectfon  and  im- 
mediate reunion  is  the  most  successful. 


Artificial  Anfs. 

PRIMARY  RESEimO.N 

A,ND 

KKL'MON. 

roiiipller  or  openiCor, 

1 

1 

1 

if 

Zi-lilli-r  *  (1896) 

287 

213 

74.22 

28!) 

14" 

49.13 
47.1 

MIkulli-/' 

04 

72 

7tt.« 

118 

32 

lli-fiMel.«ter«  (liKin) 

1(17 

101 

eo.5 

214 

99 

4«,0 

I-Wirsi'ii  (lip  10  IKlIsi 

17 

10 

57,0 

16 

8 

.W.n 

l-i-iiTN-ii  islni-e  1W»S) 

5 

5 

100.0 

12 

1 

8.3 

IVU-rsi-ii'  1  total) 

22 

l.l 

88.2 

28 

9 

32.14 

(;ilisi.n"  (twill) 

1111 

SI 

.i2.f. 

228 

58 

26.0 

Of  th(«e  series  Gibson's  are  the  most  comprehensive 
and  argue  strongly  in  favor  of  resection  and  reunion. 
His  statLsties  in  regard  to  the  formation  of  an  artificial 
anus  with  and  without  resection  of  the  gangrenous  intes- 
tine show  a  very  slight  advantage  in  favor  of  resection. 
In  twenty  cjtses  collected  by  him  in  which  the  gangren- 
ous portion  was  invaginatcil,  three  patients  died — a  mor- 
tality of  fourteen  ))er  cent. 

The  large  mortality  following  the  formation  of  an  arti- 
lieial anus  is  due  not  only  to  the  immediate  condilion, 
but  also  to  asthenia  if  the  anus  is  situated  high  up  in  the 
tract,  and  to  the  subse(|uint  measures  taken  to  cure  the 
artificial  anus.  The  mortality  of  the  operation  for  relief 
of  artificial  anus  following  herniotomy  is  in  the  neighbor- 
hood of  twenty-five  per  cent. 

The  chief  considerations  to  be  observed  in  regard  to 
the  treatment  of  gangrenous  hernia  arc:  the  use  of  local 
anaesthesia  if  feasible;  the  employment  of  a  large  wound 
(hernio-laparotomy).  enabling  the  operator  to  return  the 
intestine  easily  and  visibly,  thus  avoiding  kinking;  the 
emptying  of  the  intestine  so  far  as  possible;  wide  resec- 
tion, the  amount  removed  depending  largely  on  the  con- 
dition of  the  mucous  membrane;  open  treatment  of  the 
wound  by  tamponade  when  peritonitis  is  ])re.sent.  or  if 
the  condition  of  the  returned  bowel  is  still  suspicious. 

For  the  techniiiue  of  intestinal  resection  the  reader  is 
referred  to  special  articles  on  that  subject.  A  fatal  out- 
come in  herniotomy  is  due  to  one  or  more  of  the  following 
causes:  1.  Shock.  2.  Return  of  damaged  intestine  (in- 
suflicient  resection).  3.  Extension  of  an  existing  peri- 
tonitis, or  one  due  to  leakage  (faulty  suture).  4.  Kinking 
or  twisting  of  the  returned  loop."  5.  Exhaustion  (artf- 
ticial  anus). 

The  after-treatment  does  not  differ  from  that  employed 
after  other  operations  upon  the  intestinal  tract.  For  the 
first  few  days  the  bowels  are  best  ojiened  by  cnemata. 

ASATOMIC.M.   VAniETIES  OF   HEUSLV. 

Inguinal  Heunia. — This  term  includes  all  hemiae 
into  or  through  the  inguinal  canal. 

Aimlonii/. — For  the  detailed  anatomy  of  this  region  the 
reader  is  referred  to  sjiccial  treatises.  There  are.  how- 
ever, certain  considerations  which  arc  not  generally 
made  clear,  and  which  have  considerable  bearing  espe- 
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cially  upon  llu-  nietlioils  of  nidical  euro.  In  tlic  second 
niontli  of  frt'lnl  life  n  ]>roicss.  the  jtrnffmnH  riir/innltii  juri- 
t'liifi,  i.s  found  evnjriniiled  from  tin-  peritoncuni  of  the 
body  cavity  and  accompanying   tlie  jrul)crn:i(iihini    lo 


tlieso  slruclure.s.  Its  conuncnceniunt,  the  internal  ah- 
doniinal  rinjr.  i.s  an  aperture  in  tlie  lninsversali.s  fa.scia 
iiorniallv  just  large  enoiigli  to  permit  the  passage  of  the 
conl.     (is  lernn'nalion,  the  external  abdominal  ring,  is  a 
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Fig.  3033. 


that  part  of  the  skin  of  the  inguinal  region  which  be- 
comes the  scrotum  in  the  male  and  the  labium  majus  in 
the  female. 

Later  the  testicle  descends  alongside  of  tliis  process  to 
the  scrotum,  and  the  distal  portion  of  the  process  forms 
the  tunica  Tiif/iiuiUn  tt-iti.i.  Tlie  proximal  portion  ordi- 
narily becomes  obliterated,  but  if  it  remains  open  the  tu- 
nica vaginalis  continues  in  communication  witli  the  peri- 
toneum, and  a  portion  of  the  alxlominal  contents  may 
descend  through  it.  Such  a  ]iiotru.sion  is  known  as  a 
congenital  hernia,  even  if  it  does  not  descend  until  adult 
life.  If  the  process  remains  open  iu  the  female  it  is 
known  a.s  the  canal  of  Nuck. 

Incomplete  or  partial  obliteration  of  the  process  gives 
rise  to  cystic  swellings,  known  as  hydroceles  of  the  cord 
or  of  the  round  ligamcnls,  as  may  be. 

The  aliilominal  wall  in  this  region,  omitting  the  su- 
perficial structures,  consists  of  the  following  muscular 
and  aponeurotic  layers  from  without  in:  the  aponeu- 
rosis of  the  external  obli(iue.  the  internal  oblique  and 
transversalismu.scles.  and  the  transversj»lis  fascia.  At  the 
ines:il  part  of  this  region  the  rectus  abiloininis  is  inserted 
into  the  pubis  on  a  plane  dors;id  to  the  structures  cnu- 
inenite<l.  with  the  exception  of  the  tninsvei-salis  fascia, 
which  sends  a  prolongation  over  the  dorsal  .surface  of  the 
muscle. 

The  general  arrangement  of  the.se  structures  is  shown 
in  the  accompaning  ligiires  (Figs.  2623  and 'JG24).  The 
inguinal  canal,  which  contains  the  gubernaeulnm  and 
processus  vaginalis  peritcuiei  in  the  fietus  and  the  sper- 
matic cord  or  round  ligament  in  the  adult,  and  through 
which  the  testicle  pa.sses  in  its  descent,  is  found  between 


slit-like  aperture  in  the  aponeurosis  of  the  external 
oblique  muscle.  The  internal  ring  is  situated  about  4 
cm.  laterad  to  the  spine  of  the  pubis  and  about  1  to  l.-i 
cm.  above  Pouiiart's  ligament,  being  suspended  as  it 
were  in  the  transversiilis  fa.scia  (Fig.  2624).  which  is 
developed  incurving  tibreson  itsmesal  and  lower  aspect, 
forming  the  inguinal  ligaments  of  Ilenlc.  It  lies  thus 
about  hall' -way  between  the  anterior  superior  spine  of 
the  ilium  ami  the  S]iiiie  of  the  pubis,  and  a  finger's 
breadth  above  Pouiiart's  ligament.  The  deep  epigastric 
arlery  passes  upward  at  the  mesal  border  of  the  ring  be- 
tween the  transversalis  fascia  and  the  peritoneum.  The 
external  ring  lies  just  above  and  laterad  to  the  spine  of 
the  pubi.s. 

The  inguinal  canal  is  about3..5  cm.  long  and  is  slightly 
longer  in  the  female  than  in  the  male.  At  its  commence- 
ment its  ventral  wall  is  formed  by  the  thick  fleshy  fibres 
of  the  internal  ol)lic|ue  and  the  transversalis  muscles,  and 
its  dorsal  wall  by  the  transversidis  fascia.  At  about  its 
middle  its  dorsal  wall  is  still  the  transversalis  fascia,  but 
the  internal  obliqtie  and  transversjdis  muscles  are  above 
it  and  its  ventral  wall  is  formed  by  the  aponeurosis  of  the 
external  oblique.  At  its  termination  it  escapes  through 
the  external  obli(iue.  and  its  dorsal  wall  is  here  formed 
by  transversjtlis  fascia,  which  for  the  last  centimetre  is 
strengthened  by  the  conjoineil  tendon  and  the  triangular 
ligament.  In  the  final  two  thirds  of  its  course  its  floor  is 
formed  by  the  shelf  of  Pou|)art's  as  it  broadens  into  Gim- 
bernat  's  ligament.  The  greater  part  of  the  dorsal  wall  is 
thus  seen  to  be  formed  by  the  transversalis  fascia,  and 
the  importance  of  this  as  a  sjifeguard  cannot  be  overesti- 
mated.    It  is  in  fact  a  special  (ievelopment  of  the  trans- 
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vorxnliH  fimoln,  iiikI  l>y  iM>inc  it  liii.s  Ih'oii  iliiH-rilMil  iix  ii 
|iitrl  i>r  llir  t'oiijiiini'il  ti'ixloii.  iiltliiiii);li  il  is  ciilirily  iIIh- 
lliii't  fniiii  this  >.in:<'liiri'.  lis  iihmiI  iinrlioii  innsislM  of 
slniiii;  vcrliciil  lilins.  its  liiliriil  >•<  (lie  lllui's  lii-fmr  iiiiii 
Ijuiiril  iiH  ciitviii^r  iilioul  llii'iiitcriml  liliK-  UrUvcill  llicsr 
(itri>iit;i'r  |uirliiiiis  in  a  wciil^rr  mii-.  lviiiK»'*  »  <''>lt'  "■>  ''«' 
liK'Siil  sicli'  cif  (lie  tli't'p  ciii^ciislric  iirlriy,  unci  ill  tliis  purl 
illrcil  iii>,'iiliii>lli<'riiiii' iH-ciir  (!''ii;.  atw4).  Tlir  Iniiisvcr 
Mills  iniiM'lc  is  very  |iiNii-|y  ilivt'lnpi'il  in  this  rct.'ii>ii,  uiiil 
consists  cliiclly  xf  iin  iipiiiiiiinisis.  ilic  llliiisiir  wliiili  puss 
li(iri/.iiiiliilly  iicriiss  to  lliiir  iiivilion  in  llir  vinlnil  ririiis 
slit'iilli.  mill  as  II  rulciiri'  want  in  i;  for  sonic  ilisiaiicciiliovc 
I'oiiparl  s  lipinicnt  ( l'"ii;.  "J*!'.':!).  The  internal  obliipic 
muscle,  on  llieotlier  liainl.  consists  of  ii  tliiik,  tiesjiy  iimss 
of  tilircs  wiiicli.  unless  displaceii  liy  ii  lnrniii  or  ill  ilevel- 
opcil,  completely  protect  the  internal  rini;  anil  piiivS  to 
tlieir  insi'rtiim  wiili  a  j;eni'nil  ilireclioii  paiiillel  to  Poll- 
part's  lipimeiil,  only  risiiif;  siillicieiilly  to  allow  the  cord 
to  pass  Ih'Iiiw  tliein.  The  conjoineil  tcmloii  consists  of 
a  few  fasi'iciili  ileriveil  from  the  opposeil  surfaces  of 
the  intoriml  oliliqiie  ami  tniiisM-rsjilis  miisiles.  anil  pusses 
on  the  ileep  surface  of  the  former  musi'le  to  he  inscrteil 
liy  teiiilinous  lihn-s  to  the  i-rest  anil  ilio-pectinenl  line. 
This  St  met  lire  is  wholly  ooncealeil  hy  the  internal  oblique, 
mill  its  insertion  selilom  exteiuls  for  more  than  acenti- 
iiietn-  latcniil  to  the  spine  of  the  pubis.'  Although 
in  veil  consiilenilile  prominence  in  most  textboolis.  it  is 
a  neirli^rible  factor  in  proceilures  for  the  radical  cure  of 
hernia. 

.\n  oblinue  inguinal  hernia  is  enclosed  in  the  same 
layers  of  fiiscia  as  llie  spiTmatic  cord.  These  layers 
from  within  out  are:  the  iiifiiniiibuliform  fu,scin  derived 


Mune,  with  i>  n  timt  tliL<  tmiiHVcrHulU  fiuicia  it 

self  Is  Niibstii  llir  .1  hi  Its  infunilibiiliform  process. 

The  ri'lalioiis  of  the  sprrinatic  cnril  to  the  sac  arc  im- 
)iortanl.  'I'lie  HtriliturcM  of  the  cord  are  iisiiallv  miiiil-- 
what  spread  out  on  the  surface  of  tin' hernia  unless  the 
latter  is  small  or  a  dinct  one.  The  vessels  lie  on  the  lat- 
eral and  the  vus  deferens  on  tlio  latcrii  ilorsul  ni«|H'Cl  of 
the  sac.  In  a  direct  hernia  the  entire  cord  is  on  the  lat- 
eral aspect  of  the  sue.  Ill  ciiii);enital  hi-rnia  the  conl 
is  more  closely  adherent  to  the  sue  than  in  iiciniiied  her 
Ilia'.  The  imporlance  of  the  |>eriloiH'al  fossa- on  the  in- 
liTiial  iibdonilnal  wall  as  etiolo^ricul  factors  in  the  prii- 
diiction  of  hernia  seems  to  the  writer  In  be  i  \iii;;.'irul(sl. 
The  presence  of  musciilur  or  fusi-iiil  we.iknissi  s  or  diin- 
[iles  is  of  far  preutcr  importance,  inasmuch  as  the  perito- 
neum is  a  highly  clastic  and  distensible  mcmlininc,  and 
when  unsupported  by  other  .structures  offers  little  rcsiR- 
tunce  to  pressure  from  within.  For  the  sunie  reason  the 
treatment  of  the  nei  k  of  the  sao  is  of  minor  iinportauce 
in  the  opeiiitiou  for  radical  cure. 

Viiriitiix  iif  liifjiiiiiiil  lliriiiii. — Inguinal  heriiiiu  are  di- 
vided '\uUi  iliia-l.  which  is  always  aciiuircd,  and  iiiilirtrl 
or  ohlii/iif,  which  may  be  coiijienitul  or  aci|uireil  (see 
Anutoniy).  In  a  direct  hernia  the  protrusion  is  incsnl, 
while  in  an  indirect  liernin  it  is  later.il  to  the  deep  epi- 
gastric vessels.  If  the  protrusion  pa.s.ses  through  the 
external  alidoniiiial  ring  into  the  scrotum  or  lubium  ina- 
ius  il  is  tiinied  a  complete  or  scrotal  hernia;  if  not,  an 
incomplete  hernia  or  Inibouocele. 

Diitet  Iiif/iiiiKil  //iriiiii.  —  Direct  inguinal  herniic  con- 
stitute seven  percent,  of  all  inguinal  herniie.  They  arc 
more  common  in   men   than  in  women  and  arc  seldom 
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from  the transvprsjilis  fascia;  the  crema-steric  fascia  and 
muscle  derived  from  the  internal  ol)li(|Ue;  and  the  inter- 
columnar  fascia  ilerivcil  from  the  external  oblique.  These 
layers  must  be  divided  in  separating  I  lie  sac  from  the 
cord.     The  fascial  coverings  of  a  direct  hernia  are  the 


seen  in  children.  They  are  always  acquired.  They  arc 
seldom  comiilete  and  may  usually  be  recognized  by 
their  globular  sliape  and  l/y  the  fact  that  they  appear  to 
bulge  directly  through  the  abdominal  wall. 

Indireet  Imjuimil  Jlcrnia  constitutes  the  greater  part 
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(ninctv-tlirep  per  cent.)  of  iiifciiiiml  licrniii'.     The  hemiit 

may  (Icscciid  into  the  unolilitcnitiMl  imiccssus  viiffiimlis 
cillicr  ill  llio  mall'  or  in  llic  ffnialc,  liiiiiir  llicii  called  ci>n- 
gc-uital  heruiu  (Fig.  3625,  .^1 ) ;  or  its  sac  may  be  fonned 


Fig.  ass.— Formation  of  Sao  In  roncpnital  and  Infiintllp  Hernia. 
A.  Condfnltal  lit>mla;  Ji  anil  (',  Infantlli'  lii-mla:  K  (uiiliular 
proct>ss :  S,  sac ;  T,  testU'le. 

by  till'  protruded  pcritonciiiii  of  Hip  abdomen — acquired 
hernia.  The  proportion  of  confjenital  lo  ac(iuire<l  liernia- 
isililticult  to  state,  as  the  diauiiosis  is  made  only  by  opera 
tion.  A  study  by  Hull  and  Coley  "'  of  tive  hundred  case.s 
of  inguinal  hernia  operated  upon  in  children  under  four 
teen  years  of  age  showed  that  less  than  fifty  per  cent. 
were  congenital. 

A  form  of  hernia  known  as  infantile,  hernia,  although 
always  ac(|uired.  is  somi'times  confounded  with  con- 
genitjil  hernia.  The  hernial  sac  in  these  cases  is  formed 
from  the  parietj'  peritoneum  and  is  pushed  down  along 
skie  of  an  open  or  partially  obliterated  funicular  jirocess; 
the  different  varieties  of  this  form  depend  upon  the  e.\- 
teut  and  the  site  of  the  obliteration  (Fig.  2625,  7? and  C). 
Since  the  unobliterated  funicular  process  is  often  spread 
out  over  the  hernial  sjic,  the  latter  apjiears  as  a  sac 
within  a  sac;  hence  the  term  encysted  hernia. 

Inlernlitial  Ilirnin  isa  form  of  inguinal  hernia  in  which 
the  protrusion  insinuates  itself  between  the  layers  of  the 
abdominal  wall.  According  to  Langdon,"  the  frequency 
of  interstitial  hernia  is  1  in  1,100.  It  is  relatively  more 
common  in  females  than  in  males,  forming  0. liJ  per  cent. 
of  all  inguinal  hernite  in  males  and  0.61  per  cent,  in 
females. ' 

Tlirei"  varieties  are  recognized.  In  order  of  frequency 
they  are:  (1)  Between  the  internal  oblique  and  the  apo- 
neurosis of  the  external  obli(|ue;  (2)  between  the  apo- 
neurosis of  the  external  obliciue  and  the  skin;  and  (3) 
between  the  peritoneum  ancl  the  trans versalis  fascia 
(properitoneal  hernia).  The  first  two  vaiieties  present 
an  external  swelling,  while  no  visible  or  palpalile  tumor 
is  found  ill  the  la.st  varietj-.  In  the  majority  of  the  cases 
of  the  la.st  variety  there  is  also  a  scrotal  <ir  labial  hernia. 
Such  an  accompaniment  is  seldom  observed  in  the  first 
two  varieties.  In  fact  the  sac  of  it  properil^jneal  hernia 
is  usually  a  diverticulum  of  the  sjic  of  a  complete;  hernia; 
and  herein  lies  it.s  danger,  since  a  false  idea  of  security 
may  follow  reduction  of  the  complete  iiortion. 

The  causes  contributing  to  the  production  of  intersti- 
tial hernia  are  elTorts  at  reduction,  giving  rise  generally 
to  the  properitoneal  form;  and  errors  in  development, 
namely,  non-descent  of  the  testicle  or  incomplete  clo.sure 
of  the  canal  of  Xuck.  Maiready  stales  that  in  67  per 
cent,  of  the  cases  in  males  the  testicle  was  wholly  retained 
or  only  |)artially  descended.  According  to  Langdon," 
in  42  ca.ses  of  interstitial  hernia'  in  males  in  only  2  were 
the  testicles  in  normal  position  in  the  scrotum. 

The  second  ami  tliinl  varieties  may  aciiuire  very  large 
dimensions.  Inasmuch  as  it  is  dillicult  to  prevent  the 
return  of  an  interstitial  hernia  by  a  truss,  operation  is  as 
a  rule  indicated. 

JJiar/iioni/i  of  Jiir/iiinal  Hernia. — The  subjective  symp- 
toms are  pain,  wliich  is  present  in  ninely-six  per  cent,  of 
all  cases  in  the  early  stages,  and  later  a"  sense  of  fulness 
and  discomfort.  The  chief  objective  sign  is  a  tumor, 
which  as  a  rule  disjippears  when  the  patient  lies  down 
but  returns  upon  his  standing,  coughing,  or  crying.    Im- 


pulse is  present  in  reducible  forms,  and  in  complete  her- 
nia the  contents  may  be  felt  to  descend  by  the  linger  in- 
troduced into  the  canal. 
I  Incomiilete  heruiii  or  bubonocele  must  be  differentiated 
from  femoral  hernia,  hydrocele  of  the  cord  or  canal  of 
Nuck.  iiillammatory  conditions  and  new  j/rowths  of  the 
inguinal  glands  and  <'oid,  psoas  abscess,  and  undescended 
testicle.  It  is  distinguished  from  femoral  hernia  by  its 
relation  to  Pouparl's  ligament  and  llie  spini'  of  the 
pubis;  from  hydrocele  by  the  irreducibility.  circum- 
scription, and  fiuctualion  of  the  latter;  and  from  psoas 
abscess  by  the  presence  in  the  latter  condition  of  a  ileep- 
seated  swelling  above  Pnujiarfs  ligament .  between  which 
and  the-visible  protrusion  IlucI nation  can  bi-  olitained. 

The  conditions  most  commonly  cunfoundeil  with  com- 
plete inguinal  hernia  are  hydrocile.  b.'eniatocele,  varico- 
cele, and  tumors  or  intlammatorv  conililions  of  the  tes- 
ticle or  epididymis.  The  statements  of  the  patient  as  to 
the  position  and  growth  of  the  swelling  at  its  incidence, 
taken  with  the  characteristic  signs  of  the  several  condi- 
tions, will  .serve,  as  a  rule,  to  make  the  diagnosis  evident. 

Treatnirnt  i>f  Inr/ninal  Ihrnia.  (For  treatment  by 
truss  see  "Mechanical  Treatment  of  Hernia.") 

Riidiral  Cure  of  luiiniiinl  Urmia. — The  operative 
methods  devised  for  the  cure  of  inguinal  hernia  are  so 
numerous,  and  so  many  have  become  obsohte.  that  the 
reader  must  he  referred  to  special  treatises  for  the  details 
of  tlio.se  operations  which  have  a  historical  interest  only. 

The  success  with  which  radical  cure  is  performed  at 
the  present  time  is  due  primarily  to  the  almost  uniform 
aseptic  healing  obtained,  and.  secondly,  to  tin-  improve- 
ments in  tecbnique  and  method.  The  aim  of  present 
methods  is  to  secure  the  least  possible  scar  formation, 
and  the  ])roduction  of  a  uuiscular  contract ili'  barrier 
against  future  relapse. 

Jlethods  depending  u])oii  the  use  of  foreign  materials 
to  fomi  an  obturator  have  been  advanced  in  the  last  few 
years  but  have  not  become  popular,  largely  on  account 
of  the  inherent  dilticulties  in  iretting  such  substances  to 
remain  within  the  tissues  of  the  body  without  giving  rise 
to  trouble. 

The  methods  most  commonly  in  use  at  the  present 
time  and  which  have  given  the  best  results  are  the  fol- 
lowing: Ba.ssini's  (1888),  Halsted's  (1890),  Kocher's 
(1892),  and  Macewen's  (1886). 

The  Bassini  operation  is  the  favorite  one  at  present. 
According  to  a  recent  writer,'''  about  ninety  five  per 
cent,  of  all  operati<ins  for  inguinal  hernia  are  being  done 
by  this  method  or  slight  modifications  of  it.  The  sp-ps 
of  the  operation  are  as  follows:  Tlie  im-tston  is  rnade 
parallel  with  Poupart's  ligament  and  2  cm.  aliove  it. 
from  a  point  laterad  lo  the  internal  ring  to  a  point  corre- 
sponding to  the  centre  of  the  external  ring.  The  length 
of  the  inci.sion  is  7  to  9  cm.  in  adults  and  shorter  in 
children. 

The  incision  is  carried  directly  to  the  aponeurosis  of 
the  external  obli(|ue.  and  if  properly  planned  should 
strike  it  in  the  line  of  ilivergence  of  the  pillars  of  the 
external  ring.  The  superficial  structures  should  not  be 
stripped  from  the  aponeurosis  since  its  vitality  is  thereby 
impaired.  The  aponeurosis  is  then  slit  in  liu' direction 
of  its  fibres  for  a  (listauce  of  vi  or  6  cm.  from  the  external 
ring,  care  being  taken  not  to  wound  the  underlying  struct 
ures.  The  up|icr  lip  of  the  apoi'.eurosis  is  then  stripped 
from  the  surface  of  the  internal  oblii|Ue  and  the  sheath 
of  the  rectus  for  a  distance  upward  of  about  3  cm.  This 
separati(m  is  imjiortant,  as  it  facilitates  the  bringing 
down  of  the  fibres  of  the  internal  oblique  in  the  final 
steps  of  the  oiienition.  The  tissues  covering  the  cord 
and  SJIC  are  similarly  stripped  from  the  lower  li|)  of  the 
aponeurosis  uiilil  the  deep  surface  of  Poupart's  ligament 
is  well  exjiosed  as  far  , -is  its  insertion  to  the  jiubic  spine. 
This  clearing  of  the  deep  surface  of  the  external  obli(|ue 
is  best  done  by  blunt  dis.section,  the  instrument  being 
swept  toward  the  middle  line  in  the  direction  of  the 
aponeurotic  fibres. 

The  Site  and  cord  enclosed  in  their  coverings  now  lie 
freely  exposed,  ami  the  second  step  of  the  operation,  the 
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(Hi>lntii>ii  of  till-  nir,  Ih  comiiicm-ctL  A  loiiKiludiiiul  in- 
oisiuii  is  iiiixli-  lliniiiu'li  llir  r'n'inii<ilrnr  iiml  InintviT 
stilit  fiisi-iii.  i\|)iisiiiK  •'"'  K""'  "<  ilt  iil'lHrino'.l  purl  (Kin. 
'2ll°.i<l)  'I'll)'  assisiiiiit  iiiiw  ciili'lii'H  llic  Hiic  uilli  l»ii 
toiiilii'il  fdrci'ps.  mil'  lit  (lull  I'Xiri'iiiity  i«f  llic  liK'isioii, 
mill  liflsil  ii|i\viiril.  wliilr  llif  iiiirnilur  M'i/iiif;  the  iimr^iii 
of  llir  fiiM'iii  iininsl  to  liiiii.  I  (  .  oil  till' iiiiiir  iispnt  iif 
llii'sjir.  ilniwi  it  iiwiiy  friiiii  tlir  site  Tlir  vi-ssclKnf  tlw 
cunl  now  iippi'iir  mill  must  lir  frrnl  frniii  tin- sue  livii  fi'W 
lijflit  toiiilii'S  of  tin-  kiiifr.  Just  Ixiii'iiili  till- vcsM'U  iiti 
till' oiitiT  siili' of  llic  S)ic  till'  viiH  (Icfirciis  is  ri'<'o);iii/.i'il 
mill  is  to  III-  fri'i-il  ill  ii  siiiiiliir  iiimiiirr.  Tlic  opi'mtor  in 
Kl^ispin;;  tlirsi'  slrilrtlins  sIlollM  llsi'  smiooIIi  forrrps  mill 
iimki'  viry  liiilil  pri'ssuri'.  As  liic  ilis<.irliiiii  is  iiirrii'il 
iiroiiiiil  till'  siK'  till'  iissislmil  sliifts  his  Imlil.  so  lliiil  iit  nil 
liiiirs  till'  siic  is  krpt  IniM'.  If  miv  vrsscl  is  diviilnl  in 
t Ills  (lissiTt ion  it  sliiiiild  III' iiniiii'iliatclv  rmi);lil  miil  liril 
so  tliiit  the  lii'lil  niuy  not  lie  iilisciircd. 

Tile  roiil  iiiiw  lii'iiif;  is<iliil<il  from  the  nrck  of  llic  riic, 
till'  tinner  is  insirliil  lictwnn  it  iinil  llirsiic  from  witlioiit 
inwiiril,  mill  ciirvnl  ulioiit  llir  liiiirr;  in  lliis  wiiy  llic  re 
mikiniiii;  iiltiii'liini'iils  of  tlic  fasriii  on  the  inner  iispcct 
of  tile  Site  lire  easily  sliippeil  olT  over  tile  point  of  tlie  ' 
Iiiij;er  anil  llie  neck  is  coniplete- 
ly  eireiims<-rilK'il.  The  tiireition 
of  the  eiieireliiiR  finjrer  may  now 
lie  reverseil.  anil  the  slrippini;  of 
the  sue  cnn  be  reailily  aeeoiii 
plisheil  liy  piishini;  I  he  coril  away 
from     it    with    j^aii/.e.    this  lieinj; 

aiilcil    by    a    few    touches  of   tJie 
knife. 

If  this  prooediirc  is  cnrrieil  nut 
with    extreme    jientleness    snbse- 

(|Ueiil  swellinj;  of  the  cord  nirely 

ensues. 

The   fiimlus  of  the  sae  Imvinp 

been    freed,    it   is   lifted    tip.  ana 

the  internal  obliipie  liavini;   been 

letnicted    to   e.\[iose    the    internal 

rinj;.  the  freeing;  of  the  sae  is  car- 
ried   upward    beyond   its  neck  to 

the   point  where  it  Hares  out  into 

the  pmiclal   peritoni'Um.     On  the 

inner  aspect    of  the   neck  conslil 

erable   subperitoneal    fat    will    1k' 

found,    mid    in    larjre   indirect    iis 

well  as  in  direct  hernia'  this  mav 

contain  the  bladiler.     In  congeni- 
tal hernia  the  sac  is  cut  in   two, 

the  lower  portion  being  of  sufll- 

cient    size   to    cover  the   testicle, 

over  which  it  is  sutured. 

The  third  step  of  the  operation 

comprises  opening  of  the  sac.   re- 
duction of  its  contents,  and   lipa- 

tion  of  the  neck.    Adherent  masse* 

of   omentum   are   treated   in     the 

usual   manner   by  chain  ligation. 

Ligation   of   the   sac   is  done   bv 

drawing  it  down  as  far  as  pos.si- 

ble,  its  mouth   being   kept  open, 

and  then   Iniustixing  its  neck   as 

high    as     pos.sil)le    with    a    needle 

<arrying   heavy  catgut.     The  lig- 
ature is  tied  around  each  half  of 

the     neck     .sepanitely    and     then 

around    the  entire  neck,  and  the 

sac  is  cut  off.     If  the  neck  is  too 

large  for  ligation   it  must  be  su- 
tured (Fig.  2627). 
The  fourth  step  is  the  most  important,  and  herein  lies 

the  peculiarity  of  the  Bassini  operation,  namely,  the  tmiis- 

planlutiou   of   the   cord  and   the  suture  of  the  internal 

oblique*  to  Poupart's  ligament.     The  conl  is  first   freed 

•  Tlie  Internal  oblique  muscle  Is  alnne  mentlnned,  since  It  Is  pracii- 
cally  iliconly  .•ilructurv  sutured  to  tlie  ligament.  See  (be  sirlioii  nn 
.\natomv. 


from  Its  iM'd  anil  retnu-tptl  lo  llic-ou(«r  iwrl  of  tin-  InrI 
stoii  against  the  point  of  origin  of  the  Internul  obliijuc 
from  I'oiipart's  ligament. 

The  llrsi  slitch  is  taken  on  the  Iiiiht  Hide  of  the  cord, 
the  lieidle  passing  through  the  whole  ihicklieHH  of  llie  in- 
ternul ol)lii|iie  \.r,  to  2  cm.  from  its  mari,'iii.  and  then 
picking  up  the  deep  shi'hing  portion  of  I'oiiparl's  lica- 

III.      TblH  suture  should  just  tiiiich  the  conl  when  it  is 

held  at  right  angles  to  Ihe  wound.  Tlirei-or  four  similar 
sutures  are  then  taken  until  the  spine  of  the  pubis  is 
ii'iiched.  The  last  suture  takes  in  the  conjoined  tendon, 
and  it  is  often  liettcr  to  include  also  in  it  the  margin  of 
the  rectus,  especially  when  the  iiiM'rtion  of  the  internal 
obliiiue  does  not  extend  down  to  the  iiubic  spine  (Figs 
W2H  and  LHi'.MI). 

The  writer,  following  the  example  of  \V.  H.  Coley.  al- 
ways puts  a  suture  on  the  oiili-r  side  of  the  cord,  but  he 
dilfeis  from  Coley  in  thai  he  inserts  and  tii'g  it  before 
the  other  sutures  are  introduced,  while  Coley  puts  it  in 
la.st.  This  suture  subserves  two  purposes:  "it  gives  the 
muscular  fibres  a  lower  plane  at  tlieiroiigin  and  it  places 
the  point  of  emergeiice  of  the  cord  at  a  greater  disluucc 
from  Ihe  internal  abdominal  ring,  thus  giving  the  latter 


Fni.  :itii.— iippralion  for 
olili'iuc  litviitiil  jiiHl  rv 
tloii  «'f  conl  froiii  sjii 


the  Itadlcal  rare  of  ImnUnal  Hernia.  Basslnfs  Method.    External 
cracted.    Sac  in  place.    Lliii-  indicates  Incision  preliminary  to  separa- 
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additional  protection.     The  sutures  should  be  tied  with- 
out tension  to  avoid  slnuigiilation  of  the  muscle  fibres. 

The  best  suture  material  is  one  that  will  beabsorlx'd  in 
about  thirty  days.  Kangaroo  tendon  fulfils  this  condi- 
tion best,  then  cliromici/.ed  catgut.  Xou-absfirliable  su- 
ture material  should  not  Ix'  used,  for  the  tissues  some- 
times resent  its  presence  and  extrude  it. 
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The  next  step  is  tlic  sutmitis  of  the  rxtcrnnl  nliliinic. 
which  is  ildiic  sr>  as  Ici  iiichicU'  ihioinl  lii'lvvccn  it  iiiid 
llic  inlcnml  Dbliqiic.  A  roiiliinunis  siiliirr  is  sulliiieiit 
(Fig.  2«30). 

The  cntani'ous  incision  is  llicn  closcil  with  or  witlioiil 
dniiimiri'.  arcordinir  to  tin-  (i|ii'nitoi's  ti-chniqui'. 

In  tlu'  ffMiali'  the  steps  of  tlie  liassini  operation  are 
carried  out  as  in  tlie  male,  willi  tlie  e.veeptinn  that  in  the 


Fici.  ai:.T.-iipi"raijnn  Tt  iIm' Ita'th  al  i  unM.f  Iiigiiiiial  Hernia,  liiissinl's  iiiciliiHt.  The  mar- 
jrins  of  tin*  iipuiu-unt^i.**  nf  Hit- i-.\u.niul  Hhli.jue  muscle  ure  rt-tnietect  ln>rizoiitaUy.  tlie  in- 
ternal otilique  upwanl.  exposin^r  tin*  site  of  lijjalure  of  sae  al  Itie  iniernal  rinjr.  The  eonl 
lies  t-'n  the  transversalls  fa.si'la. 


description  of  tlie  procedures  tlie  round  ligament  is  to 
be  understood  whenever  the  cord  is  mentioned. 

The  writer,  however,  helieves  it  to  be  a  mistake  to 
transplant  the  round  ligtiment — ride  infra. 

Suture  iif  the  viii»elex  iritlmut  IriiuKftUiiitdtion  of  the  eord 
has  been  practised  with  success  by  BuUand  t'oley.'^  The 
writer  has  also  employed  this  modification  in  cases  in 
which  the  transversjilis  fascia  forming  the  dorsal  wall  of 
the  canal  was  well  developed. 

Tniunphintntii-ii  of  the  Itertus  Muscle. — To  meet  the 
condition  in  which  the  transversalis  fascia  forming  the 
dorsal  wall  of  the  canal  is  deficient  and  the  neck  of  the 
hernia  is  very  large.  Bloodgood  '■■  devised  a  most  excellent 
methcKl  of  transplanting  the  rectus  muscle  by  .slitting  its 
deep  or  dorstjl  sheath  and  drawing  it  down  with  the  in- 
ternal oblique  to  Poupart's  ligamenl.  This  method  is 
superior  to  WOltler's  ''  in  that  the  latter  operator  slits  the 
ventral  sheath,  thus  destroying  the  insertion  of  the  in- 


ternal oblique  nnd  transversalis  at  that  point.  Blood- 
L'oiid's  operiitioii  is  done  in  conjunction  with  the  Ilalsled 
openilion  (Fig.  2(i;W).  The  wrilir  has  used  his  method 
of  opening  the  sheath,  but  has  stitched  the  rectus  to  Pou- 
part's ligament  lirst  and  brought  the  internal  oblique 
down  in  front  of  it  as  in  the  Ba.s.sini  operation.  This 
l>roeedure  is  also  of  value  in  direct  hernia'  and  wh<n  the 
internal  oblique  is  deficient. 

Ihilxteilx  J/c//(W.i»— The  cutane- 
ous incision,  slightly  mr>re  vertical 
than  the  Uassiui.  having  been  made, 
the  knife  is  carried  down  from  the 
outermost  part  of  the  external  ring 
through  the  aponeurosis  of  the  ex- 
ternal oblii|ue.  the  internal  oblique 
and  transversalis  muscles,  and  the 
transversjilis  fascia  to  a  point  2  cm. 
above  iiiid  slightly  lateral  to  tlie  in- 
ternal ring  The  .s;ic  is  i.solatcd  as 
high  as  possible  and  resected,  and 
the  peiitoneum  is  sutured. 

Tlie  veins  of  the  cord  are  excised 
with  the  exception  of  one  or  two. 
Waitress  sutures  are  then  intro- 
iluced  through  the  entire  thickness 
of  the  abdominal  wall  "above,  with 
I  he  exception  of  the  skin  and  peri- 
loneiim,  and  through  the  transver- 
salis fascia,  Poupart's  ligament,  and 
the  aponeurosis  of  the  external 
olili([ue  below,  tlie  sutures  passing 
lieneath  the  cord,  so  that  when  they 
Ji  are   tightened  the  cord  lies  directly 

|.l  beneath   the  skin.    The  sutures  are 

.If  passed  so  that  the  distal  cut  ends 

of  the  internal  oblique  are  sutured 
to  Poupart's  ligament :  thus,  as  it 
were,  rotating  the  muscle.  Ilal- 
sted  usually  emplovs  silver  wire 
(Figs.  2631  "and  2632).  It  is  at  once 
seen  thai  there  are  marked  dilTer- 
ences  between  this  method  and 
fi  3        Ba.ssini's.     Tlieseare:  1.  Thedivis- 

f  '.^        iou  of  the  internal  obli(iue  muscle. 

2.  The  transplantation  of  the  cord 
to  a  position  between  cut  ends  of 
muscle  fibres.  3.  The  bringing  of 
the  cord  in  a  direct  line  through  the 
entire  muscular  wall.  4.  The  ex- 
cision of  the  veins.  .5.  The  suture 
,  It  iiiiiiiite  of  the  muscle.  These  dif- 
ferences are  considered  by  some  to 
be  objections. 

lu  fact,  in  the  relapses  after  Hal- 
sted's  operation  the  descent  usually 
occurs  along  the  cord,  and  in  order 
to  obviate  this  he  has  lately  trans- 
jilanted  the  vas  deferens  alone.  The 
failures  of  the  operation  may  be  at- 
tributable to  the  first  three  of  the 
)ioints  above  enumerated.  The  excision  of  the  veins  has, 
moreover,  led  to  atrophy  of  the  testicle  in  some  cases. 

BUiodgooiVx  .}fethixl'-  is  the  same  as  llalsted's.  with  the 
addition,  already  mentioned,  of  incliuling  tlie  rectus 
drawn  out  of  its  sheath  in  the  lower  mattress  sutures 
(Fig.  2633). 

The  distinguishing  features  of  Koeher's  and  Jlacewen's 
methods  con.sist  chiefly  in  tlieir  treatment  of  the  sjic. 

Kucher'n  ifctliod. — The  aponeurosis  of  the  external  ob- 
lique is  exposed  but  not  divided.  The  sac  is  separated 
from  the  cord  and  the  separation  is  carried  up  to  the 
internal  ring  where  the  sac  is  ligated.  A  forceps  is  now 
thrust  through  the  external  oblique  aponeurosis  above 
Poupart's  ligament  and  the  .sac  is  caught  and  drawn  out 
of  this  opening.  It  is  then  laid  on  the  surfaceof  tlieapo- 
neunisis,  which  is  plaited  over  it  with  a  sort  of  Lembert 
suture.  These  sutures  also  narrow  the  canal  (Figs.  2634 
and  2635). 
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Ilrrnla. 
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Milfrirmii  Midimi. — In  tills  mi-tho<l  lIlP  Wlf  Is  folded 
with  II  sort  i>r  iiiTiinliiiii  |>liiit  li\  iik'iiiin  nf  ii  siiliirc, 
luis'U'd  ri-<iii  its  (•Mrriiiii  V  liark  mid  fnrlli  lliriiii).'li  liotli 
ItH  wiiIIk:  till'  Kill II H'  is  llini  rniitiiiiii'd  llirmi^'li  llir  tniiis 
vcrsiills  riisi'lit  mid  llic  iiiiisi'lrs  iilmvc  tin-  iiilcriml  riii^ 
in  »  dirirliiiii  fimii  willilii  milunnl.  'I'lit'  siu-  lliiis  foriiiH 
u  pad  at  llir  riiii;.  Tlic  iiiliriiiil  riiiK  is  iIk'Ii  iiarrnwi'il  liv 
siiliiiiiii;  ihi-  lniiisvcn.alii  fascia  uImivi'  it  In  I'miparl's 
lit,'aiiiriil  Willi  a  iiiattriKs  suture.  8«'Vi'nil  slitclirs  may 
lie  iiisciiisl 

Till'  iiliji'cliiin  to  llicKi'  last  two  nii'lliods  is  lliat  llic 
sac.  « lii'ii  strippi'd.  mid  ('S|iirially  wlicii  lipili'd.  is  piiic- 
lically  I'lTcIc  iiiutcrial,  mid  il  is  unsur);ical  to  rrlaiii  it  in 
tbf  tiody. 

I'liirtrr'ii  iftl/nHl. — Tlif  |)osl<rliir  wall  of  the  canal,  con- 
sistiii);  of  till-  Iniiisvcrsalis  fascia  and  pciiliiiiciiiii.  is  di- 
vided from  the  iiileriial  liiiir  iiiwmd  to  llie  liordcr  of  flic 
rectus,  and  the  cord  is  displaced  lo  this  point.  The  inter- 
nal lins;  and  llie  Ininsversc  incision  are  then  closed.  The 
incision  divides  the  deep  epjiraslrip  ves-si'ls.  The  canal 
may  lie  dosed  by  suture  of  the  inlernal  olilii|Ue  lo  I'oii- 
imrl's  limiineiit.  This  procedure  is  of  particular  value 
in  t-ases  iis.siH'iated  with  undescend- 
ed ti'slicle,  in  order  to  oUtuin  ad- 
dilional  leii^tli  of  cord. 

IjtriiM  Cfuliiijiii'imii I't's  Mft/iinf. — 
The  peculiarity  of  lliis  iiielliod  lies 
ill  the  manner  of  dosiii;;  the  canal. 
The  niiiscle.s  and  aponeurosis  of  I  lie 
upper  lip  of  the  wound  are  lirou;:li; 
down  over  the  aponeurosis  of  lln' 
lower  lip  and  retained  by  mattress 
siiluies.  thus  prodiicinirmi  overlap. 

Itiiiiink». — The  chief  accidenis 
happening  from  operations  forradi 
oil  cure  are  injury  of  the  vas  def- 
erens, heniorrliase  from  omenl;il 
stumps,  to  be  avoided  by  includiiii; 
only  small  masses,  pneumonia  fol- 
lowins:  the  anivslhesia,  and  sejisis. 
The  occurrence  of  sep.sis  largely  in- 
creases the  ]iei(enlai;e  of  re1a|>ses. 

The  mortality  is  sliujhl.  Hull  and 
t'oley  '■  have  found  it  lo  be  0.9  pel 
cent,  in  lO.OlM)  operations  performed 
between  issfi  and  LSit".  In  2.1100 
laliT  operations  the  mortality  wa< 
less  than  0  2  per  cent.  Xo  openi 
tions  for  stranirulated  hernia  are  in- 
cluded in  Ihese  lists. 

As  a  rule  chihlren  under  four 
years  of  age  and  adults  over  fifty 
should  not  lie  openiled  upon,  iii- 
iismucli  as  many  children  are  cured 
by  the  weariii'i  of  a  triLss.  and  in 
the  aged  the  hernia  can  be  Ooii- 
trolled  by  truss  with  less  inconveni- 
ence than  in  the  younger  and  iiion 
active,  while  the  dangers  of  oper.i- 
tion  are  greater.  Palienis  with 
broiicliitis  should  defer  openilioi. . 
but  in  cases  of  chronic  respiratory 
diseases,  and  when  the  necessity 
presses,  it  may  be  done  under  local 
ana'sthesin  after  Cushiug's  method. 
As  before  stjited.  large?  irreducible 
hernia'  are  not  suitable  f<ir  opera- 
tion. The  best  results  are  obtained 
in  children  and  young  adults. 

Clinife  of  MitliiidK. — The  most  de- 
sirable operation  is  one  that  com- 
bines simplicity  with  the  In'st  re- 
sults in  the  hands  of  a  large  number 
of  operators. 

The  lias.sini  operation  seems  to  meet  these  requirements 
better  than  any  other.  The  jiercentage  of  relapses  after 
this  operation  is  proliably  not  greater  than  5  in  good 
hands.     Colcy  "  reports  500  cases  traced  with  6  relapses 


only.      1 i.,,~    .iillect<>(l    1,K84    caiie*   operated 

upon  by  siiigeiins  mil  nl  liiily,  willi  only  2,  HI  per 
cent  of  K  liipMs  The  I lalsted' method  liioi  given  fl  .'i 
per  ceiil.  relaphcs.  but  belter  renults  are  reported  Hince 
the  veins  of  the  cord  have  been  cxciM-d  uh  a  rouline 
iiieaKiire. 

The  nieiliiHls  of  Mucewcn,  Koclier,  and  Clminpluii- 
iiicre.  although  each  gives  as  gocnl  results  in  the  liuiids  of 
its  originator,  have  in  uiher  hands  given  much  pooriT 
results  llian  llie  liusslni. 

J/t-riiiit  AM"^'ottifl  tritli  I'lit/rM't'iiilt'tl  Tmtirlt. — TJielr<*al- 
meiit  of  this  condition  is  still  the  subject  of  coiisideralile 
colli  rovei-sy.  The  weight  of  opinion  seems  lo  be  ihat 
children  under  tenor  twelve  years  of  age  Bhoiild  have 
mechanical  trealnienl  if  possible,  as  the  truss  can  be 
conslrueted  so  as  to  crowd  the  testicle  down.  In  all 
cases  of  operation  the  testicle  should  be  preserved  if 
possible. 

Anchoring  of  llie  testicle  to  the  bottom  of  the  .scrotum 
is  useless,  il  should  rather  be  crowded  down  by  pu.s.sing 
deep  sutures  through  the  deep  fascia. 

The  cord  should  not  be  transplanted,  ns  length  can  be 


Fig.  aes.— Operation  fur  the  liMtlloal  Cure  of  Inirulnal  Hernia,  Bas-slni's  Meibod.  .Sao  removed, 
cord  drawn  a.side.  and  lower  flbres  of  the  Internal  oblique  and  Iran.sversali8  museles 
stitclied  to  Poupart's  ligament  from  without  inward.  Tlie  transversalls  fascia  appears  at 
the  deepest  part  of  the  Ucld  of  operaUon. 


gained  otherwise.     Possibly  Fowler's  method  would  give 
.still  greater  length. 

(Jpeiiitions  in  children  under  fourteen  years  as  a  rule 
give  the  best  results,  as  the  testicle  '«  more  likely  to  be- 
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foiiii'  scrotal  if  rcliiincii  dutsidi-  tin- extcnml  riiij;  before 
lilt  i-liiiiigcs  iiicidciil  lo  j)ul)crtv  Imvc  liikcii  place. 

Poxl-OjH'i'itirt  Tmitiiunt. — 'flie  patieiil  remains  in  bed 


Fig.  2(S». 


lerv  is  jriven  off  friini  llie  tleep  epijrasCric  and  then  is  in 
relatiiin  with  the  crural  canal;  alllioufili  it  generally 
passis  ilciwiiwani   t(i  the  oljluralor  canal  im  the  lateral 

aspect  of  the  crural  ca- 
nal, yet  in  three  |iereeul. 
of  all  cases  it  jias.scs 
down  on  its  inesal  as- 
pect ai](l  is  then  subject 
1(1  injury  in  herniotomy. 
A  hernia  di'.scending 
lliroiigh  the  crural  ring 
:ic<iuires  as  coverings 
Ilic  peritoneinn.  the  sub- 
pcriloneal  fat  which  is 
usually  very  thick,  the 
.•■(■ptuni  cm  rale,  the 
transversalis  fa.scia  de- 
rived from  the  femoral 
.shealli.  the  cribriform 
fascia,  and  the  superti- 
cial  fascia  and  skin. 

Tlie  i>rotrusicin  ap- 
pears in  the  thigh  below 
the  fold  formed  by  I'ou- 
parl's  ligament  an<l  be- 
low and  laterad  to  the 
pubic  spine.  It  is  usu- 
ally small  and  globular 
or  iK'misplierical  in 
shape.  ]i  may  extend 
down  the  thigh  as  far  as 


Fig.  mm. 


Fig.  2ii29.— Operation  for  the  liaiilral  Ctire  nf  Iiipriiinal  Hernia,  Basslni's  Method.    Arched  muscular  (Ibres 

anil  conjolnnl  tendon  i/o  sewi'il  In  I'ouparfs  liffimient  (a),    c.  AponcurosLs  of  external  obliquf  muscle. 
Fig.  as!".  -(i|»Taliori  for  the  liadiral  Cure  of  Iniruinal  Henilu,  Basslni's  Method.    Aponeurosis  of  external 

ohlliiui*    (<i)    sewed    with  continuous  sutures  to 

Pou|iart's  licament  do.    (Both  from  "  Br>anl"s 

SJurp'ery."    Copyright,  11)01,  by  I>.  Appleton  A  Co.) 

in  the  reclining  position  for  eighteen  days, 
but  is  usually  able  to  be  up  and  around  on 
the  twenty-tirst  day.  This  may  be  stated, 
as  the  time  necessary  after  operation  for 
any  variety  of  hernia,  although  soiuelimes 
for  especial  reasons  a  longer  jieriod  may  be 
desirable. 

Trmincs  After  Operation.—ln  children  and 
young  adults  in  whom  there  is  good  mus- 
cular development  and  the  hernia  has  not 
been  very  large,  a  tiuss  is  unnecessary. 
Each  case  has  to  be  judged  by  itself. 

Fkmohal  Heuma. — A  femoral  hernia  is 
one  that  descends  in  oralong.side  the  femoral 
sheath.  The  most  common  form  is  that  in 
whieh  the  gut  or  omentum  descends  through 
the  crural  or  femoral  canal,  which  lies  at 
the  mesjil  side  of  the  femoral  vein.  In  rare 
cases  the  hernia  may  descend  in  front  of  the 
vessels  or  even  on  their  lateral  aspect. 

Aiiatoini/. — The  femoral  sheath  is  formed 
by  the  funnel-shaped  process  of  the  trans- 
versjilis  fascia,  which  is  prolonged  from  the 
abdominal  cavity  downward  dorsiul  to  Pou- 
jiart's  ligament  into  the  thigh  to  form  the 
sheath  of  the  femoral  ves.sels.  The  sheath 
is  too  large  for  the  vessels  at  its  commence- 
ment but  contracts  at  the  saphenous  open- 
ing to  enelosi-  them  snugly.  Thus  a  space 
not  occupied  by  the  vcs.sels  is  left  on  the 
nicsjil  side  of  the  vein,  and  is  known  as  the 
crural  canal.  Its  ventral  bounilary  is  Pou- 
part's  ligament ;  its  mesjil  (Jiinbernat's  liga- 
ment: itsdorsjil  the  ilio-peelineal  line.  Coop- 
er's ligament,  and  the  peel  incus  muscle;  and 
its  lateral  the  femoral  vein  from  w  liicli  it  is 
separated  by  a  septum  of  fascia.  The  space 
is  filled  with  loose  areolar  tissue,  the  sep- 
tum crurale.  and  a  small  Ivmph  node  (Fig. 
2036). 

The  deep  epigastric  arterv  passes  up  on    Fio.  2031.- Operation  for  the  Radical  Cure  of  Inmilnal  Hernia.    Halste<rs  Method, 
the  lateral  asiiecl  of  the  canal       In  about  Veins  llKuturcd  and  resected.    Mesinord  torn  cmlv  at  its  centre,    silver  sutun-s 

»i.iM,.   ... .-  «.!.;.    „f  ,...„.„   .1...  ,.i,f. ..„,>.,.,  o.,  inserted,  one  above  and  four  Wow  ihe  cord.     (Frxnn  "Bryanfs  Sunrcrv."    copv- 

thirty  per  cent,  of  cases  the  obturator  ar-         right,  I'.mi,  by  r>,  Appleton  4  Co.) 
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lis  iiiicl.llc  nr  fVfii  fiirtlicr.  Ocriislonally  it  liirim  iip- 
wiml.  mill  |iuHsiiiK  uIhivi'  l'i>ii|mrts  liftiiiiit'iit  miiy  l»'  iiiiH- 
lakfii  fur  111)  inKuiniil  luTiiiii.  Very  mnOy  it  moy  liccomc 
scrutal  i>r  liihiiir     Tlic  coiitfiilit  of"  llu'  sue  are  imirc  roiii- 


Fl(i.    ace.— Operation    for   the  Itaillcal  Cutv   "f    Iilfnilnal    Hoimla 
lIalMi-<rs  MfihiKl.    A|)oncim>slsiiri'xtfnial  oblique  iIosihI  l>y  silver- 
win'    iiialtn*ss    siiturfs,    ends    ln'iit 
ili.wn  mid  Imrled.     (Kn)in  "Brvanl's 
fiuririTv."    I'opyrlKlii.  IMI,  by  I).  Ap- 
plvlon  Jt  Co.) 


nionly  ciilirfly  oiiiciilal  limn  in 
in,:;iiiiial  luTiiiii.  The  niiu-ntiini 
usually  tircoincs  adlirroiit  rarly. 
esiii'cially  at  ilic  neck  of  ilic  sjic. 
The  iiilistine  is  inoic  apt  to  l)c- 
coine  stninjiulaleil  than  in  in 
jriiinal  liiTiiiu.  anil  gaiigicne  sii 
pcrvoni'S  more  quickly. 

Oceiirriiict'  »f  Femoral  Heriiin. 
— Femoral  hernia  orciirs  more 
commonly  in  women  than  in 
men.  the  ratio  beinjr  about  :i  to 
1  in  persons  iiiuler  tifty  years  of 
ajre.  After  this  aire  the  pro 
portion  of  women  nipHneil  ile- 
crea.ses  so  mpiilly  that  the  rel- 
ative freiiuency  in  the  two  sexes 
is  nearly  the  sjime.  As  com- 
pareil  with  in!;uiiial  hernia  the 
frequency  is  1  to  IT  aeeonling 
to  the  statistics  of  the  Hospital 
for  Uiiplured  anil  Crippled  .''  ac- 
cording to  Macready  '  the  ratio 
is  8  to  i(-J  Aeeoniin;;  to  the 
same  author,  of  lllO  men  rup- 
tured. 07.5  per  cent,  have  iu- 
jiuinal  and  2.5  percent,  femoral 
hernia.  Of  \W  women  ruptured 
tiO.S  have  iniruinal  and  ?<'.\.~  per 
cent,  femoral  hernia. 

As  to  the  perioil  of  incidence, 
it  is  uniommon  in  early  life,  but 
occurs  with  jrreatest  frequency 
in  persons  lielween  sixteen  and 
tifty  ycjirs  of  age. 


Cauws  prediHpoNlni;  tij  ii,  ate  weakening  of  faw  in  re 
suiting  from  sirelrhiii);  of  the  alHloiiiinal  wall  in  preg- 
nancy, and  the  Kiealer  si/.e  of  the  cninil  canal  in  women. 

/>i'./.'/;i<<«».  —  I'wiaH  abscess.  Inguinal  hernia,  and  wiphe. 
nous  varix  may  be  confoundeil  with  redueibli'  feinonil 
hernia,  iiitlainiiuition  and  new  growtliH  of  the  lymph 
iumIi'S  with  the  irreducible  form.  In  fat  females  Ihediag- 
nosis  between  femoral  aial  Hinall  iugiiliial  hernia-  U  nut 
always  easy. 

'In  III  nun  I. — I'idess  conlniindicaled  by  geiienil  conHiil- 
crations.  all  feinond  hernia'  sliould  be  openiled  upon  for 
the  follcpwiii);  rea.sons:  They  an-  more  ilaiii.'<roiis  than 
inguinal  heinia-.  they  are  practically  incurabli-  by  me- 
elianical  means,  the  operation  is  KJinple,  and  by  it  perinu- 
neiil  cure  is  ni'arly  always  oblaiiied. 

lliiiucini'ii  Mctliixl.  The  .sac  is  exposed  liy  an  incision 
parallel  witii  and  slightly  below  I'oiipan's  ligament. 
Having  liei-n  cleared  of  fat  and  sepanited  from  the  canal, 
the  sac  is  drawn  down  as  far  as  possible.  Iniiislixed.  aiul 
ligated.  after  reduction  of  ils  cimtenls.  ai]d  the  stump  is 
allowed  to  recede  into  the  abdominal  cavity.  I'ouparl's 
ligament,  the  pubic  portion  of  the  fascia  lata,  and  the 
canal  havingbceu  well  cleared  of  fat,  interrupted  sutures 
are  now  introduced  so  as  to  unite  Poupart's  ligament  with 
the  pubic  portion  of  the  fas<'ia  lata  covering  the  pecti- 
ncus  muscle,  care  being  taken  to  avoid  the  femoral  vein. 

The  upper  sutures  are  inserted  jiarallel  with  Poupart's 
ligament  and  pass  into  the  peetineus  muscle.  The  lf)Wer 
sutures  unite  the  falciform  process  to  llie  pubic  |)ortion 
of  the  fascia  lata.     The  canal  is  thus  closed   (Fig.    2637). 


<5' 


^7X1 CHUENT  or  RE  CTUS' 

TO  SYM.PUB  I 

SPINE  pub! 


Fig.  attt.— O|>oratlon  tor  tlie  liadlail  Cure  of  Injniinal  Hernia.  BI<)Odp(X>d"s  mnilillc-atinn 
sled's  Method.  Cord  n'nioved  s<i  as  not  to  olisiiire  demonslrath'n.  «■  "■  Iiivi.lid  Ik 
Inlerual  oblique  muscle :  Ij,  b',  ends  of  resected  wrd  cFrom  "Bryant's  sureery.  (i 
1901,  by  D.  Appleton  &  Co.) 
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I'll ini-stn' III/  Methml.  The  proci'iliiiv  in  this  iiictlicHi  is 
the  snine  IIS  iu  the  Hassini  oiicmlioii.  with  the  except  inn 
Ihiit  tlie  eanal  is  closed  «  illi  ii  siii>rle  pnrsestrin<r  suture 
passed  in  the  follow  ini;  inannei':  A  eiiived  needle  is  iii- 
tn>du(ed  Ihroiigh  I'oiiparl's  liiiaimiit  anil  picks  up  the 
suiHTlieial  tibres  of  the  pectineus  and  ils  fascia,  tin-  fai- 
cifonn  process,  and  linallv  einerjres  tliidugh  I'oupart's 
ligament  a  short  distance  from  its  point  of  eiiinince 
(Pill.  21138).  When  the  canal  is  very  lars;e  liassini's 
method  is  pri'ferable. 

(1  union' a  Mellnxl.  This  method  has  lately  been  ad- 
vocated by  Baion."  The  incision  connuiMici'S  i  cm. 
above  Poupart's  ligament  and  .">  cm.  from  tin-  )iutiic 
spine;  it  then  passi's  pandlel  with  the  lijrameiil  to 
(I  point  opposite  the  canal,  where  it  tiniis  down  over 
the  sac.  thus  exposing  the  aponeurosis  of  the  external 
oblique  antl  the  sac.  The  sac  is  isolated,  its  contents 
are  reduced,  and  then  the  Site  is  resected  and  sutured  or 
ligaled  flush  with  thi'  peritoneum.  The  aponeurosis  of 
the  external  obli(|\ie  is  split  idong  its  lilires,  thus  open- 
ing the  inguinal  canal,  the  contents  of  which  are  then 
se[>arated  from  its  lower  sur- 
face, exposing  the  deep  part 
of  Poupart's  ligament. 

The  transversalis  fascia 
forming  the  femoral  .sheath  is 
then  separated  from  the  liga- 
ment, thus  oiieuing  the  fem- 
oral canal.  All  the  subjieri- 
loueal  fat  and  connective  ti.s- 


Ftr..  iiiiiii    fur  tin  '  nn-  nf    IiivuiiihI    Hernia. 

Ki-kIm  I  >  McUii'tl.  Sac  si^piiniU'tl  ami  i-iiil  si-Iz^mI  I>v  forct'jts  passed 
tlipiNtrh  ilii-Iniiisvers<-liii-lsli.n  <<()  (lownllii-lniriilnal  cunal.  (Fn)m 
'■  Brvaiit's  Surgery."    (•i.|i.vrl(.'lu.  IIKM.  liy  I).  Appleton  A  Co.i 

sue  are  removed  from  this  region,  and  the  internal  ob- 
lifpie  is  united  with  mattress  sutures  to  the  ligamentiim 
Cooperi  anil  the  pictitieus  nmscle  in  such  a  maiu)er  as  to 
cause  its  lower  margin  to  be  everted. 

The  eanal  is  thus  closed  by  muscular  tissiu'.  The 
Wound  in  the  external  oblii|Ue  is  then  sutured  and  this  is 
followed  by  closure  of  the  superticial  wound. 

liiM'iIt.'i  I'f  Ofirnitifni  for  Ftiiioriif  /h  i'ntii.-~Govi\oi\'i^ 
operation  is  so  recent  that  sutlicient  tinte  for  observation 
has  not  elapsed  and  too  few  cases  have  been  treated  to 
enable  one  to  piLSS  judgment  upon  it.  The  far  simi>ler 
method  of  Biussiui  and  the  purse-string  suture  have. 
liowever,  been  so  e'l'oinious  that  it  seems  uuuecessary 


to  resort  to  any  f)ther.  Hassini  reports  54  cases,  41  tniced. 
with  no  deaths  and  no  relapses.  Ooley  has  operated  iu 
the  same  number  of  eases  (by  IJas-sini's   ind   the  piirse- 


Ftg.  3ti3.5.— Operation  for  tlie  Itadii-al  cure  i.f  Intruiiial  Hernia, 
Koctier's  Mettled.  Sae  drawn  downward  on  aponeumsis  and  sewed 
in  place.  ( From  **  Bryant's  Surgery."  CopyriKlit,  llKtl,  by  D. 
Appleton  A  Co.  1 

string  methods),  most  of  w  Inch  have  been  traced,  with  no 
deaths  and  but  one  relapse  in  a  Bassini  operation  in  which 
suppunition  occurred. 

UMBti.icAL  Hernia. ^ — Uiubilical  hernia>  arc  divided 
iuto  three  classes:  1.  Congenital  umbilical  hernia.  2. 
Infantile  umbilical  hernia.     '3.  Adult  umbilical  hernia. 

CijKffiiiitiil  Viiibilienl  J/ernhi  of  Ihriiiii  of  the  Cord. — 
This  condition  is  vcrv  nuc  occurring  according  to  Lin- 


FtR.  asw.— Transyerse  Section  lielow  Poupart's  T.lpament.  a.  An- 
terior suiierior  spine  of  the  tliiini ;  ti.  tline  fasi'ia :  r.  anterior  eniral 
nen'e  :  (/,  feniorat  artery ;  »-,  femoral  vein :  /.  septum  eriirale:  (/, 
(iiinliernat's  licnment :  h.  spine  of  jiubis:  i.  pectineal  fiuseia ;  j, 
ilio-pii-iiueal  eminenee:  fr,  iliac  Imrsa :  t,  rectus  femoris  iiiusole: 
m,  sjirtorius  musele:  u.  transversalis  fasi'iu.  (From  "Bryant's 
Surgery."    Copvrljrlit,  191)1,  by  D.  Appleton  A  To.) 
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Ilirliln. 

lltTUU. 


fcii-s  "  imcT  iii.i.  1H(  nims  111  iiiilir\  ii«  •>!  Ill  iiiiii.  mid 
lliiil  liiivc  mil  ri'iii'lii'il  iM'VdiKl  llir  tenth  witU  nf  (lcvcl(p|i 
iiwiil.ii  iiiirliiiii  of  tlir  iiilrstiiii'  is  foiiii  I  in  tin-  ruvitv  i>f 
till'  iimliiliciil  ciirci  wliirli  i<  ('iiiitiiiiiims  witli  tlir  lioily 
<iivil\  After  lliitt  periiMJ  the  intestine  tlsuiillv  reeedeH 
iiitii  iln'  IkmIv  I'liviiy  |>i'<>|ier  iinil  tlie  iiinhilieiis  is  fnrineil 
hy  tlie  union  of  tlie  viseenil  |iliiti-.  However,  if  ili-velo[)- 
nienl  of  tlie  ulMloininiil  wall  lie  iirresteil.  ii  viiryiiiK  lunniiiit 
of  the  viseeni  iimv  lie  founil  in  (he  con!  iil  liirtli.  The 
term  rnni;enitiil  iiinliiliriil  herniu  is  enoneotis.  since  no 
nnihilieiis  liiis  Ikcii  fornieil 

The  Willi  of  the  hernia  eonsisis  of  ini-inlinine  derived 
from  the  siiine  layers  thai  form  the  Hiniiion.  The  eon 
t4'nls  may  be  a  varyini;  amoniit  of  intestine  iilone,  the 
liver  nloiic.  or  the  liver,  stomiieh.  spleen,  and  inti'stiiie. 
i.r..  coniplele  eveiilralion.  In  the  latter  variety  the  wall 
nearly  always  riiptnresal  liirlh  and  death  mpidly  ensues. 
Ill  ca.ses  inwhiih  the  lonleiils  can  lie  ndiiceil  into  the 
alxlominal  cavity  nnil  the  cavity  closed,  operation  jrivi's 
hettir  risnils  than  palliative  measures.  <lf  !MI  cases  col- 
lected liy  II.  K.  SalToid."  t!4  were  treated  liy  liiparotoniy 
and  suture  with  t!."i  (!  per  cent,  recoveries;  I  case  liy 
simple  liiiature.  with  recovery;  3  cu-hcs  hy  percutaneous 
lifrature.  with  I  recovery;  5  cases  by  Olshauscn's  method, 
with  1(10  per  cent,  of  "recoveries.  t)f  15  cases  treated 
expectantly.  -17  percent,  recovered. 

(llshuiisen'.s  inetliod  consists  in  sepamtion  of  the  skin 
around  the  sue.  removal  of  Wharton's  jelly,  reduction 
of  till'  hernia  <■>!  hk/w  without  opening  the  sue.  and  suture 
of  the  skin. 

Iii/iiiitilf  I'mhitinil  IJrriiiii. — This  form  occtirs  in  in- 
fancy and  childliofMl  and  is  due  to  weakness  in  the  um- 
bilical cicatrix,  nerjier-'' places  the  limit  between  it  and 
adult  umbilical  hernia  at  fifteen  years.  It  is  aboiii 
equally  common  in  males  and  females,  the  ratio  beins; 
1  to  l.il  accordinjr  to  the  statistics  of  the  IIosi>itnl  for  the 


Fio.  SfiST.— OperHtlim  f^ir  ilie  RaillrnI  Cure  nf  Kcinnnil  Heniia, 
nii.H.siiif*9  >t4'tli*Nl.  (I.  Kiilrifnnn  pnn"fs.s:  }i,  piihW  tMtrtlon  of  fasciii 
lain;  r.  Poiipnn's  IlLniinent.  ifYiiiii  "  Bnnnt's  Surjferv."  ropv- 
rtKliI,  lilll.  li.v  I).  .\|)pktnii  t  r.M 

Ruptured  and  Cripplcfl.  According  to  Berirer^it  forms 
2'2  4"3  percent,  of  all  lierni;e  occurring  in  male  children 
and  ri.'i.34  ])er  cent.  <if  all  licrnijein  female  children  under 
fifti'cn  years  of  a.i;e.  This  variety  is  always  reducible 
and  is  (|uit<>  amc^nable  to  treatment  by  a  simple  pad  or 
truss  and  does  not  reiiuirc  operation. 

Aihilt   Ciiihihrii/  Ilernid. — This  variety  is  ntucli  more 
conimou  in  tVmales  than  in  males,  constitutinc.  accord- 


ing toBerger.  22.111  \"  >  <  ■  m  of  nil  liornlip  In  femnlpH  and 
2.5  percent,  of  nil  lieniiie  In  inalcH  over  llfteen  yenrH  of 
age. 

Its  greatest  fiei|Uiiicy  is  iliiring  llie  child  iHiiring  pe- 
riod, anil  it  is  the  most  coninion  of  all  herniiu  in  women 
at  the  age  of  forly  years. 

Two  sub  varieties  may  Im;  ri'cogni/.ed.  namely,  thow 
occurring  without  diastasis  and  thoM'  accompanied  by 
diastasis  of  therecli      Thetlrst  form  einbnices  the  greater 


Flii.  2«38.— (ipenitiiiii  for  llic  Itiidlc-al 
Purse-slrinji.'^ntun*.  Cuslilinr's  Mettiod. 
Cop.vrlglit,  11101.  by  D.  .\ppleton  &  Po.i 


Cute   of    Fciiionil    Homla. 
(From  ■■  nr.vanl'sSurper)-" 


number  of  cases  occvirring  in  males;  the  hernia  in  this 
case  is  tisually  small.  The  second  variety  is  more  com- 
mon in  women,  and  the  tumor  may  rea<  h  an  enormous 
size. 

The  first  form,  that  occurring  without  diastasis  of  the 
recti,  resembles  infantile  hernia  in  both  symjitoms  and 
Irealmcnt  and  rarely  rei|uires  operation. 

^Icrnia  with  diastasis  is  more  serious  and  tli<'  symp- 
toms are  often  most  distressing.  The  hernia  is  ;ippar- 
ently  due  to  the  |irogres.<ive  stretching  of  the  abdominal 
wali  from  iiilernal  pressure  or  from  strains.  The  umbili- 
cus being  the  weakest  point  gives  way  and  the  most 
marke<l  )>rotrusion  (x-ciirs  at  this  point.  alflioii.irTl  the 
protrusion  may  be  dilTuse  and  taki^  in  a  varying  amount 
of  the  linea  alba. 

The  roreriiigxof  thesac  consist  of  .skin  and  peritoneum, 
little  or  none  of  the  intervening  fibrous  tissue  remaining 
between  them. 

The  d'lilt'iilK  of  the  sjic  consist  at  first  usually  only  of 
omentum  which  soon  becomes  adherent  and  irreducible. 
The  transverse  colon  is  found  in  the  sac  more  commonly 
than  any  other  part  of  the  intestine. 

Si/iiijiiomfi  are  due  to  the  size  of  the  hernia  and  to  com- 
plications, such  as  adhesions,  obstruction,  etc.  The  size 
of  the  hernia  is  an  inconvenience  anil  it  may  ulcerate  on 
account  of  the  poor  nutrition  of  its  coverings.  It  may 
cause  gastric  or  intestinal  symptoms  from  the  inclusion 
of  large  amounts  of  viscera  an<l  from  thedr.i,i:gingof  ad- 
hesions. Being  commonly  as.sociated  with  loose  and  pen- 
dulous abdtuninal  walls,  it  is  often  accompanied  by  the 
symptoms  of  enteroptosis.  Pain  from  adhesions  ."ind  at- 
tacks of  local  peritonitis  are  common.  Siniiigulation  oc- 
curs abimt  as  frequentlv  in  undiilical  as  in  other  herniiC. 
but  the  mortality  from"  strangulated  umbilical  hernia  is 
greater.     In   eangrenous  hernia,   according  to  Gib.son,' 
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tlip  MKirljility  of  iinibiliciil  licrnin  is  07  per  cent.,  of  in 
jriiiniil  lieiniii  'Hi  jur  ci'iil..  iind  of  fi'nionil  lurnia  37  per 
font. 

Trmlment. — Small  ndiicililc  iiniliilical  licrnia'  arc  iK'St 
treatcil  by  truss.  Many  of  the  iaiirir  ones  can  lie  liclpcil 
by  a  well-fitting  abdoMiinal  siippnri  when  a  pad  eannoi 
be  worn  on  ncrouni  of  the  incdiieibilily  of  the  conlenls. 

Many  cases  of  hernia  in  adults  are  not  suitable  for 
operation  inasmuch  as  this  isdillicult  and  often  prolonged 
by  adhesions,  etc.,  and  because  the  patients,  who  are. 
as  a  rule,  obese  women  in  nuddle  life,  bear  openitions 
poorly. 

In  yoiuiger  womi-n  of  gooil  fibre,  although  fat.  cspe 
cially  if  the  protrusion  is  not  loo  large,  oiieralion  shoidil 
be  performed,  becau.se  the  hernia  tends  to  increase  in  size 
and  with  the  increase  in  .size  come  the  distressing  symp 
tonis  and  complications,  and  the  chance  for  complete 
nulical  cure  diminishes.  Aside  from  the  risk  of  opera- 
tion (the  mortality  is  about  .">  per  cent,  in  irreducible 
cases),  the  success  in  regaril  to  permanent  cures  has  not 
Ix'en  great.  According  to  IJerger.'^  in  30  ])er  cent,  of 
large  lierniie  anil  1.")  to  '-31)  per  cent,  of  hernia'  of  moderate 
size  relapse  occurs,  while  in  small  hernia'  the  relap.ses 
are  ])ractically  nil.  In  cases  in  which  sup|)Vinition  oc 
curred,  the  percentage  of  relapses  was  (JO. 

As  would  lie  e.\|iected  from  such  poor  results,  a  num- 
ber of  methods  of  radical  cure  have  been  devised.  These 
methods  may  be  classified  according  to  the  nietlioil  of 
repairing  the  delect  in  the  aliiiominal  wall.  In  consider 
ing  operative  methods  il  must  be  reniembcred  that  in 
cases  of  diastasis  of  the  recti  the  entire  abdominal  wall 
becomes  thinned  and  stretched  as  well  as  the  linea  alba, 
so  that  the  recti  muscles  may  become  more  than  twice 
their  normal  width  and  less  than  half  their  normal  thick 
ness 

Lineal  Approj-iimili'iii  of  Fagciii  or  Fiixcia  and  Muscle 
(Condamin.--'  Socin,  Sanger,"  Gersuny  ■').  After  exci- 
sion of  the  sac  and  reduction  of  its  contents,  the  abdoni 


^  tin  if 


y 


Fin.  asiii.  iP|i.niii.iii  (ni-  (111-  liii.lii-iil  (  iiiv  i.f  linl.lHc-Ml  Hpmia. 
Iiiiurliii's  Mi'ilioii.  Miisnilur  M'k'niciiis  ininsfirri'd  iiml  iiiiiteil.  ami 
Miliiri's  hilil  for  rhwiin'.  iFrmii  "  Itrviini's  SurL'erv."  riiinrlclit, 
1901,  liy  D.  ApiileUm  A  Co.) 

inal  wall  is  siituri'd  layer  by  layer  In  small  lierniip  the 
sheaths  of  the  recti  may  be  split  and  the  nuisiles  them- 
selves appro.ximateil  as  wi'll  as  their  sheaths  (Socin. 
Sanger).  This  method  is  imsuitablc  in  lierniu  witli  dias- 
tasis of  the  recti. 


IiiUrhiriiiij  nf  the  Ilicli  (Bacon,-"'  Dauriac").  In  order 
to  till  up  the  hiatus  present  after  excision  of  the  .sjic.  the 
inner  portions  of  the  ricii  are  split  olf,  and  having  l)een 
cut  free  iil  one  end  aie  transplanted  to  the  opposite  side, 
thus  producing  an  iiiteiiliange  of  portions  of  the  recti 
following  the  figure  of  a  cross  (Fig.  HtMh.  The  chief 
objection  to  this  method  is  the  imiiairmenl  of  innervation 
and  nutrition  in  the  trans|ilaiiled  muscle. 

liirohilimi  nf  .Mulniiiiinil  H'k//  (Lucas  Champiounifire*'). 
The  margins  of  the  wound  are  turned  in.  thus  bringing 
in  apposition  the  ventral  surfacesof  the  aponeurosis,  and 
retained  by  means  of  a  series  of  sutures  resembling  the 
Lembcit  suliiri-.  Thlsmetlioil  is  applicable  only  to  cases 
in  whiih  the  abdominal  walls  are  very  lax. 

Fliiji  ()p,riition  (Xoble.'"  DiakonolT  and  StaikofT," 
Iliinricii,^-'  Ilagen,--^  Ferguson  ^)  A  flap  is  cut  from  the 
ventral  sheath  of  one  rectus  muscle  and  is  carried  across 
and  united  to  the  sheath  of  the  opposite  muscle^  ora  flap 
is  taken  from  each  sheath,  the  two  being  joined  so  as  to 
close  tlie  heriii.il  opening.  The  marginsof  the  Maps  may 
be  uiiiled  or  the  flaps  may  be  lapped.  The  flajis  are  cut 
so  that  their  atlachid  borders  are  at  the  inesil  borders  of 
the  recti,  and  when  turned  in  and  united  their  ventral  sur- 
faces become  dorsal.  The  chief  objection  is  the  lack  of 
nutrition  of  these  flaps. 

Ldppiiiii  of  (lie  Ahilmiiiiud  Wnll  (Mayo,'"'  Piccoli,"''  Sa- 
piejko,^"  Blake  ^'').  This  method  is  iiarticularly  adapted 
to  cases  with  diastasis  of  the  recti  and  pendulous  ab- 
dominal walls.  It  is  also  suitable- to  protrusions  in  the 
linea  alba  elsewhere  than  at  the  umliilicus. 

It  consists  in  the  excision  of  a  large  elliptical  area  of 
skin  and  fat  in  either  a  vertical  or  a  transverse  direction, 
down  to  and  exposing,  on  one  side  at  least,  very  com- 
l)letely,  the  sheaths  of  the  recti.  In  typical  operations 
done  by  the  wiiter  the  incision  hasinclnded  an  area  from 
2.5  to  40  cm.  in  length  and  l-T  to  "20  cm.  in  width.  The 
sac  is  partially  or  wholly  excised  and  the  linea  alba  is 
divideii  lor  the  whole  lenglli  of  the  skin  incision.  The 
peritoneum  is  separated  if  iiossible  from  the  dorsal  sur- 
face of  one  rectus.  It  is  not  necessarily  oiiened  cxi-ci)t 
at  the  hernial  sac.  One  musculo-aponeurotic  wall  is 
then  lajiped  over  the  other,  as  seen  in  Fig.  'HiMl 

In  the  writer's  ca.ses  the  amount  of  Uqiping  has  varied 
from  -i  to  10  cm.  according  to  the  laxity  of  the  abdominal 
wall.  In  one  case  the  greater-part  of  ihe  sac  with  adher- 
ent intestine  and  omentum  was  lajiped  under  the  ojiposite 
rectus.  The  margin  of  the  underlapping  side  is  sutured 
to  the  deep  surface  of  the  overlapping  side  by  mattress 
sutures  of  chromici/.ed  gut  which  arc  tied  on  the  super- 
ficial surface  of  the  latter.  The  margin  of  the  overla))- 
ping  side  is  tacked  with  interrupted  sutures  of  the 
same  mateiial  to  the  superficial  surface  of  the  underlap- 
ping side.  The  skin  wound  is  then  closed  without 
drainage.  The  results  by  Ihismethod  in  tiie  liandsof  the 
wi-iter  and  as  reported  by  others  have  been  excellent. 
Few  cases  have  been  under  observation,  however,  for 
more  than  two  years.  Mayo  has  lapped  the  walls  trans- 
versely in  some  of  his  cases. 

Ven  ru.VL  Hi-:nxi.\. — Ventral  hernia  is  the  general  term 
applied  to  all  hernia'  of  the  abdominal  wall  excepting 
umbilical  and  groin  hernia'.  The  hernia'  may  occur  at 
any  part  of  the  abdominal  wall.  The  term  thii-efore  in- 
cludes: (1)  Ili-niiain  the  linea  alba  elsewhere  than  at  the 
umbilicus:  (,')  diastasis  of  the  recti:  (3)  hernia  in  the 
linea'  siinilunares:  (4|  hernia  in  the  liue;c  transversic; 
(6)  lumbar  hernia;  ((i)  tmumatic  hernia. 

11(111111  III  the  l.iiiea  Allm. — These  herni.-i\  leaving  out 
umbilical  hernia"  and  lho.se  due  to  diastasis  of  the  recti, 
occur  four  times  as  frequently  in  males  as  in  females 
(.Marready).  They  are  rare  in  early  life,  and  most  fre- 
quent at  middle  age. 

Two  varieties  occur:  1.  Ilerniie  above  the  umbilicus — 
epigastric  hernia,     'i.   Hernia'  below  the  umbilicus. 

EpinaMi'ie  hiruiiviwc  usually  small  and  may  be  nudli- 
ple  and  are  .situated  at  any  jioiiit  between  the  xiphoid 
and  iinibiliciis.  They  are  protrusions  through  the  gaps 
which  are  not  uncommon  between  the  decuss;iting  fibres 
of  the  linea  alba  in  this  region.     They  may  consist  <mly 
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of  proprrltonoiil  fiit  i>r  tliiTi-  iimy  ttr  ii  well  (tcllnnl  wic 

willl    iilllrllllll     III'      illli'stilllll     ii>llli'lll>        S\  lll|>lii|IIH     lllr 

nirrlv  |>rrs<  111  'rniitiiiciil  is  iiiilii'iitiil  ulii-ii  llirn- is  iiii 
liiiJM'or  im-rcnsi'  in  size,  'riicy  iimy  be  r<>liiiiii'<l  liy  triiKK, 
lint  opi'nitiou  Ih  lH'tl<-r.  Tlu*  ii|ifr- 
liirf  iiiiiv  be  I'liMLtl  Iraiwvfnk-iy  i>r 
vcTiiciiUy. 

Iliriiiii'  of  till'  lliini  iilliii  lirldw 
till-  iiiiiliiliciis  iirr  oftrii  niiiriisiil 
with  iliiisln.sls  of  tlir  rrrli.  TIhn 
iH-i'iir  williiii  Ti  I'lii  iif  till'  iiiiiliilirii- 
iis  II  mil'.  'riii'V  may  iii'i|iiirr  cini 
HJili'mlilr  si/.r.  'I'liry  iiir  lirsl  tii'iil 
ol  liy  II  truss  Hiirli  us  is  iim-iI  (•« 
uniliilinil  lii'riiiii  or  by  i>|><'nitioii. 

ItiiiKliiniK  of  till  Itii-li. — Tliis  Ol 
curs  ill  I'liililliiioil  anil  iil  iiiiiMli 
lifi'.  Ill  rliililirii  it  occurs  as  a 
buli;iiii:  of  till'  liiica  alba  above  the 
umbilicus,  ami  liisappcars  with  the 
growtli  of  llic  I'liilil. 

In  ikIiiIis  it  occurs  pniclicallv 
only  in  women  wlio  liavc  borne 
cliiidreii.  al  or  before  midille  life. 
ll  is  usually  most  proiiimiiceil  be- 
low llie  umbilicns  allliouirh  lli< 
whole  linea  alba  sulTiis.  It  ma . 
be  so  proiioiiiiceil  I  hat  there  remain- 
only  a  thin  pemlulous  ba.;r  enelosin_ 
a  liir^re  pari  of  the  inleslines  ain! 
somelinies  llie  frnivid  uterus. 

The  trealment  is  by  nuaiis  of  ai 
alxloniiiial  stipporl.  If  operalini 
is  feasible,  that  of  lappiiiir  llie  al- 
dominal  wall  (.see  I'nibilical  IIeriii:i 
will  be  founil  peculiarly  adajitii 
to  these  eases. 

Ihriiiii  ill  tlif  Liiifir  Sfiiiilniiiii;  - 
— This  is  a  rare  form  occurriii- 
usually  at  the  level  of  llie  si'miliiii:i: 
fold  of  Doiijflas.  About  l\veni\ 
three  ca.ses  have  been  ob.servcil 
The  protrudin};  mass  o('casionall\ 
penelrales  only  a  part  of -llie  ali 
doiiiinat  wall.  resultin.ir  in  a 
"masked  hernia." 

Arcordiiii:  to  some  writers  direr: 
ini;uinal  lierni.'e  are  hernia'  of  iIm 
linea  semilunaris,  but  the  writi  i 
cannot  eoneiir  in  this,  since  in  tlie~> 
ca.sis  the  eonlentsof  the  hernia  piwl 
forward  the  transversjilis  lasiia  an 
escape  below  the  iiis<'rtion  of  tlu 
trausversalis  and  internal  oblii|Uc 
muscles. 

Ileniiii  ill  the  f.iiuie  'J'niimrerxir. 
— This  is  very  rare,  only  seven  cases  havinj;  been  oberved 
at  the  London  Truss  Society  in  si.\teen  years  (.Macready). 

Luiiiliiir  llfi-iiiii. — Twenty-six  cases  of  this  variely 
have  been  collecti'd  by  Macready,  and  one  has  been  ob. 
served  at  the  Hospital  for  the  Ruptured  and  (rippled. 
They  occur  al  or  mar  the  tips  of  the  eleventh  and  Iwclflh 
ribs,  or  at  Petit  s  irianijle,  between  the  oriirin  of  the  la- 
tissiniiis  dorsi  and  that  of  the  e.Mernal  ol)li(|ue  from  the 
<rest  of  the  ilium.  They  occur  more  frequently  in  adults 
than  in  children  and  are  usually  reducible.  In  .si.x  of 
JIacready's  case's  there  was  strangidation. 

Tiauiiiiitir  Wiitnil  lliinin. — This  term  includes  hernia 
occurring  through  scars  of  accidental  or  laparotomy 
wounds.  Not  infrei|iiently  bulirings  of  llie  abdoiuiiial 
wall  occur  al  a  distance  from  a  wound,  which  are  due 
to  destruction  of  the  innervalion  of  the  muscle.  Those 
followinij;  laparotomy  are  more  frci|uent  after  lateral 
wounds  than  after  wounds  in  the  median  line.  They 
follow  most  fiei|ueiitly  wounds  that  have  healed  by 
granulation,  as  for  instance  siippur.itiiiir  appendicitis 
wounds.  Loni;  wounds  ari'  more  apt  to  be  weak  than 
shortoucs.     Thcso-uilled  "  llirough-andlhrough  suture  " 
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IS  ppxponsinie  loi  ii..iin  .Mmi' i  an  Im  m.  111..1I-  i.l  iiiak- 
iiig  and  closing  alHluminal  wounds  have  lessiiied  to  11 
marked  degree  the  freiiuency  of  iIiIh  dihtres.siiig  comll- 
lion  which  is  a  blot  uiMin  llie'iwgoof  abdoinitiul  Kurgcry. 
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I.ir  111.-   i;Min.^Ll   run-  ..I    1  inhni.al    H.-ini;i.      M.-lli.«l   l.y  ..v.rliili|.ing 'it 
wall.    The  right  retaus  inus<'le  Is  lappi'd  In  from  of  the  left. 


The  treatment  is  largely  prophylactic  and  consists  in 
fitting  an  abdominal  support  10  all  weak  laparotomy 
wounds.  Most  hernia'  of  this  variety  are  best  treated  by 
operation.  The  muscular  and  aponeurotic  layers  should 
be  carefully  isolated  ami  se|)aiiitely  sutured.  The  sac 
may  be  resected  and  the  peiittineuni  sutured,  or  in  some 
tjises  the  peritoneum  may  not  have  to  be  opened. 
Troublesome  adhesions  are  usually  present  in  those  cases 
in  which  there  has  been  intra-abdominal  drainage  for  sup- 
purative conditions. 

In  cjises  in  which  the  gap  was  very  large,  obturators 
of  .silver  wire  mlling  have  been  introduced  (Phelps  ■''). 

OitTtRATOu  IIkum.v. — This  rare  form  of  heniia  pa.sses 
through  Ihe  obturator  canal,  which  opens  at  the  niesal 
and  anterior  part  of  the  obturator  membrane  for  Ihe 
passage  of  the  obturator  vessels  and  nerve.  The  vcs-sels 
and  nerve  as  a  rule  lie  cm  the  dorso-lateral  aspect  of  the 
sac. 

The  protrusion  has  for  its  coverings  the  peritoneum  of 
the  upper  part  of  the  iielvis  or  the  brojid  ligament,  the 
subperitoneal  fat.  and  the  deep  pelvic  fascia  covering  Ihe 
obturator   interuus   muscle.      It   may  pass  beneath   Ihe 
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filircsof  Ihi'  ohtiirutdr  cxlcrniis  or  lake  a  more  stipfrfifial 
C'uirse  lifiioatli  the  aiUiiicldr  hicvis  ami  pcctincus  imis 
cic-s.  It  is  acicssiblc  to  palpation  from  tlii'  inniT  aspect 
of  the  Ihiirli  hcliinil  till' adiliu'tor  loiigus.  The  contents 
of  the  sjic  arc  always  intestine. 

This  form  of  hernia  occnrs  more  frequently  in  women 
than  in  men.  in  tlic  proportion  of  ninety  three  to  seven. 
It  occurs  in  ailvauced  life,  the  average  age  being  over 
si.xty  (Ma<  really  I. 

.S'(/m///»<Hi)i  are  not  as  a  rule  marked  until  slrangiilation 
supervenes.  Many  hernia'  prolialily  become  strangulated 
as  .soon  as  protruded.  I'ain  in  tlie  course  of  the  obtuni 
tor  nerve  has  been  noticed  in  forty-two  ])er  cent,  of  the 
cases.  After  strangulation  tenderness  and  jiain  on 
movement  of  the  thigh  becoim-  nmrUiil.  Tlie  luiiior  is 
not  .so  easily  seen  as  palpated.  The  neck  can  often  be  lelt 
by  means  of  vaginal  or  rectal  c.\amiiiation.  The  size 
is  usually  small,  although  cases  have  been  seen  in  which 
the  hernia  was  the  size  of  an  oniiige. 

Tiiiitiiiiiil. — As  mechanical  trealmenl  is  impossible,  all 
cases  should  be  operated  on  unless  age  or  disesise  contra 
indicates.  Most  cases  are  not  recognized  until  strangu- 
lation has  occurred.  The  mortality  in  strangulated  cases 
is  high — .'^4.4  per  cent.  ( .Macready ). 

Tlie  protrusion  can  be  reached  from  without  by  au  in- 
cision along  till'  border  of  the  adductor  longus  and  be 
tween  it  and  the  femoral  vein.  The  pectineus  and  ad- 
ductor brevis  are  thus  separated,  exposing  the  sac.  Or 
better,  especially  in  strangulated  cases,  it  can  be  ap- 
proached by  the  abdominal  route  This  allows  of  better 
trealment  of  the  intestine,  wliieli  is  important  since  the 
average  duration  of  strangulation  before  operation  is 
long  (seven  days,  according  to  Macready). 

Is('iii.\ric  IIerxi.\. — The  few  instances  of  this  hernia 
have  been  imperfectly  described.  The  ijrotrusion  es- 
capes at  the  great  sacro-sciatic  foramen  either  above  or 
below  the  pyriformis  muscle.  Of  seventeen  cases  col 
lectcd  by  Macready  the  hernia  appeared  in  seven  in  in- 
fancy or  at  birth.  The  sexes  seem  to  be  eipially  alTected. 
The  contents  may  consist  of  intestine,  omi'ntum,  or  .some 
of  the  pelvic  organs  as  the  ovary  or  bladder.  The  her- 
nia is  usually  small,  but  may  extend  into  the  thigh  be 
low  the  glutei  or  i)ass  over  the  trochanter  toward  the 
groin. 

It  nuiy  be  confounded  with  cysts,  abscesses,  new 
growths,  or  hamaloma. 

Trent  me  nt  .^Thi-  abdominal  route  or  a  combined  opera- 
tion woidd  probably  be  the  best  way  of  att^icking  this 
variety. 

HKiiKi.v  OF  THE  Pelvic  Outlet. — This  group  oom- 
prises  several  varieties  in  which  the  abdominal  contents 
escape  through  the  floor  of  the  pelvis.  They  are  much 
more  common  in  the  female.  In  the  male  the  hernia  is 
into  the  ischiorectal  fossjt  or  the  perineum.  In  the  fe- 
male it  may  be  into  the  ischiorectal  fossa,  the  vagina,  or 
the  labium  majus.  They  are  named  from  their  super 
ficial  location,  isc/iin-rect'il,  ptrintdl.  rufjinnl.  and  puden- 
(till  or  Mniil  hrriiiip.  Very  few  have  been  dis.sected,  so 
their  deep  relations  are  not  understood.  In  some  cases 
the  protrusion  has  occurred  at  the  recto- vesical  pouch 
and  in  others  at  the  pouch  of  Douglas.  These  hernisc 
arc  usuall}-  small,  but  may  reach  enormous  proportions 
contaiiung  nearly  the  whole  of  the  abdominal  contents. 
As  a  rule  they  are  easy  of  diagnosis,  but  a  vaginal  hernia 
may  be  mistaken  for  a  tibroid,  polypus,  cystoceic,  or  ab- 
scess. They  sehlont  become  strangulated.  Many  cases 
can  be  treated  with  a  pessary  or  special  truss,  although 
some  surgeons  advise  operatifvn  in  all  cases. 

V.\iiii;ties  Df.pkndinc  iimin  N.vtiike  op  Contents. 
—  Veiiieiil  J/enn'ii.  The  bladder  may  be  protruded 
through  a  hernial  opening.  The  condition  is  four  times 
more  common  in  inguinal  than  in  femoral  hernia,  and 
very  rsue  in  other  varieties  of  hernia,  although  it  has  been 
observed  in  ventral  and  in  pelvic  licrnia-.  It  is  most 
common  in  elderly  males. 

Laxity  of  the  tissues,  the  pull  of  the  hernia  on  the  peri- 
toneum, and  distention  of  the  bladder  have  been  advanced 
as  causes. 


Three  anatomical  varieties  are  recognized  1  Extra 
peritoneal,  in  which  the  bladder  protrudes  alongside  of 
the  sac  of  an  ordinary  hernia  or  independent  of  any  sac. 
2  Intraperitoneal,  in  which  the  bladder  appears  in  the 
sac  covered  with  iieritomum.  3.  I'araperiloneal.  in 
which  a  portion  of  bladihr  only  is  covererl  with  the  peri 
toneum  of  the  ,sac.     The  latter  fonn  is  the  most  common. 

Of   192  cases   collecte<l    by    Cheesman  ■"'    up    to    1!)(»1. 
symptoius  were  noted  in  30.     The  most  constant  symp 
torn  is  thr  presence  of  a  hernial  tumor  which  disappears 
on  micturition,  or  pressure  upon  which  eaii.ses  a  desire 
to  urinate  or  even  expels  urine  from  the  urethra. 

The  chief  inii>orlan<e  of  the  condition  lies  in  the  danger 
of  woiuiding  the  bladder  in  an  operation  for  radical  cure. 
Of  the  192  cases  iiuoted,  in  47  the  bladder  was  recognized 
during  operation  and  avoided,  and  in  9;J  cases  it  was 
wounded,  chiefly  unintentionally.  The  presence  of  the 
bladder  may  be  suspected  if  there  be  an  undue  amount 
of  fat  at  the  neck  of  the  sjic,  or  if  muscle  fibres  are  seen. 
It  may  be  identified  by  the  passa.irc  of  a  sound  in  the 
bladder  or  by  a  feelin.ir  as  of  two  surfaces  rubbing  to- 
gether produced  by  grasping  the  niii.ss. 

7'reii  line  lit. — If  the  bladiier  is  woiutded  it  .should  be 
sutured  with  catgut,  preferably  in  two  rows.  Catheter- 
ization should  be  fnijuently  performed  or  a  catheter  may 
be  left  in  the  urethra  for  two  or  three  days.  The  wound 
should  be  drained,  and  if  no  leakage  occurs,  the  final 
steps  of  the  radical  cure  can  be  comjileted  in  a  few  days. 
Fifty-five  of  the  ninety  three  cases  collected  by  Chees- 
man were  treated  by  suture,  with  a  mortality  of  20  per 
cent.  There  was  a  total  mortality  of  2.")  in  the  98  cases, 
but  Cheesman  attributes  the  fatal  residl  in  9  cases  only 
to  the  bladder  Injury  per  se,  a  niortalitj'  of  about  10  per 
cent. 

Hernia  of  the  Lm-f/e  Tnte.itine. — The  sigmoid  flexure, 
ca;cum,  or  a  portion  of  the  transverse  colon  may  be 
foiind  in  the  sac  of  a  hernia. 

Especial  interest  is  centred  in  the  cases  in  which  the 
sigmoid  or  ca'cum  is  found  in  the  sjic  of  an  inguinal  or 
femoral  hernia.  When  the  protruded  part  has  a  free 
mesentery  the  cases  do  not  differ  materially  from  other 
enteroceles,  tjut  in  a  certain  number  the  bowel  is  only  par- 
tially covered  with  peritoneum,  so  that  a  portion  of  gut 
is  outside  of  the  sac.  This  condition  is  known  as  slipped 
or  sliding  hernia  ;  herniia  pur  r/tinsenient  of  the  French. 

According  to  Coley."  sliding  hernia'  occur  as  often  in 
children  as  in  adults,  although  the  general  belief  is  that 
they  are  more  common  in  middle-aged  or  elderly  males. 
However,  statistics  on  this  point  as  yet  are  insulVicicnt. 
The  sliding  form  is  more  common  in  inguinal  hernia  and 
when  the  protrusion  is  on  the  right  side. 

Unless  the  condition  is  recognized  during  the  opera- 
tion the  intestine  is  very  liable  to  be  injured.  Further- 
more reduction  is  often  diflicult.  The  writer  has  found 
in  his  exiK'rienee  that  the  gut  is  generally  loosely  at- 
tached to  the  abdominal  wall  and  can  be  pushed  back 
en  niiiKKe.  Attempts  to  fashion  a  peritoneal  coat  for  the 
bowel  should  not  be  made.  The  rcdinulant  sac  should 
be  sutured.  It  will  rarely  or  nevir  be  necessstry  to  resect 
the  bowel  as  has  been  done  by  some. 

Relapses  are  more  common  in  thi'se  than  in  other  forms 
of  inguinal  hernia,  for  the  reasons  that  the  neck  ivf  the 
jirotrusion  is  generally  very  large,  and  that  it  cannot  be 
tied  olT  flush  with  the  abdominal  wall.  Transplantation 
of  the  rectus  shoidd  help  in  these  cases. 

Ilerniiiiif  the  Aji/nmlir  ]'erniif<>rmis. — The  appendix  is 
not  uncommonly  found  in  right  inguinal  or  femoral  her- 
nia. It  may  occur  alone  in  the  .sac,  more  conunouly  in 
femoral  hernia.  The  eases  of  especial  interest  are  those 
in  which  the  appendix  becomes  inflamed  (appendicitis 
in  a  hernial  s;ic).  These  cases  simulate  strangulation 
and  can  be  difl'erentiated  only  by  the  absence  of  the  signs 
of  obstruction.  The  ccmdition  is  probably  more  conunon 
than  the  number  of  reported  cases,  sixteen  only,'"  woidd 
indicate 

Ilernin  of  the  Oniri/. — On  account  of  <'rror  in  develop- 
ment the  ovary  may  descenil  alongside  the  canal  of  Nuck 
into  the  inguinal  lanal  or  even  the  labium       This  condi- 
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tlon,  fftopiii  of  tfif  oriirii.  U  louml  iiiurc  coiiinioiily  In 
vimiiK  ciiildnii.  iiml  ilicic  is  rniNoii  l<i  iM'liivc  llinl  in 
liiaiiy  ciiscs  the  nrpiii  icliiiiis  iil  or  liifdrr  |«iil>(  riy  to  its 
nciniial  pnsilinii  Aiiiinliii^'  in  .Mii<'ri'ji<l\ .'  Iirriiiii  nf  llii' 
oviirv  iMTiiis  ill  \  'i  |n'i  cihi  iif  iii;,'iiiiiiil  In-riilu'  in  llu- 
fi'iiiiilc.  Wlifii  ilicrc  is  (loiililr  (•(■iii|iiii  III!'  iiicniH  mill 
tillirs  lire  lis  II  rule  ilrfi-ilivc  in  ilcvi'lii|inii'iil,  iiml  llicy 
niiiy  !«■  sii  ill  hiniflr  ci'lniiiii  In  wmic  ciihcs  tlic  liilw  iinil 
fvi'ii  III!'  iilrriiH  niiiy  In-  ilniwii  iiiln  llir  mii-.  AKsoriiilcd 
with  lliis  ciiiiilitinii  tlicrc  iiiiiy  nr  iiiiiy  iiol  In'  ii  luTiiiii  cif 
tlic  iiilisliiii-,  flilicr  ciiiiircniliil  intn  tin'  iiprn  cjiniil  of 
NiU'l«.  nr  intii  aiiotlirr  sur.  In  lllc^^t  lasfs  the  raniil  of 
Niick  is  iipi'ii. 

Ill  sninr  nisi's  tlif  iiviiry  Is  ri'iliicililc  anil  llu-  litTnia  ciiii 
then  III' tri'iilcil  by  truss.  Ollu-r  cast's  slioiilil  lie  trciiti'd 
by  (i|K'niti(>n.  Ilic  ovary  bcinj;  cxcisi'd  or.  if  its  coiiiicc- 
tioiisi'iiii  111'  iinsirvcil.  I'i'tiiini'il  to  tlic  alicloiiicn. 

Cases  in  wljicli  llu-  ovary  is  foiiiiil  wiili  oiliir  visccni 
in  otlicruisc  orilinaiy  liiTiiiic  arc  of  no  pariiciilar  in- 
terest . 

/hiiiilinii/iiiiilir  llritiin. — A  protrusion  of  llie  abdomi- 
nal viscera  iiiiiy  take  place  lliroiii,'li  a  wound  or  tliroii;;li 
portions  of  tlicdiaplirairiii  tlial  arcilcliciciit  The  pliucs 
wliere  llie  iiiiisciilar  libies  of  llie  diaplmifrni  are  normally 
delicient  are  "Larrcy's  space"  bit  ween  the  costal  anil 
sternal  altaclinienis,  and  on  eillier  side  at  llie  lateral  por- 
tions of  Ilie  i-\ieriial  arelieil  lij,'aiiienls.  A  lieniia  may 
occur  tlirouj.'li  llie  iisopliaireal  openinir.  Finally  tlier'e 
may  be  a  congeiiilal  defect  in  the  diaplii-ai;in  "  These 
licrniic  an' classed  as  true  when  the  peritoneal  sjic  is  pres- 
ent and  as  false  when  the  visccni  lie  free  in  the  pleural 
cavity.  The  lalter  form  is  more  common,  since  the  her- 
nia i.s  generally  due  to  tniuina. 

The  protrusion  usually  occurs  on  llie  left  side  on  ac- 
count of  the  position  of  the  liver.  Varyini;  amounts  of 
the  aliilnmiiial  conlents  may  escape  iiilo  ilie  ihora.x.  The 
stomach  isllicmosi  commonly  protruded,  alt  lioiij^h  any  of 
the  viscem  with  the  exceptilni  of  the  genitourinary  or- 
gans may  he  displaced  into  the  ihorax. 

The  symptoms  may  lie  those  of  pnciimotliorax,  the 
heart  may  lie  displaced,  there  may  be  marked  interfer- 
ence with  respiration,  and  there  may  be  symptoms  of 
strangulation. 

Mkcii.vmcai.  Tiii-:,\TMEXT.— The  mechanical  ireatment 
of  hernia  consists  in  the  application  of  a  truss  or  appa- 
ratus to  the  protrii.sion.  With  few  exceptions  this  treat- 
ment can  be  applied  only  to  reducible  hernia.  Special 
forms  of  apparatus  have  "been  devised  for  -some  forms  of 


no.  SH41.-SlnKlP  and  Dout)lc  KnlpUt  Trus-sps. 

reducible  hernia  in  which  operation  is  contmindicated ; 
such,  for  instance,  is  the  liinged  cup  truss  for  irreducible 
inguinal  hernia. 

For  inguinal  and  femoral  hernia  three  principal  varie- 
ties of  tru.ssare  used,  namely  the  "cross  body  "  or  Knight 
truss  (Fig.  2641).  the  fnime  i"ir  Mood  truss(Fig.  2642),  and 
the  ".siime  side"  or  French  truss. 

The  chief  desiderata  in  a  truss  are  perfect  lit,  so  that 


jireiwiire  U  evenly  made  on  all  partn  of  the  pelvis  »  hit  li 
il  ionics  in  contact  with;  a  goiMl  spring,  llie  Im-hI  male 
rial   being  steel,  as  it  combines  lighliiesK  and  dumbilily; 
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and  a  pad  so  arranged  as  to  make  pressure  at  the  ])oint 
of  exit  of  the  hernia,  i.e..  over  llie  internal  ring  in  iii- 
guic'il  hernia,  and  not  on  llie  pubic  bone. 

The  pad  is  best  made  of  .sonic  smooili  uon-absoibcnt 
nmlcrlal  as  celluloid,  hard-riiblicr,  or  wood.  SometimeKa 
pad  of  wood  covered  willi  leather  is  serviceable. 

When  the  pressure  of  a  hard  pad  is  unbearable,  as  it 
soincliiiies  is  in  large  hernite,  the  elastic  water  pad  can  be 
used. 

In  adiills  trusses  may  be  removed  al  night,  as  a  cure  is 
rarely  allaiiiablc  but  in  childieii.  in  whom  the  descent  of 
the  hiriiia  would  inicliicle  all  chance  foru  cure,  the  truss 
should  be  worn  day  and  night. 

It  is  impossible  in  .so  brief  an  article  to  give  the  indi- 
cations for  the  use  of  dilfcrent  trusses,  and  the  melhoils 
of  apjilicatiou.  These  poinlsare  largely  learned  by  prac- 
tical experience. 

For  umbilical  hernia  special  forms  of  truss  have  been 
devised,  but  for  most  cases  I  he  best  apparatus  is  a  well- 
filling  abdominal  support  with  a  pad  of  suitable  size  to 
control  the  protrusion  and  of  a  thickness  equal  to  that  of 
the  subciilancoiis  fal. 

For  umbilical  hernia  in  children  a  broad  strap  of  zinc 
o.xidc  rubber  plastei  with  a  wooden  button  over  the  her- 
nia makes  a  very  edicicnl  apparatus. 

Itooiltx  of  Mivli)iiiir<il  Treat  me  III. — liKjMiiinl  Hernia. 
According  to  Coley  by  far  the  greater  majority  of  cures 
arc  obtained  in  the  first  year  of  life.  Tlie  best  results 
are  obtjiincd  with  the  spring  truss  in  infancy,  it  being 
far  superior  to  llie  "  worsted  "  or  "skein  "  truss. 

In  children  cures  are  more  often  oblained  in  girls  than 
in  boys,  the  reverse  being  true  in  adults.  About  two- 
thirds  of  the  cases  of  inguinal  hernia  can  be  cured  in  child- 
hood. Curesaieseldomatlaineil  in  patientsover  twenty 
J'ears  of  age. 

Femoral  Hernin  is  practically  incurable  by  meclianical 
means. 

I'liihiUriil  Ilerniii.  In  the  infantile  form  a  cure  is  nearly 
always  obtained.  In  adults  the  most  that  can  be  hoped 
for  is  limitation  of  the  size  of  the  protrusion. 

.hmeph  A.  Blake. 
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HEROIN,  (liiicctylmor|.liiiic  fC,TH,,.(CII,C())  j.XOj], 
is  oiR'  of  till'  group  of  niorpliiiie  toiiipouud.s  to  wliicli 
bcloiifr  codt'iiu'.  (lioiiiii.  iiiul  pi-ronin.  It  occurs  as  an 
odorless  1111(1  slijflitly  biltcr,  while,  crystalline  powder,  in- 
solulile  in  water,  ami  soluble  in  dilute  aeids.  The  hydro- 
chloride, the  salt  jreiierally  used,  is  freely  soluble  in 
water  and  alcohol.  iiis(dubie  in  ether,  and  incompatible 
wilh  alkalies. 

Kxiierimeiits  show  that  heroin  is  not  absorbed  by  the 
unbroken  skin,  and  has  but  sliuht  effect  on  mucous  mem- 
branes. It  lends  to  cause  dryness  of  the  throat  andsliglit 
irritation  of  the  irastro-iutestinal  tract  as  maiiifesti'd  by 
nausea,  vomiting,  and  diarrlKea.  These  efTectsare,  how- 
ever, uncommon.  In  therapeutic  doses  the  circulation 
is  unaffected,  thousrh  heart  failure  may  follow  a  large 
dose.  The  main  aciionofthe  drusr  is  upon  tlie  respira- 
tory organs,  as  it  tcnils  to  diminish  broneliial  secretion. 
while  it  slows  and  increases  the  depth  and  strength  of 
respiration.  Dreser  demonstrated  that  a  smaller  amount 
of  o.xygen  was  used  by  the  system  and  less  carbon  diox- 
ide eliminated:  in  other  words,  that  metabolic  processes 
were  rctjirded.  On  account  of  this  diminished  tissue- 
activity  there  is  a  slight  tein])orary  lowering  of  body- 
temperature.  In  very  few  cases  has  any  liypnolic  or 
analgesic  cffed  been  noted.  Heroin  is  a  very  powerful 
remedy,  the  ma.ximum  dose  being  onctwenlietli  Ihal  of 
codeine.  Observers  agree  that  the  dose  of  0.01  gm.  (gr. 
^)  should  not  be  exceeded.  Though  not  very  common. 
cases  with  impleasant  sequthe  arc  met  with  by  every 
u.ser  of  the  drug.  Therapeutic  doses  have  been  followed 
by  dryness  and  irritation  of  tin-  pharynx,  nau.sea,  vomit- 
ing, conslipalion,  diariluea.  languor,  and,  rarely,  excite- 
ment or  delirium.  A  case  of  the  w  liter's  always  became 
greatly  excited  after  a  dose  of  morphine  or  heroin,  but 
never  after  codeine.  Some  writ<'rs  advise  adding  potas- 
sium iodide  to  prevent  dryness  of  the  throat,  and  cascara 
or  calomel  for  the  constipation.  A  dose  of  0.01.5  gm  (gr. 
i)  given  by  mistake  loan  astfimatic  patient  was  followed 
by  prostration,  cyanosis,  amaurosis,  restlessness,  pulse  of 
40,  feeble  heart  action,  spasm  of  the  legs,  persistent  nau- 
sea, subnormal  temperature,  and  a  semi-comatose  condi- 
tion. 

Among  the  large  number  of  published  reports  most 
authorities  agree  that  heroin  is  valuable  in  the  treatment 
of  bronchitis,  bronchial  asthma,  pulmonary  tuberculosis, 
and  whooping-cough,  while  opinions  ditTer  as  to  its  effi- 
cacy in  neuralgia,  angina  pectoris,  cardiac  dysjma'a,  etc. 
The  wrili-r  used  it  in  over  one  hundred  cases  of  tubercu 
losis,  and  found  it  of  distinct  use.  but  inferior  to  codeine 
in  allaying  the  cough,  irritability,  and  pain,  and  in  pro- 
moting sleep.  Heroin  had  little,  if  any,  elTcct  on  the 
l>ain,  dyspniea,  or  night  sweats.  Loewenthal  emjilo^'s  it 
in  infantile  diairhd'a  and  colic,  the  ma.ximum  dose  for  a 
child  of  one  month  beinir  0.0002  gm.  (gr.  jia),  of  si.x 
months  0.(KH)'>T  gm.  (gr.  y^j).  and  of  five  years  0.0024 
.cm.  (gr.  a'.).  Heroin  has  not  jiroven  of  any  special  value 
in  diabetes,  and  ,so  far  as  kiKpwn  does  not  create  a  drug 
habit.  Indeed  it  is  recommended  as  a  substitute  for 
morphine  on  the  witbdrawal  of  the  latter  drug  for  mor- 
Iihinism.  IP.  A.  /Saatedo. 

HERPES.— The  term  herpes  (from  ipireiv,  to  creep), 
formerly  i  niploye<l  to  designate  a  large  mimlier  of  dis- 
eases of  the  skin  of  varying  etiology,  is  restricted  at  the 
present  time  to  a  cUis.s  of  affections  whose  distiu,guishiug 


clinical  feature  is  a  grouped  vesicular  eruption  seated 
upon  an  intlamed  and  sliglitly  swollen  l(a.se.  If  the  term 
is  used  in  this  restricted  sense  ihire  are  practically  but 
two  varieties  of  the  disease,  viz  .  simple  herpes,  of  which 
there  are  a  number  of  regional  forms  which  dilfer  Ijut 
little  from  one  another  in  their  clinical  characters;  and 
herpes  zoster,  which  clinically  and  etiologically  is  (|uite 
distinct  from  the  lirst-named  variety.  The  herpes  iris  of 
some  authors  properly  belongs  to  erythema  multiforme; 
herpes  gestationis  is  one  of  the  forms  of  the  dermatitis 
herpetiformis  of  Duhring:  while  the  herpes  lircinat  us  and 
herpes  tonsurans  of  some  continental  authors  are  para- 
sitic affections,  much  more  frequently  chanicterized  by 
erythematous  and  S((Uainous  eruptions  than  by  vesicular 
lesions. 

The  appearance  of  the  herpelic  eruption  is  preceded 
for  a  variable  period,  usually  short,  by  a  sensation  of 
burning,  pricking,  or  slight  itching;  after  a  few  hours 
an  erythematous,  slightly  swollen  i)atch  appears  upon 
which  small  papules  arise  which  are  speedily  transformed 
into  a  group  of  vesicles  with  clear  .serous  contents,  each 
group  containing  from  three  or  four  to  a  dozen  or  more 
lesions.  The  vesicles,  at  first  discrete,  later  become  more 
or  less  contluent  through  increase'  in  size,  often  forming 
small  blebs.  After  from  twenty-fourto  forty-eight  hours 
the  contents  of  the  vesicles  become  cloudy,  then  purulent, 
and  yellow  or  brown  crusts  form,  which  after  a  week  or 
ten  days  fall  off,  leaving  a  slightly  reddened  patch  which 
hists  but  a  few  days  and  disappears  without  leaving  any 
trace  of  its  existence. 

Herpes  Si mp(e.r.  — In  the  ,great  majority  of  cases  the 
eruption  of  simple  herpes  is  situated  upon  the  face,  usu- 
ally the  lower  half :  hence  it  is  also  spoken  of  as  facial 
herpes.  The  parts  of  the  face  most  frequently  attacked 
are.  in  the  order  of  frequency,  the  lips,  the  lower  oftener 
than  the  upper  lip,  the  cheeks,  and  the  ahe  of  the  nose. 
It  sometimes  occurs  upon  the  external  ear  and  still  less 
fie(|Uently  upon  other  ]iarts  of  the  cutaneous  surface. 
It  usually  begins  (luite  abruptly  with  a  sensation  of  heat 
or  itching:  the  skin  over  a  limited  area  becomes  red  and 
slightly  swollen,  and  upon  this  area  a  .group  of  small 
papules  appear  which  in  a  short  time  become  clear  ves- 
icles. The  vesicles,  discrete  in  the  beginning,  enlarge 
slightly  for  a  short  time  after  their  appearance  and  fre- 
quently coalesce,  forming  blebs  that  vary  in  size  from 
that  of  a  iH-a  to  that  of  a  dime;  but  when  the  lesions  are 
very  small  and  few  in  number,  they  usually  remain  dis- 
crete. At  the  end  of  a  day  or  two  the  contents  of  the 
vesicles  become  purulent:  thev  then  dry  up,  forming 
yellow  or  brown  crusts,  which  fall  off  in  a  few  days 
more,  leaving  slightly  red.  or  occasionally  transiently 
pigmented  stains,  the  entire  attack  lasting  from  four  or 
five  days  to  two  weeks. 

The  eruption  is  not  always  limited  to  the  skin,  but  may 
appear  upon  the  ;uljoiniiig  mucous  mendiriines.  even  the 
larynx  in  nire  instances  being  invaded.  When  the  erup- 
tion occurs  upon  mucous  surfaces  it  presents  marked 
differences  from  that  upon  the  skin.  Owing  to  the 
moisture  with  which  the  affected  parts  are  constantly 
bathed,  the  vesicles  a]>|)ear  as  white  opacpie  elevations 
which  are  sixiii  transformed  into  shallow  erosions  through 
spontaneous  rupture.  Herpes  of  the  mucous  membranes 
is.  in  the  great  majority  of  cases,  associated  with  similar 
lesions  upon  the  skin,  although  pharyng<'al  herpes  may 
occur  alone:  the  mucous  membranes  attacked  being  usu- 
ally those  of  the  lips,  the  cheeks,  and  tlu'  pharynx. 

In  a  considerable  proportion  of  cases  the  appearance  of 
the  eruption  is  preceded  or  accompanied  by  sensjitions  of 
chilliness  and  some  elevation  of  tempemturc:  hence  the 
popular  terms  "cold  sore,"  "'fever  blister,"  applied  to 
these  eruptions. 

In  many  individuals  there  is  a  marked  tendency  to  re- 
currences, and  this  continues  for  years,  the  eruption  ap- 
pearing with  the  slightest  derangement  of  the  general 
health,  or  following  slight  irritations  of  the  skin. 

Although,  as  a  rule.  Ilwre  are  usually  but  two  or  three 
groups  of  vesi<les.  and  often  but  one.  each  containing  a 
moderate  number  of  lesions,  it  happens  in  rare  instances 
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tlint  the  criiiillon  is  miii-li  iiiorc  i-xtcnHl%-i-,  covering,  It 
limy  Im'.  hIiiio^I  iIm- cnlirt'  ciitjini'iiiiN  siiifiiri'.  Siicli  ex 
tciiNivi'  iiisi's  liiiV)'  liit'ii  iiioHi  fr<'<iu<'iill_v  ri-|Mirlc<l  liy 
Fifticli  iil)s<TV(i».  Ki'iiilii  liiiviiii;  (iniv  nciMitly  ilrsc-rilMd 
n  iiiM'  iif  f;i'iirnili/ril  lnrpis  luixliicid  |py  tlir  inpsliiiii  nf 
Uliniiikiil  kIii'II  tisli.  Il  M'i'iiis  Ici  Mil'.  liiiwi'Vci,  tliiil  silili 
(■rii|itiiiiis  lire  vny  cliiKily  itlliiil  to.  if  mil  iirliiiilly  cxiiiii 

{>!■■'<  lit.  Iiiilloiis  iTytlifiiiu  iiiiilliriiriiii',  riilliiT  tliiiii  true 
UT|M'S. 

Kilc-iiil  lirr|irs  fri'i|Ui'iitl\  iK-ciirs  in  fi-lirilr  iliwiiscs  of 
viirioiis  kiiiils.  siirli  IIS  iMii'iiiiioiiiii.  in  wliirli  it  in  i|iilti' 
rotniiion.  ill  lv|>li<>iil  fi'Vi'i'.  in  llir  iniiliiriiil  frvrrs.  iiiiil  in 
<'i'ii'liro  s|iiniii  nirnini;ill«.  ii  fiivnnililr  |iroi;noslir  si;.'iiili 
nini'i'  lii'iiiL'  atlriliiiiril  In  it.  In  tin-  iniiliiriiil  frvi'is  il 
liiiiv  ocTiir  w  itii  iiicli  frliiijc  imrii.xysni.  or  in  fX(c|itiiinal 
oaM-s  it  iiiny  ri'pliici-  it,  ns  liiis  Ikimi  noted  by  sevcriil 
writers. 

I'ncler  the  liiinie  herpetie  fever,  viirioiis  iiiithors  have 
frniii  lime  to  time  ileserilieil  tin  enileinie  iilTection  in 
wliii  II.  after  marked  constitntional  distiirliaiiees.  sueli  ii.s 
chills  and  elevation  of  lenipeiiiliiir.  an  herpilie  eruption 
appiiirs  upon  the  fare  or  oilur  parts  of  the  eiitnneoiis 
surface.  A  reinarkalile  endemic  of  this  kind  has  lieeii 
reported  liy  Savai;e  in  which,  in  an  iiislitntion  for  hoys. 
thirty  nine  eases  of  herpes  occurred.  In  this  oiiMireak 
the  eruption  was  preceded  liy  chills,  nausea,  and  eleva- 
tion of  lenipenituie  varyiiisr  from  102  to  1(14..")  F..  and 
was  accompanied  by  sole  thii«it  and  swollen  glands,  the 
attack  lastini;  four  days. 

Ilfi-jHK  (It  iiitiilix. — The  genital  orsraiis  of  both  se.xcs 
are  fre(|uently  the  seal  of  herpes,  the  eruption  occurrinjr. 
in  men.  upon  the  margin  of  the  prepuce  or  upon  its  inner 
mucous  surfiu  e  (herpes  pnepiitialis.  herpes  progeiiitalis). 
upon  the  glans.  and.  much  less  frequently,  njion  the  skin 
of  the  shaft  of  the  penis;  in  women  the  parlsalTeeled  are 
the  vulva,  the  mucous  surfaces  of  the  labia  inajora.  the 
labia  minora,  the  clitoris  and  the  prepuce,  and  the  mu- 
cous menibnine  about  the  meatus  nrinarius.  The  ap- 
pearance of  the  eiiiplion  is  preceded  by  more  or  less 
burning  or  slinging,  which  is  shortly  followed  by  red- 
ness, ii'dema.  and  the  forinatioii  of  groups  of  vesi<les 
which  arc  usually  i|uite  snmll.  When  the  skin  surfaces 
are  attacked  the  vesicles  after  a  day  or  two  dry  up  into 
brownish  crusts  which  fall  at  the  end  of  a  week,  leaving 
a  slightly  reddened,  or.  it  may  be.  pigmented  ]mttir 
When  the  eruption  occurs  upon  the  mucous  surfaces, 
as  the  inner  side  of  the  prepuce,  the  glans.  or  the  labia 
niiiinm.  the  vesicles  rupture  almost  iniinediately.  form- 
ing shallow  erosions,  the  bottoms  of  which  are  often  cov- 
ered with  a  whitish  or  gray  inendininc.  Occa.sionally 
the  eiuption  appears  in  succcs-sive  crops  separated  by 
intervals  of  some  hoiii's  or  a  day  or  two.  thus  prolong 
ing  the  attack  greatly.  Foiirnier  has  observed  a  ca.se  in 
which  the  disease  was  thus  prolonged  for  live  weeks; 
but  this  is  altogether  exceptional.  When  the  affected 
parts  arc  irritated  by  violence  or  by  the  apidication  of 
caustics,  as  not  infre(|uently  happens,  the  intiamniation 
may  be  considenible  and  may  be  attended  l.y  marked  in 
dunition  of  the  Imse  of  the  vesicles:  this  induration  he 
ing  especially  apt  to  iH-cur  upon  the  glans  in  the  region 
of  the  sulcus.  In  such  ca.ses  the  glands  in  the  groin  may 
be  noticeably  swollen.  In  rare  ca.ses  the  eruption  occurs 
upon  the  nrethnd  mucous  membrane,  giving  rise  to  ar 
dor  urinie  and.  in  the  male,  to  a  serous  discharge.  Al- 
thongli.  as  a  rule,  subjective  symptoms  are  limited  to 
slight  burning  or  itching,  it  occasionally  happens  that 
the  jiain  is  .si'vere,  even  neuralgic  in  chanicter. 

In  women  the  eruption  is  sometimes  quite  extensive, 
covering  the  cutaneous  surface  of  the  vulva,  and  the  labia 
majora  and  minora  with  numerous  groups  of  vesicles  and 
erosions,  and  at  times  extending  down  upon  the  inner  sur- 
face of  the  thighs  The  pain  and  burning  in  such  cases  are 
severe,  and  with  the  marked  swelling  which  is  commonly 
present  walkinir  is  dillicult  ami  at  times  impossible. 
Superficial  ulceration  may  occur  with  the  formation  of 
vegetations,  pnxliicing  an  appearance  much  like  that  of 
a  syphilitic  mucous  patch;  indeed,  according  to  Four- 
iiier,  it  is  sometimes  inipo.ssible  to  make  a  positive  differ- 
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•  If  all  the  forms  of  herpen  tliu  genltiil  In  iiuMit  apt  to 
recur.  Ilie  interval  between  the  altJickx  varying  fiom  a 
few  weeks  to  several  nionths  In  a  eonsidi  tiiiile  propor- 
tion of  caM'S  each  eoiliis  in  llie  male  and  each  meiislrual 
period  in  the  female  is  folloHed  by  an  attuek.  the  recur 
reiiees  contiiiiiiiig  for  years  On'  the  other  hand  there 
miiy  be  bill  a  single  attack. 

Simple  herpes  is  in  many  caseK,  no  doubt,  n  local  uuinl 
feslalion  of  a  general  toxaiiiia  Its  frequent  luisociation 
with  such  general  disiiiseH  an  pni  iimonia.  tvphoid  and 
the  midarial  fevers,  epidemic  cerebro  spinal  ineningitis. 
and  other  maladies  of  an  infectious  nature,  lends  strong 
support  to  such  a  view  of  its  etiology  In  a  consider 
uiile  proportion  of  <ase8.  however,  it  must  be  regarded 
ns  due  to  local  eonditioiiH  associated  with  a  special  pre- 
disposition. In  genital  herpes  excessive  irritjitions  and 
congestions,  iihysiological  or  pathological,  such  as  coitus 
and  the  menstrual  period,  play  important  roles  in  ihe 
production  of  ilie  affection.  I'm  leanliness  and  previous 
venereal  disi'ase  are  )MPtent  etiological  factors.  As  I'nnn 
and  Fournier  have  pointed  out.  prostitutes  are  especially 
liable  lo  suffer  from  herpes  of  the  genitiilia. 

The  herpetic  eruption  is  the  result  of  a  peripheral  neu- 
ritis of  an  acute  transitory  character,  the  consequence  of 
a  direct  or  rcllex  irritation  of  the  terminal  nerve  branches 
distribiited  to  the  skin  Inna,  w  ho  had  the  opportunity 
to  examine  lesions  from  three  eases  of  genital  herpes, 
found  a  tibrinous  inllanimation  of  the  epidermis,  the  pri 
mary  elianges  affecting  the  more  superticial  prickle  cells. 
The  entile  epidermis  was  lifted  from  the  papillary  layer 
of  the  corium.  forming  a  blister  whose  walls  and  contents 
had  undergone  coagulation  necrosis.  licneath  the  vesi 
cle  the  entire  cutis  was  U'deniatous  and  the  blood  and 
lymph  ves.scds  were  markedly  dilated.  A  striking  histo 
pathological  difference  belween  the  vesicle  of  simple 
herpes  and  that  of  herpes  zoster  is  the  absi-nee  of  the 
so  called  "ballooning"  of  the  epithelial  cells  in  the 
former. 

The  ilingnoKin  of  simple  herpes  is  usually  made  without 
the  slightest  dillieulty.  The  imrely  vesicular  character 
of  the  lesions,  the  grouped  ainingement  of  the  eruption, 
its  localization  upon  tlie  face,  in  most  cases  about  the 
mouth,  or  upon  the  genitalia,  and  the  acute  course  of 
the  disease  are  features  so  characteristic  that  there  is  little 
chance  for  error.  When,  however,  the  eruption  is  seated 
upon  the  mucous  membranes.  ])arlicularly  those  of  the 
genitalia,  the  erosions  which  follow  the  vesicles  may  be 
mistaken  for  venereal  ulcers  or  Ihe  initial  lesion  of  .syph- 
ilis. The  herpetic  le.sion  is  superticial  and  does  not  tend 
to  extend  like  the  chancroid  :  it  exiules  an  abundance  of 
serum  instead  of  pus.  which,  as  J><-loir  has  iminled  out, 
may  he  much  increased  by  squeezing  the  lesion  between 
the  tliuniband  linger;  its  borders  are  ai>t  to  present  a  fes- 
tooned or  iiolycyclic  outline;  and  lastly,  there  are  often 
giou|>s  of  well  dehncd  vesicles  in  the  iieighhorhocHl.  It 
is  to  be  distinguished  from  the  initial  lesion  of  .syphilis 
by  its  lirief  duration  and  the  absence  of  the  peculiar  in- 
duration characteristic  of  the  chancre.  It  should  not  he 
forgotten,  however,  that  the  herpetic  lesion,  under  the 
inlluence  of  irritants,  may  present  an  indurated  base 
much  like  that  seen  in  the  chancre,  and  thai  in  such 
cases  there  may  be  swelling  of  the  inguinal  glands. 
Fournier  has  called  attention  lo  the  fact  that  the  chancre 
may  be  |ireeeded  by  herpes;  and  it  is  always  wise,  in 
view  of  the  very  serious  results  which  may  follow  an 
error  in  diagnosis,  to  be  very  guarded  in  expressing  an 
opinion  in  doubtful  cases  until  sulHeient  time  has  elai)si'd 
to  make  the  diagnosis  certain. 

In  the  treatment  of  simple  herpes  all  irritant  appli- 
cations should  be  avoided.  Frequent  applications  of 
ninety-live  percent,  alcohol  in  the  early  stages  of  the 
eruption  will  sometimes  jiartially  abort  it.  If  there  is 
marked  burning,  a  siiturated  aqueous  solution  of  boric 
acid  will  he  found  very  useful  in  relieving  this  symptom  ; 
or  a  solution  of  resorciu.  from  eight  to  ten  grains  to  the 
ounce  of  water,  may  Iv  oven  more  effective.     A  lotion 
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('oiiluiniiig  twenty  gmiiis  each  of  sulplmtv  of  zioc  ami 
siil|ilii<lo  of  potassiiiiii,  as  ri'comim'ndcd  liy  Duliring,  is 
also  u  useful  romcdy. 

Iti  griiitiil  lii'i|«sllii'  pints sliiiuld  lie  kept  scrupulously 
clrau.  and  notliini;  iKttirfor  this  purpose  can  lie  used  than 
a  saturated  solution  of  lioric  acid.  wliiAli  should  lie  fncly 
and  fre(|Uently  mopped  upon  the  alTected  parts.  When 
the  nuicous  surfaces  are  the  seat  of  the  eru]itiiin,  they 
should  be  kept  apart  by  pieces  of  gau/.e  wet  with  the  boric 
acid  solution;  or,  after  careful  cleansini;,  they  may  be 
covered  with  a  dustinir  powder  <if  tale  and  oxide  of  zinc. 
to  which,  if  there  is  amii^ini;  pain,  from  ten  to  twenty 
per  cent,  of  acetaniliil  may  be  ailded,  or  the  aeeianilid 
may  be  usedalnne.  The  reS(Ucin  lotion  above  referred  to 
will  often  be  found  a  very  soothins;  anil  cleansing  appli- 
cation. I^otio  nigra  may  l)e  euiployeilin  many  cases  with 
goi  1(1  results.  If  suiipunitiou  occurs,  weak  solutions  of 
bichloride  of  mercury  should  be  applied  several  times  a 
day,  but  this  remedy  must  be  used  cautiously  as  it  some- 
times proves  irritating.  As  a  preventive  measure,  cir- 
cumcision has  been  recommended  in  recurrent  herpes 
genitalis:  it  is,  however,  an  uncertain  remedy.  Arsenic 
•  given  internally  for  a  considerable  p<Mii)d  exercises  a  de- 
cided influence  in  preventing  recurrences  in  many  cases, 
and  should  alwavs  be  tried  when  other  remedies  have 
failed.  '  Millon  li.  Ilaiizell. 

HERPES  ZOSTER. — Herpes  zoster,  also  known  as  zo- 
na, zoster,  shingles, — this  last  proljably  being  a  corrup- 
ti(m  of  the  Latin  riiii/iiliiiii, — names  all  having  reference 
to  the  girdle-like  arrangement  which  tlii' eruption  often 
exhibits,  usually  begins  with  jiain,  commonly  of  a  neu- 
ralgic character,  varying  in  degree  from  mere  discomfort 
and  soreness  to  the  severest  neuralgia,  and  situated  in  the 
regions  presently  to  be  the  seat  of  the  herpetic  eruption. 
E.xceptionally  in  the  beginning  of  the  attack  there  is 
some  elevation  of  temperature  with  slight  malaise. 
After  a  prodromal  period,  varying  from  a  few  hours  to 
several  days,  groups  of  papules  seated  upon  a  reddened 
and  slightly  swollen  base  apjiear  in  the  [lainful  areas, 
and  in  the  course  of  a  few  hours  they  become  vesicles  with 
transparent  contents.  With  the  appearance  of  the  erup- 
tion the  pain  may  diminish,  but  there  are  freqiient  excep- 
tions to  this  rule.  I'lie  vesicles,  for  the  most  part  dis- 
crete, tense,  and  showing  no  tendency  to  spontaneous 
rupture,  vary  in  size  from  a  hemp  seed  to  a  large  pea, 
and  are  arranged  in  variously-sized  groups  from  one  or 
two  to  a  dozi'ii  or  more  in  number,  separated  by  areas  of 
normal  skin,  and  situated  over  the  distribution  of  some 
nerve  usually  at  points  where  branches  are  given  off  to  the 
skin.  The  several  groupsof  vesicles  do  not  appear  simul- 
taneously, but  new  ones  continue  to  form  for  some  days, 
the  last-formed  groups  often  containing  many  papules 
which  do  not  develop  into  vesicles,  and  imperfectly  de- 
veloped vesicles.  After  a  day  or  two  the  vesicular  con- 
tents become  turbid,  then  purulent,  and  later  brown  or 
black  crusts  form  which  fall  olT  at  the  end  of  from 
ten  days  to  two  weeks,  lea\iiig  transiently  hj'peritmic 
patches,  or  slight  pigmentation,  and  frequently  perma- 
nent scars.  The  duration  of  the  entire  attack  is  from  ten 
days  to  three  weeks;  l)ut  when  the  inflammation  is  un- 
usually severe,  or  wlien  complications,  such  as  suppura- 
tion and  gangrene,  occur,  it  may  last  much  longer. 

The  amount  of  pain  present  varies  within  wide  limits. 
In  children  and  young  adults  it  is  often  entirely  absent, 
or  so  slight  as  to  cause  little  or  no  complaint;  but  in 
eldcrlj'  subjects  it  is  connuonly  severe,  often  demanding 
large  doses  of  powerful  narcotics  for  its  relief,  and  some- 
times continuing  for  weeks  or  even  months  and  years. 

In  an  overwhelming  majority  of  the  cases  the  eruption 
is  limited  to  one  side  of  the  body,  although  it  is  not  at 
all  uncommon  to  see  a  group  of  vesicles  extend  some  dis- 
tance beyond  the  middle  line.  While  it  may  occur  over 
the  course  of  any  peripheral  nerve,  it  is  much  more  fre- 
quently situated  \ipon  the  trunk  than  upcm  the  extremi- 
ties In  one  hundri'd  ca.ses  in  which  the  location  of  the 
eruption  was  specially  noted  by  Crocker,  it  was  observed 
to  occur  upon  the  trunk  flfty  four  times. 


Variations  from  the  ordinary  type  of  zoster  occur 
in  a  snniU  proportion  of  cases.  The  vesicles  nmy  be 
lilli'd  with  blood  instead  of  serum,  giving  the  eruption 
a  blue  or  black  appearance.  In  this  variety,  known 
as  zotttrr  hn'morrlniyienx.  the  pain  is  as  a  rule  extreme- 
ly severe,  and  ulceration  more  or  less  deep  is  prone  to 
occur. 

In  cases  of  unusual  severity  suppuration  may  take 
place,  and  iu  rare  instances  gangrene  of  the  skin  occurs, 
either  after  the  appearance  of  the  vesicles  or  before  these 
have  had  time  to  develop.  As  the  result  of  the  severe 
and  at  times  deep-si'ated  inllammation,  extensive  and 
indelible  scarring  follows,  which  later  may  become  the 
seat  of  keloid. 

As  zosler yangi-enoniis  hi/aten'ois Kaposihasi  described  an 
atypical  form  of  zoster  that  occurs  in  hysterical  women. 
Tins  varietj'  of  the  malady  is  characterized  by  repeated 
attacks  sejKirated  by  intervals  of  a  few  weeks  or  some 
months,  the  erui)tion  being  unilateral  or  bilateral.  Gan- 
grene of  the  skin  at  the  base  of  the  vesicles  occurs,  and 
keloidlike  cicatrices  follow.  This  disease  is  certainly 
closely  related  to,  if  not  identical  with,  the  multiple  hys- 
terical gangrene  of  the  skin  of  other  authors;  and  while 
it  is  mentioned  here,  I  think  it  is  doubtful  if  it  properly 
belongs  to  herpes  zoster. 

While  almost  invariably  limited  to  one  side  of  the 
body,  the  eruption  may  be  bilateral.  According  to 
Hyde,  bilateral  zoster  is  most  apt  to  be  seen  in  those  suf- 
fering from  syphilis  or  in  those  taking  areenic. 

Colombini  has  reported  a  case  in  w  Inch  the  eruption 
was  universal,  groups  of  vesicles  occurring  over  the 
branches  of  all  the  cutaneous  nerves.  The  disease  in  this 
instiiuce  was  most  likely  of  malarial  origin,  as  the  patient 
lunl  bad  repeated  attacks  of  malarial  fever,  and  the  erup- 
tion appeared  shortly  after  one  of  them. 

Second  attacks  of  zoster  are  rare,  although  not  so  in- 
frequent as  formerly  supposed.  In  recurrent  zoster  the 
same  region  may  be  affected  several  times,  or  new  re- 
gions may  be  invaded  with  ea<h  new  attack.  Recur- 
rences are  most  likely  to  be  observeil  in  those  cases  in 
which  the  disease  is  of  traumatic  origin ;  as  in  one  under 
my  observation  some  years  ago  in  which  the  sciatic  nerve 
was  injured  by  a  fracture  of  the  femur.  In  this  case 
there  were  many  attacks  preceded  and  accompanied  by 
severe  pain,  most  of  them  in  the  region  of  the  distribu- 
tion of  the  sciatic  nerve  and  its  branches.  While  the 
pain  usually  diminishes  with  the  appearance  of  the  erup- 
tion and  ceases  entirely  with  its  complete  involution,  it 
may  persist  for  a  considerable  period,  especially  iu  elderly 
subjects,  after  all  other  evidences  of  the  disease  have  dis- 
aijpeared.  Other  sequeke  are  local  paralyses,  and  various 
disturbances  of  sensation,  either  alone  or  associated  with 
trophic  changes. 

The  principal  local  varieties  of  herpes  zoster,  named 
according  to  the  region  iu  which  the  eruption  is  situated, 
are  Z.  capillitii.  Z.  frontalis,  Z.  facialis.  Z.  ophthalmicus, 
Z.  colli.  Z.  brachialis,  Z.  pectoralis,  Z.  abdominalis,  Z. 
femoralis.  In  these  several  local  varieties  the  disease 
presents  practically  the  sjime  clinical  features,  particu- 
larly so  far  as  the  eruption  is  concerned,  but  it  may  vary 
considerably  as  to  extent  and  the  severity  of  the  inflam- 
mation and  pain  which  accompany  it. 

In  Z.  frontalis  the  eruption  follows  the  distribution  of 
the  supraorbital  liranch  of  the  tifth  ]iair.  extending  over 
the  lid,  one  half  the  forehead,  and  up  into  the  scalp. 
This  form  is  sometimes  followed  by  nnirked  scarring  re- 
sembling the  ))its  produced  by  variola. 

In  Z.  o])htlialmicus,  in  which  the  branches  of  the  tifth 
pair  distributed  to  the  eye  are  atlected,  the  pain  is  often 
of  the  severest  character,  and  the  various  structures  of 
the  eye  may  be  inflamed,  the  iidlannnation  being  in  rare 
cases  so  severe  as  to  cause  destruction  of  this  organ. 
Fatal  meningitis  has  been  known  to  result  in  this  variety 
of  zoster. 

In  Z.  facialis  the  second  branch  of  the  fifth  pair  is  con- 
cerned, the  eruption  occurring  on  the  cheek,  the  side  of 
tlie  nose,  and  one-half  of  the  uiijier  lip.  In  exceptional 
cases  it  also  occurs  upon  the  mucous  membranes  of  the 
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clioi'k  anil  plinrviix.  Ix)m  of  tlio  teeth  and  nocrosls  of 
till-  Jiivv  liiivi'  Ih'i'Ii  niilcil  IIS  niri-  <'(iiii|il!i'itlii>nH. 

Till'  Mi|>iii.«|iiMi>iis  |iiirtiiiii  iif  till'  s('u|>iilii  mill  tin-  ii|i|ii'r 
anil  nil'  till'  ri'ulniis  ulTi-rli'il  in  '/.  bniililiillH.  Tlii'  fori-- 
niiii  uimI  llir  tiiiv'i'i's  iiri'  iml  nflrii  iiivulvcil.  TIiIh  Ib  uhii- 
ullv  II  iiiilil  fiiriii  of  llir  iiiiilailv. 

'A.  |M'('ii>nilis  is  till'  viirifty  nrti'iii'si  fUTii.  iinil  tlir  oni- 
fniiii  uiiii'li  III!'  ilisiiiNe  iu'ln  its  viiriuiis  iiiiiiii'S  sif^iiifyiiig 
n  ({inllc.  (friiiipK  iif  vcsicli's  fxtriiii  frniii  llir  spiiit'  fur- 
waril  III  llir  sliriiiitii.  In  iiiiiiiy  nis<'s  ilir  iTiiplicni  con- 
8lsls  iif  lull  twu  or  tliri'i'  LTniips,  mil'  ilusi'  in  ilir  spiiH'. 
a  stTKiiil  ill  (III'  iixilliiry  liiir.  anil  ii  lliinl.  oltrii  riiiiipi>si'il 
of  iiiiprrfnlly  ilrvilnpi'il  IrsicHis,  iirar  llii'iiiili'riur  iiiiilillr 
liiir.  Ill  srviTi'rii'ii'.stlii'  t'riiilpsof  vi'sirlr-i  limy  I'Oali'SCc, 
fiiniiini;  ii  ciiiiliiiiiiiiis  liiilf^irnlr.  In  this  viirlrly  uf  /.on- 
trr  III!'  piiiii  \\  liii'li  siiini'tinii'S  prrcrili's  tlic  uppi'aniiicc  of 
till' ci'iiplloii  may  In-  niislaki'ii  for  a  piriirisy. 

In  '/.,  fi'iiionilis  till'  I'l'iiption  is  siliititcil  iipnn  llir  aiiti'- 
riorsiirfari'of  tlir  tlii'^ilis.  llir  I'Mmial  ^I'liitaliii.  anil  upon 
till-  liutlorks.     Till'  lri;s  mill  fi'it  mi- only  nmly  iillurkcd, 

AV>«//><///  —  Ziisiir  occurs  niiicli  more  frciimntly  in  llic 
yoiini;  tliiin  in  tin-  oKI,  Iml  olil  ai;c  is  by  no  lucmis  exempt. 
In  tlirie-fourtlis  of  the  ca.si's  oliservcd  by  Crocker  llie  pa- 
tients were  uiiiler  twenty  years  of  age.  .Mtlioufjli  infre- 
quent in  infancy  cases  liave  been  reporteil  in  infants  from 
founlays  to  .several  nionliis  olil.  The  sexes  appear  to  be 
('i|ually  liable.  C'olil.  ilmnp.  miil  otliii  climatic  inlluenccs 
si'cm  to  play  some  part  in  its  proiliictiuu  since  it  occurs 
most  freipiently  in  winter  ami  sprini;. 

It  .sonietinii's  ocelli's  in  connection  with  such  diseases 
as  intliien/.a.  malaria,  and  liibeiciilosis.  Winlield  has  re- 
])orled  a  number  of  ea.ses  in  which  the  presence  of  the 
Plasmodium  malaria.'  was  demoiist rated ;  and  it  has  been 
observed  often  enowsih  in  the  subjects  of  tuberculosis  to 
sujr.i-'est  the  possibility  of  a  causal  relationship  between 
the  two  maladies. 

As  was  lirst  pointed  out  by  Hutchinson,  and  afterward 
conlirmi'd  by  otherobservei-s,  arsenic  when  given  in  large 
quantities  for  a  prolonged  period  may  inoducc  zoster  by 
selling  up  a  neuritis.  Other  toxic  substances,  such  as 
carbonic  oxide  gas,  have  also  produced  the  disea.se.  In 
a  coiisidcnible  number  i>f  instances  the  eruption  has 
been  observed  to  follow  injuries  to  nerves.     Occasional- 
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ly  it  seems  to  Ik-  of  reflex  origin,  as  is  shown  by  a  case 
reported  by  Jewel  in  which  a  crunil  zoster  resulted  from 
disease  of  the  uterus:  and  in  other  eases  it  has  seemed 
to  be  due  to  irrilatiou  in  the  alimentarv  caual  caused  by 


the  presence  of  tapeworm.  I.4ii*tlv.  It  U  very  prolniblo 
that  in  a  considenilile  propurllon  of  caws  it  in  the  reMiilt 
of  a  spt'cillc  inbciinn,  iilihoiigh  the  infeciioiiH  iigeiit  is  hm 
yet  unknown.     It- ■    ■ ;  ■•'•  uiics,  its  undoiibieil 


Fig.   am.  —  E|)ltlH-lliil    lii'Kciu-niiic.ii:     Ijiivn    PiDlozofln-lIke   Cell. 
iFniiii  aiitliur's  iiwii  cas  ■  ■  f  liiTiKti  zoiler.l 

occa.sional  contagiousness,  its  self-limited  course,  and  the 
rarity  of  second  attacks  are  features  of  the  malady  which 
are  strongly  in  favor  of  such  a  view.  From  tiie  fore- 
going brief  summary  it  is  evident  that  there  is  no  one 
cause  of  herpes  zoster,  but  that  it  may  be  produced  by 
any  agent  capable  of  selling  up  a  neuritis, 

P<illiolt>riji  mill  VitthiiliKjifiil  Aiiiiloiiii/. —  Vroof  of  the 
neuritic  character  of  the  di.sease  was  first  furnisbed  by 
Baerensprung,  who  found  that  there  was  inflammation  (if 
the  ganglia  and  the  nerves  distributed  to  the  area  oc- 
cupied by  the  eruption.  The  ganglia  do  not  always 
share  in  the  inflammatory  process,  as  Haerenspriing  siip- 
po.sed,  but  the  inflammation  is  sometimes  limited  to  the 
peripheral  parts  of  the  nerve.  The  pathologic.il  altera- 
tion of  the  nerve  is  not  always  of  an  inflammatory  char- 
acter, but  may  be  the  result  of  hemorrhage,  the  pressure 
of  new  growths,  or  traumatism. 

The  zoster  vesicle  lies  deeply  within  the  epidermis,  the 
bottom  being  formed  by  the  papillary  layer  of  the  coriiini 
upon  which  lie  masses  of  altered  epithelium.  The  most 
striking  feature  is  the  peculiar  alteration  which  many  of 
the  ejiithelial  cells  have  undergone,  by  which  they  have 
been  transformed  into  bodies  resi'inbling  more  or  less 
closely  protozoa.  These  bodies  were  regardeil  by  I'feif- 
fer,  who  was  one  of  the  flrst  to  describe  them,  as  para- 
sites, and  were  believed  by  him  to  be  the  cause  of  the  dis- 
ease; but  the  later  investigations  of  rnna,  Torek,  myself, 
and  others  have  clearly  demonstrated  their  epithelial 
character.  These  altered  cells  are  often  enormous  in  size, 
round,  oval,  or  balloon-shaped,  with  a  doublecontoured 
wall  or  capsule  within  which  are  from  two  to  a  dozen  or 
more  large  round  and  oval  nuclei  which  often  present  a 
peculiar  beaded  limiting  membrane.  The  cavity  of  the 
vesicle  contains  a  few  free  epithelial  cells,  a  small  num- 
ber of  leucocytes,  and  fibrin.  The  jiapilhe  and  that  |)art 
of  the  coriuin  immediately  beneath  the  papillary  layer 
are  abundantly  intiltiated  with  leucocytes,  and  there  is 
dilatation  of  the  blood-vessels. 

Diiiijiwsi's. — The  clinical  features  of  zoster  arc.  in  the 
great  majority  of  cases,  so  well  defined  that  the  diagnosis 
is  usually  easily  made.  The  two  disejises  with  which  it 
is  most  likely  to  be  confounded  are  vesicular  eczema  and 
simple  herpes. 

It  may  be  distinguished  from  eczema  by  the  grouping 
of  the  vesicles  over  the  course  of  known  nerves,  by  the 
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arcompiiiiying  luMirulgiii.  by  the  iibsi'uce  of  itching  and 
ilischiiijji'.  iin<l  by  llii-  vesicles,  unlike  thuse  of  I'czfnm. 
showins  no  tendency  to  spontiineims  i  iipiure. 

It  dilVers  frimi  simple  lieipes  by  lis  iiiilliilenil  dislrlhii 
tii>n.  Iiy  the  pain   wiiiih   pii'cedes  iinil  aeeonipiinies  the 
eniplinii.    and    by    the    liifreiniency   of    seeuml   attacks. 
.Simple  liei'pes  Is  most  apt  In  cieeiir  about  llie  moiilli  and 
upon  the  f^enitiilla.  regions  seldom  invaded  by  /.osier. 

I'liHiiiimn, — The  prognosis  Is  in  most  case  favorable, 
the  disca.se  usually  tennlnatin.!;  in  from  ten  ilays  |!>  three 
weeks.  In  severe  allaeks.  however,  or  w  hen  nherallon. 
deep-seated  inllammation.  or  gangrene  occui-s,  the  dura- 
tion may  be  greatly  prolongeil  beyond  the  usual  period. 
In  elderly  subjects,  less  frequently  In  llie  yomig.  per- 
sistent neundgia  of  a  severe  type  may  follow,  lasting  for 
months  or  years.  In  e.vceptionally  severe  eases  of  oph 
tlmbnic  zoster  disfiguring,  scarring,  loss  of  an  eye,  and 
even  death  may  result. 

TrcUiiK  1(1. — In  nuhl  cases  of  herpes  zoster  only  the 
simplest  treatment  is  rei|niied.  The  vesicles  should  be 
protected  from  the  friction  of  the  clothing  by  covering 
them  with  two  or  three  thicknesses  of  gauze  or  a  thin 
layer  of  absorbent  cotton,  having  lirst  freely  applied  a 
simple  dusting  powder,  such  asc(|ual  parts  of  starch  and 
o.\iile  of  zinc,  to  which,  if  there  is  burning  or  pain,  cam- 
phor or  morphine  may  be  ailded.  Internal  remedies  ad 
ministered  with  the  view  of  aborting  or  controlling  the 
eruption  are  of  more  than  doulilfnl  cllicacy.  I'hosphide 
of  zinc,  in  dos<'S  of  from  one  si.\th  to  on<'  third  of  a  grain 
given  every  three  hours,  is  recommended  by  Thorap.son 
and  Bulkley  for  the  relief  of  the  pain  and  the  control  of 
the  ern)ition,  but  other  observers  have  not  found  it  reli- 
able. In  eases  in  wliich  the  pain  is  severe,  antipyrin. 
phenaet'tin,  or  acetanilid  may  be  given  in  doses  of  from 
live  to  eight  grains  every  three  or  four  hours:  when  these 
fail  to  altord  relief  mor]diine,  given  liypodermatically. 
inaj'  be  employed.  Locall.v  frequent  application  of 
ninety-tive-i>er  cent,  alcohol  is  often  very  useful;  or,  in- 
stead of  slmi)le  alcohol,  alcoholic  solutions  of  resoicin 
fifteen  grains  to  the  ounce,  or  a  solution  of  carbolic  acid 
five  to  ten  grains  to  the  ounce,  or  of  menthol  ten  grains 
to  the  ounce,  maj'  be  used.  Such  lotions  should  be 
nioppeil  on  gently  every  three  oV  four  hours  with  a  soft 
cloth,  care  being  t:iken  not  to  rupture  the  vesicles 
Duhiing  specially  rceoinmends  a  lotion  coulainii.g  from 
twenty  to  si.vty  grains  each  of  sulphate  of  zinc  and  snl 
phide  of  potassium  to  the  ounce  of  water;  he  finds  it  v<'ry 
useful  in  relieving  pain  and  drying  up  the  eruption.  Col- 
lodion,  either  alone  or  with  one  or  two  grains  <if  morphine 
to  the  ounce  added,  may  lie  painted  over  the  eruption  for 
the  purpose  of  favoring  its  absorption  and  alleviating  the 
pain.  For  the  relief  of  persistent  neuralgia,  galvanism  is 
perhaps  the  most  useful  remedy,  mild  currents  being  more 
useful  than  strong  ones.  Crocker  finds  repeated  iilister- 
ing  over  the  root  of  the  affected  nerve  verj'  etticacious  in 
some  ea.ses.  An  abundance  of  easily  digested,  nutritious 
food,  and  cod-liver  oil  are  also  indicated. 

Milf'.ii  n   Ihnttell. 

HESPERIDIN.     See  Citrus. 

HETOCRESOL;  HETOFORM:  HtyOL— Iletomsol or 
cinnaniyl  niela  cresol,  ll,l,,j'„nii  or  bismuth  cinnamatc. 
and  Ihlol  or  sodium  cininunate  are  remedies  introduced 
for  the  Irealment  of  lubcrculosis.  11'.  ,1.  Uastcdo. 

HEXAMETHYLENE-TETRAMINE.     See  Urotropiv. 

HIGHLAND  SPRINGS.— Lake  County,  California. 

I'lisr  ( )Ki-  UK.  — Highland  Springs.  Hotel  and  cottages. 
Thesi-  e.vcellcnt  springs  are  found  within  the  edge  of  the 
mounlains,  about  four  uules  from  Kelseyville  and  seven 
ndles  from  l.akiport.  They  are  reached  by  the  Southern 
Pacific  Kailroad,  on  the  .south  to  Calisloga.  imd  thence 
by  stage;  also  by  the  Northern  Pacific  road  on  the  south 
we.st  to  Cloverdali'.  and  thence  by  stage.  The  drive  from 
Calistoga  orCloverdale  is  exceedingly  picturesque.  The 
roail  lends  through  a  romantic  mountain  region  until  an 


elevation  of  3,200  feet  is  gained.  Here  a  grand  paiio- 
iiima  is  n-vealed.  As  far  as  the  eye  can  reach  in  every 
ilirectlon  are  mountains  and  valleys,  peaks  upon  peaks, 
mountain  streams  ami  brooks,  forest  and  shrubbery. 
The  most  i)icturesi|ue  of  all  is  the  vii'W  northward  over 
Clear  Lake  and  Lake  County.  This  is  a  magnificent 
sheet  of  water  twenty-five  nnles  long  and  six  to  eight 
nules  wide.  It  has  an  elevation  of  1,201)  feet  above  the 
Pacific  (Jcean.anil  lies  peacefully  snnling  in  the  embrace 
of  the  mounlains  on  every  side,  wilh  the  towering  head 
of  ■■  Cncle  .Sam  "  above  them  all.  The  briglit,  cultivated 
fields  appear  like  a  checker  board  in  the  valley  below. 
The  gigantic  oaks,  the  largest  in  the  Slate,  aic  .scattered 
here  and  there  to  lend  variety  to  the  enchanting  picture. 
The  descent  to  the  springs  is  made  in  much  less  than  half 
the  lime  it  takes  to  make  the  ascent,  and  the  resort  is 
soon  seen  lying  in  a  level  sequestered  spot  surrouude<i  by 
hills  and  by  trees  of  many  years'  growtli.  At  Highland 
we  find  a  commodious  hotel  and  many  elegant  cottages 
Imilt  with  a  view  to  health  and  i)leasure  condjined.  A 
large,  pure  mountain  stream  which  is  well  supplied  with 
fish  runs  past  the  hotel.  The  usual  ndld,  genial  climate 
of  Lake  County  i)revails  here.  The  altitude  is  about 
1,700  feet,  and  it  is  claimed  to  be  an  excellent  place  for 
consum]nivcs.  There  are  about  twenly  springs  at  High- 
land, five  of  the  most  inqiortant  having  been  exannncd 
by  Anderson  in  188S.  These  analyses  show  results  prac- 
tically idenlical  wilh  those  of  Profes.sor  Rising  in  1882, 
except  in  the  ca.se  of  the  "  Neptune  "  spring,  which  .seems 
to  have  lost  greatly,  especially  in  calcium  salt,  in  the 
course  of  six  years.  The  princijial  springs  are  the 
"Magic,"  the  "Neplunc,"  the  "Seltzer,"  the  "Dutch"  or 
"  Kms,"  and  the  "  Diana  "  spring.  The  waters  are  chiefiy 
of  the  alkaline-saline  type,  most  of  them  containing  a 
well-marked  proportion  of  iron.  Following  are  the  anal- 
yses of  two  of  the  representative  springs. 

TiiK  Seltzicis  Sl'lilXO. 

OXK   U.VITEP  ST.\TKS  (iALLU.N   COXTAIXS  : 

Solids.  Grains. 

Sofllum  I'liliiridp (i.iiT 

Sodiniii  carlioiuite 2.nti 

Sodium  birarboniile 12.T2 

Potiissiinii  liicarbonale .50 

Muirnt-siuiii  bji-;irl».nate .■5i.l*5 

t'ali-iiini  hjcar-hiinair ^.'Si 

Manfraru'^e  iiicarlioiiate .- Trace. 

Ferrous  rarbonate l.*J 

Silica .i.i:( 

Alumina 1.T5 

(tr^uic  amtter Trace. 

Total 110.46 

Free  carbonic  acid  gas,  98.41  grains. 
Temperalure  of  water,  60.4"  F. 

The  water  is  antacid,  laxative,  and  diuretic,  and  has 
been  used  with  much  .satisfaction  in  dyspepsia,  neural- 
gia, kidney  and  bladder  troubles,  calculi,  etc.,  and  Id 

rheumatism,  gout,  and  skin  diseases. 

TiiK  ■■  Ditch   "  ok  "Kms"  Sriiixos. 
O.VE  UxiTKn  Statks  Gallon  Coxtai.xs; 
Solids.  Grains. 

Sodium  cbloride 1.TI5 

Sodium  bicarlKinate ]7..t<1 

Sodium  carl)onate 2.4."> 

I*olassiuin  bicarlmtiate 78 

>lapnesium  bicarbcmate fi*l..'».'» 

Maffilesium  rarlM>nale I.rtt 

Calciuni  blcarbonale St.'.ii 

MauiTiUiisf  bicarbonate Trace. 

Ferrous  carbonate I..>t 

Silica I.ii 

Alumina I- 

Oi-gituic  nintler 'I'race. 

Total liVt.SK 

Free  carlKinic  acid  Rn.s.  .tS.90  grains. 
Teinperatun*  of  water  i."'  F. 

This  water  is  more  diurelie  and  laxative  than  the  Selt- 
zer.    The  Highland  bathing  water  is  artificially  heated. 
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HIGHLAND  SPRINGS.— Aniln.tMOKjtiiiCiMiiil.v.  Miiiniv 

|'<.~i  I  ii  I  M  I        l.iv\isiiiii       Ciiltjip'S. 

Ili^'liliiiiil  Siuiiii;  is  I.K-ati'il  In  IliKliliiiul  I'lirk,  ciiiii|iris 
iiiiT  iiviT  sixty  lines  (if  I'Icvuliil  ami  wimmIi'cI  land,  almiit 
iwii  mill's  fniin  l/-wistiin  slatiun  Tlic  spni  nlTtis  cx- 
i'<'|itiiinal  ailvanlat'is  to  |ici-s<ins  wisliintf  lci<iini|i  ilurinj; 
till-  suinincr  Tlir  vvatiTS  iif  this  s|iiin>:  liavi'  rnjoyril  a 
roMsiilrnililr  rrpiitutiiin  fur  a  liiiiK  liinr  past  Tlirv  arc- 
iMittlcil  anil  siilil  ixliiisivily  for  talilr  |mr|iiisis  Tlir  fol- 
lowini;  analysis  wasinaiU-  by  Hiilianl  C.  Stanley,  I'li.l)., 
Stiite  a.s,s4iyer  of  .Maine; 

osK  fMTKn  States  Gallon  Contains: 

siIIiIk.  Gntlnii. 

Iitpii  nirlxniile I.IO 

Iniii  iixlili' 31 

|N>iii!>.«liiiii  unit  mhIIiiiii  cartiunule 83 

Mutfiii'stiiin  I'lirlMiniiie \Xi 

t'olumlilln  unit  «slluill  8lll|lllllle 31 

Swlluai  ihlKriile l.OO 

Tolnl 4.78 

This  is  an  oxcpllcnt.  palatable  water  and  possesses  the 
properties  of  {i  mild  ferriiginotis  tonic. 

J  ante*  K.  Crook. 

HIP-JOINT.— Tlie  development  of  the   pelvic  limbs 

inli' oiyans  for  siippoit  and  propulsion  has  given  to  the 
joints  by  wliirli  tlity  are  arliciilated  with  the  trunk  a 
peeiiliar  eharacter  of  strength  and  .solidity.  While 
movement  is  free  in  every  direetion,  and  the  lemur  can 
be  (in  uniduited  as  well  as  rotated,  yet  these  movements 
are  much  less  extensive  than  at  the  shoulder.  The  head 
of  the  distal  bone  is  more  eonipletely  enclosed,  and  the 
capsular  liiranient  is  stronirer  and  narrower  at  its  distal 
insertion,  so  as  toolTer  a  resistance  toluxations.  Besides 
this,  certain  inodilications  have  been  caused  by  the  strain 
and  pressure  occasioMid  by  the  i  net  position.  It  would 
naturally  be  supposed  that  in  u  ball  and  socket  joint  the 
surfaces' of  contact  would  be  perfectly  spherical,  and. 
indeed,  the  head  of  the  femur  is  usually  described  as  pre- 
sentinsr  from  two-thirds  to  three-fourths  of  the  surface  of 
a  sphere  tittins;  closely  the  acetabular  cavity.  Aeby  '  and 
Schmid '  have,  however,  shown  that  this  is  not  (juite 
correct,  as  there  is  a  slight  flattening  of  the  surfaces  and 
a  thickening  of  their  encrusting  cartilages  where  they  arc 
subjected  to  the  greatest  pressure.  This  is  more  marked 
ill  tile  adult 

The  liability  of  the  articulation  to  disease  and  injury 
is  eoiisidenible.  both  on  account  of  its  size  and  of  the 
pressure  upon  the  surfaces.  It  is  therefore  important  to 
determine  its  precise  position  and  relations — and  this  is 
by  no  niejvns  easy,  as  it  lies  buried  tinder  thick  masses  of 
niuscle.  In  front  is  the  reflected  tendon  of  the  iliopsoas, 
a  bursa  (U.  niliilinrn),  which  sometinics  conimiinicates 
with  the  joint  cavity,  intirveiiing.  .\liove.  the  reflectid 
tendon  of  the  rectus  femoris  and  the  gluliiis  ininimus  are 
finiily  united  with  the  capsule  (see  Fig.  SIM.")).  Internally 
lies  the  pectineusabove,  also  united  with  the  capsule,  and 
the  obturator  externus  below.  The  tendon  of  this  latter 
muscle  also  lies  jiosteriorly.  together  with  the  obturator 
internus,  the  geinelli.  the  pyriformis.  and  the  qiiadratus 
femoris. 

.Ml  those  form  nn  immediate  investment  for  the  joint, 
and  are  themselves  partially  covered  by  a  second  mass 
composed  of  the  tensor  vagina'  femoris.  the  gluteus 
maxinius  and  meilius  behind  and  externally,  the  biceps 
group  behind,  and  the  addtictor  group  internally. 

Over  these  muscles  there  stretclies  the  fascia  belonging 
to  thediiTeient  groups,  and  in  several  situations  this  not- 
ably strengthens  the  joint  capsule,  especially  where  the 
iliac  fascia  comes  down  from  the  ilio  psoas,  where  the 
pectineal  fascia  pas.ses  outward  upon  the  capsule  from 
the  peclineus.  and.  externally,  where  a  strong  process 
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passes  inward  iH-tweeii  the  tensor  vaKime  feinorlH  and  the 
rectus  teiiioris. 

The  depth  at  which  the  articiilalloii  lies  iiiakeH  it  illfll 
cult  to  olitaiii  any  positive  knowledge  as  to  the  condition 
of  the  joint  by  dVeel  inaiiipulatioii.  iiiit  a  fairly  itcninite 
notion  of  its  situation  limy  be  hiul  by  noting  the  Nurfiicc 


Flc.  asw.- Front  View  oftlii!  Htp-Jolnt.  (Krnni  SapiM-y.i  I,  Tendon 
of  rei'tus  femoris.  cut ;  2.  tt.s  iiUuelirnent  to  tlie  antero-lnferlor  lilac 
spine:  '.i.  retlerteil  iiorilnii  of  ttie  leniton  :  -1.  tul)errle  of  (tie  ln»- 
clianterinajor:  .'».  teiiiion  of  tlie  ifliiieiis  iiiininius ;  ft.  the  altni'tinient 
of  the  ilio-feuionil  liuainent.s  to  tlie  untero-lnferior  llliu' .spine:  T, 
dhrous  union  of  the  caiwuie  with  llie  teiulon  of  tlie  Kluieiis  inlnlniiis: 
S.  sniH-rlor  Ilio-leiiiorHl  Hiraiiienl :  H.  siniion  of  a  very  thin  tltinms 
lamella  whieh  covets  over  anil  rrossi-s  itie  ll^itiient  olili<|i]ely :  10. 
10,  thinner  inirtion  of  the  lapstiie  Im'Imii'Ii  the  two  illo-feiiLoml 
bunds:  11.  anterior  lllo-feinoral  iliranient :  IL'.  i:i,  thin  iiortion  of  the 
eapsuie  arising  from  the  ilio-iMs-iineuI  eiiilnenee.  and  fnnii  the  hori- 
zontal ramus:   U.  orlllee  in  the  rapsiil iininnninilintr  with  the 

bursa  beneath  the  tendon  of  the  llio-psoa.s :  l.'i.  |iulK>-reinoral  liira- 
ment;  Iti,  17,  IS,  1»,  lllirtiiis  tands  reliitlni:  to  the  oliiiiralor  mem- 
brane; 20,  the  obturator  foniiiien  or  siibpnblr  eunal :  -i.  iex-sT  tro- 
chanter; ii.  anteni-superior  iliac  spine:  '£i,  iiosteni-suiierior  lilac 
spine:  24,  posteni-lnferior  Iliac  spiue;  2.").  ilio-|Miiini-al  line:  M, 
illo-pectineal  eminence. 

forms  and  bony  points  of  the  region  .\s  to  the  bones, 
note  first  the  aiiterior  superior  spine  of  the  ilium,  always 
marked  even  in  the  fattest  subjects:  then  the  spine  of  tlie 
pubis,  which  can  easily  be  founil  by  abducting  the  thigh 
and  then  running  the  linger  along  the  strong  tendon  of 
the  adductor  lougus  which  stait.s  up.  .loining  these  two 
points  is  Poupart's  lig;inicnt.  which  may  ea.sily  be  felt. 
The  muscular  prominence  on  the  outer  side  of  the  leg  is 
caused  bv  the  tensor  vagina-  femoris.  on  the  inner  by  the 
abductor  muscles,  and  the  ti1angiil;ir  interval  between, 
which  reminds  one  distantly  of  the  axillary  space,  is  the 
f.«.<<f  siibiiit/uiniilin,  or  Scari)a's  tii;iiiglc.  It  is  through 
"the  middle  of  this  that  the  great  vessels  pa.ss  down  the 
thigh,  and  the  beating  of  the  femoral  artery,  which  lies 
nearest  the  joint,  may  he  felt  by  pressing  just  below 
Poupart's  ligament.  The  joint  is  about  half  an  inch  ex- 
ternal to  this,  and  in  a  vci-y  lean  person  (easier  in  cada 
vcr)  the  head  of  the  femur  may  be  felt  rolling  under  the 
fingers  bv  pressing  deeply  here  while  an  assistant  ex- 
tends and"  rotates  the  limb."  This  is  impossible,  however, 
when  the  subject  is  even  modemtcly  fat.  A  f  ninths  and 
tenderness  here  are  noted  in  the  early  stages  of  hip  dis- 
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ease,  when  there  is  elTusion  into  the  joint.  Pus  forming 
arounti  the  joint  is  always  eonlined.  and  hnrrows  exten- 
sively aloiiir  llie  lines  of  l!is<lii  alMive  mentioned.  An 
abscess  pointing'  lulow  I'diipaii's  lipinienl.  ami  e.Mernul 
to  the  vessels,  usually  eomes  from  the  joint. 

Two  oilier  bony   points  should   be  noted.      First,  the 
tuberosity  of  the  isehiuni.  which  is  the  part  upon  which 


Flc.  38W.— The  Hl|>-Joint  Opened.  (Fnim  Sappev.)  1,  1,  Transverse  seotlon  of  tin- 
capsiilur  llBament.  slKuvln^its  varinliiins  in  thickness:  i.  section  at  tlie  situatiim 
wlicrc  it  is  slrcninlipne<l  liv  the  iliii-fenK'ral  hands;  ;t,  3,  free  edsre  of  the  cotyloid 
hpiniMnt:  4. .'),  li.  stMiiiliinar  interspaces  which  separate  that  liframent  from  tin- 
capsule :  7,  T.  lail  of  fat  at  the  iKittoin  of  the  acctaliuliim:  S,  fl,  the  lipatnentiini 
teres:  10,  the  timl>o,  or  depression  <m  the  head  of  ttie  fcninr:  11,  11,  heart  of  the 
femur:  12,  farthest  extent  of  the  artli'iilar  surface  behind  :  13, 13,  that  portion  of  the 
neck  twhind  that  is  invested  with  synovial  nienihrane;  14.  14,  oMique  line  where 
the  svnnvial  meinhrnne  is  reflected':  1.5,  that  jiortiun  of  tlie  neck  behin<l  that  re- 
mains witlioiit  the  i-apsule:  IB,  ereat  trochanter:  17,  dlLntal  fossa;  IS,  lesser  tro- 
chanter: 1!»,  iKwterior  intertrochanteric  line. 


the  weight  of  the  body  rests  in  sitting.  In  the  erect  post- 
ure it  is  concealed  by  the  gluteal  fold  behind,  but  may 
readily  be  niaileoiit  by  i>alpatioii.  Second,  the  great  tro- 
chanter, which  is  situated  on  the  outer  part  of  the  upper 
tliigh,  about  four  iuclies  below  siiid  behind  the  anterior 
superior  iliac  .spine.  The  top  of  it  is  on  a  level  with  the 
pubic  spine,  and  about  three  fourths  of  an  inch  below 
the  head  of  the  fetnur.  When  the  leg  is  abducted  the 
trochanter  will  be  found  at  the  bottom  of  a  depres.sion ; 
when  adducted  and  rotated  inward  it  makes  a  pronii 
nence.  The  anterior  superior  iliac  spine,  the  tuberosity 
of  the  ischium,  and  the  pubic  spine  are  all  about  e(iually 
distant  from  the  bottom  of  the  acetabulum.  A  line  con- 
necting the  lirst  two  is  known  as  Nelaton's  line.  It 
grazes  the  great  trochanter  tind  passes  directly  over  the 
middle  of  the  acetabulum  when  the  thigh  is  slightly 
fle.xed.  By  noting  the  extent  of  displacement  of  the 
trochanter  with  reference  to  this  line,  much  can  be  made 
out  as  to  dislocation  or  fracture.  I'pon  lotating  the 
femur  the  trochanter  will  be  seen  to  describe  the  arc  of 
a  circle,  with  a  radius  ecpial  to  the  length  of  the  bead  and 
neck;  in  case  of  fracture  the  arc  is  mtich  less,  the  bone 
rotating  mendy  u)M)n  the  axis  of  the  shaft.  The  patii-nt 
being  in  the  recumbent  position,  a  fracture  r)f  the  neck 
may  also  be  detected  by  noting  the  displacement  of  the 
trochanter  toward  a  line  dropped  vertically  from  the  an- 
terior superior  spine  of  the  ilium  (Bryant). 

Of  the  articular  surfaces  the  acetabulum  is  the  more 
liable  to  disease,  because  it  is  compo.sed  of  :i  greater 
variety  of  (dements.  The  three  primitive  bones,  the 
ilium,  i.schiuin.  ami  pubis,  which  unite  to  make  the  in- 
nominate bone,  all  parlicipale  in  the  formation  of  the 
cavity.  I'p  to  the  age  of  puberty  the  component  bones 
are  s<'parated  by  a  Y  shaped  strip  of  cartilage.  It  is 
))robably  on  account  of  the  unusual  activity  reiiuired  by 
the  osteogenic  process  h(>re  that  the  joint  is  so  prone  to 
disease  in  childhood,  hip  disease  rarely  occurring  after 
ossification  is  completed.     The  primitive  divisions  of  the 


cavity  are  still  indicated  in  the  adult  by  notches  on  the 
edge  of  the  acetabulum.  The  lower  part  of  the  cavity 
is  not  covered  with  cartilage,  but  offers  a  rough  depres- 
sion tilled  in  with  fat  Jind  processes  from  the  synovial 
membrane,  in  which  vessels  pass  to  supply  the  joint 
(Haversian  gland)  (Fig.  2646).  It  results  from  this  that 
the  part  of  the  joint  covered  with  cartilage  has  somewhat 
of  a  horseshoe  shape.  The  lower  part,  both  iH'caiise  of 
its  vascularity  and  on  account  of  its  \v:uit  of  protection 
by  cartilage,  is  usu;illy  the  lirst  attaekeil  by  inllammalory 
processes.  It  is  also  in  this  situation  that  tlu'  walls  are 
thinnest,  as  it  is  necesstiry  to  buttress  above  agtiinst  the 
thrust  of  the  femur  in  the  erect  position.  The  thinness 
here  explains  the  ea.se  with  w  bich  itillani- 
matory  processes  may  be  propagated,  an 
arthritis  giving  rise  to  ii  pelvic  cellulitis, 
and  a  pelvic  abscess  occasioning  intlam- 
mation  of  the  joint.  Perforation  of  the 
acetabulum  is  not  very  common,  as  the 
pressure  is  l)Ut  slight. 

Within  the  pelvic  cavity  the  situation 
correspotiding  to  the  acetabulum  is  cov- 
ered in  part  by  the  obturator  internus. 
When  the  perforation  occurs  it  must  there- 
fore be  in  one  of  thice  position.s^-either 
upon  the  muscle,  behind  it.  or  ill  front  of 
it.  In  the  tirst  instance  the  jius  passes 
out  with  the  tendon  of  the  muscle  at  the 
lesser  sciatic  notch,  and  points  upon  the 
nates.  When  the  perforatiini  occurs  be- 
hind, the  pus  goes  into  the  ischiorectal 
fossil,  and  discharges  thioiigh  the  perine- 
um or  into  the  rectum.  When  it  occurs 
in  front,  the  jnis  passes  upward  along  the 
sheath  of  the  oliturator  vessels  and  makes 
its  ai)pearaiicc  in  the  groin. ^ 

The  acetabular  cavity  is  not  quite  an 
inch  in  diameter  and  does  not  comprise 
an  entire  hemisphere.  This  deficiency  is 
made  up  by  fitting  to  the  rim  an  elastic 
structure  of  fibro-cartilage  called  the  cotyloid  ligament. 
This  is  triangular  on  section  and  spans  over  the  notch  at 
the  bottom  of  the  cavity,  being  there  known  as  the  trans- 
verse ligament.  The  cavity  thus  deepened,  is  somewhat 
more  than  a  hemispheie.  The  cotyloid  ligament  is  applied 
closely  to  the  surface  of  the  femur,  and  helps  to  retain  it 
in  position — acting,  however,  as  a  valve,  as  it  is  easily 
stretched  sulticieutly  to  disarticulate  the  bones.  Both 
the  head  and  the  neck  of  the  femur  should  be  regarded 
as  taking  part  in  the  articulation,  the  tirst  by  actual  con- 
tact, the  second  by  its  inclusion  in   the  capsule.     The 


Fi(i,  a>47.— Seotlon  through  the  Left  Hip-Joint. 

articulating  surface  of  the  head  has  been  estimated  at 
nine  and  a  half  .square  inches,  and  when  to  this  is  added 
the  surface  of  the  acetabulum  and  capsule,  there  are 
about  twenty  square  inches  of  synovial  surface  subject 
to  inflammation,*    It  is  not,  therefore,  surprising  that 
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till-  Joiiil  nIiiiiiIiI  Ih-  Hiisi'i'iilililr  til  injury.  Tlii'  nirtiliif; 
iniiiiM  rovrriiif;  I'Mriids  liirtlirr  rrmn  rrniit  In  liiirk  lliiiii 
frmii  Hull-  til  niilr.  iiiilii'iitiiiL;  lln'  ilirrrtinii  nf  llii'  Kri'utrKt 
l•X(•ll|•^illll  of  tlir  iirtii  uliir  Mirfunv  A  slimt  ilistaiirr  lie 
low  till'  siiiiiiiiit  iif  till'  liniil.  iiiiil  II  lilllr  iinirrr  tlir  piiH 
tcriiir  lliiiii  till'  iiiiti'rior  siirriiri'.  tliirc  is  ii  slii:lit  licprrK 
Nion,  Icriticil  till'  iimiIhi.  fur  tlir  iiiscrliniior  tlif  ll);iiiiiriitiiiii 
trrcM  (sec  Kii;s  'JIIMI  iiiiil  "idlTi  Tlir  iicrk  is  iililii|iirlv 
sit  ii|>iiii  till'  sliaft  at  an  aMi;li'  which  viirirs  ai'iiinliiii:  to 
till'  au'i'  I'f  till'  iiiili\  iiliial.  but  imt  sii  iiiiu  h  as  is  ^'riiii'iilly 
siiiiiiiivil.  Iiriiii;  alxiiil  all  avi'ra>;i'  of  i:tl  fur  llir  cliilil 
anil  ailiill.  anil  I'.'H  tor  llir  apil'  Iniliviilual  variatinris 
ari'  iiiiirr  |iriiiiiitiiiiril.  lyinK  lii'twccn  I'.M  ami  I'M  .  or 
iniiri'.  Till-  aiiftir  is  li-ssin  fcinairs  than  in  inali's.  'riirsr 
fiK'ts  fxphiin  till-  ^'rratrr  frri|iirii<'y  in  wnnirii  ami  a^'il 
pi'iipli'  of  fiai'tiiri' ri'iiiu  shucks  ili'livirril  iipi>n  the  neck 
ill  a  vertical  iliicction.  as  the  nearer  the  alible  lii'tweeii 
the  neck  ami  the  shaft  is  to  a  riirht  anL'le  the  greater 
wiiiilil  lie  the  shearing'  stress  under  such  cireiinislanies. 
I'lie  cninpaet  tissue  is  mainly  at  the  Imver  part,  where 
the  iniisl  Imicini;  is  rei|iiiieil.  Caries,  tliere.fiire.  works 
liiuch  more  rapidly  upon  the  U|iper  surface. ■■ 

An  apparatus  coniieeted  with  the  synovial  mi'inlirane 
of  tile  joint  is  the  so  called  liv'unicntuni  teres,  or  round 
lipiinent  —  which  is  not  nnind.  nor.  properly  speakin.u.  a 
li^'anieiit.  Iieiii^  a  tlatteiied  hand  i|uite  similar  to  the 
synovial  proees.ses  with  wliii  h  it  is  united  at  lioth  ends 
(sec  Kill  "JlUli).  It  pass<s  from  the  fossa  at  the  lioiloni 
of  the  acctaliiiluin  to  the  iinilio  upon  the  head  of  the 
feinur.  It  diK'S  not.  like  interosseous  liiraments.  e.\tenil 
in  the  shortest  diri'Clion  from  one  hone  to  the  other,  hut 
is  in  a  manner  rolled  around  the  lower  part  of  the  head 
(Kij;.  ".'(i-lT).  It  is  <'<iinposiil  of  loose  conneelive  tissue 
anil  contains  ves.sels. 

Various  surmises  have  lieen  made  as  to  its  use.  It  was 
formerly  held  to  be  for  the  purpose  of  limitin^r  outward 
rotation  ami  adduction  durinirtlexion  ',  ',  V  It  has  licen 
shown,  however,  that  if  the  capsule  is  left  intait.  these 
motions  are  more  closely  limited  than  when  it  is  severed, 
and  the  strain  comes  alone  upon  the  li<;amentum  teres. 
Tillaiix^  thinks  that  it  tends  to  lireak  shm  ks  delivered 
liy  the  femur  upon  the  top  of  the  acetahular  cavity  in 
jumpini:.  etc.  Sappcy  ■  sujiposes  that  its  principal  func 
tinii  is  llie  protection  and  (onveyance  of  vessels  to  nour 
isli  the  head  of  the  femur;  hut  Ilyrtl'-'  tinils  that,  upon 
careful  injection  of  the  arteries,  only  the  round  liiiainent 
and  the  fatty  cushiim  at  the  bottom  of  the  acetabulum 
become  reililened,  and  that  at  the  insertion  of  the  round 
lipamenf  upon  the  femoral  head  the  capillary  arteries 
loop  hack  and  unite  with  veins.  An  injection  of  the 
.superior  nutrient  artery,  on  the  contrary,  tills  the  eapil 
laries  of  the  cancellous  tissue  of  the  head.  This  explains 
the  well  known  |>atholoi:ical  fa<  t  that  an  inlnicapsular 
fnicturc  of  the  femoral  neck  is  likely  to  be  followed  by 
non  union  of  the  frairnients.  notwithstanding  that  the 
ligainentum  teres  may  be  left  intact.  Nansrer.'"  how 
ever,  finds  that,  in  younjr  subjects,  vessels  of  consider 
able  size  jia.ss  throu.irh  directly  into  the  proximal  epiphy- 
sis of  the  femur,  and  suggests  that  its  function  is 
connected  with  the  nourishment  of  that  e|iipliysis 
AVIicn  this  becomes  united,  its  vascular  system  is  con 
neetiil  w  ilh  thai  of  the  nutrient  artery,  anil  the  bninchcs 
received  through  the  ligaincnl  gradually  atrophy,  until 
in  old  age  they  are  almost  entirelv  wanting. 

Welcker  "  has  made  a  (-arcful  examination  of  this  liga- 
ment in  the  uninail  series,  as  well  as  in  human  embryos, 
and  considers  it  a  process  of  synovial  mend)i"iine  origi 
nating  as  a  fold  at  the  side  of  the  articular  surface,  and 
gniilually  detached  by  the  twisting  of  the  limbs.  In 
some  animals  i|uiti'  near  man.  as  the  orang  (occasionally 
also  in  main,  it  is  wanting,  but  it  may  be  said  to  be  gen 
cnilly  ]ircsent  when  there  is  much  dilferentiution  of  the 
hind  limbs.  In  the  tapir  it  is  reduced  to  a  proc<'SS  at- 
tached only  at  the  side,  a' condition  occasionally  found  in 
the  human  shoulder  joint. 

One  of  the  most  interesting  views  as  to  the  nature  of 
this  puzzling  structure  is  that  of  Sutton.'-'  who  thinks  it 
a  vestige  of  a  tendon,  probably  a  former  attachment  of 
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the  pectineiiN.  The  anibieim  iniiwle  of  imtrlcheN,  lioninl- 
ogoUH  with  the  peclini'iiM,  carries  its  leiiilon  Into  the  joint 
to  (he  head   of  lh<    feiiiiii        In  the  lizard    Sii/iiin-lfiii,  the 

pectineus  has  two  heads.  going   to  the   femur,    the 

other  to  the  pubic  bone,  nniiniling  one  of  the  liicepM 
lirachialis.  In  the  horse  the  ligamentiiin  teres  Iiuh  two 
parts,  one  of  which  is  continitous  with  the  pectineus. 

The  capsule  nf  the  joint  is  much  Ktrnnger  and  thicker 
than  that  at  the  sliouldei.  and  <  onllnes  the  bones  more 
closely.  It  is  united  above  just  beyond  the  base  of  (ho 
outer  edge  of  the  col  \  loid  ligament,  and  to  the  tiaiiKveiKc 
ligament.  I'pon  the  femur  it  passes  considerably  beyond 
the  articular  surface,  taking  in  a  portion  of  the  iii-ek. 
In  front  it  reaches  to  the  anterior  interlroehanteiic  line, 
while  beliind.  because  of  the  numerous  muscles  coming 
to  be  inserted  into  the  trochanter,  it  diK-s  not  reach  the 
posterior  line,  but  covers  only  about  the  inner  two  thirds 
of  the  neck.  It  followsfrom  this  tli.it  all  fractures  of  the 
Meek  arc  inlnicapsul.ir  in  front.  Iliiil  lliiy  are  inliaiapsu- 
lar  in  front  and  behind  when  situated  at  the  internal  half, 
hut  when  at  the  external  half  they  may  be  intracapsular 
in  front  ami  extracapsular  behind.  Tillaux  '  notes  that 
the  synovial  membrane  is  rellected  within  the  capsule 
somewhat  in  advance  of  the  tibres  of  the  capsule,  and 
shows  that  a  fnicturc  might  be  intracapsidar  and  still  not 
involve  the  synovial  membrane.  lie  therefore  proposes 
that  the  fnictures  of  the  neck  be  divided  iul<i  intra-  and 
extp.i  articular. 

The  innermost  layer  of  tlu'  capsule, 
synovial  mcmbnine.  is  a  thin  layer 
These  become  more  apparent  beliind 
part,  where  they  are  known  as  the 
This  is  the  weakest  part  of  the  capsule,  and.  eonse- 
(piently.  the  ])oint  where  pus  usually  bursts  through, 
and  where  spontaneous  dislocation  takes  place  in  hip 
disease.  A  blow  on  the  great  trochanter  forcing  the 
head  of  the  bone  downward  and  backward  is  apt  to  occa- 
sion dislocation,  especially  when  the  thigh  is  Hexed  so 
as  to  make  the  I'.eail  of  the  femur  press  against  this  weak 
part.  The  circular  tilires  are  not  contined  to  this  spot, 
but  arc  found  intermingling  with  otliers  in  all  parts  of 
the  capsule.  They  iiiidoubtedly  exercise  a  restraining 
influence  against  dislncation  of  the  bone  by  constricting 
the  capsule  at  its  femoral  insertion. 

In  (hose  situations  where  special  stress  occurs.  longi- 
tudinal bundles  of  considerable  strength  have  been 
formed  upon  the  stirface  of  the  capsule.  These  form 
four  tolerably  distinct  bands.  Two  of  these  are  cau.sed 
l)y  the  necessity  of  supporting  the  trunk  in  the  erect 
position.  They  pass  from  the  anterior  inferior  spine  of 
the  ilium  downward,  diverging  from  each  other  like  the 
Uranches  of  an  inverted  Y  (X'-  one  going  to  the  base  of 
the  trfichanter  major,  the  other  to  ju.sl  above  the  tro- 
chanter minor.  Tliev  have  usually  lieen  desciibed  col- 
lectively as  tlu'ilio-fiinoral  ligami-nt.  ligament  of  Hertiu, 
or  Y  ligament  of  Uigelow.  Welcker"  has.  however, 
suggested  that,  as  the  two  bands  are  distinct  and  perform 
diltcrent  physiological  functions,  they  should  receive 
separate  names,  and  pro])oses  to  call  them  the  superior 
and  anterior  ilio  femoral  ligaments.  They  arc  both  ex- 
ceedingly strong  It  is  because  of  this  that,  in  the  bar- 
barous punishment  of  "dniwing  "  a  crimiiiiil.  by  means 
of  four  horses  attached  to  his  limbs  and  proceeding  in 
opposite  directions,  the  separation  at  the  hip  joint  had 
usually  to  be  completed  with  a  knife,  the  ligament.s  re- 
sisting after  scvenil  hours  of  trial — as  was  the  case  at  the 
execution  of  Ravaillac.  the  as.sjis.sin  of  Henry  IV..  and  of 
Damiens.  who  attempted  the  life  of  Louis  XV. 

The  superior  ligament  is  perhaiis  the  stiongest  liga- 
ment in  the  body,  being  from  one-fourth  to  one  half  an 
inch  thick  (7  to  14  mm.  Welcker).  and  stronger  than  the 
tendo  Achillis.  Its  action  is  to  limit  the  extension  of  the 
fciuur  upon  the  jiclvis.  In  the  erect  position  the  weight 
of  the  body  falls  behind  the  hip.  and  the  pelvis  is  accord- 
ingly tilted  backward,  putting  this  band  on  the  stretch, 
and  it  then  sustains  the  whole  weight  of  the  trunk,  head, 
and  arms,  a  great  economy  of  muscular  force  being  thus 
elTccted.     It  also  limits  outward  rotation  and  ailduction. 
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Tlif  iiiili'rior  lijiament  is  also  vit.v  strong,  being  nearly 
oue-fourlli  iif  an  incli  tlii<'k  (4  to  5  mm.),  anij  the  longest 
stivnstlluiiing  Imiid  of  I  lie  capsule  It  assists  llii' supe- 
rior ligament  in  liniitiiij^  e.xlension.  Iiiu  not  in  tlie  same 
plane,  tile  plane  oC  liniilali'in  for  the  superior  li;;anienl 
liiiiisj  nearly  parallel  lo  the  axis  ni  the  femoral  neek.  that 
nf  I  he  anterior  with  the  axis  of  the  shaft. 

The  two  lisiamenls  are  liul  sliiihtly  developed  before 
the  ireet  position  is  attained.  Indications  of  them  an- 
found  early,  but  they  irxTease  with  the  L'rowlh.  In  ani- 
mals that  can  .stand  jiarlially  I'recl.  such  as  apes  and  some 
marsupials  (kangaroo),  (hi'  ligameutsare  strong;  in  others 
slight. '- 

'I'liey  have  an  important  influence  in  determining  the 
ilelormity  which  results  from  dislocations  of  the  femur, 
and  may  lie  used  as  a  fulcrum  in  ii-diicinglhem.'^  Thus, 
it  is  the  superior  ligament  which  holds  the  neck  li.xed. 
and  hence  causes  the  inward  turning  of  the  toes  in 
ilisloeation  backward.  In  thyroid  dislocation  the  ante- 
rior ligament  causes  in  a  .similar  wav  an  eversion  of  the 
toes. 

Another  strengthening  band  of  Ihecapsule  is  the  pubo 
femoral  iigament.  wliii  h  stretches  from  the  pectineal 
eminence  of  the  pubic  bone  to  the  lesser  trochanter.  It 
is  from  2  to  3  mm.  thick,  ami  limits  abduction.  The 
ischio- femoral  band  is  <if  about  the  same  size,  and 
stretches  in  a  similar  way  from  the  tuberosity  of  the 
ischium  to  the  digital  fossa  of  the  great  trochanter,  along 
the  line  of  the  tendon  of  the  oblunitor  internus,  with 
which  it  is  somewhat  blcndi'd.  It  limits  rotation  in- 
wai<l.  It  is  sometimes  described  as  ending  upon  the 
capsule,  and  therefore  called  isehio-ca|)sular  (Herile);  but 
Welcker  and  others  find  the  arrangement  ilescribcd  the 
usual  one. 

The  a<-tion  of  these  four  bands  is  such  that  in  juissiug 
from  the  tle.xed  to  the  extended  position  they  wind 
around  the  neck  in  such  a  way  as  to  shorten  the  capsule, 
which,  being  closely  united  with  tli<'  zona  orbicularis,  is 
drawn  iiji  against  the  edge  of  the  acetabular  cavity  and 
surrounds  the  lower  part  of  the  hi  ail  as  with  a  ring.  It 
may  be  said  that  the  contraction  is  such  that  dislocation 
is  impossible  in  the  extended  position. 

The  brothers  Weber  made  the  discovery  that  the  head 
of  the  feimir  is  held  in  position  by  atmospheric  pressure, 
the  amount  of  weight  thus  lifted  being  somewhat  greater 
than  that  of  the  limb.  This  greatly  economizes  the  mus- 
cular force  retjuired  for  walking.  The  closely  fitting 
cotyloid  ligament  assists  this  greatly,  and  di.slociition  is 
very  unusual,  if  not  entirely  impossible,  without  injury 
to  it.  -Men  and  animals  that  ascend  mountains  to  a 
height  where  the  air  becomes  sulliciently  raielied  to  be 
of  less  effect  in  upholding  the  W'eight  of  the  lindis 
suffer  from  weakness  in  the  joints.  HyrtP  states  also 
that  mountaineers,  who  have  trained  their  mu.scles  by 
long  use  in  a  rarefied  atmospheii-.  arc  somewhat  in- 
expert in  the  use  of  their  legs  when  they  descend  to 
till-  valleys. 

The  arterial  supply  to  the  joint  is,  as  has  been  .stated. 
through  the  notch  in  the  lower  part  of  the  aeetabiduni. 
some  collateral  circulation  being  imperfectly  effected  by 
means  of  capillary  branches  from  the  nutrient  artery  lif 
the  feiiiui.  The  capsular  ligament  is  remarkable  for  the 
number  of  vessels  and  nerves  which  ramify  in  it. 

The  joint  is  usually  said  to  he  su|iplieil  with  nerves 
fron\  the  sciatic  and  from  the  obturator  trunks,  but  re- 
cently the  nervous  sup|ily  has  been  carefully  reinvesti- 
pateii  by  C'hnndelux,  who  linds  it  to  be  as  follows:  In 
front,  a  twig  from  the  museulo-cutaneous  branch  of  the 
anterior  crural  is  given  off  a  short  distance  from  the 
point  where  the  nerve  is  lost  in  the  pectincus.  This 
pa.s.ses  behind  the  .sheath  of  the  femoral  vessels,  and 
reaches  the  capsule  at  its  luitero  internal  portion.  It 
supplies  the  internal  half  of  the-  anterior  part  of  the  cap- 
sule lii-hind  there  is  a  braiich  of  somewhat  variable 
origin,  but  always  emanating  either  directly  or  indirectly 
from  the  sacral  jilexus.  It  descends  upon  the  posterior 
part  of  the  articulation,  reaches  the  capsule  behind  and 
above,  and  is  distributed  to  the  internal  liidf  of  (he  pos- 


terior portion.  No  nerve  was  found  from  the  obturator 
trunk. 

It  is  believed  that  this  distribution  explains  certain 
phenomena  connected  with  coxalgia.  In  certain  forms 
the  propulsion  of  the  head  against  the  acetab\ilar  cavity 
by  percussion  ti))on  the  knee  is  hardly  felt,  although  a 
direct  pressiue  upon  the  internal  part  of  the  lemoral  head 
in  front  is  very  painful,  as  are  also  forced  movements  of 
outward  rotation.  In  this  case  it  is  supposed  that  there 
is  a  coxalgia  of  capsular  origin. 

Again,  the  characteristic  attitude  is  also  explained. 
Often  adduction  of  the  leg  is  accompanied  by  inward  ro- 
tation, but  in  some  patients  outward  rotation  occurs.  As 
the  anterior  articular  nerve  is  only  a  bifurcation  of  the 
branch  going  to  supply  the  peetineus.  it  may  easily  be 
imagined  that  a  neuiitis,  arising  |ierhaps  front  the  syno- 
vial membrane,  afTects  the  pectineal  branch  anil  causes 
the  muscle  to  act. 

The  jiain  in  the  knee,  which  is  an  almost  constant 
symptom  in  hip  disease,  has  usually  been  considered  to  be 
caused  by  the  reflex  action  through  the  articular  branch 
from  the  obturator  nerve.  It  may.  however,  be  caused 
by  a  neuritis  extending  to  the  internal  saphenous  nerve, 
or,  as  is  more  likely,  by  the  |)ressure  which  the  effusion 
into  the  joint  makes  uiion  the  obturator  nerve  where  it 
lies  uiion  the  anterior  jiart  of  the  capside.* 

Frank  linker. 
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HIP-JOINT,  CONGENITAL  DISLOCATION  OF  THE. 

— Congenital  ilislui-itimi  of  the  hip  joint,  or  perhaps 
more  |iro)ierly  iiiisplaciiiienl.  is  by  far  the  most  common 
and  the  most  important  of  this  class  of  disiibility. 

It  is  much  more  cinnmoii  in  females  than  in  males,  as  is 
illustrated  by  the  following  statistics:  In  671  ca.ses  col- 
lected from  dilTcrent  sources  by  Lorcnz  .'589  (87.8  per 
cent.)  were  in  females  and  82  (12.2  per  cent.)  in  males. 
Of  1.039  cases  .seen  at  the  Polyclinic  in  Milan.  867  (83.4 
l>cr  cent.)  were  in  females.  172  (16.6  ]ier  cent. )  in  males. 
Ill  .-iltO  cases  iccorded  at  the  lIos|)ilal  for  Huptured  and 
Crippled.  413  (82.6  per  cent.)  were  in  females  and  87 
(17.47  per  cent.)  in  males. 

The  dislocation  is  more  often  unilateral  than  bilateral. 
In  Loren/.'s  series  of  671  cases,  421  (64.4  per  cent.)  were 
single;  22.5  of  the  right,  196  of  the  left  side.  In  245 
ca.ses  (36.6  per  cent.1  the  displacement  was  bilateral.  In 
the  statistics  of  the  Hospital  for  Huptured  and  Cripided 
3r)3  (71.3  per  cent. )  were  unilateral ;  13.")  of  the  right  and 
218  of  the  left  side;   136  (27.87  per  cent.)  were  liilateral. 

The  dislocation  at  the  time  when  the  patients  are 
brought  for  ti'eatment  is  usually  posterior,  upon  the  dor- 
sum of  the  ilium.  In  other  instances  it  is  anterior,  the 
head  of  the  bone  lying  lieUnv  the  anterior  superior  spine. 
Occasionally  the  displacement  appears  to  be  a  .sublu.xa- 
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tioll  (lllr  111  Iftxily  111  llii  rii|iML)r  .  Ill  -mil  iii^i  s  M  ii>>i\ 
111'  ilirrrllv  ii|i\viiril.  sii|iiiiriilvliiiil  'I'liis  fnnii  is  limrr 
iifti'ii  si'i'ii  ill  iiifiiiir\  ,  mill  it  ii'|iii'.si'iils  |iiis.silil,v  liir  pi'i 
iiiiirv  ilispliirciiK'iit  iif  a  iiiiirli  lurt;rr  |irii|iorliiiii  nf  tin- 
liitii)  iiiiiiilM'r.  u  liirli  rliiiii|i;rs  In  llic  oriliiiiirv  fiiriii  iiiiiirr 
fillirliiiniil  iiHe. 

I'ai  iiiii.iMiv.— Tlir  (li'jjrfc  <if  iihiinriimlily  of  Ilic  joint 
mill  i>r  till'  ?<iirri>iiiiiliii);  luirlN  viirirs  with  tlx'  ii|;i'  <if  tlii' 
imlii'iit  mill  witli  till'  siniiii  iiiul  frirlimi  In  which  tlir 
ilis|iliirril  pints  liiivr  hirii  siiliji'<'ti'il.  At  liirth  it  iiiiiy 
Im'  iisMiiiiiril  that  tlir  iiraii  nf  thi'  linlii'  lirs  in  clnsi'  prnx- 
iliiity   III  a  Miiiiruhal    riiilinu'iilary  arli'tnliiiliini.      Al   a 

lali'r  liiiK',  wlu'ii  Ihr  joint  is  I'xpnsi-il  at  npcniti it  Ilic 

Hjri' of  fiiiir  ycai^  or  nmri'.  tin-  ruiliinrntary  aci'lJiliuliini 
may  lie  partly  lllli'il  with  larlilau'i'.  fat.  ami  iiliioiis  tissue. 
Ax  11  riilr.  liiiwi'vi'f.  a  wi'll-niarkril  riilp'  imliratiiiK  ils 
ixislcrioraiul  upprr  nnir;;iiii'aii  lie  iiiailc  out  miiliii  iiianv 
instances  it  appeals  In  he  of  fair  size  ami  iliplli.  hut  al- 
wavs  niisshapeil  to  a  i;ii'alcror  lis.s  ileu'ree.  snmller  and 
shalloNver  than  iiorinal.  ami  in  olilir  siilijects  contiacU'd 
al  its  upper  margin  In  a  .somewhat  lrian;:wlar  fi>rni. 

'I'he  capsule  is  elonjrateil  to  aeeoinnioilale  the  upward 
dislocation  of  tlie  femur.  It  is  hyperlrophii'd.  especially 
where  it  covers  the  upper  part  of  the  head  of  liie  hone, 
and  it  is  often  drawn  into  a  .shape  like  an  liourf;lass:  the 
upper  i)art  contains  the  head  of  the  bone;  the  anterior 
wall  is  drawn  tiirlilly  across  the  acetabulum,  forminir 
at  ils  upper  border  a  narrow,  slit-like  conunuiiieiition. 
through  which  the  li;.'amenluin  teres  passes,  if  it  be  pres- 
ent. The  inteiior  of  the  cajisulc  is  in  part  lined  with 
synovial  niendinine.  and  it  often  contains  more  synovial 
lliiid  than  is  found  in  the  normal  joint. 

The  liiianientum  teres,  althoujrh  probably  present  at 
liiith  in  a  laiire  proportion  of  the  cases,  becomes  atteuu- 
ateil  and  ribbon  like  with  the  iucrejisin;^  elongation  of 
the  capside.  and  after  the  age  of  tivu  years  it  is  usually 
absent  or  very  rudimeiiiary. 

A  shallow  depression  formed  in  part  by  the  direct 
pressure  of  the  head  of  the  bone  tliiouj;h  the  adherent 
capsule,  and  in  pan  tin  result  of  irritation  of  the  peri- 
osteum is  usually  found  uiion  the  ilium,  but  as  it  is  not 
often  of  sullieient  liipth  to  assure  a  secure  support  for 
the  head  of  the  fenr,;r  its  upper  marf;in  fimdually  recedes 
or  two  distinct  depr'.ssions  may  be  formed  one  above  the 
other.  The  upper  extremity  of  the  lenuir  is  usually 
somewhat  atrophied.  The  neck  is  often  shorter  than 
nonual.  ils  anjrle  may  be  lessened  and  in  many  instances 
its  forward  inclination  is  increased  (anteversion).  The 
luiid  of  the  bone  may  be  nearly  normal,  allhoui^h  usually 
it  is  somewhat  llallened  on  its  inner  and  under  surface, 
or  it  may  be  somewhat  conical,  or  apiin  compressed  from 
side  to  side  to  an  almond  shape  or  otherwise  distorted. 

There  are  also  scconilary  changes  in  the  bones  of  the 
pelvis.  In  iinilatcnd  dislocation  the  pelvis  is  usually 
somewhat  atroiihied  on  the  allected  side,  and  a  lateral  in- 
clination of  the  spine  may  be  present.  The  final  changes 
in  the  pelvis  caused  by  the  bilatersd  dislocation  are  more 
important:  its  inclinatiim  is  increased,  the  lumbar  lor- 
dosis is  exaggerated,  the  sacrum  is  forced  forward  and 
downward  so  that  the  antero  posterior  diameter  is  less- 
ened:  the  tuberosities  of  the  iscliia  are  everted  and  the 
transveise  iliamelcr  of  the  pelvic  outlet  is  increased. 

The  long  muscles  of  the  thigh  are  shortened,  while  those 
attached  about  the  trochanter  are  changiil  in  direction 
and  are  usually  lengthened.  There  is  also  a  slight  gen- 
eral muscular  atrophy  that  is  particularly  marked  on  the 
gluteal  group  The  changes  become  more  marked  with 
increasing  aire,  and  in  some  of  the  adult  specimens  but 
little  resemblance  to  the  normal  parts  remains. 

Asa  rule,  congenilal  disiocation  of  the  hip  is  not  ac- 
companied by  defective  development  or  deformity  elsp- 
where:  although  cases  are  sometimes  seen  in  which  a 
general  la.xity  of  ligaments  is  present  or  in  which  the 
dislocation  may  be  one  of  a  series  of  deformities  and  mal- 
formations. 

ETioi.oiiV. — Nothing  positive  is  known  of  the  etiology 
of  the  ilislocjitinn.  In  a  small  proportion  of  the  uni- 
lateral cases  it  mav  be  ilue  to  violence  at   birth,  hut  the 


hii  i  iliiii  iMiiit\  iiLiiiji  li\f  pel  lent  oi  ihf  p.'iiii'iiis  arc 
females  indii'iites  that  the  primary  cailiu' can  be  neither 
injury  nor  disease 

Ilireditiiiy    iiilliieme  can   be  establlNhed   in   a  few  in 
Klanecs   miil  Ihe  displacement  may   be  prewnl   in   more 
thun  one  of  the  sjime  faniily.     The  writer  huH  examined 
three   feunde  children. 

in  a  family  of  nine  in 

each  of  whom  tlieie 
wits  disliHiition  of  the 
left  hip.  the  order  be- 
ing the  third,  eighth, 
and  ninth  child:  also 
twins,  one  having 
single  and  the  other 
double  dislocation.  In 
but  two  inslances  in  a 
large  number  of  oli.ser 
vations.  was  it  certain 
th"t  congenilal  dis- 
placement was  present 
in  the  mothers  of  the 
patients. 

Uf  the  various  theo- 
ries that  have  been  ad 
vanced  to  account  fm 
the  condition,  the  ino-i 
rc'isonable  seems  to  In- 
defective  develo])meiit 
either  nf  the  entire 
acetabulum  or  of  its 
posterior  margin.  This 
defective  development 
may  be  primary  or  it 
may  be  secondary  to  a 
lixed  position  of  the 
limb  in  adduction  and 
Hexion. 

Ileusner  lias  endeav- 
ored to  explain  the 
greater  liability  of  fe- 
males to  the  dislocation 
by  disproportionate 
laxity  of  the  capsule 
which  he  thinks  is 
characteristic  of  the 
sex.  It  is  probable 
that  the  dislocation  in 
many  instances  is  at 
birth  a  subluxation 
only  and  Ijecomes  com- 
plete through  muscu- 
lar action  and  by  the 
use  of  the  limb  in 
standing  and  walking. 

Sv.MPTo.MS. — The  displacement  does  not  as  a  rule  at- 
tract attention  until  the  child  begins  to  walk;  although 
in  some  cases  the  mother  may  have  noticed  a  peculiar 
breadth  of  pelvis,  or  a  "lump"  on  Ihe  buttock,  or  a 
"snapping"  about  the  hip-joint,  or  a  peculiar  attitude  of 
the  limb  before  this  time. 

I'hihitniil  Di'l'T'ili'iii.— If  thi-  displacement  is  of  one 
side,  a  limp  is  imine<liately  apparent,  anil  this  becomes 
more  noticeable  as  the  child  grows  older.  The  limp  is 
characteristic  of  the  alTeelion.  for  the  limb  is  not  only 
shorter  than  its  fellow  but  owing  to  the  ela.sticity  of  the 
capsule  it  becomes  still  shorter  when  weight  falls  upon  it. 
Thus  in  walking  there  is  a  peculiar  lunge  of  the  body  tow- 
ard the  alTected  side.  In  most  inslances  the  dislocation 
is  upon  the  dorsum  of  the  ilium,  the  head  of  the  femur 
being  displaced  upward  and  backward.  In  compensa- 
tion the  pelvis  is  lilted  toward  the  short  leg  and  its  in- 
clination is  increased.  It  is  also  rotated  forward  so  that 
the  anterior  superior  spine  lies  on  a  lower  plane,  and  in 
advance  of  that  of  the  opposite  side. 

When  the  child  begins  to  walk  the  shortening  of  the 
limb  is  from  one-half  to  Ihree-iiuarters  of  iin  inch.  In 
adolescence  it  is  from  one  and  a  half  to  three  inches  or 


Fig.  3K4.S.  Inllatcnil  lilslmallon 
Showiiitrttie  Incllnution  of  tlie  Body 
Toward  Ilii-  Sliorter  Linili. 
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oven  iiKirc.  ilic  sliDrtciiing  incrcasinj;  as  the  capsulo  eloii- 
giilcs  undiT  prrssiire, 

DlluT  siitiis  ail'  tlif  llatlciiiii;,' of  the  liuMixk  anil  tlic 
ek'vati-d  and  proiniiu'iil  tiocliaiitir  whirli  iiiav  lie  seen 


Fig.  2(Ufl.— Biiati-nil  iMMiH-a 1  r-iinu  itiir  tilt-  i(t-i»ti\c  >hortening  of 

the  Ixiwer  Limits  and  tlie  Apparent  Broadening  of  the  Pelvis. 

or  felt  as  an  abnormal  latfial  |iri>j('etion,  on  a  level  with 
the  anterior  superior  s|>ine.  wliicli  is,  as  has  been  stated, 
.sonie\vhat  tilted  downward. 

In  eliildhood  tlic  altitude  of  the  limb  is  ]>raetieally 
normal  and  motion  is  unrestricted.  There  is,  in  fact,  an 
abnormal  moliility  that  may  !)<■  demonstrated  by  alternate 
traction  and  upward  pressure  on  the  lind).  As  the  femur 
becomes  larger  and  the  upward  displacement  increases. 
the  mobility  is  restricted;  the  ranee  of  abduction  in  par- 
ticular is  much  diminished  and  not  infrequently  the  limb 
becomi-s  permanently  adducted  and  tie.xed,  thus  adding 
the  apparent  shortening  of  adduction  to  that  caused  by 
the  dislocation. 

Bildleriil  J>ii<li>riilioii. — When  the  dislocation  is  bilat- 
eral the  shortening  of  the  linil)s  is,  as  a  rule,  equal  or 
nearly  so.  and  us  both  femoni  arc  displaced  backward  the 
pelvis  is  tilted  forward.  In  compensation  the  hollow  of 
the  back  is  increased,  the  abdomen  protrudes,  the  but- 
to<ks  are  flattened,  the  pelvis  appears  to  be  abnormally 
wide,  and  the  thiglisare separated  by  a  considendde  inter- 
val. The  limp  characteristic  of  the  single  displacement 
is  replaceil  by  an  exaggerated  waddle,  a  "sidlor  gait." 

In  early  childhood  there  may  lie  no  symptoms  other 
than  the  i)liy,sical  signs  that  have  b<en  described,  but  as 
the  child  becomes  more  active  it  usually  comjilains  of 
discomfort  after  exertion.  It  is  easily  fatigued  and  at 
times  it  may  suffer  actual  pain.  Tlusc  symptoms  are  of 
course  more  marked  in  the  double  than  in  the  single  dis- 


placement, because  in  the  latter  case  the  normal  joint  is 
capahleiif  bearing  more  than  its  sharcof  the  strain.  The 
symplimis  often  increase  during  adolescence,  but  they 
may  become  less  troublesome  in  adult  life  if  a  |)ermanent 
resting-place  on  the  ]ielvis  is  secured.  This  s<'curily  is 
often  assured,  however,  by  a  corresponding  limitation  of 
the  range  of  motion.  The  physical  signs  of  course  per 
sist  and  the  individual  is.  as  comparc<l  with  the  normal 
standard,  more  or  less  disjiblid  and  di'fonned.  Fortu- 
nately the  great  majority  of  the  patients  arc  females,  and 
because  of  the  less  laborious  occui>ations  and  the  (lis 
tiuclive  dress,  thedisjibility  and  itselT<'ets  are  less  seri(ms 
than  if  the  displacement  were  more  e(|Ually  divided  be- 
tween the  sexes. 

The  symptoms  of  the  anterior  dislocation  in  which  the 
head  of  the  bone  lies  beneath  the  anterior  superior  spine, 
are  less  marked  because  the  relation  of  the  ]ielvis  to  the 
femur  is  nearly  normal,  so  that  secondary  deformity  is 
slight.  The  shortening  is  less  and  the  resistance  of" the 
tis.sues  attached  to  the  anterior  superior  spiiK'is  sullicient 
to  assure  a  more  secure  support  than  in  the  ordinarv  form 
so  that  the  limp  is  less  noticeable.  In  bilateral  anterior 
dislocation  there  is  a  swaying  backward  of  the  body,  but 
the  exaggerated  lordosis  is  absent. 

Di.vGNosis. — The  diagnosis  otTers  no  ditlicidty.  The 
history  of  the  limj),  at  once  apparent  when  the  child 
began  to  walk,  yet 
not  accompanied  by 
]iain  or  |ueceded  by 
injury  or  disease,  is 
in  itself  sulticiently 
distinctive.  If  the 
displacement  is  of 
one  side  nieasure- 
m  e  n  t  demonstrates 
the  shortening  as 
compared  with  the 
other  limli.  a  shorten- 
ing that  is  explained 
by  the  pronnncnce 
and  the  elevation  of 
the  trochanter  above 
Nelaton's  line.  Trac- 
tion and  upward 
pressure  on  the  leg 
will  demonstrate  the 
abnormal  mobility  of 
the  <lisplaced  head; 
and  linally  if  the 
thigh  be  llexed  and 
adducted  to  its  ex- 
treme limit,  the  neck 
and  head  of  the  le- 
mur can  be  easily 
distinguished  mov- 
ing under  the  gluteal 
nui.scles  when  tin- 
limbis  rotateil.  Thus 
it  may  be  ditfercnti- 
ated  from  dciuession 
of  the  neck  of  the 
femur  (coxa  vara),  in 
which  although  tlic 
trochanter  is  elevat- 
ed, the  neck  and  head 
of  the  bone  cannot 
be  felt,  and  in  w  hieh 
the  abnormal  mobil- 
ity, characteristic  of 
the  dislocation,  is  ab- 
sent. Again,  coxa 
varaisalmost  never  a 
congenital  afTection, 
therefore  the  history  itself  would  jimctically  exclude  it. 

l'l)ward  displacement  of  the  femur  not  infiei|uently 
follows  infectious  epiphysitis  in  infancy  or  early  child- 
hood. In  such  cases  a  part  of  the  upper  extremity  of  the 
bone  is  usuallv  destroved  so  that  ihe  head  cannot  be  dis 


FIG.  3«iO.--Bllateral  Dislocation  Show- 
ing the  Separation  of  the  Thighs. 
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■  ill. 
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tiiii;iiiMlii-il  (III  |itil|iii- 
liiiii        Allli'piiK'l'     '!"• 

iillirr  plivslrill  sifillH 
lirr  silllillir  In  llliiS4-  nf 
till'  riili^'ciijtiil  ilis- 
|i|ll>  rllli'lll,  III!'  M'lirs 
iiliiiill  llir  Jiiilit  nIiiiw 
till'  cviili-iHT  of  fiiriiirr 
iliHi'iisi'  mill  llir  liJKtiirv 
is  iiliiinsi  alwiivs  iiviiil- 
iilili'  fur  iliaf;iiiisis,  kii 
lllill  MS  It  riilr  slicll  ilis- 
iiMlilirsiis  will  iistniii- 
iiiiilic  ilislunitliiiis  nr 
ciIht  ri'siills  of  iiijiity 
ur  iliscii.Hc  llir  rnidily 
ixcliiilril. 

Crrliiiii  iif  till'  iiiincir 
syiii|)tniiis  (if  cmifrcM 
ital  (lislix-iitluii  iimv  lii' 
^iniiilati'il  liy  ullirr  af 
liitiniis.  ImM  llirsr  may 
lir  ixcliidrii  naclily  liy 
llir  pliysiial  cxaiiiiiia- 
limi. 

Ill  iliiiilitfiil  cases  n 
RiHiil^rii  picliiir  will 
ili'iniinslralr  tlir  iliar- 
.irlci-  of  the  (lisaliilily. 
'rui;ATMi:Nr.  —  Tlir 
priii(i|ilrs  ol  the  trcat- 
iiiciil  an-  simple,  siiioe 
it  is  evident  tliiit  tlie 
only  cure  of  ii  disloea- 
lion  nuisl  lie  replaee- 
iiielit  of  tlie  displaced 
part.  The  application 
of  lliese  principles  is 
dilliciilt.  liowever.  Iii'- 
iiuise  of  the  confreliilal 
or  aciinired  uliiiornml- 
ities  I  lull  may  inter- 
fere w  itii  reduction  or 
with  the  functional 
aliility  of  the  limb 
after  treatment. 
There  arc  two  methods  of  troiitment  by  which  cure  or 

palliation    may    be    attained.     The 

tirst   is   forcible   reduction   withoui 

outtini:,  of   wliieli    the   most    pr:e 

licable  method  is  that  advocated  li\ 

l.oreii/.    althoujrli     this     trealnu  ui 

was  tirst  advocated  by  Paci. 
The    Loreii/    tnatmeiit    is  based 

upon     the     theory     that     if     parts 

about  the  joint  can   be  siillieiintly 

stn-tched   to  allow   the  head  of  the 

lione  to  be  broiiirlit  into  direct  con 

tact  with  the  rinlimenlary  acetabii 

luni,  mill  if    it  can    be    held    for    a 

siillieient  time  in  this  position,  the 

weij^ht     of    the    body   in    walking, 

constantly  forcini;  the  lione  iifrainsl 

the    substance    tliat    partly   tills   it. 

will     iinidiially    enlarL'e    it    to    its 

normal  ca|iaciiy.     Thus  lie  culls  it 

the   "functional    weisrhtini; "  meth- 
od, and  this  is  its  essential  and  vital 

distinction  from  the  forcible  correc- 
tion of  I'aci.  with  which  it  is  often 

confounded. 

The  steps  of   the  operation  are: 

1.   Elonpition   of    the    Limb.     The 

trochanter  must  be  brought    down 

to    the    level    of    Nelalon's  line  or 

lower.     This  may  Ik-  accomplished 

by  preliminary  traction  in  bed  with 

lieavv  wciirhts  or  bv  iiianual  force 


I 


FKLatil.-nihitenil  I)l.<I.K-atlim  Show- 
llie  lllllilliml  Klexinll  i>f  lilt'  Tlilelia 
uiid  Ihc  !iii-reii.i4Hl  liK-Ifiiiillon  of  ttie 
Pelvis. 


at  the  time  of  operation,  Ihe  liilter  iiiemiii  beiiiK  cllli  lent 
ill  Voiiii//  NiibleclH.  The  cliilil  hiivin).'  been  aiiieKlliel- 
izi'ii.  It  folilej  sheet  is  passed  lietueeii  the  U'llH,  the 
two  ends  of  u  liii  h  ai'it  held  by  the  iiKsistiint  above 
the  shoulder  of   the  side  III  be  operated  on.  or  the  llKsiKl- 

aiit  may  climp  his  liands  iiboiii  the  |H'riiii'iini  and  thus 
tl.\  the  pelvis.  Ill  most  iiislances  ciiiiiiti'rtractioM  on 
the  sheet  by  one  assislaiit  and  llvation  of  Ihe  pelvis 
by  anotlii'r  will  be  necessary.  One  then  sii/es  the  IhlKh 
and  bei:iiis  a  series  of  iilieriiale  HlretcliiiiKS  and  relaxu- 
lions,  iisin^'  f;ritdiially  ■ncreasiii);  force  for  froni  ten  l<> 
Iweiily  iniiiiiles.  or  iinlil  the  resistance  of  the  tissues  is 
elllireiy  oviicollle.  The  lej;  is  then  ll.s  lollK  or  longer 
llian  its  fellow  and  lies  limp  in  an  attitude  of  itbduclion. 

I-'or  this  preliminary  e.Mension  I.oreii/.  often  iikvk  u 
powerful  machine  attached  to  the  leg  by  means  of  a 
liaiid  about  the  ankle,  but  I  am  inclineil  to  think  thai  the 
iii;iinml  nielliod  is  to  be  preferred  if  one  does  not  object 
lo  the  labor  lliat  it  involves. 

'J.  Keposilioii.  One  now  atlempls  lo  force  the  head 
of  the  femur  over  the  riil^e  that  leprcsenl-s  the  posterior 
iiiaririii  of  the  ueetabiiliim  and  through  the  opening  in 
the  eoiitrailcd  capsule. 

The  tliifih  is  lle.xed  to  about  ninety  degri'cs  in  order  to 
rcla.x  the  capsule,  and  while  llie  pelvis  is  li.xed  by  an 
assistant,  the  limb  is  gradually  and  forcibly  alidiicte<l: 
the  resistance  of  the  muscles  beinjr  overeonie  by  forcibly 
kneadiiisr  llii'  tinse  aildiictois  with  the  ulnar  border  of 
the  hand,  as  well  iis  by  the  direct  Imelion.  DiiriiiL'  this 
iiiano'iivrc  reduction  often  takes  place,  but  in  most  iii- 
slances this  is  facilitated  by  upward  traction  of  Ihelle.ved 
limb  with  one  lianil.  direct  jiressure  being  c.xerted  on 
the  Irochanlir  with  the  Ihiimli  of  the  other  hand.  The 
limb  is  at  the  same  time  abducted,  and  the  head  of  the 
bone  is  drawn  and  lifted  over  the  ])osl<'rior  rim  of  the 
acctabuUim.  This  partial  reduction  is  accoiiipiinied  as  a 
rule  by  a  distiiiel  lliiid  mid  shock,  the  limb  remaining 
li.M'd;  a  |iosilioii  from  uliicli  il  may  easily  be  displaced 
by  rediiciiiL,'  the  aliduction  (pr  llexion. 

One  now  endeavors  to  make  llie  reduction  more  stable 
by  enlarfrinj;  the  capacity  of  the  articiilation.  The  forci- 
ble abduction  is  continued,  the  limb  beiiij;  forced  oiit- 
waril  until  it  is  parallel  with  tlii'  table,  or  even  iH'hind 
the  plane  of  the  body.  It  is  then  forcibly  rotated  out 
ward  and  inward.  Finally,  the  patient  is  liinied  upon 
the  sound  .side  and  the  limb  is  inoveil  up  and  down  (like 
a  pump  handle),  while  strong  pressure  is  exerted  on  tie- 


FiG.  aiiS.— The  Typical  Position  In  wWcli  to  Fix  the  Limb  Aftor  Keductlou. 
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tnicliaiitrr,  till'  aim  l)i'inp  lo  diivc  the  licail  of  llic  bono 
forward  uiul  inward  ooniplctclv  williiii  llii' caiisiilc'  and 
to  sirctch  its  anterior  wall  wliicli  was  drawn  over,  iiii<l 
was  parlly  adlicrciil  lo  the  acilahidmn.  Tlic  next  st<-|) 
is  to  li\  the  liinli  in  a  posiiioii  in  wliiih  nluxation  is  iin 
|)(>ssil)lc.  the  typical  |iiisitioii  lirinj;  llial  already  di-scribcd 
of  over  al>duilioii  from  the  <irii;inal  allitiidi'  of  riirlil 
HiijrU-d  llrxion  of  the  tliiirli  on  tin-  hody.  This  position 
I.ori'n/.  discrilics  as  oni' of  cxtriinc  alidnction,  extension 
and  outward  rotation,  a  description  wliicli  is  soinewlmt 
less  intelliij;ilile  to  most  rea<lcrs  than  tliat  adopted.  In 
this  attitnde  tlie  liead  of  the  hone  should  lie  felt  directly 
undiT  the  femoral  artery,  and  it  often  forms  a  distinit 
promiiu'ncc  In  iieath  I'ouparl's  liirami'iit.  A  short  )ilas- 
ter  spiea  handaiie  is  then  applied  reaehinir  to  the  knee 
where  it  is  cut  out  sulliciently  behinil  to  allow  llexion  of 
the  Icj;  on  the  thigh.  The  hoily  jiart  of  the  spica  may 
he  of  the  usual  formor  made  afterthe  Lorenz  method  by 
figure-of-eight  turns  about  the  pelvis  so  that  the  iliac 
crests  are  tirinly  fixed.  This  pelvic  portion,  which  is 
made  at  least  one-half  inch  in  thickness,  is  then  cut  out 
as  in  the  illustration  so  that  it  does  not  restrict  greatly 
the  movements  of  the  trunk.  If  greater  lixation  is  re- 
(piired.  as  when  it  is  dillicidt  lo  hold  the  head  of  the 
femur  in  the  acetabulum,  the  baii<lage  may  be  extended 
below  the  knee,  and  as  the  neck  of  the  bone  is  usually 
somewhat  anteverted  it  is  well  at  the  s:ime  time  to  rotate 
the  thigh  slightly  inward,  When  the  reduction  can  be 
made  easily  and  when  the  joint  is  evidently  fairly  secure, 
as  in  certain  cases  treated  at  an  early  age,  it  is  unneces- 
sary to  exaggerate  the  normal  range  of  motion,  but  it  is 
better  to  tix  the  limb  in  an  attitude  of  moderate  ttexiou 
and  abduction. 

In  the  ordinary  class  of  cases  or  up  to  the  age  of  about 
four  years,  the  reduction  in  the  manner  described  is  not 
especially  ditlicult.  In  older  subjects  preliminary  trac- 
tion in  bed  until  the  muscular  shortening  is  in  great  jiart 
overcome  is  indicated.  In  certain  Cftses  of  this  class 
]ireliminary  tenotomy  of  the  hamstrings,  of  the  adduc- 
tors, and  of  th<'  muscles  attached  to  the  anterior  superior 
spine  is  advocattd  by  Loienz,  and  when  reduction  is 
dillicult  he  placi-s  a  padded  block  tinder  the  trochanter 
in  order  to  increase  the  leverage.  In  this  older  class,  in 
which  great  force  is  necessary  to  accom])lisli  reduction. 


which  no  complaint  is  made  by  the  patient,  who  soon  at- 
tempts to  walk.  If  thelimb  is  fixed  in  theordinary  posi- 
tion, that  is  drawn  up  to  about  a  right  angle  with  the 
trunk;  a  shoe  with  a  cork  sole  two  or  three  inches  in 
height  should  be  worn  on  the  ojierated  side.  This  first 
bandage  should  be  kept  in  place  for  several  months;  in 
younger  subjects  as  long  as  it  is  rea.sonably  clean  and 
eHicient.  When  the  second  bandage  is  applied,  if  it  is 
evident  that  the  femur  is  still  in  place,  the  forced  atti- 
tude is  somewhat  lessened,  the  limb  is  a<lvauced  slightly 
in  front  of  the  plane  of  the  body  an<l  at  the  .stime  time 
lowered  to  a  inodeiiite  degree,  the  height  of  the  shoe 
being  correspondingly  reduced. 

In  certain  of  the  cases  in  which  the  foot  can  be  brought 
to  the  lloor,  the  high  sljoe  may  be  removed,  the  [lelvis 
being  tilted  downward  to  a<commodate  the  attitude; 
thus  more  direct  pressure  is  exerted  upon  the  rudimen- 
tary acetabulum. 

The  second  period  of  fixation  corresponds  to  the  first 
in  time.  Practically  speaking,  the  limb  is  to  be  fixed  in 
an  attitude  to  guard  against  reluxation  for  from  eight 
months  to  a  year  according  to  the  character  of  the  case. 
The  fixation  b;uidage  is  then  removed.  In  successful 
cases  the  alliluile  of  abduction  and  outward  rotation 
often  jiersLsts  for  a  time.  .Massiige  and  exercises,  with 
the  aim  of  strengthening  the  extensors  and  abductors  of 
the  thigh,  are  of  service  in  the  after-treatment. 

Hy  this  method  of  treatment  applied  in  a  proper  man- 
ner, a  certain  number  of  absolute  cures  may  be  attained 
(in  nearly  fifty  per  cent,  of  the  cu.ses  Loren/  claims). 
This  proportion  is  according  to  genenil  experience  far 
too  large,  and  perfect  cure  in  twenty-five  per  cent,  of 
selected  cases — that  is.  in  ]iatients  five  yearsof  age  or  less 
— is  perhaps  nearer  th<'  true  jiroportion. 

Inmost  instances  what  is  really  accomplished  is  a  trans- 
position, the  head  of  the  femur  being  forced  forward  to 
a  ])ositiou  below  the  anterior  superior  spine.  In  many 
instances  this  failure  is  not  apparent  until  the  limb  is 
brought  to  an  a|iproximately  normal  i)nsitioii,  in  othere 
it  is  evident  on  removnl  of  the  first  bandage.  The  rea- 
sons for  failure,  even  when  all  the  detailsof  the  treatment 
are  carried  out,  are  aiiparent : 

1st.  Failure  to  force  the  head  of  the  bone  through  the 
constricted  capsule. 


Fkj.  3&>i.— The  Lortnz  S|ilia  BiiniliiKe  lUuslratlng  tlie  Tn)lcal  I'oslllon  During  the  Second  Stage  of  the  Treutmeut. 


a  numbir  of  accidents  have  been  recorded;  for  example, 
fracture  of  thc>  neck  of  the  femur,  ])araly.sis  due  to 
forcible  stretching  of  the  nerves,  necrosis  of  soft  parts, 
and  several  deaths  from  shock.  As  a  rule,  however,  in 
the  cases  operated  on  within  a  reasonable  limit  of  age, 
surprisiiigly  little  discomfort  is  experienced.  There  is 
usually  some  discoloration  and  swelling  of  the  ailductor 
region   and   discomfort   lasting  for  several   days,  after 


2d.  The  very  commim  anteversiiui  of  the  neck  of  the 
femur  that  is  jiractically  always  jiresent  in  anterior  dis- 
placements and  in  a  large  pioportiim  of  the  other  forms. 
Thus  in  the  normal  attitude  the  head  of  the  bone  cannot 
be  retaineil  in  the  acetabulum. 

3<1.  Such  deformity  or  nou-dovelopnient  that  adapta- 
tion of  the  parts  is  impossible. 

The  limit  of  age  within  which  this  operation  may  be 
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giiri-cHsfiil  rniiiidt  !«•  Hliilcd  Willi  ufrtiiliity.  It  1«  cvl- 
tiriil.  lidWi'Vcr.  Ilmt  the  t'lirliiT  it  Is  iiiKlrrtJikiii  tlie 
jjrniliT  III!'  rlmmr  iif  Micoss.  Aflir  flic  ii>.'i'  of  llvr 
vi'iirs  tlic  ililliriiliv  •'{  till'  iiiiiiii|>iiljitiiiii  is  ^ti'miIv  in- 
rniiwil  unci  tlic  ( Immcs  nf  surrc.vt  iiri>  <iirri'.s|iiiiMliii>{lv 
lisficiii-il.  It  limy  Ih' |«iTforii\c«l,  liowcviT.  iiH  a  |ircliiiii 
imry  to  tin-  o|H'ii'o|nnilioii.  even  if  llir  rliaiirf  of  bucci'jvH 
is  siiiiill  or  Willi  till'  iiiiii  of  tniiisposiiii;  tlic  lii'inl  of  the 
fi'iiiiir  itiiil  lliiis  iiii|irovin(;  111)- coiiililioii  of  till'  iiiiliiiit. 
For  such  tnuis|iosiiioii  w  liirli  Irssiiis  tlir  sliorti'iiiiii;  uiid 
rf|ilai'cslliclirml  of  llii/ fciiiiir  in  it  rcliitivdy  iioriiial  posi- 
tion, inav  1h'  classed  as  a  half  ciiri*. 

'I'lic  liilalcral  ilisliualioii  is  far  less  favorable  for  treat- 
nicnl  lliiiii  llie  unilalenil.  l«<aiisc  llie  iliaiice  of  (iuccoss 
is  ill  any  cveiil  le.vtencd  by  half  ami  Ik-ciiiw  the  con^ciii 
till  abiiiirnialitics  appear  io  be  more  iniirkeil  than  in  the 
unilateral  class  of  cases.  In  yonni;  subjects  Imlh  hips 
may  be  openiteil  on  nt  one  time,  iilthouyli  the  lesiiltiii); 
attitude  is  very  awkward  and  walkini;  is  pnicticaUy  im- 
possible. In  older  subjects  on  this  account  it  is  belter 
to  treat  one  hip  at  a  time. 

As  has  been  slaleil,  anterior  displacements  are  pnicti- 
ciilly  always  accompanied  by  a  forward  twist  of  the 
neck  of  the  femur,  anteversion.  In  such  ca.ses  the  limb 
must  Ik-  ti\eil  in  an  attitude  of  alMliiction  and  inward 
rotation,  tho  distortiou  to  be  corrected  later  by  osteo- 
tomy. 

TilK  Oi-KN  Ol'KU.vTioN. — As  has  been  stated,  one  of  the 
chief  obstacU's  to  successful  reposition  is  iheiiilerposilinii 
of  the  capsule  between  the  head  of  the  femur  and  tiie 
aietabulum.  the  failure  in  oilier  words  to  force  the  liewl 
throuiih  the  constriction  of  the  capsule. 

In  such  cii-si'S  or  whenever  the  simple  reposition  has 
been  unsuccessful  the  next  steii  must  be  the  open  opera- 
tion. 

If  the  details  of  the  Lorenz  operation  have  been  fol- 
lowed no  preliminary  treatment  is  required,  but  if  the 
open  operalion  is  the  primary  pnicidure.  all  sliorlciiiiij; 
of  tissues  must  be  overcome  either  by  Imclion  in  bed 
or  by  forcible  manipulation  before  the  parts  are  ex- 
posed. 

An  incision  is  mailc  from  a  point  about  half  an  inch  to 
the  outer  side  of  the  anterior  superior  spine,  and  is  ex- 
tended downward  and  slightly  backward  for  about  four 
inches:  the  fascia  is  divided  and  the  line  of  junction  be- 
tween the  tensor  vairiiKe  femoris  and  the  ghit<'Us  medius 
muscles  is  found.  These  muscles  are  then  separated  and 
are  drawn  to  either  side  by  retractors,  exposiiiir  the  cap- 
sule of  the  joint.  The  ilio-psoas  muscle  which  often 
covers  its  anterior  surface  is  separated  from  it,  and  the 
capsule  is  cauirht  with  a  sharp  hook  and  it  is  freely 
openeil  by  an  incision  parallel  to  the  neck  of  the  bone. 
The  tinirer  is  then  passed  through  the  ojiening  down 
upon  the  ruilimentary  acetabulum.  A  sfronjr  cervix 
dilator  is  then  inserted  and  the  contracted  capsule  is 
thoroughly  slretched.  If  the  liganienlum  teres  is  pres- 
ent it  is  removed.  If  on  examination  the  acetabulum 
appears  to  be  of  sullicient  size,  the  head  of  the  bone  is 
placed  within  it.  the  capsule  is  united,  and  the  wound  is 
closed  with  catiiut  sutures.  A  long  ])laster  bandage  is 
then  applied  and  the  further  details  of  the  ordinary  non- 
cutting  melliiHl  are  carried  out.  except  that  if  antever- 
sion of  the  neck  is  present  the  limb  must  be  rotated  in- 
ward as  well  as  abduited.  In  such  cases  when  the  first 
dressing  ischangeil,  oral  a  later  time,  an  osteotomy  of  the 
shaft  of  the  femur  must  precede  the  return  of  the  limb 
to  the  normal  attitude. 

(htfotomy. — In  order  to  control  the  head  and  neck  of 
the  femur  a  long  ilrill  is  inserted  through  the  trochanter 
anil  to  a  sullicient  distance  in  the  neck  to  fix  if  firmly. 
The  child  is  turned  upon  the  sound  side  and  a  sand  bag 
is  placed  between  the  thighs.  A  small  sharp  osteotome 
isthen  inserted  on  flie  outer  aspect  of  the  thigh  at  a  point 
just  below  the  tro<liantcr  minor,  and  the  femur  is  divided. 
The  upp<'r  fragment  being  fixed  in  its  place  by  the  drill, 
flic  shaft  of  tile  femur  is  rotated  outward  until  the  nor- 
mal relation  is  restored.  In  this  attitude  the  pla.ster 
bandage  is  applied  about  the  projecting  drill.     This  is 


drawn  out  when  the  new  poHition  Im  luwiired.  Iliul  is.  ul 
the  expiration  of  a  week  or  ninie. 

Thf  Iffnii  itftfi'i'tifiii  irit/i  Etiltinit  ini  ht  nj  thr  Afttithiilum 
(the  IIolTa  I.ori'ii/.  openilioiii  -This  uperatlon  is  in  prin- 
ciple that  originally  dcvihcd  by  llolfa  and  moilitled  by 
Ijoreii/..  as  the  operation  of  routine  for  congeiiiial  diKlo- 
CHtion,  but  which  is  nnw  ri'servid  for  ( use-  in  which  llic 


Fig.  28.54. 


-BUaleral  Piskx-jitlou.  Sliowiug  Ihf  Lt-ss  Extn-me  AUltude 
lit  tlie  Liiiilw. 


simple   reposition    has   failed   or   in    which   arthrotomy 
seems  unlikely  to  be  successful. 

If  when  the  joint  is  o|)ened  in  the  manner  described  the 
acetabulum  is  manifestly  inadequate,  it  may  be  enlarged 
by  removing  with  a  strong  sharp  spoon  the  contents  of 
the  rudimentary  acetabulum  and  deepening  it  to  the  nor- 
mal size. 

The  head  of  the  bone  is  tJien  replaced  and  the  stability 
of  the  articulation  is  tested  by  moving  the  limb  in  various 
directions.  The  wound  is  then  closed  or  it  may  be  tem- 
porarily ]>acked  with  gauze  according  to  IlotTa's  method. 
A  long  plaster  bandage  is  then  applied,  the  limb  being 
extended  and  slightly  abducted.  If  anteversion  of  the 
neck  is  pre-senf  the  femur  should  be  rotated  inward  and 
secondary  osteotomy  must  be  performed  at  a  later  time 
in  the  manner  described.  At  the  end  of  eight  weeks  a 
short  spica  bandage  is  substituted  on  which  the  child  is 
allowed  to  walk  about. 

As  might  be  expected,  this  operation  is  often  followed 
by  limitation  of  motion  and  by  pain  on  manipulation, 
symptoms  explained  by  the  traumatism  of  the  operation. 
In  such  cases,  and  in  fact  in  the  majority  of  cases,  there  is 
a  strong  tendency  to  distortion  of  tJie  limb  toward  Hcxion 
and  adduction,  "  It  is  therefore  in  this  class  far  safer  to 
lix  the  limb  in  a  proper  attitude  by  means  of  the  plaster 
bandage  or  other  appliance  until  this  tendency  is  over- 
come, in  some  cases  for  a  year.  In  other  instances  the 
support  may  be  dispensed"  with  in  a  much  shorter  time 
A  removable  apparatus  which  will  allow  massage,  the 
use  of  hot  air.  and  the  like,  is  of  course  preferable. 

When  all  the  symptoms  of  discomfort  have  disap- 
peared forcible  movements  under  ansesthesia  are  some- 
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tiiiu'S  i)f  sorvici-  in  broiikin;;  up  iidlirsions  and  incTeiisin;; 
the  niuge  of  motion.  Special  e.xerc-isfs  to  streuctlieu  the 
weak  extensors  and  abductors  are  of  course  indicated  in 
all  cases. 

Tlie  advantages  of  tins  operation  are  that  immediate 
replai  ement  with  comparatively  small  damper  of  reln.xa- 
tion  is  assured,  while  llii'  limb  remains  in  the  normal  at- 
titude. The  dis;idv!inla:res  are  the  limitation  <if  motii>n 
or  evil)  ankylosis  that  may  result. 

Ankylosis  following  tlie  operation  in  unilateral  dis- 
idaceiuent.  provided  then'  is  m>  distortion  of  the  limb,  is 
a  marked  improvement  on  the  original  dislocation,  but 
bilaliTal  ankylosis  woidd  ))ra<Iieally  disjd)le  the  patient. 
For  this  reason  one  should  await  the  result  of  the  opera- 
tion on  one  side  before  treatinsr  the  otlii-r. 

AnUyliisis  is,  however,  the  exeejition.  and  in  many  in- 
stances pr:ieti(  allv  normal,  or  at  all  I'vcnls  a  sultieient 
ranire  of  motion  remains.  The  degree  of  (inal  disability 
depends  in  great  part  upon  the  after-treatment.  If  de- 
formity is  luevented,  and  if  the  nuiseles  arestrengtbenei! 
by  massjige  and  by  exercises,  a  practical  cure  may  be  at- 
tained, although  in  most  instances  a  slight  limp  will  per- 
sist even  in  favorable  cases. 

The  danger  of  tJie  open  operation  is  slight  in  the  hands 
of  competent  surgeons,  less  even  than  it  is  in  the  other 
method  when  great  fone  is  required  to  reduce  the  dis- 
placement, as  in  the  treatment  of  older  chihlren. 

In  conclusion  it  may  be  said  that  the  jirospect  of  suc- 
cess in  the  treatment  of  congenital  dislocation  of  the  hip 
stands  in  direct  relation  to  the  age  of  the  patient,  since 
the  extent  of  the  jiathological  changes  that  make  cure 
diflicult  or  impossible  depends  in  great  digne.  as  in 
aC(piired  disloejitions,  upon  tlie  duration  <ir  tlu'  disability. 
Couse(|Uently  treatment  should  be  ajiplied  as  soon  as  the 
displacement  is  discovered,  and  there  is  little  excu.se  for 
not  making  the  correct  diagnosis  as  soon  as  the  child 
begins  to  walk.  The  treatment  of  .selection  before  the 
age  of  six  years  is  the  fiinctional  weighting  methiKl  fif 
Imtcii/..  By  this  means  a  certain  proportion  of  the  cases 
may  be  cincd,  and  in  all  instances  the  ])osterior  may  be 
changed  into  an  anterior  displaceuK'nt,  which  makes  the 
after  Inalmeiil  nuieli  easier.  If  this  treatment  isinelTee- 
tive  it  should  be  followed  by  the  open  method.  In  the 
j'ounger  patients  simple  incisicm  and  forcible  stretching 
of  the  capsule  may  be  suHicient.  if  the  acetabulum  is 
well  formeil;  if  not,  it  will  be  neccs.sary  to  enlarge  it  to  a 
sullicient  size.  Osteotomy  may  be  necessjuy  to  correct 
auteversion  of  the  neck  of  the  femur  whichever  method 
is  employed  to  reduce  the  displacement. 

The  treatment  of  congenital  dislocation  of  the  hip  is 
not  likely  to  be  successful  beyond  the  age  of  ten  years, 
although  in  favorable  cases  it  may  be  attemi)ted.  In  ex- 
ceptional cases  at  the  age  of  adoles<enc('  or  in  adult  life, 
the  discomfort  attending  the  dislocaticm  may  necessitate 
excision  of  the  hip.  In  other  instjinci'S  adduction  and 
flexion  deformity  may  require  osteotomy  to  correct  prac- 
tical shortening, 

OriiKii  CoNOENiTAi-  DisLoCATtoNS. — Congenital  mis- 
placements at  other  joints  are  quite  insignificant  when 
compared  with  that  at  the  hip,  and  in  oidy  two  situations 
is  the  disability  of  sultieient  importance  to  require  es- 
pecial consideration.  These  arc  the  shoidder  and  the 
knee. 

Congenital  dislocation  at  the  shoulder  may  occur  in 
two  forms,  one  in  wliieh  thiTe  is  actual  misplacement 
before  birth,  and  the  other  in  which  a  dislocation  is 
caused  by  violence  at  birth.  In  cither  case  the  <lisplace- 
ment  is  almost  always  backward  upon  the  dorsum  of  the 
sca]iida  (subspinous).  Thus  the  arm  is  abducted  and 
rotated  inward  ami  tliereis  the  characteristic  limitation  of 
motion. 

True  primary  displacement  of  cither  variety  is  rare. 
Many  of  the  reported  cases  were  apparently  subluxa- 
tions, secondary  to  the  relaxation  of  the  capsule  of  the 
joint  and  to  the  musi-ular  atrophy  caused  by  anterior 
poliomyeliti.s,  or  to  the  habitual  malposition  iue  to  ob 
stptrical  paralysis. 

Tretitmeiit. — The  oidy  treatment  of  a  dislocation  is  re- 


]>lacement  of  tin-  displaced  boni>  if  it  be  possible.     If  the 
displacement  were  di.scovere(l  in  infancy  it  might  be  |)os 
sible  to  reduce  it  by  niauipulation  and.  unless  the  glenoid 
cavity   were   imde- 
veloped.    it    nuglit 
be    retained    in 
])ropi'r  jiosi  t  ion. 
As  a  rule,  however, 
the    ca.ses   are    not 
seen   until    later 
childhood      when 
the    accommoda- 
tive   changes     arc 
marked. 

Phelps,  of  New 
York,  has  reported 
several  cases  of  con- 
genital dislocation 
of  the  shoulder, 
caused  apparently 
by  injury  at  birth, 
as  they  were  acconi- 
l)anied  by  paralysis, 
in  one  case,  that  of 
a  boy  eight  years 
of  agi',  the  joint 
was  opened  by  a 
posterior  incision 
along  the  border  of 
the  deltoid  muscle. 
The  head  of  the 
scapula  was  fotuid 
to  be  atrophied,  and 
the  posterior  n\ar- 
gin  of  the  glenoid 
cavity  broken 
away.  This,  to- 
gether with  the 
contraction  of  the 
tissues  on  the  an- 
terior aspi'Ct  of  the 
joint,  made  it  nec- 
essary to  cut  away 
a  part  of  the  head 
of  the  bone  in  order 

to  replace  it.  The  secondary  de|iression  on  tiie  scapula 
was  excised  and  the  redundant  capsule  was  removed. 
The  immeiliate  result  of  the  operation  was  very  favor- 
able. Phelps  states  that  he  has  operated  in  two  similar 
cases,  but  a  final  report  of  the  results  has  not  been  pre- 
sented. 

It  woidd  seem,  however,  that  as  in  a  posterior  dis- 
jilacement  the  contracted  tissues  must  be  those  in  front 
of  the  joint,  an  anterior  rather  than  a  ])osterior  incision 
would  be  preferable.  In  all  cases  the  open  opera- 
tion should  be  deferred  until  after  the  contracted  parts 
have  been  stretched  by  manual  force  in  the  maimer  de- 
seriberl  in  the  treatment  of  congenital  disi)lacenient  of 
the  hip. 

Cases  of  congenital  displacement  in  other  directions  are 
recorded,  but  these  are  so  rare  as  to  be  of  little  practical 
importance. 

Congenital  Genu  Reeurtatum,  or  Anterior  Diitplncemetti 
of  (fie  Tibia. — The  most  common  of  the  congenital  de- 
formities at  the  knee  is  the  so-called  genu  ncurvatum. 
in  which  the  knee  is  bent  somewhat  backwaril,  or.  in  other 
words,  tin'  leg  is  liypereMeiided  on  the  thigh.  The  de- 
formity is  often  classed  as  an  anterior  dislocation,  but 
there  is  no  actual  displacement,  except  in  the  extreme 
cases  in  which  the  tibia  may  be  turned  directly  for- 
ward on  the  femur,  even  to  a  right  angle  or  less.  In 
the  ordinary  cases  the  range  of  extensionis  merely  ex- 
a.sgerated,  while  tlexion  is  limiteil  or  chi'cked,  princip- 
ally by  adaptive  shortening  of  the  (|Uadriceps  extensor 
muscle. 

The  appearance  in  well-marked  genu  vecurvatum  is 
very  peculiar;  it  is  as  if  the  patient's  limb  weie  reversed, 
the  ])opliteal  depression  having  become  a  |)rominence, 


Fig,  26**.— Congenital   Iiislm-ailiini  of  ilie 
Klgbt  Sbualder. 
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tlif  nin>;o  i>f  nvi'ri'XtciiHioii  ri'iircKctiliii);  ii|i|iiirriilly 
lioriiml  tli'XiiMi  III  siirli  nixrs  tlic  Iri;  iiiiiy  l>r  liniii^'lil 
to  llir  slmi(.'lil  line,  but  irrrnlcr  llcxlmi  is  nsihtril  by 
the  rrtriHtril  tissues,  mill  when  llir  iircssiiii'  of  the 
liiiiiil  is  rriiiiivi'il  till'  !■'>;  is  ilni»ii  liiick  tn  tlir  ilrruriiiril 
|ii>siiiiiu  liy  till'  ciiiitrHctiiiii  of  tlie  <|iiu(lriro|m  I'XtviiHor 
niiisi'ji'. 

(iriiii  n'riirviitiiMi  is  iini  infri'i|iii'iilly  acroniiiiiiiicd  liy 
varus  or  viilfjus  ili'Toriiiily  iit  lln'  kiirr,  iiiori'  iifti'ii  liy  Ilii' 
laltrr.  iitiil  liv  laxity  ol  tin-  li^rniiiints  In  iiiiiiiy  iiisiaiicis 
till'  |iiil>'lla  IS  alisi'iit  or  is  nicliiiiniiary  iiml  not  iiifri'- 
iiiiriilly  ilrforiiiity  is  ii<'roiii|iaiiii'il  liy  inairoriiiatioiis  or 
(ii'fcrlivi'  il<'V<'lo|iiiii'ii|  of  oiliir  purls. 

Htiiil.y)/. — Tlirilrforiiiily  ill  casisof  siiii|ili'rL'('urviktuiii 
limy  Ih-  i'X|ilaiiii'iI  liy  an  aluioriiial  anil  lixril  position  in 
iitcro,  anil  in  cases  .seen  soon  after  liirlli  the  nieelianisni  is 
clearly  sliown  liy  tlie  lialiiliial  atliliiile  The  thijichs  are 
sharply  Hexed  on  the  IhkIv,  the  ilorsiil  surfaces  of  the 
liypei'exteiiiled  knees  are  III  relation  to  ilie  aliiloinin, 
while  the  feet  may  lie  liroiif;lit  into  coiitaet  with  the  face 
or  trunk  aceordiiii.'  to  tin'  iletrrei'  of  deformity.  'I'lie  re 
turdeil  (levelopinent  of  the  i|iiadri('eps  extensor  niu.scle 
explains  the  rudimentary  patella  which  is  often  an  ac- 
coinpaniineiit  of  the  deformity. 

Triiitiiiiiit.—T\w  treatment  of  the  hyperextendeil  knee 
is  very  simple.  It  consists  in  niassai.'e  of  the  atrophied 
and  contracted  muscle,  comliimd  with  more  or  less  forci- 
ble manipulation  in  the  direction  of  tiexioii.  If,  as  is 
often  the  case,  the  leg  sei'iiis  to  be  drawn  forward  by 
spasmiHlic  muscular  action,  the  methodical  mii.s.sage 
should  be  combined  with  the  use  of  a  simple  posterior 
splint. 

In  the  more  extreme  cases  manual  force  maybe  applied 
under  ana'sthesia.  and  the  deforinily  may  be  overcome  at 
one  or  si'venil  sittin.irs  aecordinj;  to  the  resistance  of  the 
contnicleil  parts.  The  lei;  is  llien  lixed  in  a  Hexed  posi- 
tion iiiilil  the  tendency  to  reeiirreiice  has  been  overcome. 
When  the  child  liesrins  to  walk  a  lisrlit  lateral  brace  may 
be  necessary  to  insure  iierfect  functional  use  of  the  joint. 
as  in  many  instances  laxity  of  ligaments  and  muscular 
weakness  may  persi.st  for  a  time. 

Unilimi  iiliiri/  i)r  A/ment  PuttUn. — As  has  been  stated,  a 
rudimentary  patella  is  a  frequent  complication  of  genu 
reciirvatuni.  or  of  any  congenital  defect  or  deformity  of 
the  knee  or  limb  that  involves  imperfect  development  of 
till'  i|Uadriceps  extensor  niu.s<  le.  In  many  cases  of  this 
type  it  is  iinpo.ssible  to  distinguish  the  imlellii  during  the 
early  montlis  of  infancy,  but  later  a  minute  patella  ap- 
pears that  slowly  increases  to  an  approximately  nonnal 
size. 

Absence  of  patella  tinder  the  sjinie  conditions  is  less 
frei|uent.  although  Potel  collected  one  hundred  cases 
from  literature. 

Trmtiiieiit. — The  treatment  of  rudimentary  patella  is 
included  in  the  massage  and  stimulation  of  the  atrophied 
or  rudimentary  muscle  with  which  it  is  usually  as.soci 
ated.  and  the  support  that  the  weak  or  deformed   knee 
may  require.  Iloynl  Whitiinni. 

HIPPOCRATIC  OATH.— The  ancient  Greek  writings 
comiii'inly  e.illiij  "The  Works  of  IIi)(p(icrates  of  Cos" 
Were  judged  cM-n  by  aiuient  ({reek  crilies  to  be  really  by 
various  authoi-s.  The  truth  of  this  com  lusioii  is  ]ilain  to 
modern  scholars.  These  wri lings  have  probably  existed  as 
in  siuiie  sort  a  collection  since  the  early  days  of  ilie  Alexan- 
drine library  near  the  beginning  of  the  third  century  li.c. ; 
and  the  composition  of  the  several  writings  may  sjifely 
be  referreil  to  the  tiftli  or  fourth  century.  AVhicli  of 
them  are  truly  wiu'ks  of  the  famous  physician  whose 
name  they  bear  is  quite  uncertain,  as  nodirect  contempo- 
rary testimony  exists.  Modern  critics  can  only  sift  inter- 
nal evidence,  and  compare  the  views  of  earlier  critics, 
ancient,  perhaps,  but  often  naive  or  biassed.  Many  writ- 
ings in  the  collection,  however,  are  plainly  as  old  as 
lIippoen»tes.  if  not  older.  He  was  born  in  460  n.c. :  died, 
probably,  in  377  n.r. ;  and  was  a  worthy  of  the  great 
perioil  often  styled  that  of  Pericles.  There  is  no  proof, 
however,  that   Hippocrates  was  ever  at  Athens,  though 


lie  was  known  there;  and  (icnrcely  unythini;  U  knoun  of 
his  life  with  cerljiinlv. 

One  of  the  iiiosi  I'liiiiotis  writings  of  the  llippocnitic 
collei'lion  is  Ihiil  eiititleil  -The  (lath  "  ll  is  probably  at 
least  as  aiieiint  as  llippoemies,  but  that  he  compoMil  it 
can  ni'ither  be  alllrmed  nor  denied.  Tnueti  of  its  w  ide 
spi-ead  iiilluence  occur  in  history:  and  bv  means  of  it 
modern  physicians  still  hand  down  the  traiiitioiiH  of  their 
calling  to  those  about  to  receive  a  medical  degree.  The 
aneieiit  words  do  not  accord  with  the  changes  wrought 
by  tvvinly  two  centuries  in  men,  beliefs,  anil  manners; 
bill  no  nioilern  words  can  be  nobler,  and  the  am  ieiil 
thoughts  are  vital  lo  the  iiioihrn  oath.  The  following 
tninslalion  of  the  (ireek  oriL'inal  into  KiiL'li^h  i>  bv  the 
jirest'iit  writer: 

Tin;  O.Mii. 

I  swear  bv  Apollo  111!'  I'hysician.  and  .Kseiilapius.  ami 
llygeia.  and  I'anaeea.  and  all  the  gods  and  all  the  god- 
desses— and  I  make  them  my  jinlges — that  this  mine 
oath  and  this  my  written  engagement  1  will  fulfil  .so  far 
as  jiower  and  discernmenl  shall  be  mine. 

Him  who  laiiglit  iiie  this  art  I  will  esteem  even  as  I  do 
my  parents;  he  shall  partake  of  my  livelihood,  and,  if  in 
want,  shall  share  my  goods.  I  will  regard  his  is.siie  as 
my  brothers,  and  will  teach  them  this  art  without  fee  or 
wrilten  engagenienl  if  they  shall  wish  to  learn  it. 

I  will  give  instruction  by  precept,  by  discourse,  and  in 
all  other  ways,  lo  my  own  .sons,  to  those  of  him  who 
taught  nic.  to  disciples  bound  by  written  engagement 
and  sworn  according  to  medical  law,  and  to  no  other  per- 
son. 

So  far  as  power  and  discernment  .shall  be  mine.  I  will 
carry  out  regimen  for  the  beiielit  of  the  sick,  and  will 
kicp  Iheiii  from  harm  and  wrong.  To  none  will  I  give  a 
ileadly  drug,  even  if  solicili'd.  nor  ofTer  counsel  to  such 
an  end;  likewise  to  no  woman  will  1  give  a  destructive 
sup]iository ;  but  guiltless  and  hallowed  will  I  keep  my 
life  and  mine  art.  I  will  cut  no  one  whatever  for  the 
stone.  I)ut  will  give  way  to  those  who  work  at  this 
luactice. 

Into  whatsoever  houses  I  shall  enter  1  will  go  for  the 
benetit  of  the  sick,  holding  aloof  from  all  voluntary 
wrong  and  corruption,  includin,!.'  venereal  acts  upon  the 
bodies  of  females  and  males  whether  free  or  slaves. 
Whatsoever  in  my  practice  or  not  in  my  practice  I  shall 
see  or  hear,  amid  the  lives  of  nun,  wJiicli  ought  not  to 
be  noised  abroad — as  to  this  I  will  keep  silence,  holding 
such  things  unfitting  to  be  spoken. 

And  now  if  1  shall  fullil  this  oath  and  break  it  not.  may 
the  fruits  of  life  and  of  art  be  mine,  may  I  be  honored  of 
all  men  for  all  time:  the  opposite,  if  I  shall  transgress 
and  be  forsworn. 

The  best  Greek  text  (from  which  tlie  foregoing  trans- 
lation was  made)  is  thatof  E.  Littre.  "(Kuvres  completes 
d'Hippocrate"  etc..  tome  4,  Paris,  1844.  ii]).  (i'2M  to  ()32. 

-Many  commentaiics  have  been  published  upon  the 
oath.  Among  these,  .special  mention  is  deserved  by  Lit- 
tle's Argument.  /.  c,  pp.  (ilb  lo  (i'2.">:  and  by  the  notes  of 
V.  Daremberg.  "CEuvres  choisiesd'Hippocrate,"  seconde 
edition,  Paris,  185.5,  pp.  1  lo  II. 

The  following  matters  require  discussion,  more  or  less 
brief: 

Hygeia  and  Panacea  were  daughters  of  jEsculapius. 

The  distinction  between  "precept"  and  "iliscourse" 
(Tnpn;7F/.()?f  rfxai  ak-poiTOiof)  has  not  been  explained  satis- 
factorily. 

"Suppository  "  is  perhaps  as  nearly  equivalent  as  pos- 
sible to  the  Greek  word  Trrcao^.  which  doubtless  means, 
in  the  oath,  a  sort  of  medicated  ])le<lget  to  be  withdrawn 
after  a  longer  or  shorter  time.  Many  formuhc  for  mak- 
ing such,  for  various  purposes,  are  given  in  the  Hip- 
pocratic  collection. 

The  words  "destructive  suppository  "  (-fffffw  (fiOApiov) 
refer  to  abortion.  A  parallel  and  fully  developed  phrase, 
viz.,   "a  wine  destructive  to  embrvos"  {ciUopiot  cfijjpiijv 
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oiiijf)  occurs  in  llio  Matfiia  Mcdica  of  the  laU-r  Git'uk 
pliysiciaii  Dioscoriilcs.  of  llic  liisl  iTiilurv  a.d.  (l,il).  v.. 
cap.  77.  oil.  S|irciij.'cl.  vol.  i..  p.  734).  Allliou^rli  abor- 
tion is  nlijunil  witliout  (lualiticalion  in  the  oath.  tliiTc 
were  probalilv  (Irick  praclitioncisof  llic  time  of  Ilippoc 
rales  who  niailo  a  clistinclinii  similar  lo  llii' niiHlcrn  one 
between  jiislifiahU'  anil  criniiual  abortion;  for  nietlioils 
of  einplyinjr  the  uterus  are  freiiuently  and  c|uitt'  simply 
referred  to  in  the  llippocratic  eolleetion.  thoujrh  often 
o.xpressly  aimed  at  embryos  .styled  "dead  "  or  "  livid  "  or 
"motionless"  or  "stricken  "  or  "apoplectic'." 

But  there  is  also  ;iood  rea.son  to  believe  that,  in  Hellas, 
the  accept<d  line  between  fiuilt  and  innixenie  in  the  mat- 
ter of  abortion  did  not  always  coincide  w  ith  thai  drawn 
nowadays.  The  dear  recoirnition  of  tli<'  fact  that  the 
early  embryo  is  from  the  instant  of  concejilion  a  human 
beinj:.  truly  alive  and  pos.sessinji  the  rijrhl  to  live,  even 
l)cfore  the  "(|nickeninsr." — this  doctrine  is  entrenched  in 
a  maturer  knowledge  of  physiology  than  the  ancients 
could  command.  In  the  ideal  Slate  discussed  in  Plato's 
dialo;jrue  of  "The  Hciuiblic.  '  certain  endiryos  irregularly 
begotten  were  to  be  m;ide  away  with  before  birth  (ed. 
8tephan\is.  p.  4(ilc).  Phito  was  a  younger  contemporary 
of  llipp<«-rates.  and  Plato's  pupil,  Aristotle,  was  born  a 
few  years  before  the  death  of  the  great  physician,  and 
was  himself  an  Asclepiad,  /.(.,  a  i)hysician's  son.  Aris- 
totle, in  his  "l\)litka."  e.\pres.sly  recommends  abortion 
in  order  to  limit  the  number  of  children,  but  injoins  the 
j)rocuring  of  it  "before  the  advent  of  sens:ilion  and  life." 
The  presence  of  these  he  formally  makes  the  criterion  of 
"the  hallowed  "  and  the  reverse  ill  this  matter  (Politica, 
vii.,  cap.  16.  ed.  Ac.  Boruss..  p.  liiS");  b  1!)  to  2()). 

In  the  embryological  treatise  "On  the  Nature  of  the 
Child"  ill  the  Hippocnitic  coUeciion.  the  author,  who 
may  not  have  been  of  Cos,  but  possilily  an  adherent  of 
the' rival  .school  of  Cnidos.  describes  a  cerlain  case  as  one 
of  aliortion  at  the  si.xtli  day  deliberately  procured  by 
himself.  The  circumstances  are  given  in  detail,  and 
plainly  stamp  the  case  as  criminal  according  to  modern 
ideas;  but  the  author  relates  it  without  a  trace  of  guilty 
consciousness,  adhering,  one  may  conjecture,  to  the  doc- 
trine of  morals  set  forth  bv  Aristotle  (Hippocrates  de 
Nut.  Pileri,  S  13.  ed.  I-ittie.  vii.,  p.  4.St<).  The  follow- 
ing striking  pas.sage  both  shows  us  "si rid  construction- 
isis"ofthe  Hippocraiic  oath  nearly  live  hundred  years 
after  the  death  of  Hippocrates,  and  sets  forth  e.vplicitly, 
as  current  eighteen  centuries  ago,  a  view  of  the  morals  of 
abortion  closely  akin  to  that  of  modern  physicians.  The 
Greek  gymecologist  Soninus  of  Kpliesus  was  a  practi- 
tioner at  Home  under  the  emperors,  not  far  from  the  time 
when  Juvenal  was  .scourging  its  vices  with  his  satires  in 
thcearlier  years  of  the  second  century  .v  D.  Heferring  to 
abortion,  Sorauus  writes: 

There  is  a  disjigreemeiil ;  for  some  reject  destructive 
practices,  calling  lo  wilnes,s  Hippocrates,  who  says,  "I 
will  give  nothing  whatever  destruclive."  and  deeming  it 
the  special  ludvince  of  Medicine  to  guard  and  jucserve 
what  Nature  generates.  Another  party  maintains  the 
saine  view,  but  makes  this  distinction,  viz.  :  that  the 
fruit  of  conception  is  not  to  be  destroyed  at  will  because 
of  ailultery  or  of  care  for  beauty,  but  is  to  be  destroyed 
lo  avert  danger  impending  at  parturition,  if  thi'  uterus 
be  small  and  cannot  subserve  the  pcrfccling  of  the  fruil, 
or  have  hard  swellings  and  cracks  al  its  nioulli.  or  if 
some  similar  condition  prevail.  This  jiarty  says  the 
same  thing  about  jueventing  conception,  and  with  it  I 
agree.  (Translated  by  the  present  writer  from  the  Greek 
of  Soranus,  Gvnitcioriim  Lib.  i..  cap.  lil.  ed.  Ho.se  p 
229). 

Till' abjuration  of  lithotomy  in  the  oath  contains  the 
only  menlion  thereof  made  in  the  Hippocraiic  collection. 
The  ancient  practitioners  of  medicine  freely  ])racti.sed 
opemlive  surgery  ;  and  no  certain  caus<' can  be  as.signed 
for  their  refusal  to  cut  for  the  stone.  It  has  been 
shrewdly  gues.s<-d.  however,  that  the  cause  lay  simply  in 
the  formidable  dangers  of  a  rude  and  uncertain  proce 
dure. 

As  the  Hippocraiic  oath  still  plays  a  )iart   in  medicine 


worthy  of  its  character  and  hist^jry.  it  has  been  thought 
proper  to  end  this  article  with  one  of  the  modern  adapta- 
tions. At  the  annual  conimencemeiit  of  Columbia  I'ni- 
versity  in  the  City  of  New  York,  the  following  oath  is 
administered  lo  the  graduating  class  of  its  College  of 
Physicians  and  Surgeons: 

Candidiite*  for  ^lie  Degree  of  Dm  lor  of  Medicine : 

You  do  solemnly  swear,  each  man  liy  whatever  he 
liolils  most  sacred: 

That  y(Mi  w  ill  be  loyal  to  the  Profession  of  Medicine 
and  just  and  generous  to  its  members; 

That  you  will  lead  your  lives  and  practise  your  art  in 
iipriglitness  and  honor; 

That  into  whatsoever  house  you  shall  enter,  it  shall  be 
for  the  good  of  the  .sick  to  the  titinost  of  your  power,  you 
holding  yourselves  far  aloof  from  wrong,  from  corrup- 
tion, from  the  tempting  of  others  to  vice:" 

Tliat  you  will  exercise  your  art  solely  for  the  cure  of 
your  iiatients,  and  will  give  no  drug,  perform  no  opera- 
tion, for  a  criminal  purpose,  even  if  solicited;  far  less 
suggest  it ; 

That  whatsoever  you  shall  see  or  hear  of  the  lives  of 
men  which  is  not  litting  to  be  spoken,  you  will  keep  in- 
violably secret. 

These  things  do  you  swear?  Let  each  man  bow  the 
head  in  sign  of  acquiescence. 

And  now,  if  you  shall  be  true  to  this,  your  oath,  may 
prospciity  and  good  repute  be  ever  yours;  the  opposite, 
if  you  shall  prove  yourselves  forsworn. 

In  this  oath,  the  words  "that  you  will  be  loyal  to  the 
Profession  of  Medicine,  and  just  and  generous  to  its  mem- 
bers." are  from  a  formula  at  one  time  in  use  at  the  above- 
named  medical  school:  for  the  rest  of  the  foregoing 
adaptation  the  present  writer  is  responsible. 

John  G.  Curtis. 

HIRUDINEA. — Among  the  Annelida  or  .scgmonled 
woniis  I  he  leeches  form  a  well-marked  order.  The  Ixxly 
of  the  leech  is  elongated,  usually  Hattened  dorso-vi'ii- 
trally,  and  provided  with  a  iiromincnt  terminal  or  sub- 
anal  sucker,  while  many  forms  possess  also  an  anterior 
or  oral  sucker.  The  bristles  all  but  universally  jireseut 
in  annelids  arc  here  wanting  .save  in  a  single  genus,  and 
the  nietamerisni  of  the  body  ]ireseiitsa  poorly  marked 
external  aspect  although  actually  highly  developed.  The 
rings  which  appear  in  external  view  are  mere  surface 
markings,  and  are  variably  related  lo  the  true  somites.  Of 
the  latter  there  are  always  thirty-four  (thirty-fivel  of 
which  those  in  the  central  jxutioii  of  the  body  pos.sess 
the  typical  number  of  annuli,  while  the  lirst  few  and  last 
few  manifest  ordinarily 
a  reduction  tioni  that 
n  u  mber.  Prominent 
papilla'  may  usually  be 
observed  on  the  dorsiil 
surface  in  the  form  of 
six  or  eight  longitud- 
inal rows;  these  are 
metameric  .sense  organs 
known  as  sensilUe,  and 
the  eyes  which  vary 
in  number  in  dilferent 
forms  are  anterior  units 
in  certain  of  the  rows. 
The  anuulus  bearing 
the  sensilUv  is  now  gen- 
erally regarded  as  the 
central  one  of  the  typi- 
cal three  or  live  ringed 
somites,  and  is  the  only 
one  present  in  case  of 
those  .somites  manifesting  the  extreme  of  reduction.  The 
leeches  are  hermaphroditic  and  the  two  sexual  pores  lie 
in  the  midveiitral  line,  the  male  in  front  of  the  female 
orifice 


Fk;.    2t>."i»t.— //trufto     inriliciunti.f.    or 
EuroiH'an  Leech,     a.  Ventral  aspwt 
anltrior  eiiil.  showlnj?  an   open 
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inoiilli  al  llie  iKilIoni  of  which  the 
Jaws.  K,  are  visilile:  /».  one  of  Itie 
jaws  isolated,  showing  marjrinal  ilen- 
tieles  and  muscles.    (After  Claus.l 
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Till'  rmnil.v  of  llii'  ttniitliiilKli'lliilii'.  <ir  Kniiiiil  Jiiwiil 
!,(Trlii's,  Is  ('liiirariiTJ/.i'il  by  llinc  miw  Inutliid  jhwk  in 
II  '•liii|ilr  |iliiiryii\  (KiK.  'Jtl'ttli;  tlii'  lypiciil  Himiilr  has  llvi' 
aiiiiiili.  Anions  llir  fnsli  wiitrr  InrhiH  (Niilanliti). 
nliirli  liiivc  an  i-vcIchm  riii);  tH'twrrii  llir  lliiril  iiiiil  fiiiirtli 
|viirH  of  ryi-H.  only  llii'  inoiKmlicliiMloiil  forms  (/.»..  iIiohi- 
uilli  II  HiiiKlii  row  of  (I'flli  in  riirli  Jii\v)iiri'  iiiiportaiil. 
mill  of  llicsi'  only  two  (rnii'm  iirrcl  lir  iiolici'il  liirr 

l/ii'iilii  I,. — Killifr  our  liiiiiilrisl  anil  oiii-  or  onr  liiiii 
drill  anil  two  rinus  with  iwniiy  si\  ini-taiiirris  liitwrcii 
tlir  llrst  pair  of  lyrs  and  llir  siickrrof  wliirli  llii-  llrsi  six 
am!  t III' last  four  arr  aliliri'viatiil.  liiirral  and  post  line 
<-iil  rin^s  fiisi'd  InIow  :  only  tliri'i'anniili  in  soiiiitr  XXIII. 
VMih  jaw  has  from  tifty  to  oni-  liiiiidrrd  sharp  poiiiti'il 
trrtli.  Mall-  genital  porr  lii'twi-i'ii  aiiniili  Mil  and  HI, 
fciiiair  lictwi'i'ii  :i.'ianil  :l)l.  First  pair  of  nrpliridial  pores 
vi'iilnil  in  rini;  Hi.  last  in  riiij;  iCt;  seventeen  in  all. 

Hi  null)  iiiiilifhiiiltH  L.  —  Stiiii/in'nii;/!!  »/<y//<'(«(;/m  Savijrny 
IH','11.  .S-.  ,ijfi,-iii,itiii  Saviifiiy  IM'Jd,  //.  njliriniilin  Derlieims 
ty','.'i.  Length  HH)  to  'jdli  mni.  ;  lireadlh  lit  to  ;ilt  mm 
Jaws  large,  each  with  Wt  t<i  1)0  teeth.  Color  variable, 
darker  above  than  below,  dirty 
yellowisli-brown  in  tone  with 
tendency  to  j;ray  or  j;reen:  at 
the  niaririn  a  briirhl  yellow  or 
lirown  band  with  bliiek  mai- 
>;iiis^  on  the  back  tliice  nmre  or 
le.s.s  prominent  red  longitudinal 
bunds  spotted  with  black  (Fiu'. 
2057). 

This  species  is  native  iu 
Kiirope.  norlliern  Africa  and 
southwestern  .\sia,  but  at  pres 
cut  is  extinct  in  many  regions 
and  (ibtaiiicil  by  aitilicial  cult- 
ure or  through  importation 
only.  Among  the  very  numer- 
ous color  varieties,  as  many  a.s 
sixty  four  being  recorded  by 
Diesiiig,  two  have  been  recog- 
nized as  subspecies  or  varieties: 
The  (Jray  Leech,  var.  metii- 
ciKiilin  .«.  Ktr.,  back  greenish- 
gniy  with  three  russet  red  lines 
'on  each  side,  of  wliicli  the  mid 
die  one.  and  often  the  inner 
also,  shows  a  black  spot  on 
each  metamere.  Ventral  sur- 
fare  greenish-yollow  and  spot- 
ted with  black. 

The  Green   Leech,    var.   nffici- 
iiiilix.  back    darker  green,  often 
with  black  iiiirMiriit  more  prom- 
inent, though  red  s|ieiimens  also 
occur.     Ventral   surface   almost 
entirely   unspotted.      A    series    of    intermediate    forms 
makes  a  distinction  even  between   these   two  varieties 
<lifticult  in  many  cases. 

The  leech  sucks  from  four  times  its  volume  of  blood 
for  the  young  to  three  times  in  an  adult,  or  from  0  to  "['> 
pm.  If.  however,  the  sucking  leech  be  cut  in  two  by  the 
slieare  clo.s*'  behind  the  pharynx,  the  blooil  streams  out 
in  pronounced  pulsations  and.  as  the  sucking  action  is 
not  interfered  with,  a  stronger  or  rather  longer-continued 
Wood  extniction  is  caused.  During  the  ordinary  opera- 
tion of  sucking  a  leech  gives  olT  a  large  ipiantity  of  clear 
Huid  which  e.xudes  from  the  skin  in  drops.  It  is  not 
blood  serum,  as  often  supposed,  but  the  secretion  of  the 
nephriilial  canals.  While  this  exudation  ceases  at  the 
end  of  ten  days,  the  assimilation  of  the  stomach  contents 
of  the  leech  demiinds  from  twelve  to  eighteen  months. 
At  the  end  of  two  months,  however,  the  animal  mani- 
fests willingness  to  bite,  but  its  full  appetite  is  not  yet 
restored.  On  the  other  hand,  the  leech  can  fast  for  two 
years  or  more  and  may  be  kept  indetinitely  without  food 
iu  suitable  leech  jars.  .V  fast  of  from  six  to  eight  months 
is  neces.sary  before  reemployment:  but  the  latter  is  not 
jidvisjible.     IJefore  the  third  year  of  their  growth  leeches 
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are  not  iiiu'd  for  nieiliclnal  piirpoiw-H,  iiiiil  from  eighteen 
to  twenty  years  has  been  put  iim  the  priiliable  length 
of  life.  For  (lie  inethiMl  of  iihiiig  leeclieN,  w<-  lUi'xl 
Iflliii;/. 

\\  one  time  the  enormoim  demand  for  leechi's  reiiclied, 
for  example,  T,IM)l),IM)0  per  year  in  I.,oiidoii  alone,  but  in 
recent  years  llieir  use  for  thiiupeutie  piirpows  has  greatly 
diminished,  no  doubt  largely  as  the  rcKiill  of  iH'casioiuil 
fatal  cases  and  in  spite  of  cerlain  evident  advantages  for 
local  alTictions.  Fatal  bleeding  has  been  known  where 
the  bite  opened  a  large  vessi'l  iitini  rriirtifiM  itv  jtiijuhtrii*), 
or  ill  internal  organs  where  the  leech,  by  cureless  up 
plication  at  the  nasal  fos.sie,  vagina,  or  rectum,  has  pene- 
trated or  been  dniwn  too  ileeply  into  the  organ.  In  order 
to  guard  against  this  leeches  should  be  fastened  in  such 
cases  by  a  tliread  passed  through  the  middle  of  the  pos 
terior  sucker.  Several  aiilliors  have  investigated  the  re 
pilted  tninsniissioii  of  disiase,  particularly  liaclerial,  by 
lei'ches,  but  uniformly  with  negative  results.  So  far  as 
bacteria  are  concerned,  the  species  sliidied  were  rapidly 
digested  in  the  stomach  of  the  leech,  and  the  entrance 
into  the  wound  of  such  as  may  be  upon  the  lips  at  the 
start  appears  dilliciill  under  the  circumstances  of  the 
lilorHl  How. 

Where  niilive.  these,  like  other  large  leeilns.  attack 
men  and  animals  invading  swamps  and  pools,  and  in  le 
corded  instances  with  fatal  results  to  children  or  young 
animals. 

Ilinido  ^i'(/f/i'H«  Johnson  1816,  often  confused  with  the 
medicinal  leech,  is  distinguishable  by  its  smaller  size.  SO 
to  100  mm.  in  length  by  Vi  to  IH  mm.  in  breadth,  and 
especially  by  the  scantier  number  of  teeth,  about  sev- 
1  eiity.  in  each  jaw.  It  is  native  in  northern  Africa  and 
'  Spain,  perhaps  also  Italy  and  Sicily,  and  is  exported  in 
large  numbers  to  P'rance,  Kngland,  anil  America.  In 
power  to  extract  blood  it  is  much  inferior  to  //.  inedi- 
/•iiialix. 

Ilirudo  nijijMtiica  Whitman  1886,  also  smaller  in  size 
than  //.  mtdin'nriliK,  is  common  about  Tokyo,  Japan,  and 
in  other  parts  of  the  island.  Its  habits  and  use  conform 
closely  to  those  of  the  continental  S|iecies.  Other  species 
of  similar  habit  are  reported  from  different  regions  of  the 
Orient:  they  are,  however,  only  poorly  known. 

The  genus  Li iiiiitil is  nmy  be  distinguished  from  Ilirudo 
by  the  papill.'V  on  the  jaws  and  by  the  ventral  furrow 
traversing  the  entire  length  of  the  anterior  lip  of  the  oral 
sucker.  One  species.  /Jmiiiitin  tiilotini  Sav.,  demands 
brief  notice.  It  is  native  in  the  circumniediterrancan 
region,  and  in  some  places  is  so  aliundant  as  to  become  a 
veritable  pest.  Especially  the  young,  described  by  Mo- 
quin-Tandon  as  S/iiiijuiKnijii  iTijjijitinai .  are  often  swal- 
lowed accidentally  in  drinking  and  may  remain  for  a  long 
time  li.xed  in  idiarynx,  choanie,  (esophagus,  tnichea,  or 
even  stomach.  The  species  plays  accordingly  an  impor- 
tant role  in  diseases  of  man  and  domestic  animals  in  north- 
ern Africa  during  the  hot  season.  European  soldiers  in 
garrison,  and  even  natives,  in  spite  of  their  precautions, 
siifTer  from  the  leech,  which  evokes  by  its  jiresence  both 
local  and  general  symptoms  of  serious  character  if  assist- 
ance is  not  speedily  afforded.  With  the  removal  of  the 
worms  rapid  and  complete  healing  of  the  wounds  and 
disappearance  of  secondary  .symptoms  occur  almost  im- 
mediately and  without  exception.  The  removal  may  he 
accomplished  by  instruments  from  those  organs  where 
the  leech  can  be  seen  :  in  deeper  locations  copious  appli- 
cation of  salt  water  is  said  to  be  efflcacious.  This  leech 
can  pierce  only  the  mucous  membranes  of  higher  ani- 
mals, and  its  inability  to  penetrate  the  external  skin, 
even  of  children,  has  often  been  demonstrated.  Other 
species  of  this  genus  have  a  more  powerful  bite,  and  are 
used  especially  in  the  East  for  medicinal  purposes,  even 
though  they  take  up  less  than  half  as  much  blood  as 
Ilirudo  medieiiudiK.  In  this  country  Marmbdflhi  decora, 
one  of  the  large  native  leeches,  is  employed  in  some 
places  for  bloixlletting;  it  may  be  recognized  by  the 
following  description : 

Miicrolxhlhi  Verrill  1872.  Cephalic  lobe  smaller  than 
in  Ilirudo.     Anntili  103:  at  least  four  in  somite  XXIII. 
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Neither  buccal  nor  post-buccal  anniili  iiiiitc<l  on  tlic  ven- 
iml  siilc.  lioili  genital  Dritices  in  somite  XI..  and  behind 
tlieni  a  };i(iti|i  iif  |ironiinenl  <()pnUil<)iv  frlaiids. 

.]/,i,-i;./;l.ll.i  <l,<-nrn  WvvnW. —Iliiu.h  ,l,i;„;i  Say  1824. 
11.  il,r-Tii  I,ii(ly  18(58.  Jaws  with  about  sl.\ly  live  teeth, 
copulatory  ;;lan(ls  openini;  liy  four  pons  in  a  ipiadrale 
tifiure  on  the  last  annulii.'iof  XIII.  and  thi' tirst  two  of 
XIV.  Tlie  tii-st  annulus  of  XXVI.  is  divided  niaiginally 
and  sometimes  also  (htrsally  int<i  two  annuli. 

This  species  is  widely  dilTwsed  in  fresh  waters  of  Ihe 
I'niled  Males,  havinir  lii'cn  reported  from  .Maine  to  Miii- 
nesola  and  fnvm  I'eiinsylvania  lo  Kansjis.  It  is  fre- 
ipiently  useil  instead  of  imported  h-cehes  hy  physicians 
and  is  sjiid  to  lie  eipially  ellieacious,  allhoufih  its  capac- 
ity is  somewhat  smaller,  only  alioiit  5  gin.  It  is  .so 
powerfid.  however,  that  serious  results  have  followed 
its  attacks  upon  the  legs  of  chiUlren  wading  in  its 
haunts. 

Among  the  land  leeclies  which  form  a  special  section, 
Heptantia,  of  this  family,  and  are  distinguished  by  the 
absence  of  an  eyeless  ring  between  the  third  and  fourth 
pair  of  eyes,  a  few  forms  deserve  brief  mention. 

Ilifiiiiuliimt  Teunent.  Body  almost  round,  sucker  sep- 
arateil  ordy  by  a  sliglit  constriction.  Near  the  sucker 
auriculic  w  itli  the  pores  of  the  last  ])airs  of  ucphridia. 
Typical  nietamere  with  five  annuli. 

J/iriiKKli/iKii  :ii/liiiiini  Moq.-Tand. — //.  Jiijxmicn  Whit- 
man. Lengtli  20  mm.,  or  ill  extended  form  00  mm.,  di- 
aineti'rof  body  behind  0  mm.,  in  front  2  mm. ;  sucker  .5  to 
7  mm.  in  <liameter.  .\nnuli  ninety-seven:  male  genital 
pore  between  annuli  30  and  31,  female  between  3.5  and 
36.     In  each  jaw  ninety  incurved  teeth. 

The  animal,  when  gorged,  has  the  form  of  a  flask  of 
about  10  mm.  in  diameter  at  its  largest  part,  while  the 
neck  measures  only  2  or  3  mm.  in  thickness.  The  color 
is  e.vceedingly  variable,  and  yet  live  or  si.\  varieties  may 
be  recognized,  one  of  whicli,  var.  JiijKiiiicn  Whitman, 
known  in  .lapan  as  the  mountain  leech,  is  common  in  the 
entire  Indomalayan  region,  China,  and  Japan.  It  has 
long  been  known  on  the  island  of  Ceylon,  wliere  it  forms 
a  veritable  pest  to  natives  and  Europeans  alike.  The 
leeches  appear  in  inimen.se  swarms,  particularly  in  moist 
regions  and  during  the  rainy  season,  and  at  all  levels 
from  the  coast  up  to  4.000  feet,  although  they  occur  even 
as  high  as  1.5,000  feet  in  the  Himalayas.  During  the  dry 
season  they  hibernate  in  the  earth;  at  other  times  they 
live  in  moss  among  stones  and  on  shrubs  and  trees.  The 
approach  of  large  animals  brings  them  out  in  myriads; 
they  move  with  surprising  activity,  and  sjiringing  on  the 
unfortunate  passer-liy  they  suck  often  for  hours  before 
falling  off.  No  clothing  is  close  enough  to  protect  man 
from  theirattacks.  and  during  army  man(euvres  they  have 
inlliclcd  large  losses  on  European  troops,  attacking  the 
.soldiers  even  when  asleep.  Accounts  of  travel  in  Ceylon 
abound  in  narratives  of  the  ferocity  of  these  pests,  and 
recent  writers  from  the  Piiilippines  comment  on  their 
activity  in  that  country  in  eipially  forcible  terms.  It  is 
])robably  this  species,  and  very  likely  the  variety  jfijMiii - 
ir/i,  which  is  reported  l)y  Blanchard  as  abundant  in  the 
Philippines,  to  whicli  the  trouble  is  due.  although  other 
spi'ciesof  IlimrutdiiHia  manifest,  no  doubt,  .similar  habits 
of  life. 

The  bite  is  not  poisonous,  as  often  maintained,  but  the 
large  number  of  wounds  and  careless  treatment  afford 
abundant  opportunity  for  secondary  infection  of  a  seri- 
ous chanictcr.  Among  the  natives  of  Ceylon  one  may 
see  many  deformities  induced  by  these  leeches,  which  are 
accordingly  feared  more  than  serpents  and  carnivores. 

All  allied  form.  PliijtulMltUii  Meytri  R.  Bl.,  is  also  re- 
conled  from  Luzon. 

The  family  of  the  Hliynchobdellidie,  or  proboscis 
leeches,  is  characterized  by  a  protnisible  pharynx,  while 
the  typical  nietamere  consists  of  three  annuli  and  jaws 
are  lacking.  Few  of  these  forms  are  able  to  penetrate 
the  hiinian  skin,  but  among  those  of  siifticient  power  are 
especially  .Vmerican  forms,  which  appear  as  occasional 
parasites  of  man  and  in  some  regions  are  iiseil  for  them- 
peutic  purposes.    The  two  species  of  importance  are  both 


members  of  the  following  genus,  which  is  restricted  to 
the  warmer  regions  of  the  American  continent: 

l.i.mtnii,,,  Wagler  \H3l—J/,ni„i,f,ii,i  de  Fil.  1«49. 
Body  broad  and  llallened;  back  covered  with  many 
proiiiiiunt  papiihe:  the  first  and  third  ring  of  each  so- 
mite from  VI.  to  XXII.  inclusive  split  on  the  ventral 
surface  so  that  on  the  ventral  surface  the  space  occupied 
by  live  pseiido-aniuili  corresponds  totliat  occupied  by  the 
three  ailjoining  dors;il  annuli.  Male  genital  pore  between 
annuli  26  and  27,  feniaU'  between  28  and  20.  Two  pairs 
of  eyes  so  clo.sely  set  that  they  appear  as  a  single  pair. 

lAnntoiiiii  Gliitiiiiiii  U.  Bl. — llieiiii  nil  fin  (lliilidiiii  de 
Fil.  1849.  Length  of  alcoholic  specimen  190  mm., 
breadth  100  mm.,  corresponding  to  a  probable  length 
while  living  of  350  to  400  mm.  Annuli  .seventy,  together 
with  three  preocular;  the  first  seven  annuli  form  the  oral 
sucker. 

This  giant  form  inhabits  the  ba.sin  of  the  Amazon  and 
the  swampy  regions  of  Guiana.  Blanchard  reports  that 
it  attacks  horses  and  cattle,  and  a  few  individuals  arc 
suflieieut  to  kill  even  a  full-grown  animal. 

IJiistuma  eoccineum  Wagler  1831 — Ilirmenteria  offieinn- 
lU  de  Fil.   1849,  //.  mej-icaiui  de  Fil.  1849,  Glomplionia 
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Fig.  365.S.  —Liostnnin  cocriiiniiii,  ur  Mt-.xicaii  L,e(.i-ii  Iiiaprani- 
inatlc  view  of  anlerior  somites,  ^4.  fnnn  dorsal  surtaee  with  eyes 
and  sensilla?,  B,  from  ventral  with  iiephridlal  and  sexual  pores. 
(Modified  from  Blanctiard.) 

granulosa  Jimenez  1865.  Length  80  mm.,  breadth  22 
mm.  Annuli  seventy,  with  two  preocular;  the  first  six 
annuli  form  the  oral  sucker  (Fig.  26.58). 

The  range  of  this  species  extends  from  ^lex-ico  to  Para- 
guay through  Central  and  Soulh  Anu'rica.  In  Mexico 
it  is  universally  used  as  the  medicinal  leech.  In  some 
instances,  however,  its  bite  appears  to  be  accomjianied 
by  serious  results.  There  arc  noted  almost  iininediately 
a  feeling  of  general  lassitude  and  an  unpleasjint  itching 
and  twitching,  succeeded  soon  by  general  urticaria,  and 
in  a  short  time  apoplectic  symptoms  are  manifested :  but 
cases  occur  in  which  the  cerebral  congestion  or  the  urti- 
caria is  wanting.  Most  authors  incline  now  to  the  be- 
lief that  these  symptoms  are  due  to  the  salivary  secretion 
poured  into  the  bite  by  the  leech,  and  yet  it  seems  also 
clear  that  some  predisposition  on  the  jiart  of  the  indi- 
vidual is  also  a  iirerequisite.  Biandes  suggests  that  the 
symptoms  of  poisoning  are  manifested  only  in  persons 
exhibiting  hypera'sthesia.and  attributes  the  rare  cases  of 
serious  illness  following  the  application  of  Uirmlo  iiieili- 
cinalis  in  Europe  to  the  sjjnie  sensitive  constitution. 
(Comiiare  in  this  connection  the  effects  produced  by  the 
bite  of  Ai-f/dx.  as  reported  by  Brandes  and  noted  in  the 
article  Arachnida,  Vol.  1..  p.  437.) 

In  spite  of  these  accidents  this  is  actually  the  only 
species  used  for  medicinal  purposes  in  Mexico,  siitlicient 
evidence  of  its  generally  satisfactory  character.  In  some 
provinces  (Guadalajala)  the  leech  is  regularly  cut  in  two 
after  it  has  taken  hold  in  order  to  measure  definitely  the 
quantity  of  blood  extracted.  lUnry  B.   M'ard. 
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living  liiwiif.  we  iioh  iimki'  iim-  of  lliu  colil-lilooiled  uiii 


ria.  SnSO.— Scbulzer's  Ijirva  Holder. 

iimis  iiliuost  I'.M'lusivi'lv  :  iiiul.  mi  arroiiiit  of  llir  (iiiivi'- 
iiicnri'.  list-  till'  tails  of  iiiiipliilijiin  larvgi'.  anil  small  lislirs 
ami  fi'<>i;s.  For  liolilini;  lliisc  small  aiiiiiials,  while  iiiiiler 
oliservalion.  the  larva  lioliler  of  Srliul/.er  (Ki):.  2ti'"il»l  will 
lie  foiiiiil  very  eoiiveiiieiil.  The  head  of  the  animal  is 
|i|iieiil  uiulrr  the  eilire.  ii .  the  tail  is  spreail  out  on  the 
lieveHf^l  plate.  I>.  and  covereil  with  a  cover  jrlass.  The 
eell  liolils  siillieieni  water  to  cover  tin.'  animal.  To  kee|i 
the  animal  qiiiit.  we  w  ni])  it  lo.isely  in  a  piece  of  clolh. 
leaviiii;  the  ;.'ills  free,  or  adil  a  few  ilrojis  of  ether  to  the 
wat<'r.  If  the  oh.servatioiis  are  to  lie  continued  for  any 
leniltli  of  time,  provision  must  he  made  for  the  renewal 
of  the  water.  This  can  be  accomplished  by  any  of  the 
usual  nietliods  of  irrigation. 

For  observations  on  the  froir.  it  is  m'Ce,s.sary  to  paralyze 
the  animal  w  illi  curare.  A  sliirhl  nick  is  made  in  the 
skin  over  the  posterior  ]iart  of  the  head,  and  two  or  lliree 
drops  of  a  one  twenliethper-cent.  solution  of  cur.ire*  is 
injectid  into  the  dorsjd  lymph  sac  by  means  of  a  Ions, 
slender  pipette  introduced  throufrli  the  above  nick.  The 
exact  amount  of  curare  to  bi;  used  will  depend  upon  its 
ipuility  and  the  si/.eof  the  animal,  and  can  be  determined 
only  liy  experiment.  In  the  course  of  a  few  hours  the 
aniinal  will  become  completely  panily/ed.  while  the  vege- 
tative functions  continue,  the  necessary  amount 
of  o.\ygeii  being  supplied  by  cutaneous  respira- 
tion. 

We  utilize  for  these  observations: 

1.  T/i,  ItV/.— The  advantage  of  this  part  of  the 
animal  is  that 
we  do  not  inflict 
any  injury,  con- 
seijuenlly  we 
are  not  likely  to 
meet  with  an> 
disturbances  . 
tlie  vital  pro. 
esses;  but,  on 
account  of  it 
not  being  very 
ti'ans)iarent.  it  is 
inferior  to  other 
parts.  .\  frog 
poor  in  pigment 
should  be  select- 
ed, and  after  be- 
ing wrapped  in 
a  moist  cloth  it 
is  laid  on  an  oblong  sheet  of  cork,  in  one  end  of  which 
a  bole,  at  least  I."!  mm.  in  diameter,  is  made:  at  the  edges 
of  this  hole  four  or  live  pins  are  stuck,  to  which  bits  of 

•  S.  H.  aage  recommends  Itie  following  solution ;  Curare.  0.2  gm. ; 
nlnetv-llve-rer-renl.  aleohol,  21)  c.o. :  water,  20  r.c.  (irlnd  up  the 
curari'  In  a  mortar  wllb  llie  water  and  alcohol.    Do  not  Olter. 


tuifl  string  atlaehed  to  the  t(M'H  ure  lied,  Hpreiidiiig  the 
web  out  over  the  hole.  The  <'ork  U  now  placed  on  the 
Klage  of  the  microKeope,  and  the  web  Ik  iiioiHiened  at  in- 
It'rvaU  to  prevent  its  drying, 

■J.  'J'/ii  '/'"/((/"i.-  For  oliM-rvalloiiH  on  this  and  other 
orgaiiH  of  the  animal,  I'mLssor  Tlioma  has  Invented  ii 
series  of  frog  plales,  wbicli  in.-  shown  in  Fig  '.'tMMl  The 
one  in  Iheceiilreof  the  llgiiie  is  fur  the  tongue  :  that  on  tin- 
left  for  tile  mesi'iitery  ;  that  on  the  right  for  the  lung  and 
bladder.  These  plales  consist  of  a  bed  plate,  n,  of  bnixs, 
covered  bv  a  thin  sheet  of  hard  rubber.  .\t  //  is  an  open 
ing,  whicii  varies  in  the  dilTereiil  plales,  eoveiid  with  a 
thick  gla.ss  plate  on  which  the  organ  to  lieeMiiniiiid  is 
phueii.  At  some  dislanc  from  this  glass  plat.-  runs  the 
iirass  rim,  <■,  <•.  f,  T  mm.  high,  which  by  a  proper  incli- 
nation conveys  the  irrigating  tliiiil,  as  it  Hows  ofT  the 
organ,  to  the  tubes,  tl,  d,  to  which  are  attached  rubber 
tubes  leading  to  a  ves.s<'l  for  receiving  the  waste  tliiiil. 
The  supports,  ^  are  for  holding  the  irrigating  eanniila, 
!/.  They  are  pivoted  to  the  plate,  and  move  on  a  perjien- 
diciilaraxis:  to  Hie  upper  end  is  atlaehed  a  short  split 
lube,  which  is  ligliliiicd  by  a  small  .screw:  Ibis  is  con- 
nected with  the  support  by  a  liinged  joint,  allowing  it 
to  be  moved  on  a  horizontal  a.vis.  In  tliis  lube  is  placed 
tli(!  glass  irrigation  cannula,  .'/.  It  will  be  notiieil  that 
in  ttie  t<ingue  and  meseiileiy  jilates  two  supports  are  pro- 
vided.    This  is  to  allow  of  tlie  use  of  two  cannula',  one 

for  irrigating  the  upper,  and  II tlnrthe  under,  surface 

of  the  organ.  At  e  is  a  perpendicular  rod  for  supporting 
the  ring  holding  tlii'  cover  glass.  .\t  each  side  of  the 
plates  liii  the  tongue  plate  it  is  at  the  end)  is  a  notciied 
support,  ^.  for  holding  the  rubber  tube  attached  to  the 
cannuhe  introduced  into  ihedilTereiit  organs  for  inflation, 
etc.  lietween  the  rim,  r,  r,  c.  and  the  plate.  Ii,  bits  of 
cork  are  wedged  for  pinning  out  the  organs. 

For  examining  the  tongue,  the  animal  is  jilaced  on  the 
plate  belly  down,  and  the  nose  is  brought  close  to  the 
edge  of  tlie  glass  plate:  the  tongue  is  drawn  out  over  the 
plate,  and  fastened  to  the  bits  of  cork  by  pins  which  are 
cut  olT  short. 

;i.  The  Miseiilert/. — Male  frogs  are  to  be  used,  so  that 
the  examiner  may  not  be  embarrasseil  with  the  ovaries. 
An  incision  is  made  through  the  skin,  on  the  side,  from 
the  pelvis  nearly  to  the  axilla.  After  all  hemorrhage  has 
ceased,  the  abdominal  cavity  is  opened  by  an  incision  of 
10  to  20  mm.  in  length:  a  coil  of  intestine  is  drawn  out 
carefully  over  the  gla.ss  plate  so  that  it  will  fall  upon  the 
bits  of  cork,  to  which  it  is  pinned,  leaving  the  mesi'iitery 
spread  out  in  a  thin  layer  on  the  glass  plate. 

4.    T/ii  lllitthler. — A  gla.ss  cannula  (ii.  Fig. 

2661)  is  tilled  with  a  tliree-foiirths-per-cent 

salt  solution,  and  the  rubber  tube  closed  with 

bit  of  glass  rod.     The  cannula  is  now  in- 
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Fig.  3'<10.— Thoma's  Froe  Plales. 


serted  into  the  cloaca,  and  directed  forward  into  the 
bladder:  it  is  held  in  place  by  a  Ihread  i>,H.ssed  through 
the  skin  over  (he  sjicrum  and"  tied  around  the  cannula. 
An  incision,  similar  to  the  one  for  the  mesentery,  is  made 
in  the  side  of  the  animal.  The  glass  rod  is  lemoved 
from  the  rubber  tube,  and  the  latter  is  raised  slightly  so 
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as  to  cause  tin-  fluid  to  flow  into  the  bladder,  distending 
it.  Tlie  iininial  is  now  plnerd  on  the  frog  plate  and  by 
gentle  inanipuhition  with  tlir  handle  of  a  scalpel  the  dis- 
tended oriran  is  brou!:lil  upon  the  glass  i)lnie  and  fur- 


r 


Fic.  :i<»il.~lnnaIioii  Cuiiuiilie. 

ther  distended  if  neees-sary:  the  glass  rod  is  ni>w  replaced 
in  the  rubber  tube,  and  the  latter  ti.xcil  in  the  support 
(X-.  Fig.  26(i0).  The  animal  is  covered  with  a  hit  of 
moisteiieii  filter  paper,  and  the  frog  plate  is  placed  ou 
tlie  microscope. 

5.  Thf  J.iiiif/. — The  cannula  (.1.  Fig.  3()(il)  is  intro- 
duced through  the  epiglottis,  and  held  in  place  by  a 
thread  passed  through  thi'  nose  ami  tied  around  thi'  con- 
striction of  the  cannula.  An  incision,  carriecl  well  into 
the  axilla,  is  niaile  through  the  sUin  on  the  side  of  the 
animal,  and  w  hen  all  hemorrhage  has  c<ascd  the  thoracic 
cavity  is  oiiened.  The  o])erator  should  now  remove  the 
bit  of  gliiss  rod  from  the  end  of  the  rubber  tube  attached 
to  the  cannula,  and  gently  blow  into  the  same,  when  the 
distended  lung  ivill  i)e  forced  through  the  incision.  The 
animal  is  placed  ou  the  frog  i)late,  and  the  distended  lung 
brought  upon  the  plate  />.  In  Fig.  ■HHVZ  is  shown  the 
arrangement  of  the  irog  i)late  on  the  niicrosco])e.  and  the 
irrigating  bottle.  The  stage  of  the  niicioscope  is  to  be 
inclined  so  as  to  cause  the 
irrigating  fluid  to  flow 
away.  The  bottle  attached 
to  the  ring  stand,  tilled 
with  a  three-fourths-per- 
cent.  salt  solution,  is  closed 
tightlv  with  a  rubber  cork, 


Fi<i.  MC    Kri«  Plate  and  Irrigating  Apparatus. 

through  which  pass  two  glass  f  ul)es.  To  one  is  attacheii 
a  rubbi-r  tube,  which  is  connected  with  the  glass  cannula 
{g.  Fig.  -JOOII)  and  conveys  the  irrigating  lluid.  The 
other  is  for  regulating  the  pre.s.suri',  wliieli  can  be  varied 
bv  raising  or  lowering  the  tube.    The  flow  from  the  end  of 
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the  irrigating  cannula  should  be  by  drops,  at  short  inter- 
vals, anil  is  regulated  by  the  pressure  in  the  bottle,  the  size 
of  thef)peinng  in  the  point  of  the  cannula,  and,  if  neces- 
sary, by  a  spring  clip  placed  on  the  rubber  sui)ply-tube. 
Fresh  tissu<-s  are  to  be  examined 
in  the  tluiil  that  bathes  them  during 
life,  or  in  a  tlind  that  will  change 
them  but  little  if  at  all.  Sue  h  fluids 
are  known  as  indilferent  fluids,  and 
rcsendile  in  composition  the  natural 
fluids  of  the  body.  Tliey  are  as  fol- 
lows: 

Aqiieoim  Jhimitr  of  the  Eyr. — Ob- 
tained by  puncturing  the  cornea  of 
a  recently  killed  animal,  and  allow- 
ing the  aqueous  humor  to  escape. 

nimil  Scrum. — The  blood  of  a 
recently  killed  animal  is  poured 
into  a  tall  glass  cylinder  and  al- 
lowed to  coagulate.  After  coagulation  has  taken  place, 
the  upper  margin  of  the  clot  is  separated  from  the  sides 
of  the  vessel,  to  permit  it  to  sink;  the  vessel  is  allowed 
to  stand  for  twenty-four  hours,  and  the  clear  serum  is 
then  drawn  off  with  a  siphon,  care  being  taken  not  to  dis- 
turb the  clot. 

Imlized  Serum. — Prepared  by  adding  to  exery  1,000 
c.c.  of  blood  .serum,  obtained  as  above,  10  <-.c.  of  tincture 
of  iodine.  This  fluid  alters  the  tissues  slightly  and  stains 
X\\vm  yellow.  Instead  of  blood  serum,  amniotic  or  [leri 
cardial  fluid  may  be  used.  Ijul  it  must  be  absolutely  fresh. 
Artifiriiil  Serum. — This  is  to  be  used  only  when  the 
uatunil  serous  fluids  cannot  be  obtained.  It  is  prepared 
by  <lissolving  2  gm.  of  sodium  chloride  and  28  gm.  of 
egg  albumen  in  '2'tO  c.c.  of  distilled  water,  and  adding 
2.3  c.c.  of  tincture  of  iodine;  the  solution  is  then  filterecl. 
A'ialt  Svlutiuti  (three-fourths  per  cent.). — .Made  hy  dis- 


FlG.  2663.— Mulst  Clianitier. 

solving  7.5  gm.  of  perfectly  dry.  chemically  pure  sodium 
chloride  in  1.000  c.c.  of  distilled  water.  This  solution 
alters  fresh  ti.ssues  but  slightly. 

Fresh,  thin  ineinbranes  can  be  examined  in  one  of  the 
above  solutions  without  any  previous  preparation.  Bits 
of  organs,  flbres.  etc.,  are  to  be  teased  on  a  slide,  in  a 
drop  of  one  of  the  indilTereiit  solutions,  or  sections  can  be 
made  by  the  freezing  niicmtome. 

In  observations  on  fresh  tissue  it  is  necessary  to  pre- 
vent evajxiration,  ami  in  most  cases  pres.sure.  The  first 
can  be  prevented  by  painting  a  ring  around  the  cover 
with  oil  or  vaseline;  the  latter  by  placing  a  hair  between 
the  cover  and  slide;  or  we  may  use  the  moist  chamber. 

In  Fig.  2663  is  shown  a  moist  chamber.  In  the  centre 
of  a  thick  glass  slide  is  cut  a  cavity,  around  the  circum- 
ference of  which  is  a  groove  (»•;•).  The  latter  is  fllled  with 
water;  the  specimen  is  placed  on  the  cover  glass  (").  or 
in  the  mitUlle  of  the  cavity. 

Mktiiods  of  Appi.yini;  Reagents. — Appliedtimi  of 
Ftiiidx,  Irriijntion. — A  drop  of  the  reagent  is  placed  on 
the  slide  in  contact  with  the  edge  of  the  cover  glass,  and 
on  the  opposite  side  of  the  cover  a  bit  of  Alter  paper. 
The  latter  sucks  out  the  fluid,  which  is  repUneil  by  the 
reagent  flowing  in  on  the  other  side.     This  process  of  ir- 
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rigiitlnii  ctiii  Im!  cnntiniKHl  for  iiiiy  length  of  time,  if  tlic 

rrii);cnt   Ih-   n-iirwcil   iin  it   Iti iiii-x  i-xliiliiytcfl,  iiliil   tllu 

llllcr  |m|H'r  iih  il  iHroiiicii  HiitunitiMl. 

Ai)i>tifiiti<iii  iif  Viijiiii  mill  It'iijun  — A  Hiiiipli'  wity  of  up- 
plying  II  ruliitilu  rni^'i'iit  to  ii  spreiiiii-ii  lr<  In  piii  n  drop 


mIcroHCopo.  On  tlif  upper  Hiirfiici'  of  tliu  cIkiiiIic  In  ii 
liniKs  pliiti-,  /'.  with  nil  opi'iiiii^  ill  llii;  cfriitrc,  ('.  Icniliii); 
into  II  liniss  lulic,  closed  Ix-lnw  liy  ii  pieci-  of  kIiikh.  For 
lifiitini.',  till-  coppiT  wire  Is  plii'n-d  on  tin;  IiiIm-  ii,  the 
Icinpiniturr  of  the  phite  lieiiit!  indli'iiti'<l  liy  the  tlier- 
inoiiieter  t  The  j;iis  Is  roiidiicled  into  the  eliiinilicr 
liy  the  liilie  <i  .  while  ii  serves  lis  iin  <\it. 

Kor  lonK  eontiniied  otiservntionsni  iin  elevated  teni- 
pcruture  Zl-Ish'  wiiriii  ehiinilier  (KIk.  2tltl7)  for  enelon- 
ilig    the    inieroKcopu    Hhoiild     he    em- 
ployed. 


,  ^      pioyeo. 
"  j^T  Aii/iliriilwii  of  KUrtHnty. — For  the 

5j^^  iipplieiitlon  of  "the  electric   current    to 


Kl(i.  2WM.— Strli'ker's  lins  Clniiiilier. 

Ill   such  reiiu'iiit  in  a  cell  on  a  slide,  and  invert   a  cover- 

flass.  on  wliicli  the  speeinien  has  tiiiii   pliieed,  over  it. 
'or  gases  it   is  necessary  to  use  a  gas  chamber.     Such  a 
]>iece  of  apparatus  is  shown  in  Fig.  'iWA. 

It  consist-s  of  a  thick  glass  slide,  in  the  tipper  surface 
of  which  is  ground  out  a  circular  cavity.  Two  glass 
tubes  are  cemented  into  the  two  half-canals.     The  tube 
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Fig.  a)ft"i.    ■Wann  Slnee. 


<i  is  connected  by  an  indiir-rubbcr  tube,  «',  with  the 
gas  generator,  and  conducts  the  gii.s  to  tlie  chamber;  the 
other,  a  ',  serves  for  its  exit.  ' 

AjipliMtioji  iif  J/i,il.  —  Fig.  2(iC-i  shows  the  latest  form 
of  warm,  stage  in  which  hot  water,  used  for  heating,  or 
which,  by  the  use  of  ice  water,  may  also  be  converted 
into  a  refrigerating  slide.     The  central  opening  C(Fig. 
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Fill.  iSii;.— SlrkkiT's  Warm  St.npe  and  Gas  Chamtier. 

2(565)  pennits  the  passage  of  light.  At  each  end  of  the 
slide  a  small  tube.  IS.  Ii .  is  inserted,  by  means  of  which 
it  is  connected  with  a  vessel  of  water. 

In  Fig.  i6()6  is  shown  a  combined  warm  stage  and  gas 
chamber.     It  consists  of  a  rectangular  i)iece  of  ebonite, 
A",  A',  tixcd  to  a  brass  ])late  that  rests  on  the  stage  of  the 
Vol.  IV.— 4-| 


speiiniiiis.  the  slide  shown  ill  Fig.  2<1(W 
will  answer  as  well  as  a  more  eoinplj- 
cated  piece  of  apparatus.    This  can  be  inudeas  follows: 
Take  a  gla.ss  sliile  27  X  127  nun.,  anil  cover  the  sur- 
face with  gold   si/i';  press  the  moist    surface  llrnilj- 
down  on  gold  leaf  or  tinfoil ;  allow  it  to  dry,  and  then 
scrapeaway  the  metal  so  as  to  leave  the  two  triangles 
e,   (',    with  an   interval,  «,   between  their  apicesi  of 
about  5  mm.  for  the  object.     The  specimen  is  placed  at 
II.  and  covered  with  a  cover-glass.     For  triiusinitting  the 


Fig.  3867.— Zeiss'  Warm  Chamber. 

current  the  ends  of  the  slide  are  clamped  bj-  the  clips  c, 
<•',  to  which  the  wires  leading  from  the  battery  are  at- 
tached. 
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In  Fiij.  2669  is  represented  a  combine<l  moist  clianiber 
and  iliclric  slide.  Tlie  slide,*,  is  eovt-red  with  linfi)il, 
/.  <in  its  upiurand  lower  surfaces,  the  foil  on  the  upper 
surface  being  carried  to  the  upper  cdjre  of  the  gla.ss  cell, 
e,  wliidi  is  cemented  to  the  slide.  The  slide  is  placed  on 
the  copper  supports,  A',  k,  that  are  attached  to  the  stage, 
j>,  if  it  be  a  glass  one;  if  not,  they  nuist  be  insulated  by 


Fig.  aitiS.— Gold-leaf  Eieotrudes. 

Strips  of  hard  rubber.  Two  small  strips  of  foil  are 
cemented  to  the  eovcr-gla.ss.  leaving  a  space  of  ')  mm. 
between  the  ends.  The  bottom  of  the  cell  is  tilled  with 
a  few  drops  of  water;  the  specimen  is  placed  on  the 
cover-glass,  in  contact  with  the  tiufoil.  and  the  cover 
is  inverted  and  placed  on  the  cell,  r.  so  that  the  foil  conies 
in  contact  with  that  covering  the  cell.  The  electric  cur- 
rent is  conducted  to  the  specimen  through  the  metal  sup- 
ports by  wires  placed  in  the  holes  in  their  ends. 

Methods  of  Fixin(;.  H.\kdexixg.  and  Pkeservixg. 
— By  the  term  "fixing"  is  meant  the  nipid  killing  of  the 
tissue  elements,  so  that  they  are  preserved  in  nearly  the 
same  conditi<ni,  as  regards  form  and  structure,  that  they 
had  during  life.  The  ])rocess  of  fixing  also  partially  hard- 
ens the  tissue,  so  that  it  is  not  injured  by  the  subsequent 
manipulations. 

The  process  of  lixing  produces  optical  differentiation 
in  the  tissues  causing  alterations  in  their  indices  of  re- 
fraction. The  index  is  laised  in  varying  degrees,  some 
elements  being  more  affected  than  others,  thus  iiroducing 
optical  dillerences  that  were  not  present  in  the  living 
tissue. 

The  fixation  causes  a  coagulation  of  certain  tissue  ele- 
ments rendering  them  insoluble,  the  tixingagent  entering 
into  chemical  combination  with  tlicm.  At  times  these 
cliemic;il  compounds  are  soluble  and  are  removed  in  the 
process  of  washing.  Some  of  the  insoluble  compounds 
form  mordants  to  certain  stains,  giving  differeuliul  staiu- 
ings.  Some  of  the  chemicals  used  for  fixing  prevent  the 
subsequent  staining  of  the  tissue  unless  they  are  removed 
by  special  treatment.  This  is  especially  so  when  osmic 
or  chromic  acid  is  used. 

A  perfect  fixing  reagent  should  meet  the  following  re- 
quirements: It  should  penetrate  rapidly:  it  should  kill 
quickly,  without  haviuganinjuriousactionon  the  tissue; 
it  should  not  dehydrate,  as  the  withdrawal  of  water 
causes  shrinkage;  it  should  not  interfere  with  the  sub- 
sequent staining. 

Of  the  numerous  reagents  used  for  this  purpose,  there 
is  not  one  that  meets  all  of  the  above  requirement.s. 
Some  cause  shrinking,  others  more  or  less  swelling,  while 
others  fix  nuclear  structures  well  but  not  cytoplasm,  or 
Hi-c  nrsii.  By  combinations  of  several  fixing  agents,  the 
faults  of  one  may  be  counterbalanced  by  those  of  another. 

The  following  rules  should  be  observed  in  the  use  of 
fixing  solutions:  The  size  of  the  specimen  should  be 
miiill.  averaging  about  0.5  c.c.  in  bulk,  and  the  (|uautity 
of  fluids  should  be  large,  as  much  as  a  hundred  times  the 
bulk  of  the  specimen. 

The  specimen  should  be  removed  from  the  fixing  fluid 
as  soon  as  it  has  been  thoroughly  penetrated  by  the  latter. 
This  depends  ui>on  Ihe  fixing  agent  used,  and  on  the  size 
anil  densiry  of  the  specimen.  Isually  from  twelve  to 
twenty  four  hours  is  a  sutlicient  time  for  proper  fixation. 

In  some  instances  it  is  desinible  to  fix  an  entire  organ. 
In  such  cases  the  fixing  fluid  is  injected  through  the 
artery  and  allowed  to  flow  from  the  vein  for  from  one  to 
two  hours,  after  which  the  entire  organ  is  immersed  in  a 
large  (|uantity  of  the  fixing  fluid. 

After  the  specimen  has  been  fixed  it  is  to  be  washed  in 
running  water  imtil  all  of  its  fixing  agent  has  been  re- 
moved. The  spechneu  is  then  further  hardened  in  grjided 
alcohols. 


Ilnrdeninr/. — After  the  fixative  has  been  thoroughly 
removed  from  Ihe  specimens  Ihey  are  then  hardened  by 
l)as.sing  tln-m  thiough  graded  alcohols,  beginning  with 
sixty  per  cent,  and  increa.sing  the  strength  by  about  ten 
percent,  at  the  end  of  each  twelve  liours  until  strong 
alcohol,  ninety-five  per  cent.,  is  rejwhed. 

Altsolufe  alcohol  as  found  in  commerce  varies  from  98 
to  99. ,5  per  cent. ;  it  is  very  expensive,  and  it  is  almost 
impossible  to  keep  it  up  to  the  proper  strength  after  it  has 
been  exposed  to  Ihe  air.  An  alcohol  that  will  meet  all  the 
requirements  (^f  absolute  alcohol  may  be  jirepared  after 
the  plan  of  Ranvier:  Cupric  sulphate  is  pulverized  and 
healed  at  a  temperature  of  100'  C.  until  all  the  water  of 
crystallization  is  driven  off,  and  a  white  powder  is  there- 
suit.  A  glass-stoppered  bottle  is  filled  about  one-lhird 
full  with  this  powder,  anhydrous  cupric  sulphate,  and 
ordinary  alcohol  is  added.  "  After  standing  for  twenty- 
four  hours,  the  surface  of  the  copper  will  have  become 
decidedly  blue,  from  the  abst>rption  of  the  water  from 
the  alcohol.  A  test  made  at  this  time  will  show  the  alcohol 
to  be  over  ninety-nine  per  cent.  Fresh  alcohol  is  added, 
from  time  to  time,  until  all  of  the  copper  has  become 
blue  in  color,  when  it  is  no  longer  of  any  use  for  dehy- 
dration. The  supernatant  alcohol  is  now  poured  off, 
and  the  bottle  placed  in  a  hot-air  sterilizer  at  a  tempera- 
ture of  100  C.  until  the  cupric  sulphate  is  again  rendered 
anhydrous. 

Commercial  alcohol  usually  tests  about  ninety-five  per 
cent,  and  is  known  as  strong  alcohol.  The  graded  al- 
cohols used  in  hardening  are  ))repared  by  diluting  this 
strong  alcohol  with  water.  The  amount  of  water lo  be 
added  to  each  one  hundred  volumes  of  ninety -five-per- 
cent, alcohol  is  as  follows:  For  making  60-per-"cent.,  add 
41..")  volumesof  water;  70-perceiit.,  21  volumes  of  water; 
80-percent.,  G.')  volumes  of  water;  90-per-ceut.,  5.5  vol- 
umes of  water. 

All  fixing  agents  if  allowed  to  act  long  enough  will 
harden  the  tissues,  but  as  a  general  rule  their  prolonged 
action  renders  the  tissues  brittle. 

J'rcnermtion. — For  preserving  the  tissues  after  harden- 
ing, eighty-per-cent.  alcohol  is  to  be  used,  as  prolonged 
immersion  in  strong  alcohol  interferes  with  the  subsequ~ent 
staining  of  the  specimens. 

Osmic  Acid  is  a  very  volatile  substance,  its  vapor  being 
extremely  irritating  to  the  conjunctiva  and  nostrils.     It 
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FIG,  2669.  -Electric  SUde  and  Moist  Cbamber. 

is  found  in  commerce  in  glass  ttibes,  each  containing  1 
gni.  or  0.5  gm.  of  the  crystals.  It  is  usetl  in  aqueous 
solutions  of  the  strength  of  0.1  to  2.0  per  cent.,  or  in 
combination  with  other  acids  in  the  proportion  of  1  to 
10,000. 
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Kiir  iiiiikiiiK  It  siiliitiiiri,  II  lidtllc  is  tlicirmiKlily  wumIkcI 
Willi  sul|i|iurif  iii'lil.  Ilii'ii  Willi  ilislilli'il  wiiIit,  lliiit  nil 
tnu'cs  (if  iirpiiiir  iimltrr  iiiiiy  lir  n-iiiiiviii ;  llirii  llic  lalii'l 
is  rcinovril  friiiii  the  iiilu.uiiil  llii'  tiilii'  is  wiislii-ii  in  siil 
lihiirii'  mill  amt  ilislilliii  uiiltr:  lln'  lulic.  ils  two  t'Xtrriiii' 
tifS  lirinu'  lirnki'll  nir.  is  imw  put  illlo  tlll' llnlllr,  lUlil  till' 
iiropcr  iiiiiiiiiiit  iif  ilistilli'il  wiittT  is  aililnl  to  make  ii  ku- 
luliiin  of  the  i'('i|<iii'i'<l  |ii'ri-<'iita;;i'.  Tlii'  siiliitinii  is  In  liu 
kept  in  it  well  stoppiTiil  Imltli'  prottctt'd  rroni  llir  li);lil. 
Arconlinn  to  ('mi  this  snlulinn  will  kicp  prifiTlly,  if 
t'n<iu);li  pdliissiiiin  pci'inanpinalr  be  mlcli-il  to  frivc  tlic 
tluiil  It  siii^lit  rosy  lint.  As  llir  tliiiil  Ix'coiiii'S  colorless 
small  i|iiaiilitirK  of  the  pcnimiiganiilc  should  liu  itihlcil  to 
ristorc  the  tint 

Solutions  that  have  ilctrrionilril  liy  Ihr  nduction  of 
thi'  osmic  lu'id  may  br  rcstori'd  by  the  iiddilion  of  a  few- 
drops  of  hydrojjfii  peroxidi-. 

Dsmii-  acid  is  more  valuable  ns  a  lixiuK  tlian  as  a 
liardeiiiiii;  aitenl.  It  llxes  cytoplnsin  perfectly,  nuclei 
baillv.  Its  penelnitini;  power  is  but  slight,  so  that  ex 
oeedmiily  small  pieces  of  tissue  must  be  used,  and  even 
then  its  action  will  be  contined  chielly  to  the  supirliciiil 
parts.  The  vajior  of  osinic  acid  has  u  much  greater 
pi>netnilin;r  power. 

Tissues  to  be  submitted  to  the  action  of  the  vapor  arc 
pinned  out  on  a  cork,  titled  to  a  widetiioiithed  bottle,  in 
which  there  arc  a  few  cubic  ceiilimetrc.s  of  a  onc-per-eent. 
solulioii  of  till'  acid,  and  allowed  to  remain  until  Ihi'V  be- 
conic  of  a  brownish  color.  After  li.xin.tr.  'he  excessof  the 
osmie  acid  must  be  thoroiiijhly  removed  by  washing  in 
runnimr  watci.  Any  acid  remaining  will  cuuse  an  over- 
blackening  and  it  will  also  interfere  with  the  subscinient 
staining. 

Any  over-blackening  is  best  removed  by  immersing  the 
tissue  in  a  mixture  of  one  part  of  hydrogen  peroxide  and 
twenty-live  parts  of  seventy-percent,  alcohol  (Overton). 

Osmic  acid  stains  fatty  matter  black  and  is  used  as  a 
stain  for  fat. 

For  inereasiug  the  iicnetratin.g  power  of  osmie  acid. 
Kolossow  uses  a  one  halfper  cent,  solution  in  a  two- or 
three-percent,  aqueous  solution  of  uranium  nitrate. 
Lately  he  has  recommended  the  following  mixture:  Abso- 
lute alcohol,  SO  c.c.  ;  distilled  water.  ")0  c.c. ;  hydric 
nilnite.  2  c.c. ;  osmic  acid  1  to  2  gm.  Tliis  mixture,  lie 
slates,  keeps  well. 

C/iromir  Arid. — Chromic  acid  is  an  exceedingly  deli- 
qucsoent  salt,  and  in  the  prcseiu-e  of  organic  matter  is 
readily  reduced  to  the  sesiiuioxide.  It  should  be  kept 
in  ten-percent,  aqueous  solution,  which  may  be  readily 
diluted  to  the  required  strength  for  use. 

It  is  used  in  aqueous  solutions  of  one  tenth  to  one  per 
cent,  as  a  lixiiig  agent,  and  allowed  to  act  fora  few  hours 
only.  For  fixing  nerve  tissue,  solutions  of  one-liftieth  to 
one-eighth  per  cent,  are  used.  The  pii'ces  of  tissue 
should  be  small,  and  after  removal  from  the  fluid  should 
be  Well  washed  in  water  and  preserved  in  eighty-per  cent, 
alcohol. 

Mayer  rinsesthe  fixed  material  in  water  and  then  places 
it  in  seventy-percent,  alcohol  in  the  dark;  the  alcohol 
is  changed  daily  until  it  ceases  to  become  colored  by  the 
chromic  acid;  then  the  tissue  is  hardened  in  strong  alco- 
hol. Any  chrome  compound  that  may  be  present  in  the 
si-etions  is  removed  by  soaking  the  sections  in  100  c.c.  of 
seventy-per-eent.  alcohol,  to  which  is  added  four  to  six 
drops  of  hydric  chloride.  After  being  in  this  mixture  for 
a  short  time  the  sections  become  perfectly  white  and  stain 
Well  with  llie  usual  stains. 

As  a  hardening  agent,  chromic  acid  is  used  in  aqueous  . 
solutions  of  one-sixth  to  one  half  per  cent.  It  is  very 
slow  in  its  action,  taking  weeks,  and  even  months  if  the 
.specimen  is  large.  As  a  rule,  the  pieces  of  tissue  must  be 
small.  2  tolfein.  on  a  side,  and  the  quantity  of  fluid  large, 
200  c.c.  fi>r  e.ieli  cubic  centimetre  of  tissue.  The  fluid 
must  be  renewed  at  the  end  of  the  first,  third,  and  fifth 
days.  After  the  liardening  is  completed  the  specimen  is 
placed  in  water  for  a  day  or  two,  to  remove  all  traces  of 
the  acid,  and  then  preserved  in  alcohol.  After  partial 
liardeniDg  iu  chromic  acid,  the  action  can  be  completed 


in  alcohol,  care  being  taken  thoroughly  to  wiihli  out  the 
former  before  placing  theHOecimeii  in  the  latter.  Two 
or  three  Weeks'  immersion  in  the  aeiil  will  be  KuflW'lent 
if  the  hardening  is  to  be  complcteil  in  alcnjiol. 

The  action  of  chromic  acid  mciiis  to  be  analogoiiK  In 
that  of  tanning.  The  acid  entirs  into  combination  with 
the  tissues,  rendering  them  tough  like  leather.  A  pro- 
longed action  of  the  acid  will  render  them  brittle. 

C'liromic  acid  has  the  iiroperty  of  softening  iMine.  and 
is  often  u.sed  as  a  deciileifying  agent.  The  acid  is  an 
excellent  hardening  agent  for  thecenlral  nervous  svsteni, 
nerve  tissue,  glandular  tissue,  and  epitlnlium. 

C/iioiiii'c  Afitt  mill  Aliiiliiil. — Klein  used  a  ini.vturc  of 
two  |iarls  of  a  one  sixlli-per-eeiit,  solution  of  eliromic 
acid  and  one  part  of  alcohol  for  his  investigations  on 
cells,  and  claims  that  it  gave  better  results  than  the  ordi- 
liarv  reagents,  even  osmic  acid. 

I'rban  Pritchard  uses  the  following  mixture:  Chromic 
acid  I  gill.,  water  20  c.c. ,  alcohol  180  c.c.  The  chromic 
mid  is  dissolved  in  the  water  and  addeil  to  (he  alcohol. 
This  was  iisi  d  for  hardening  the;  cochlea. 

I'lirniiiii'  null  J'im'i-  Afiih.  —  A  mixture  of  ten  parts  of 
a  saturated  scilulion  of  picric  acid,  twenty-five  parts  of 
a  one-per  cent,  solution  of  chromic  aciil,  and  sixty -five 
parts  of  water  makes  an  excellent  hardening  fluid.  Its 
action  is  slow. 

Cliroiiiic  Acid  ami  Platinie  Chloride  (if erkel's  Fluid). — 
This  is  recommended  by  its  originator  as  an  excellent 
fixing  agent,  especially  for  the  retina.  The  formula  is: 
Platinie  cliloriilc,  I  gm.  ;  chromic  acid,  1  gm. ;  water,  H(XJ 
c.c.  The  specimen  is  to  be  kept  in  this  fiuid  for  from 
two  to  tliiT'e  hours,  then  preserved  in  alcohol.  Eisig 
allows  specimens  to  remain  three  or  four  hours  in  this 
fluid,  and  then  preserves  them  in  seveuty-per-cent.  al- 
cohol. Specimens  so  treated  stain  well  with  almost  any 
stain. 

Cliroiiiic  iiiid  Omnie  Aeid». — Flesch  recommends  the 
following  mi.xtiire;  Oneper-cent.  solution  of  osmic  acid 
10  parts;  one  percent,  solution  of  chromic  acid.  'I't  parts; 
water.  65  parts.  Specimens  remain  iu  this  mi.xture  for 
from  twenty-four  to  thirty-si.x  hours.  The  hardening  is 
completed  in  alcohol  and  the  specimen  is  preserved  in 
the  sj»me. 

C/inimic  and  Acetic  Aeidn. — Onc-pcr-cent.  solution  of 
chromic  acid,  20  to  25  c.c. ;  oneper-cent.  solution  of  hy- 
dric acetate,  10  c.c;  water.  TO  c.c.  This  solution  is 
recommended  by  Flemtiiing  when  the  after  staining  of 
the  specimen  is  to  be  elTected  with  h.ematoxvliu.  These 
preparations  do  not  stain  well  with  aniline  dj'cs. 

C/inwtic  and  Formic  Acidn. — Kalb  adds  from  four  to 
five  drops  of  formic  acid  to  200  c.c.  of  a  O.S^f-per-cent. 
solution  of  chromic  acid.  This  mixture  must  be  pre- 
pared fresh  at  the  time  of  using.  Small  pieces  of  tissue 
are  fixed  for  twenty-four  hours  and  then  washed  In 
water. 

Flemmiiig's  Fluid. — First  Formula:  Chromic  acid,  0.25 
gm. ;  osmic  acid.  0. 1  gm.  :  hydric  acetate,  0. 1  c.c. ;  water, 
100  c.c.  Second  Formula:  Chromic  acid,  one-percent, 
aqueous  solution.  15  parts;  osmic  acid,  two-percent, 
solution.  4  parts;  hydric  acetate,  1  part. 

Small  pieces  of  tissue  are  fixed  in  this  fluid  for  from 
twelve  to  twenty  four  hours,  then  well  washed  in  run- 
ning water  and  hardened  in  graded  alcohols.  These 
fluids  were  used  by  Flemming  in  his  investigations  on 
cell  division.  Tlicy  fix  the  nuclear  structures  perfectly, 
but  the  cytoplasm  not  so  well. 

Fill's  ifodiftciitiou. — Osmic  acid,  one-percent,  solution, 
2  parts;  chromic  acid,  one  per  cent,  solution,  25  parts; 
hydric  acetate,  two-per-cent.  solution,  8  parts;  distilled 
water,  68  parts. 

Caniiiy'ii  MiHlification. — Osmic  acid,  two-percent,  solu- 
tion, 16  parts;  chromic  acid,  two-percent,  solution,  45 
parts;  hydric  acetate,  3  |)arts. 

Ilcrmaiiii'n  Miidijicalioii. — Chromic  acid,  one-percent, 
solution,  12  to  15 c.c. ;  hydric  acetate,  1  to  2  drops;  osmic 
acid,  0.25-pcr-cent.  sobition,  8  to  10  drops. 

i'anlair's  Modificadonii. — I.  Osmic  acid,  one-half-per- 
cent, solution,  40  parts;  chromic  acid,  one-half-per-cent. 
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soliiliim,  140  ])iiits:  liydric  ncclnlc,  10  parts.  II.  Osiiiic 
acid,  one  li:ilf  per  cent,  suliitioii,  10  jiiirts;  ]>i)tiis.siiiiu  <li- 
oliriuiiali-.  <iiK'  lialfper-CTUt.  solutiou,  10  parts;  livdrie 
acetate.  2  parts. 

7/(  ;•//«< /I ;<  .«  Fliiiil. — This  isunioilifieil  Flemmiii;;'s  fluid 
in  wliicli  platinie  ehloridc  is  sid)stitute(l  fur  llii' eliriiniic 
aciil ;  its  ennipositiim  is  as  fnllows:  Hlaliiiic  ehlnride,  one- 
percent,  aiitieous  solution,  1.")  parts;  osinie  aei<l,  two- 
pcrceut.  solution,  2  parts;  liydrie  acetate,  1  part. 

Potiimiiiiit  I>ir/iri>mt(le. — Tlie  action  of  I  his  salt  is  similar 
to  that  of  chromic  acid.  It  is  used  in  aniieous  solutions 
of  one  to  two  percent,  for  fi.\ing.  an<l  two  to  live  per  cent, 
for  hardening.  Its  action  is  slow,  and  it  has  the  advan- 
tage of  never  renderinjr  the  tissues  liritlle. 

.SfiitUr'n  Fbiiil. — This  fluid  was  lirst  introduced  hy  II. 
MUlIer  for  hardeninj:  the  retina.  It  is  an  excellent  hard- 
euini:  fluid  for  the  majority  of  ti.ssues,  especially  for  the 
central  nervous  system.  Its  action  is  .slow,  but  its  pene- 
tnitini;  power  great.  It  reijuires  a  mouth  to  six  weeks 
to  complete  the  hardening  of  a  spinal  cord.  If  the  tem- 
peniture  of  the  fluid  is  kept  at  ;iO  to  40'  C,  the  time  is 
red\ued  to  from  eight  to  ten  days  (Wcigert). 

The  composition  of  the  fluid  is  as  follows:  Potassium 
dichroniate,  2  to  2.5  parts;  sodium  sulphate,  1  part; 
water,  100  parts.  It  should  be  used  in  large  (plant  ities, 
renewed  at  the  end  of  twelve  ho\irs,  then  every  third  day 
until  the  hardening  is  completed.  Then  wash  well  in 
water  and  preserve  iu  alcohol.  (See  Orth's  fluid  under 
Formalin  .Mi.xtures.) 

KuUzM-tiitzhij  recommends  the  following  for  fi.xing 
the  gastrointestinal  canal ;  Pota.s.sium  dichroniate,  2  gm. ; 
mercuric  chloride.  O.2.)  gm.  :  liydric  acetate,  two-per- 
cent, solution,  50  c.c. ;  alcohol,  50  c.c.  Some  of  the 
dichroniate  precipitates  out,  so  the  fluid  must  stand  for  a 
few  days  and  tlieu  be  filtered.  The  specimen  is  to  be 
fixed  for  from  three  to  live  days;  then  washed  iu  water 
and  hardened  in  graded  alcohols. 

I>ifhi-i>iiiali-ti.iiiiii--jihdinic  Mixture  (f.,iudsay  Johnson). 
Potassium  dichroniate,  2.5  gm. ;  osniic  acid,  two-per- 
cent solution,  10  c.c. ;  platinie  chloride,  one-per-cent. 
solution,  15  c.c. :  hydric  acetate,  5  c.c. ;  water,  70  c.c. 
Dissolve  the  dichroniate  in  the  water  and  then  add  the 
other  ingredients.  This  mixture  is  an  excellent  fixing 
fluid  for  the  most  of  tissues,  though  used  first  by  Johnson 
for  the  retina. 

Krlic/a'n  Fluid. — This  is  also  an  excellent  hardening 
fluid  for  the  central  nervous  system.  It  consists  of 
|)otassium  bichromate,  2.5  parts;  cupric  sulphate,  0.5 
part;  water,  100  parts.  At  a  temperature  of  30°  to  40° 
C.  it  hardens  the  spinal  cord  in  four  days. 

TeUynenifzky's  Fluid. — Potassium  dichroniate,  3  gm. ; 
hydric  acetate,  5  c.c. ;  water,  100  c.c.  Small  pieces  of 
tissue  iu  this  fluid  are  fixed  for  from  one  to  two  days  and 
then  washed  well  in  water.  This  is  an  excellent  fixative 
for  cytoplasm  and  fair  for  nuclear  structures. 

Ammiiiiium  Dichfiftnate. — This  is  used  iu  one  to  two 
per  cent,  solution  in  water,  in  jdace  of  the  previous  salt, 
for  hardening  the  central  nervous  system.  If  1  c.c.  of 
ammonia  be  added  to  each  100  c.c.  of  pota.ssium  dichro- 
niate solutiou,  the  color  changes  to  a  bright  yellow,  and 
its  power  of  penetration  is  increased. 

Aiiimoniiiiii  Chiiimote  (Neutral  Chromate). — Asa  fixing 
agent  this  sjilt  is  used  in  fivcper-cent.  solution,  and 
allowed  to  act  for  twenty-four  hours.  The  specimen 
should  afterward  be  washed  well  in  water  and  preserved 
iu  alcohol. 

I'irric  Arid. — Used  in  cold  sjiturated  solution  in  water, 
1  part  of  picric  acid  to  80  parts  of  water  at  a  tempcniture 
of  15  ('.  The  liits  of  tissue  must  he  small — 1  to  2  cm. 
on  a  side  for  each  100  c.c.  of  fluid.  The  solutiou  must 
always  be  in  a  state  of  .sjituratiou ;  to  accomplish  this  a 
few  picric-acid  crystals  are  |)laced  in  the  bottle,  and  the 
latter  is  .shaken  occasionally.  After  fixing,  the  tissues 
should  alirni/f  be  iras/ied  in  (ilrnliol  und  iiol  in  water.  A 
few  drops  of  a  sjiturated  solution  of  lithium  carbonate  in 
water,  added  to  the  alcohol,  will  hasten  the  ])rocess. 

This  reagent  acts  by  gradually  transposing  the  albumin 
into  au  insoluble  couijiound.  so  that  tissues  harden  in  it 


entirely  without  shrinking.  As  the  tis.sues  become  less 
solid  liian  with  other  reagents,  it  is  necessary  to  complete 
th<-  hardening  in  alcohol.  The  majority  of  tissues  are 
staineil  yellow,  but  the  color  is  withdrawn  by  alcohol, 
water,  glycerin,  etc. 

Pirrii-iirttir  Arid. — IJoUes  Lee  recommends  a  saturated 
solution  of  picric  acid  in  a  one-per-cent.  solution  of 
hydric  acetate. 

Boveri  dilutes  a  saturated  aqueous  solution  of  picric 
acid  with  two  volumes  of  water  and  adds  one  percent. 
of  liydric  acetate. 

These  solutions  are  recommended  for  fixing  cellular 
elements. 

Pirrd-chrarnic  Acid  (Fol). — Saturated  a(|Ueous  solution 
of  picric  acid,  10  parts;  chromic  acid,  one-percent, 
aqueous  solution,  25  parts;  water.  65  parts.  At  the 
time  of  using  add  0.005  gm.  of  osmic  acid. 

Pirro-hydriichloric  Arid  (Mayer). — AV'ater,  100  parts; 
hydric  chloride,  8  parts;  picric  acid  to  saturation. 

Pirro-nitrir  Arid  (Mayer). — Water.  100  jiarts;  hydric 
nitrate,  5  parts;  picric  acid  to  saturation. 

Pirro-sulpliuric  Arid  ( Kleinenberg). — Distilled  water, 
100  parts;  hydric  sulphate,  2  parts;  picric  acid  tosjitura- 
tion. 

Picro-mercuric  Chloride  (Jlann). — Picric  acid.  4  gin. ; 
mercuric  chloride,  15  gm. ;  tannic  acid.  6  to  8  gm. ;  alco- 
hol, 100  c.c.  Recommended  for  all  animal  tissues.  Fix 
for  twenty-four  hours  at  the  body  temperature  of  the 
auimal,  then  wash  in  iodine  alcohol. 

Picru-phitinic-Oamic  Acid  (von  Rath). — Saturated  afpie- 
ous  solution  of  picric  acid,  200  c.c;  platinie  chloride,  1 
gm.  dissolved  in  10  c.c.  of  water;  hydric  acetate,  2  c.c. ; 
osmic  acid,  two-percent,  solution,  25  c.c. 

Picric  Alcohol  (Altman). — Picric  acid.  2.5  gm. ;  al- 
cohol, ninety-five  per  cent..  35  c.c. ;  water,  70  c.c. 

Picric  Alcohol  (Gage).  —  Picric  acid,  2  gm.  ;  alcohol, 
ninety-five  per  cent.,  .500  c.c. :  water,  500  c.c. 

Fix  in  the  abov('  solutions  for  from  one  to  two  days. 
Wash  out  in  graded  alcohols. 

Picro-formalin  (Graf). — Graf  recomnieuds  the  follow- 
ing solutions  for  cytological  work : 

I.  Sat.  aq.  sol.  picric  acid,  1  vol.,  Formnlin,  5  per  cent.,  1  vol. 

2. 1    "  ••  10  ••      ••       1    •• 

3. 1    ••  "         15  "      "       I    " 

4.  "       ■■     9.5  vols.,       "       full  strength  .5  vnls. 

5. 80".  10" 

Small  piecesof  tissue  are  fixed  for  thirty  minutes:  then 
washed  for  one  hour  iu  a  large  <iuanlity  of  thirty-iier- 
cent.  alcohol;  then  in  fifty-percent,  alcohol:  seventy- 
percent,  alcohol;  eighty-percent,  alcohol:  and  finally 
preserved  in  ninety-five-per-cent.  alcohol. 

Picni-Formalin — Platinie  Chloride  (Boiiin). — Platinie 
chloride,  one-percent.  a(|Ueous  solution,  20  parts:  picric 
acid,  saturated  aiiueous  solution.  20  parts;  formalin.  10 
parts;  formic  acid.  5  parts. 

Piillitdiuiii  Chloride. — Employed  by  Waldeyer  iu  oiie- 
thousaudth-pcr-ceut.  aqueous  solution,  wiih  the  addition 
of  a  few  drops  of  hydric  chloride  to  aid  in  the  solution, 
for  softening  the  cochlea.  The  specimen  is  placed  in  this 
solutiou  for  twenty-four  hours,  and  then  in  absolute  al- 
cohol for  the  sjuiie  length  of  time. 

F.  E.  Schulze  uses  this  salt  iu  0.01  to  0.2  per  cent, 
solutions.  As  the  penetrating  power  is  sliglit.  small 
pieces  of  tissue  are  to  be  used— a  piece  the  size  of  a  bean 
to  30  c.c.  of  the  solution.  The  hardening  is  completed 
at  the  end  of  thirty-six  to  forty-eight  liours.  but  the 
specimen  may  remain  in  the  fluid  for  months  without 
harm.  This  solution  stiiins  protoplasm  dark  yellow, 
striated  muscle  brownish  yellow,  smooth  muscle  siniw 
yellow,  medullated  nerves  black.  Hyaline  niembraiies 
and  elastic  fibres  stain  slight  yellow  and  remain  trans- 
parent. Interstitial  substance  of  connective  tissue  re- 
niaiiis  colorless,  and  will  stain  deeply  with  carmine  and 
other  stains,  while  the  tissue  colored  by  the  |)alladium 
remains  unstained.  Sections  are  to  be  well  washed  iu 
water  and  mounted  in  glycerin. 

Fraenkel  rccomuiends  the  following  as  a  fixative  for 
connective  tissue:  Palladium  chloride,  oneper  lent,  aque- 
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III.I.>I..uI|'bI 
Tit  liuli|ur. 


(HIS  soliill'iii,  in  parts;  twn-por-ccnt.  nolutinn  nf  oiiinir 
lU'iil.  •"•  |>iirts;  iiiul  II  few  limps  nf  iicrlii-  mid. 

Miiniiif  Cliltiriile  is  iiii  uxccllriil  llxiiiK  iip'lil.  U 
kills  nipiillv  mill  tUx-s  iint  iiitiTfriv  with  tlic  siiIiwmukiiI 
HliiiiiiiiK  '<(  till'  lissucs.  It  is  sjiiw  ill  pi-iiclniliii^  so  tliiit 
siiiiill  pirirs  of  tissue  iiiilHt  lie  iisiil.  As  it  flxiilivc  it  is 
iisi'tl  ill  stitiinitcil  iii|iiriiiis  siilutioii  (iiliiiiit  si'vi-ii  per 
c'i'iit.):  (ir  ill  stitiinil<'il  snliiliiiii  in  Hirer  ipiiirtrrspiT- 
cent,  soliitiiiii  of  .soiliiilii  eliloriile.  Tin- .simple  ii>|ileoiis 
soliilioii  iliH's  not  keel)  well,  ilepositiii).' lifter  ii  time  ii  tine 
white  preeipitiite.  This  |ireeipitiilioii  ciin  lie  prevented 
t>r  the  iiddition  of  ii  slii;lit  aiiioiint  of  livdrie  nitriite 
(ftolles  I,ee). 

A  iH-tter  tlxutinn  is  obtained  if  u  siiiiill  i|iiiuitity  of 
livdrie  iieetate.  alioiit  one  per  eeiit..  he  adiled  to  the 
aipieoiissolution.  Holies  I.ei' speaks  hi jililv  of  asiitiiiiiled 
solution  of  nii'reiirie  ehloride  in  livepereent.  Iiydrii: 
acetate.  Van  IS<'iiedeii  uses  a  saturated  solution  in 
tweiilv  live  percent,  livdrie  acetate. 

The  speeiineiisslioiilil  lie  left  in  the  llxinirlluid  as  short 
n  time  us  possible.  A  prolonj;e(l  imniei'siou  renders  them 
brittle. 

After  ti.\ation,  the  tissues  are  waslwd  in  seventy-per- 
cent, alcohol,  to  wliieh  tiiieliire  of  iodine  is  added  until 
the  alcohol  beconiesof  a  iiiiihouany  color.  If  the  alcohol 
becomes  deeolori/ed  more  iodine  is  added,  and  this  is  re- 
peated until  the  alcohol  ceases  to  lose  color.  Filially  the 
spe<iiiieiis  ari'  washed  in  eightyperceiit.  alcohol  to  re- 
move the  iodine.  This  procedure  must  be  followed  with 
all  specimens  that  have  been  ti.xed  in  a  lliiiil  containing 
nu'reuric  chloride.  They  are  then  iircserved  in  ninety- 
per-cent.  alcohol,  in  which  after  jirolongcd  immersion 
they  U'come  very  brittle. 

Ali-nhiilir  Stihili-iiis  (if  Mirciiric  Clilmitle. — Jlercuric 
rhloiiile  is  more  soluble  in  alcohol  than  in  water,  so  Hint 
by  the  use  of  this  nieustriium  a  stronger  solution  may  be 
olitaiiied. 

't'/YwH'd  yiiiiil. — Absolute  alcohol,  1  part;  hydric 
acetate,  glacial.  1  part;  chloroform,  1  part;  mercuric 
chloride,  to  saturation.  Small  specimens  are  fixed  for 
from  twenty-five  to  thirty  seconds,  then  washed  in  alcohol 
(see  above). 

Ohhiiiiehtr'a  Fluid. — Absolute  alcohol.  80  parts;  chloro- 
form, l.">  parts;  hydric  aeetsite.  glacial.  '>  parts;  mercuric 
chloride,  to  sjitiiration  (about  twenty  per  cent.V  Small 
pieces  of  tissue  are  lixed  for  from  fifteen  to  thirty  min- 
utes, and  then  washed  out  in  iodine-alcohol. 

/,<;«.'/'"  f-'liiiil. — First  Formula:  Jlereiiric  chloride.  3  to 
13  gni. ;  siHliiim  chloridi-.  0  'o  10  gm.  ;  hydric  acetate. 
6  to  8  c.c.  ;  distilled  water,  100  c.<'.  Second  Formula: 
Saturated  solution  of  mercuric  chloride  in  )>icro.sulpliiiric 
acid,  to  which  is  ailded  live  per  cent,  of  hydric  acetate. 

Ciinioii's  M'Hlffiriili'iii  i)f  /.•iiig'n  Fluid. — Jlercuric  chlo- 
ride. 5  gm. :  sodium  chloride.  5  gm.,  hydric  acetate,  5 
c.c. ;  water.  1(H)  c.c. 

rnriiii'ii  Fluid. — Mercuric  chloride,  1  gm. ;  hydric 
acetate.  2  c.c.  ;  water.  :tO0  c.c. 

Ziiikfr'n  Fluid. — Mercuric  chloride.  5  gm. ;  pota.ssiiim 
dichromate.  2.5  gm.  ;  sodium  sulphate.  1  gm. ;  hydric 
acetate,  ."i  c.c. 

The  hydric  acetate  is  added  just  before  using.  The 
specimen  is  fixed  for  from  two  to  forty-eight  hours: 
washed  well  in  water,  then  in  graded  alcohols,  and  tiiuil- 
ly  in  ninety-per-cenl.  alcohol  to  which  is  added  from  one- 
half  to  tliree-(iiiarters  per  cent,  of  tincture  of  iodine. 
This  is  an  excellent  fixing  fluid,  especially  for  muscular 
tissues.  Tellyseniczky  .states  that  it  is  equal  to  Flem- 
ming's  tliiid  for  cellular  structures. 

Ajxit/ii/'.i  Fluid. — Alcohol,  fifty  per  cent..  100  c.c.;' 
sixlium  chloride.  0..T  gm.  ;  mercuric  cliloride.  3  tri  4  gm. 

linth's  Fluid. — Alcohol.  200  c.c. :  mercuric  chloride,  1 
gm. :  hydric  acetate,  glacial,  2  c.c.  Fix  for  from  four  to 
five  hours. 

Alroli'il  is  used  for  the  purpose  of  fixing  tissues  cither 
in  the  form  of  one  third  alcohol,  "alcohol  an  tiers"  of 
Rainier,  or  absolute  alcohol.  The  one  third  alcohol  con- 
sists of  1  )>ai"t  of  ninety-percent,  alcohol  and  2  parts  of 
water.     Tissues  are  placed  in  this  fiuid  for  twenty-four 


hoiirw;  then  Hiained  in  an  nicohollc  stnlning  fluiil.  Tlicy 
should  never  be  treated  with  an  ai|iieouH  niediiini.  except 
picrocarniiiu',  aliiiii  carniine.  or  iiirthyl  green 

Absoliili'  alcohol  penetrates  ijiiiekly  and  tives  fairly 
well,  but  then'  is  apt  lo  be  some  distortion  on  aciouni  <if 
shrinkage.  It  hanlriis  at  the  Ktiiiie  time  Except  in  a 
few  special  casi'S alcohol  shoiilil  bediseanled  as  a  tlxutivo 
and  ilH  use  restricted  to  hunlening  and  preserving. 

Al.COIIOI.K-    MlXTIKKl*. 

f'iiriini/'»  Fluid*. — !.•  Ilydrii- acetate,  glacial.  1  part; 
absolute  alcohol,  3  parts.  II.  llyilrie  acetate,  glacial,  1 
part ;  absolute  alcohol,  ((  parts;  chloroform.  8  jiarts. 

The  ehlorofonn  in  the  second  formula  makes  Its  action 
more  nipiil. 

y.iii-li.iriiin'  Fluid. — Hydric  acetate,  glacial.  1  part; 
absolute  alcohol,  4  jiarts;  one-percent,  solution  of  osmlc 
acid.  2  to  3  drops  to  each  10  c.c.  of  the  above. 

Fix  for  from  one  lo  three  hours  in  the  above  mixtures 
and  then  wash  out  in  alcohol.  Tliew  fluids  givi-  good  fixa- 
tion of  mitotic  figures  and  of  the  centnil  nervous  system. 

Alfiliol  iiiid  Omiiir  Acid  (Vtgnal). — Alcohol  and  oue- 
perccnt.  osmic  acid.  c(|iial  parts.  After  fixing  wash  in 
eight}'  per-cent.  alcohol, 

F'inimliii. — Formalin  is  a  forly-per-cenf.  solution  in 
water  of  the  gas  formaldehyde  (IK'OIIi.  an  oxiilation 
prodiictof  methyl  alcohol.  It  is  also  known  in  commerce 
as  '■  forraol  "  ami  "  formalose."  The  commercial  jiroduct 
nirely  tests  over  thirty-eight  per  cent.  When  exposed 
lo  the  air  a  partial  decomposition  takes  place  with  the 
formation  of  a  white  deposit,  paraformaldehyde.  The 
vapor  of  formalin  is  iirilating  to  the  mucous  membranes. 
It  also  has  an  irrilaliiig  efleet  on  the  skin,  hardening  it 
and  causing  the  formation  of  annoying  cracks  which  do 
not  heal  unless  the  hands  are  kept  from  coming  in  con- 
tact with  the  formalin. 

Formalin  penetrates  rapidly  and  kills  quickly,  but  un- 
fortunately in  most  instances  does  not  fix  the  tissue 
elements  sufiieienlly  to  enable  them  to  withstand  the  sub- 
se<|uent  manipulations  without  change.  On  account  of 
this  fault  jiurc  formalin  has  been  almost  entirely  aban- 
doned as  a  fixative,  but  the  agent  isquiteexteiisively  em- 
ployed in  mixtures. 

As  a  fixative  it  is  u.sed  in  the  strength  of  from  one  to 
five  per  cent.  In  five-per-cent.  solutions  I  have  found  it 
to  be  a  good  fixative  for  cystic  tumors  of  the  ovary,  also 
for  the  mucous  membrane  of  the  uterus. 

Bolles  Lee  has  called  attention  to  what  he  considers  an 
inaccurate  manner  of  stating  the  percentages  used.  He 
claims  that  the  projicr  way  of  stating  the  strength  of  the 
solutions  is  to  Siiy  "  formalin  diluted  with  so  many  vol- 
umes of  water."  It  is  now  undei-stood  that  when  a  per- 
centage is  given  it  means  the  stiited'iiereentage  of  com- 
mercial formalin  and  not  of  the  gas  formaldehyde. 

The  following  is  a  table  for  formalin  solutions : 


Oin    formalin 

=  4(« 

formaldehyde 

.5tW 

=  2CW 

=  1  vol. 

formalin  -J 

'-  1  vol.  water. 

aw 

=  I(K 

r  3   •• 

W     '■ 

=   S« 
=   « 

*'           =  1  •* 

., 

-  St  •' 

.it 

=  » 

"           =  1  " 

** 

hlit  •■ 

2HJ«       •' 

=    1« 

'*           =  1  ** 

'* 

-39  " 

M 

=  o.« 

=  1  •' 

** 

hilO  " 

As  a  preservative  agent  for  gross  specimens,  formalin 
is  used  in  the  strength  of  from  two  to  ten  percent.,  a  five- 
per-cent.  solution  usually  giving  the  best  results.  The 
weakersolutionscaii.se  more  or  lessswellingof  the  tissues. 

The  quantity  of  the  fluid  should  be  large — onehundn^d 
times  the  volume  of  the  specimen— and  the  lluid  should 
be  renewed  at  the  end  of  twenty-four  hours.  In  otses 
of  large  specimens  it  is  well  to  renew  the  fluid  a  second 
or  even  a  third  time. 

When  used  in  this  manner,  formalin  preserves  the 
form  and  to  a  certain  extent  the  natural  color  of  the 
specimens.     In  some  cases  the  blood  color  appears  to  he 

'This  is  also  known  as  Van  Geliiidilen's  lluiii. 
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blt'iicliid  (Hit.  1)111  if  the  spcciiiU'n  is  placed  in  strong 
nlcnliol,  this  is  luiiily  if  iii>t  ciiliicly  rc.stnicd. 

Fur  jiri'Sirvinji  the  IiIhimI  ciiliir  <if  spcriniciis,  .Ii>lires 
ninkrs  use  of  llic  fdllnwiMfr  procciliiie  mul  tliiid:  Soiliuin 
chloride.  1  part;  niairiii'siiiin  siilpliate,  'J  parts;  sodium 
sulplmle.  2  l>arts;  water,  !()()  parts.  To  this  ini.xtiire  aie 
added  fidiii  live  to  ten  parts  of  a  forty-per-eent.  solution 
of  foriimlin.  After  the  specimen  has  become  sullicieiilly 
hardened,  the  formalin  solution  is  poured  ofT.  the  speci- 
men is  washed  in  ninety  tive-per-ccnt.  alcohol,  then  kept 
in  ninely-tive  per ciiil.  alcohol  until  thi'  blood  colur  lie- 
COUK'S  restorcil,  and  finally  is  preserved  in  a  mi.xture  of 
equal  parts  of  glycerin  and  water. 

A  ten  percent,  solution  (if  formalin  is  the  best  hardcn- 
inji  reagent  for  eyes.  The  cornea  remains  translucent 
and  the  vitreous  humor  retains  its  natural  transparency 
perfectly. 

For  hardening  the  central  nervous  system  it  is  used  in 
the  strength  of  from  four  to  ten  per  cent.  Sections  stain 
well  with  Weigert's  luemato.xylin  method. 

Fiiniiiiliii  Mi.iiiirei<. — For  tixiun;  purposes  formalin  is 
now  used  almost  entirely  in  combinations  with  acids  and 
chemical  salts. 

Lovdowsky's  Fluids.— I.  Distilled  water,  20  c.c. ;  al- 
cohol. ninct\"-five  per  cent.,  10  c.c;  formalin.  3  c.c; 
hydric  acetate,  0.5  c.c.  II.  Distilled  water.  30  c.c. ;  al- 
coliol.  ninety-five  per  cent.,  15  c.c;  formalin,  5  c.c; 
hydiic  acetate,  1  c.c 

These  fluids  are  recommended  by  Lovdowsky  for  fix- 
ing the  mitotic  figures  of  cells. 

Cox's  Fluid. — Mercuric  chloride,  saturated  aqueous 
solution.  30  parts;  formalin,  10  parts;  hydric  acetate,  5 
parts.  Used  by  the  author  for  fixing  the  nerve  cells  of 
the  spinal  ganglia. 

Orth's  Fluid  (Formalin  Mtiller's  Fluid). — Potassium 
dichromate,  2.5  gni. ;  sodium  sulpiuile.  1  gin.  :  water. 
100  c.c.  ;  formalin,  10  c.c  This  fluid  must  be  freshly 
prepared  each  time  as  it  soon  decomposes.  AV'lien  it  is 
used  in  large  quantities  tlic  salts  may  be  made  up  into 
solution  and  the  formalin  added  at  the  time  of  using;  or 
a  solution  of  the  salts  may  be  made  of  double  strength 
and  diluted  with  an  equal  volume  of  twenty-per-cent. 
iormalin  at  the  time  of  using. 

Small  pieces  of  tissue  are  fixed  in  this  fluid  for  from 
twelve  to  twenty-four  hours;  then  washed  in  running 
■water  for  from  six  to  twelve  hours;  and  finally  placed  in 
eighty-per-ceut.  alcohol. 

This  fluid  is  the  best  general  fixing  fluid  we  have. 

JIkthods  of  Dec.m.cikication. — Specimens  to  be  de- 
calcified should  be  reduced  to  pieces  about  2  mm.  in 
thickness.  This  can  be  done  with  a  fine  saw.  They  aie 
then  thoroughly  hardened  and  jilaced  in  the  decalcify- 
ing fluid.  When  they  arc  decalcified,  which  may  lie 
tested  by  passing  a  needle  into  the  tissue,  they  are  thor- 
oughly wa.shed  in  running  water  until  all  the  acid  is  re- 
moved: they  are  then  hardened  in  alcohol. 

llyibir  (  /iloiidc. — One  part  of  strong  hydric  chloride 
is  mixed  with  ten  parts  of  water,  and  ten  per  cent,  of 
sodium  chloride  is  added.  Without  the  additicm  of  the 
latter  the  acid  will  cause  some  tissues  to  swell  The 
specimen  of  bone  is  placed  in  a  large  (piaiilty  of  this 
fluid,  and  a  little  fresh  acid  added  day  by  day  until  the 
bone  has  become  soft.  Then  it  is  washed  in  water  until  all 
traces  of  acid  are  removed,  and  preserved  in  alcohol. 

Ifi/iliic  C/ihride  and  I'idhidinm  Chloride. — Waldever 
employs  a  one-thousandth-per-cent.  solution  of  palladium 
chloride  with  one-tenth  of  its  volume  of  hydric  chloride 
for  softening  the  cochlea.  Small  pieces  of  bone  are 
placed  in  this  fluid  for  twenty -four  hours.  If  they  are 
not  softened  at  the  end  of  this  time  the  fluid  is  renewed, 
and  they  are  allowed  to  remain  another  twenty-four 
hours,  when,  as  a  rule,  they  will  be  found  completely 
softened.  The  .specimens  are  then  washed  in  alcohol, 
which  is  renewed  at  the  end  of  twenty-four  hours.  This 
fluid  does  not  cause  the  tissues  to  swell,  nor  does  it  in- 
terfere with  the  staining. 

V.  Kbner  recoinmendsa  two-percent,  solution  of  hydric 
chloride  in  a  half  .saturated  solution  of  sodium  chloride. 


This  fluid  is  slow  in  its  action  and  should  be  changed 
daily  until  Ihespecimensare  thoroughly  decalcified.  The 
specimi'iis  arc  tlien  washed  in  a  half  saturated  solution  of 
.sodium  cliloiide.  to  which  a  few  drojts  of  ammonium 
hydrate  arc  added,  until  the  reaction  of  the  bone  becomes 
ni'Ulral. 

J/i/i/iir  Chloride  and  Akohol. — Hydric  chloride,  2.5 
c.c. ;  alcohol,  500  c.c. ;  water,  100  c.c. ;  sudiiun  chloride, 
2.5  gm. 

Or  hydric  chloride,  1  to  5  c.c  ;  alcohol,  70  c.c. ;  water, 
30  c.c.  ;  sodium  chloride.  0.5  gm. 

Ih/dric  yiifiili. — This  acid  is  highly  recommended  by 
Husch.  He  employs  a  ten-percent,  .solution  for  adult 
lionesand  a  one-per-cent.  solution  for  fo'tal  bones.  Fresli 
bones  are  placed  for  three  days  in  ninety-fivc-per  cent, 
alcohol;  then  placed  in  the  nilric-aeid  solution,  which  is 
changed  daily  until  decalcificatiim  is  complete.  This  re- 
quires from  eight  to  ten  days.  The  bones  are  then  wnslied 
in  runing  water  for  two  hours,  and  finally  placed  in 
ninety-five-per-cent.  alcohol,  wjiich  is  renewed  at  the  end 
of  three  days. 

Foetal  bones  are  first  placed  in  a  mixture  of  one  per- 
cent, potassiutu  bichromate  and  one-tenth  jier  cent,  of 
chromic  acid  for  one  or  two  days;  then  dccalcitied  in 
one-per-cent.  hydric  nitrate.  When  thoroughly  decalcified 
they  are  washed  in  water  and  preserved  in  alcohol. 

Sections  of  bone  treated  liy  lliisiuelhod  stain  well  with 
eosin,  butstaining  with  luvmatoxylin  is  .seldom  successful. 

Hydric  titrate  nnd  ,l/co//o/.— llayer  uses  a  fi  vc-iier-cent. 
solution  of  hydric  nitrate  in  ninety-per-cent.  alcohol; 
Thonia  5  parts  of  strong  alcohol  and  1  part  of  hydric 
nitrate,  renewing  the  fluid  daily  until  the  specimens  are 
decalcified. 

Phloroglucin  and  Hydnc  Nitrate  (Haug). — Phloro- 
glucin,  1  gm. ;  hydric  nitrate,  10  c.c.  The  iihloroglucin 
is  placed  in  a  porcelain  ilish  and  the  hydiic  nitrate  added 
droi)  by  drop ;  it  should  lie  warmed  carefully,  as  the 
action  of  the  acid  on  thi^  plilorogluein  is  very  energetic 
When  all  the  acid  has  been  added,  the  solution  is  diluted 
with  UIO  c.c.  of  distilled  water.  This  .should  give  a  dear 
ruby  red  colored  fluid.  Then  there  must  be  added  10  c.c. 
of  hydric  nitrate,  the  solution  being  afterward  brought 
up  to  300  c.c.  by  the  addition  of  water. 

The  ]ilik)roglucin  acts  as  a  protector  to  the  organic 
constituents  and  has  no  dei'alcifying  action. 

The  action  of  thisfluid  is  very  raj^id.  Fetal  and  young 
bones  become  soft  in  half  an  hour;  older  bones,  like 
Iiieces  of  the  femtir,  require  from  four  to  five  hours. 

After  decalcification  the  specimens  are  washed  in  rtm- 
niug  water  for  two  or  three  days. 

This  solution  may  be  made  with  hydric  chloride  instead 
of  hydric  nitrate.  30  c.c.  of  the  HCl  being  used. 

A  slower  acting  fluid  can  be  made  as  follows :  Pliloro- 
gluein, 1  gm. ;  hydric  nitrate,  5  c.c. ;  alcohol,  70  c.c. ; 
water.  30  c.c 

These  solutions  should  be  made  fresh  as  they  do  not 
keep  well. 

Fern's  SnhitioiL — Dissolve  1  gm.  of  plilorogluein.  by 
the  aid  of  heat,  in  a  mixture  of  100  c.c.  of  water  and 
10  c.c  of  hydric  chloride;  when  cold  add  200  c.c  of 
.seveiity-per-cent.  alcohol. 

Picric  Acid. — This  is  used  in  saturated  aqueous  solu 
tion.  It  is  slow  in  its  action.  The  specimen  should  be 
small,  and  be  suspended  in  a  large  quantity  of  the  fluid. 
The  latter  must  be  kept  in  a  saturated  condition  by  the 
addition  of  fresh  crystals  of  the  acid  and  frequent  agita- 
tion. 

Sclimol  recommends  the  following  mixtures;  A.  For- 
malin, 100  c.c. :  hydric  nitrate,  20  c.c.  B.  JliMlcr's 
fluid.  100  c.c.  ;  hydric  iiitialc.  3  c.c. 

'J'ricldoriicctic  Acid. — This  acid  has  been  recommended 
for  deealeificatidn.  It  acts  slowly,  and  is  used  in  five- 
percent,  solutions. 

JIktiiods  of  Dissociation. — Meehauieol. — Scraping 
nnd  Tcnsinr). — Which  of  these  methods  is  to  be  employed 
will  depend  iqioii  the  nature  of  the  tissue.  Epillieliuin 
can  be  easily  scraped  olf  in  large  flakes  by  a  knife,  while 
fibrous  parts  must  be  teased  apart  with  needles,     .'^'•rap- 
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lilt;  ift  pcrfnrnuil  n*  fnlloWH:  A  Hiiiikll  lilt  of  tlic  tlfiiiiic  U 
|ilu('i'il  on  II  Hlldc-.  with  (lir  cpillirliiil  Hiirfiui-  u|>|irriiiimt. 
OKI-  (.'11(1  llxcd  with  II  iii'cdl)',  iiikI  (he  Hiirfiici'  li>;lilly 
wnilM'il  witli  the  lilitilc  of  a  Hciilpi'l,  the  result  of  the 
s<'ni|iini;  ililTiiscil  in  it  (lro|)  of  wiitiT,  will  Holiilioii,  or 
tilvcirin  on  ii  hMiIc.  mikI  cxiiiniiii'il 

Kor  tciisiiii;  Hi-  iiiiplov  iiricllfs  inounti'il  in  Imnillcs. 
Various  forms  of  the  liittcr  iiic  supplicil  liv  iiislruiiicnt 
iiitilxi'rs,  hut  It  iii'i'illi'  fiirci'il  into  the  end  nf  an  oi'iliniiry 
pill  holiliT  will  answer  every  purpose.  In  order  to  tease 
a  speriiiieii  sueeessfiillv,  it  is  iieccs.siiry  to  have  some 
idea  of  its  slriicture.  whether  its  elements  are  arntntred 
in  paniUel  tilires  or  iiilerlaeed.  In  tissues  arniiii;eil  in 
parallel  lihres,  the  needles  are  applied  to  one  extremity 
and  the  specimen  is  torn  into  two  parts;  one  of  these  is 
M-lected  ami  the  operation  is  repeated  until  it  is  iinpos 
silih- to  sepanite  the  tlhre.s  any  more.  In  other  tissues  a 
small  hit  is  tlxed  hy  one  needle,  and  with  tlie  other,  eom- 
ineiiein^;  at  one  edj;e,  the  teasiiu;  is  carried  on  in  a  delihcr- 
ate  manner  until  the  tissue  is  reduced  to  the  required 
degree  of  lineiiess  The  operation  of  teasing  is  performed 
on  a  slide  in  a  small  drop  of  lluid.  Unstained  material 
is  placed  on  a  hlack  hackgrouiid.  stained  material  on  a 
while  hackgioiiiid. 

Ilriii'/iiii;/. — This  (Operation  is  performed  under  water 
hy  gently  hrusliing  the  surface  with  a  earners  hair  brush. 

.S/(((X-i;i_//. — Thill  sections  of  tissue  are  shaken  in  a  test- 
tuhe  with  a  suitable  tluid.  then  the  contents  of  the  tube 
are  poured  into  a  dish  of  water,  the  sections  being  lloated 
on  a  slide. 

Cniii /in mtio)! . — liy  making  pressure  on  the  cover-glass, 
especially  after  maceration  of  the  specimen,  one  is  often 
able  to  separate  the  eleineuts.  This  pressure  can  he 
made  with  the  liundic  of  a  tea.sing  needle,  but  it  is  apt  to 
be  unetiual,  and  there  is  danger  of  breaking  the  cover 
and  thus  destroying  the  specimen.     It  is  better  to  use  an 
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Fia.  2670.— Jong's  Compressorluin. 

instrument  calUil  a  conipressoiiuni.  constructed  espe- 
cially for  this  purpose.  In  Fig.  2670  is  sliown  one  form, 
invented  by  II.  .lung,  of  Darmstadt. 

The  plate  -1  is  attached  to  the  stage  of  the  microscope 
by  the  catch  n  and  the  two  screws  ».  ».  On  this  plate  is 
a  double  lever,  one  arm  of  whii-h  has  a  movable  ring.  Ii, 
and  adjusting  screw-,  .s/.  and  the  knob  A".  The  two 
levers  are  so  connected  with  the  bent  piece  C  that  when 
K  is  pressed  down  the  ring  I!  is  also  i^rcssed  toward  the 
stage  plate.  Conversely,  an  upward  movement  of  the 
knob,  produced  by  the  spring  F.  raises  the  ring.  For 
use  as  a  compressor  the  screw  .**!  is  loosened,  and  SI 
screwed  down  until  the  desired  degree  of  pre.s.sun-  is  ob- 
t.iined.  Thisapparatuscau  also  beemploved  foranother 
useful  (uirpose.  vi/...  beating.  The  process  of  beating  is 
often  ri-sorted  to  for  the  purpose  of  isolating  cells,  tissue, 
etc.  In  using  the  iustrunieiil  for  this  purpose  the  screw 
.S^  is  so  adjusted  that  the  ring  Ii  lies  close  to  a  large  and 


thick  covcr-fjiam  covcrln)(  the  Hpeciinen,  and  >S  in  turned 

so  tiiat  the  lever  niii  move  but  Klightly.  Hy  i|uick  and 
i-oiitlniious  movement  of  the  lever,  and  the  changing 
pressure  on  the  (-over  glass  thus  priKliici-d,  tisNUes  (after 
inaeenilion)  (-an  be  easily  div.iii'iali-<l.  When  the  (-ells 
are  isolated  they  can  Ih'  made,  by  a  slower  inovi-ineiil  of 
the  level,  to  move  about  in  all  direelions,  ho  that  they 
can  lie  observed  from  all  sides. 

Iiilrmlitiiil  Jiijirliiiii,  iir  Arlijirinl  OCtlriiiil.  —  .\  hypo 
deniiie  syringe  is  Illled  with  salt  solution  or  a  warm  solu 
tion  of  gelatin,  tlii^  needle  is  inserted  into  the  tis.sue — ft/., 
thesiiliciilaneoiis  tissue  of  a  freshly  turned  up  llap  of  skin 
— and  the  lluid  is  fiin-ed  out.  The  tliiid  does  not  inimeili 
ately  (lilfiise  iUself,  but  forms  a  bulla  covered  with  a  thin 
film  of  tissue.  A  bit  of  this  tiliii  is  snipped  ofT  with 
scissors  and  examined.  If  gi-latin  be  used,  it  soon  solid- 
ities, when  thin  .sei-tions  are  made  with  a  ni/.or. 

C/iemirul  IHnmruilinn. — By  sulimitliiig  ti.ssiies  to  the 
action  of  dilTerent  chemical  solutions  certain  parts  l>c- 
come  dissolved  or  si^ftelied.  while  others  reiiiaiii  unal- 
tered. Conseiiiiently  certain  elements  can  be  easily  i.so- 
lateil  by  one  of  the  mechanical  methods. 

The  reagents  usi-d  for  this  purpose  are  as  follows: 

Dilntf  Alf'itiot,  "  Ah'iihnl  nil  til  IS  ■'  I'f  liiinrirr. — Alcohol 
of  ninety  percent,  .strength  is  diluted  with  two  parts  of 
water.  Bits  of  tissue  are  placed  in  this  lluid  for  twenty- 
four  houis;  if  at  the  end  of  this  time  tlie  tissue  is  not 
sutliciently  softened,  the  lluid  is  renewed  and  the  action 
continued  for  twenty-four  hours  longer.  Uecoininended 
highly  by  Kanvier  for  isolating  epithelial  cells. 

Osiiiif  Arid  of  the  sticiigtli  of  one-tenth  per  cent,  is 
recominend(Ml  by  Ulndtleiscli  for  the  cerebi-.il  cortex. 
Small  pieces  of  the  cortex  arc  placed  in  a  considerable 
(|iiantity  of  the  fluid  for  a  week  or  ten  days,  then  in  glyc- 
erin. 

Chromic  Awl  is  employed  in  the  strength  of  two  to 
three  parts  to  one  thousand  of  water.  Recommended 
especially  for  nerve  tissue  and  smooth  muscle.  The 
amount  of  lluid  should  be  ten  times  greater  than  the 
pieceof  tissue.  After  macerating  for  twenty-four  hours, 
the  lis.sucs  are  easily  dissociated. 

PiiiiDuiiiim  Dic/iromnlc  is  employed  in  the  same  strength 
as  chromic  acid,  its  action  being  similar.  MiUler's  tluid, 
diluted  with  an  efiual  volume  of  water,  is  also  employed 
as  a  macerating  fluid.  Its  action  requires  from  twenty- 
four  hours  to  a  week. 

PoUiiutiuiii  Iljidrnle. — Used  in  twenty-  to  forty-per-cent. 
solutions  in  water.  It  acts  very  quickly  on  fresh  ti.s- 
siies. and  is  used  mostly  for  isoiating  the  cells  of  nails, 
hairs,  and  epidermis.  S^odium  hydrate  may  be  used  in 
its  plai-e.  but  in  more  dilute  solutions.  Prepanitions 
made  by  this  method  cannot  be  iiermanently  jireserved. 

For  isolating  histological  elements  S.  II.  Gage  uses  a 
thirty-  to  fiftypcr-cent.  solution  of  potas.sium  hydrate. 
Perfectly  fresh  tissue  is  used.  Pieces  about  half  a 
cubic  eeutimetre  in  size  are  placed  in  a  large  amount  of 
the  potassium  hydrate  solution  until  they  can  be  easily 
shaken  aiiart.  The  potash  si>lution  is  then  poured  off 
and  replaced  by  a  si.xty-percenl.  solution  of  potas,sium 
acetate  containing  one  per  cent,  of  hydric  acetate.  After 
a  short  time  the  tissue  is  wa.shcd  in  water;  then  stained 
in  alum  carmine  for  twenty-four  hours;  then  washed  in 
water  and  preserved  in  glycerin. 

Sodium  Chloride. — Used  in  ten-per-cent.  solution  in 
water  for  isolating  white  fibrous  tissue.  It  requires  from 
two  to  three  days  for  its  action. 

Hydrir  yitra'te. — Used  in  twenty-per-ccnt.  solution  for 
muscle  fibres.  After  being  acted  upon  for  twenty-four 
hours,  the  fibies  are  easily  isolated  by  shaking  the  spici- 
mcn  in  a  test  tube  with  water.  Schwalbe  uses  a  twenty- 
per-cent.  solution  for  isolating  nerve  fibres  for  measure- 
ment. He  macerates  the  nerve  trunk  in  theabovcsolution 
at  a  temperature  of  40'  C.  for  twenty-four  hours,  and 
then  washes  in  water.  The  fibres  retain  their  normal 
diameter,  but  become  very  brittle. 

Ili/di-ie  yUriite  nnd  I'ot<imnm  Chh>rale.—\  piece  of 
striated  muscle  is  buried  in  crystals  of  potjissium  chlorate 
placed  in  the  bottom  of  a  vessel,  and  four  times  the  vol- 
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unie  of  till'  orysliils  of  liydrk;  nitnile  is  pound  on  and 
allowi'd  lo  lU'l  half  an  hour;  llio  inusclo  is  thi'U  shaken 
in  a  test-lubi'  with  wiilcr,  when  it  will  brtuk  up  into  iso- 
lated tibri'S. 

Jlj/diic  CMorklc  is  used  mixed  with  an  equal  volume 
of  alcohol  for  isolating  the  tubules  of  the  kidney.     A 


Ki(i.  3U71.-  Vuleniiiu-'s  Kind-. 

small  bit  of  fresh  kidney  is  placed  in  this  nii.xture  for 
twelve  hours,  then  soaked  in  water  for  a  few  hours  to 
remove  the  aei<l.  and  preserved  in  glyecrin.  The  acid 
partially  dissolves  the  intertubular  tissue,  so  that  by 
very  careful  teasins  the  tubules  can  be  isolated.  It  is 
also  employed  in  the  streniftli  of  1  to  250  of  water  for 
cleavinjr  striated  niusele  tisstie  into  discs. 

AuTiKici.M.  I)i(;i:sriox. — For  the  purpose  of  artificial 
digestion  we  make  use  of  either  i)epsiii  or  trypsin. 

Biuek-e's  Pipniii  Fluid.  — Glycerin  extract  of  pig's 
stomach.  1  part;  0.2  per  cent.  IK'l,  :i  parts;  thymol,  a 
few  crystals. 

Kimh'w's  I'l-jixin  Fluid. — Pepsin,  1  gm.  is  dissolved 
in  200  c.c.  of  a  threeper-eent.  solution  of  oxalic  acid. 
The  lluid  shoidd  be  prepared  fresh  each  time. 

Pancreatic  fluid  can  also  be  made  by  dissolving  six 
to  .seven  per  cent,  of  trypsin  in  water  containing  one  per 
cent,  of  salicylic  acid. 

Sc/iirjerd(ci:fr's  Panentiiin  Fluid. — A  sjiturated  solu- 
tion of  Pancreatinum  sicciim  (Witte)  is  made  in  cold  dis- 
tilled water  and  liltered. 

Pieces  of  tissue  may  be  firet  digested  in  these  fluids 
and  then  sections  cut,  or  the  sections  may  be  first  cut 


Fig.  267S.— Kibir-l'reiv.liig  Microtome. 

and  then  submitted  to  the  action  of  the  fluids.  The  di- 
gestive process  is  to  be  carried  on  at  a  temperature  of 
from  37°  to  38°  C,  either  in  au  incubator  or  on  a  warm 
stage  on  the  microscope. 

Pepsin  (|uickly  dissolves  connective  tissue,  muscle, 
most  cellular  elements,  etc.,  but  not  elastic  tissue  or 
nerve  fibres.  Trypsin,  on  the  other  hand,  dissolves  elas- 
tic lilires  and  neuroglia,  while  connective  tissue  is  not 
acted  upon. 

Mr.TnoDS  ok  JIakino  Sisctions. — fsetiom  of  Hard  Ti»- 
siien. — Sections  of  undecalcilied  bone,  teetli,  etc.,  are 
made  by  cutting  thin  jdatcs  by  means  of  a  finesiiw  or  an 
iron  disc,  on  a  lathe  fed  with  flour  of  emery  and  water. 
These  plates  are  then  ground  on  a  metal  plate  charged 
with  flour  of  emery  and  water  until  transparent:  tliev 
are  then  polished  on  a  Turkey  hone,  washed  in  watei", 
and  dried  in  the  air. 


Sfcliims  of  Fresh  Tiimiic. — For  making  sections  of  fresh 
tissue  Valentine's  double  knife  (Fig.  2t!71)  may  be  used, 
though  till-  sections  are  generally  too  thick.     This  knife 
consists  (if  two  ])anillel  blades  atUiched  to  each  other  at 
their  lower  end  by  a  hinge.     At  a  is  a  screw  sliding  in  a 
slot,  by  means  of  which  the  blades  are  approximated. 
For  use,  the  knife  is  forced  into  the  organ; 
cutting  a  thin  slice  which  remains  enclosed 
between  the  blades.     The  knile  is  then  with- 
drawn anil  the  blades  are  opened  by  sliding 
back  the  .screw  a  ;    the  slice  of  tissue   ad- 
hering to  one  of  the  blades  is  floated  off  in 
salt  solution. 
At   the   present   time  one  of  the  numerous  forms  of 
freezing  microtomes  is  used  for  making  fro/en  sections 
of  fresh  tissues.     For  freezing  the  tissue  ether,  rhigolene, 
or    compressed     carbon 
dioxide   is   used.     Com- 
pres.sed   carbon    dioxide 
can  now  be  obtained  in 
steel    cylinders,    and    is 
used    to  a   considerable 
extent  in  place  of  ether. 
One  of  the  usual  forms 


of  ether-freezing  micro- 
tomes is  shown  in  Fig. 
3672.  The  specimen  to 
be  frozen  is  placed  on 
the  metal  plate  e,  and  is 
frozen  by  a  spray  of 
ether  delivered  ou  the 
under  side  of  the  plate 
by  the  spray  tubes  ]iass- 

ing  through  its  side.  The  ether  is  placed  in  the  bot- 
tle i.  The  air  is  compressed  by  the  double  bulbs  and 
conveyed  to  t  he  spray  tubes  through  the  tube  g  ;  the  ether 
through  the  tube/.     The  knife  n  is  broad  and  has  a  chisel 


Fi<;.  2lJ7;i.  — C'lirboiMlioxidi?  Cylinder 
Connectwl  with  Freezing  Miero- 
toine. 


Fig.  2674.— Bardeen's  Microtome. 

edge;  it  slides  on  the  glass  ways  // /(.     The  surface  of 
specimen  plate  is  raised  by  the  nncrometer  screw  /i. 

Ill  Fig.  2(iT3  is  shown  one  of  the  arrangements  for 
using  carbon  dio.vide  for  freezing.  The  steel  cylinder  is 
fastened  to  an  uiiright  plank  so  that  its  valve  end  comes 
ou  or  about  the  level  of  the  table.     A  thick  rubber  tube 
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for  convryiiii,'  tho  (fiis  piiSMt's  to  tlio  nilcrntonic.  The 
vulvf  Is  (p|iciicil  liv  It  lc>ii(f  lever  iillowiiiK  the  llciw  of  gus 
to  Im-  eiisilv  eiinlriillcil. 

I'mfessiir  Hiinleeii's  fri-e/.iiif;  liiiernloiiie  Ih  hIicpWii  in 
Fi(;  -111  I.  This  inlerotonie  is  vitv  Hiiiipli-  in  eonstriif- 
tion  iinil  is  iitliiclii'ii  liireelly  to  ifie  outlet  tnlie  of  the 
Hliel  I'vliniler  Tlie  iin|>niveMieiit.s  inlnxliiceil  liy  I'ro- 
fes.sor  liiinleeii.  in  liotli  llie  inicroloine  lUid  llie  valvniur 
iirnmirenienls  of  tlie  evi 
inilrr.  Iiiive  resulteil  in  ii 
frreiit  sitving  of  tlie  ciir- 
hon  (lioxitle. 

S  |iei-inien.s     froiu 
wliii-li     frozen    sei-tions 
lire  to   lie    niiiile   shmiUI 
not  lie  over)  iinii.  thick. 
Tile  free/.iii;;  slnmlil   lie 
done  slowly,  iiiul 
they   should     not 
he  allowed  to  bu- 
ronie  too  hard. 

Several   nieth- 
(mIs     are     now    in 
wheleliy       sections 
fresh  tissue  may  lie  cut, 
slnined.  and  nmiinled  in 
a  Very  short   time.     One 
of  the    earlier   inethods, 
that    of    Ciillen    {./ofm-n 
Jlophiii*  Uin>i>itiil  Jliille- 
liii.    Ajiril.     IHnr.,     and 
May.    IsitT).     has    lieen 
nioditied  and  ini|iroved. 
Twd  of  llie  priiu  ipal  inodilications  are  a.s  follows: 

1  Imlt  II iiyV .1  MiHlifuuttiiiii. — .Vny  form  of  freezinjj  inifro- 
totne  may  he  used.     The  teelini(|Ue  is  as  follows; 

1.  Sections  may  he  cut  from  perfectly  fresh  material, 
or  from  material  which  has  been  previ<iusly  hardened  one 
or  t  wo  hours  or  ion_!;er  in  lenperceiit.  formalin.  (It  is 
convenient  to  drop  bits  of  tissue  into  ten  per-cent.  forma- 
lin at  the  time  of  the  operation  ordiirint;  the  post-mortem 
examination.  Hj'  the  time  they  reach  the  laboratory 
they  are  usually  sulliciently  impregnated  to  he  cut  and 
sfciineil.) 

2.  Tis.sues  already  hardened  in  formalin  should  be 
soaked  in  water  for  a  minute  or  two  to  remove  the  for- 
malin before  cutting. 

3.  Sections  as  they  are  cut  may  be  dropped  directly 
into  the  albumin  solution,  where  lliev  remain  until 
needed.  A  soliiliou  of  albumin  which  has  been  found 
to  answer  tlii'  purpose  is  prepared  by  adding  to  ."lO  c.c. 
by  volume  of  egg  albumen  l.'iO  c.c.  of  distilled  water  and 
siillicieiit  of  a  .■ioluiion  (usually  about  .'lO  c.o.)  of  sidicylic 
acid  (saturated),  which  has  been  rendered  slightly  alka- 
line with  lithium  carbonate,  completely  to  dissolve  the 
albumen.  The  solution  may  be  kept  unchanged  several 
weeks  by  adding  a  little  gum  camphor. 

4.  rnliardeiied  sections  should  be  placi'd  in  live-per- 
cent, formalin  for  from  three  to  tive  minutes,  after  which 
they  are  soaked  in  the  albumin  solution  for  two  or  three 
minutes. 

.~i.  The  sections  are  floated  on  cover-glasses,  the  excess 
of  fluid  being  removed  with  filter  paper  when  necessary. 
The  s"clions  are  then  blotted  evenly,  care  being  taken 
not  to  use  pressure  enough  to  cause  them  to  bear  the  im- 
piint  of  the  cloth.  (The  best  blotting  material  seems  to 
l)e  washed  chcest'clotli  used  in  si'veral  layers.  The  use 
of  filter  paper,  towels,  muslin  handkerchiefs,  etc.,  for 
this  purpose  has  not  been  satisfactory.) 

(!.  The  section  must  then  be  transferred  immediately 
to  ali-ohol.  alcolinl  and  ether  (ei|ual  parts),  osmic  acid,  or 
mercuric  ciiloride.  etc..  in  order  toc<iagulate  the  albumin 
and  to  fix  the  section  and  complete  the  hardening. 

7.  Sections  maybe  stained  on  the  cover  slip  in  various 
ways.  For  or<linary  diagnostic  work  staining  with 
haiiialoxylin  and  eosiii  answers  well.  The  following  is 
the  meihud  of  pi-dcidiire.  in)  Stain  for  from  two  to  five 
minutes  in  luematoxylin.     (b)  Decolorize  by  passing  rap- 


Idly  through  acid  alcohol— hydric  chloride,  t  part; 
elghlyper  cent,  alcohol,  1(1)  parts.  (<•)  WiihIi  thoroughly 
in  water.  (</)  Dehydrate  and  Htaiii  in  euHin  alcohol.  Cr) 
Clear  in  oil  nf  iirigamim.  oil  of  cloves,  xylol,  et<-.  (/) 
Mount  in  balsam. 

Wriijlit'it  Minlifirnliiiii.  —  1,  Place  the  freuli  Hpecimen  in 
ten  percent,  solution  of  formalin  for  about  twu  lioiirN. 
If  lime  does  not  allow  of  this,  boil  the  Hpeeiinen  in  the 
same  streiiglli  of  formalin  for  two  to  three  minutes.  Tim 
hisloloiiical  di'tiiils  are  not  so  giKwi  after  boiling. 
2.   Hiiis<'  ill  water. 

!).  C\\\  sections  with  a  freezing  microtome.  The  sec- 
tions should  be  thin. 

-1.  Float  the  section  on  u  slide,  smoothc  out,  and  remove 
the  surplus  water. 

5.  I'lace  a  sheet  of  smooth  cigarette-paper  on  the  ncc- 
tiou,  and  press  this  and  the  section  down  with  a  pad  of 

soft,  smooth  filter 
paper,  the  face  of 
which  has  been 
moistened  with  a 
few  drops  of 
ninety  five  •  per- 
cent, alcohol.  Re- 
move the  filter 
paper  and  care- 
fully strip  oir  the 
cigarette  paper, 
leaving  llie  sec- 
tion adhering  to 
the  slide. 

secil'iii-i'iiiiiiig.  (5.  Flood     the 

section,  adhering 
to  the  slide,  with  absolute  alcohol;  after  about  thirty 
seconds  drain  olf  the  alcohol. 

7.  Flow  over  the  section  and  the  adjacent  surface  of 
the  slide  a  iliin  solution  of  celloidiu;  drain  olf  imme- 
diately. 

S.  Flood  the  slide  with  ninely-fivc-per-cent.  alcohol, 
and  immediately  place  the  slide  for  ten  seconds  in  water. 
This  hardens  the  celloidin  film  and  prevents  the  section 
from  curling. 

9.  Stain  with  hivmatoxylin  or  any  combination  of 
stains. 

10.  Dehydrate  in  ninety-seven-per-cent.  alcohol. 

11.  Clear  in  oil  of  origanum,  and  mount  in  balsam. 

Sections  of  Hardened  Timine. — Sections  of  hardened  tis- 
sue may  be  made  by  free-hand  cutting,  or  by  the  micro- 
tome. For  free-hand  cutting,  the  first  re(|uisite  isagood 
razor  or  knife.  An  ordinary  hollow-ground  raz<ir,  with 
the  lower  side  ground  fiat,  will  answer;  but  if  one  prac- 
tises freehand  cutting  to  any  extent,  it  is  better  to  be 
provided  with  a  larger  and  heavier  one. 

The  section  cutting  is  jwrformcd  as  follows:  A  shallow 
dish  is  partially  filled  with  alcohol,  with  which  the  spec- 
imen and  razor  blade  are  to  be  constantly  flooded,  the 


FIG.  aere.-Thoniu  - 

blade  being  dipped  into  the  alcohol.  The  specimen  is 
held  firmly  between  the  fingers  and  thumb  of  the  left 
hand  (Fig."  2t57,i|.  and  the  razor  liglitly  with  the  right, 
the  handle  resting  on  the  fingers,  the  thumb  being  used 
for  changing  the  direction  of  the  edge  of  the  razor.  The 
section  is  cut  by  drawiiiL'   the  razor  blade  diaixonally 
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t.liroiisli  the  specimen,  from  heel  to  point,  and  then 
floiileil  «IT  into  n  dish  of  alcohol.  After  cutting  every 
third  or  fourth  section  the  razor  should  be  stropped,  so 
ns  to  keep  the  edjie  in  tlie  best  possible  condition. 

.l//n'"^w/fjt.  — Thonui's  slidin.sr   microtome   (Fig.  2070) 
consists  of  IX  stand  of  cast  iron,  on  which  slide  two  car- 


Fiu.  ai;7.— Vertical  SecUon,  Tlniiua's  MkTolome. 

riers.  The  section  knife  is  attached  to  one  of  these,  n, 
which  slides  liorizontally.  The  other.  /'.  holds  the  speci- 
men to  be  cut,  and  moves  on  an  inclined  plane. 

Professor  Tlionia  found  that  a  carrier  moving  on  live 
points  between  two  plane  surfaces,  will  slide  without 
diflicidi _v  between  these  ])lanes,  even  if  they  are  not  abso- 
lutely geometrical  planes,  or  if  the  angle  included  is  not 
everywhere  the  same.  Such  a  carrier  will  always  take 
the  .Siuue  course,  and  con.seipiently  the  knife  will  cut  a 


Fi(!.  3ii7s.— .\u|i|i'V  :        ■         I  lump. 

series  of  perfectly  ])arallel  sections  through  an  object 
which  is  succcssivelv  raised  to  a  higher  plane  after  each 
cut. 

A  croas-.seclion  of  the  instrument  is  shown  in  Fig.  2677. 
C>n  the  lower  surface  of  the  carrier  n  are  shown  three 
points,  which  give  the  geometrical  projection  of  the  live 
points  of  the  carrier. 

The  inclination  of  the  plane  upon  which  the  carrier  4 
(Figs.  2070,  2677)  slides  is  one  in  twenty:  couse(|uenlly, 
if  the  carrier  b  is  moved  1  mm,  on  this  plane  it  will  raise 


(he  surface  of  the  specimen  .05  mm.  A  scale  of  milli 
metres,  / ,  with  a  vernier  e'  (Fig.  2070),  allows  the  opera- 
tions to  be  easily  regulated,  and  will  be  found  sufficient 
for  .sections  of  0.01.')  mm.  in  thickness.  When  sections  of 
greater  delicacy  are  reipiircd  tin-  micrometer  screw  g,  g 
(Fig.  2070)  is  to  be  used,  as  it  allows  of  the  greatest  e.\- 
acliludc  in  the  management  of  the  carrieri.  The  carrier 
r  sliiles  on  the  same  plane  as  the  carrier  //.  In  all  posi- 
tiuiis  of  the  latter  it  is  possible  to  bring  the  point  of  the 
micrometer  screw  y,  ;/  in  contact  with  the  polished  i)late 
of  agate,/,  li.xed  on  6.  When  in  this  position,  c  should 
be  tirmly  fixed  to  the  stand  of  the  microtome  by  the 
screw  il.  Every  revolution  of  the  niicroineter  screw  g,  g 
will  then  push  the  earlier  i  0.3  mm.,  giving  a  thickness 
of  section  e(|Ual  to  0.01.")  mm.  The  periphery  of  the 
ilruni,  .■«,  attached  to  the  screw  g,  g  is  divided  into  lifieen 
ei|ual  parts;  consei|uently.  each  division  <  orresiionds  to 
a  thickness  of  section  e(iuivalent  to  0.001  mm.  The  first 
sections  cut  by  this  instrument  have  been  0.002  nun.  iu 
thickness. 

When  the  microtome  is  used,  it  is  placed  on  a  table  be- 
fore the  operator,  the  slides  are  freely  oiled,  and  the  sur- 
face of  the  knife  is  flooded  with  alcohol.  The  specimen 
fi.xed  to  a  bloik  is  fastened  in  tli<'  elaiup. 

The  Naple  clamp  (Fig.  2078)  is  the  one  now  generallv 
used  and  can  be  adapted  to  most  of  the  niierotonies.     ft 


2f>7».— New  Form  of  Sliiliiic  >[lcroti)nie  witli  -Automatic  Feed 
Attnctiiiipnt. 


is  movable  on  two  axes,  one  parallel  to  the  lon.ir  axis  of 
the  microtome,  the  other  at  right  angles  to  it.  This  al- 
lows of  the  ailjustuK'nt  of  the  .surface  of  the  specimen  to 
the  plane  thnmgh  which  the  knife  passes  in  cutting. 
The  clamp  is  then  fixed  iu  a  position  as  near  the  knife 
carrier  a  as  jiossible. 

The  knife  is  so  adjusted  that  it  willbe  drawn  obliijUely 
through  the  specimen  from  heel  to  point.  The  sections, 
after  being  cut,  are  removed  from  the  knife  with  a 
caniel'shair  brush,  and  placeil  iu  a  dish  of  alcohol. 

In  cutting  sections  of  hard  substances,  such  as  the 
aorta  and  cartilage,  it  often  happens  that  the  .sections, 
instea<l  of  being  even,  are  thicker  at  one  imint  than  at 
another;  or  that  the  sections  are  striped,  their  thickness 
varying  at  dilTerent  jioints.  Professor  Thonia  has  foinul 
that  this  is  due  to  the  fact  that  hard  substances  bend 
the  eilge  of  the  ordinary  knife.  For  preventing  this  he 
has  introduced  knives  with  stronger  edges  and  shorter 
blades. 

In  Fig.  2679  is  shown  one  of  the  newer  forms  of  sliding 
microtomes  with  automatic  feed  attachment.  It  is 
ailapled  either  for  celloidin  or  parallin  ciilting.  The  oli- 
jeet  clanii)  remains  fixed  during  the  cutting.  The  knife 
is  clamped  to  the  knife  carrier,  a  triangular  block,  which 
slides  on  horizontal  runways. 

The  automatic  feed  attached  to  the  micrometer  screw 
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Im  (i|H-mti-<l  l)y  ll"'  iiH'iloii  of  till-  kiiifo  nirrlcrniid  l«(io  lul- 

jiisIikI  lliiU  w-cliiiiiK  fmni  2  intlOu  in  tliii-kiK-ss  iiiiiv  ImmmiI. 

A  liirgiT  form  of  iiutoiimtic  sliiliiiK  iiilrn>t<iliii'lH  Hliown 


Via.  3iM).  — Ijiwe  SlldlDK  Autoniiitio  Mlcriitoint 


ill  Fiir.  SOSO.  Tin-  knife  i-uiriiT  runs  on  n  liori/.onlal 
tnick  iinil  is  niovfd  liy  ii  cliuiM  iiltaclicd  to  cillu'r  cnil 
of  it.  Tliis  i-liiiin  piissos  aroiiml  two  wheels,  one  of 
wliieli  is  liirnc<i  by  a  cnink  altaelied  to  it,  causing  a 
uniform  slidini;  niolion. 

Tlie  s|ie<imen  elamp  is  raised  viTlieally  Iiy  a  microme- 
ter serew  to  wliieli  is  attaclied  ii  large,  toothed,  rirciilnr 
disf.  cacli  tooth  of  which  equals  an  .elevation  of  0.0035 
mm. 

The  aiitiimalic  feed  is  so  nrmnged  that  each  time  the 
knife  carrier  n-aclies  the  left-hand  end  of  the  tract  it 
.strikes  a  lever  which  caus<'S  the  circidar  disc  attached  to 
the  micrometer  screw  to  revolve.  The  lever  htiiig  ad- 
justable, it  can  be  made  to  cau.se  the  rlisc  lo  move  any 
nundier  of  tcclli  from  one  to  teu  with  each  movement  of 
the  knife  carrier,  thus  giving  a  IliicUness  of  section  from 
O.OO'.J.'i  nun.  lo  0.02")  nun.  in  thickness. 

The  ••  Precision  "  microtpmc  of  Minot  (Fig.  2681)  is  a 


may  ho  cut.     Thin  inicrolome  iiiuy  be  ummI  for  cvljoldlu 

or  |iaral1lii  |ire|iaralioiis. 

The  olili-r  form  of  Mhiot'H  r<it4iry  microtome  for  imr- 
utiin -eclions  has  also  been  improved  (Fig.  'iOH3).  The 
old  feeil  arningement  liaH  been  replaced  by  a  large 
toothed  wliiel  attached  lo  Ihe  microineler  Kcrew.  This 
wheel  has  live  hundred  teeth,  ami  the  micromeliT  wrew 

haH  a  pitch  of  tl.,'i  mm., 
so  that  each  tooth  of  the 
wheel  eipiulit  a  feed  of 
1  u.  The  feed  of  the 
microineler  wrew  is  con- 
trolleil  by  an  adjustable 
CJUii.  so  lliat  Ihe  lliickness 
of  section  may  Ih'  ma<le  to 
vary  from  1  lo  2.">  u. 

An  ailjustable  carrier 
(Fig.  2«h:?i  for  Kcriiil  rib- 
lions  may  bi-  atlaclnd. 

yfit*i-tititiin'  1\  niiiH.  — The 
usual  form  of  microtome 
knife  is  shown  In  Fig. 
20M4.  Its  upper  surface 
is  concave,  its  under  one 
Hill.  Its  cutting  edge  is 
of  a  double  chisel  form, 
and  must  be  peifictly  straight.  The  knife  should  be 
heavy  and  ils  length  adapted  to  the  .size  of  Ihe  microtome 
used. 

A  knife  for  cutting  parallln  .should  be  heavier  than  one 
used  for  celloidin. 

In  order  to  obtain  good  sections  the  cutting  edge  of 
he  knife  must  be  kept  in  the  best   possible  condition. 


Fio.  awi.-Mliiot  .^tilonialio  I>reolslon  Jlli-rotome. 

departure  from  the  usual  form  of  sliding  microtome  in 
(hat  the  knife  is  fixed  and  the  object  clamp  is  on  a 
slidini:  carrier. 

The  knife  is  clamped  to  the  frame  of  the  microtome, 
and  I  he  object  clamp  carrier  runs  on  sli<ies  under  the 
knife.  There  is  an  automatic  feed  attachment  that  may 
be  regulated  so  that  sections  from  1  to  GO  ,"  in  thickness 


Fig.  ais;.- Improved  Rotary  Microtome  of  MInot, 

This  is  accomi>lislied  by  stropping  the  knife  frequently 
and  honing  it  occasionally. 

For  hoiiYng.  a  yellow  Belgian  hone  of  large  size  is  to  \ye 
used.  Its  surface  is  thoroughly  covered  with  a  lather 
made  with  a  pure  soap  and  water.  This  lather  is  better 
than  oil  as  it  keeps  the  pores  open  and  gives  a  better 
•rrindins  surface.  In  honing,  oncof  Ihi- backs  (Fig.  2684) 
is  fastened  to  the  knife.  Tliis  is  for  the  i>urposc  of  keep- 
ing the  ancle  of  the  edge  of  the  knife  constant.  The 
knife  is  first  sharpened  on  its  concave  side,  then  turned 
and  sharpened  on  the  flat  side.  The  jjressure  on  the 
knife  should  be  licht:  it  should  be  drawn  across  the  hone 
from  heel  to  toe,  Ihe  edge  being  drawn  against  the  sur- 
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face  of  ilie  liiiuc.     Tlie   movements  are  illustrated  in 
Fi.ir.  2«t<.-,. 

t^r  stropping  the  best  form  of  strop  is  tliat  known  ns 
the  bow  strop  (Fig.  268(i).     Tlie  movements  of  tliu  Ivuife 


Fig.  2883.— Slioivinff  Carrier  for  Ribljon  Sections  Atlacbed  to  Minot's 
Roiaiy  MicruCurae  (OIU  Form). 

are  the  reverse  of  those  of  honing,  and  Jire  sliown  in  Fig. 
2686.  After  use  the  Ijnife  sliould  be  carefully  dried  witli 
a  soft  cloth. 

After  the  sections  are  cut  they  are  removed  from  the 
microtome  knife  with  a  camel's-bair  brush  and  placed  in 


Fig.  2681.— Microtome  Knife  with  Two  Forms  of  Baclis  used  In  Hon- 
ing and  Sti-oppinpr. 

a  dish  of  fluid.  For  sections  of  fresh  tissue  and  frozen 
sections,  salt  solution  should  be  used,  the  sections  being 
submerged  in  it :  for  sections  of  alcoholic  specimens, 
alcohol  or  water  may  be  used. 


\     \ 


no.  SiV'vi.-SliMWinif  the  Movemcnt-s  of  ihe  Knife  iu  the  Process  ot 
Honing. 

In  the  fiirlher  manipiilatioii  of  the  sections  great  care 
niiisl  be  taken  or  they  will  be  destroyed.  For  transfer- 
ring them   from    the  dilfennt  reagents,  stains,  etc.,  a 


needle,  camel's  hair  brush,  or  nickel-plated  steel  spatula 
(Fig.  26ST)  must  !«•  used.  In  the  majority  of  cases  the 
latter  instriinieiit  will  l)e  fouml  most  convenient.  It  is 
placed  (iiwliously  under  tli('  section  Hoaling  in  tlie  tliild, 
gently  raises  it.  and  transfers  it  to  asecond  vessel  of  tiuid 
or  to  a  slide. 

Wlieii  sections  are  transferred  from  alcohol  ici  water, 
they  spin  about  in  a  lively  manner  and  finally  spread  out 
into  thin  lamina'.  This  is  caused  by  the  rapid  diffusion 
of  the  alcoliol. 

Sections  can  be  preserved  indefinitely  in  eighty-  to 
eighty -live-percent,  alcohol. 

Serinl  Section  Cutting. — The  pre])arations  to  be  cut  are 
to  be  embedded  in  paraflin.  The  melting  point  of  this 
must  have  a  certain  relation  to  the  laboratory  tempera- 
ture.    A   laboratory   temperature  of   17"  C.   refjuires  a 


Fig.  28Sfi.— The  Bow  Strop,  and  the  Mode  ot  Stropping. 

paraffin  melting  at  45°  C.  At  a  temperature  of  1.5°  C. 
this  paraflin  would  be  too  hard.  At  23°  C.  a  paraflin 
melting  at  48°  C.  will  be  required. 

After  impregnation  the  sjiecimens  are  embedded  by 
one  of  the  methods  described  under  paraflin  embedding. 

The  block  of  jiaratlin  should  l)e  pared  down  close  to 
the  specimen,  and  sliould  be  cut  so  as  to  present  a 
straight  edge  parallel  to  the  edge  of  the  knife,  and  the 
opposite  edge  parallel  to  this.  If  this  precaution  is  not 
taken  the  sections  will  not  adhere,  and  will  not  pass  off 
in  a  straight  line. 

The  sections  can  be  cut  on  any  sliding  microtome,  pro- 
vided the  knife  be  set  square.  Several  special  micro- 
tomes have  been  con.strncted  for  this  kind  of  section  cut- 
ting, viz.,  Caldwell's  automatic  microtome,  Cambridge 
locking  microtome,  and  Minot's  automatic  wheel  micro- 
tome. 

The  sections  are  fixed  upon  a  slide  by  one  of  the  fol- 
lowing methods: 

AVater  Method :  The  ribbons  of  sections  are  cut  to 
liropcr  lengths  and  floated  on  warm  water,  warm  enough 
to  soften  the  paraffin,   but  not   to  melt   it.    when   tlie 


FIG.  3(i8r.— Spatula. 

sections  will  flatten  out.  Tbey  are  then  floated  on  a 
slide  and  arranged  in  position.  The  slide  is  then  drained 
and  allowed  to  become  perfectly  dry.  To  hasten  the 
drying  the  slides  may  be  placed  in  a  water-oven  at  a 
temperature  of  40°  C.  The  paraflin  must  not  be  allowed 
to  melt  until  the  sections  are  jjcrfectly  dry.  When  jier- 
fectly  dry  the  sections  adhere  to  the  slide,  when  the 
paraffin  is  melted  and  washed  off  with  xylol. 

Mayer's  Method:    Paint  a  mixture  of  equal  parts  of 
filtered  white  of  egg  and  glycerin  (and  a  few  drops  of 


no 
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llUloloulial 
'l'«-i  liiil(|lir. 


carlMilir  iicld  u»  a  proHorvntlvc)  on  n  ulido  with  a  caiiH-r«- 
liiiir  liniHli.  mill  iirniii;;)' till-  mTlimis  with  tliis;  tlii'ii  wiirm 
till-  silili'  nil  It  wilier  liiilli  for  II  few  iiiiitiiiiil.H  until  lliu 
|iiinilllii  Is  iiirlii'il      Ah  ilii-  iHinilliii  ill  llif  wcliiniM  nulls 

il    riirrirs    llic    iilliiiiiiiii 
liwiiy    fioiii   llii'iii.      Tlir 
|iiiiiillin    is    iii'M    l<>    III' 
iliKsiilvcil  out  Willi  liir 
jii'iiliiK!    or    xylol,     tin; 
iiilirr  removed"  willi  iil- 
liiil.  iiud    llie   Hectioiis 
lined. 
Si  liillliliiiiiiirs     Melli- 

.h|;       .Mi\      cine     |ilirl     of 

I'lilliHlion  Willi  three  or 
four  purls  of  oil  of 
cloves  mill  sliiike  well. 
Spread  I  Ills  solution  in 
n  tliiii  lii.ver,  willi  a 
liriisli.  on  a  slide;  »r- 
i'iin.!;e   llie   sections  and 


.1. 


n. 


Fig.  wss.    siiiliiliiir  Jnr  fi>r  serinl  S«>o-    evaporate  tliem  liy  ijen- 
U"ii»  Miiuiiiisi  1111  sii(l.'.«.  ii^.    in.|,|     ,,„     „   "water 

liatli.  Tlieii  dissolve  out 
llie  paralliii  willi  xylol.  The  .sections  lliiis  tixed  may 
be  stained  in  the  usual  way  and  mounted  in  lialsam  or 
glycerin. 

Sriiil  .Src/i'/Hd  (/  Celloidin-Embedded  Speeimeiu.  —  1. 
Prepare  a  sj'ries  of  glass  plates:  coat  tlies*' with  a  thin 
layer  of  celloidin.  as  a  photographer  inakesa  moist  ]ilate. 
aiid  allow  them  lo  dry. 

2.  -Make  si'clions  and  arrange  rilibonwi.sc  on  strips  of 
tninspareiit  porous  paper,  which  should  lie  (hiuble  the 
width  of  the  sections.  Keep  the  strips,  with  the  .sections 
on  them,  moist  by  placing  them  on  blotting  paper  in  a 
dish  with  alcohol. 

3.  Tmnsfer  the  st'Clions  to  the  celloidin-coatod  plate. 
Lay  the  strips,  section  side  down,  upon  the  glass  iilates. 
pre.ss  them  softly,  and  peel  oil  the  pajier;  remove  all 
supertluous  lluid Willi  tiller  paper,  taking  care  not  to  dry 
the  sections. 

4.  Cover  the  sections  with  a  thin  layer  of  celloidin. 
■When  dry,  the  celloidin  may  be  marked  with  a  brush 
dipped  in" methyl  blue,  so  that  the  .series  may  be  recog 
nized. 

5.  Immerse  the  plates  in  water,  and  the  celloidin  will 
peel  olT  from  them,  and  we  shall  have  the  sections  en- 
clo.sed  between  two  layers  of  celloidin,  allowing  them  to 
be  handled  like  a  rag. 

6.  The  celloidin  plate  may  be  cut  up  into  as  many 
pieei'S  11.S  there  are  seclion.s,  or  it  may  be  stained  uucut 
and  mounted  in  the  usual  way. 

Stiiiniiifi. — The  tissues  may  be  stained  in  toto  before 
being  embedded  in  paraflin  or  after  they  are  fixed  to  the 
slide.  The  latter  is  the  method  generally  adopted,  as  a 
greater  variety  of  stains  may  be  employed. 

In  Fig.  2788,  .1,  is  shown  a  staining  jar  for  holding  ten 
slides.  In  /?  is  shown  a  transverse  section  of  the  jar. 
The  sides  of  the  jar  are  grooved,  the  width  of  the  groove 
being  such  that  two  slides,  back  lo  back,  may  be  placed 
in  it.  These  jars  may  also  be  used  for  dissolving  out  the 
paniffln,  dehydrating,  clearing,  etc. 

Ittirn'n  Methixl  of  llernnMnirtiiirf  Objects  from  ^fl<•ro■ 
frit/iieol  Sfrtioim. — By  the  aid  of  a  camera  the  outlines 
of  the  sections  are  transferred  to  wax  plates,  which  are 
then  cut  out  so  as  to  correspond  in  outlines  as  well  as  in 
dimensions  to  the  sections  equally  magnified  in  all  three 
directions. 

lie  makes  three  rectangular  boxes  of  tin,  270  mm.  X 
230  mm.  X  '-■•">  mm.  The  sections  should  be  0.04  mm. 
thick  (never  thinner  lliiin  0.02). 

If  we  wish  to  construct  a  model  of  a  specimen  from 
sections  ,'5  mm.  thick  and  magnified  sixty  diameters,  the 
wax  plates  must  be  2  iiini.  thick.  Such  a  plate  made  in 
a  liox  of  the  above  dimensions  contains  62.1  mm.  :  and  its 
volume  will  be  124.2  niiii.  The  specific  gravity  of  bees- 
wax isO.'.li;  1(1  0.!»7.  It  is  melted  with  a  small  (piantily 
of  tiirpinline.  w  liicli  reduces  its  specific  gravity  to  about 


O.OS:  iind  the  wcliflit  reqiiirctl  lo  make  one  pltitc  of  the 
above  nI/c  is,  in  round  iiiimlN-rN,  IINgm.  This  <|iianlity 
of  wax  is  weighed  mil  iitid  ini'lled.  The  tin  liii.\  Is  lllliil 
l..')  em.  ilei'p-wltli  boiling  water  and  the  melted  wax 
poiireil  iipuii  il.  As  Kiioii  as  the  plate  has  bigiin  to 
slilTeii.  and  while  il  is  still  Kofi,  ii  shmild  be  cut  away 
from  the  edges  iif  the  box,  anil,  w  hen  the  water  IllUi  lie- 
come  tepid,  reinoved  ton  Hal  suppnil  toslilTeii. 

For  drawing  the  outlines  of  the  wretion  a  piece  of  liliio 
paper  is  placed,  colored  sidi!  down,  upon  the  wax  ]ilale, 
and  over  this  an  ordinary  sheet  of  drawing  paper.  Tlio 
outlines  are  drawn  on  the  latter,  by  the  niil  of  a  caniera, 
and  at  lln-  same  time  blue  lines  are  traced  on  the  wax. 
Then,  with  a  siiiall  knife,  the  wax  is  cut  oiil.  the  outlines 
being  fiilliiwed,  the  plates  are  placed  together  in  tlio 
proper  order,  and  fastened  by  pu.s.slng  the  warm  Hputiila 
along  the  edges. 

Mktiioiis  ok  Kmiikddimi. — This  process  is  divided 
into  two  clas.ses:  simple  (-inbedding,  w-lien  the  specimen, 
being  small,  cannot  be  held  conveniently  in  the  hand  or 
clamped  ill  the  microtome,  and  is  simply  surrounded 
with  an  embedding  mass  to  give  it  bulk;  interstitial 
einlieililing.  or  iniprigiiatiiin.  when  the  specimen  is  per- 
inealed  with  the  embediling  mass.  The  latter  process  is 
used  when  we  have  a  specimen  that  lacks  the  necessary 
consistence  for  cutting  (lung,  etc.);  or  when  the  speci- 
men contains  cavities,  the  contents  of  which  we  wish  to 
retain  in  their  normal  condition  and  position;  or  when 
the  s]iecimen  is  so  brittle  that  it  would  be  destroyed  in 
the  process  of  cutting. 

Mrllnl  MaKKfK. — Simple  embedding  in  a  melted  ma.ss 
(parallin)  is  performed  as  follows:  A  small  box  is  placed 
on  a  cork,  and  the  specimen  is  placed  in  it  and  fixed  in 
])osition  by  means  of  jiins.  The  box  is  now  filled  with 
the  melted  mass  and  allowed  to  cool — w-lien  the  pins  and 
papers  are  removed,  leaving  the  specimen  enclosed  in  a 
.solid  block  of  the  embedding  material.  Or  a  block  of  the 
eniliedding  mass  is  taken,  and  a  hole,  a  little  larger  than 
tiie  siieciinen,  is  scooped  out  of  one  face:  the  specimen  is 
washed  in  a  melted  mass  of  llu-  .same  material  and  ])laced 
in  the  cavity,  w  liich  is  then  lilled. 

The  embedding  boxes  are  made  of  paper.  A  plan 
which  I  have  found  very  convenient  is  to  have  a  series 
of  wooden  blocks,  the  faces  of  which  correspond  to  the 
sizes  of  the  boxes  to  be  made.  One  of  these  blocks  is 
taken,  and  the  paper  is  folded  over  the  face  correspond- 
ing to  the  size  of  box  wished  for. 

Ill  Fig.  2()SS»  is  shown  an  adjustable  metal  embedding 
box  for  parallin.  It  i-onsists  of  two  pieces,  having  the 
form  of  a  carpenter's  S(|uaie — the  lung  arm  being  7  cm. 
the  short  3  cm.  in  li-ngth,  by  7  mm.  high.  On  the  outer 
side  of  the  short  arm  is  a  block  of  metal,  on  the  top  of 
which  is  a  spring  {fi.  Fig.  2689).  which  curves  over  and 
presses  against  the  long  arm.  thus  holding  the  two  jiieces 
firmly  together.  The  area  of  the  box  will  vary  with  the 
[lositiou  of  the  pieces.  The  area  of  the  box  having  been 
fixed,  it  is  placed  on  a  glass  plate,  moistened  with  gly- 


FlG.  aiSil.— Adjustable  Eiulieddlnt'  Box. 

cerin,  and  a  ibin  layer  of  the  melted  mass  poured  in. 
When  it  has  cooled,  the  specimen,  which  has  been  washed 
in  the  .sime  material,  is  fixed  in  position  and  the  box 
is  filled  up.  When  the  embedding  mass  has  cooled  the 
box  is  removed,  and  the  specimen  wuU  be  found  embedded 
in  a  solid  block  of  the  material. 
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UEFEUENCE  IIANDIJUOK   (JF  THE   .MEDICAL  SCIENCES. 


In  mniiipiilaliiii;  witli  inelted  cnilx'ddiiiif  inasses,  it  is 
UL'C'i'Ssiiry  to  Imvc  it  constant  and  ciiniivuralivcly  low  tcni- 
pcnitiiri-,  as  in  many  cases  the  specimen  has  to  be  soalied 


FIG.  2B80.— Paraffln  Water  Baths. 

in  the  melted  mass  for  a  considerable  length  of  time  (im- 
pregnation metliod).  Two  forms  of  water  baths  for  this 
imrposc  are  shown  in  Fig.  StiOO. 

Iiiipirr/nntion  Einhtthlinij. — In  tins  process  tlie  specimen 
is  soalicd  in  tlie  embedding  ma.ss  until  it  is  tboiimgldy 
permeated  wit li  it.  Tlie  proceeding  is  then  like  simple 
embiddiiig  in  a  melted  mas.s. 

Eiiihid(Hi(g  Miiitxot:  CeUoi'din. — This  is  a  pure  pyroxylin, 
manufactured  by  Scbering  &  Company,  Berlin ;  it  is  free 
from  all  foreign  constituents,  and  makes  a  clear  .solution 
without  sediment.  It  is  soluble  in  a  mi.Ntiiie  of  equal 
volumes  of  alcobol  and  ether,  and  the  degree  of  concen- 
tration can  be  varied  to  suit  any  particular  case. 

For  use.  a  live  per  cent,  solution  of  cdloldin  is  made 
in  alcohol  and  ether,  and  a  jiortion  of  this  is  diluted  with 
a  ini.Murc  of  eipial  parts  of  alcohol  and  ether,  so  as  to 
obtain  a  very  dilute  solution.  The  specimen  is  soaked  in 
alcohol  for  twelve  hours;  then  in  alcohol  and  ether  for 
the  Siinie  length  of  time;  then  in  the  dilute  celloidin  for 
at  least  twelve  hours;  then  in  a  tive-per-cent.  solution  for 
one  to  eight  days,  according  to  the  si/e  and  density  of 
the  specimen.  When  the  specimen  has  become  thor- 
oughly permeated  it  is  to  be  embedded  in  one  of  the 
following  ways: 

(n)  Cover  the  smooth  surface  of  a  vulcanite  block  with 
a  thick  layer  of  celloidin  solution  and  allow  it  to  dry. 
Then  ]dace  the  specimen,  which  has  been  soaked  in  cel- 
loidin, on  this  and  cover  it,  layer  by  layer,  with  a  solu- 
tion of  celloidin,  allowing  each  layer  to  dry  partially 
before  applying  another.  AVIien  tiie  siiecimen  is  i-oni- 
plet<Oy  covered  allow  it  to  stand  in  the  air  for  half  an 
hour,  and  then  immerse  in  eighty-|>er-cent.  alcohol  for 
twelve  hours,  when  it  will  be  ready  for  cutting. 

{/')  Embed  in  a  paper  box  in  the  usual  way.  and  allow 
the  mass  to  stand  until  a  pellicle  forms  on  the  surface; 
then  immerse  in  eighty-per-cent.  alcohol  for  twenty-four 
hours. 

Viallanes  uses  chloroform  for  hardening  the  celloidin. 
lie  bus  found  that  this  reagent  coagulates  the  celloidin 
into  a  mass  of  the  consistence  of  Ava.\,  but  very  elastic 
and  perfectly  tmnsparent.  He  places  specimens,  i>revi- 
ously  soaked  in  ether,  in  a  test-tube  and  covers  them 
with  a  solution  of  celloidin.  As  soon  as  a  tilm  has 
formed  on  the  celloidin.  the  tube  is  filled  up  wiili  anln - 
dious  chloroform  and  left  for  two  to  three  days,  when 
the  mass  will  be  hardened  and  somewhat  shrunken,  so 
that  it  can  be  shaken  out  of  the  tube.  It  is  then  placed 
in  fresh  chloroform  for  six  days,  when  it  will  be  ready 
for  cutting.  .\.  I!.  Lee  found"  that  a  few  hours'  immer- 
sion in  the  chlorofonu  gave  the  required  consistence,  and 
in  no  case  was  a  longer  time  than  three  days.reciuired. 
The  celloidin  frecpiently  becomes  opaipie  on  being  put 
into  the  chloroform,  but  becomes  transparent  after  a  time. 

Oil  (if  ('/"rill  Celliiiiliii  (.Stepknow). — Celloidin  (gninular 
form),  1..')  gin. ;  oil  of  cloves,  5  c.c. ;  ether,  20  c.c. :  abso- 
lute alcohol,  1  c.c. 


The  specimen,  after  being  dehydrated  in  ninety-five- 
per-cent.  alcohol,  is  placed  in  oil  of  cloves  for  from  three 
to  six  hours;  then  in  the  above  solution  of  celloidin  for 
six  hours.  Then  it  is  emheilded.  preferably,  in  a  paper 
box,  and  allowed  to  stand  in  a  warm  place  until  the  cel- 
loidin thickens;  then  placed  in  eighty-per-cent.  alcohol  or 
cbloroforni  for  from  one  to  two  hours. 

In  case  the  tissues  can  be  cut  into  rectangularsliaped 
blocks  they  are  mounted  on  blocks  of  vulcanite  and  tlien 
placed  in  chloroform. 

Sections  are  cut  with  a  knife  wet  with  alcohoi,  and 
may  be  stained  with  the  usual  staining  agents.  Some  of 
the  aniline  dyes  stain  the  celloidin  intensely,  and  are  not 
removed  b_v  alcohol.  If  sections  are  to  be  mounted  in 
Canada  balsam,  they  are  dehydratetl  in  ninety-tive-|)er 
cent,  alcohol  —  absolute  alcohol  dis.solves  celloidin  — 
cleared  in  oil  of  bergamot,  .Siindalwood,  or  origanum,  as 
oil  of  cedar  or  cloves  dissolves  celloidin. 

I'linijlhi. — For  embedding,  paratlins  of  a  melting  point 
of  from  4.'j'  to  ~y')'  C.  are  used.  Hy  mixing  these  in 
various  proportions,  masses  may  be  obtained  whose  melt- 
ing point  will  range  between  these  two.  Panilhn  should 
be  diosen  of  a  melting  point  suitable  to  the  temperature 
of  the  laboratory.  Asa  rule,  a  laboratory  temperature 
of  18'  C.  requires  a  parallin  whose  melting  point  is  48°  C. 

The  specimen  to  lie  embedded  is  placed,  from  alcohol, 
in  chlonifonn  until  the  alcohol  is  replaced  by  the  latter; 
this  takes  place  i|uickly.  The  specimen  is  then  removed 
to  a  dish  containing  fresh  chloroform  and  shavings  of 
paraffin  are  added,  so  that  after  the  evajioratlon  of  the 
chloroform  the  specimen  will  remain  covered  by  the 
paraflin.  The  vessel  is  now  placed  in  ii  water  bath  (see 
Fig.  3690),  at  the  tempeiatureof  the  melting  point  of  the 
paraffin,  for  from  one-half  to  one  hour.  The  paraffin  melts 
very  quickly,  and  the  specimen,  from  the  evaporation  of 
thecliinniform.  islmtlied  in  a  concentrated  solution  ofpar- 
afliu  in  chloroform,  which  .soon  penetrates  the  speeimeu, 
tilliiig  up  all  cavities.  It  is  es.sential  that  all  the  chloro- 
fonu should  be  driven  olT.  'NViien  this  has  taken  place, 
the  specimen  is  embedded  in  a  box  in  the  usual  manner 
and  allowed  to  cool.  After  cooling,  the  block  should 
1)(^  trimmed  and  clamped  in  the  microtome,  or  mounted 
on  11  cork  with  a  little  mell('<l  jiaraffin. 

A.  15.  Lee  recommends  that  the  specimens  be  soaked 
in  oil  of  cedar.  This  clears  them  rapidly,  and  the  par- 
affin jicnetrates  quickly  and  thoroughly. 

Sections  are  to  be  cut  dry.  If  they  have  a  tendency 
to  roll,  they  can  be  held  down  by  a  camers-hair  brush, 
or  by  attaching  a  section-smoother  to  the  knife.  After 
cutting,  the  embed<liiig  mass  is  to  be  dissolved  out  be- 
fore staining.  I'^ir  this  purpose,  of  the  many  solvents 
recommended,  turpentine,  naphtha,  and  xylol  arc  the 
best. 

JIiiTiiODS  OF  Sr.vixrxo. — As  a  rule,  the  sections  to  be 
stained  are  placed  in  the  staining  Huid  from  water,  and 


Fig.  2601.— Improved  Syracuse  Solid  Watch  Glass. 


allowed  to  remain  in  the  former  for  various  lengths  of 
time — from  a  few  s<>eonds  to  twenty-four  or  forty  eight 
hours.  The  time  depends  on  the  nature  of  the  stain  and 
the  result  to  be  accomplished,  and  will  be  noted  under 


718 


REKEHKNC'K   IIAM)IH)oK   oK  Till:    MKDKAL  SCIENCES. 


Illkloloulial 


till-  viiriiitiH  sUiins.  Aft<T  the  Htiiltiiiig  is  complutc,  the 
M-c'lii'iiH  an'  to  III-  wiislii'ii  in  wiilrr.  in  rrriinvtMill  the  ex- 
cess i  if  till-  slniiiiii);  lliiiil.  iikiiiiiIciI  ilinTiiy  in  K'yeriii, 
or,  iiftrr  ilflivdnilin;;  iiiiil  clciiriiif;.  In  luil-<>iin. 

Kit  licililinV  Hu'  Miilns  iinil  for  Ilir  npfnilions  of  wiwli- 
inn,  ili-livilnilinK.  il<'  .  wr  nsi'  siniill  disln's  of  |iorri-liiln 
or  >;liiss,  wjilili  v'lussi'S,  I'll'.  'I'lir  iinprovril  form  of  tin- 
SynicuM'  soliil  wiitcli  clii-^siKif,'.  •.•tlltl)  will  \w  found  vrry 
convcnii-nl.  For  tninsfrrrinj;  tin-  sertions.  Ilif  spiilula 
or  liftiT  (V\i!.  2<W7).  nwdli's,  cnnifl'sliHir  lirnsliis,  gliLss 
n«ls.  I'll'.,  lire  uwd. 

Iniitinii'nilili-  siihstunccs  nre  usotl  for  tin-  purpose  of 
sliiiniiitf.  and  iiiili  vi-nr  adds  a  Iiost  to  tin'  list,  many  of 
wliiili  arr  of  donlil'ful  vulur.  Only  the  most  important 
Mains  will  liv  Irratcd  of  liiMV. 

Ciniiiiif. — This  dyr.  when  first  introdiiei'd.  was  usi-d 
in  the  form  of  an  ammoniaeal  solution,  and  is  slid,  hut 
rarely,  employed  in  this  form.  Ammonia  solutions  are 
not  stahle:  they  undergo  various  ehemieal  i-hanf;is  upon 
standing,  so  that  the  solution  lannol  he  ilipended  upon. 
Unless  all  free  ammoina  is  ilriviii  olT.  the  slaiinuK  is  apt 
to  lie  dilTuse.  Various  other  solvents  are  now  usi'd  with 
better  results. 

Tissues  that  are  to  he  stjiined  with  eannine  must  be 
free  from  aeid.  Preparations  hardened  in  chromic  acid 
or  solutions  of  chrome  sidts.  must  be  well  washed  in 
water,  and  then  they  stain  very  slowly,  reciuiring  days. 
Oberstiiner  hasiins'  the  process  of  staininj;  by  heat- 
in;;  till-  lluiii  to  ,"iO  C.  and  keipinir  it  "t  that  tempera- 
ture for  an  hour,  when  the  slaiuini;  will  be  completed. 
Henle  and  Merkle  soak  sections  in  a  1  to  ."»(M(  aqueous 
solution  cif  palladium  chloride  foi- Im  nnnules;  then  in 
the  canniue  lluid  for  a  few  moments,  when  tiny  become 
stained  of  a  deep-red  color.  If  the  stain  is  dilTuse  it  can 
be  removed  by  placing  the  sections  in  a  niLvture  of  one 
part  of  formic  acid  and  two  parts  of  alcohol  for  from 
live  to  ten  hours.  This  removes  the  stain,  in  sections 
of  the  central  nervous  system,  from  everything  c.\cept 
the  axis  cylinders  (Hanvier). 

Hcfore  mounling,  sections  stained  in  canniue  should 
be  washed  in  a  one-percent,  solution  of  acetic  or  formic 
aciil  to  lix  the  slain. 

Tannine  stains  deeply  nuclei,  protoplasm,  smooth  and 
striated  muscle,  the  basenient  substance  of  bone  tissue 
and  decalcilied  bone,  the  axis  cylinders  of  nerves,  etc. 

Ammonin  Varmiue  tioliitinm. — Kanvier's:  Carmine,  1 
gm. ;  ammonia.  1  c.c.  :  water.  100  c.c.  Rub  up  the  car- 
mine in  a  mortar  with  a  little  water  and  add  the  ammo- 
nia. When  the  carmine  is  all  dis.sfilved  add  the  rest  of 
the  water.  If  there  is  an  excess  of  ammonia  heat  the 
solution  until  the  carmine  begins  to  precipitate. 

Ileidenhaiu's:  Carmine,  1  gm. ;  ammonia,  3  c.c. ;  glyc- 
erin, !M)  c.c.  :  water,  96  c.c.  Dissolve  the  carmine  in  the 
ammonia  and  add  the  glycerin  and  water.  Ilcat  on  a 
water  bath  until  the  excess  of  ammonia  is  driven  off,  or 
neutralize  with  acetic  acid.  The  sections  are  placed  in 
a  watch  glass  of  this  fluid,  and  this,  with  a  second  watch 
glass  containing  water  with  a  trace  of  ammonia,  is  placed 
under  a  bell  glass  for  twenty-four  hours.  The  sections 
at  the  end  of  this  time  are  washed  in  water  ami  exposed, 
as  above,  to  the  vapor  of  acetic  acid,  and  mounted  in 
givcerin. 

'lioiiix  Cttrmine. — Greuacher's:  The  author  gives  two 
formuht.  In  the  first  he  dissolves  3  to  3  gm.  of  carmine 
in  a  solution  of  4  gm.  of  sodium  biborate  in  100  c.c.  of 
distilled  water  and^then  adds  1(K)  c.c.  of  alcohol;  filters, 
and  after  allowing  the  liltrate  to  stand  a  week,  filters 
again.  This  solution  is  used  chiefly  for  staining  in  toto. 
Pieces  of  tissue,  according  to  their  size,  are  placed  in  the 
solution  for  from  one  hour  to  three  or  four  days;  then  in 
acidulated  alcohol  (three  to  four  drops  of  HC'l  to  100  c.c. 
of  seventy-five-perccnt.  alcohol)  for  from  one  hour  to 
three  or  four  days.  His  second  formula,  known  as  neu- 
tral honix  carmine,  is  as  follows:  0..j  to  O.T.'i  gm.  of  car- 
mine is  boiled  in  a  solution  of  '2  gu).  of  sodium  biborate 
in  100  c.c.  of  water.  The  solution  is  filtered,  and  acetic 
acid  added  to  the  filtrate  until  the  purple  tint  changes  to 
that  of  ordinary  carmine ;  it  is  then  filtered  again.     Sec- 


tionN  Hiain  in  thin  fluid,  in  from  one  to  three  mfiiufiii,  un 
interiM- and  difTutU' reil  color;   they  are  tli'  in  a 

mixture  of  one  drop  of  IICI  to  a  watch  gl  .  nty- 

per  rent,    alcohol,    when    the   color   in    uiuioiuuij    from 
everything  except  I  he  nuclei. 

/.itliiiiiii  ('<iniiiiii.—i>t[i'n:  Carmine,  2..">  gm.  ;  satu- 
rated solution  of  lithium  carbonate,  ItNtc.c. 

After  staining,  the  sectioim  are  waHliid  in  a  mixture  of 
1  c.c.  of  IICI,  and  1(K)  c.c.  of  Heventy-percenl.  alcohol, 
when  the  color  is  withdrawn  from  all  except  the  nuclei. 

I'irii'-i-iinnine. — Hanviir's:  Add  ammonia  carmini-  to 
asaturated  aiiueoussoliition  of  picric  arid,  until  a  cloudy 
precipitate  begins  to  appi'ar.  Kvaporati-  to  onetifth  of 
its  original  vohune.  allow  to  cool,  ami  filter.  Kvaporate 
the  filtrate  loilryness,  «  lien  a  reddisli  powdir  isobtiiined. 
This  powder  is  used  in  onepcr-cenl.  solutions  in  water. 

Gage's:  Take  ei|Ual  jiarts,  by  weight,  of  carudne  and 
picric  acid.  Dissolve  the  |)icric  acid  in  one  hundred 
times  its  weight  of  dislilled  water,  and  the  carndne  in 
fifty  limes  its  weight  of  strong  ammonia,  mix  the  two 
solutions,  anil  evaporali-  tlirre  lourlhs  at  a  tenipcrutiire 
of  40  to.")0  C.  Allow  the  lluid  locool,  and  liltir  through 
two  thicknesses  of  paper.  Evaporate  the  filtrate  to  dry- 
ness at  a  temperature  of  40'  ('.,  and  dis.sohe  the  n-sidiie 
in  one  hundred  times  its  weight  of  water.  Make  .10  c.c. 
of  such  a  solution  and  filler  through  absorbent  cotton 
packed  in  the  neck  of  a  fuiuiel ;  repeat  the  tillering  four 
or  five  times,  when  a  clear  solution  should  be  obtained. 
If  this  is  not  the  case,  dissolve  the  remainder  of  Ihc 
powder  in  the  proportion  given  above,  allow  the  solu- 
tion to  stand  for  a  few  days  in  a  tall  gla.ss  cylinder,  and 
then  decant  the  clear  fiuiil.  When  a  clear  solution  is 
obtained,  add  to  every  100  c.c.  of  the  picrocarmine  25 
c.c.  of  strong  glycerin  and  10  c.c.  of  alcohol.  This 
solution  can  be  kept  clear  by  filtering  once  in  .six  months. 

Weigert's:  Soak  2  gm.  of  carmine  in  4  c.c.  of  strong 
ammonia  for  twenty-four  hours  in  a  closed  vessel;  then 
add  200  c.c.  of  a  saturated  solution  of  picric  acid  in 
water,  and  allow  it  to  stand  for  twentv-four  hours. 
Filter,  and  add  acetic  acid  to  the  filtrate,  drop  by  drop, 
until  a  slight  precipitate  appears  even  after  stirring. 
Allow  this  mixture  to  stand  for  twenty  four  hours,  when 
a  precipitate  will  form  which  cannot  be  wholly  removed 
by  filtering:  add  ammonia,  drop  by  drop,  at  intervals 
of  twenty-four  hours,  until  a  clear  fluid  is  obtained. 
If  Ihc  solution  stains  loo  yellow,  add  a  few  drops  of 
acetic  acid  ;  if  too  red,  a  few  drops  of  ammonia. 

Hover's:  Dissolve  1  gm.  of  carmine  powder  (see 
Hoyers  Carmine  I  in  5  to  7  c.c.  of  ammonia  and  1  to  5 
gm.  of  picric  acid  in  50  c.c.  of  water.  Mix  the  two  solu- 
tions, and  add  enough  water  to  make  the  mixture  meas- 
ure 100  c.c,  and  add  1  gm.  of  chloral  hydrate  for  pre- 
serving. If  any  free  ammonia  is  present,  warm  on  a 
water  bath  unlii  it  is  driven  off. 

Oth's:  Mix  one  part  of  Oth's  lithium  carmine  with 
two  to  three  parts  of  a  cold-saturated  solution  of  picric 
acid  in  water. 

Sections  stained  in  picrocarmine  should  not  be  washed 
long  in  water,  or  the  picric  acid  stain  will  be  washed  out. 
They  may  be  mounted  in  balsam  or  glycerin ;  if  the  latter, 
the  glycerin  should  be  acidulated  with  a  few  drops  of 
acetic  or  formic  acid. 

Alum  Carmine  Holutions. — Grenacher's:  Boil  one-half 
to  one  per  cent,  of  carmine  in  a  concentrated  solution  of 
ammonia  or  potash  alum  for  from  ten  to  twenty  minutes, 
filter,  and  add  a  few  drops  of  carbolic  acid  to  the  filtrate. 
Bolbiani  adds  a  few  drops  of  acetic  acid  to  a  watch  glass 
of  this  stain  with  good  results.  Tizzoni  adds  a  little 
sodium  sulphate,  thereby  increasing  its  staining  power. 
This  fluid  stains  quickly,  and  nuclei  stronger  than  other 
parts. 

Cfxhineal  F^'/i'rf*.— Mayer's:  Soak  1  gm.  of  powdered 
cochineal  in  10  c.c.  of  seventy-percent,  alcohol,  for  at 
least  three  days.  Filter,  and  use  the  deep-red  filtrate  for 
staining.  Sections  are  placed  in  this  fluid  from  seventv- 
per-cent.  alcohol,  and  they  stain  in  a  few  moments,  or  it 
may  require  several  days.'the  time  depending  on  the  size 
ami  nature  of  the  sections.     When  stained,  wash  in  scv- 
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cnty-percent.  alcohol  until  no  more  color  comes  nway; 
tlieii  mount  in  llii'  usuiil  media.  Tlio  resullsolitaini-d  l)y 
the  use  of  this  lluiil  vary  with  the  nature  of  the  tissiii'. 
and  the  |iresenee  or  absence  of  certain  salts — also  ui>on 
the  strenfilh  of  thealeohol  employed  forsohilion.  Over- 
stainins  may  be  removed  by  washing  in  (»ne-tenth  per- 
cent. liCl,  or  onc-per-cent.  acetic  acid. 

Czi'h'i-'!!  Ahim  Coi-liineiil.  —  Boil  7  •i.m.  of  inilverized 
cochineiil  and  7  j;'"-  "f  alu"'  '"  700c.  c.  of  distilled  water, 
until  the  (|Uantily  of  lluid  is  reduced  to -100  c.c, ;  cool, 
add  a  few  (Irops  of  carbolic  acid,  and  lilter.  After  allow- 
injr  it  to  stand  for  a  few  days,  filter  ajrain,  when  the 
fluid  will  be  reii<ly  for  \ise.  Martinolti  recummends  the 
use  of  chrome  abrni  in  jilace  of  ordinary  alum,  and  does 
not  allow  the  tcniperatnre  to  go  above  HO  C.  This  lluid 
stains  nuclei  aha'inatoxylin  color,  otherelementsdill'erent 
shadi's  of  red.  Alcoholic  specimens  slain  c|uickly,  in  from 
three  to  five  minutes:  ehromie-Jicid  i)reparations  n-fiiiire 
from  three  to  live  hours.  After  stainiiij;.  specimens  are 
washed  in  water  and  moimted  in  the  usual  media. 

i'lirmiiiii-  Ariil. — The  use  of  carminic  acid  in  place  of 
cannine  was  first  suiiiiested  by  Ilimmock,  but  he  used 
onlv  aiiueous  or  alcoholic  solutions  which  gave  but  feeble 
stains.  Jlayer  showed  that  in  order  to  obtain  suitable 
staining;  s(dutions  of  earminic-acid  it  nuist  be  combined 
with  aiiiminum  or  calcium.  I  have  found  that  the  sub- 
stitution of  carminic  acid  for  carmine  in  most  of  the 
formvda?  given  above  makes  a  much  better  and  sharper 
staining  fluid. 

Citniiiihim  (Mayer). — Carminic  acid,  1  gm. ;  alum,  10 
gm. :  distilled  water,  200  c.c.  Dissolve  the  carminic  acid 
in  the  water  and  filter.  Add  a  few  crystals  of  thymol 
to  prevent  the  f(U-mation  of  mould.  After.stainiiitr.  wash 
out  in  distilled  water,  and  if  the  plasma  remains  stained, 
wash  in  alum  solution.  This  is  a  good  fluid  for  staining 
tis.sues  in  bulk. 

Ihviii(it<t.>!iUii. — This  is  one  of  the  coloring  substances 
contained  in  ordinary  logwood.  It  is  fotuid  in  commerce 
iu  the  form  of  reddish-brown  crystals.  Ihemato.vylin  is 
not  to  be  confounded  with  the  ordinary  crude  e.\tract 
winch  is  sometimes  sold  under  this  name. 

This  dye  is  one  of  the  best  nuclei  stains  that  we  have, 
staining  both  alcoholic  and  chiomic-acid  specimens 
ilceply  and  sharply.  In  chromic-acid  preparations  the 
color  is  likely  to  fade  after  a  time,  unless  all  the  acid 
has  been  removed  and  the  sections  have  been  thoroughly 
dehydrated  before  mounting. 

The  clearest  st.ainings  are  obtained  with  dilute  solu- 
tions. After  staining,  the  sections  are  washed  well  in 
water  and  mounted  as  usual. 

Delafiel<rs  Solution:  Saturated  solution  of  ammonia 
alum,  with  an  excess  of  crystals,  100  c.c;  to  this  is 
added  1  gm.  of  hivmaloxylin  crystals  dissolved  iu  6  c.c. 
of  alcohol.  This  solution  is  allowe<l  to  stand  in  an  un- 
stoppercd  bottle  in  the  light  for  four  or  five  days,  and 
then  filtered.  Then  glyceiin.  2.5  c.c,  and  wood  naphtha, 
i'i  c.c.  are  added  ;  this  is  allowed  to  stand,  as  above,  for 
from  one  to  two  days,  and  then  filtered  :  the  filtering  is  to 
be  repeated  at  intervals,  until  all  .sediment  ceases  to  form. 
It  is  to  be  diluted  at  least  one-half  with  water  for  use. 

Ehrlich's  Acid  Hainato.xylin :  Iltematoxylin  crystals, 
1  gm. :  strong  alcohol,  CO  c.c.  :  glycerin,  60  c.c, :  water, 
60  c.c,  to  which  anunonia  alum  is  added  to  saturation: 
hydrie  acetate,  glacial.  3  c.c.  This  fluid  is  exposed  to 
llie  light  imtil  it  becomes  of  a  deep-red  color. 

Gage's  llirmaloxylin:  Distilled  water,  aOOc.e,  :  ammo- 
nia or  potash  alum,  7, .5  gm,  :  this  is  boiled  for  five  to 
fifteen  minutes  to  destroy  anj-  germs  in  the  water  or 
alum  :  after  cooling  add  0,1  gm.  of  ha?maloxylin  crystals 
dissolved  in  10  c.c,  of  ninety -five-percent,  alcohorand  4 
gm.  of  chloral  hydrate  to  prevent  the  development  of 
germs. 

For  staining,  this  solution  may  be  used  full  strength  or 
diluted  with  alum  water. 

I'p  to  a  few  years  ago  all  formul,a>  for  the  preparation 
of  Ineiuatoxylin  solutions,  especially  those  containing 
alum,  ended  with  the  following  directions:  "allow  to 
Btiind  in  the  light  from  eight  to  ten  days  before  using." 


This  was  for  the  purpose  of  allowing  the  .staining  fluid 
to  "ripen,"  as  it  is  well  known  that  freshly  prepared 
solutions  are  of  no  use  for  staining. 

This  "  riiH-ning  i>rocess  "  was  found  to  be  due  to  the 
oxidation  of  the  contained  hainatoxylin  and  the  forma- 
tion of  hiiuitiltiii,  through  the  absorption  of  oxygen  from 
the  air.  Paid  Mayer  and  I'luia  found  that  this  oxidation 
could  be  brought  about  immediately  by  the  addition  of 
a  small  quantity  of  hydrogen  peroxide:  Hansen,  by  the 
addition  of  potassium  permanganate,  I  have  hastened 
the  judcess  bv  passing  air  through  the  solution,  using 
air  compre.s.se<l  by  the  usual  spray  apparatus. 

All  hainatoxylin  solutions  deteriorate  in  the  course  of 
time,  theoxiduiion  jirocess  continuing  until  precijiitates 
form  and  the  solulinn  becomes  colorless.  I'nna  found 
that  this  over  "  ripening  "  could  be  delayed  by  the  aildi- 
tion  of  a  small  quantity  of  sulphur.  Paul  Mayer  used 
glycerin,  and  Gage,  believing  this  to  be  due  to  the  action 
of  bacteria,  sterilized  his  alum  solution  and  then  a<lded 
chloral  hydrate  as  a  preservative.  Owing  to  the  investi- 
gations of  Paul  Mayer  wc-  are  luiw  in  a  jiosition  whereby 
hivniiiUin  staining  solutions  can  be  quickly  made,  with- 
out the  long  "ri])eniug"  process. 

lIiKiKihiii,  which  .Mayer  uses  in  place  of  ha?niatoxylin, 
comes  iu  the  form  of  dark  greenish  crystals  or  powder, 
and  is  freelj'  soluble  in  alcohol  and  water.  The  commer- 
cial form  is  not  always  pure,  and  owing  to  this  litrma- 
teate  of  iiininonui  has  lieen  recommended  in  the  place  of 
h.Tiuatein.  This  Siilt  is  also  fotuid  iu  conuuerce,  but  of 
doul)tful  purity.  It  can  be  readily  made  iu  the  labora- 
tory as  follows:  One  gram  of  ha'inatoxyliii  crystals  is 
dissolved,  by  the  aid  of  heat,  in  20  c.c.  of  distilled  water 
and  filtered.  To  this  solution  1  c.c,  of  ammonium  hy- 
dr.te  (sp,  gr,  O.H7.'J)  is  added,  and  the  dark  jnirple  fluid 
placed  in  a  shallow  iiorcelain  dish,  of  such  a  size  that  the 
layer  of  fltiid  shall  not  exceed  one-half  a  centimetre  in 
deiitli.  The  dish  is  coven'd  with  filter  pajier,  to  exclude 
dust,  and  the  solution  is  allowed  to  evaporate  at  the  room 
temperature.  The  hainateate  of  ammonia  about  e(|Uals 
in  weight  the  ha'matnxylin  used.  In  the  preparation  of 
this  salt  no  metal  instruments  should  be  used  until  the 
powder  is  absolutely  dry. 

Slayer  gives  fornuila;  for  three  different  solutions  of 
ha'inatein  as  follows; 

Ihi'inalmn. — Dissolve  1  gm.  of  hamntfiii  or  htpmntente 
of  aimiHinia  in  50  c.c.  of  ninety-per-cent.  alcohol,  and 
add  this  to  1,000  c.c.  of  a  five-percent,  acpieons  solution 
of  pitiish  alniii.  filter,  and  add  a  crystal  of  thymol  to 
prevent  the  formation  of  mould.  This  fluid  has  a  color 
resembling  that  of  borax  carmine.  It  may  be  used  for 
staining  in  full  strength,  or  it  may  be  diluted  with  weak 
alum  solution.  In  full  strength  it  stains  sections  in 
about  two  minutes. 

Ari'l  Uo'itHiliim. — This  is  prepared  by  ailding  two  ])er 
cent,  of  hydrie  acetate  to  the  above  h.emalum  solution. 
After  staining,  wash  well  in  water  to  bring  out  the  blu- 
ish tint  of  the  nuclei.  This  solution  is  decidedly  less 
dilTuse  in  staining,  and  keeps  better  than  the  ha'inalum. 

Gli/rcri/i  Jlii'iiKilitin. — The  above  solutions  of  ha^mateiu 
do  not  keep  well.  To  correct  this,  JIayer  adds  glycerin 
as  a  preservative.  The  solution  is  made  as  follows:  Rub 
up  0,4  gm,  of  Invmatein  in  a  mortar  with  a  small  quan- 
tity of  glycerin :  dissolve  .j  gm,  of  potash  alum  in  70  c.c. 
of  distilled  water,  and  a(id  'M)  c.c.  of  glycerin.  This 
mixture  is  gradually  added  to  the  ha'inatein  solution. 
This  slain  kee|)S  well,  but  is  somewhat  slow  in  its  action. 

During  the  last  year  I  have  been  using  hirmaleiii  in 
place  of  ha'iuatoxylin  with  the  most  sjitisfactory  results. 
The  staining  fiuid  I  have  used  is  one  made  after  a  com- 
bination of  >Iayer's  and  Gage's  methods.  The  solution 
is  mad<'  as  follows:  A  five-per-cent,  solution  of  potash 
alum  is  made  iu  distilled  water  and  boiled,  or  what  is 
belter.  ])laced  in  a  steam  sterilizer  from  one  to  one  and  a 
half  hours.  While  this  solution  is  warm.  0.001  per  cent. 
oi  hmnntein,  di.ssolved  in  a  sm.'iU  quantity  of  alcohol,  is 
added  (it  is  my  practice  to  keep  a  one-piT cent,  alcoholic 
solution  of  Inennitein  as  a  stock  solutionV  After  the 
fluid  has  cooled,  2  gm,  of  chloral  hydrate  should  be  added 
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Illal<>l<i;:lrul 
Trrlllllfillr, 


for  I'iK-li  KM)  <•  r  of  ilii' slnlnliik.'  ItiiM.  Tills  Rtnin  kc<-ps 
well,  iiiul  ill  lull  stri'iiKlli  stiiiiiK  st'iilnni  in  fnnii  iwoin 
tliri'i'  tiiiiiult'S.  Il  iiiiiy  III'  tisi'il  illliili'il  with  iliHtilliil 
wiiliT,  when  llic  NtaiiiiiiK  ri'i|iiiri'S  ii  Imifft-r  liiiic. 

lliiilfii/iiiiii'ii  Iriiii  //iiiiKitiiTi/liii. — Surlimis  nrv  pliiccil 
ill  II  I.'")  till  jHT  Crllt.  UqlKMlllH  Snllltiiill  of  IIIIITIlnnlii  fcrhir 

Kiilpliiitc.  (NII,),.1"V,,  (SO,),.  f(ir  friiin  oiir  liiilf  In  fmir 
liiiiirM;  llirii  tlicy  arc  wiislinl  in  wati'i';  nnil  tlicn  slaini'il 
in  a  0..')  per  cent,  snliilinii  of  Imiimtnxvliii  in  water  fur 
lialf  an  Imiir.  Tlu'Varc  tlini  ri'inovid  frnin  llic slain  ami 
wiiNJii'il  ill  watrr.  'riic  Kcclinnx  wliicli  arc  now  ilccp 
black  arc  ilccnlori/cil  in  tlu'  aiiiniiiiiio  ferric  siilpluilc 
soliitinii.  'riiis  acts  slnwly  ami  its  pnijfrcss  slnnilit  lie 
watclii'il  niiiier  the  inicrnscnpc.  This  is  ilmic  liy  rcmiiv- 
iii);the  specimens,  frnni  titiieto  time,  from  tlicilccdlurizer 
aiitl  cxaininin^  Ihciii  in  water.  Assomi  as  a  proper  ililTer. 
entialinii  has  been  ohtaiiu'il  the  sections  are  washeil  in 
wilier  fur  at  least  an  hmir,  the  wiiterliciiii;  changed  sevcilil 
times.  Allchriimatiii  elcincntsof  the  nucleus  stain  black 
and  are  sharply  dilTcrenlialeil. 

Anii.ink  Dyks.  —  l-'iir/iKi II .  ItDf/iiiiliiie  l/i/<lr'ielil'>n'<te. — 
Soluble  ill  alcohol  and  water.  I'sed  for  stainin/,;  fresh 
tissue.  liliKxl  cells,  and  coniiectivetissuc  cells.  Chiclly 
used  for  stainiii,!;  bacteria.  .Merkle  has  used  it  for  staiu- 
injt  the  structureless  iiieinbnine  of  the  retina. 

.!(•((/  h'Sichxiii.  Iloniiiiiliit  Suljihiniiite. — (Fuchsiu  S.  No. 
130  of  the  Hailen  nniliiie  factory.)  First  used  by  Wei- 
gert  fur  staininir  the  central  nervous  system,  and  now- 
used  chiclly  ill  combinalinii  stains. 

Siifi-iiiiiu. — \\\  o.\idalion  product  of  ])urc  toluol,  of 
which  there  are  nunieroiis  preparations  on  the  market. 
The  form  usually  used  is  safraniu  O,  which  is  soluble  in 
ulcohol  and  water.  This  is  a  nuclei  slaiu  best  suited  for 
cliromic-acid  preparations. 

Flcmmini:di.<.siilvesoiie  lentil  to  five-tenths  percent,  in 
a  niixtiire  of  ii|iial  purls  of  alcohol  and  water.  He  stains 
si'ctioiis  for  twenty  four  hours;  washes  in  weak  alcohol, 
which  frees  tlieni  from  part  of  the  cidor.  then  in  absolute 
alcohol  until  no  nmre  color  comes  away:  then  in  oil  of 
cloves  only  long  enough  for  them  to  become  penetrated, 
as  it  e.Mracts  the  colors:  mounts  in  balsam. 

Habes  recoinnicnds  the  following  methods: 

1.  Sections  of  alcoliolic  or  chromic-acid  preparations 
are  stained  for  half  an  hour  in  a  warm,  concentrated 
aiiueous  solution  of  safranin.  or  in  a  mixture  of  equal 
partsof  coiicenlrali'd  aipieous  and  concentrated  alcoholic 
solutions.  They  are  then  washed  in  absolute  alcohol 
quickly,  as  it  withdraws  the  stain,  cleared  in  turpentine, 
and  mounted  in  balsam. 

2.  For  demonstrating  the  details  of  cell  structure.  A 
supei'saturated  solution  of  safranin  in  water  is  warmed 
to  60'  C.  and  littered.  After  cooling  the  solution  be- 
comes muddy.  A  small  (luanlily  of  liiis  fluid  is  placed 
in  a  watch  glass  with  the  seclioiis,  and  warmed  slightly 
over  an  alcohol  lamp  for  a  minute,  when  the  fluid  will 
become  clear.  The  sections  are  then  washed  in  water, 
cleared  in  turpentine,  and  mounted  in  balsam. 

Safranin  is  also  a  good  reagent  for  amyloid  substance, 
staining  it  orange-yellow,  other  ti.ssue  rose-red.  It  is 
also  usi'd  for  staining  elastic  fibres. 

Rmitt  (Krythrosin.  Primrose). — This  dye  is  found  in 
commerce  in  two  forms,  one  .soluble  in  alcohol  (tetra- 
broinotiuoresciu),  the  other  in  water  (a  potash  salt  of  the 
first). 

Fischer,  who  tii-st  introduced  the  dye.  precipitates  the 
coloring  matter  from  an  a(|ueous  solution  with  an  acid ; 
filters,  washes  the  precipitate  with  water,  and  then  di.-s- 
solves  the  precipitate  in  alcohol.  He  prefere  the  alco- 
holic solution  for  chromic-acid  preparations. 

Eloiii  dissolves  tliccosin  in  glycerin,  and  after  staining, 
fixes  the  dye  with  a  sjjturated  sfilution  of  alum  in  glyc- 
erin. 

For  general  use  a  1  to  1.500  solution  in  alcohol  of  the 
precipitated  eosin  will  be  found  most  convenient.  Sec- 
tions are  stained  for  a  few  moments  aiiii  mounted  in  glyc- 
erin tinged  with  eosin.  as  pure  glycerin  withdraws  the 
color.  For  innunting  in  biilsjim  the  sections  are  dehy- 
drated in  the  alcohol  eosin  and  cleaied  in  oil. 
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This  dye.  Ill  combination  with  liiiiiiatoxylin.  U  the  Iwst 
for  gi'iii'nil  work,  the  hiiiiialowliii  staining  the  nuclei  of 
the  cells  purple,  while  the  cell  bodies  and  inlercellulur 
substance  are  stained  rose  red. 

.\fitlijitriif  liliii. — An  oxidalion  proiliict  of  pure  aniline, 
soluble  in  botii  alcohol  and  water.  It  is  uwd  ihielly  for 
staining  bacteria;  in  combination  with  eosin  as  a  nuclear 
stain;  in  a  cheiiiicallv  pure  slate  in  Khrlich's  iiietliod  for 
nerve  liiires;  and  in  Nissl's  stain  for  nerve  cells. 

L'nnas  .Mkaliin-  .Methylene  blue.  — Methylene  blue,  I 
gm,  ;  pota.ssiiiiii  carbonate.  1  gm.  ;  water,  11)0  c.c.  Tills 
solutiiin  is  diluted  in  the  proportion  of  1  to  10 with  water 
for  use.  It  i.s  a  good  nuclear  stain  in  combination  with 
eosin. 

Mith)il  (Irnii. — The  double  zinc  salt  of  the  ba.s<!  |H-nta- 
methyllrip  amidol riphenylcarbinolmetliy late.  Used  in 
one-percent,  aqueous  solutions,  and  ischiefly  u  nuclei 
stain. 

Carnoy  employs  it  in  a  concenlmted  aqueous  solution, 
to  which  is  added  one  percent,  of  acetic  acid  and  one- 
tenth  |ier  cent,  of  osmic  acid  for  staining  fresh  tissue. 
Nuclei  stain  sharply.  The  cxecss  of  color  is  washed  out 
with  water. 

C'urshmann  recommends  this  dye  as  a  reagent  for 
amyloid,  which  it  slains  violet.  It  is  also  used  in  several 
of  the  multiple  slains. 

/tulhic  Violit.  J/fjI'man's  Violet  (a,  Dahlia,  bluish  tint; 
I),  Primula,  reddish  tint).  The  pentamcthyltiiamidotolu- 
yliliphenylcarbinol. 

Elirlieh  employs  a  saturated  solution  in  a  mixture  of 
500  c.c.  of  alcohol.  100  c.c.  of  water,  and  12.5  c.c.  of 
acetic  acid.  He  stains  sections  for  twenty-four  hours: 
then  washes  in  water  acitlulatcd  with  acetic  acid,  and 
mounts  as  usual.  Protoitlasm  and  connective  tissue  are 
partially  stained;  nuclei  stain  blue- violet.  Sometimes 
the  fat  of  fat  cells  and  goblet  cells  slain. 

.li'irgens  employs  an  aqueous  solution  as  a  reagent  for 
amyloid,  which  stains  bright  red,  while  the  rest  of  the 
tissue  stains  blue-violet. 

P'lemming  employs  the  dye  in  the  same  manner  aa 
safranin. 

Gentian  Violet. — Employed  chiefly  for  staining  bac- 
teria. 

.Vil/ii/l  Violet. — The  pentamethyltriamidotriphenylcar- 
binol. 

C'ornil  found  that  aqueous  solutions  .stained  the  cells 
of  hyaline  cartilage  violet,  the  ba.semcnt  substance  red- 
dish, connective  tissue,  fibrillated  and  clastic  fascia 
violet. 

This  dye  is  also  used  as  a  reagent  for  amyloid,  which 
it  stains  red.  According  to  Capparelli  this  reaction  is 
an  optical  insteail  of  a  cliemical  one.  He  examined  un- 
stained sections  by  light  transmitted  Ihrougha  thin  layer 
of  this  dye  anil  found  that  the  amyloid  substance  ap- 
peared as  if  had  been  stained.  He  then  examined  un- 
stained sections  on  gla.ss  stained  with  the  colors  of  the 
spectrum,  and  found  that  in  the  section  on  the  violet  the 
amyloid  substance  appeared  red,  while  the  normal  tissue 
appeared  blue.  His  conclusion  was  thai  the  amyloid 
substance  permits  the  red  rays  to  pass,  but  stops  the 
violet. 

This  dye  is  also  wsed  in  staining  bacteria. 

DofiiLE  St.vinino.  — //<f;H<7^)j-_y//H  and  Eosin. — Sec- 
tions are  first  stained  in  a  solution  of  luematoxylin  until 
they  are  of  a  distinct  purple  color,  then  washed  well  in 
water,  and  then  stained  in  a  dilute  alcoholic  .solution  of 
eosin.  They  can  be  moiuited  in  cither  glyce.rin  or  bal- 
sam. If  in  glycerin,  it  is  to  be  slightly  tinged  with 
eosin.  or  the  color  will  be  extracted  from  the  specimen. 
If  in  bal.sam.  the  specimens  are  placed  in  alcoholic  eosin, 
in  which  they  become  stained  and  dehydrated  at  the  .same 
time;  then  cleared  in  oil  of  origanum  cretici.  and  then 
mounted  in  bal.s:im  or  dammar.  Nuclei  slain  purple,  cell 
bodies  and  intercellular  substance  rose-red.  This  method 
is  extreinelv  useful  for  general  work. 

J-:>>iiin  and  Mtthylene  i?^//'  (.Mallory).— Fix  the  specimens 
in  mercuric  chlorirle  or  Zenker's  fluid. 

Stain  sections  in  a  five  to  ten  per  cent,  aqueous  solu- 
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tion  ipf  cdsiii  for  from  five  to  twenty  minutes.  Stain  in 
Uuiin's  iilkaline  mctlivli'iie  hliic  sdliiticm,  diluted  with 
from  one  to  ten  parts  (if  wiiter.  fur  frum  diii'  lialf  to  one 
hour.  Wiisli  in  water.  DiU'eiinliMte  aiul  diliydrate  in 
ninety  livepereeiil.  aleolml  until  the  pink  color  returns 
iu  the  sections.  Clear  in  xylol  aud  raouut  in  xylol 
balsam  or  xylol  dammar. 

Nuclei  stnin  blue,  inlercellular  substance  and  cytoplasm 
red. 

Spixi.M.  Stains. — Bii>ii(U-IIciil(iihiiiii  Tri/ilc  Stuiii. — 
Saturated  aqueous  solution  of  orange  O.  11)0  c.e. ;  satu- 
nited  aijueous  solution  of  acid  fuchsin.  30  c.c.  ;  saturated 
aqueous  solution  of  methyl  ;;reen.  r>0  c.c. 

Prepare  the  above  .siilulions  and  let  them  stjuid  for 
several  days  with  an  excess  of  the  dyes.  Then  mix  the 
solutions  and  dilute  with  water  in  the  proportion  of  CO 
c.c.  of  the  staininir  solution  to  100  c.c.  of  water.  This 
dilute  solution  should  redden  upon  the  addition  of  liydrie 
acetate;  a  drop  of  the  mixture  placed  on  lilter  paper 
shouhl  show  a  Itluish  irreen  centre  and  an  orange  periph- 
ery. If  the  orange  zone  is  surrounded  by  a  red  zone, 
the  mixture  contains  too  much  fuchsin. 

Sections  should  be  stained  for  from  six  to  twenty-four 
hours.  Those  of  tissues  lixed  in  mercuric  chloride  give 
the  best  results.  After  staining  wash  in  water;  dehy- 
drate in  alcohol;  clear  in  xylol;  mount  in  xylol  balsam 
or  danuuar. 

Pifni-.\i-i(l  Fiic/im'n  (Van  Gieson). — Van  Gieson  intro- 
duced this  stain  for  staining  the  jieriplieral  nerves  and 
sections  of  the  central  nervous  system.  His  solution  was 
not  made  up  with  any  definite  proportion  of  the  acid 
fuchsin. 

As  the  results  of  my  experiments  I  have  succeeded  iu 
establishing  the  following  formuhefor  the  staining  Huid: 
For  connective  tissue  the  proportions  giving  the  best  re- 
sults are  5  c.c.  of  a  one-percent,  aqueous  solution  of 
acid  fuchsin  to  100  c.c.  of  a  .sjiturated  aqueous  solution 
of  iiicrie  acid.  For  sections  of  the  central  nervous  sys 
tem  the  proportion  of  theacid  fuchsin  has  to  be  increased 
and  that  of  the  picric  acid  diminished.  The  elements  in 
this  tissue  stain  more  slowly,  consequently  the  prolonged 
acticju  of  the  picric  acid  removes  the  hiTmatoxyliii  from 
the  nuclei.  The  proportions  of  the  staining  agents  that 
have  given  me  the  best  results  are  15  c.c.  of  a  one-per- 
cent, solution  of  acid  fuchsin  to  100  c.c.  of  a  half-satu- 
rated solution  of  picric  acid. 

Sections  of  tissues  hardened  in  illiller's  lluid  or  mer- 
curic-chloride solutions— alcohol  hardening  does  not  give 
as  brilliant  results — are  fi;st  deeply  stained  in  luematoxy- 
lin  (v.  Kahlden  recommends  alum  carmine)  and  then 
well  washed  in  water.  They  are  then  placed  in  the 
picro-acid  fuch.^in  fluid  for  from  one  to  three  nunutes. 
Sections  of  the  central  nervoussystem  rcqvlire  fully  three 
minutes,  those  from  other  organs,  as  a  rule,  rc(|uire  only 
one  minute.  After  the  sections  are  removed  from  the 
staining  fluid  they  are  washed  in  two  alcohols.  I  find 
that  the  addition  of  a  small  amount  of  picric  acid  to  the 
second  alcohol  increases  the  brilliancy  of  the  yellow- 
stain.  The  .sections  are  cleared  in  oil  of  origanum  cretici 
and  mounted  in  balsam. 

This  staining  fluid,  when  u.sed  as  above  described, 
stains  Connective  tissue  fibres  a  bright  red;  protoplasm, 
muscular  tissue,  and  red  blood  cells,  yellow.  The  luvma- 
toxylin  stain  in  the  nuclei  is  usually  changed  in  color; 
sometimes  it  shows  purplish-red,  at"  other  times  black. 
Axis  cylinders,  nerve  cells,  and  neuroglia  fibres  stain  red. 

Kaniorwicz  uses  l.">Oc.e.  of  a  sjiturated  aqueous  solu- 
tion of  picric  acid  and  3  c.c.  of  a  saturated  aqueous  solu- 
tion of  acid  fuchsin. 

He  stains  sections  in  Dclafield's  hivinatoxylin  for  half 
an  hour  and  then  iu  the  picro-acid  fuchsin  for  frotn  three 
to  five  minutes.  He  recommends  the  stain  for  cell 
inclusions. 

Wcif/ert'ii  Sloinfor  ElaMic  Fibres.  — ]io\\  basic  fuchsin 
2  gm..  resorcin  4  gtn.,  in  200  c.c.  of  water;  while  this  is 
boiling  add  '2'}  c.c.  of  liquor  ferri  se(iuichlorati  and  con- 
tinue the  boiling  for,  five  minutes.  Allow  to  cool  and 
filter.     The  dark  precipitate  remaining  on  the  filter  is 
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dis.solved  in  200  c.c.  of  strong  alcohol  by  boiling  the 
filler  in  it.  ISring  up  the  solution  to  200  c.c.  bythead- 
dilimi  of  alcohol;   cool  and  add  4  c.c.  of  hydric  chloride. 

Slain  siciiuns  f(u-  from  one  half  to  one  hour.  Wash 
in  strong  alc<ihol  tmtil  the  color  ceases  to  come  away, 
then  clear  and  moimt  iu  balsam. 

Elastic  fibres  stain  bluish-black. 

Uiuhi'k  Stain  for  Klaxtic  Fibrex. — Orcein  (Gru  bier's),  1 
gm. ;  hydric  chloride,  1  c.c;  alcohol  (absolute),  100  c.c. 
Sections  are  placed  in  the  stain  and  wanned  at  a  temper- 
ature of  30  C.  for  from  ten  to  fifteen  minutes.  The 
stain  becomes  thick  from  the  cva|ioration  of  the  alcohol. 
Wash  in  seventy-per-cent.  alcohol ;  dehydrate  in  strong 
alcohol;  clear  in  oil  of  origanum,  and  mount  in  balsam. 
Eliistic  fibres  stain  a  deep  brown  color.  If  a  nuclear 
stain  is  wanted  stain  in  Unna's  polychrome  methylene 
blue. 

^Yeigert''s  Stain  for  Fibrin. — Stain  sections  of  tissue 
fixed  in  alcohol  or  Zenker's  flind  in  aniline-gentian  violet 
solution  for  five  minutes;  jjlaee  the  s<'Ctions  on  a  slide 
and  absorb  the  surplus  stain  with  filter  paper;  then 
treat  with  iodine,  4  gm. ;  potassium  iodide,  6  gm. ; 
water,  100  c.c.  for  one  minute;  wash  with  water;  de- 
colorize in  aniline.  2  parts,  and  xylol,  I  )iart.  wash  in 
several  changes  of  xylol ;  mount  in  xylol  balsam.  The 
fibrin  threads  stain  blue. 

Jenner's  JU'umI  Sliiin. — Grubler's  water-soluble  eosin 
1.3-per-cent.  aqueous  solution,  100  c.c;  Grubler's  pure 
methjdene  blue.  1-per-ccnt.  aijueous  solution,  100  c.c. 
These  solutions  are  mixed,  allowed  to  stand  for  twenty- 
four  hours,  and  then  filtered.  The  pn'cipilale  is  dried  on 
the  filler  at  5.')^  C,  then  washed  with  distilled  water; 
dried  and  powdered. 

For  use,  a  0..")-per-cent.  solution  of  the  dried  powder  is 
made  in  intre  mcthjil  alcohol.  Cover-glass  preparations 
and  slide  smears  of  blood  are  stained  b.y  immersing  them 
in  this  solution  for  from  three  to  five  minutes;  they  are 
then  washed  in  water;  dried  thoroughly  in  the  air,  and 
mounted  in  balsam. 

JIetai.i.ic  Imphegxatioxs. — Silver  Kitrate. — This  is 
used  chiefly  for  staining  the  cement  substance  between 
cells,  especially  the  endothelium  of  serous  membranes, 
lymphatics,  and  blood-vessels.  It  also  stiiins  the  base- 
ment substance  of  connective  tissue  and  cartilage.  It 
may  be  used  either  in  the  solid  slate  or  in  solution.  The 
tissues  to  be  acted  upon  must  lie  fresh. 

For  membranes,  silver  nitrate  is  used  in  solutions  of 
1  to  300  to  1  to  500.  The  fresh  membrane  (omentum  or 
mesentery)  is  carefully  removed  and  stretched  over  the 
rim  of  a  porcelain  dish,  filled  with  distilled  water,  and  is 
alloweii  to  sjig  in  the  centre  so  that  both  sides  of  the 
membrane  will  be  immersed  in  the  water;  it  is  washed 
carefully  by  agitating  the  dish,  so  as  to  remove  any 
blood  or  albuminous  substance  that  may  be  on  Ihe  sur- 
face. Now  pour  off  the  water  cjirefuUy.  and  fill  Ihe  di.sh 
with  a  1  to  ,500  aqiu'ous  solution  of  silver  nitrate.  Agi- 
tate the  dish  frequently,  and  after  from  twenty  to  thirty 
minutes — when  the  membrane  has  become  semi-opaque 
— pour  off  the  silver  solution  and  wash  carefully  with  <lis- 
tilled  water.  Now  transfer  to  a  dish  containing  alcohol 
and  water  (1  to  2)  and  expo.se  to  the  sunlight  until  it 
becomes  of  a  brown  color.  This  requires  from  twenty 
min\iles  to  half  an  hour.  Preserve  in  glycerin  and  juo- 
teet  from  the  light.  The  silver  is  deposited  in  the  cement 
substance  between  the  cells  as  an  albuminate,  and  after 
being  reduced  by  the  action  of  the  light,  shows  as  fine 
black  or  brownish  lines. 

The  cornea  may  be  treated  with  silver  in  .soluiion  or  in 
the  solid  state.  In  treating  the  cornea  with  Ihe  solid 
salt  proceed  as  follows:  Remove  the  eye  and  rub  the 
anterior  surface  of  the  cornea  with  a  piece  of  silver 
nitrate.  Excise  the  cornea  and  place  in  distilled  water; 
brush  with  a  camers-hair  iiencil  to  remove  Ihe  epithe- 
lium. Then  expose  the  cornea  to  the  action  of  the  light 
until  it  has  become  brown.     Preserve  in  glycerin. 

Silver  in  solution  is  applied  as  follows:  Subiuit  the 
cornea  of  a  freshly  killed  animal  to  the  action  of  a  jet  of 
steam,  and   scrape  off   the  opaque  epithelium,  gently, 
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with  n  »mlpc'l.  Allow  ii  flvr-pcrrcnt.  noliitlon  of  silver 
iiitnilc  til  lldw  over  il.  frimi  ii  |i||iitlf,  fur  twu  nr  three 
liiitiiiirs:  then  wiish  with  u  one  |Mr  niil.  siihilioii  of 
lUHliiiMieiiloliiU':  exeine  iilxi  exiiiiHe  to  the  IIkI'I  inn  mix 
ture  of  iilcohol  luid  water  (1  to  "J)  until  it  iH'conie.s  lirown. 
I're-nTVe  in  ({lyeerin. 

Hy  the.si-  pfiHcssfS  the  litiM'inent  Hultslanre  becomes 
siniiieil  yellowish  brown,  the  eell  spaces  appearing  as 
clear,  irrejjiilar  sliaped  ii|ieninf;s. 

For  injictinjj  the  IiIihhI-vi  s.sels.  a  fourth  per  cent. 
a<|Ueoiis solution  is  u.sed.  Theaniniiil  is  bird  lodeuth,  and 
the  vas<iilar  system  is  witslied  out  with  distilled  water:* 
this  is  followed  by  the  silver  solution,  which  is  allowed 
to  act  for  ten  minutes  and  is  then  washed  out  with  dis 
tilled  water.  Hits  of  lliiu  membrane  arc  removed  and 
expiLscd  lo  the  li.i;ht  until  brown,  and  then  mounted  in 
clvcerin.  In  warmblcxHled  animals  the  solution  shoidd 
i>e  heated  to  :|<I  ('  :  in  cold  bloodid  aidnuds  the  injec- 
tion may  bi'  made  at  the  ordinary  temperature. 

Iloyci-  adds  to  a  solution  of  silver  nilrate.  of  Unown 
strenirlh,  conciMilmted  ammonia  until  the  jirccipitate 
which  forms  is  seen  to  be  just  barely  redissolved;  then 
dilutes  this  .solution  with  distilled  water  until  it  contains 
from  O.r>to  l).75  per  <enl.  of  silver  intnile.  This  solution 
stains  the  cement  substance  only,  leaving  the  onlinary 
ti.ssues  unstained. 

Instead  of  reducing  the  silver  by  light  I  haveemploycd 
an  aijueoiis  solution  of  hydrochinou  (I  lo  1.00(1).  to  which 
isaddeila  few  drops  of  a  saturated  solution  of  anunonium 
carbonate  to  render  it  alkaline.  The  tissue,  after  being 
treate<I  with  the  silver,  is  ])laceil  in  this  sailulion  until  it 
becomes  brown,  which  rc(|uircs  from  live  to  ten  minutes: 
then  it  is  washed  thoroughly  in  water  and  preserved  in 
glycerin. 

A'in'c  CMoriih. — Gold  is  reduced  in  the  bodies  of  cells 
of  cartilage,  connective  tissue,  cornea,  and  epithelium, 
leaving  the  intercellular  substance  free;  also  in  the  axis 
cylinders  of  nerve  tibres.  It  is  very  uncertain  in  its 
action,  but  when  successful  beautiful  pictures  are  ob- 
tained.    Tis,sucs  submitted  to  its  action  must  be  fresh. 

Cohnheim's  Method:  Colinheim.  who  introduced  this 
salt,  ])roceedsas  follows:  Bits  of  fresh  tissue  are  placed 
in  a  one-percent,  solution  of  auric  chloride  until  they 
iK'come  yellow,  and  are  then  exposed  to  the  light  iu 
water  acidulaled  with  acetic  acid  until  the  gold  becomes 
reduced — until  it  becomes  of  a  deep  purple  color;  this 
reipiires  from  one  to  three  days.  The  specimens  are 
preserved  in  glycerin. 

LSwil's  Metliod  :  Liiwit  employs  the  following  method 
for  nerve  tcnninalions  in  muscle:  Bits  of  tissue  are 
placed  in  a  mixture  of  1  part  formic  acid  and  2  parts 
water,  inilil  they  become  transiiarent :  then  for  ten  or 
fifteen  minutes  in  a  oncper  cent,  solution  of  auric  chlor- 
i<le  until  they  become  yellow;  then  in  the  formic-acid 
mixture  for  twenty  fi>ur  hours  in  a  dark  place:  then  for 
twenty-four  hours  in  pure  formic  acid  in  the  dark. 
Afterthis  they  are  washed  in  distilled  water  and  pre- 
s-^rved  in  glycerin. 

Hanvier's  Method:  Bits  of  fresh  tissue  are  placed  in 
fresh  filtereil  lemon  juice  until  they  become  transparent; 
tlic'U  are  washed  in  waterand  placed  in  a  one-percent,  so- 
lution of  auric  chloride  for  tifteen  to  twenty  minutes: 
then  again  wa.shed  in  water,  and  placed  in  dilute  acetic 
acid  {'i  drops  to  .5i>c.c.  of  water),  and  exposed  to  the  light 
for  two  to  three  days,  when  the  reduction  will  become 
complete.  In  the  case  of  muscle  Han  vitT  places  the  tissue 
from  the  golil  solution  in  a  twenty-per  cent,  solution  of 
formic  acid  in  the  dark  for  twelve  hours,  when  the  re- 
duction is  comiilete. 

lie  also  employs  the  following  mixture:  One-por-cent. 
solution  of  auric  chloride,  4  parts;  formic  acid.  1  part; 
boil  and  allow  to  cool.  Bits  of  fresh  tissue  are  placed 
iu  this  mixture  for  twenty  minutes;  then  washed  in 
water,  and  placed  in  formic  acid  1  part,  water  4  parts, 
in  tlu>  ilark  for  twenty-four  hours. 

*Heirli  isitztier.  <l.  Wien.  Akad..  IKDi  u.««i  a  one-«lKli(li  lo  one- 
foartti  per  iiMit.  solution  of  potassium  nllrate  iu  water  tor  waslUnir 
out  Uie  vessels. 


Pritchnnl's  Metho<l:  After  thi-  tissue  hits  Im-ch  treated 
with  the  jii.lil  MilutioM.  I'rilihurd  reducei.  the  gulil  with- 
the  follnwing  mixture.  Amvl  ulinhol,  1  c.c.  :  fonnic 
aclil,  Ice;  water,  IM*  c.c.  The  tissue  is  removed  from 
the  golrl  solulion,  washed  in  water,  and  placed  in  the 
above  nu'xture  for  twenty  four  hours  in  the  dark,  when 
it  will  priibablv  have  become  of  a  virdet  color;  If  not,  it 
is  jilaeed  in  a  freKli  (|inuilily  of  the  Miiid  for  twenly-four 
hours  longer.     Wash  in  water  ami  hanlen  in  alcohol. 

Chrchlschonovilschs  Method:  The  fff  '  •:  ■■,  {g 
placeil  in  a  one-half  per-ccni.  solution  of  aip  .  for 

from  thirty  to  forty  live  minutes;  then  in  ■  :iter 

for  Iwenty-fimr  hours;  then  in  a  Katural<-i|  solution  of 
tartaric  acid,  at  a  temperature  of  ."tO'  C,  until  the  gold 
is  reduced;  it  is  washed  in  wati'riinil  hardened  in  alcohol. 

A 11  n'r  a  11(1  I'niiiuiium  Chlnridi. — This  is  of  a  more  un- 
varying composition  than  the  siinide  chloriile;  it  is  per- 
fectly iicutral-in  its  reaction,  and  its  solutions  are  more 
stable.  It  is  used  iu  solutiiins  of  the  same  strength  as 
auric  chloride.  As  a  reducing  agent  Iloyer  emplnys  the 
ordinary  pyrogallic  aciil  developing  solution  used  in 
photograph  v.  He  ailds  one  or  two  drops  of  this  solution 
to  SO  c.c.  o{  water,  and  places  the  specimen  in  this  for 
sixteen  to  twentv-four  hours. 

Onmir  Acid. — 'The  properly  pos.ses.se<I  by  osmic  acid  of 
staining  fat  Idack  makes  il  a  useful  stain  for  the  medul- 
laled  nerve  lilires.  It  alsostains  some  other  tissues  vari- 
ous shades  of  black,  but  its  action  is  uncertain.  At 
present  it  is  used  chiefly  for  staining  fat  and  nervous 
tissue. 

It  is  best  used  in  the  form  of  vapor,  as  its  penetrating 
power  is  then  greater.  The  specimen  to  l)e  submitted  to 
the  action  of  the  vapor  is  pinned  out  on  a  cork  tilted  to  a 
wi<lc-mouthed  bottle,  in  the  bottom  of  which  a  few  crys- 
tals, or  a  few  cubic  centimetres  of  a  strong  solution,  of 
osmic  acid  arc  placed  and  left  until  the  desired  coloration 
is  obtained. 

It  may  also  be  used  in  solution  in  water  or  glycerin  of 
the  strength  of  from  one-half  to  one  per  cent,  h'niall  bits 
of  the  tissue  arc  placed  in  the  solution  for  from  one-half  to 
twenty-four  hours,  and  then  washed  thoroughly  in  water. 
Or  a  mixture  of  1  part  glycerin.  1  part  alcohol.  1  to  3 
parts  water,  and  1  part  of  a  one-per  cent,  solution  of  the 
acid  may  be  used.  Specimens  may  remain  in  this  mix- 
ture for  several  days,  until  they  are  sufficiently  stained. 

All  osmic  acid  piei>anitions  should  be  ijreserved  in 
glycerin. 

Overstained  specimens  may  be  bleached  by  hydrogen 
peroxide. 

Mktiiods  ok  Injecting. — Self  ■injection  of  the  Living 
Aiiiiiiiil. — This  is  accomplished  by  allowing  a  definite 
(luantily  of  blood  to  escape  from  an  opening  in  a  vein  of 
a  living  animal,  and  replacing  the  blood  lost  by  some 
innocuous  coloring  matter,  so  that  by  the  contractions  of 
the  heart  the  vessels  are  filled  with  much  less  injury  than 
by  an  injection  apparatus. 

C'hr/.onszczewsky  recommends  a  solution  of  7.75  gm. 
of  carmine  in  3.6  c.c.  of  ammonia,  to  which  is  added  30 
c.c.  of  distilled  water.  This  fluid  is  to  be  filtered  before 
injecting.  Ten  cubic  centimetres  of  blood  are  removed 
from  the  jugular  vein  of  a  medium  sized  rabbit,  and  10 
c.e.  of  the  above  fluid  injected.  If  the  larger  vessels  are 
now  rapidly  ligated.  first  the  vein  and  then  the  artery,  a 
physiological  injection  of  the  blood-vessels  is  obtained. 
Good  results  are  obtained  in  the  case  of  the  kidney,  spleen, 
etc.  The  injection  may  also  be  accomplished  by  placing 
the  above  fluid  in  the  stomach,  rectum,  and  abdominal 
cavity;  and  in  amphibia  by  placing  it  in  the  lymph  cav- 
ities." After  the  injection  is  accomplished  the  organs  are 
placed  in  acidulated  alcohol,  to  cause  the  fixation  of  the 
cannine. 

This  solulion.  as  well  as  the  sulphiudilate  of  sodium, 
when  injected  in  large  quantities,  is  rapidly  excreted  by 
the  kidneys,  and  the  latter  substance  is  precipitated  in 
the  biliary  pa.ssijges.  If  the  ureter  is  ligated  immediately 
after  injecting  a  rablnl  and  the  animal  is  killed  at  the 
end  of  an  hour,  the  urinary  tube  will  be  found  filled  with 
carmine.     In  injecting  the  biliary  passages  it  is  not  nec- 
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cssiirv  lo  li'Tiite.  Tlii'  bloodvussi-ls  of  flic  Drpiii  iirc  to 
.be  washed  (lilt  and  tlic  original  colorinir  matter  tlial  re- 
mains in  tlieni  is  In  lie  re|ilace<l  with  aiiotlier.  'Plie 
orirans  injected  with  the  siil|iliiii(lihil<'i>t  scxliiiin,  alter  I  lie 
blood-vessels  have  been  washed  out.  ale  plaeed  in  a  coii- 
centniled  solution  of  caUiiim  chloride,  then  in  alcohol, 
when  the  colorini;  nialter  will  beconie  li.xcd. 

Ileidcnhaiii  found  that  the  comniereial  indigo  carmine 
■was  composed  of  aniixtureof  substances,  geiierallv  three 
in  number:  (1)  indigo  bUie-siil|ihale:  (2i  iiiiligo  blue  hy- 
liosiilphate;  (:i)  iihonizincsulidiateof  s(Mliuiii.  He  found 
for  the  purpose  of  injection  that  1  and  :J  wer<>  the  only 
ones  useful.  He  injects  2.^  to  .50  c.c.  of  a  cold-siiluiated 
solution  of  one  of  I  he  above  salts  into  the  vein<if  a  iiiediuni- 
sized  rabbit,  and  ."iO  to  7.5  c.c.  intotlmtof  a  medium-sized 
dog.  After  the  animals  have  pas-scd  blue  urine  for  some 
time  they  are  killed  by  bleeding,  anil  the  coloring  matter 
i^  ti.xed  by  injecting  I  he  kidney  through  the  renal  vessels 
with  absolute  alcohol. 

For  injecting  the  biliary  passagesof  the  frog,  he  places 
a  piece  of  imligocarmine.  the  size  of  a  pea,  in  the  lymph 
sac  of  the  thigh,  and  closes  the  wound  in  the  skin  lirmly. 
After  twenty-four  hours  the  biliary  pas,S!tges  will  be 
found  beautifully  injected. 

Jiijidion  after  Deiitli. — For  tilling  the  vessels  of  an  ani- 
mal afier  dealh.  or  the  vessels  of  a  removed  organ  or 
tumor,  we  employ  two  kinds  of  injecting  masses:  one 
fluid,  the  other  solid  at  ordinary  temperature — cold-  and 
warni-Howing  masses. 

Ojlil-Jtoiriiiy  JtdiuHv. — If  a  solution  of  gelatin  in  water, 
to  which  is  added  a  little  ammonia,  be  boiled  for  several 
hours  on  a  water  balh,  the  gelatin  is  converted  into 
metagelatin,  and  no  longer  congeals  upon  cooling.  To 
this  fluid,  as  a  vehicle,  may  be  added  various  coloring 
substances,  when  a  good  cold-flowing  mass  will  be  ob- 
tained. After  injecting,  the  object  is  placed  in  forma- 
lin, which  coagulates  the  metagelatin.  The  addition  of 
glycerin  and  ciiloral  hydrate,  after  Hoyer's  method,  will 
preserve  the  mass  for  some  time. 

Ueale's  CoUl-tlowing  Fluid:  Blue — Dissolve  0.T77  gni. 
of  potassium  ferrocyanide  in  30  c.o.  of  glycerin :  mix  3.6 
c.c.  of  tinct.  ferri  nuir.  with  30  c.c.  of  glycerin:  add  the 
iron  mi.xliire,  drop  by  drop,  to  the  potassium  ferrocyanide 
solution.  Then  add  to  this  mi.xture  5..5  c.c.  of  methylic 
alcohol.  30  c.c.  of  alcohol,  and  8S  c.c.  of  water,  shaking 
strongly. 

Carmine — Mix  1  gm.  of  jnilverized  caniiine  with  a  lit- 
tle water  and  sufticient  ammonia  to  dissolve  the  carmine: 
add  .50  c.c.  of  glycerin  and  shake  well.  Then  add  grail- 
ually.  with  constant  shaking,  100  c.c.  of  glycerin,  acid- 
ulated with  2.5  to  30  drops  of  UCl  or  acetic  acid.  Test 
the  fluid  with  litmus  paper,  and  if  it  is  not  decidedly  acid 
add  a  few  drojis  of  acid.  Then  add  '25  c.c.  of  alcohol 
and  75  c.c.  of  water. 

Robin's  Cold-flowing  Fluids:  Robin  uses  as  a  vehicle 
2  parts  of  glycerin.  1  part  of  alcohol,  and  1  part  of 
■water,  combined  with  a  third  or  a  quarter  of  its  volume 
of  the  following  coloring  masses; 

Camiine — Rub  up  3  gm.  of  carmine  in  a  mortar  with  a 
little  water  and  enough  ammonia  to  dissolve  the  car- 
mine; add  .50  c  c.  of  glycerin,  and  tiller.  Add  a  ten-per- 
cent, solution  of  acetic  acid  in  glycerin,  drop  by  drop, 
until  a  slightly  aeiil  reaction  is  olitained, 

Prussian  Ulue— (")  Potassium  ferrocyanide  (sat.  sol.), 
90  c.c. ;  glycerin,  .50  c.c.  (A)  Liquor  ferri  perchloridi. 
80°,  8  c.c. ;  glycerin,  .50  c.c.     Mi.x  (<()  with  (i)  slowly. 

Green — Saturated  sol.  potas.siiim  arsenite,  80  c.c  and 
glycerin,  .50  c.c,  are  mixed  with  saturated  solution  of 
ciipne  sulphate,  40  c.c,  and  glycerin,  .50  c.c. 

Yellow — (1)  Cadmium  sulphate  (sat.  sol.),  40  c.c. ;  glyc- 
erin, .50  c.c.  (2)  Sodiiiiii  sulphide  (sat.  sol.\  30  c.c.  : 
glycerin,  .50  c.c.  Mix  (I )  with  (2)  with  constant  shaking. 
Wnrm-Jlinring  MdKius, — Robin's  Gelatin  Vehicle:  One 
part  of  gelatin  is  soaked  in  seven,  eight,  nine,  or  ten 
parts  of  water,  according  lo  the  consistence  of  the  mass 
wanted,  and  when  soft  is  melled  on  a  water  balh.  This 
vehicle  is  then  combined  with  any  of  the  coloring  masses 
just    mentioned  in  the  luoportion  of  one  jiart  color  to 


three  i)arts  vehicle.  Filter  through  flannel  before  inject- 
ing. 

Thiersih's  Prus-sian  Blue  Mass:  (1)  A  solution  of  gela- 
tin, one  pan  to  two  parts  water;  (2)  .saturated  aqueous 
solution  of  ferrous  sulphate;  (3)  Siiturated  solution  of 
polas.sium  ferrocyanide;  (4)  saturated  solution  of  o.xalic 
acid. 

Mix  12  c.c.  of  (2)  with  30  c.c.  of  (1),  at  a  t<'niperature 
of  50  C.  Mix  at  the  same  temperature  '24  c.c.  of  (3) 
with  (iO  c.c  of  (1).  and  add '24  c.c.  of  (4).  with  constant 
stirring.  Add  this  solution  to  thesolution  of  gelatin  and 
iron  :  stir  constantly  until  all  the  Prussian  blue  is  precip- 
i  italed.  Heat  on  a  water  bath  to  100°  C,  and  filter 
through  flannel. 

Ranvier's  Prussian  Blue  Mass:  Preiiare  the  Prussian 
blue  as  follows:  Add  to  a  saturated  solution  of  ferrous 
sulphate,  in  water,  a  saturated  aiiueoussolution  of  potas- 
sium ferrocyanide.  Filter  through  a  double  filter  of  felt 
and  paper.  Wash  with  distilled  water  for  several  days, 
until  tile  flltrale  has  a  dee))  blue  color.  The  Prussian 
blue  has  now  become  soluble.  The  jirecipitate  is  then 
dissolved  in  distilled  water,  and  the  solution  kept  in  bot- 
tles until  wanted. 

Twenty-live  parts  of  this  solution  are  mixed  with  one 
part  of  gelatin.  The  gelatin  is  soaked  for  half  an  hour 
in  water,  and  melted  in  the  water  it  1ms  absorbed,  on  a 
water  bath.  Heat  the  Prussian  blue  fluid  to  the  same 
temperature,  and  mix  with  the  gelatin  solution,  gradu- 
ally, under  constant  stirring.     Filter  through  flannel. 

Thiersch's  Carmine  Mass:  Carmine.  1  pari  ;  aminonia, 
1  part;  water,  3  parts.  Dissolve  and  filler.  JIake  a 
solution  of  gelatin  in  water,  1  to  2.  Heat  to  80°  C.  on  a 
water  bath,  and  add  1  part  of  carmine  fluid  for  every  3 
parts  of  gelatin  solution.  Then  add  acetic  acid,  drop  by 
drop,  stirring,  until  the  free  ammonia  is  used  up.  Inject 
at  a  temperature  of  30    lo  3.5'  C. 

Gcrlach's  Carmine  jMa.ss:  Dissolve  5  gm.  of  cjirmine  in 
a  mixture  of  4  c.c  of  water  and  0.5  c.c.  of  ammonia. 
Allow  it  to  stand  several  days,  and  mix  with  8  parts  of  a 
solution  of  gelatin,  1  to  2.  Filter  and  inject  at  a  tem- 
perature of  40'  C. 

Ranvier's  Carmine  Mass;  Rub  up  2..5  gm.  carmine 
with  a  little  water,  and  just  enough  ammonia  to  bring 
the  carmine  in  solution.  Soak  5  gm.  of  gelatin  in  water, 
and  iiiell  on  a  water  liath  in  the  water  it  has  absorbed. 
Add  the  carmine  fluid  slowly,  with  constant  agitation. 
Neutralize  the  free  ammonia  by  adding,  drop  by  drop,  a 
mixture  of  acetic  acid  and  water,  1  to "2.  Filter  through 
flannel. 

Thiersch's  Yellow  Mass:  (1)  One  part  of  gelatin  in  2 
parts  of  water;  (2)  1  part  of  neutral  potas.siuin  chromate 
in  11  parts  of  water;  (3)  1  part  of  plumbic  nitrate  in  11 
parts  of  water.  Mix  4  parts  of(l)  with  2  jiarts  of  (3). 
In  another  vessel  mix  4  parts  of  (1)  with  1  parts  of  (2). 
Heat  both  mixtures  to  30  C,  and  then  combine,  with 
constant  stirring.  Heat  on  a  water  bath  to  90°  C,  and 
Alter  through  flannel. 

Thierseirs  Transparent  Green  ^lass:  Combine  the  blue 
injection  mass  in  various  proiiortions  with  the  yellow 
mass. 

Frey's  White  Mass;  Precipitate  125  to  185  c.c.  of  a 
cold-satunited.  aquemis  solution  of  barium  chloride  by 
adding  sulphuric  acid  drop  by  drop.  Allow  the  ju'ecip- 
itate  to  settle  for  twenty-four  hours,  and  decant  the  clear 
fluid.  The  remaining  mucilaginous  mass  is  mixed  with 
an  equal  volume  of  strong  gelatin  solution. 

Ilartig's  White  Mass:  Dis.solvc  125  gm.  of  lead  acetate 
in  enough  water  to  make  the  whole  weigh  500  gm. 
Dissolve  i)5  gm.  of  sodium  carbonate  in  enough  water  to 
make  the  whole  weigh  .500  gm.  One  volume  of  I'ach  of 
the  above  solutions  is  mixed  with  two  volumes  of  strong 
gelatin  solution. 

Fol's  Dry  Masses:  Carmine — An  indefinite  quantity  of 
aminonia  is  mixed  with  four  times  its  volume  of  water, 
and  carmine  is  added  ;  after  it  has  been  standing  an  hour, 
with  occasional  shaking,  no  deposit  should  remain;  then 
filter.  Soak  gelatin,  in  shreds,  for  two  days  in  asullicient 
quantity  of  the  carmine  solution.     Then  melt  on  a  water 
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lllialiilo;*ll  al 


liiitli  Willi  ii8inull  (|iiitntity  of  thcHoliitinii.  Wlii-ii  iiicltcd 
uilil  lU't'tic  iiciil  until  llic  riiliir  Ih-ciiiiiis  hlmnl  nil.  Iiikiiii; 
-^  iiiri' not  liiailii  iiii  i'Mtss  of  ariif- 

Too  lilllc  iiciii  is  not  :i  liisiiclviin- 
tap':  tiKi  iiiiii'li  will  niiisi' a  ^'nin- 
iilar  pn  ri|iilal<'.     Allow  ilir  mass 

to  I I.  iiliil   lir  up  in  a  pii'cc  of 

inai-sc  nrt.  mill  by  prrssin;;  with 
'III'  liiiiiils.  iiiiiirr  waliT  iiciiliiiati'il 
willill.  1  prrrinl  arilii- aiiil.  force 
till'  iiiiiss  out  into  M  rniirclli  like 
stiiiij;s.  Tlirsi'  arr  plairil  in  a 
sirvc.  washi'ii  will  with  riinnini; 
wiitiT,  anil  ilririi  on  waxril  paper. 
Uliii-  Ma-ss — Till'  nia.'is  is  prr- 
pariil  iici'onlini;  to  Tliii'rsfli's 
forniiila.  Aflir  cooliiij;  prrss  out 
into  vrrniiirlli.  as  aliovi'.  anil  ilrv 
nil  waxril  paper.  For  use.  soak 
the  veriuiei'lli  in  water;  when 
>ort.  inell  with  eiioii;;!)  satuniU-d 
Miliition  of  oxalic  aeiil  to  render 
I  lie  mass  tliiiil. 

Itrown  anil  HIack  Masses — Soak 
•"ill  ,i:ni.  of  i;i'latin  in  ".JIMI  e.c.  of 
wilier  in  whieli  is  ilissolved  14 
L'm.  of  sodium  eliloride.  Melt  on 
a  water  lialli.  and  stir  in  liriskly 
a  solution  of  30  jjin.  of  silver  ui- 
tnile.  ilissolved  in   100  c.c.  of  dis- 

Ck  tilled  water.    This  produces  a  tine- 

^  i:iaini'd,  while  emulsion,  which  is 

■  allowed  III  cool.     When  cold,  press 

■  nut  into  verinicelli.  as  above,  wash 

m  in    runninjr    water,  and    by   clear 

-     — '  dayliirhl  mix  with  ihe  foliowiiii;; 

('old-sjituraled    aiiueous    solution 
of  piita.ssic  oxalate.  300  c.c. ;  cold- 
satiirsited  aiiueous  solution  of  fer- 
When  the  mass  has  become  black 
runninij  water  for  .several  hours, 
vermicelli  on   waxed   paper.      The  color  of 
this  mass,  by   transmitted    liclil,   is 
sepia -lirowii.     If  a   jrrayblack  tint 
is  wanted,  substitute  2-1  irni.  of  po- 
tassium   bromide    for    the   sodium 
chloride  in  the  first  solution. 

liijirtliiij     iriih     a     Si/iiiir/e. — The 
syiinu'e  for  this  purpose  sliould  be 
made  of  brass 
or  (ierman 
silver,   and 
should  be  of 
the    form   of 
that     shown 
in  Fig.  2fiif3. 
Such  a    syr- 
inge, \v  i  t  h 
half  !i  dozen 
CAnnul.t,'      of 
various  sizes 
will    answer 
all  purposes 
for  which  a 

syringe  can  be  used.    It  can  be  used 
only  for  injecting  small  organs. 

A  cannula  is 
tied  in  the  vessel 
and  tilled  with  a 
three  -  fourths- 
per  •  cent,  salt 
solution. 


eliideall  iilr  lli.  -.  i  ,,,„,  ,-.  i..  i.,  •,,,;„  :,,n  „••//!•■  up.  mid 
a  few  drops  nf  the  injeeling  iiium.  are  expelled.  The  noz- 
zle of  the  syrini.'e  i>.  llu  n  Ihm  iii  .1  in  the  cunnulu  and  the 


-■"■'■t:.      Injecting 
syringe. 

rolls  sulphate.  100  c.c. 
throughout,  wash  in 
and  lirv  tl 


y 


IKi^ 


Fig.  ai!M.— Ludwlg's  Men'ury-pressure  Apparatus. 

injection  made  slowly  and  steadily.  On  account  of  the 
dilliciilty  of  keeping  up  a  steady  pressure  by  the  band, 
Ihe  method  of  injecting  with  the  syringe  has  been  prac- 
tically discarded. 

liijictiiig  iril/i  VonKtitiii  Picusinv. — The  pressure  is  ob- 
tained in  this  case  by  a  column  of  mercury  or  water. 


CL 


^^ig-^'-^>U„ 


III      '^/l  The  syr- 
//ingeistiien 

J\ 


Fig.  aRO.— Memiria!  Injeotinir  Apparatus. 


tilled  with 
the  inject- 
ing mass, 
and  to  ex- 


FiG.  2895.— Water-pressure  Injecting  Apparatus. 

In  Fig.  2693  is  shown  a  simple  form  of  a  mercurial  ap- 
paratus. The  bottle  .1  is  tilled  two-thiids  full  with  the 
injecting  mass,  which  flows  through  the  rubber  tube  i. 
The  bottle  A  is  connected  with  the  bottle  />.  which  is 
partially  filled  with  mercur)-.  The  tube  rf.  with  a  funnel 
end  c,  is  fitted  airtight  into  the  cork  ij(all  joints  must 
be  air-tight).  Upon  pouring  mercury  into  the  tube  d, 
it  flows  down  into  /?,  compressing  the  air,  which  in  turn 
compresses  the  air  \n  A.  and  forces  the  injecting  mass 
out  tlirousrh  ('. 

In  Fi!j.'2694  is  shown  the  more  satisfactory  apparatus 
of  Ludwig.     It  consists  of  two  Wolff's  bottles.  </.  whicli. 
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contains  I  lie  nierrurv,  and  *,  into  wliirli.  owinsr  to  tlie 
diiroivncf  in  tlir  li'vi'l  of  llic  Iwo  IhiIiUs,  iIii-  niircury 
flows.     Tliis  compresses  the  air  in  b,  which,  ik  tinLr  on 


FIG.  3008.— Serres  Fines. 


Fig.  2896.— Hartinn's  InjectlnK  Tank. 


the  injecting  fluid  in  r,  causes  tlie  latter  to  flow  out 
through  the  tube.'/.  Tlie  pres.sure  bottle  a  rests  on  a 
wooden  support,  which  is  raised  by  the  screw  d,  until 
surticient  pressure  is  obtained.  The  mercurial  man- 
ometer attached  to  the  bottle  c  is  for  indicating  the 
anioiint  of  luessure.  If  a  gelatin  mass  is  employed,  the 
bottle  '-•  must  be  i)laced  in  a"  vessel  of  warm  water. 

The  water-pressure  apparatus.  Fig.  'iOO.").  is  arranged 
as  follows:  The  flask  C  is  for  holding  the  injection  mass, 
and  is  connected  with  the  pressure  botlle  />  by  a  rubber 
tube.  Tlie  manometer  M  is  for  measuring  the  pressure. 
Tlie  pulley  Pis  fi.ved  to  the  ceiling,  and  through  it  a 
rope  pases"  which  is  attached  to  the  can  u,  to  the  bottom 


a 


of  which  is  attached  a  rubber  tube  connected  with  the 
bottle  B.  The  can  «  is  filled  with  water  which,  upon 
raising  the  can.  flows  into  B,  compressing  the  air.  The 
compressed  air  acting  on  the  injecting  mass,  forces  it 
through  the  rubber  tube  and  cannula. 

The  amount  of  pressure  can  be  regulated  by  the  dis- 
tance of  the  can  a  above  the  bottle  B. 

In  using  warm-flowing  masses  it  is  necessary  that  the 
object  to  be  injected  and  the  masses  should   be  kept 
warm.     The  injecting  tank  of  Harting.  Fig.  2696,  will 
be  found  very  convenient  for  this  jiurpose 
fonited  shelf   <•  is 

for  the   injecting ^- 

flasks,  the  shelf  d{  ( 

for  the  object  to  ^ 

be  injected.     Tlic 
tank  is  filled  one- 
third   full   with   water,  which  is  heated  by 
burner  placed  underneath. 

In  Fig.  2097  are  shown  several  forms  of  injecting  can- 
nula?. The  two  upper  ones  are  made  of  brass,  and  shoidd 
be  of  different  sizes.     The  lower  one  is  made  from  a 


Fig.  2897.— Injecting  ConnulK. 

piece  of  gla,ss  tubing.  Several  stopcocks.  Fig.  2699, 
fitted  to  the  brass  cannuhr.  are  to  be  provided.  Also  a 
dozen  or  more  series  lines  (Fig.  2698),  which  are  used  for 
clamping  leaking  ves-sels. 

IiiHi'tiiifi  an  Entire  Animal. — The  animal — a  rabbit  or 


guinea-pig — is  rendered  insensible  with  chloroform.  The 
Ihora.N  is  opened  by  making  an  incision  through  llic  skin 
over  the  sicnium  and  cutting  out  a  small  window  over 
the  base  of  the  heart.  The  pericardium  is  opened,  the 
heart  pulled  out  and  its  ape.x  cut  off,  the  animal  lieing 
allowed  to  bleed  to  death.  The  aoria  is  exposed,  care 
being  taken  not  to  injure  the  ves.sels;  a  cannula  is  inlro- 
duced  I  Fig.  2697)  through  the  left  ventricle  into  tlie  aorta 
and  fasteiicd  firiiily  wiili  a  ligature,  the  ends  of  the  lat- 
ter being  tied  around  the 
arms  of  the  cannula,  or 
around  the  constriction  of 
the  glass  one,  if  it  be  used. 
If  a  glass  cannida  be  used, 
a  piece  of  rubber  tubing 
is  attached  to  the  large 
end  and  the  whole  tilled 
with  a  three-fourths  jier  cent,  salt  solution.  The  latter 
is  retained  by  placing  a  spring  clip  upon  the  end  of  the 
rubber  lube.  The  cannula  is  thin  intiddiiced  as  above 
and  tied. 

The  vessels  are  now  washerl  out  with  a  thiee-fourths- 
per-cent.  salt  solution.  This  is  accomplished  as  follows: 
The  animal  is  placed  upon  the  shelf,  il.  of  the  injecting 
tank.  Fig.  2696,  the  water  in  whi<-li  has  been  licali'd  by 
a  BuMscii  burner  jilaccd  underneath.  A  flask,  tilled  two- 
thirds  with  salt  solution,  is  placed  on  the  shelf  r,  and 
connected  with  the  ])ressurc  bottle  B.  Fig.  209.5.  A 
piece  of  rublier  tubing  attached  to  a  stopcock  is  con- 
nected with  the  delivery  tube  of  the  flask.  The  jircssure 
is  now  applied  by  raising  the  can  n.  Fig.  2695,  until  the 
manometer  registers  aliout  .50  nun.  Now  the  stopcock 
is  opened  and  all  the  air  allowed  to  escape:  then 
the  stopcock  is  connected  with  the  cannula  in- 
troduced into  the  aorta.  The  Siilt  solution  is 
allowed  to  run  through  the  vessels  until  it  es- 
capes perfectly  clear  from  the  light  side  of  the 
heart. 
The  stopcock  is  now  closed  and  disconnected 

§\  from  the  cannula,  and  a  flask  containing  the  in- 
I  jecting  mass  is  substituted  for  the  one  conlain- 
I  ing  the  salt  solution.  The  stopcock  is  opened, 
/  and  as  soon  as  the  injeclin.g  mass  flows  free 
from  air  bubbles  the  stopcock  is  coiuiccted  with 
the  cannula  as  above.  The  injection  is  con- 
tinued until  the  mass  flows  from  the  right  side 
of  the  heart,  and  is  allowed  to  run  for  from 
twenty  minutes  to  half  an  hour.  A  ligature  is 
tlu'U  tied  around  the  vessels  connected  with  the 
right  side  of  the  heart,  and  the  injection  is  con- 
tinued, the  pressure  being  gradually  increa.sed  to 
not  over  100  mm.,  until  tlie  vascular  system  is 
filled,  which  can  be  judged  from  the  color  of  the 
cars.  lips.  etc.  When  the 
injection  is  completed  the 
vessels  at  the  base  of  the 
heart  are  ligaled.  the  stop- 
cock is  disconnected,  and 
the  animal  put  in  a  cold 
place  until  the  gelatin  has 
set.  The  organs  and  parts 
wanted  are  then  removed 
alcohol. 

For  injecting  a  single  organ — the  kidney — the 
animal  is  killed  by  bleeding,  the  abdominal  cav- 
ity  is   opened,  and    the    intestines  are    pushed 

T\   aside.     The  renal   artery  is  separated    from   its 

V  \  surroundings  with  forceps;  then  the  renal  vein 
\  Jj   in  the  same  way.     The  artery  is  opened  by  a  val- 

1/    vular  opening,  a  cannula  is  inserted  and  firmly 

tied.  An  opening  is  then  made  in  the  vein. 
The  organ  is  washed  out  w  ith  salt  solution,  which  is  fol- 
lowed by  the  injecting  mass.  The  constant  pressure  ap- 
paratus is  to  be  used.  After  the  injection  is  coni]ileled 
a  ligature  is  passed  around  both  vessels  close  to  the 
organ,  which  is  removed  and  hardened  in  alcohol. 

For  injecting  pathological  new  formations,  cold  flow- 
ing masses  are  to  be  iireferred.     The  pressure  employed 


Fig.  2699.— Stopcocl;. 
and    hardened    in 
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tiiiiHt  l)c  iiuHturutc  iinamiiint  iif  tliv  tliluni-tw  of  tin-  wiiIIr 
iif  llir  IiIcmiiIvi'KscIm.     Till'  wrics  Iliii'B  will  lie  In  f^rcat 
cli'iiiiiiiil  fur  I'lii'i'kiii);  till'  li'iikii),'!'  froni  tlic  niiiiicrdiiH  hit 
»ial  liniiiiliis  iif  III!'  IiIikhI  vcssi'U. 

ik-iili/r  /iiji-fli,iiit.  —  l)im\<\r  ill  jiilioiis  aif  lii-sl  iiiiuli'  liv 
iiijiM'tiii^  llic  iirlrry  anil  viin  :ii  iln'  kiuih'  linii-.  willi  iljf- 


Km.  arm.   ri|>'iii'. 

fiTent  c'olori-il  iiiii.s$i-s — iiirininr  fm  tin-  iirlrrv.  Tiliir  for 
till'  vi'in. 

A  T  mill'  is  iiltmlli'il  Id  llir  iiillirt  llilir  iif  llir  |iri'ssiiii' 
boltir  />'.  Klir.  °2(!l).°i.  anil  froni  rarli  arm  a  nililicr  tulii- is 
larriril  ri>  llasks  ciiiilainiiif;  llir  injrrlinL'  niassi-s.  'I'lirsr 
arr  llicn  coniHTlfil  willi  ilu'  cannula'  fasti-ni'il  in  llii' 
arli'i'v  anil  vein.  liy  lliis  niians  Imtli  wis  of  vrssi'ls 
all'  lillril  111  till'  sanii'  tiiiir  tiinl  uiulrr  llii'  sanii'  pirssurr. 
Till'  |iris.siiri' at  lirsi  nnisl  lir  low.  si>  lliat  llii'  iirlrrii'S 
nnil  veins  shall  lir  ('iini|ilrlrlv  lllli'il  lii'fiirc  rilliVr  mass 
passi's  intii  llic  i-a|iillaiics,  riir  pri'ssiiii'  is  linaily  in- 
(Ti'iisi'il,  anil  t-acli  set  of  capillarii's  will  lir  lilliil  wiili  its 
prnpiT  mass. 

liijifliiin  of  Li/miifiiitifn. — Fur  inji'ilini,'  lyniphatii's  the 
piinc'turc  nK'thoil  is  the  iiiit'  cliii'lly  I'liiplnyi'il.  The 
pniKtiire  can  lie  inaile  from  the  lavily  of  a  lilooil-vessel 
into  the  surrouniliiiir  tissue,  wiili  the  iilea  that  a  lyinjili 
vi'.s.si'l  may  be  opeiiiil  ami  that  thus  tiotli  sets  of  vessels 
may  he  injeeteil.  Or  it  may  lii'  maile  into  the  tissue  and 
the  injection  luaile  from  this.  The  punclure  must  not 
lie  niaile  at  runilom.  but  in  the  direction  in  which  small 
lymphatics  are  supposed  to  e.\ist.  The  injection  is  made 
with  a  syriii!.'!'  tilled  to  the  small  cannula  used  for  ])unc- 
turinir.  and  cold  tlowin;:  ma.s.ses  are  to  be  used.  If  the 
e.xtnivastitiou  is  small  and  remains  so,  the  injection  is 


Fli;.  -Till.— fliK-lii(t  ihe  Cover  lila&s  In  rnslliun. 

likely  to  succeed;  but  if  the  cxtrava.sation  grows  rapidly, 
the  procedure  is  a  failure  and  a  new  attem])t  is  to  be 
made.  • 

Metiiops  ok  MofNTiXfi. — Specimens,  after  beinjr  duly 
prepared,  arc  moiinled  on  jrlass  slides  for  study  and  i>res- 
ervalion.  The  usual  form  of  slide  is  known  as  the 
Enirlish.  It  is  made  of  plate  glass,  iniasuriiig  one  by 
three  inches,  with  the  edges  ground  smooth.  For  cover- 
ing the  specimen  thin  pieces  of  glass,  cither  circular  or 
siiiiare  in  form,  and  of  a  size  suitable  to  the  specimen, 
are  used.     Tlies<>  are  known  as  cover  glasses. 

The  slides  and  covers,  as  received  from  Hie  dealers,  are 
generally  covered  with  an  oily  material,  making  it  dif- 
ficult to  clean  them.  This  material  may  be  removed  in 
the  following  manner:  Soak  the  slides  and  covers  for 
twenlyfour  hours  in  a  mixture  of  potassium  bichromate. 
900  gm. :  suliihuric  acid.  ><8  c.c. :  water,  7;iM  c.c.  ;  then 
wash  well  ill  water.  Wipe  the  slides  dry  with  a  clean 
linen  doth:  place  the  cover  glas.ses  in  alcohol  until 
needed.  Slides  and  covers  that  have  been  used  arc 
treated  as  follows:  Put  them  into  a  mixture  of  equal 
parts  of  alcohol  and  hydrochloric  acid.  and.  after  a  few- 
days  into  the  bichromate  solution  and  treat  them  as  new 
ones.  Scrape  the  slides  free  of  all  balsiim  and  put  them 
in  the  bichromate  solution. 

In  some  cases,  when  we  have  an  exceedingly  delicate 
specimen,  it  is  neces.sary  to  protect  it  from  the  pressure 
of  the  cover  glass.  This  can  be  accomplished  by  iilacing 
a  liair  under  the  cover,  or  we  may  make  a  shallow  cell 
by  painting  a  ring  of  some  cement  on  the  slide  (sec  Fig. 


2T0M).     Agiifii,  wo  iiiiiy  Imve  u  thli-k  NiHvinieii,  or  we  limy 
wish  to  iim-  an  iii|iieouK   iiiounling  medliini.     In    tliewr 
ciiKi'S  lliiii  ghisH  cells  are  t^i  be  ceiiii'iiled  to  llie  kIIiIc,  the 
Kpeciiiieii  pliieed  in  tliein.  and  the  nioiinling  media  added 
until  Ihe  I  ell  is  lilli'il .  Hie  eo\er  glass  is  tlnii  applied 
M-'iiiiliii;/    in     i;if/r,  nil  —TUr     Kpi'cinieim    ale    eillier 
soaked  in  a  small  dish  of  glycerin  until  transpar- 
ent, and  then  Ininsferieil  to 'the  slide;    or  lliey  are 
pliiced  on  the  slide  from  water.  Hie  e.vcehH  of  the 
laller  being  absoilied  with   tiller  paner  or  Hiicked 
unwilh  iipipeiie(Fi).'.  ■,'71X1),  and  adioii  or  two  of 
glyeiiiii  is  placed  on  Ihe  speciincn,  and  the  whole 
covered  willi  a  cover  glass.      In  covering  a  Hpecl. 

men,  care  must   be  lake I  to  iiiclmle  i,ir  bubbles.      If 

the  cover  glass  is  iilaeed  in  position  in  the  nainner 
shown  in  Fig.  2701,  any  that  may  be  present  will  Xtc 
forced  out  with  the  excess  of  glycerin.  The  cover  iH'ing 
in  jiosition,  the  superlluous  glycerin  is  to  be  removed  and 
the  cover  cemented  down.  All  traces  of  glycerin  must 
be  removed,  or  Ihe  ceniintwill  noi  adhere  to  the  glass. 


Fii..  ;i;u:i.— Tuni-Uible. 

This  is  aeeomplislied  by  washing  out  a  camel's-hair 
brush  in  alcohol,  absorbing  the  greater  part  of  the  alco- 
hol by  wiping  the  brush  on  tiller  paper  until  it  is  only 
moist,  and  tlien  goingover  the  slide  in  a  systematic  man- 
ner w  illi  the  brush  until  all  the  glycerin  is  removed.  A 
brush  simply  moistened  with  alcohol  will  nol  suck  up  the 
traces  of  glycerin;  it  must  be  well  washed  in  the  alcohol 
and  dried  very  fiei|Uently. 

If  the  cover  is  a  s(|uare  one,  it  is  eeinented  by  pa.ssing 
a  cainel's-hair  brush  along  the  edge  of  the  cover,  where- 
by the  latter  as  well  as  the  .slide  receives  a  stripe  of 
cement,  t'ireular  covers  are  ea.sily  cemented  bv  aid  of 
the  lurn-lable  (Fig.  270:J).  Concentric  circli'S  engraved 
on  the  surface  of  the  table,  according  to  the  size  of  the 
covers,  show  where  the  brush  is  to  be  applied.  The 
brush  is  to  be  held  perpendicularly,  and  is  filled  with  a 
cement  of  such  a  consistence  that  it  will  flow — it  is  not 
to  be  l)ainted — on  the  cover  and  slide  while  the  table  is 
rotated.  The  manner  of  holding  the  brush  and  rotating 
Ibe  table  is  show  n  in  Fig.  •.>703.  " 

The  glycerin  penetrates  Ihe  specimen,  rendering  it 
Iransiiareiit,  but  on  account  of  its  high  index  of  refrac- 
tion, in  some  cases  it  renders  the  specimen  too  transpar- 
ent, thereby  concealing  some  of  the  minute  structure. 


FiG.  2703.— Cementing  Covers. 

This  objection  can  be  overcome  by  mixing  the  glycerin 
with  various  pro|ioilions  of  water.  As  a  rule,  pure  gly- 
cerin is  to  be  used  for  mounting. 

For  cementing  covers  there  are  innumerable  cements. 
Those  that  have  stood  the  test  of  time  arc  the  following: 
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Asplialt  Varnish.  This  cbd  be  pnjciired  from  any 
painter's  supply  store,  and  is  to  be  dibiteil  with  turpen- 
tine to  the  re(|uireil  coiisisteney.  Kitlou  reoonnnends 
asphalt  dissolved  in  benzol;  to  this  solution  he  adds  u 
little  Ki'ld  size. 

Gold  Size.  Wliat  is  known  in  eoinmerceas  Japan  gold 
size  is  to  be  use<l.  This  scis  very  (|uieUly,  tind  may  be 
used  uncolorcd  or  colored  with  any  ot  the  mineral  iiig- 
ments. 

Shellac  Varnish.  Shellac  should  be  dissolved  in  alco- 
hol, so  as  to  obtain  a  thick  solution.  The  a(hlition  of 
twenty  drops  of  castor  oil  to  each  ounce  of  llie  solution 
has  a  tendency  to  render  it  less  brittle.  This  is  an  e.\cel 
hnt  cement  for  specimens  that  are  to  be  (xaniiiud  with 
oil  immersion  lenses,  as  it  is  not  attacked  by  the  immer- 
sion tiuid. 

Gelatin.  If  the  covers  are  first  painted  around  with  a 
warm,  strong  solution  of  gelatin  in  water,  allowed  to 
dry,  and  then  painted  with  a  stturated  solution  of  potas- 
sium bichromate,  an  insoluble  cement  is  formed  which 
adiiercs  firmly  to  the  glass,  an.t  by  the  absorption  of  a 
small  amount  of  glycerin  that  may  be  on  the  slide,  is 
rendered  semi-elastic.  This  is  also  a  good  cement  for 
specimens  to  be  examined  by  homogeneous  immersion 
lenses. 

Marine  Glue.  This  is  found  in  commerce  already  pre- 
pared. It  is  soluble  in  ether,  naphtha,  or  solution  of 
pota.sh.  It  is  used  chiefly  for  making  shallow  cells,  and 
cementing  glass  cells  to  the  slide. 

Mniiiiliiiij  ill  Ciiiiiiiht  Iliilmim. — This  process  is  divided 
into  three  steps:  (a)  dehydrating;  (A)  clearing;  (c)  enclos- 
ing in  balsam. 

(<0  Dehydrating.  As  water  is  not  miscible  with  the 
reagents  used  for  clearing,  or  with  the  Canada  balsam, 
it  is  to  be  removed.  This  is  accomplished  by  soaking  in 
absolute  alcohol.  The  specimen  is  first  washed  in  ordi 
nary  alcohol  to  remove  the  surplus  of  water,  and  then 
placed  in  the  absolute  alcohol  for  from  three  to  five 
minutes. 

(i)  Clearing.  For  this  purpose  we  must  use  a  reagent 
that  is  miscible  with  both  alcohol  and  balsam.  The 
specimen  is  to  be  carefully  removed  from  the  alcohol 
with  a  spatula,  the  adhering  fluid  removed  by  filter 
paper,  and  the  section  floated  off  into  the  clearing  me- 
dium. If  the  section  is  perfectly  ardiydrous  it  will  float 
on  this,  and  in  the  course  of  a  few  moments  become 
transparent  and  sink  to  the  bottom. 

For  clearing  we  use  chiefly  the  essential  oils.  Of  the 
most  commonly  employed  are  the  oils  of  cloves,  cedar, 
anise,  origanum  cretici,  bergamot,  and  the  white  oil  of 
thyme.  Carbolic  acid,  creosote,  xylol,  benzol,  turpen- 
tine, and  chloroform  are  also 
used.  Old  samples  of  wood  cre- 
osote, xylol,  benzol,  chloroform. 
oil  of  origanum  or  thyme,  are 
to  be  used  for  sjiecimens  em- 
bedded in  celloidin,  when  we 
wish  to  retain  the  embedding 
material. 

It  is  sometimes  best  to  clear 
large  or  delicate  specimens  on 
the  slide.  First  float  the  sec- 
liiins  on  the  slide,  and  absorb 
ihf  surplus  alcohol  with  filter 
paper;  then  drop  the  clearing 
reagent  on  the  specimen  and 
place  the  slide  under  a  bell-jar 
until  the  specimen  is  trans- 
parent; absorb  the  surplus  of 
the  clearing  reagent,  and  add 
the  balsjim  and  cover. 

(<•)  Enclosing  in  Halsam.  The 
transparent  section  is  removed 
from  the  clearing  reagent  with 
a  spatula  (Fig.  2087),  and  floated  upon  a  slide,  care  be- 
ing taken  that  it  lies  perfectly  flat  and  that  it  is  not 
wrinkled  or  folded  upon  itself.  The  excess  of  the  clear- 
ing reagent  is  sucked  up  with  a  pipette  (Fig.  2700),  or 
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soaked  up  with  filter  paper.  A  drop  of  balsam  is  placed 
upon  the  specimen,  and  the  cover  glass  laid  on  as  in 
glycerin  mountings  (Fig.  2701).  As  the  balsam  hardens 
in  time,  there  is  no  neeil  of  cementing  the  cover.  In  all 
these  manii>ulations  great  care  must  be  taken  to  have 
the  slides,  covers,  and  all  instnunerits  perfectly  dry — any 
moistiuc  will  cause  a  piii  ipitation  of  the  balsam,  and 
thus  cause  an  opacity  of  the  specimen. 

Canada  balsiim  as  found  in  conunerce  .should  never  be 
used.  The  commercial  balsiim  is  heated  on  a  sjind  bath 
until  all  volatile  mallir  is  driven  olT.  and  it  becomes  brit- 
tle when  cold.  This  Imrd  balsjim  is  then  dissolved  in 
xylol,  benzol,  or  oil  of  ce<lar,  enough  of  the  solvent  being 
usimI  to  give  the  rei|uire(l  consjslenc<'.  These  solutions, 
with  the  exception  of  that  in  oil  of  cedar,  set  quickly. 
The  solutions  of  balsiun  are  to  be  kept  in  cappe<l  bot- 
tles (Fig.  2704),  or  in  tin  tubes,  such  as  are  used  for  the 
oil  colors  of  the  artist. 

Hard  bal.sjim  is  also  useil  for  mounting,  especially 
sections  of  hard  bone  and  teeth,  in  which  we  wi.sh  to 
demonstrate  the  lacuiuv.  The  process  is  as  follows:  A 
bit  of  hard  lialsjim  is  placed  in  tlie  centre  of  a  slide  and 
warmed 'gently  over  the  llame  of  n  lamp,  care  lieing 
taken  not  to  let  it  boil,  or  bulililcs  will  be  formed.  When 
melted,  the  specimen  is  plunged  into  it  aii<i  covered 
quickly,  and  the  slide  is  placed  on  a  cold  surface,  which 
sets  the  lialsam  immediately  and  prevents  its  entering 
any  of  the  lacuna',  which,  being  filled  with  air,  show  as 
dark  spaces. 

Instead  of  Canada  balsam,  dammar  varnish  and  other 
preparations  of  dammar  may  be  used.  Gum  dammar 
dissolved  in  xylol  or  oil  of  cedar  is  now  generally  used  in 
place  of  the  above  mixtures. 

Gli/reiin  JeUi/. — Of  the  numerous  published  formula 
for  this  medium,  that  of  Kaiser  is  the  best.  lie  soaks 
one  part,  by  weight,  of  French  gelatin  for  two  hours  in 
six  ])arts,  by  weight,  of  distilled  water;  then  adds  .seven 
parts  of  glycerin  and  1  gni.  of  carbolic  acid  for  every  100 
gm.  of  the  mixture;  warms  on  a  water  bath,  with  con- 
stant stirring,  until  all  the  flakes  produced  by  the  car- 
bolic acid  disajipcar:  filters  warm  through  paper  and 
preserves  in  a  tightly  stoppered  bottle. 

Soak  the  sections  for  a  short  time  in  this  warm  mix- 
ture, and  then  transfer  to  a  melted  drop  of  the  same  on 
a  slide.  Cover,  and  when  the  jelly  has  set,  remove  any 
excess  and  ring  the  cover  glass. 

For  Weigcrt's  hainatoxylin  method,  and  its  modifica- 
tions, for  the  central  nervous  system:  Golgi's  methods 
of  impregnation  with  silver  chromate;  Nissl's  method 
for  staining  nerve  cells:  Ehrlich's  method  of  staining 
nerve  fibres  with  methylene  blue,  and  its  modifications; 
Marchi's  method  for  staining  degenerated  nerve  cells; 
and  Weigcrt's  and  other  neuroglia  stains — see  Brain, 
HiMoIonn'of.  Vol.  II..  pp.  322-:«l. 

For  furl  her  details  of  histological  methods  considt  "  The 
Microtomisl's  Vade-Mecum,"  Holies  Lee;  "Pathological 
Teclmiiiue,"  Mallory  and  Wright :  ZeiUirhrift  fiir  wis- 
tKiiKcliitfUlrJii'  yfihrnKl-opie.  Ocorgc  Cornell  Freeborn. 

HODGKIN'S    DISEASE— (Synonyms:    Pscudo-leukte- 

mia,  lymphadennma.  an.-vmia  lymphatica,  adenia,  lym- 
phosarcoma, malignant  lymphoma,  lymphomatoses.) 

Dkfinition. — A  disease  characterized  by  a  progressive 
enlargenuMit  of  the  lymiih  glands  and  often  of  the  spleen, 
a  gradually  develciping  ana'mia.  and  secondary  growths 
of  lymphoid  tissue  in  the  liver.  s])lcen,  kidney.  alim<'ntary 
tract,  bone  marrow,  and  other  structures  of  the  body. 

The  affection  differs  from  leukicmia  chiefly  in  the  ab- 
sence of  a  marked  leucocytosis. 

Etioi.oov. — The  disease  occurs  most  frequently  in 
males  under  forty  years  of  age.  The  exact  etiology  of 
Hodgkin's  disease  is  as  obscure  as  that  of  leukaemia. 
The  fact  that  the  disease  often  follows  inllainniatory  proc- 
esses and  runs  a  rapid  febrile  course  suggests  an  infec- 
tious origin.  liacteriologic examination  of  the  blood  and 
lymph  glands  has  revealed  micro-organisms  in  over  fif- 
teen cases.  The  Staphylococcus  pyogenes  aureus,  the 
Streptococcus  pyogenes,  the  nneumococcus  of  Fraeukel, 
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Hiul  iiniilfiitiHcil  lin<-illi  liiiv(>  liccn  ciiliivau-il.  Riiiix  unci 
Ijiiiiinis  cliiiiii  I"  Imvi'  ri'|iriMlii<'i'<|  ilic  ili-u'iiiw  liv  iiijcrl 
iliK  iitliliiiils  with  iicixriis  ciiltiviitcil  liy  tliriil  I'niiii  llic 
liliMiil  mill  lyillpll  ffllllKlx  "f  U  riisr.  DrIlH't  <'ljlillis  llli- 
Niiiii'  fur  a  l>ii(illu>*  Tlir  iiiulli|ili<'iiy  of  urKiiiiiHiiiH 
fiiiiliil  siif;i.'rHls  lliiit  III!  lire  priiliiilily  iiriiili'lital. 

I'vTiriii.iHiY. — 'I'lii-  iiiosi  jiM|>iirlaiiI  iiiiii'liiil  <'luiMK<'s  in 
lliKlukin's  (Iis4'as4'  arc  liypcrplasia  i>f  tlir  lyiiipli  ^laiiils. 
I'lilar^'i'iiii-iit  >>f  till'  spli'i'M,  ami  tlii'  prcsi'iiic  of  lyiiiplmid 
jlTMiwiIis  ill  iIk'  liver.  liiiiK'  iiiarnitv.  anil  iiilcsliiial  tract. 

/.i//H/>/i  Ht'iiiih. — As  a  riilr.  tlir  Iviiipli  ^'ImiiiIs  slmw  llir 
prcati'si  I'linMK''       11"'  j;'"""'^  iiivnhril  in  unlrr  ul  (,'r<at 
est  fxtriit  anil  fr<«|Urin  y  an-  tin.'  riTviral,  a.villary.  in;;iii- 


nal.  rotropcriUineal.  lironiliial,  int'iliastinal.  and  niescn- 
t<>ric.  In  aililitinn.  the  poplili-al  anil  cpitiDchli'ar  glands 
may  he  rnlaruril.  The  lymphatic  structnrcs  of  the 
month  and  alimentary  tract  arc  relatively  iiifrciinently 
involved.  Lymphoid  nodnlcs  in  the  liver  arc  often  ob- 
served. Microscopic  collections  of  lyrnplioid  cells  may 
l)c  fonnd  ill  various  orjrans'  that  present  no  almormal 
naked  eye  appeanince.  The  glands  of  the  neck  are  usn- 
ally  largest.  They  vary  in  si/.e  from  a  hen's  egg  to  mi- 
inile  niMlules;  unless  ii'owded  together,  the  glands  are 
freely  inuvalilc,  and  not  attached  to  the  skin.  Glandular 
enlargement  is  usually  symmetrical,  althongli  one  side 
may  lie  more  extensively  involved.  Harcly  the  process 
is  conlined  to  one  side.  The  natural  shape  of  the  en- 
larged gland  is  round  or  oval.  Pressure  may  |iroduce 
many  alterations  in  form.  A  thin  cai>snle  surrounds 
each  gland,  and  when  not  crowded  together,  loose  con- 
nective tissue  unites  them  in  chains.  The  enlarged 
glands  may  he  soft  or  hard.  On  section,  if  no  secondary 
changes,  such  as  hemorrhage,  have  occurred,  the  surface 
presents  a  soft  mass,  grayish-white  in  color,  with  a  faint 
tinge  of  red  or  yellow.  In  the  soft  variety  the  cut  sur- 
face Imlges  beyond  the  capsule,  and  a  turbid  lluid.  made 
up  largely  of  lyni))lioid  cells,  may  easily  lie  expressed. 
N'o  stroma  is  apparent.  The  hard  variety  posses,ses  a 
relatively  greater  reticulum  than  a  normal  gland.  Little 
or  no  lluid  exudes  from  its  cut  surface.  Knlargement  of 
the  tliiinicic  glands  may  compress  the  bronchi  or  trachea. 
Thrombosis  of  large  thoracic  veins  may  occur  from 
pressure.  The  heart  and  lungs  may  be  disidaced  by  en- 
larged glands.  Lymphoid  growths  may  occur  in  the 
lungs;  rarely  the  aorta,  thoracic  duct,  and  lesopliagus  are 
compres-sed  by  the  posterior  mediastinal  glands.  The 
recurrent  laryngeal  nerve  may  be  injured.  In  the  al)do- 
men  the  retroperitoneal  glands  are  most  frequently  in- 
volved:  the  mesenteric  seldom  reach  a  large  si/.e.  Dis- 
placements of  the  uterus  and  compression  of  the  ureters 
iiave  resulted  from  growth  of  the  pelvic  glands. 

IlisUihifiji  iif  lite  Lymph  (Unitdn. — The  microscope  shows 
liyper|ilasia  of  all  the  elements  of  a  lymph  glaud.     In 


tliu  soft  vorifly  the  inrri>am<  in  the  tymphniil  cclU  Ik  n-lu- 
lively  much  more  iimrked  than  Ihilt  of  the  coiuieilivu 
tiikHiie.  Cells  presenting  the  appearance  of  oulinary 
lyniphix-ytes  are  crowded  together  ami  held  In  position 
by  an  exceedingly  tine  network  of  tIbrilH.  In  the  hard 
viirii'ly  the  pareiicbynia  is  likewiHe  made  up  of  lymph 
cells  but  the  connective  lissiie  iiicn-iuie  predomiiialcH. 
Widely  varying  grades  of  sclerosis  may  exist  in  the  dif- 
ferent cases  and  in  the  various  groups  of  glaiiilH  in  tlio 
same  case.  The  gross  appearance  and  histologic  change 
in  the  lymph  glands  are  practically  identical  with  those 
in  lymphatic  leiikainia. 

S/iltiii.  —  Hyperplasia  of  the  spleen  exists  in  eighty  per 
cent,  of  all  cases.  In  the  splenic  variety  of  the  disi-ase 
the  hyperplasia  may  be  enorinous,  the  organ  at  times 
lining  the  greater  )iart  of  the  left  half  of  the  abdominal 
cavity.  In  the  majority  of  cases  of  the  usual  type  of  the 
disease,  the  enlargement  is  moderate  in  degree,  the  spleen 
rarely  exceeding  thirty  ounces  in  weight  The  organ  is 
linn  and  its  original  shape  is  preserved.  Local  thicken- 
ing of  the  capsule  due  to  perisplenitis  may  exist.  The 
enlargement  may  be  a  true  jiypertropliy.  In  about 
.seventy-live  percent,  of  the  cases  in  which  the  spleen  is 
enlarged,  however,  lymphomata  are  found  varying  in 
size  and  number.  The  histologic  structure  of  the  spleen 
approaches  more  clo.sely  than  normal  the  piiture  of  a 
lymph  gland.  As  a  rule,  the  pulp  is  relatively  more  in- 
crea.sed  than  the  lyin]>li  sinusos  and  reticular  tissue. 
ICven  in  the  bard  variety  of  splenic  enlargement  the  in- 
crea.se  in  the  lymphocytes  |«red(iminates.  !?clerosis  of 
the  Jliilpigliian  bodies  is  now  and  then  found.  Degener- 
itivc  changes  in  the  lymphoid  cells  do  not  occur,  as  a 
I  ule. 

Lirer. — The  organ  is  often  slightly  enlarged.  Lj'm- 
phoid  growths  varying  in  size  from  a  minute  point  to  a 
hazelnut  invade  the  liver  structure.  They  develop  in 
the  interlobular  spaces,  and  may  grow  between  the  liver 
cells. 

liuie  Marroir. — A  ftetal  comlition  of  bone  marrow  is 
usually  present,  similar  to  that  in  pernicious  amemia. 
Adenoid  growths  are  found  in  the  medulla. 

Alimentary  Tract. — Adenoid  growths  in  the  digestive 
canal  seldom  attain  large  size.  They  may  be  scattered 
along  its  entire  length.  The  tonsils,  glands  at  the  base 
of  the  tongue.  Peyer's  patches,  and  solitary  follicles  may 
become  hyperplastic.  Ulceration  of  adenoid  growths  in 
the  stomacli  may  take  place.  Lymphomata  may  develop 
in  the  kidney,  lung,  testicle,  thymus  and  thyroid  glands. 
They  are  sometimes  found  in  the  dura;  now  and  then 
they  involve  the  cranial  and  peripheral  nerves.  Lym- 
phomatous  growths  are  practically  never  found  in  the 
brain  and  spinal  cord.  Adenoid  growths  have  been 
found  in  the  heart.  In  rare  cases  the  skin  is  the  seat  of 
adenoid  growths.  Retrograde  metamorphoses  in  the 
new-formed  tissue  rarely  take  place  in  true  Hodgkin's 
disease.  When  marked  changes  are  present,  the  condi- 
tion is  usually  tuberculosis  or  mixed  infection. 

Symptoms. — In  the  majority  of  cases  Hodgkin's  disease 
begins  insidiously  and  iirogresses  gradually  to  a  fatal 
termination.  In  rare  instances,  however,  the  onset  is 
severe;  and  its  course  rapid.  The  important  symptoms 
of  the  disease  are  progressive  enlargement  of  the  lym- 
phatic glands,  a  gradually  developing  anainia.  assoeiate<I 
with  a  relative  increase  in  the  lymphocytes,  enlargement 
of  the  spleen,  loss  in  strength  and  weight,  irregular  tem- 
perature, oedema,  and  grave  cachexia. 

Lymph  Glnnda. — Asa  rule,  the  earliest  symptom  noted 
by  the  patient  is  enlargement  of  the  lymph  glands  super- 
ficially located.  In  most  instances  the  cervical  glands 
are  the  first  involved:  rarely  the  inguinal  or  the  axillary 
glands  are  the  first  to  become  affected.  A  few  cases 
have  been  described  in  which  an.fmia.  loss  of  weight  and 
strength,  apparently  preceded  glandular  enlargement. 
At  times  the  deep  thoracic  or  abdominal  glands  are  dis- 
eased first,  producing  early  pressure  symptoms,  such  as 
pain  in  the  chest,  cough.  dyspiKva.  or  pain  in  the  abdo- 
men or  legs,  with  anleina.  If  the  cervical  group  is  )>rima- 
rily  affected,  the  enlargement  is  usually  confined  to  one 
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si(U"  fur  11  time.  It  may  be  several  montlis  before  the  otiier 
side  is  involved.  The  uliiiid.s  (if  the  posterior  lnaiii;iihir 
spaee  mid  those  which  lie  lieiualli  the  jaw  are  usually  eii- 
larired  first.  In  the  early  stajreof  the  (liseii.se  the  enlarged 
clanils  are  not  adiieieiit  to  the  skin  or  to  ea(-h  other.  A.s 
the  disease  progresses,  periadenitis  may  unite  the  glands 
in  a  tirm  mass.  Such  masses  in  the  eervieal  region  may 
projeet  far  beyonil  the  angle  of  the  jaw  and  produee 
great  <leformily  of  the  neck.  The  laryn.\  may  be  pushed 
to  one  side,  and  grave  dyspiitea  1ms  resulted  from  nar- 
rowing of  the  trachea  by  i>ressure.  Pressure  effects 
upon  ihecarolid  iirt<>ry.  jugular  vein,  and  pneiuuogastric 
nerve  have  been  noted.  Enlarged  glands  in  the  thora.\ 
have  produced  spasmodic  cough,  dyspnn>a.  paralysis  of 
the  vocal  cords,  n'dema  of  the  arms  and  lower  extrem- 
ities. Enlargement  of  the  axillary  glands  has  resulted 
in  jiain  and  swelling  of  the  arms  from  compression  of 
nerves  and  v<'ins.  The  inguinal  glands  may  compress 
the  femoral  vein;  the  retroperiloneal  glands  are  some- 
times palpable.  Bronzing  of  the  skin,  possibly  from 
pressure  on  the  sympathetic  plexus,  has  been  observed 
in  a  few  cases.  The  enlarged  glands  may  compress  the 
ureters,  interfere  with  the  function  of  the  lumbar  and 
sacral  nerves,  and  produce  ivdenia  by  occluding  the  iliac 
vein.  Uterine  libroids  may  be  simulated  when  enlarged 
glands  become  adherent  to  the  uterus  or  bro;ul  ligament. 
As  a  rule,  the  glands  of  rapid  growth  are  softer  than 
those  that  grow  slowly.  Pain  is  not  present,  except 
when  nerve  trunks  are  compressed.  Glands  of  verj' 
rapid  growth  are  sometimes  tender  on  pressure.  The 
rapidity  of  growth  varies  in  different  cases,  and  in  the 
different  groups  in  the  s;uue  patient.  Not  infrequently 
the  glands  become  smaller  for  a  short  time.  Under  the 
inHueiice  of  an  erysipelas,  a  marked  temporary  reduction 
in  size  has  been  noted. 

Sjifeeii. — Moderate  enlargement  of  the  spleen  is  present 
in  about  eighty  per  cent,  of  the  cases.  No  special  symp- 
toms referable  to  this  organ  are  present  in  the  conunon 
form  of  Ilodgkin's  disease.  In  the  splenic  variety,  the 
spleen  may  attjiin  enormous  size.  Bruits  have  been 
heard ;  ]iain  from  iieiisplenitis  is  often  ])resent. 

Aiiii'iiiid. — Annemia  is  one  of  the  characteristic  features 
of  the  disease.  It  may  not  be  pronounced  until  glandu- 
lar eidargemcnt  is  of  considerable  extent.  As  the  ame- 
mia  develops,  tlie  patient  complains  of  dizziness,  ten- 
dency to  syncope,  headache,  dyspnaa  on  exertion,  and 
cardiac  palpitation.  Pallor  of  the  mucous  membranes 
appears.  The  skin  assumes  a  hue  peculiar  to  autemia. 
The  conjunctivie  become  subieteric.  Epistaxis  may  oc- 
cur. The  advent  of  cachexia  is  characterized  by  a  ten- 
dency to  a'dema,  effusion  into  serous  cavities,  marked 
asthenia,  hemorrhages,  and  fever. 

Ciiriilafory  Syntem. — The  heart  is  usually  somewhat 
dilated.  Hx'mic  murmurs  may  be  heard.  In  the  later 
stages  the  carotids  pulsate  visibly.  The  veins  are  often 
prominent.  The  pulse  is  full  and  fre(iuent,  and  may  ap- 
proach the  water  hanuner  character.  Retinal  hemor- 
rhages may  take  jdace. 

liliml. — In  the  early  stages  of  Ilodgkin's  disease  the 
blood  may  show  no  marked  alteration. 

lied  Cells. — zVs  the  disease  progresses  there  is  usually  a 
gradual  reduction  in  the  number  of  red  cells,  and  the  "in- 
dividual cell  is  moderately  poor  in  luemoglobin.  The 
loss  in  red  cells  and  ha'moglobin  does  not  approach  that 
foiinil  in  a  corresponding  stage  in  leuk.'emia;  even  at  the 
time  of  death  the  red  cells  may  number  two  million  or 
more  per  cubic  millimetre.  In  a  few  cases  they  have 
been  reduced  to  less  than  one  million  per  cubic  millime- 
tre. As  a  rule,  no  marked  change  in  the  size  and  form 
of  the  red  cells  is  present.  Occasional  megalocytes  are 
fo\ind,  but  more  frecpiently  the  corpuscles  are  under- 
sized. Nucleated  red  cells  of  the  normoblast  type  are 
usually  scarce,  even  in  the  late  stage  of  the  disease. 

Leufoi-jitis. — The  number  of  leucocytes  may  Ije  normal 
or  even  diminished.  In  the  mujorily  of  cases  of  true 
Ilodgkin's  disease,  the  lymphocytes  are  relatively  in- 
creased. The  polynuclear  cells  are  correspondingly  de- 
creased. 


In  many  cases  the  number  of  leucocytes  is  markedly 
increased,  although,  as  a  rule,  no  greater  tiian  fifty  or 
sixty  thousand  per  cubic  millimetre  are  found.  The 
rapidly  developing  cas(;s,  with  febrile  disturbances,  are 
more  likely  to  show  a  leucocytosis  than  those  of  chronic 
coui'se.  A  few  myelocytes  may  be  founil.  as  in  all  ca- 
chectic processes.  The  eosinophiles  are  ranly  increased. 
The  coagulability  of  the  blood  is  greatly  n'duced.  A 
diagnosis  of  Ilodgkin's  disease  cannot  be  made  on  the 
blood  findings  alone.  A  relative  lymphocytosis  is  a  val- 
uable sign,  but  the  same  condition  is  often  found  in  true 
lyniiihosarcoma,  and  in  tuberculosisof  the  lymph  glands. 

Alimi  utiin/  Si/nlem.. — The  tonsils  and  glands  at  the  base 
of  the  tongue  are  frequently  enlarged.  Deafness  may 
arise  from  extension  of  adenoid  growths  from  the 
pharynx,  occluding  fhi^  Eustachian  tube,  rieeration  of 
lymphoid  giowths  in  the  stomach  may  sinuilate  gastric 
ulcer,  Dianhcea  and  hemorrhage  may  occur  from  the 
same  condition  in  the  intestinal  tract.  Constipation  may 
result  from  ])ressure  of  enlarged  glands;  jaundice  from 
occlusion  of  bile  ducts.  The  liver  is  often  enlarged,  due 
at  times  to  the  growth  of  lymphoid  tissue  in  its  struct- 
\ue. 

TEMPKRATfRE. — A  moderate  elevation  of  temperature 
from  time  to  time  is  the  rule  in  Ilodgkin's  disease. 

Jietipiriiton/  •'■'i/xttin.  —  Dyspna-a  incident  to  aiuemia  or 
pressure  on  the  respiratory  passiiges  by  lymphatic 
growths  is  a  common  symptom.  Crepitant  rales,  pro- 
duced by  the  pressure  of  adenoid  growths  in  the  lung 
may  be  heard.  Pleuial  transudates  take  place  in  the 
cachectic  stage.  The  terminal  event  is  often  a  pleurisy 
or  a  pneumonia. 

Xd-i-o'is  S!/«tem. — Paraplegia  may  result  from  pressure 
on  the  spinal  cord,  as  in  a  case  reported  by  Osier.  Epi- 
leptiform convulsions  of  .short  duration  may  occur. 
Coma  may  precede  death.  Disturbance  in  function  of 
nerves  from  pressure  is  frequent. 

Geiiilo-Vriit/iry  Si/stem. — The  urine  often  contains  a 
trace  of  albumin.  A  real  nephritis  is  to  be  considered  a 
comiilication. 

S/.ui. — Bronzing,  such  as  occurs  in  Addison's  disease, 
has  been  observed.  Adenoid  growths  in  the  skin  present- 
ing small  raw  surfaces,  from  which  serum  exudes,  have 
been  observed  in  a  few  cases.  In  one  recently  studied 
by  the  writer,  the  growths  progressed  over  the  surface 
of  the  skin,  leaving  behind  a  healed  surface,  slightly  in- 
durated (Fig.  270.")"). 

Dr.\Gxosfs. — Ilodgkin's  disease  is  clinically  and  ana 
tomically  closely  related  to  several  affections. 

Lcu/ia'Diiii. — The  essential  difference  is  in  the  blood 
findings.  A  few  cases  of  Hodgkin's  disease  have  ter- 
minated in  true  leukivmia. 

Tiil>eivii!osis  of  the,  Lijmph  Glands. — Slusser  and  others 
believe  that  Ilodgkin's  disease  is  probably  a  lymphatic 
tubercvdosis.  Most  observers,  however,  are  of  the  opin- 
ion that  Hodgkin's  disease  and  tuberculosisof  the  lymph 
glands  are  two  distinct  affections.  All  admit  the  dilli- 
culty  at  limes  in  dilTeientiatiug  the  two  processes,  both 
clinically  and  anatoniii'ally.  The  following  points  are 
of  some  value  in  distinguishing  the  two  jirocesses: 

1.  Localized  glandular  enlargement  favors  tuberculo- 
sis. 

2.  Fever  is  often  absent  in  Hodgkin's  disease.  A  fever 
is  usually  ju'esent  in  tuberculosis. 

3.  In  Hodgkin's  disease,  deposits  of  lymphoid  tissue 
may  be  found  outside  of  the  glands. 

4.  In  tu1)ereiilous  disease,  the  glands  often  caseate  or 
suppurate,  and  become  adherent  by  intlaiumation  |o  each 
other  and  to  the  skin.  In  Hodgkin's  disease  the  glands 
do  not  caseate  or  suppurate,  and  are  freely  movable  be- 
neath the  skin. 

.').  The  tuberculin  test  often  results  in  local  reaction  in 
tuberculous  adenitis.  The  positive  diagnosis  of  Hodg- 
kin's disease  had  Ix'tler  be  reserved  in  all  ca.ses  until 
tuberculous  lymphadenitis  has  been  excluded  by  animal 
inoculation  and  histologic  examination. 

C/iroiiie  Intermittent  (Iliici-fnll/i)  Ferer. — This  condition 
is  characterized  by  a  chronic  intermittent  fever,   with 
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Hwi-lliiifj;  of  the  lytiipli  f^laixU.  It  wiih  bruiiglit  into 
]>ri>iiiiiii'm't'  by  I'rI.  Klistriii,  Kriivini,  iiiitl  olla-m.  It  is 
|iriiliiil<ly  II  tuiiiTculiiUH  lyiii|iliiiilriiiiJH. 

/. </»!/"''"■""''■•"""• — 'riiisrimdiiiiin.  .•ilmr|il_v  dilTiTi'iitiiilcd 
liy  kuiiilnil,  is  I'liiiinilly  mill  iiimluMiiciillv  iiiurr  rlcisrly 
ri'liilril  III  lliHlgkin's  iliKi'iiw  ilinn  in  siirruiiui  nf  llii' 
lviii|ili    kIiiiiiIs.      Iliiwt'Vir.   tlii'  |;l>iiiiluliir   riiliir^'iiMriils 

1"ii.s.si-sS!Miini'  of  llir  cliiinirlcrislirs  uf  iimli^lliilit  >; row  Ills. 
,iki'  llixlifkiii's  (lisi'iisc.  lliry  ori^'iiiiiti'  in  lyiiipliulii' 
sIriK'liilcs,  iiIiIioiikIi  in  |H'rliii|isoiii'  half  of  Iliccnsi'S  tiiry 
do  not  ili'vi'liip  from  typical  lyiiipii  ^'liinds,  Inn  from 
fllandiilar  I'liiniiil.s.  such  as  arc  fonnil  in  the  iniicmis 
incinliniiic  of  the  inoiilh  and  alinuntnrv  canal.  The 
fli'owilis  rcinaiii  more  rci;ional  than  in  llo<iL'kin'sdisca.se. 
'I'licy  dcvcliip  aloiii;  the  liiicof  ilic  lyinpiiatics:  c.Mrcmcly 
raniv  "In  nnlaslasisociiir  tliriiii:,'li  llic  lilood.  Universal 
glandular  enlargement,  as  in  lliHlgkin's  disease,  does  Mot 
iK'Ciir.  llislologii-ally,  the  cells  ofleii  present  atypii-al 
development,  (ontain  al  times  many  nuclei.  Iiecoiiie  dis- 
tinctly aggressive,  pelutnile  the  capsule,  and  invade  the 
siiironnding  tissue.  The  glandular  striictiire  of  the 
grow  III  is  often  ctTaced.  In  many  I'lises  the  histologic 
piclure  is  the  same  as  in  llodgkin's  disease.  Metastases 
III  distant  organs  rarely  occur.  Hitiognide  metanior- 
phosi-sdo  nut  iiccurasa  rule.  In  rare  instances  lymplio- 
sarcoiiia  ilevelops  from  llodgkin's  disease. 

Sjiliiiif  Aiiiiiiiiii. — ."splenic  anainia  pi/si'nts  the  clinicnl 
and  histological  picture  of  lIiHlgkin's  disease,  with  the 
exception  that  the  spleen  is  the  lymphatic  struct  lire  that 
is  chielly  involved.  Theorgan  may  lie  enormous  in  size. 
Kiilargement  of  the  lymph  glands  is  nlisent,  or  decidedly 
ill  the  liackground.  It  is,  in  reiility,  the  splenic  form  of 
IIiMlgkins  disease. 

Si/p/iili«. — (ilandiilar  enlargement  in  syphilis  is  in  thcr 
group  nearest  the  indurated  sore.  Harely  does  the  ade- 
nopathy liecome  general.  One  gland  becomes  enlarged 
lirst,  tlie  others  of  the  group  soon  afterward.  They  sel- 
dom are  larger  than  a  hazelnut.  In  the  secondary  or  ter- 
tiary stage  of  the  disease  glandular  enlargement  may  be 
present  in  the  proxiniily  of  a  local  syi>liilitic  lesion. 

I'nooNosis,  CoiitsK,  .\Ni)  Ti-.iiMiNATiox. — Tile  onset  of 
the  disease  varies.  Acute  cases  have  been  described  by 
C'ohnheim,  Kberlli,  and  Falkenthal.  In  one  case  the 
duration  of  the  disea.se  wa?  only  eleven  days;  in  an- 
other four  and  one-half  months.  The  most  rapid  course 
has  been  noted  in  children.  The  majority  of  eases  are 
fatal  within  the  lirst  two  years.  Few  last  longer  than 
livi-  or  si.x  yoirs.  The  most  favorable  cases  are  those  in 
which  glandular  enlargement  remains  localized.  General 
lymphatic  enlargiineiit  may  occur  early,  or  it  may 
rapidly  develop  after  several  yeai'S  of  local  involvement. 
As  a  rule,  soon  after  glandular  hyperplasia  becomes  gen- 
eral, ana'iniu  and  emaciation  develop,  and  the  disease 
I>rogresses  steadily  to  u  fatal  termination.  The  immedi- 
ate muse  of  death  is  often  some  intercurrent  alTection, 
such  as  pneumonia  or  iileurisy.  Cases  have  been  re- 
ported in  which  death  occurred  from  asphyxia  and 
starvation,  dill' to  pressure  of  enlarged  glands  upon  the 
trachea  or  osophagiis.  In  a  case  recently  observed  by 
the  writer,  genenil  convulsions  ami  transitory  uncon- 
sciousness were  repeated  several  times  during  the  day 
lirecediiig  death.  Recovery  has  apparently  taken  place 
under  treatment.  The  slowly  developing  cases  arc  more 
likely  to  be  benefited  than  the  acute.  Even  in  the  latter 
arrest  or  improvement  may  occur.  The  progno.sis  is  best 
in  the  splenic  form  of  the  disease,  because  it  is  amenable 
to  surgical  treatment. 

TuK.xrMKNT. — PatientsaiTected  with  llodgkin's  disease 
should  avoid  physical  and  mental  fatigue.  They  should 
receive  nourishing  food,  easily  digested.  Lean  meats, 
milk,  cream,  butter,  and  eggs  are  especially  valuable 
fowls. 

Medicinal  Treatment. — Arsenic  is  recognized  as  the  best 
drug.  It  may  be  given  internally  in  the  form  of  Fowler's 
solution,  or  arsi-iiioiis  acid.  Certain  ailvantages  accrue 
from  its  subcutaneous  admini.stration.  Injection  of  ar- 
s<'nic  directly  into  the  enlarged  glands  is  advocated. 
When  Fowler's  solution  is  given  internally,  it  is  well  to 


Iwgiu  with  two  <lrop«,  tlin>u  tiineH  a  day,  urtcr  nietilR,  mid 
gnidiiiilly  increase  thedoiM'by  from  one  to  three  diopK  each 
day.  If  no  symptoniH  of  arM'iiiuil  intoxication  appear, 
the  dose  may  !«•  increaM-d  to  llflcen  or  twenty  or  tiiirty 
drops  three  times  a  day.  Should  syiiiptoniK  of  anuniiiil 
poisiiiiingiippiar,  suchas  proiinunced  metallic  taNte.  sali- 
valiiiii,  naiisia.  mviic  epiiiaslric  pain,  vumiling.  diar- 
rlio'ii,  triiisiiiiis.  Irritable  heart  acliuii.  opjiressi-d  lireiith- 
iiig,  ii'dema,  tremor,  and  miiMiilar  KlitlncKN,  the  done 
should  lie  reduced  to  llie  point  of  tolerance.  If  a  diar- 
rliceu  of  mo<lerate  grade  is  the  only  symptom  of  intoxi- 
cation, it  can  often  be  advantageoiiKly  controlled  by  giv- 
ing from  three  to  six  drops  of  the  simple  tincliire  of 
opiiiiii,  three  timet  a  day.  If  no  diarrhoa  i^xists.  it  is 
well  to  administer  laxativesand  diuretics  to  help  free  the 
system  from  arsenic,  and  its  products  of  altered  iiietaboj. 
ism.  Arsenioiis  acid  may  be  given  in  the  form  of  the 
so  called  Asiatic  pill:  one  part  arsenioiis  acid  to  eighty 
pails  black  pepper.  Black  pepper  seems  to  increase  the 
tolerance  of  the  stomach  for  arsenic.  Marked  improve- 
ment sometimes  follows  the  internal  administration  of 
arsenic.  In  chronic  cases,  glandular  swellings  have 
rapidly  disjipijcared,  and  in  some  iiislauces  recovery  hits 
followed  its  use.  Even  in  the  rapidly  developing  cases, 
ai'senic  has  apparently  ihecked  the  coiiise  of  the  disea.se. 
In  many  cases  of  llodgkin's  disease,  arsenic  may  lie 
given  to  better  advantage  subcutaiieoiisly.  The  dis- 
agreeable ga.stro-intestinal  symptoms  are  delaved,  and 
much  larger  doses  of  the  drug  are  tolerated.  Pearsfin's 
solution  produces  the  least  local  irritation.  It  is  best  in- 
jected in  the  region  of  the  buttocks,  or  in  localities  rich 
in  subcutaneous, 'ireolar  tissue.  It  should  be  diluted  with 
ciiiial  parts  of  distilled  water,  the  mixture  sterilized,  and 
the  skin  and  instrument  rendered  thoroughly  asejitic. 
Pain,  which  sometimes  coiiliiiues  for  a  short  time  after 
the  injection,  may  be  controlled  by  adding  oni'  tenth 
grain  of  cocaine  hydrochloiale.  The  injections  may  be 
given  once  daily,  and  subseiiuenlly  twice  daily,  tiradii- 
ally  increasing  doses  may  be  given  each  day,  until  a 
larger  amount  than  advised  by  mouth  may  ultimately  be 
given  and  tolerated  for  a  longer  time.  The  elTect  of  the 
subcutaneous  injection  of  Pearson's  solution  isoften  very 
gratifying.  The  general  condition  may  improve,  the 
glands  may  diminish  in  size,  and  the  patient  often  gains 
in  weight.  Severe  pain  is  rarely  complained  of  at  the 
site  of  the  injection.  If  care  is  taken  in  the  preparation  of 
the  solution  and  instruments,  inflammation  and  suppura- 
tion do  not  occur.  Gooil  results  are  claimed  for  the  in- 
jection of  Pearson's  solution  directly  into  the  enlarged 
glands.  This  sometimes  gives  rise  to  a  slight  elevation 
of  leinpcrature.  Such  inject  ions  have  been  madeilirectly 
into  the  enlarged  spleen.  The  wisdom  of  this  procedure 
may  be  justly  <|uestioncd. 

The  manner  in  which  arsenic  acts  in  llodgkin's  disease 
is  not  known.  If  the  disease  is  bacterial  in  origin,  its 
effect  may  be  germicidal:  possibly  it  acts  in  the  Siinie 
manner  as  mercury  in  syphilis,  rnfortunately,  only  a 
relatively  small  number  of  cases  are  permanently  bene- 
fited by  arsenic,  and  in  a  few  cases  no  improvement  fol- 
lows its  use.  Iron  is  of  very  little  value  in  the  treatment 
of  the  disease.  Quinine  and  phosphorus  in  small  doses 
have  seemed  to  be  of  some  use.  Codliver  oil  is  a  good 
tonic.  Extracts  from  various  glands  and  tissues  have 
been  used  without  apparent  results. 

/.'«•((/  Tiejitiiunt. — Aside  from  the  intni|iarencliymatous 
injection  of  arsenic,  already  describeil.  the  enlarged 
glands  have  been  injected  with  solutions  of  various 
drugs.  Iodine,  fiotassium  iodide,  nitrate  of  silver,  car- 
bolic acid,  and  chromic  acid  have  been  used,  without 
satisfactory  results.  Galvauopuncture  has  proved  of  no 
permanent  value.  Iodine  applied  to  the  .skin  over  the 
gland  is  ineffectual.  If  the  disease  is  primarily  located 
hi  the  glands,  and  if  the  disease  sjireads  from  them  by 
secondary  infection,  an  early  removal  of  the  glands  pri- 
marily diseased  would  be  rational.  The  subsequent 
course  in  a  number  of  cases  in  which  the  disease  was 
locjil  and  the  glands  were  early  removed  justifies  the 
procedure  in  selectwl  ca-ses.     If  the  disease  is  widespread 
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ami  deep  sciilcd  from  tlip  bcjriiiiiinsr.  I'xtpiisivo  nprrntivp 
treatmciil  is  ni>l  inlvisahlc.  Sonic- IliiiiU  il  licsl  tdrcinovi' 
as  iniiiiy  srliiiuls  us  possililf.  cviii  thoiiirh  Uic  filiiinliihir 
cnliirgeiiicnt  is  gi'iu-ial.  in  tin-  hope  tlml  inejicinal  trcal 
mcnt  may  l)i'ttcr  control  the  discaso.  The  results  oh- 
taineil  do  not  warrant  the  procedure.  All  cases,  chronic 
in  character,  with  a  l(-ndency  to  localization  of  the  proc 
ess,  should  111-  treated  t>y  removal  of  the  jirowths,  sup- 
plemented hy  the  administration  of  arsi-nii-.  Operation 
is  indicated  when  accessihle  growths  produce  serious 
pressure  symptoms.  In  most  cases  the  frlands  are  easily 
removed.  In  some  cases,  however,  adhesions  arc  Hrm 
ami  extensive.  The  results  obtained  hy  splenectomy  in 
the  splenic  variety  of  the  disease  are  exceedingly  gratify- 
ing. A  removal  of  the  spleen  should  he  seriously  con- 
sidered in  all  cases  in  which  the  iliagnosis  is  certain,  and 
the  progress  of  the  di.sea.se  is  apparently  toward  a  fatal 
termination.  Recovery  has  followed  splenectomy  in 
such  casus,  even  after  cachexia  was  ailvaiiced. 

BcHmm  W.  Sippy. 

HOLARRHENA.— C'oHcm  or  TelUrherrii  Jiark.  The 
liarU  of  //  •iiitiih/Kcnteriea  AVall.  (fain.  Apofijnnce(r),  a 
woody  |)lant  of  India.  Il  is  one  of  several  plants  whose 
barks  have  gone  under  the  name  of  "  Kura  "  or  "  Knda  " 
in  India.  The  active  constituent  is  an  ulkaloi<l  which 
lias  been  culled  Mn'r/fitun:  ("concssine  "l.  and  there  is 
some  doubt  about  its  identity  with  what  lias  been  re 
garded  as  the  same  from  other  sources.  It  is  <-oiitained 
also  in  the  seeds.  The  bark  ai>)H'ars  to  be  a  carminative 
and  intestinal  astringent,  and  the  alkaloid  soinewhat 
antiperiodic.  It  is  very  largely  used  in  native  pniclice 
in  India  as  an  antidysenteric,  and  has  been  considerably 
so  used  in  Europe.  Heportsas  to  its  eflieacy  are  discord 
ant,  but  its  tisc  has  declined.  An  aqueous  extract  is  used 
in  three-grain  doses.  Iknry  II.  Rusby. 

HOLOCAIN,  para-diethoxv-ethenvl  diplienvl  iimidin 
hydnK-lilnride  [(C,H,.O.CsIU")u.XH."C.fH;,;N.'lKM].  is 
obtained  by  the  union  of  molecular  (piantities  of  plie 
nacetiu  and  parajjlienctidin  with  separation  .)f  water 
It  crystallizes  in  hitler,  white  needles  which  are  freely 
soluble  in  alcohol  and  ether  and  in  forty  Jiarts  of  water. 
It  is  not  alTected  by  a  temperature  of  213  F.  (100'  C). 
'With  alkalies  it  is  decomposed  and  precipitated,  the 
presence  of  a  calcium  salt  in  the  water  u.sed  for  solution 
being  sutlicient  to  produce  tuiiiidity.  It  attacks  any  free 
alkali  in  glass:  so.  to  prevent  ])recipitation,  the  glass  con- 
tainer should  |)reviously  be  boiled  with  acid. 

Holocuin  has  a  deleterious  elTeet  on  jiroloplasm,  as  in 
0.1-per-cenl.  solution  it  stops  fermentation  and  (nitrefac- 
tion,  in  0..')-per-cenl.  solution  it  arrests  the  develo)iment 
of  germs,  and  in  one  ])er  cent,  it  stops  amrcboid  move- 
ments and  kills  most  microorganisms.  Hence  the  solu- 
tions are  sterile,  though  if  desired  they  may  be  boiled 
without  harm.  Ilolocain  paralyzes  the  sensory  nerve 
endings,  and  is  a  local  an;esthetic  of  great  power.  It  is 
claimed  by  llotz,  Wurdemann,  Knapp,  Jackson,  and 
others  to  be  quite  as  anasthetic  in  the  eye  as  cocaine, 
quicker  in  its  action,  and  its  elTect  more  lasting,  and  as 
it  is  more  penetrating  the  iris  is  more  ana'sthetized.  It 
does  not  dry  the  cornea,  increa.sc  intraocular  tension,  or 
iutluence  th(;  pu])il  or  accommodation.  Neither  does  it 
constrict  the  vessels,  and,  on  the  contrary,  it  tends  to 
produce  slight  liyperiemia.  This  comparison  w-ith  co- 
caine can  be  well  demonstrated  by  dropping  cocaine 
solution  in  one  eye,  and  holocain  solul  ion  in  the  other  eye 
of  the  sjime  patient.  The  amount  used  for  eye  work  is 
two  to  five  drops  of  one-per-cent.  solution,  and  in  one- 
half  to  two  minutes  this  produces  ana'slhesia  lasting  ten 
to  fifteen  minutes.  Derby  and  Knapp  recommend  it  for 
the  removal  of  foreign  bodies  as  it  leaves  so  little  effect 
on  the  eye.  They  also  find  it  the  most  serviceable  drug 
in  corneal  ulcers  of  microbic  origin,  and  in  purulent  oph- 
thalmitis. Holocain  cannot  be  used  like  cocaine  by  hypo- 
dermic for  local  amvsthesia.  as  it  is  much  more  toxic,  its 
action  in  overdose  resembling  that  of  strychnine  (Heinz). 

W.  A.  IJustcdo. 
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HOMATROPINE,  .\iiopine  and  byo.scyaniine  when 
decomposed  break  up  into  trojiic  acid  and  tropin.  The 
latter  when  comljiiK-d  with  mandelie  acid  forms  homatro- 
])ine;  mandelie  a<id  being  the  piodnet  of  the  action  of 
liydroehlorieacid  oiiamygdalin.  Homatropinc  combines 
with  acids  to  form  salts ;  the  hydrobroniiile.  hydrochloride, 
and  sali<ylate  are  those  most  employed.  The  hydrobro- 
niide  isollieial  in  the  British  Pliarmacopieia.  Pure  homa- 
lroi)ine  isalmost  insoluble  in  water  but  is  slightly  soluble 
in  oil  and  vaseline.  A  twoper-cent.  solution  in  oil  and 
gelatin  discs  are  iirejiared  for  oplitlialmie  work.  The 
advantage  claime(i  for  the  solution  in  oil  is  that  it  is  not 
so  readily  washed  from  the  eyes  by  the  tears.  Homatro- 
jiinc  is  weaker  in  its  action  than  atropine  and  when  ad- 
ministered internally  acts  in  much  the  Siime  manner  as 
does  the  more  common  alkaloid.  It  is  said  to  differ  from 
the  latter  in  this  resiiect,  viz..  it  causes  a  slowing  of  the 
pulse,  Imt  this  dilVerence  is  not  marked  when  large  doses 
are  a<lministered.  The  dose  of  the  hydrobroniide  as  given 
by  the  British  Pharmaco))(eia  is  from  one-eightieth  to 
one  twentieth  of  a  grain.  It  has  been  recommended  for 
use  in  all  conditions  in  which  atropine  is  indicated,  par- 
ticularly in  the  night  sweats  of  phthisis.  It,  however, 
has  not  been  much  employed,  as  it  has  not  proved  so- 
trustworthy  as  atropine. 

Iloniat  ro|)inc  is  almost  entirely  employed  as  a  mydriatic 
in  oplitlialmie  work.  Its  action  is  much  less  intense  than 
that  of  atropine,  but  it  dilates  the  pupil  and  paralyzes 
the  ciliary  muscle  almost  as  rapidly,  and  its  elfects  pass 
ort'  in  a  nuicli  shorter  time.  The  pupil  begins  to  dilate  in 
ten  or  twenty  minutes  and  jiaralysisof  accommodation  is 
complete  in  about  one  hour.  In  from  twelve  to  twenty- 
four  hours  its  action  is  quite  recovered  from.  A  one-  or 
two-per-cent.  solution  is  used.  Beaumont  Small. 

HOMBURG,  GERMANY.— This  popular  watering-place 
is  sitiialcd  in  the  llliiiie  land,  ten  miles  north  of  Frank- 
foit on  the  JIaiue.  It  is  reached  from  Paris,  from  which 
it  is  477  miles  distant,  direct  by  rail,  or  via  Cologne  and 
the  IJhine. 

The  town  is  built  on  a  spur  of  the  Taunus  Mountains 
at  an  elevation  of  (i4;^  feet  above  sea  level.  Its  natural 
situation  is  uot  picttiresque,  but  art  has  done  much 
in  the  way  of  beautiful  pleasure  grounds,  extensive 
jiarks.  and  promenades.  It  contains  9,278  inhabitants 
and  is  amuially  visited,  by  10,600  persons,  forty  per 
cent,  of  whom  are  said  to  be  foreigners,  including  a 
large  number  of  English.  Ilomburg  has  been  one  of 
the  favorite  resortsof  the  late  Prince  of  Wales,  now  King 
of  England. 

The  mineral  springs  and  sanatoria  are  in  a  large  Kur- 
park  which  extends  toward  the  northeast  into  the  forests 
of  the  foothills  of  the  Taunus. 

The  climate  is  that  of  Central  Germany,  the  average 
yearly  temperature  being  47..')°  P. ;  and  for  summer,  Mav, 
'56.3'"F.  ;  June,  66.2°  F. ;  July.  6."..6'  F. ;  August,  66.5' 
F. ;  September  56.3°  F.  The  yearly  rainfall  is  26.6 
inches.  The  season  extends  from  May  to  the  end  of 
September. 

The  waters  of  Ilomburg  are  Siiline-chalybeate,  and  are 
derived  from  the  Taunus  schist  and  quartzite.  The 
principal  constituents  are  the  chlorides  of  sodium,  eal- 
cinni,  magnesium,  and  lithium;  the  carbonates  of  iron 
and  calcium;  and  free  carbonic  acid.  Unlike  the  waters 
of  Ems,  they  are  cool  and  have  to  be  artitieially  heated 
when  used  for  baths.  They  come  under  the  general 
classification  of  common  salt  or  miiriated  waters  and  are 
similar  to  those  at  Wiesbaden,  Kissingen,  Baden-Baden, 
Kreuznach.  and  Nauheim. 

There  are  seven  springs,  as  follows,  with  their  temper- 
atures: Elizabetlibrunnen,  .'51. T  F.  ;  Ludwigbrunnen, 
.53.4°  F. ;  Louisenbrunnen,  Vvi.V  F. :  Landirrafenbrunnen, 
51.8°  F. ;  Kaiserbrunnen,  52.9°  F. :  Stahlbrunnen,  51.8* 
P.:  Soolsprudel,  51..'*=  F. 

The  Louisenbrunnen  and  Stahlbrunnen  are  distin- 
guished by  their  excess  of  carbonate  of  iron.     All  these 
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8prinf;!<  uri-  used  fur  drinkiii);  rxiTpt  I  hi'  .SiMilsprudi'l  mid 
I^iiiil^'riirriitiriiiiiii'ii. 

Till-  l.udw  i>;l>iuiiiirii,  KiilniTlirmiiicii,  LiiiiitM-nliruiiiii'ii, 
mill  SiH>ls|>riiilcl  III')'  iisi'd  for  Imlliiii^,  tlir  niiliT  liciii); 
uiiiiiinl  liy  liiit  stciiiii  rliiiiiilH'rs  III  llll'  ImiIIiiiii  <<f  llic 
luillis.  Willi  llic  li'iisl  |M.^sllili('Sctipr  of  nirlHiiiic  mid  pis. 
Tlir  wiilirsiif  llll'  I.uilwij^liniiiiirii  me  used  for  iiiliiiliiif;. 

All  llir  sprillfts  lllr  llll-  pniprrlV  uf  III"'  loWII  of  Ijnlll' 
liur^t.  wliiili  Ims  crnlcd  llir  viirioiis  liiilli  Iioiihi'K:  the 
KiiisiTliriiiiiirii  with  sixty  luilliriMniis.  iiml  l«o  pis<'iiiii'  for 
iiiitiinil  nirlioiiii' iK'id  siill  liiillis:  niiid  liiiilis  uinl  iiiiiii'iiil 
mill  fii'sli  wilier  Imllis:  Kiirliinislmil  wiili  lliirly  tliii'i' 
liiilliiooiiis.  Ill  llic  foriiiiT  •,'!!.  1 17  liiillis  were  ;:iviii  ill 
|S!Hi.  iind  ill  llic  liillcr  ovii  T.tHMl.  In  the  Kiiisir  Wil 
helms  luiih  are  itiliiiliitioiis  with  spniy  proiliiied  hy  com- 
|il'esseil  llir. 

Ilesidesthe  mild  hiitlis  tiu'nlJDiK'd  tliiTc  lire  ])iii('' needle, 
olectrie.  iiiedietited.  mid  strain  hut  lis;  anil  I  here  lire  also 
j;oi>d  faeilities  for  Swedish  iiymnastiis  aiiil  miissiigc,  as 
well  as  for  the  milk  anil  w  hey  tri'iitiiieiil. 

'I'lie  I'liief  eeiitre  for  visitors  is  the  Knrhaiis,  eiinlaiiiing 
hiiliilsome  iipartineiils.  iiiiiliii.tr  rooiii,  eti-  .  with  a  lernice 
partly  covi'ied  with  jjlass.  and  corridois,  alTordinir  a 
sheltered  proineiitiih'.  At  the  liaeU  of  this  Kurhaiis  e.\ 
tend  the  iK'iiiitiliil  pleiisiiie  irroiinds.  with  a  palm-hmise, 
oninj;i'iy.  and  well  kept  llowcr  IhHIs. 

The  liiwii  contains  wiiler  works,  a  sewcrnce  plant  with 
facilities  for  liltnition.  and  a  steam  disinfect  in  jr  apparatus. 

TlicriiiHiitica. — When  these  waters  are  taken  internally 
they  ijciilly  stimulate  Ihc  pislricand  intestinal  mucous 
nu'inliranel  at  the  same  time  rcndirinj:  the  conlenls  of 
the  liowils  mole  tliiid;  they  arc  theiefoic  licnelicial  in 
catarrhal  alTcclions  of  the  alimentary  tract.  Taken  in 
small  i|uaiitilics  they  are  consiipalinir.  but  laxative  in 
lari;er  i|iiantities.  They  help  to  increase  the  ficneral  uu- 
tritiun.  nccordin.!;  to  Weher.  liy  their  action  iu  aiding  the 
digestion  of  alliuminous  malcrials. 

According  to  the  .same  authority,  they  often  increase 
the  weight  in  thin  |)eisons,  and  for  such  cases  are  prefer- 
nlile  to  the  alkaline  sulpliate<l  waters. 

They  are  also  licnelicial  in  catarrhal  alTections  of  the 
rcspinitory  iract:  in  gout,  uric  acid  iliathcsis.  obesity, 
hemorrhoids,  diseases  of  women,  heart  disease,  and  mal- 
aria. Those  springs  containing  iron  are  useful  in  cases 
of  aniemia  and  chlorosis. 

Fifiy-tivc  thousiind  litre  bottles  of  these  waters  are 
yearly  exported.  Edward  O.  Otis. 

HONEY. — y\v.i..  "A  saccharine  secretion  deposited  in 
the  honeycomb  by  .l/Ms  iiiellifra  li.  (class.  Iiifurln  ;  order, 
Iljliii,  iini'tU'iii  1 "  ( i'.  S.  P. ).  For  the  collection  and  sources 
of  honey,  the  reader  is  referred  to  the  article  Wax. 
Freshly  separated  from  young  or  "  virgin  "  combs  it  is  a 
pale  vellow.  or  greenish-yellow,  or  li.ght  sherry -colored 
liquiii.  about  as  thick  as  "glycerin,  of  peculiar  odor,  and 
of  very  sweet  and  slightly  sharp  taste.  All  these  proper- 
ties viiry  with  the  conditions  of  its  collection,  such  as 
season,  the  prevailing  tlowei-s,  climate  and  country,  and 
(but  not  in  commercial  honey)  the  species  of  insect  pro- 
ducing it.  The  honey  of  older  combs  is  darker  colored 
and  liiore  disjigreeable.  With  age,  after  removal  from 
till'  combs,  it  becomes  darker,  and  granular  from  the 
formation  of  cry.stals  of  suirar  in  it.  Specillc  gravity 
1.431)  to  1.440.  "  The  following  tests  and  reactions  are 
from  the  Pharinacopfria: 

"When  recent  honey  is  diluted  with  two  parts  of 
water,  the  resulting  liipiid  should  be  almost  clear,  not 
stringy,  and  should  have  a  specific  gravity  not  lower 
than  i.KM)  (corrisponding  to  a  specific  gravity  of  1.375 
for  the  original  honey). 

"Honey  hsis  a  faintly  acid  reaction  toward  litmus 
paper. 

"If  one  part  of  honey  be  dissolved  in  four  parts  of 
water,  a  clear  or  nearly  clear  solution  will  result,  which 
should  not  be  rendered  more  than  faintly  opalescent  by 

iTlii'niiIti"r.'rlin"vvliilL'"s  his  indclitnlni'ss  for  iimn.v  of  the  atwve 
fniis  I"  ■■  lh'iil.sihl:in'is  H.-ili|uellfii  uml  BSrIir."  hi'niiis(recel)en  voni 
Kaiserlirti'-n  i..--.iMi.lii.-iiviint  m  lii-rhn.  «itIiii.  li«»i.i 


a  few  drop»  of  ullver  nitniti-  T.8.  (limit  of  fhloriilt»),  or 
of  liariilin  chloride  T.H.  (limit  of  miliiliiitm). 

"If  one  volume  of  lioiiev  Im'  diluted  with  one  Volume 
of  Water,  and  ii  portion  of  this  lii|iiid  unidually  mixed 
with  live  viiliitnes  of  iiIimiIiiIc  aleojiol,  it  should  not  be- 
come more  than  faintly  opiileKceiit  liiNroinpared  with  the 
reM'rved  |iortioii  of  the  Holiilioni,  and  should  neither  Im- 
collie  opai|Ue  nor  deposit  a  slimy  siilislanii'  on  the  inner 
walls  mid  iHjtIom  of  the  test  IiiIh'.  And  when  hmiey  is 
incinerated,  in  small  portions  iil  ii  time,  in  a  pliitiniini 
crucible,  it  shoidd  not  leave  more  than  II. ',2  per  cent,  of 
ash  (iibsiiice  of  i/lurim,  m\i\  /"lYit/ii  iiKiii/iiin'r  milmliiiirr*). 

"On  boiling  one  pari  of  honey  with  live  parts  of 
water,  the  resiiliiiig  solution,  when  cold,  should  not  be 
rendered  blue  or  green  on  the  addition  of  imline  T.8. 
(absence  of  utarrh)." 

Of  this,  the  I'harmiicopa'ia  provides  a  clarilled  form, 
under  the  title  ".lA/  />iitj>iimatiiiii.  i<r  tViiiJinl  J/onri/," 
which  is  re(|iiired  to  respond  to  the  above  tests  and  which 
wc  are  directed  to  prepare  as  follows: 

"  Jlix  the  honey  iiiiiniately  with  t iro  (2)  per  rent,  of  its 
weiLiht  of  paper  pulp,  which  Ims  been  previously  re- 
iliiii-d  to  shreds,  ihoioiiglily  washed  mid  soaked  in  water, 
and  then  strongly  expressed  and  again  shrediled.  Then 
apply  the  heat  of  a  water-bath,  ami,  as  long  as  any  scum 
rises  to  the  surface,  carefully  remove  this.  Finally,  add 
enough  distilled  water  to  make  up  the  loss  incurred  by 
evaporation,  strain,  and  mix  the  slrained  li(|uid  with/cf 
(5)  //(■)•  Cfiil.  of  its  weight  of  glycerin." 

CoMPosiTiox. — Money  is  a  sohilion  of  several  sugars  in 
wati'r.  together  with  minute  i|uaiilities  of  several  acids 
(lactic,  acetic,  etc.),  coloring  matter,  mucilage,  albu- 
minoids, and  the  odorous  princiides.  Occasional  pollen 
cells  are  seen  in  it.  and,  wIk'Ii  old,  crystals  of  sugar.  The 
sugar  of  honey  is  principally  lenilnsf.  or  uncrystallizable 
fruit-sugar,  but  (/cxlrone  and  even  sometimes  nacr/iarone, 
or  cane-sugar,  arealso  present;  iii/iiiiiit  has  been  observed. 
In  old  honey  these  crystalline  sugars  (which  perhaps  in- 
crease in  it  with  age  at  the  expense  of  the  levulose)  are 
the  cause  of  its  granulaliii.ir.  The  result  of  six  analyses 
by  Kiinig  were,  fruit -sugar,  78.74  per  cent.  ;  cane-sugar, 
2.69  per  cent.:  nitrogenous  substances,  1.29  per  cent.; 
water,  16.13  percent.  (Ilager). 

Poisonous  substances  are  frequently  found  in  honey, 
apparently  collected  by  the  bees.  "  Their  origin  has 
sometimes  been  traced  to  Uhndndtndrou  and  other  mem- 
bers of  the  Enriirfc,  but  no  method  of  detecting  them, 
except  by  eatin.si.  has  been  found.  The  poisoning  is 
usually  mild,  bnt  numerous  fatal  cases  have  been  re- 
corded. 

Uses. — The  employment  of  honey  as  an  article  of  food 
and  luxury,  as  well  as  a  medicine,  is  of  great  antiquity, 
and  extends  over  nearly  every  temperate  country  on  the 
globe.  In  the  tropics  the  bees  arc  less  provident,  and 
iioney  is  not  so  regularly  collected.  But,  in  spile  of  this 
popularity,  honey  has  no  medicinal  value  beyond  that  of 
sugar  or  syrup,  and  can  be  considered  only  a  vehicle  for 
other  medicines.  Partly  as  a  convenience  on  account  of 
its  taste  and  consistence,  and  in  part  from  deference  to 
tradition,  it  has  been  used  in  numerous  preparations;  it 
is  still  official  in  the  Honey  of  Rose  (Mil  h'oKo;  U.  S.  P.), 
made  bv  mixing  12  parts  of  a  Huid  extract  of  red  rose 
(vehicle^  diluted  alcohol)  with  88  of  honey.  It  is  simply 
a  pleasantly  astringent  vehicle.  Confection  of  rose  con- 
tains twelve  per  cent,  of  honey.  H'.  /'.  Jivllts. 

HONTHIN  is  a  tasteless  and  odorless  compound  of  tan- 
nin, keratin,  and  albumin,  which  is  sjiid  to  pass  through 
the  stomach  unchan.ircd.  and  to  be  separated  into  its 
constituents  in  the  intestine.  It  is  an  intestinal  astrin- 
gent, is  insoluble  in  water,  and  may  be  given  alone  or 
with  chalk  mixture  for  diarrhoea  or  intestinal  fennenta- 
tion  (Reiche.lt,  Frieser).  H'.  A-  Baftedo. 

HOOF-AND-MOUTH    DISEASE.— Hoof  a  n  dm  o  u  t  h 

disea.se.  al.-Mi  known  as  foot  and  iiiouth  disease,  is  spoken 
of  technically  as  epizootic  aphtha,  and  has  also  been  called 
eczema  epizootica.  vesicular  aphtha,  vesicular  epizootic 
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nnd  ni>litlimis  fi-vpr ;  nniong  tlie  ignorant  the  term  mur- 
rain is  Sdineliiiu'S  iis<m1. 

In  Kranco  il  is  (illicially  known  as  Jierre  apIttJieiise,  and 
is  alsi>  spiikt'ii  of  as  nl'iimititr  iiji/il/uime  and  eoetlle.  Tliu 
Gfrnianscall  it  Mmil-  uml  lOtineiiiuuclie.  Mmilfaiile.  .l/)- 
t/ifiiiiiic/ie,  Bliisehe nkrii fiklnit .  and  Mimtire/i.  In  Italy  it 
is  known  as  oflu  ei>iz<>»tioi,  Jeljlirn  nftonit,  etc.  In  tlii'  fur 
East  it  is  also  found,  beinir  called  in  Bengak-c  IIhihmi, 
kh'Hiri'd,  khiuirii,  khmiihii,  anil  other  names;  in  Tliihet  il 
is  known  as  khuchhn,  and  in  Siugalese  as  hita  Ude  and 
kurti  IkIi: 

Hoof  and  mouth  disea.se  is  peculiar  to  the  cloven-footed 
domestic  animals,  the  o.\,  sheep,  goat  and  swine,  but  may 
be  communicated  by  them  to  the  horse,  do-:,  cat,  and 
poultry,  and  also  to  man.  It  is  this  latter  property  that 
renders  it  of  special  interest  to  the  praclilioner  of  humaJi 
medicine.  It  may  also  occur  among  wihl  ruminants. 
such  as  deer,  bulfalo.  camel,  llama,  giralTc.  and  antelniie. 

Iloofand-mouth  disea.se  in  cattle,  sheep,  and  swine  is 
characterized  by  a  vesicular  eruption  of  the  mucous 
menibraue  of  the  mouth  and  imder  surface  and  edges  of 
the  tongue,  the  interdigital  space  and  aroimd  the  top  of 
the  foot  at  the  juncture  of  the  hair  ami  horn,  followed 
by  ulceration  as  the  vesicles  break,  and  accompanied  by 
high  fever. 

It  is  highly  infectious,  being  disseminated  not  only  by 
the  cohaliitatiou  of  sick  with  healthy  animals,  but  also 
by  manure,  litter,  stable  utensils,  the  clothes  and  boots 
of  attendants  and  veterinary  surgeons,  anil  by  cattle  cars. 
Even  driving  healthy  cattle  over  roads  previously  tra- 
versed by  caUle  sulTering  from  the  disease  is  sufficient  to 
produce  it  in  the  non-infected  animals. 

Jlilch  cows  sulTering  from  hoof  and  mouth  disease  also 
have  a  vesicular  cruplion  upon  the  udder  and  teats,  and 
in  these  cases  the  milk  becomes  a  medium  of  infection. 

Hoofand-mouth  disease  has  undoubtedly  existed  for 
centuries,  probably  for  the  last  two  thousand  years ;  it 
seems  to  be  a  native  of  Western  Asia  and  Eastern  Europe, 
and  has  long  been  known  in  India  and  upon  the  steppes 
of  Russia.  As  commerce  between  civilized  nations  in- 
creased and  means  of  communication  developed,  it  spread 
over  Europe  from  the  east  to  the  west  until  now  it  pre- 
vails from  the  Caspian  Sea  to  tlu;  Atlantic  Ocean.  Il 
also  exists  in  India,  Ceylon,  Burmali,  and  the  .Straits 
Settlements.  With  the  development  of  literature  its  de- 
scription became  more  accurate  and  accounts  of  its  spread 
over  Europe  in  the  seventeenth  and  eighteenth  centuries 
show  it  to  have  prevailed  extensively  in  Italy,  Germany, 
and  Fniiice.  Toward  the  end  of  the  eighteenth  and  early 
in  the  uiucteenth  century  it  reached  Western  Eurojie.  but 
did  not  gain  access  into  England  until  1839,  and  was  not 
known  in  Denmark  until  1841. 

Hoof-aud-mouth  disease  seems  to  be  a  native  of  locali- 
ties in  Eastern  Europe  or  Western  Asia,  and  an  exotic  in 
some  other  coiuitries.  For  example  it  was  imported  into 
Canada  in  1870,  being  introduced  by  two  Shorthorn  cows 
brought  from  Liveipool,  and  appeared  in  localities  in 
New  York  State  and  some  of  the  New  i;nglanil  States; 
but  it  does  not  seem  to  have  assumed  a  severe  form  and 
in  a  few  months  entirely  disappeared,  and  to-day  it  does 
not  exist  upon  the  North  American  continent.  Its  lie- 
havior  in  thus  disappearing  may  be  in  part  due  to  its 
having  been  introduced  in  the  autumn,  and  as  cattle  in 
the  North  are  housed  ilnring  the  winter  months  there  is 
very  little  communication  between  herds;  but  it  may 
also  in  part  be  due  to  its  exotic  character.  The  last  out- 
break in  the  I'niled  States  was  in  the  early  eighties 
(about  1884),  when  some  cattle  imported  from  England 
were  landed  at  Portland.  Me.,  and  driven  to  the  United 
Stiites  quarantine  station  a  short  distance  away.  Soon 
after  a  yoke  of  oxen  was  driven  over  the  same  road, 
which  later  developed  hoof-  nd-mouili  disease, — the  im- 
ported cattle  having  it  when  landed, --and  gave  it  to  the 
owner's  herd;  but  the  disease  was  soon  suppi-es.scd,  and 
there  has  been  mi  reappearance  of  it  sinci'. 

The  United  States  Bureau  of  Animal  Inilustry,  of  the 
Departiuent  of  Agriculture,  spares  no  pains  to  protect  the 
live-stock  interests  of  the  country  from  contagious  animal 


disea.ses;  hence  it  is  unlikely  that  this  malady  will  ever 
secure  a  foothold  here,  owing  to  the  stringent  quarantine 
regulations  impo.sed  by  the  feileral  OoverniiHiit.  Cattle, 
sheep,  swine,  and  other  ruminants  can  be  brought  into 
the  United  States  only  at  points  designated  by  the  De- 
partment of  Agriculture,  the  ports  of  entry  on  the  Atlan- 
tic seaboard  being  only  at  Bfiston,  New  York,  and  Balti- 
more, near  which  places  f|uarantine  stations  have  been 
established.  All  neiil  cattle'  are  liclil  at  these  stations  for 
ninety  days,  and  all  sheep  and  swine  for  fifteen  days 
after  lamling.  The  reason  for  holding  cattle  longer  is  to 
guard  against  contagious  pleuropneumonia;  the  period 
for  which  the  sheep  and  swine  are  held  is  sulficient^to 
guard  against  all  danger  from  hoofand-mouth  disease. 
Neat  cat  tie  also  have  to  l)e  found  free  from  tuberculosis  as 
determined  by  the  tuberculin  test  before  being  allowed 
to  go  beyond  the  ([iiarantine  station  limits.  Sepanite 
gali'S  and  lanes  are  jirovided  for  entrance  and  exit ;  if, 
therefore,  any  contagious  disease  should  make  its  appear- 
ance, there  woidd  be  no  danger  of  healthy  animals  becom- 
ing infected  by  being  driven  over  roads  where  sick  ani- 
mals had  previously  been. 

Imjiorters  of  animals  from  England  or  Europe  must 
also  obtain  permits  from  the  Department  of  Agriculture, 
and  furthermore  must  have  albdavits  that  animals  come 
from  localities  free  from  contagious  diseases,  and  do  not 
pass  through  infected  districts  in  transit.  The  collector 
of  the  port  of  entry  is  notified  when  the  animals  arrive, 
and  immediately  turns  them  over  to  the  care  of  the  agent 
of  the  Bureau  of  Animal  Industry  having  charge  of  the 
quarantine  station. 

In  countries  where  hoof-and-mouth  disease  has  pre- 
vailed as  an  epizootic,  the  losses  occasioned  by  it  have 
been  very  great  to  the  farmer  from  a  pecuniary  stand- 
point; not  that  the  Tnortality  is  very  large,  as  only 
from  one  to  three  per  cent,  of  the  infected  animals  die, 
but  owing  to  the  emaciation  due  to  the  fever,  and  the  in- 
ability to  walk  about  and  eat.  This  loss  is  especiallj' 
heavy  when  cattle  or  sheep  arc  lieing  fed  for  the  sham- 
bles. Animals  nearly  ready  for  the  butcher  in  a  few  days 
lo.se  all  the  tiesli  that  it  has  taken  I  hem  months  to  put  on. 

Neat  cattle  have  the  severest  lesions  in  the  mouth,  as  a 
rule,  and  have  great  ditliculty  in  eating,  although  lame- 
ness may  also  be  present,  while  among  sheep  the  foot  le- 
sions are  usually  the  more  severe  and  they  will  not  walk 
about  in  search  of  food,  but  spend  most  of  their  time 
lying  down. 

In  Great  Britain,  after  its  introduction  in  1839,  there 
have  been  several  epizootics  of  hoofand-mouth  disease. 
Professor  Brown  has  classified  them  as  the  ten  great  out- 
breaks, but  it  seems  to  have  been  jn-ettv  well  subdued 
there,  as  from  1886  to  18%  only  l.i'J'y  calile.  ;1673  sheep, 
and  107  swine  have  been  reported  as  having  it,  and  during 
1897  no  authentic  cases  were  reported.  These  results 
have  been  brought  about  only  by  the  most  strenuous 
efforts;  when  an  outbreak  has  occiirred  public  live-.stock 
markets  were  closed,  infected  cattle  quarantined,  cars 
and  premises  disinfected,  litter  destroyed,  and  every  pre- 
catilion  taken  to  check  thes|ireadof  the  disease.  The  rc- 
sidts  have  amply  justified  the  meiuis  adopted.  Previous 
to  1886  the  occasional  great  outbreaks  assumed  very  large 
proportions.  For  example,  in  1871  there  were  700,000 
cases  among  cattU  in  England  with  7.000  deaths(one  per 
cent.),  and  an  eiiually  bad  outbreak  occurcd  in  France  at 
the  sjinie  time.  While  it  seems  to  have  been  nearly  eradi- 
cated in  Great  Britain,  epizootic  aphtha  still  prevails  ex- 
tensively on  the  Continent  with  occasional  sudden  in- 
creases, in  sjiite  of  a  gootl  sanitary  veterinaiy  police 
system  in  every  European  country.  For  example,  in 
Belgium,  in  1897,  there  were  2,4."i3  cases  of  hoof-and- 
mouth  disease;  in  1898,  1.5..i53;  in  France  there  were 
1.(101  outbreaks  in  18!)7.  and  in  1898.  9,458;  and  in  Italy 
3,210  cases  in  1897,  and  4.5.497  in  1.898. 

In  Hungary,  in  189(1.  .■>72.809  <attle.  178.612  sheep,  and 
82.931  hogs  were  infected,  while  in  1897  it  was  diminished 
to  70.49rcattli'.  2.").4.-)0  sheep,  and  ;!.7.")8  hogs. 

In  the  pig.  as  in  the  slice]),  the  lesions  are  manifested 
chiefly  on  the  feet,  although  there  may  be  eruptions  on 
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tlif  fiiiimt  Hiiil  free  lionlvnt  of  tliu  HpN.  Sowk  Buckling 
VoitiiK  loiiy  liiivi'  iiii  ('ru|iti<>ii  nil  the  limiilliiif  mnl  IfiiN, 
lilll  ill  llic  Siiw  lliul  I'HC  (Ills  IH  lliit  «>  fmillrlll  lis  ill  llir 
cow.  Yoiiiif.' l>l|;siiif<'>'t<-il  lliniii^'li  milk  liiivr  llii' iiioutli 
anil  iiitc.iliiml  Icsiniis,  miil  in  it  m'vii'i'  (01111. 

Till'  |iiri<Hl  of  ili'vi'|i>|>nirnl  from  llir  limr-  of  i  xpoHiirr 
is  shorl.  iiMiiiill.v  from  lliirr  to  <ij;lil  iliiys:  Inn  it  iiiiiy  not 
ii|>|iriir  ill  nirr  iiistiiiK-cs,  it  is  siiid,  for  from  two  to  tliii.-o 
wci'ks. 

When  llii'ri'  art-  no  compIinitionR,  such  as  sldiiKliin^  nf 
till-  fii'l  as  s«Tii  in  very  s<'vrrf  nises,  the  discasi-  incattif, 
slii'f|i.  and  swine  runs  a  course  of  from  ten  to  twenty 
da  vs. 

In  (itlicr  animalsllirsymtitoiiis  an-soiiicwiiat  tlic  Riimr, 
viz..  vesicles  followed  liy  iileerations  either  on  the  feel  or 
in  the  month  :  bill  other  domestic  animals  do  not  acem  to 
be  very  susceptible.  The  horse  shows  lesions  in  the 
mouth,  but  only  as  a  result  of  liekiii);  infected  cattle  or 
drinkinj:  or  calini;  from  bui-kets  or  Houghs  which  dis- 
easeil  creatures  have  used.  Do.u's.  cats,  and  rabbits  may 
have  the  disease,  but  it  is  saiil  to  be  iiifreiiuent.  ami.  in 
the  do.ir  and  cat.  is  the  result  of  their  beinj;  kept  in  the 
stable  with  infected  ruminant.s  orswine,  or  of  their  drink- 
ing  milk  from  cows  with  udder  lesions. 

It  is  said  to  be  rare  in  poultry  and  birds;  when  it  occurs 
there  may  lie  vesicles  or  spires  on  the  feel  and  legs,  or  in 
the  nioiilli  and  upon  the  comb. 

lliHif  and  iiiouih  di.si'ase  may  occur  in  the  human  fam- 
ily. Among  adiilt.s.  attendants  of  cjitlle.  veterinary  sur- 
geons, butchers,  and  dnivcrs  are  most  exposed.  It  may 
be  aci|uired  from  disea.sed  animals,  and  occasionally  it  is 
pos-sible  for  one  person  to  infect  another.  Among  in- 
fants it  may  be  caiiseil  by  drinking  uncooked  milk  from 
cows  having  the  vesicles  of  epizootic  aphtha  on  the 
udder;  it  is  also  siiid  that  fresh  butler,  fresh  cheese,  and 
whey  can  convey  the  germs  of  the  disease. 

The  period  of  incubation  is  (piile  short,  especially  when 
conveyed  by  milk,  in  which  case  it  is  only  from  twelve  to 
twenty-four  hours  before  syinploms  appear. 

In  infants  the  disease  is  not  iiifreciuenllv  fatal.  The 
syni])loms  C(iiisisl  of  fever,  headache  or  dizziness,  con- 
junctivitis, an  eruption  on  the  face  or  around  the  mouth, 
and  vesicles  in  the  mouth,  and  among  milkers  there  may 
be  sores  on  the  tips  of  the  fijigers  around  the  linger  nails 
(there  may  even  beshmgliingof  thenails),  or  in  the  spaces 
between  "the  lingers.  "When  vesicles  develop  in  the 
pharvnx  they  cause  great  ditliciilty  in  swallowing:  there 
may  also  be  vomiting  and  diarrho'a  when  the  infection 
takes  place  through  milk,  and  in  the  case  of  infants  and 
small  children  the  disease  maythen  end  in  death.  Recov- 
ery usually  takes  place  in  ten  or  twelve  days.  Among 
animals  it'is  .said  that  one  attack  does  not  always  secure 
immunity  from  aiiotlier.  Meat  from  animals  suffering 
with  epizootic  aphtha  has  never  been  found  to  be  infec- 
tious. 

ETtiu.oov. — Hoof  and  mouth  disease  is  undoubtedly  a 
germ  di.st'ase — both  clinical  and  experimental  evidence  in- 
dicate this. — but  the  specific  organism  which  produces  it 
remains  to  be  discovered.  There  are  other  diseases  which 
we  believe  to  be  due  to  a  microscopic  organism  of  some 
description — such,  for  exaniide.  as  rabies,  smallpox,  and 
cowpox. — ill  which  the  organism  is  so  minute  or  so  dilli- 
Ciilt  to  slain  or  cultivate  that  it  has  hitherto  not  been 
demonstrated,  and  the  bacterium  of  epizootic  aphtha  is 
uiic|Uestioiiably  one  of  this  character.  Nosotti.  Klein, 
Schoiielius,  and  Kiirth  have  sluilied  microorganisms 
found  in  ciuinection  with  the  lesions  of  hoof-and-mouth 
disease,  but  it  does  not  seem  that  the  true  spccltic  cause 
has  yet  been  discovered. 

The  vitality  of  the  virus  is  not  considered  to  be  usually 
very  great.  Walley  says  that  as  a  rule  the  danger  cea.ses 
at  the  end  of  thirty  days  after  the  recovery  of  the  last  ani- 
mal, but  instjinces  are  given  in  which  troughs,  hayracks, 
and  stables  have  caused  fresh  outbreaks  after  the  lapse  of 
several  monllis.  Therefore,  in  taking  steps  for  the 
eradication  of  the  di.seftse.  thorough  disinfection  of  stables 
and  utensils,  with  destruction  of  all  litter  and  manure, 
cannot  be  loo  stricllv  enforced. 


The  pout  innrtem  (^ondltioDH  found  In  nnlnmlHiuilfering 
from  hiHif  and  nioiith  diseiiHi-^Jn  luldition  to  the  lehloiiK  in 
the  mouth  and  around  the  feel,  and  eruptioiiK  on  the  iid 
der  previously  mentioned  — coiisist  of  an  inllammatioii  of 
the  stomach  and  iiitestiiiis,  with  perhaps  eroNions  of  these 
organs.  Kspecially  is  this  thi'  case  in  infiiii-  1  i  .,  mnl 
calves  infected  by  the  use  of  milk  from  di 

The  medicinal  care  of  liouf  and  iiiouth  o  -isto 

in  treating  the  symptoms  iks  they  iKCur,  by  llie  use  of 
aiitisi'ptic  wa.shes,  and  by  the  application  of  dtisling 
powilers  to  tile  ulcerations.  The  U«n\  shoiilil  be  soft  ami 
of  an  easily  digested  character.  Ijirge  lloeks  of  sheep, 
where  it  is  impossible  to  attend  to  each  individual  easi-, 
are  sometimes  treated,  when  the  foot  lesions  prednminale, 
by  driving  the  entire  lloek  daily  through  a  long  wo<Mlen 
trough  containing  some  antiseptic  drying  powder. 

lloof-and-moiith  disi'tise  may  be  confounded  with  other 
diseases  if  care  is  not  exercisiil  in  making  a  diagnosis, 
such  as  foot  root  in  cattle  or  sheep,  cowpox,  and  poison- 
ing with  corrosive  agents. 

Ill  1H84  there  was  an  enzootic  of  ergol  poisoning  among 
cattle  iu  Kansiis  which  was  mistaken  at  first  for  an  out- 
break of  li(H)f  and  mouth  disease  (rid,  liist  annual  report 
of  the  United  Stales  Bureau  of  Animal  Industry,  \Klii). 

The  horse  suiters  at  limes  from  a  contagious  stomatitis 
which  is  known  as  fUniuitili*  jiimtuloiui  eonldf/iiMi.  and 
which  has  been  mistaken  forepizooticaphtha.  This  dis- 
ease is  not  rare  in  the  Eastern  I'liited  ."states,  while  hoof- 
and-mouth  disea.se,  it  must  be  remembered,  does  not  exist 
on  this  c<intinent.  The  contagious  stomatitis  of  the  horse 
is  rea<lily  coininunicated  from  one  to  another,  but  is  not 
serious  and  soon  disappears  from  a  stable.  It  is  charac- 
terized by  the  formation,  inside  the  cheeks  and  lips,  of 
numerous  little  vesicles  which  break  in  a  few  days,  leav- 
ing small  siiperlicial  ulcers  which  si)oii  heal. 

More  extended  information  on  hoof-and-mouth  dis- 
ease may  be  obtained  by  referring  to  the  first  edition  of 
the  RefeukxcI':  II.vndhook  ok  Tin-;  Micnic.M,  Sciences, 
Walley  s  "Four  Boviiii'  Scourges."  Fleming's  "Veteri- 
nary Science  and  Police."  Williams'  "Theory  and  Prac- 
tice of  Veterinary  Medicine,"  Hayes'  translation  of  Fried- 
berger  and  Frohner's  "Veterinary  Pathology."  ami  the 
annual  reports  of  the  United  States  Hureaii  of  Animal 
Industry.  Atmliii  Pttern. 

HOPS.— HiTMCLUS  LuPULUs.  The  carefully  dried 
strobiles  of  Ilumnbis  L'ljmUiii  L.  (fam.  Moriicfir  ["  I'rti- 
caeeiT."  U.  S.  P.]),  bearing  the  whole  of  their  natural 
glandular  coating.  The  hop  vine  is  a  twining  perennial, 
I  with  a  thick-branched  root,  from  which  several  long, 
slender,  lierliaceous,  but  tough  and  rough  hairy  cylindri- 
cal stems  arise. 

Description. — Ovoid-cylindrical,  alwut  3  cm.  (a  little 
more  than  an  inch)  long,  consisting  of  a  thin,  hairy,  flex- 
uous  rachis  and  many  obliquely  ovate,  blunt,  membra- 
naceous, rigid,  glandular  scales,  which  are  parallel-veined 
below,  rcticiilately  veined  above  and  each  liearing  a  glo- 
boidal  akene  near  the  base;  color  of  scales  yellowish- 
green  to  greenish  pale-brown,  free  from  rctldish  or  brown 
spots;  odor  strongly  and  peculiarly  aromatic:  taste  bit- 
ter, pungcntly  aromatic,  slightly  astringent. 

Since  the  glandular  coating  (Lup'iliii)  referred  to  in  the 
definition  contains  the  most  of  the  active  eonstitucnt.s,  it 
should  be  present  in  normal  amount,  but  much  of  the 
hops  of  the  market  have  been  deprived  of  a  part  of  it 
by  abra.sion.  Such  hops  are  apt  to  be  much  broken,  and 
are  commonly  pressed  into  cakes  to  conceal  this  appear- 
ance. 

Good  hops  should  be  not  much  broken,  and  fresh. 
Tliev  arc  then  of  a  rich,  slightly  yellowish  or  brownish 
green.  When  distinctly  brown  "and  dull,  and  especially 
shrivelled,  they  are  stale  and  their  composition  is  not  the 
same. 

The  hop  is  a  native  of  the  temperate  parts  of  the  Old 
World—Europe  and  Asia— and  grows  in  many  jilaces  in 
the  United  States  apparently  wild,  but  probably  intro- 
duced. It  has  lieen  cultivated  since  the  middle  ages  in 
Europe,  and  is  now  grown  iu  nearly  all  temperate  coun- 
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triis.     KiiKliiiiil  mill  till-  Uniti'tl  Stnlcs  prrxliice  It  abun- 
dnntlv.  mill  nf  cxcelli'iil  i|iiiility. 

Till-  mriliriiml  (•Diisiiniptiiin  of  hops  is  compnmtivi'ly 
siiiiill.  lUiii  mi  uniiiipoilaiit  ilcin  of  llio  imiiK-iisc  ilcmand 


FIG.  2T06.-HOP  Plant  In  Fruit.    (Balllon.) 

for  ihrin,  iiiainlv  for  Havoriiig  ales  niifl  beer.*,  which  con- 
sumes many  iiiillions  of  pounils  aniiually. 

C'cMi-osnioN. — Thet'utirf  hop,  that  is.  inclusive  of  the 
Ivpulin,  coutaius  the  following  substances:  Nearly  one 
^^^^  per     cent,     of 

'^  volatile  oil,  of 

a  greenish-yel- 
low color,  be- 
coniiiigbrown- 
ish  with  age, 
anil  of  a  spe- 
cific gravity  of 
.855  to  .880. 
It  becomes  at 
least  partly 
converted  into 
isovaleric  acid. 
A  very  small 
amount  of  the 
intensely  bit- 
ter hijmmaric 
acid  (CjtHss- 
O)),  which  is 
soluble  in  alco- 
hol or  a  mix- 
ture of  alcohol 
a  n  d  w  a  t  e  r. 
Resin,  up  to 
fifteen  or 
eighteen  per 
cent. :  tannin 
two.to  four  per 
cent.  S  m  a  1 1 
nmounts  of  nsparagin  and  cholin.  Not  more  than  ten 
per  cent,  of  nsh  is  allowable  upon  incineration.  Accord- 
ing to  their  stalenrss,  more  or  less  /i/il-iliii/i/i,  nc  may  be 
present,  ai  the  (■\|iiii>;i  i.f  the  disapiieuring  tannin. 


Fio.  STW.— Hop  Plant,    n.  Cone 
hnu-tli't;     r,   fnill  I'nlanred: 
lonirttnillniil  Mttlon. 


;    h,  fructiferous 
il,  the  sniiie  In 


Action  \'sd  Use. — Although  used  in  many  disea.se8 
with  asserted  lienelit.  but  litllr  can  be  sjiid  of  hops  more 
than  thai  they  are  a  mild  biiler  tonic  and  (especially 
liipulin)  a  feeble  hyi)notie  and  aiilispasmodie.  In  infu- 
sion they  allay  the  pain  and  spasm  of  vesical  catarrh, 
and  improve  the  appetite  and  digestion.  As  an  ingre 
dient  of  beers  they  add  a  tonic,  ami  i)erhaps  diuretic, 
effect  to  thai  of  the  alcohol  in  tho.se  beverages.  The 
dose  is  1  lo  4  gin.  (gr.  xv.-l.\.).  The  I'harmacopii'ia 
provides,  besides  lii]iulin  and  its  i-repanilions.  a  Iwenly- 
per-cenl.  tincture.  Ibedoseof  whicli  is4  loS  e.c,  (11  "  i.-ij.) 
and  wliieb  is  pmlialily  llie  best  form  of  administration. 

Jleiiri/  11.  Jiiml/y. 

HOREHOUND.— JiAituuititJM.  "Tliedried  leaves  and 
tops  iif  M.iri'ihiniii  i)ili/iire  L.  (fain.  f.al'iaUt)"  (U.S.  P.), 
bill  will  |>r(ilpably  be  dropped  from  the  next  edition. 

l)Ks(  uirrioN. — Leaves  opposile,  exslipulale,  shortly 
and  broadly  petioled,  the  blades  2  lo  4  cm.  (1  to  1| 
in.)  long,  roundish-ovate,  truncate  or  subcordate  at 
the  base,  oblu.se,  slrongly  rugose-veiny,  more  or  less 
white  hairy,  especially  underneath;  stems  quadrangular, 
densely  white-hairy:  flowers  in  dense,  axillary,  white- 
wooly  whorls:  calyx  tubular,  live-  to  ten-nerved,  with 
ten  ahuost  equal,  erect-spreading,  i)iingent  teeth:  coroUa 
whilisli,  bilabiate:  stamens  didynamous:  friiil  of  four 
ovoid,  obtuse,  smooth  nullels:  aromatic  and  liiller. 

.V  S|)urious  marruliiumis  sometimes  sold,  having  leaves 
of  about  half  the  size,  thinner,  less  rugose  and  five  of  the 
calyx  teeth  much  smaller  or  wanting. 

Iloreliound  is  a  European  herb  which  has  been  intro- 
duced into  this  country,  and  in  many  jilaces  has  escaped 
from  old-fashioned  country  gardens  to  meadows  and 
moist  waste-idaces.  Its  woolly  aspect  and  bitter  odor 
and  taste,  combined  with  itscliaraclerislic  labiate  flowers 
and  quadrangular  stems,  make  it  easily  recognizable.  It 
is  also  a  native  of  Western  Asia  and  Northern  Africa. 

The  u.se  of  liorehouud  dates  from  the  ancient  Romans, 
or  even  farther  back.  It  has  been  a  pojiular  febrifuge 
and  aromatic  bitter  tonic  in  many  countries.  The  leaves 
and  tops  of  the  jjlaiit  .should  be  collected  for  use  when  it 
is  in  full  bloom,  and  before  the  former  have  become  old 
and  dry  :  Ibey  are  dried  witliout  heat,  and  should  be  pre- 
served in  dry  boxes  or  drawers. 

The  most  important  constituent  is  the  crystJiUine,  neu- 
tral, bitter  substance,  marrubiin.  There  are,  besides,  a 
little  )•<"*('«,  a  little  essential  oil,  tannin,  and  a  considerable 
amount  of  alkaline  and  earthy  salts. 

Iloreliound  was  formerly  jiri/.ed  as  a  febrifuge  and 
antispasmodic,  and  used  in  numerous  obscure  diseases 
(hepatic,  uterine,  etc.),  and  in  inlerinittent  fever.  It  was 
also  used  for  the  only  conditions  for  whicli  it  can  be  ssiid 
to  have  any  value,  ami  for  wiiieh  it  is  still  a  little  em- 
ployed, viz..  dyspepsia  and  debility.  When  a  stomachic 
and  bitter  tonic  is  indicated,  a  tablespoonful  or  two  (15 
to  30  gm.  =  3  .ss.  ad  3  i.)  of  an  infusion,  made  in  the 
usual  wav,  slrensrlh  one-tenth,  is  a  tonic  dose. 

ir.  p.  Bolles. 

HORN'S  SPRING.— Wilson  Cuunty,  Tennessee. 

I'dst-Okkuk. — Lebanon.     Hotel, 

ArcKss.  — Via  Naslivillc,  t'haltanooga  and  St.  Louis,  or 
Nashville  and  Knoxville  Railroad,  to  Lebanon,  thirty 
miles  northeast  of  Nashville:  thence  five  miles  west  to 
springs.  Conveyances  meet  all  trains.  The  location  of 
Horn's  Springs  is  somewhat  elevated  and  cbanicterized 
during  the  summer  months  by  refreshing  breezes.  A 
comfortable  new  hotel  has  recently  been  Imilt,  and  is 
kept  open  all  the  year  round.  The  springs  are  eight  in 
number.  Aeeoiding  to  an  analysis  made  by  Professors 
SalTord  and  Summers,  of  Vanderbilt  Universily,  one  of 
the  springs  contains  the  following  chemical  ingredients: 


Catchim  oarl>oiiate. 
Miiffiiesfuni  earbonnte. 
imn  rarlmnale. 
Pota.s.sinin  riirI»onale. 
SoiHiMii  siilitjiiile. 
Ma^ni'>iiiin  sulphate. 
Catehiiu  >alplutte. 


Sodlnni  rlitorirte. 
fliosplKirli-  aeld. 
Silirii-  add. 
I'ilrthinie  acid. 
Siilpliiireled  hydmjrfln. 
(inniiiio  inauor  (trace). 
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This  limy  In-  tiiki-ii  as  ii  lypi'  of  nil  ihi'  springs,  wliirli. 
aD  wciiri-  iiif4irriii'il,  iciiiliiiii  iiiiirli  irnii  iiinl  linvi'ilciifli'dly 
piiruiitivc  rlTiTts.  n'si'iiihliii^'  In  soini' cMcnl  ilic  wuicrof 
llic  Cniti  ( irrlmnl  S|iriiii;s  nl  KniMirky  Tlii' wnln-s  nl 
llnrn's  SpriiiK^  Imvi'  an  cMiii-.ivc  ri'piilatiiiii  in  'rriilifH 
HIT,  ami  till'  riiiiti'iits  sliiiw  ilial  llii'V  iiia\  In'  iisi'rni  in 
I'liiiilitions  nf  llic  M'slt'iii  rripiiriiiK  an  alkaliiio  r('i;iiiii-ii. 
a  Irrriigiiioiis  tnuir.  or  a  iiiililly  siiiiiiilaliiiK  <'i>lli>irtic. 

Jillliin  K.   CviKik. 

HORSERADISH.  -AnMiiiiAciA.     Tli«  roi.i    of  /ft.ri/xi 

. I,  ,„.,/,,,  I. /  ,1.  I  iliicliciH'k  {('iirlihiiriii  Ariiinriirin  I,., 
.\ti!>tufti'im  Ariittfrfifiii  Frirs..  fain.  Crurif)  nt).  As  a 
ilriu'    ilii'  fnsli  iiMit   isahvavK  uiiiIiisIihuI,  ami  is  iilUciul 


Fig.  2708. -Horseradish  Plant  iind  R<x>t. 

in  tlu"  British  Pharinacnpcriii.  The  fresh  leaves  and  lierh 
are  ollieial  in  (Krniany  ami  Fmnce.  This  well-kmnvn 
plant  is  a  native  of  Easleni  and  Xorlliern  Europe,  bnt  it 
has  been  cultivated  so  lonir  in  otlier  parts  of  tlie  world 
that  it  occurs  in  a  half  wild  stale  in  many  lemperate 
countries.  Its  truly  wild  form  is  not  known  with  cer- 
tainty, ami  it  does  not  readily  perfect  its  seeds:  but  its 
roots  are  very  tenacious  of  life,  and  make  it,  in  localities 
favorable  to  its  jjrowth.  ditlicnit  to  enidicnte. 

Ilorsenidish  root  is  from  1  to  3  cm.  or  more  (i  to  14 
in.)  in  diameter,  and  from  0.5  to  1  metre  or  more  long: 
it  is  in  cylindrical  or  sliiihlly  tapering  pieces,  with  a 
large  annulated  and  sometimes  branched  crown,  ijener- 
ally  broken  in  digging  while  still  thick,  20  or  30  eniTfrom 
the  top,  but  sometimes  much  longer  and  then  dividing 
into  three  or  four  long,  tapering  branches,  or  else  arising 
from  a  thick  horizontal  axis  nearly  or  (juite  as  large 
Vol..  IV.— 17 


as  the  vertical  one.  Other  pii-eiK  an-  i.f  the  hiiiulier 
liriinelieH,  or  of  the  sucker  like  liori/.ontjil  portion.  It  Im 
brownish  yellow  outside  and  whilr  wiiliiii,  rather  too 
hard  lo  In-  easily  cut  with  a  lubli-  knife,  but  soft  enough 
to  be  rapiilly  rasped  or  grated.  When  cut  ipr  grati-d.  a 
puiigi'iit.  peculiar  odor  is  developeij,  which  disappearH 
U|ion  drying  or  by  heat:  liisle  sharp  and  peppiry,  also 
cli.sappearing  with  a|.'e  and  deHiecation.  llorw-nidiHli 
root  anil  aconite  root  have  more  than  once  been  stupidly 
confounded  with  i-acli  other,  even  with  fatiil  result. 
They  have  no  resemblance  whatever  excepting  their 
piint'ent  taste.     (See  Adinitc.) 

The  dindly  poke-root  has  also  been  fatjtlly  mistaken 
for  horscntdi.sh. 

C'o.MPDSiTlo.N. — The  root  appears  to  contain  m'liigrin 
(iiij/rniiiite  of  /xiltmiiiinii)  niul  a  ferment,  mi/i'mni  (?),  ca- 
pable of  forming  with  the  sinigrin  an  oil  identical  with 
that  of  mustard,  viz.,  sulphocyanide  of  allyl.  The  odor 
and  taste  of  this  oil  are  not  developed  until  the  rool  has 
been  crushed  or  grated,  or  treated  with  water.  IJy  these 
means  these  substances,  which  are  prevented  from  react- 
ing upon  each  other  in  the  whole  oi  dry  tissues,  are 
brought  together.  If  the  rout  is  extracted  with  alcohol, 
or  if  it  is  dried,  no  oil  is  obtained:  but  it  can  then  even 
be  prodiiceil  by  adding  the  ferment  of  white  mustard 
and  wati-r.  The  composition  is  thus  es.sentially  that  of 
hlaik  mustard.  The  leaves  also  contain  a  sulphiireted 
oil  said  to  be  milder  than,  and  not  identical  with,  that  of 
mustard. 

Action  .\ni>  Use.— Essentially  that  of  mustard,  to 
which  the  reader  is  referred.  Locally  it  is  rubefacient, 
and  even  vesicant ;  internally,  an  aromatic  and  stomachic ; 
in  concentrated  form,  an  irritant.  Its  long-continued  use 
as  a  condiment  and  flavor  is  justified  by  these  properties. 
In  former  times  it  was  used  in  scurvy,  for  which  it  is 
valuable,  and  for  gout,  rheumatism,  a.sthma,  etc.,  for 
which  it  is  u.sele.ss. 

.\i)MiMSTK.\TioN. — Horseradish  is  rarely  useil  as  a 
medicine  in  this  country,  but  if  desired  asan  aromatic  ths 
British  compound  spirit  offers  it  in  uu  ncceiitable  form: 

"Horseradish  root,  scraped 20  ounces. 

Bitter  orange-peel 20  ounces. 

Nutmeg i  ounce. 

Proof  spirit i  gallon. 

Water :j  pints. 

•'.Mix  and  distil  a  gallon.     Dose,  1  to  2  fluidrachms." 

ir  /'  /.'-".  V 

HOSPITAL  SHIPS  OF  THE  UNITED  STATES 
ARMY. — it  was  appii'ciated  very  early  in  the  spring  of 
is:is,  by  the  Medical  Departm<-nt  of  the  Army,  in  antici- 
pation of  the  casualties  to  be  expected  in  the  war  with 
Sljaiii.  that  provision  must  be  made  for  moving  the  sick 
and  disiibled  at  sea.  i 

( )f  the  many  ships  chartered  or  purcha.sed  for  the  trans- 
port service  of  the  army  none  was  considered  suitable 
for  hospital  ])urpo.ses. 

On  April  l.jih.  1.S98,  the  Surgeon-General  of  the  Army 
:iplilied  for  a  ship  tii  be  u.sed  as  a  hospital  .ship.  After 
many  vessels  h.id  been  inspei^ied,  cattle  ships,  transports, 
and  others,  he  recommended  the  purchase  of  the  Jo/in 
KitnUx  as  being  a  suitable  vessel  for  the  purpose  in  view. 
It  was  his  intention  tr.  fit  tier  up  as  a  tloating  hospital  for 
the  care  of  disabled  soldiers  at  any  point  on  the  Cuban 
coast,  to  transport  them  to  our  own  coast,  and  to  serve 
as  a  medical  supply  depot  for  troops  in  the  tield. 

By  direction  of  the  President,  after  considerable  delav', 
the  vessel  was  purchased  for  this  purpose,  and  was 
turned  over  to  the  (Quartermaster  De|iartmcnt  of  the 
Army  to  be  altered  and  fitted  u]i  for  the  service  required. 
Many  changes  were  found  neces.sjjry  and  it  was  not  until 
.luly  2d,  1898.  that  she  sailed  from"Xew  York  for  Cuba, 
named  the  lit /iff.  This  ves,sel  was  built  by  Roach  Bros., 
in  1H96,  was  owned  by  the  Maine  Steamship  Company, 
and  was  in  pas.scnger  service  from  New  York  to 
Portland,  Me.  She  is  built  of  steel  to  her  main  deck, 
her  superetructure  being  of  wood.     She  is  306  feet  in 
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Iiligtli.  10  feel  liciini.  2it  fcrt  friiiii  ki'i-1  to  iiiiiiii  deck,  17 
firt  ilnift.  siiifrlf  screw,  mid  of  V.i-  U<  Itl  kimt  spcid  ilc 
IK-iului):  t>ii  loiiditiiins.  Her  liull  is  dividtd  liv  four 
wiitrr  liulil  Imlkliciids,  slie   is  well    liirlilcd  lliroiiijliimt 


Fig.  270!).— AftiT  Ward  uu  I'ppiT  Dei-k  u(  UuspiUil  sliip  lidief. 


with  clcclricity  and  heated  by  steam.  In  eonvertiiis;  her 
into  a  hospital  ship  lier  superstnietnre  was  in  tlie  main 
till-  only  portion  taken  for  liospital  purposes.  All.  or 
nearly  all.  of  the  staterooms  were  torn  out  of  the  upper 
anil  main  deeks.  thus  making  wards  in  the  fore  and  after 
parts  of  the  ship  e.xtending  aeross  the  whole  vessel. 
Ward  1,  n[)per  deck,  forward,  was 
fi8  feel  loug,  32  feet  wide  aft,  and 
24  feet  wide  forward,  containing  76 
beds.  Ward  2,  aft,  on  s;ime  deck, 
was  68  feet  long,  32  feet  wide  for- 
waril.  and  24  feet  wide  aft,  and  con- 
tained 62  beds.  In  the  centre  of 
this  ward  was  a  well  or  opening 
through  the  dec'k  to  the  ward  below. 
The  midship  space  on  this  deck 
contained  the  engine  and  boiler  en- 
closures, and  the  pantry  and  galley 
for  the  sick.  (Jn  the  jiort  side  were 
staterooms  for  nurses,  messroom, 
water-closet,  anil  wardmaster's 
rooms.  On  the  starboard  were  the 
dispensary  and  rooms  for  the  en- 
gineers, pantry,  etc. 

On  the  main  deck,  aft,  was  ward 
8,  containing  76  beds.  This  ward 
was  7!t  feel  long,  2K  feet  wide  aft, 
and  38  feel  wide  forward.  On  the 
starboard  side  of  this  ward  was  set 
oil  tiie  o])eniling  room,  24  by  12 
feet.  The  midship  .space  was  given 
up  to  incssrooms,  galley,  bakery, 
engine  and  boiler  enclosures.  oltit"e- 
roiims,  laboralory,  ilark  room,  and 
washrooms.  Forward  of  this  was  a 
small  ward  of  30  beds  for  oltlecrs,  38 
by  24  feel.  A  portion  of  this  space 
was  s<'l  aside  and  cnc'lo.sed  as  the 
reconi  olliee  where  all  records,  etc.,  were  made  and  kept, 
.lust  forward  of  this  ward  were  the  quarters  of  the  ship's 
medical  ofllcers,  me.s-sroom,  pantry,  staterooms,  bath,  etc., 
and  ou  this  deck  in  the  forecastle,  the  crew  space 


On  the  lower  deck  was  a  ward  of  46  beds  aft,  just  for- 
ward of  the  "glory  hole,"  which  was  given  up  to  the 
ship's  steward's  crew.     Midships  were  coal  bunkers  on 
either  side  of  boiler  and  engine-room  enclo.sures,  store- 
rooms and  steam  laundry.     Farther 
forward    space   was    given    up   to 
machinery     for     the     refrigerating 
plant,   carlionating    apparatus,  dis- 
infiiting      apjiaratus,     slaterooms, 
washrooms,  and  si)ace  for  the  crew, 
with     elevator    and    steering    and 
w  iiiillass  engines. 

Ou  the  orlop  deck  were  the  main 
store-rooms  for  medical,  quarter- 
master, subsistence,  and  ship's 
stores,  and  bunkers  for  coal. 

<  tn  the  hurricane  deck  were  rooms 
for  the  master  and  other  ship's  offi- 
cers, eight  life  boats,  two  steam 
launches,  and  four  life  rafts. 

The  vessel  was  painted  white 
with  a  green  strake  as  is  required 
by  the  articles  of  the  Geneva  Con- 
vi'ntion. 

For  her  plans  and  general  ar- 
ransements  see  Plate  >lXXII.  aad 
Figs.  2;0!l  and  271(1. 

The  .Vixmiiyi  was  a  steamshi])  of 
the  Atlantic  Transport  line,  and  in 
July.  1S9S,  her  services  with  her 
crew  were  offered  the  Government. 
The  offer  was  accepted  and  the  ves- 
sel was  retitted  for  hospital  work. 
She  is  320  feet  long,  40  feet  beam, 
and  29  feet  6  inches  in  depth,  and 
has  a  speed  of  about  11  knots.  In 
fitting  her  for  hospital  jiurposes  she  received  a  steam 
laundry,  a  steam  sterilizing  apparatus,  an  ice  and  a  car- 
bonating  plant.  This  outtitting  may  be  said  to  have 
been  of  a  temporary  nature,  though  her  equiinnent  was 
excellent.  After  doing  much  good  work  in  relieving 
the  hospitals  of  Cuba  and  Porto  Rico,  and  later  as  a 


Fig.  3710.— OperatlDR  Rwim,  Hospital  Ship  Hilief. 


lloaling  hospital  at  Havana.  Cuba,  she  was  finally  pur- 
chased by  the  Government  and  thoroughly  overhauled 
for  duly  in  the  Phili]ii)iiij'S.  She  sailed  for  Manila 
in  September,  1899,  with  a  medical  staff  of  four  medi- 
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UNITED  STATES  ARMY   HOSPITAL  SHIP   "RELIEF' 


KEKEHEME   llAiNUUOUK   OF  THE   MElJlCAL  SCIENCES. 


II- 


illiil   Mil|i>. 
llllil    Stil|i>, 


cul  olllccnt,  two  ui-liiiK  iissisiiint  Hiiri;ciiiis.  I  no  liospilal 
strwiirdtt,  HfVi-n  lu-tiii;;  Imnpilnl  stewards,  fcirly  m-vcm 
liriviilfs  iif  tilt'  liospilal  rorps.  ami  ilcvcii  male  idiitnii't 
liiirM'H.  She  carriril  lart;r  i|iiaiilltirs  of  iiirilical  sup- 
plies, anil  ollleei-s  ami  iiieii  as  pa.s.Hi-iiKeis  for  iliily  in 
the  I'liilippiiies.  She  iliil  >;o(hI  work  ill  llie  islands,  re- 
ttiniiil  lo  San  Kniiieisco  in  the  xviiiler  of  lIMKt.  ami,  lier 
siTviees  liiin^  no  loiijier  needed,  she  wa.s  then  trails- 
ferred  lo  the  QiiarlerniaKU'r'K  Deparlnieiit  for  use  ill  llie 
tniiisport  s>'rviee.H. 

Tlii'ie  wax  one  otliiT  hospital  ship  of  short  liie  as  Rueh, 
diirini;  the  Spanish  Ainiricaii  War — the  lliii/  Stuti,  aflcl- 
wanl  llie  .li'/.  She  was  lirst  tilled  up  liy  the  people  of 
MassjiehuselLs  and  ilid  l'oihI  work  diirini:  the  suninier  of 
IStl.S  .She  was  purchased  by  llii'  (ioveriinieiil  but  was 
not  found  salisfaelory  for  hospiial-ship  purposes.  She 
was  very  small  and  iinsiiited  for  roii);li  weather,  and  not 
loiij;  after  her  purehase  was  turned  over  to  tho  C^uarler- 
niaster's  Deparlinelil. 

In  llie  Saiiliai;o  e.\pedition  the  fourth  divisional  Deld 
hospital  of  the  Kiflli  Army  Corps  was  retained  on  board 
the  sleainer  Olirilt,,  which  r«'ceived  patients  after  the 
battles  about  Santiapi,  ami  as  an  extemporized  hospital 
ship  did  exeelleiil  and  vnluable  wurk. 

Diiriiii;  the  period  lliat  hospital  ships  were  used  during 
and  followin^t  the  .Spanish  American  War  there  were 
8,370  admissions,  distributed  as  follows: 

Olirettf :  Admissions  from  .lune  l-4tli,  1898.  lo  August 
3lsl.  1898,  regulars  and  civilians.  (>(>1 ;  volunteers,  170. 
Total.  831. 

.l/ijuK/i/ ;•('.•  .\diiiissioiis  from  September  1st,  1898,  to 
February  17lh,  1900,  regulars  and  civilians,  1,334;  vol- 
unleers.'T03.     Total.  2.037. 

Itiliif :  Admis,sions  from  .Tuly  1st,  1898,  to  July  31st, 
1901.  i-eiriilars  and  civilians.  3,273;  volunteers,  2,230. 
Total.  ."i..")02. 

The  lltliif  sailed  on  her  first  outward  voyage  from 
New  York  City  for  Siboiii'y.  Culm,  carrying  much 
needed  su)>plies.  arriving  .July  7lh.  1M98.  She  retunie<I 
to  New  Vork.Iuly  23d.  wilh2.")4  patients  and  on  her  second 
and  third  voyages  went  to  I'once,  Forto  Hico,  returning 
tilled  with  sick  which  she  discharged  at  New  York  and 
Philadelphia.  She  then  helped  distribute  patients  from 
Monlauk  Point  to  hospitals  in  Boston  and  Pliila<lelpliia, 
and  later  made  four  more  trips  to  Cuba  and  Porto  Uico 
bringing  back  each  time  sick  and  convalescents  lo  her 
full  capacity.  She  was  then  ordered  lo  the  I'liilippims 
and  after  thorough  repairs  sailed  JIarcli  3d.  1899,  for  Ma- 
nila via  the  eastern  route.  She  touched  at  Gibraltar.  Port 
Said.  Perim,  Colombo,  and  Singapore,  arriving  at  Manila 
April  12th,  making  the  fastest  time  ever  made  between 
New  Y'ork  and  Manila.  She  remained  in  Manila  Bay 
ten  weeks  as  a  lloating  hospital.  On  .June  22d  she  sailed 
for  San  Francis<o  with  2."iO  patients,  touching  at  Naga- 
saki, Yokohama,  and  Honolulu  for  coal.  After  arriving 
at  San  Frani  isco  August  2d.  1899,  it  was  decided  to  send 
her  back  to  the  Philippines  for  work  in  the  islands,  it 
having  been  concluded  that  she  was  not  adapted  to  the 
long  Pacific  voyage.  She  continued  in  service  as  a  hos- 
pital ship,  taking  part  in  the  China  expedition,  until 
.lulySlsl,  1901.  when  she  was  finally  abandoned  for  hospi- 
tal jiurposes  and  turned  over  to  the  Qiiartermast<-r"s  De- 
partment for  use  as  an  inter-island  transport  in  the  Philip- 
pines. 

The  work  done  by  our  hospital  ships  cannot  be  esti- 
mated nor  appreciated  by  mere  statistics.  Alt  cases,  it 
may  be  siuil,  did  well  on  board.  The  clean,  cheerful 
surroundings,  the  ]iure  air,  the  good  food,  freedom  from, 
insects  accomplished  marvellous  results. 

The  work  of  hospital  ships  properly  designated  as 
such  was  almost  all  done  by  the  lidief  and  Missouri. 
It  was  the  writer's  fortune  to  serve  on  the  former, 
and  such  knowledge  as  he  may  possess  about  such 
duty  was  gained  by  his  service  on  that  vessel.  In 
the  following  discussion  of  the  subject  of  Hospital 
Ships,  he  is  simply  giving  the  results  of  this  observa- 
tion and  experience,  and  the  conclusions  drawn  there- 
from. 


Paragnipli  1022,  Army  HegulatioiiH.  1901,  leaiK. 

"Hospital  tninsporlH.  lMiat.s,  and  railway  liidiis  after 
being  properly  a.sttigneil  as  hiicIi,  will  be  exclusively  un- 
der the  control  of  ihe  .Medical  Department,  and  will  not 
be  diverted  from  their  special  piirpows  by  orders  of  local 
or  depart  menteommanders  or  ollleersof  other  ulalT  corps  " 

It  was  under  the  provisions  of  this  reiiulaiion  that. 
Oeneriil  Orders,  No.  .W,  A.  0.  ().,  dated  May  2.»lh,  1N9H. 
was  issued. 

"Oenerul  Orders,  No.  Tt.\.  Head(|unrters  of  I  he  Army. 
.Viljiitant  General's  Olllce,  Wiishington,  May  25tii. 
189H.    ... 

"  II.  By  direction  of  the  .Secretary  of  War.  llie  follow- 
ing is  piiblisheil  for  the  inforinalion  and  giiiilanee  of  all 
conceriieil : 

"The  sb'aiiiship  recently  purclia.sed  for  the  use  of  the 
-Medical  Deparlnienl  of  the  Army  as  a  hospital  ship  will 
be  named  the  lifUif.  In  accordance  with  the  terms  of 
the  Geneva  Convention  the  Geneva  Cross  Hag  will  be  cur- 
ried at  llie  fore  whenever  the  national  Hag  is  llown.  and 
the  iieutrulity  of  the  vessel  will  at  all  limes  be  preserved. 

"No  guns,  ammunition,  or  articles  contraband  of  war, 
except  coal  or  stores  iieces.sary  for  the  nioveiiienl  of  the 
vessel,  shall  be  placed  on  board;  iifir  shall  the  vessel  be 
used  as  a  transport  for  I  he  carrying  of  despatches,  ollicers, 
or  men  not  sick  or  disabled,  other  than  those  belonging 
to  the  Medical  Department. 

"By  Command  of  Major-Gcneral  Miles: 

"II.  C.  ConiiiN. 
"*  Adjutant  Ociicrnt." 

The  articles  of  the  Geneva  Convention  which  concern 
the  Marine  are  as  follows: 

"Art.  "VI.  The  boats  which,  at  their  own  risk  and 
peril,  during  and  after  an  engagement  pick  up  the  ship- 
wrecked or  wounded,  or  which  having  picked  them  up. 
convey  them  on  board  a  neutral  or  hospital  ship,  shall 
enjoy,  until  the  accomplishment  of  their  mission,  the 
chanicter  of  neutrality,  as  far  as  the  circumstances  of  the 
engagement  and  the  position  of  the  ships  engaged  will 
permit. 

"The  appreciation  of  these  circumstances  is  entrusted 
to  the  humanity  of  all  the  combatants.  The  wrecked 
and  wounded  llnis  picked  up  and  siived  must  not  serve 
again  during  the  continuance  of  the  war. 

"Art.  Vli.  The  religious,  medical,  and  hospital  staff 
of  any  captured  ves,sel  are  declared  neutral,  and,  on  leav- 
ing the  ship,  may  remove  the  articles  and  surgical  instru- 
ments which  are  their  private  property. 

"Art.  VIII.  The  stair  designated  in  the  preceding  arti- 
cle must  continue  to  fulfil  their  functions  in  the  captured 
ship,  assisting  in  the  removal  of  the  wounded  made  by 
the  victorious  party;  they  will  then  be  at  liberty  lo  re- 
turn to  their  country,  in  conformity  with  the  second 
paragraph  of  the  first  addition..',  article. 

""The  .stipulations  (>f  U:\^  second  additional  article  are 
applicable  to  the  pay  and  aiiowanee  of  the  staff. 

"Art.  IX.  The  military  hospital  ships  remain  under 
martial  law  in  all  thftt  :x-.ncerns their  stores;  they  become 
the  property  of  thecaploi.  but  the  latter  must  not  divert 
Iheiii  from  Iheirspecialappropriationduring  the  continu- 
ance of  the  war. 

"  Art.  X.  Any  merchant  ship,  to  whatever  nation  she 
may  belong,  charged  exclusively  with  removal  of  sick 
and  wounded,  is  protected  by  neutrality:  but  the  mere 
fact,  noted  on  the  ship's  books,  of  the  vessel  having  been 
visiteil  by  an  enemy's  cruiser,  renders  the  sick  and 
wounded  incapable  of  serving  during  the  continuance  of 
the  war.  The  cruiser  .shall  even  have  the  right  of  put- 
ting on  board  an  officer  to  accompany  the  convoy,  and 
thus  verify  the  gooil  faith  of  the  operation. 

"  If  the  merchant  ship  also  carries  a  cargo,  her  neutral- 
ity will  still  protect  it.  provided  that  such  cargo  is  not 
of  a  nature  to  be  confiscated  by  the  belligerents. 

"The  belligerents  retain  the  right  to  interdict  neutral- 
ized  vessels  from    all  communication,   and  from    any 
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course  wliidi  tbcy  may  ili-ciii  prejudicial  to  tin-  secrecy 
of  their  openitions.  In  urjteiil  cases  special  eoiiveiitions 
may  lie  entered  into  between  ccitninanders-in  chief,  in 
order  to  ueiilrali/e  temporarily  and  in  a  special  manner 
the  vessels  intended  for  the  "removal  of  the  sick  and 
wo\in<led. 

"Art.  XI.  Wounded  or  sick  sailors  and  soldiers,  when 
embarked,  to  whatever  nation  they  may  belonj;,  shall  be 
protciteil  and  taken  care  of  by  their  captors. 

"Their  return  to  their  own  country  Ls  subject  to  the 
provisions  of  Arti<-le  VI.  of  the  CJonvcntion,  and  of  the 
additional  .Vrticle  V. 

"Art.  XII.  The  distinctive  fla.i?  to  be  tised  with  the 
national  Ha;;,  in  order  to  indicate  any  ves.sel  or  boat 
which  may  claim  the  beuelits  of  neutrality,  in  virtue  of 
the  principles  of  this  Convention,  is  a  white  flag  with 
a  red  cross.  The  bellisiereiits  may  exercise  in  this  respect 
any  moile  of  veriticalion  which  they  may  deem  necessary. 

'"•  Military  hospital  ships  shall  be  distinguished  by  being 
painted  white  outside,  with  green  .strake. 

"Art.  XIII.  The  hospital  ships  which  are  eijuipped 
at  the  expense  of  the  aid  societies,  recognized  by  the 
governnn'Uts  signing  this  Convention,  and  which  are 
furnished  with  a  conimi.ssion  emanating  from  the  sover- 
eign, who  shall  have  given  e.\])rcss  authority  for  their 
l)eing  titted  out  and  on  their  final  dciiarture,  and  that 
they  were  then  apiiropriated  solely  to  the  jiurposc  of 
their  mission,  shall  be  considered  neutral,  as  well  as  the 
whole  of  their  staff.  They  shall  be  recognized  and  pro- 
tected by  the  belligerents. 

"Tiiey  shall  make  themselves  known  by  hoisting,  to- 
gether with  their  national  flag,  the  white  flag  with  a  red 
cross.  The  distinctive  mark  of  their  stall',  while  per 
forming  their  duties,  shall  be  an  armlet  of  the  same 
colors.  The  outer  painting  of  these  hospital  ships  shall 
be  white,  with  red  stmke. 

"These  ships  shall  bear  aid  and  assistance  to  the 
wounded  and  wrecked  belligerents,  without  distinction 
of  nali<inalily. 

"  They  must  take  care  not  to  interfere  in  anj'  way  with 
the  movements  of  the  combatants.  Dmingand  after  the 
battle  they  must  do  their  duly  at  their  own  risk  and  peril. 

"The  belligerents  shall  have  the  right  ol  controlling 
and  visiting  them;  they  will  be  at  liberty  to  refuse  their 
assistance,  to  order  them  to  depart,  and  to  detain  them 
if  the  exigencies  of  the  case  reqviire  such  a  step. 

"The  wounded  and  wrecked  ])icked  U]i  by  these  ships 
cannot  be  reclaimed  by  either  of  the  combatants,  and 
they  will  be  reejiiired  not  to  serve  during  the  continu- 
ance of  the  war. 

"Art.  XIV.  In  naval  wars  any  strong  presumption 
that  either  belligerent  takes  advantage  of  the  benefits  of 
neutrality,  with  any  other  view  than  the  interest  of  the 
sick  and  wounded,  gives  to  the  other  belligerent,  until 
proof  to  the  contrary,  the  right  of  suspending  the  Con- 
vention, as  regards  such  belligerent. 

"Shoidd  this  presiunption  become  a  certainty,  notice 
may  be  given  to  such  belligerent  that  the  Convention  is 
suspended  with  regard  to  him  dining  the  whole  continu- 
ance of  the  war. 

"Art.  XV.  .  .  .  (/)  Hospital  ships  arc  required  to 
carry  the  Geneva  cross  flag  at  the  fore  whenever  the  na- 
tional Hag  is  tiown,  and  their  neutrality  luust  at  all  times 
be  prcserveil.  No  guns,  ammunition,  or  articles  contra- 
band of  war,  except  coal  or  stores  necessary  for  their 
movement,  will  be  placed  on  board,  nor  shoiild  they  be 
used  as  transports  for  carrying  despatches,  ollicers  or 
men  not  sick  or  disabled,  ottier  than  those  belonging  to 
the  Jledical  Department." 

Under  existing  laws  and  regulations  the  Quanormas- 
ter's  Department  is  charged  with  all  matters  of  transpor- 
tation and  all  expi'iiditnres  pertaining  to  the  same.  This 
<leparlniint  therefore  makes  all  alterations  necessjiry  to 
tit  the  vessel  for  hos|)ital  purposes,  and  provides  the  iiec 
I'ssarv  force  to  openite  her  at  sea  as  a  steamship.  All 
supplies  necessary  for  such  operations,  fuel,  deck  stores, 
engineers'  supplies,  etc.,  are  furnished  by  this  depart 


ment.  It  employs  a  master  or  ship's  captain  and  all  the 
crew  of  the  various  departments,  deck,  engineer's,  and 
steward's.  These  sign  the  ship's  articles  ami  are  subject 
to  marine  laws  and  regulations.  An  ollicer  is  detailed  as 
ijuart^'imasler  on  board  who  looks  after  all  matters  per- 
taining to  the  ()uarterniaster's  department.  Ibt  submits 
from  time  to  time,  through  the  commanding  ofticer, 
reipiisitiims  for  supplies  and  repairs  to  maintain  the  clH- 
ciency  of  the  vessel.  He  acts  as  disbursing  ollicer  and  is 
furnished rfunds  for  the  payment  of  the  employees  of  his 
department  on  board  and  for  such  emergencj'  purchases 
of  fuel,  stores,  etc.,  as  may  be  necessary.  He  also  keeps 
on  hand  clothing  for  issue  to  enlisted  men  of  the  hospital 
corps  and  others  who  may  be  on  duty  on  board,  and  to 
patients  received  for  treatment.  He  should  m.ike  fre- 
i|uent  insiicctions  of  the  ves.sel  and  by  constant  scrutiny 
and  supervision  take  proper  steps  to  keep  the  ship  in 
good  repair.  To  effect  this  he  should  consult  the  chiefs 
of  the  various  ship's  departments  and  reciuire  them  to 
furni.sh  him  detailed  statements  of  the  needs  of  their  de- 
partmenls  which  he  should  consolidate  and  carefully 
revise  before  submitting  the  same  to  the  commanding 
officer.  Exceiit  in  emergencies  all  estimates  are  sent  to 
the  Superintendent  of  the  Army  Transport  Service  who 
takes  propi'r  steps  to  make  all  repairs  and  furnish  all 
supplies  ])crtaining  to  the  Quarti'rmaster's  Department. 
The  regulations  of  the  Army  Transport  Service  are  fol- 
lowed liy  the  quartermaster  of.  a  hospital  ship  in  so  far 
as  they  do  not  conflict  with  the  regulations  of  the  Medi- 
cal Department  in  its  management  and  control  of  the  ves- 
sel as  a  hospital. 

A  hospital  ship  is  a  general  hospital  afloat;  as  such  it 
is  uiulerllie  exclusive  control  of  the  Surgeon-General  and 
is  governed  by  such  regulations  a.s  the  Secretary  of  Wnr 
may  prescribe.  The  surgeon  in  charge  commands  and  is 
not  subject  to  the  orders  of  local  commanders.  As  com- 
manding ollicer  the  surgeon  in  charge  is  responsible  for 
the  ship  at  all  times.  His  duties  as  commanding  officer 
are  jiractically  the  same  as  those  of  a  commanding  ollicer 
of  a  post,  and  in  addition  he  conducts  and  maintains  the 
hospital  (h'partment.  He  is  resjionsible  for  the  proper 
application  and  |ireservation  of  all  property,  for  the  strict 
enforcement  of  laws  and  regulations,  and  will  sittisfy 
himself  that  the  disbur.sements  of  officers  under  him  in 
charge  of  funds  are  in  accordance  with  laws  and  regula- 
tions and  that  their  accounts  are  correct.  The  command- 
ing officer  should  study  the  regulations  governing  the 
marine  and  be  careful  to  observeand  conform  to  the  laws 
and  regulations  regarding  ([uarantine.  pratique,  and  cus- 
toms of  any  port  the  vessel  may  visit.  For  the  luoper 
navigation  of  the  vessel  be  looks  to  the  master  of  the  ship 
and  holds  him  responsible  for  the  efficiency  and  discipline 
of  the  crew.  He  should  co-operate  .with  the  quartermas- 
ter and  master  in  all  matters  which  tend  toward  the  com- 
fort, .safety,  and  efficiency  of  all  on  board.  He  should 
require  frequent  fire  drills  and  make,  with  the  (|iiarter- 
master  and  master,  freijuent  inspections  of  all  parts  of 
the  vessel. 

The  conducting  of  the  various  departments  of  the  ship, 
deck,  engineer's,  and  steward's  departments,  dilTers  but 
little,  if  any,  from  the  management  on  any  steamship  in 
passenger  service. 

A  Commissaiy  Department  is  maintained  on  board  un- 
der the  charge  of  an  oflicer  designated  as  commissary 
officer.  The  quartermaster  usually  acts  in  this  capacity. 
There  are  kept  on  hand  ample  commissary  supplies,  not 
only  the  components  of  the  ration,  but  a  variety  of  addi- 
tional stores  for  sale  to  those  on  board  and  for  issue  to 
th(^  sick. 

Early  in  the  Spanish-American  War  the  subsistence  of 
those  on  board  a  hospital  ship  came  from  three  different 
sources.  First,  issues  of  the  ration  to  enlisted  men  serv- 
ing on  board  and  to  the  sick  who  did  not  require  special 
diet.  Second,  all  sick  re(|uiring  special  diet  were  sub 
sislcd  by  stores  purchased  in  open  market  by  the  medical 
officer  in  charge,  not  to  exceed  sixty  cents  per  day  per 
man  Third,  the  subsistence  of  the  ship's  crew  was  pro- 
vided by  the  Quartermaster's  Department:  an  allotment 
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wii«  iniuio  iif  llfly  cfiilM  jut  duy  for  i-arh  iimii  iiii<l  mir 
ilnlliir  per  iliiy  fur  carli  ship's  ulllrcr  iiiiit  pliirril  in  the- 
(|iiatt<riiiitsl<T's  iiiiiiils  fipr  llirir  sulisistciuiv  Kcir  iim- 
viiiiriii')'  iif  iKliiiiiiistriitiiiii.  tlnrc  was  iiiaiiit<iiiii'<l  on  ihc 
It'liijm  tliis  liiiic  a  liiispiliil  iiii-ss  ciiily,  anil  llic  Hliiii's 
I'Mipioyci'N  wcrr  c'Diisiilcrcil  us  livin;;  in  tliis  mess  wlilcli 
was  Miainlaini'd  by  the  medical  drpjiiiincni.  Tlic  i|uar 
ti'i'inaslcr  al  tlicriiilof  I'arli  niontli  paidtotlic  iMi-diral 
iiDii'cr  coniinaiulin^'  tlic  aniount  allnttcd  for  llii'  siilisisi 
I'lii  r  iif  his  I  inpliiyi'i's,  ami  this  ainonnl  was  accoiintctl 
fi>i'<in  till-  liospital  riiiiil  slaliini'iil 

l.altr  till'  suhsisiinic  nf  all  mi  hnunr  was  placi'fl  in  llie 
liaiids  of  till-  siilisistcno'  ili  parlnirnt.  'I'lii'  rniploycus 
wcic  subsistfil  from  supplies  piireliamd  liy  tlie  commis- 
sary ollleer  not  to  exceed  a  llxed  amount;  a  hospital 
mess  was  maintained  for  enlisted  men  on  duty  and  the 
"sick,  and  rations  were  issued  for  all  these  except  such  of 
the  sick  as  rei|uireil  special  diet.  For  thesean  allowance 
of  forty  cent.s  per  dav  was  made,  to  he  expended  as  pro 
vided  in  Army  l{ei.'id"ations,  1;11C,>.  V.i'M.  and  i:!«.j; 

"Par.  ISlfJ.  The  medical  ollicir  in  chariic  of  a  general 
post,  or  camp,  hospital  ship,  or  Iransporl.  carrying  pa- 
tients, is  ailthori/.eil  |o  purchase,  under  the  laws  and 
regulations  relating  to  purchases  of  sulisisti-ncc  stores, 
such  articles  of  food,  lioth  solid  ami  liipiid,  not  carried  in 
stock  liv  the  suhsistenie  olticiT  who  i.ssues  rations  to  the 
hospital,  and  to  call  upon  such  suhsistence  ollieer  for  the 
issue  of  such  (|Uaiititiis  of  uriicles  from  the  stock  already 
on  hand  as,  in  the  judgment  of  the  medical  ollieer,  are 
retpiired  for  the  diet  of  enlisted  patients  under  his  charge 
who  are  too  sick  tobe  subsisted  on  the  ration  asordinarily 
issued:  the  total  condiincd  money  value  of  the  stores 
hereby  authorized  to  be  purchased  and  issued  as  above 
in  any  month  not  to  exceed  the  nite.  calculated  on  the 
month's  Inuisjictions,  of  forty  ciMits  per  man  per  day  for 
those  actually  reciuiring  special  diet.  [Subsistence  otlicers 
arc  authori/.ecl  to  jiay  all  didy  certilied  bills  u(  purchases 
made  by  medical  ollicers  under  the  provisions  of  this 
paragraph,  or  to  make  the-  purchases  themselves  at  the 
request  of  the  medical  ollicers.  and  to  make  issues  for 
special  diet  hereunder  from  stores  on  hand  at  their  re 
quest,  provided  that  the  rate  of  forty  cents  per  man  per 
day  for  those  enlisted  men  actually  requiring  special  diet 
is  not  exceeded  in  any  month   " 

■■  Par.  13!)y.  Wlun  a  ration  has  been  dniwn  by  the  hos- 
pital for  an  enlisted  patient  for  a  ration  period  an<l  it 
becomes  necessary  during  that  jieriod  to  put  him  upon 
special  diet,  due  deductions  will  be  made  by  the  surgeon 
in  charge  on  the  next  ration  return  of  the  hospital  for  the 
rations  unused  by  him  ;  and.  reciprocally,  when  a  patient 
on  special  diet  has  been  r<'stored  in  a  n\tion  period  to  regu 
lar  diet,  the  necessjiry  additions  will  be  made  on  the  next 
ration  return  of  the  hospital  for  the  rations  used  by 
him.  The  object  of  this  rule  is  to  prevent  the  hospital 
from  having  the  benetit  of  the  rations  of  enlisted  men 
for  the  peri(Hl  they  may  In'  put  upon  special  diet,  and  to 
give  the  benetit  of  an  issue  of  rations  where  men  have 
been  restored  to  regular  diet  when  rations  had  not  been 
drawn  for  them." 

■■  Par.  139.5.  The  formation  of  a  hospital  fund  from 
articles  purchased  for  special  diet  for  enlisted  men  too 
sick  to  usi'  the  army  ration,  or  the  application  of  such 
articles  to  nses  other  than  those  for  which  intended,  is 
prohibited.  Such  articles  will,  as  far  as  practicable,  be 
procured  in  quantities  sufficient  for  the  needs  of  specific 
patients  only,  and  no  large  accumulations  will  be  made. 
Nothing  in  this  regulation  will  be  construed  to  prevent 
the  maintenance  of  a  hospital  fund  from  savings  of  the 
rations  of  the  hospital  corjis,  and  the  patients  who  do  not 
require  special  diet." 

The  duties  of  i|uartermaster  and  commis.sary  on  board 
may  satisfactorily  be  performed  by  an  experienced  medi- 
cal officer  who  can  otherwise  materially  assist  the  com- 
manding oflicer. 

The  Medical  Pepartment  furnishes  and  supplies  a  hos- 
pital ship  the  sjimc  as  it  would  a  general  hospital  on 
shore      It  causes  to  be  deta>'' ■'  a  medical  otlicer  com- 


nuinding,  and  medical  ofllceni  to  luwist  hmi  in  ii^  jidiiiin- 
istration.  It  details  a  Kuitable  nundn-i  of  hospital  slew, 
ards,  privates  of  tin-  hoHpital  corps,  and  nurses,  niah-  or 
female  as  may  be  reipiired.  ami  cinployH  hiicIi  civilJanK  lu) 
may  be  necessary  ii-s  mess  hiewards,  mess  men,  cabiu 
boys,  co<iks,  laundrymen,  etc  The  commanding  ollieer 
has  placed  al  his  disposal  funds  for  the  payment  of  the 
employees  of  the  deparlmenl  and  the  purchuM- of  such 
medical  and  hospital  supplii's  as  may  bi'  neccisary.  For 
these  funds  he  is  pi'rsonally  ace  oun'lalile  and  niiist  sub- 
mit his  a<-counls  each  month  lo  llie  Treasury  Department 
through  the  Siugeou  Gi-nend.  The  ship  is  provirh-d  with 
mi'ilical  supplies  of  every  des<-ription  for  hi-r  own  hospi 
tal  needs,  and  stores  in  abimdance  in  excess  of  ihesi.-.  for 
issue  from  tinu'  to  time  to  shore  stations,  or  traiiBportx, 
etc.,  where  supplies  may  be  neeiled. 

The  /;»/(■</ was  litl<'il  up  with  double  biinks.  one  above 
the  other,  with  felt  mattres.ses  and  woven-wire  bottoms 
fastened  to  tubular  bent  iron  frames,  enamelled  white. 
These  were  secured  to  the  deck  ami  arrangi-d  i-ml  to  end 
lengthwise  of  the  ward  with  suitable  aisle  spaces.  Each 
bed  was  supplie<l  with  .side  rails  of  maple,  about  three 
inches  wide,  fastened  by  clips  and  bolts  to  head  an<l  foot 
for  rolling  boards.  One  of  these  was  never  removed  ;  tho 
other  was  used  only  in  rough  weather,  being  detache<l  for 
convenience  in  handling  the  patient  al  other  times. 
Swinging  cot.s  were  not  used  on  board,  but  it  is  believeil 
that  a  certain  number  swung  on  gindml  joints  would 
prove  very  satisfactory  for  very  sc-\ere  cas<?s.  Each 
ward  had  one  or  more  bathtubs  and  wash  basins  fitted 
with  "Gagenstrom  "  plumbing  lixturesfor  both  fresh  and 
.salt  water,  heated  by  steam,  with  shower,  etc.,  the  tubs 
curtained  ofl  by  canvas  screens  suspended  from  the  ceil- 
ing. Portable  tubs  on  wheels  were  also  supplied,  but 
usually  l)atieuts  were  carried  to  the  waril  tub  when 
neces.sary.  Each  tub  fixture  wa.s  supplied  with  a  ther- 
mometer so  that  the  temperature  of  the  water  flowing 
into  the  tid)  could  be  accurately  determined  and  con- 
trolled. 

Directly  off  each  ward  were  water-closets  and  urinals 
in  sutlicieul  number.  All  closets  on  board  ship  should 
be  supplied  with  automatic  Hushing  apparatus  or  some 
device  to  insure  the  .security  of  the  trap  seals.  In  rough 
weather  the  rolling  of  the  vessil  empties  out  ordinary 
traps  and  permits  soil  pijie  odors  access  to  the  ship. 
Plumbing  connections  should  be  made  of  heavy  rubber 
tubing  in  all  places  where  the  working  of  the  ship  might 
break  the  |iipes.  On  the  upper  and  main  decks  of  the 
Iieliefv,Qre  hoppers,  fore  and  aft,  with  a  sjilt-water  flush- 
ing supply  pipe  designed  to  receive  dejecta  from  bed 
pans,  slops,  nfuse.  etc.  The  outlets  of  these  hoppers 
were  five-inch  ])ipes  lunning  irlear  of  the  ship  outside, 
down  to  the  water  line.  The  bedding  for  the  sick  was 
that  furnished  shore  hospitals,  good  feather  and  hair  pil- 
lows, woollen  blankets,  sheets  and  ]>illow  eases.  An 
abundance  of  towels  was  supplied  for  all  needs.  The 
interior  of  the  wards  was  painteil  while,  touched  up  with 
gold.  Each  ward  had  many  large  windows  by  means  of 
which  fresh  air  anil  light  were  freely  admitted.  On  the 
main  deck  the  ward  floors  were  kept  shellacked.  Floor 
polish  was  tried,  but  did  not  prove  Siitisfactory  at  sea. 
The  rtoore  of  the  upper  wards  were  the  canvas-covered 
decks,  and  strips  of  rubber  matting  were  used  in  all  aisles 
and  pa.ssageways.  When  the  ves.sel  lirst  sailed  her  main 
deck  was  painti'd  within  and  without,  but  paint  was 
found  to  be  unsatisfactory.  The  decks  were  later 
scraped,  planed,  and  .ssind-papered ;  in  the  wards  they 
were  then  treated  with  shellac  varnish,  and  the  outer 
decks  were  holystoned.  Interlocking  rubber  tile  floor 
gave  excellent  satisfaction  in  toilet,  balh.  and  operating 
rooms.  This  comes  in  various  designs  of  shapes  and 
colors,  and  if  well  put  down  is  easily  kepi  clean  and 
sjinitary.  On  ship  board  when  paint  is  used  it  must  be 
frecjueutly  renewed,  for  chemical  action  is  rapid  both 
from  gases  of  coal  combustion  and  from  the  salt  water. 
Cleansing  and  overhauling  seem  to  be  always  necessary, 
.lust  as  a  satisfactory  condition  of  cleanliness  seems  at- 
tained, it  becomes  necessary  to  put  on  coal  and  coal  dust 
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|ieiiiinit<'S  the  whole  vcss*'l.  At  these  times  windows 
iiiiii  (iiTt  lioles  should  be  kept  closed  to  exclude  nil  this 
.llrt. 

Each  ward  was  supplied  with  a  white  eniimelled  glass 
mid  iron  dnssini;  table  and  a  suitable  oultit  of  instru- 
ments, drrssiniis.  and  appliances  for  ward  trialment. 
Each  bed  was  numbered,  had  a  record  clip  for  the  pa 
tient's  history,  charts,  etc..  and  had  a  sc^a-can  s<>cured  by 
its  handli'  to  the  rollinjr  board  conveuiently  at  hand  for 
seasieknesis.  Each  wai-d  lia<l  a  small  refrigerator  for  the 
keiping  of  such  articles  as  rei|\iind  ice  for  preservation 
aud  to  keep  cool  drinks  and  beveraires  for  tlie  sick.  A 
waril  table  with  drawers  and  compartments  proved  of 
great  convenience  as  a  place  to  keep  the  various  articles 
needed  in  ward  work. 

In  the  ward  toilet-rooms  were  small  closets  in  which 
was  kept  cleaning  gear,  such  as  mops,  brooms,  brushes, 
cloths,  etc.,  used  in  ward  police;  suitable  racks  were  also 
arrangeil  for  bed  pans  and  urinals  so  that  they  might  be 
secure  when  not  actually  in  use.  Small  electric  diet 
kitchens  were  installed  in  each  ward  and  proved  valuable 
accessories  to  the  central  diet  kitchen. 

The  operating  room  was  24  by  12  feet,  on  the  main 
deck  next  the  principal  gaii.gway  It  was  tinishcd  in 
white  enamel  and  was  fully  eiiuipped.  It  was  supplied 
with  an  autoclave,  instrument  and  dressing  cabinets,  irri 
gating  stands,  stands  for  bowls,  bunch  light.s  for  night 
vork,  an  electric  transformer,  formalin  apparatus,  etc. 
There  was  hot  and  cold  water  distilled  from  tlie  condens- 
ing apparatus  of  the  ship.  Oil  stoves  w<re  at  lirst  u.sed 
for  boiling  water  and  preparation  of  instruments,  but 
later  electric  stoves  were  supplied.  The  usual  outfit  of 
instruments  and  apparatus  was  furnished  and  modern 
surgical  methods  were  strictly  observed:  the  equipment 
was  complete.  The  operating  tables,  two,  were  .secured 
to  the  floor:  the  movements  of  a  vessel  make  it  nect'ssary 
securely  to  fasten  in  some  way  all  loose  objects  when  at 
sea. 

A  wheel  litter  was  found  of  service  in  transporting  pa 
tients  fnuu  wards  to  operating  room,  being  more  easilj- 
managed  than  an  ordinary  litter.  There  was  installed 
near  the  operating  room  a  fine  .r-ray  apjiaratus.  When 
it  was  placed  on  board  it  was  found  impracticable  to  put 
it  in  a  dark  room  because  of  lack  of  space,  so  it  wasavail- 
able  for  use  only  at  night.  It  proved  of  great  use  in 
many  eases. 

Very  little  skiagraph}'  was  done,  but  the  fluoroscope 
was  used  to  advantage  in  locating  missiles  or  making 
diagnoses,  and  operation  if  indicated  followed. 

There  was  a  small  dark  room  for  photographic  and 
skiagraidiie  work  with  the  necessary  supplies  and  etpiip- 
ment.  This  room  was  also  used  for  eye,  ear,  and  throat 
work  when  necessjtry. 

The  pathological  laboratory  had  a  complete  equipment 
and  much  interesting  and  valuable  work  was  accom 
plished.  While  at  sea  it  was  hardly  practicable  to  un- 
dertake more  than  ordinary  clinical  jiathological  work, 
but  while  serving  as  a  floating  liospital  at  anchor  there 
was  no  limit  to  the  investigations  which  might  be  con- 
ducted. 

An  ice  plant,  the  ammonia  machine  of  De  La  Vergne, 
was  installed  on  board  for  the  production  of  ice  and  for 
refrigeration.  It  produced  all  the  ice  re(|uired  by  all  on 
board  and  kept  a  large  chill  room  at  proper  tempemture 
for  preservation  of  perishable  food  supiilies.  While  this 
machine  gave  excellent  satisfaction,  one  which  does  not 
require  ammonia,  if  e<iually  good,  would  be  lueferred. 
On  several  occasions  during  overhauling  and  repairing 
the  fumes  of  anunonia  escaped  to  such  an  extent  as  to 
render  that  portion  of  the  ship  intolerable.  A  serious 
accident  o<curre<l  on  the  liiii/  Stnli.  afterward  the  .Mil, 
in  which  the  ammonia  machine  exjiloded.  killing  one 
man  and  s«-riously  injuring  about  a  ilozen  oIIrts.  An 
accident  occurring  to  an  ammonia  machine  while  at  sea, 
causing  escape  of  the  gas,  might  be  followed  by  most  dis- 
astrous results.  The  use  of  such  machines  is  prohibited 
in  our  naval  vessels,  and  dense  air  machines  are  used 
almost  exclusively.     It  is  hardly  necessjiry  to  state  that 


refrigeration  will  not  be  successfully  accomplished  unless 
great  pains  are  taken  to  secure  proper  insulation. 

Having  proper  refrigerating  facilities,  articles  of  food 
can  be  preserved  for  weeks  and  thus  suitable  diet  be  fur- 
nished the  sick  for  exteniled  i)eriods  This  is  an  impor- 
tant point  anil  must  not  lie  overlooked  in  making  ]irepara- 
tion  for  caring  for  large  numbers  of  sick  at  sea.     The  ice 

]dant  is  also  of  value  in  ventilating  systems  for  t ling 

when  neces-sary  air  delivered  to  any  portion  of  the  ship. 
This  was  not  done  on  the  lliliij  which  had  no  spciial 
ventilating  .system,  but  on  our  transports  the  vi  iiliialing 
system  has  been  so  arranged  that  air  is  furnished  cooled 
by  means  of  the  refrigerating  device.  This  system  has 
not  yet  been  sulliciently  tried  to  warrant  positive  as.ser- 
tions  as  to  its  utility  under  X\\v  varying  conditions  to  be 
met  at  .sea.  The  ventilation  on  the  /W(</ was  "natural." 
There  was  no  system  for  providing  fresh  nor  for  exhaust- 
ing the  vitiated  air.  In  this  respect  the  vessid  was  defec- 
tive. However,  her  wards  were  all  in  the  superstructure, 
extending  fnmi  side  to  siile  and  had  numerous  large 
windows  opening  on  the  outi'r  deck.  There  were  also 
hatches  and  openings  in  the  domes  of  the  upper  wanls: 
the  lower  ward,  att,  opened  into  the  ward  above  by  a 
large  well,  an  oval  opening,  above  which  were  hatclies 
on  the  hurricane  deck  whicli  were  always  kept  open.  In 
bad  weather  when  windows,  doors,  and  hatches  bad  to 
be  closed  the  air  was  very  poor,  but  fortunately  it  was 
nearly  always  practicable  to  have  openings  on  the  lee- 
ward side  of  the  vessel.  In  the  lower  decks  the  air  was 
never  as  good  as  it  should  have  been.  Small  porthole 
openings  existed  and  in  good  weather  the  large  cargo 
ports  were  kept  open,  but  in  bad  weather  the  ventilation 
was  very  unsatisfactory.  Much  fresh  air  reached  this 
portion  of  the  ship  by  means  of  ventilating  cowls  on  the 
upper  deck  which  conducted  fresh  air  down  to  the  boiler 
and  engine  rooms.  But  this  was  totally  inadequate.  In 
tropical  waters  and  in  /rood  weather  when  everything 
could  be  kept  open  there  was  but  little  fault  to  be  found, 
but  in  stonu}-  weather  it  was  dilTerent.  The  system  of 
ventilating  adopted  on  our  transports  could  very  jiroperly 
be  installed  on  our  hospital  ships,  as  was  done  in  the  ca.se 
of  the  Missouri.  This  system  is  worked  by  two  sets  of 
fans,  one  forward,  another  aft,  on  the  spar  deck,  with 
metal  air  ducts  leading  to  all  berth  decks.  These  fans 
are  either  intake  or  exhaust,  as  may  be  required,  and  de- 
liver air  at  the  outside  temperature  or  warmed,  cooled,  or 
filtered,  according  to  the  needs  of  the  situation.  The 
rated  capacity  of  each  fan  is  25,000  cubic  feet  of  air  i)er 
minute.  There  is  an  air-cleansing  and  cooling  device  at- 
tached to  the  fan  through  which  when  tested  the  air  cur- 
rent passed  at  a  velocity  of  1,000  feet  per  minute  with  a 
discharge  velocity  at  the  farthermost  point  from  the  fan 
in  the  lower  troop  deck  of  9.50  feet  per  minute.  Such  a 
system,  or  one  similar,  should  be  placed  in  all  hospital 
siiips  and  fresh  air  carried  to  every  compartment  aud 
store-room  in  the  vessel. 

A  carbonating  apparatus  fully  equipped  was  installed 
on  board  the  Hiiiif  when  the  vessel  was  fitted  out  and 
gave  great  satisfacti<m.  Large  quantities  of  carbonated 
water  were  sent  ashore  in  Cuba  and  Porto  Rico  in  ordi- 
nary bottles:  that  for  ship's  consumption  was  put  tip 
in  siphon  bottles.  The  distilled  water  made  on  board 
was  charged  at  but  trifling  expense.  All  ciTervescing 
drinks  arc  grateful  to  patients  at  sea,  and  this  carbonated 
water  with  fruit  juices,  or  without,  was  in  great  de- 
mand. The  ice  plant  and  carbonating  jilaut  were  on 
the  main  deck  and  were  operateil,  as  were  all  appli- 
ances or  machinery  requiring  steam,  by  the  engi- 
neer's department.  On  this  deck  was  in.stalled  a  disin- 
fecting and  laundry  ])!aut.  The  former  was  a  large 
Kinyoun  steam  sterilizing  or  ilisinfecting  apparatus  so 
arranged  that  formaldehyde  could  be  used  as  well  as 
steam.  An  apparatus  of  this  kind  seems  essential  and 
a  desirable  portion  of  the  equipment.  Many  days  or 
months  may  elapse  when  it  is  of  no  use,  but  when  receiv- 
ing patients  from  an  infected  district  it  performs  an  im- 
portant service  in  a.ssisting  us  to  iirevent  access  of  disease 
!   to  ship  board  through  patients' etlects.     The  laundry  was 
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<-i|UJii|>i'il  willi  II  wiislii'i-.  u  rolury  ilryiT,  iiiiiiikIi'.  »I)iI 
ollirr  ii|>|iliiiiii'<'H  niM'cssiiry  in  a  iilucc  i>f  tliin  kind,  iiiiil  iiii 
iiiii|>li'  ilryiiiK  riHiiii  lis  ii|it  nilimi  on  Mliip  iHuinl  uiis 
siinirliMii'S  Kiiltji  rl  liiinttTrnplion  iil  n'ii  dwiii^  In  lurk  of 
fri'>li  wilier.  Iini  in  purl  iil  all  liini's  plnily  >if  frrNli  walcr 
ciiiilil  III'  priM'iiri'il  mill  im  iliMlriilly  was  ■■xpi'viciiccil  in 
clrtinini:  liir  Im'iI  itinl  laWli'  linrii  of  llii-  » lioli-  Hliip.  The 
siliialiiin  i>r  till'  liiiiiiilry  on  llii'  /i'//i>y'uiis  an  olijrctiiin 
alili'  oni'.  It  wiisailjoiniiiL'tlir  hoili-rrooni  ami  ililliriiltv 
wascvpiTii'iircil  ill  I'M'linliiii;  coal  tliisl  ami  sniokr  wliicli 
wiiird  llif  rioiljrs  mill  iiiiiclr  llif  Work  iiiisalisfiKiory.  A 
lixalioii  sliMiilil  III'  siriinil  wlirir  siirli  milioyanris  loiilil 
III' avoiili'il  Willi  coiiipi'li'iil  laiimlryimii  it  woiilil  sci'ni 
llial  all  launilry  work  niivlil  Ih'  ilonr  in  a  laiimlry  of  this 
kiiiil.  Iiiil  a.s  a  iiiiitlrrof  fad  only  iht-  work  aliovi'  iiK-n- 
tioni'il  was  prrforiiird  .sjitisfaclorily.  All  pirci'.s  rctiuir- 
init  hiinil  workfoiild  not  hcdoncsatisfarloiilv  ;  tlirnason 
for  lliiswas  licniiisoof  iiiiidriinalc  waUT  ami  finililics  for 
linsini;.  starching;,  and  llic  siilisi'i|iiriil  liandlini;  of  tlic 
<lotlii"i  in  a  place  flic  from  diisl.  Two  civilian  laundry 
lliin  were  ciiiployi'd  and  lliree  iiicli  of  llie  liiKpital  corps 
detailed  for  openitiiiir  llie  laundry,  A  hospital  stewaril 
was  niven  j;cncml  cliiiri;c  and  kept  check  of  the  clothing 
passiiii;  to  and  from  it. 

The  lowermost  deck  of  the  ship  \vii.s  given  up  to  store- 
rooms Of  these  there  were  many,  for  all  the  variousde- 
piirtiiients  of  the  ship  iiiiist  have  alnindance  of  supplies 
for  liini:  voyages;  the  commissjiiy  depailnienl  needs 
room  for  thousands  of  nilions  and  spicial  articles;  the 
i|iiiirternmsler  siiitalile  loom  for  clothing  and  eiiiiipage. 
mid  the  medical  department  much  room  for  the  great 
variety  of  supplies  it  must  necessarily  have  in  readine.ss. 
All  these  stores  must  he  placed  with  due  regards  to  space, 
convenii-nce  of  handling,  and  accessiliility  mid  .s<'curity. 
When  the  articles  can  lie  so  arranged,  their  disposition 
should  he  by  some  systeni.  alphalietical  or  supply  talilc 
lists,  so  that  aicount  of  stock  may  he  readily  taken  or 
articles  easily  located  when  iieeiled.  A  separate  strong 
room  should  lie  used  for  all  liipiors,  well  secured  hy  pro- 
])er  locks;  this  will  presi'rve  the  liquor  and  trouhle  will 
not  ari.se  among  memliers  of  the  crew  hccnuse  of  wdiiskey 
on  hoard  coming  from  sources  unknown. 

Bedding  and  i  lothing  not  in  use  should  be  frequently 
taken  ou  deck  and  aired.  All  store-rooms  should  be  often 
ins|)ected  and  contents  verilied  from  time  to  time  by  a 
commis.sioiied  ollicer.  All  stores  should  be  re]denished 
when  neces.sjiry  by  proinr  requisition,  the  responsible 
otlicer  bearing  in  mind  that  he  will  he  held  accountable 
for  any  sufTering  which  may  result  from  his  failure  to 
ask  for  supplies  when  it  is  evident  that  they  will  be 
needed. 

Fresh-water  tanks  should  be  provided  so  that  an  ample 
supply  of  fresh  water  may  always  be  available.  Instead 
of  putting  in  iiuaiitities  of  iron  for  ballast  it  would  have 
been  much  better  on  the  liilitf  had  she  had  more  tanks 
to  take  additional  amounts  of  fresh  water  for  ballast. 
All  water  used  for  cooking,  drinking  purjmses.  and  for 
the  sick  on  Ixwrd  was  distillnl  or  nmde  in  the  ship's  con- 
densers. This  was  aerated  by  a  fresh-air  intake  pipe 
coming  from  the  uppi'r  deck  near  the  jiilot  house,  and 
this  water  was  also  tillered  before  being  tised. 

The  ei|uipinent  of  the  ship  for  tire  in  addition  to  life 
nifts.  boats  and  lifi'  preservers,  included  lire  plugs  and 
lire  hose  and  in  all  store  rooms  hand  grenades. 

Deck  chairs  were  furnished  in  abundance  for  patients 
and  all  others  which  when  not  in  use  were  stowed  in 
racks  provided  to  secure  them.  A  well-selected  medical 
libnuy  was  funii.shed  by  the  Medical  Department,  man- 
uals of  reference  by  the  Adjutant  General's  oflice.  and  a 
g(«id  library  of  about  live  hundred  volumes  of  history, 
iiiography.  travel  and  fiction  was  presented  to  the  vessel 
by  interested  people  of  New  'i'ork  City.  This  library, 
a  tine  music  box.  and  an  .-Eolian,  also  gifts,  furnished 
much  entertainment  to  convalescents  and  added  matcri- 
ally  to  the  comfort  and  contentment  of  all. 

A  hospital  ship  should  have  :!yiiamos  of  sufficient  ca- 
pacity to  operate  a  lighting  system,  searchlights,  electric 
fans,  and  electric  heaters  in  ample  quantity  for  all  needs. 


Two  Hiich  dynamos  should  Ih>  iiiNlulled.  each  of  hiilllcietil 
cupacity  to  meet  all  requireineiilM.  ho  iIiiiI  while  one  is  in 
use  the  oiher  may  be  receiving  Hiich  repairs  us  may  Ih- 
reqiiireil;  with  twci  one  may  be  iiviiilable  ul  all  liineR. 
with  only  one  there  would  Iw  times  when  liglit  would  Ix- 
wauling  .\  coniiM'teiit  electrician  slioiild  Im-  employed 
on  board  to  attend  lo  Ihe  electric  appliaiici-s 

The  M/('(/ was  well  eijuippeil  in  tliiK  way.  though  at 
times  ihedynaiiios  proved  of  insiinictent  capacity  to  nntt 
all  reqiiiremeiits.  Kle<lrii-  fans  were  placed  in  every  por- 
tion of  the  vessel  and  wereof  material  value  in  veiiti'lution 
mid  of  great  comfort  to  all  when  the  vessel  wiw  in  tropi- 
cal waters.  When  we  consider  the  management  of  Ihe 
hospital  ship  for  hospital  purposes  il  is  founil  to  Ih-  es- 
sentially the  same  as  that  of  »  shore  hospital.  We  have 
our  medical  otlicers.  our  hospital  corps  detaclimeni  and 
nurses,  and  such  civilian  employees  as  may  lie  neces.siiry. 
The  hospital  force  of  the  AVV/r/at  lirsl  consisted  of'u 
commanding  ollleer  and  si.v  other  medical  olllcers.  There 
were  three  hospital  slewards  and  twenty  nine  |iriviites 
of  the  hospital  corps,  ten  graduate  inale  nurses  and  ten 
graduate  female  nurses.  K.vperience  caus<fd  some  nuHli- 
lication  in  these  numbers.  The  male  nurses  were  dis- 
pensed with  and  more  hospital  corps  men  detailed  and 
the  number  of  women  nurses  reduced  to  eight.  At  times 
when  at  sea  the  elliciency  of  our  working  force  was  much 
reduced  because  of  seasickness,  for  but  few  of  all  our 
stall  had  ever  had  .sea  duty  before. 

The  duties  of  the  medical  ollicer  commanding  have 
already  been  partially  outlined:  in  the  hospital  depart- 
mi'iit  he  as.signs  his  assistants  to  various  duties  and  has 
charge  of  the  general  adniinislratiou  of  everything  con- 
cerning the  welfare  of  the  sick.  One  medical  ollicer  lie 
selects  as  his  executive  ollicer,  usually  the  ne.xt  in  rank, 
to  aid  him  in  his  supervision.  His  duties  are  practically 
those  of  an  ailjulant  to  a  commanding  ollicer;  he  has 
charge  of  the  office  and  records  and  sees  to  Ihe  details  of 
men  for  special  duty;  the  keeping  of  the  clothing  ac- 
counts of  men  on  duty  and  palieiits  under  treatment  rests 
with  liim  and  he  should  supervise  the  preparation  of  all 
regular  reports,  promulgate  all  orders,  and  conduct  the 
general  correspondence.  Me  distributes  patients  received 
for  treatment,  and  generally  looks  after  the  welfare  of 
the  patients  and  management  of  the  hospital  as  an  aid 
to  his  superior.  It  is  not  necessjiry  that  an  executive 
i  should  perform  these  duties;  the  cimimanding  officer 
may  lie  his  own  executive  either  in  whole  or  part,  and 
inilicate  to  his  as.sistant  such  duties  as  he  desires  him  to 
perform;  but  the  performance  of  the  duties  by  an  execu- 
tive as  outlined  will  relieve  the  commanding  officer  of 
many  details  and  much  routine  work. 

There  should  be  assigned  to  each  ward  one  medical 
officer,  or  if  the  number  of  patients  or  the  character  of  the 
diseiiises  or  injuries  warrant  it.  then  more  than  one.  All 
serious  cases  should  be  reported  by  the  ward  medical 
officer  to  the  executive  or  commanding  ollicer  and  consul- 
tation held  as  to  treatment,  surgical  or  medical.  A  roster 
should  be  kept,  and  at  all  times  there  should  be  a  medical 
officer  of  the  day.  lie  is  always  on  duty  ready  to  respond 
to  any  calls  in  the  wards  at  night ;  he  should  have  a  sick 
call  every  morning  for  the  enlisted  men  and  employees 
on  board  if  some  officer  is  not  regularly  designated  to 
look  after  these,  which  is  perhaps  the  bett<'r  plan.  When 
any  one  of  these  employees  is  excused  from  duty  because 
of  sickness  he  should  be  shown  on  the  morning  sick  re- 
port and  properly  reported  ou  the  reports  of  sick  and 
wounded. 

Of  the  hospital  corps  detachment  there  is  required  one 
hospital  steward  in  charge  of  records  in  the  office ;  one  in 
charge  of  property  and  returns  pertaining  thereto;  one 
in  charge  of  the  general  police  of  those  portions  of  the 
ship  occupied  by  "the  medical  department.  There  should 
be  an  acting  hospital  steward  in  charge  of  the  dispensary, 
one  in  charge  of  the  laundry,  and  one  in  charge  of  t'ach 
ward.  The  steward  in  charge  of  general  police  should 
have  charge  of  patients'  effects.  With  these  non-com- 
missioned "officers,  though  more  could  be  utilized,  the 
work  of  ships  of  the  capacity  of  the  liditf.  250  patients, 


r-43 


|lo>|llllil  Mll|m, 
Hoapllal  MiliMi. 


HEFEUENCE  HANDBOOK   OF  THE  iMEUlCAL  SCIENCES. 


rjin  lif  vorv  well  nmniit'i'<l.  Tliore  slioulil  he  for  tins 
number  iilioiit  furty  priviiU-s  of  tlic  liospiljil  corps;  six 
on  (iuiy  ill  cnili  wiiVtl  of  fifty  nun.  one  as  iissislant  in  the 
dispcnsiirv.  tliroi-  in  tin-  laundry,  two  in  the  opinitinju; 
room,  one  in  llif  otlici'.  iinil  (lie  ollicis  for  special  dnty  in 
various  capacities,  as  clerk.s.  diet  nssislants,  etc.  Kepu- 
lar  instruction  slioulil  be  given  these  men  for  at  least 
twenty  hours  per  month  as  preseribeil  by  Army  Kejiula- 
tions:  they  should  be  well  dis<iplined  and  every  elTort 
made  to  maintain  the  higli  elliciency  re(|uired  at  the  pres- 
ent time  for  men  of  the  hospital  corps.  Freipient  inspec- 
tions should  be  held  and  each  man's  clothini;  and  e(|uip- 
nient  seen  to  be  in  proper  condition.  Jleii  on  shipboard 
duly  need  not  be  furnished  '.lie  ordnance  equipment 
issued  men  of  the  corps  on  shore  duty ;  tlicy  have  no 
po.ssible  use  for  anything  but  the  belt  and  waist  belt 
plate.  Other  articles  of  ordnance  should  be  kept  in  the 
general  store-rooms  for  is-sue  when  men  are  detached  and 
scut  for  duty  ashore.  The  hospital  corps  pouch  is  also 
an  unnecessary  incumbrance  on  ship  board  and  there  is 
no  necessity  for  its  issue  to  the  men:  it  too  should  be 
kept  in  the  general  stme  looms.  Each  man  of  the  de- 
tachment should  have  a  barrack  bag  to  hang  on  his  bunk 
and  a  stationary  locker  for  storing  and  securing  his  cloth- 
ing and  personal  elfects.  All  bo.xesand  trunks  should  be 
kept  below  in  the  trunk  rooms.  Certain  days  should  be 
established  as  trunk  days  when  the  men  may  have  access 
to  their  boxes  and  belongings  for  such  articles  as  they 
may  not  be  allowed  to  retain  in  locker  and  bag.  It  is  im- 
jiraclicable  for  them  to  display  their  .shoes  under  their 
bunks,  and  their  other  eiiuijiineuts  upon  them  as  is  cus- 
tomary for  inspections  in  shore  hospitals;  t!ie  movements 
of  the  ship  will  imt  permit.  The  duties  of  members  of 
the  hospital  corps  on  sea  duty  differ  but  little,  if  any, 
from  the  re(|uiri-iiieuts  on  shore.  The  .Vrmy  HoS])ital 
( orps  is  discussed  in  another  portion  of  The  IlAXDiiooK 
to  which  i<'ference  may  be  made  for  full  ijurticulars  on 
this  subject. 

Women  nurses  did  excel  lent  service  on  board  the  Kelief, 
beginning  when  the  vessel  first  sailed  and  continuing  up 
to  the  winter  of  1899-1900  when  their  service  was  dis- 
continued. At  first  ten  nurses  were  on  duty,  but  later  it 
was  found  tliat  eight  were  all  that  could  be  satisfactorily 
employed.  Xo  night  duty  was  required  except  in  si)c-cial 
ciLses.  Two  nurses  were  assigned  to  each  of  the  three 
larger  wards,  one  to  tlu'  otlicers'  ward,  and  one  in  charge 
of  the  operating  room  and  the  diet  room.  They  were 
employed  under  contract  and  later  under  the  regulations 
governing  the  nurse  corps.  Considerable  friction  existed 
at  times  between  these  nurses  and  the  members  of  the 
hospital  corps  in  regard  to  division  of  duties  and  respon- 
sibility, and  innch  tact  was  required  to  get  the  best  ser- 
vices from  both.  The  men  disliked  the  idea  of  being 
subjected  to  the  authority  of  a  woman  nurse  in  all  inai- 
tei-s;  it  was  finally  arranged  that  the  nurse  in  the  ward 
should  be  responsible  for  the  nursing  proper,  and  the 
acting  hospital  steward  in  charge  be  responsible  for  the 
discipline  and  police,  the  two  to  consult  together  in  all 
matters  pertaining  to  the  welfare  of  the  sickiu  the  ward. 
By  this  arrangement  the  ward  work  was  in  most  cases 
sutisfaetorily  |)erformed.  Divided  responsibility,  how- 
ever, is  always  unsjitisfacloiy  and  best  results  cannot  be 
thus  attained.  With  good  hospital-corps  men  as  nurses 
it  is  believed  that  the  place  for  women  nurses  is  not  on 
board  hospital  ships.  Their  presence  reipiires  .separate 
arrangements  for  sleeping  apartments,  toilet,  and  mess 
rooms,  which  in  the  cramped  conditions  found  on  .ship 
board  works  at  limes  disadvantageously.  The  yfimniii 
employed  no  female  nurses,  but  instead  had  graduate 
male  nurses  whose  services  were  reported  sjitisfac- 
torv. 

t")-!!  male  nurses  were  at  first  employed  on  the  lielicf, 
but  they  were  relieveil  after  the  first  voyage  and  addi- 
tional hospital  corps  men  secured.  There  was  constant 
friction  betwiM'ii  them  and  the  women  nurses  and  the 
hospilaU-orps  men.  and  it  seemed  best  to  dispense  with 
the  male  nnrs<'s.  Some  of  these  afterward  enlisted  for 
servir 1  liiiard  and  gave  excellent  service  when  they 


understood  the  requirements  as  to  discipline  demanded 
of  enlisted  men. 

All  the  cooking  on  the  Uilii\f  was  performed  in  one 
small  galley.  This  airangi  iiieiit  was  most  unsiitisfac- 
tory,  but  the  i)laii  of  the  ship  did  not  admit  of  more  gal- 
leys. Had  it  been  practicaiile  there  should  have  been  at 
lea.st  a  galley  for  the  sick  and  hospital-corps  detachment 
and  employees  drawing  a  ration,  ami  another  for  the 
ship's  crew  and  ofiicers.  This  arrangement  is  suggested 
becau.seof  the  soureesof  thefood  supplies  or  subsistence. 
The  sick  if  not  re(|uiring  special  diet,  all  the  enlisted 
force  and  rationed  employees  are  subsisted  on  the  ration, 
but  the  others  al)ove  mentioned  are  subsisted  by  the  com- 
missary department  on  such  articles  of  food  as  may  be 
required,  not  to  exceed  a  certain  fixed  per  diem  value.  It 
thus  becomes  necessary  to  know  just  the  value  of  the 
foods  consumed  by  the  latter  class,  that  the  authorized 
allowance  may  not  be  exceeded.  The  management  of 
the  ration  is  the  s;imc  on  hospital  ships  as  in  shore  hos- 
pitals. Savings  can  be  made  an<l  a  fuinl  established  to 
purchase  such  additional  articles  as  may  be  desired. 
Those  of  the  sick  rei|uiring  special  diet  are  supplied  as 
noted  in  the  beginning  of  thisarticle  from  a  special  forty- 
cent  subsistence  fund  in  lieu  of  the  ration. 

The  conditions  on  shipboard  differ  so  much  from  those 
ashore  that  it  is  economy'  to  employ  a  competent  experi- 
enced man  as  ship's  steward  and  a  suitable  number  of 
employees  as  mess  men,  cooks,  jiantry  men,  cabin  boys, 
etc.,  to  constitute  the  steward's  department.  This  depart- 
ment should  be  conducted  as  is  done  on  large  passenger 
steamships,  and  subdivided  under  a.s  many  assistant  stew- 
ards as  may  be  reipiiied  to  conduct  the  separate  messes. 
A  mess  room  should  be  provided  for  the  hospital-corps  de- 
tachments, but  exjierience  .sei'ins  to  indicate  that  the  sick 
may  be  better  served  by  individual  service  on  trays.  If 
the  ship  be  commodious  it  might  be  jiraeticable  to  have 
mess  rooms  for  tli<'  convalescents,  but  in  actual  practice 
on  the  liiiiefW  was  found  more  satisfactory  to  give  each 
patient,  whether  up  and  about  or  contim-d  to  his  bed,  his 
meals  served  on  a  tray.  This  tray  was  prepared  at  a  diet 
kitchen  on  the  up|)er  deck  .situated  just  over  the  ship's 
galley  from  wlii<'h  the  cooked  food  was  sent  on  dumb- 
waiters. This  diet  kitch<-n  had  numerous  steam-heated 
warming  tables  where  the  food  was  kept  hot  during  its 
prepaialion  for  the  tray.  This  room  also  had  several 
boilers  fur  making  coffee,  bouillon,  chocolate,  and  other 
liquid  foods:  aniidc  drawer  and  shelf  sjiace  was  here 
provided  for  dishes  and  cutlery.  At  mealtime  the  spe- 
cial diet  patients  requiring  food  in  bed  were  first  served, 
then  those  on  the  regular  diet :  each  convalescent  able  to 
report  for  his  tray  came  for  it  at  the  diet  room  and  passed 
on  to  his  bunk  or  any  suitable  place  adjoining  to  eat  his 
food.  .Meals  were  served  to  one  ward  at  a  time:  conval- 
escents, when  able,  assisted  the  attendants  in  the  distri- 
bution of  the  trays.  The  soiled  dishes  were  returned  for 
cleansing  to  the  diet  room  at  another  window.  A  nurse 
was  always  on  duty  when  the  meals  were  lieing  given 
out  and  superintended  the  arrangement  of  the  trays  to 
make  them  as  inviting  as  po.ssible.  She  received  lists 
from  each  ward  showing  the  number  and  kind  of  diets 
reiiuired,  supervised  their  prepai-,iti<in,  and  kept  check 
on  the  issues.  .laiianned  tr.iys  were  first  used  but  were 
not  desirable:  they  soon  became  corroded  and  of  un- 
sightly aiipearance:  heavy  china  ili.shes  and  plated  silver 
ware  were  used.  Dishes  re(|uired  constant  replenishing 
owing  to  frequent  accidents.  It  would  be  cconomv  to 
use  white  enamelled  ware  for  all  dishes  and  trays.  )t  is 
open  to  the  objection  of  chiiijiing  but  is  very  durable. 
The  main  diet  kitchen  requires  an  ample  force  of  attend- 
ants to  facilitate  rapid  hanilling  and  serving  of  food  that 
it  may  reach  the  ])alient  in  a  |ialatalile  condition. 

Little  supplementary  elictric  diet  kitchens  in  each 
ward  are  of  great  convenience  in  preparing  foods  and 
hot  drinks  outside  of  regular  meal  hour.s. 

The  galley  had  a  fixed  range,  boilers  for  steam  cooking, 
shelves,  racks,  etc.,  for  cooking  utensils.  Adjoining  the 
galley  was  a  bakeshop:  the  butchersliop  was  in  a  small 
room  next  the  cold  storage  room  on  the  lower  deck. 
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»|>ll  II  I      sill  |IM. 


In  rco'iriii);  initiriits  iin  luniril  ii  liiis|iiliil  Kliip  it  in 
oftfiilliiiis  nrrr-tsiiry  In  scml  iiHlinrc  the  Nlii|>'s  ImmiIs  fur 
tniiiH|iiirliii);  till-  silk  tn  tlir  Hliip  VmcU  uf  tlicsi-  lioiitH 
»ill  iiccoiiiiikmIiiIi'  fmir  |iati('iit.soii  liltirsiir  iiIhiiiI  twi'iity 
if  tllrv  iirr  iililr  tn  sit  up.  Will  11  thus  Imiiird  tlir  liiiiits 
lin-  liiuril  liy  slriiiii  Itiiinrlii's,  it  biiiiK  iiii|inirli('al>l<'  tn 
row  vvlicii  tiny  ciiiitiiiii  |iiili('iit.s  Our  litiiiuli  niii  low  ii 
Ntrini;  nf  tliri'cnr  fnur  limits  mnl  iiiitimts  niii  he  tnki'ii  nil 
Ixmiil  vrry  nipiilly.  Litlirsipimlstirc  ilctnilril  as  Iniidiii); 
parlirs  tn  iicrniiipaiiy  llii'  boats:  otlirrs  iiinaiii  nii  Imard 
ami  iiiilniiil  and  distrihiitt-  the  patients  ulini  ncfivcd. 
If  the  sliip's  cnnstniction  will  prrinit  it  iiiiiili  labor  may 
Ih- savi'il  iiy  ri^iiini:  up  block  ami  tarklc  and  lifting;  llic 
patient  on  the  litter  to  tin'  deek  'ly  iiieans  of  the  steam 
windlass.  The  cniistriielion  of  the  Jtitiif  prevented  such 
an  arningenieiit  and  all  patients  were  received  on  board 
by  pinj;ways.  Of  tlii-se  there  were  two;  they  were  es- 
pecially I'onstructed,  were  broad  and  loii^  .<io  that  wlien 
lowered  the  incline  was  >;radual.  The  small  boat  drew 
nloni;sidi'.  the  bearers  niade  ready,  and  at  a  propitious 
lliomeiil  when  the  boat  was  on  the  crest  of  a  wave  or 
swell,  passed  the  patient  over  to  the  other  bearers  wait 
inj;  on  the  .!;antrplank  to  rei  eive  him.  In  rouirh  weather 
loadinj;  was  dillicull  and  at  limes  had  to  be  suspended. 
The  bearers  learned  to  be  very  expert,  ami  in  all  the 
liiindredsnf  patients  haiidleil  there  was  never  an  accident, 
Ihou'jii  at  tiiiies  the  iipaml  down  |)lay  nf  the  small  bnals 
at  the  pinfiway  was  many  feet.  The  patient  was  carried 
up  to  the  main  deck  and  assi);ned  to  a  suitable  ward. 
Stimulants  and  hot  foiHJs  wire  in  readiness  when  needed. 
If  the  condition  of  the  patient  would  (lermit  he  wnulil  In' 
given  a  tub  bath;  if  not.  then  a  sponire  bath  in  bed,  and 
given  fresh  hospital  clothinir.  Ilis  valuables  were  i)ro- 
perly  listeil  and  cared  for  by  an  oHicer  as-siirned  to  such 
responsibilities,  isiich  of  his  clothes  and  such  toilet  arti- 
cles as  he  might  liave  or  need  mialit  be  left  in  his  cloth- 
ing bag  hanging  at  his  bunk.  All  other  clothing  wa.s 
placed  in  bags  designed  for  patients'  elTccts.  These  bags 
were  made  of  strong  bed  ticking  with  dniw  string,  ami 
were  about  three  by  two  feet  in  dimensions.  They  were 
furnished  by  the  medical  department  and  their  expendi- 
ture was  authorized :  in  other  words,  they  were  expend- 
able. Shi|)|iing  tags  were  provided  and  each  man's  bag 
liiid  tied  to  it  a  tag  giving  his  name  and  military  address, 
his  ward  and  bed  number.  These  bags  were  placed  in 
Rtore-roonis  so  arranged  that  the  tags  were  expo.sed,  the 
arningements  being  made  by  wards  to  facilitate  accessi- 
bility. Such  property  as  he  might  have  which  could  not 
be  put  in  bags — trunks,  chests,  etc.:  volunteers  will 
have  (luantities  of  such, — were  tagged  and  put  in  the 
trunk  room.  When  the  patient  was  transferred  ordi- 
narily lie  was  given  the  bag  which  bore  his  nami-  on  the 
tag  and  identified  it  as  his  in  his  further  movements.  If 
too  sick  tn  takechargeof  it  himself,  it  was  simi)ly  turned 
over  to  some  responsible  person  representing  the  authority 
of  the  hospital  to  which  he  was  destined.  This  systi'in 
was  very  satisfactory  and  after  it  was  devised  but  little 
trouble  was  experienced  with  patients'  elTects  which 
prior  to  that  time  had  given  rise  to  an  cndli-ss  amotint  of 
trouble  and  confusion.  On  the  .Mii<iu>tiri  a  checking  sys- 
tem was  devised  in  which  the  bag  was  checked  ami  a 
duplicate  issued  for  the  patient.  It  proved  sjitisfactory, 
it  is  believed,  to  the  authorities  on  board  the  .yfiKnori ri , 
but  it  is  not  considered  to  be  as  well  adapted  to  the  needs 
of  hospital  ship  service  as  the  method  used  on  the  lielirf. 
A  patient  received  on  board  should  be  accompanied 
by  a  transfer  slip  giving  his  nieilical  history  and  a  ile- 
scriptive  list.  When  he  is  discharged  the  hospital  his 
new  eommanding  officer  should  be  informed  as  to  his 
accounts.  Great  care  must  be  taken  to  keep  proper  ac- 
counts for  each  man  while  on  board.  The  regulations 
governing  muster,  payments,  issues  of  clothing,  and  all 
matters  pertaining  to  administration  must  be  strictly 
obsi'rved. 

The  dead  should  be  buried  at  sea  or  properly  embalmed 
and  placed  in  metallic  caskets:  the  former  is  to  be  pre- 
ferred, but  it  is  customary  as  a  matter  of  sentiment  to  do 
the  latter. 


In  the  plixt  sick  and  woiiiideil  have  been  iiinved  by 
boat  whenever  the  Kcat  of  war  niiide  it  feasible  to  iVMirt 
to  water  Iraiisportalion.  Steamers  have  Ih'cii  iiM'd  on 
navigable  rivers  and  sailing  vessels  and  steaiiieis  on  lakcH 
and  theiM-ean:  in  Home  liiHtaiices  catail  boats  have  been 
iitili/.ed  when  battles  have  been  in  localitiis  where  eaiialH 
existed:  I  hey  wiTe  used  after  the  light  al  IJalls  llliill  dur- 
ing the  Civil  War,  ami  the  Kritisli  have  us<-d  tliem  in 
Egypt.  Small  boats,  barges,  etc  .  may  at  liini's  prove 
usi-ful  in  eimrgeiK'y,  but  their  discussinii  liardly  coiiich 
within  the  limits  of  this  article  where  the  linspilal  ship 
proper  is  till'  subject  under  eonsidinition. 

England  si'cms  to  have  been  first  in  preparing  tlouting 
lios|iitals  and  transports  for  the  sick,  but  there  seems  to 
be  very  little  record  of  any  systematic  preparalion  pre 
vioiis  to  the  Crimean  campaign  of  \KA.  During  tliis 
campaign  a  Hect  of  "  well-appnintcd  "  sleainers.  the  Ori- 
ent, I'dinliirH,  St.  Hililii.  ('lijl'iii.  Williiiiii  Jiirk»oii  and 
others,  carried  in  twenty  two  months  1  U.titis  patientA. 
In  |H.")S  the  Hritish  fitted  up  two  hospital  steamers,  .V/im- 
litiiiM  ami  Milhfiiiriii ,  for  the  use  of  tliiir  forces  in  China. 
In  the  former  the  lower  troop  deck  was  litteil  up  for  the 
sick  and  wounded  with  berths  ranging  fore  and  aft. 
lleat  was  supplied  by  the  eiigine-rooni  and  by  swinging 
and  cabin  stoves,  and  ventilation  secun-d  by  lialchways, 
portholes,  and  tubesarnmged  from  the  galley  fires.  ( llie 
thousjind  gallons  of  fresh  water  were  supplied  daily  from 
the  eondens<'rs.  The  MfllH>\irne  was  in  a  general  way 
fitted  similarly  to  the  Mtinritiiis,  E;ich  had  a  surgery  15 
by  1(1  feet,  and  a  dis))ensaiy.  The  berths  were  (i  feet  'i 
inches  by  •,'  feet  (i  imlies,  with  metal  bottoms:  good  bed- 
ding and  table  furniture  anil  good  iliet  were  jiiovided. 
Each  steamer  had  wash-rooms,  washing  or  laundry 
rooms,  and  the  usual  butcher  room,  bake-shop,  and  store- 
rooms. In  fitting  up  it  seems  to  have  been  intended  that 
theses  .steamers  should  be  used  exclusively  as  hospital 
transports. 

In  187S  England  converted  the  line-of-battle  ship  Vic- 
tnr  ICiiniKiiiiifl,  a  wooden,  screw  steamer,  5,l.i7  tons, 
2,414  horsepower,  into  a  hospital  ship  and  transport  for 
service  on  tln^  Cape  Coast.  Africa.  The  alterations  were 
made  at  a  cost  of  about  S'iOO.tlOl).  and  accommodatioDS 
were  |>rovideil  for  14'2  iiatients.  with  an  additional  capac- 
ity on  deck  for  from  60  to  80  cimvalcscents.  Fifty-five 
men  were  detailed  for  hospital  service  on  this  ship:  16 
non-commissioned  nfiicers  and  39  privates:  in  actual  ser- 
vice at  Cape  Coast  more  aid  was  rei|uired.  In  addition 
to  these  there  were  men  employed  for  general  purposes, 
as  bakers,  cooks,  etc.  Refereiiee  to  Figs.  1192-1U»,">.  in 
Vol.  III.  of  the  former  edition  of  this  II.\ndbook,  will 
show  the  arrangement  of  this  vessel. 

Spain  fitted  up  two  ships  for  liospital  transports  in  her 
struggle  with  San  Domingo.  These  are  said  to  have 
done  good  service,  but  no  detailed  description  of  them 
can  be  obtained. 

The  United  States  used  no  special  boats  for  the  sick  in 
the  war  with  Mexico,  1846-1848,  and  early  in  the  Civil 
War  the  disabled  were  trausi>orted  on  the  ordinaiy  pas- 
senger steamboats  of  the  Western  rivers.  loiter  these 
were  fitted  up  as  hos)>ital  boats,  but  little  alteration  being 
retiuired  to  make  them  well  adapted  for  hospital  service; 
they  usually  had  large  well-lighted  and  well-ventilated 
cabins,  and  the  removal  of  the  thin  partitions  between 
staterooms  made  other  wards  or  rooms  suitable  to  accom- 
modate patients.  Col.  Joseph  R.  Smith,  to  whose  writ- 
ings the  writer  isimlebted  fortius  brief  historical  review, 
states  that  he  found  records  showing  that  more  than  100.- 
000  patients  were  carried  on  hospital  boats  during  the 
Civil  War.  Of  these  a  great  number  were  carried  on  the 
river  steamer  D.  A.  January,  which  in  forty  months 
handled  23.738  i)atients.  This  boat  was  230  "feet  long 
and  6.J  feet  wide.  Its  ordinary  capacity  was  consid- 
ered about  400.  though  it  carried  as  many  as  554  pa- 
tients. 

The  hospital  steamer  Citij  of  Memphis  was  330  feet  long 

and  70  wide  and  carried  comfortably  750  wounded.     The 

1   fJiiiiariiM  was  2<i6  feet  long  and  45  wide,  with  an  ordinary 

I  capacity  of  5(K)  patients,  tliough  she  at  one  time  carried 
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817.  Tlii'se  Vfsscis  oil  the  rivt-rs  frc(|Ueiilly  piisst'd 
towns  luiil  liiiiilini;  ])1iipos  wIutc  supplies  Cdiilii  be  oh- 
taiiii'(l  mill  iliil  not  recpiiretlie  siiiiie  equipnieiit  and  stores 
as  are  needed  for  sea-goinj;  vessi'ls.  In  addition  to  wards 
cneli  of  tliese  vessels  liad  rooms  for  ollieers  and  attend- 
ants, storerooms  of  various  kinils.  kitchen  and  special 
diet  kilehens,  pantries,  ilnnibwaiters.  linen  rooms,  dis- 
p<'ns)iry.  operatini;  room,  liath,  water-closets,  etc.  Water 
was  supplied  from  a  refriircrating  apparatus  by  faucet  iu 
convenient  places.  Medical  ollieers,  hospital  stewards, 
ward  masters,  and  nurses  were  detailed  in  sufficient 
numbers.  The  medical  ollicer  or  surgeon-in-chief  was  in 
absolute  control  and  responsible  for  the  administration. 
Figs.  Ui)tV-llil!t,  in  Vol.  III.  of  the  former  edition  of  this 
Haxhhoiik.  show  the  arrangement  of  these  boats,  the 
Jiiiniiirii  being  taken  as  a  tyi)e. 

In  May.  istii.  the  .Medical  Director  of  the  Army  of  the 
Potomac  asked  for  hospital  steamers  suflicient  to  carry 
S.tKXI  patients;  from  this  time  water  transportation  was 
recognized  as  a  method  of  moving  the  dissibled  and  a 
me<lical  ollicer  was  placcMi  in  charge,  known  as  "medical 
director  of  transportation."  During  the  war  it  is  said 
that  as  many  as  thirty  well  tiltcil  hospital  steamers  were 
used  at  dilTerent  times  in  the  East  and  West. 

The  best  ocean  transport  of  those  times  was  the  J.  K. 
Ririies.  She  was  a  side-wheel  steamer,  1,400  tons,  288 
feet  in  length.  3')  feet  2  inches  in  width,  22  feet  9  inches 
depth  of  hold.  Iler  total  capacity  was  477  patients;  she 
was  used  but  ten  months,  during  which  time  she  carried 
3,6,">5  patients.  Her  plans  may  be  seen  iu  Figs.  1200- 
1202,  of  Vol.  III.  of  the  former  edition  of  this  II.\XD- 

BooK. 

During  the  recent  South  African  war  a  hospital  ship 
known  as  the  Maine  was  titted  up  b}'  American  women. 
This  vessel  is  a  duplicate  of  the  Missouri  and  her  equip- 
ment was  similar.  Her  operating  room  was  complete, 
and  said  to  be  the  best  in  South  Africa.  She  had 
accommodations  for  218  patients,  an  .r-my  machine,  elec- 
tric lights,  fans,  and  diet  kitchens,  a  com])letely  equipped 
laundry,  a  steam  disinfecting  ajipanitus,  refrigerating 
plant,  etc.  Her  hospital  force  consisted  of  si.\  medical 
officers,  five  women  nurses,  eleven  male  nurses,  ten  order- 
lies, and  two  apothecaries. 

The  Tiojiin,  tSjxiitnit.  and  Pnnceof  Wale.i  were  other 
ahijis  titted  as  hospital  transports;  the  capacity  of  all 
four  being  about  one  thousand  patients.  These  ships 
participated  in  the  China  campaign  of  the  allied  troops 
in  1900.  During  this  campaign  the  Japanese,  (jerraans, 
and  French  also  had  hospital  transports,  but  the  details 
of  their  equipment  cannot  be  ascertained.  It  is  said, 
however,  that  our  own  hospital  ships,  especially  the  lit- 
lief.  were  fur  superior  to  all  others  in  equipiiient  and 
facilities  for  caring  for  the  disabled  at  sea. 

Alfred  K  Bradley. 

HOT  BORATE  SPRING.— Uke  County,  California. 
This  nniarkalile  spring  is  situated  near  the  town  of  Lake- 
port  and  on  the  edge  of  Clear  Lake.  The  spring  (lows 
18,000  gallons  per  hour,  and  has  a  temperature  of  124° 
F.  (July,  1888).  On  analysis  it  is  found  to  contain  the 
following  niineml  ingredients: 

Onk  f.MTEB  States  Gallon  Co.vtai.ns: 
Solids.  Grains. 

Sodium  rlilorlde Hti.SJ 

S'xilnin  tilmrtionHte 7.5.40 

ShIIiiiii  t'ltmrHl*-' 20l!7.') 

I'<>ta.H.>4iiiiii  hMljfIc ]lo 

FoIjuvhIuiii  rhlortde Trare. 

P'  itjiKHitim  l»n •nilde Trwce! 

Pi  >tn^slllln  ItlotrlNinat*? 4.2G 

AiiiiiiMnliini  ))lrurlH>naIe Ufiiaj 

Miitfnf>tiiMi  tilf*arl><>nHte [73 

Cah-iiitii  Mi1|>bali' Trace. 

Alumina 2  04 

Slllra v.'.'.  TifKi 

Onranlr  matter S(.OT 

Total.  484.35 

Fn-i'  i-arbunlc  ai  IJ  gas.  .U.'.i  nrralns. 


An  analysis  by  Dr.  Moore  shows  a  much  smaller  per- 
centage of  bora.x  —  UK!  grains  per  gallon.  The  spring  is 
remarkable  on  account  of  the  excessive  amount  of  borax 
and  ammonium  .sidls  which  it  contains.  Professor  Whit- 
ney states  that  the  water  is  changeable  both  in  its  rate  of 
How  and  in  its  proportion  of  mineral  ingredients.  It  is 
usi'd  in  Lakcport  and  vicinity  for  kidney  and  bladder 
troubles.  It  is  claimed  that  the  water  has  dis.solved  a 
stone  in  the  !ila<ldi-r.  Juiiiik  K.  Crinik. 

HOT  SPRINGS,  BATH  COUNTY,  VIRGINIA.— 

Post-Okkick. — Hot  Springs.     Hotels  and  cottages. 

AccKSS, — Via  Hot  Springs  Branch  of  the  Chesfipeake 
and  Ohio  Railroad.  Connection  is  made  at  Covington, 
Virginia.  Through  sleepers  to  Hot  Springs  are  nm  iu 
the  summer.  The  Virginia  Hot  Springs  Company  run  a 
line  of  lirst  (lass  stages  to  the  Warm  Springs,  live  miles 
north,  and  to  the  Healing  .Springs,  three  miles  south  of 
the  terminus  at  Hot  Springs.  The  valley  containing  the 
Hot,  Warm.  Sulphur,  and  Healing  springs  of  Virginia  is 
located  in  the  heart  of  the  A|)palachian  Mountains,  in  the 
first  of  several  lofty  ranges  that  lie  east  of  and  pandlel 
with  the  main  Allegheny  divide.  Some  two  miles  in 
width,  the  valley  cxliMids  for  more  than  a  dozen  miles 
between  towering  mountains,  from  the  crests  of  which. 
4.000  teet  above  the  sea,  villages  and  farm  houses  with 
intervening  stretches  of  country,  over  1.. 500  feet  below, 
are  spread  out  to  the  view  of  the  observer  as  a  beautiful 
panorama.  The  visitor  can  drive  for  miles  over  new  bou- 
levards and  carefully  constructed  roads.  The  streams 
formed  by  the  various  s])rings  in  the  valley  have 
])ierced  the  western  range  and  divided  it  into  a  series 
of  five  tall  distinct  mountains,  narrowly  separated  from 
each  other  by  chasms  and  gorges.  Meandering  roads 
and  romantic  bridle-paths  and  footways,  bordered  with 
ferns  and  mosses,  penetrate  these  rugged  and  secluded 
passes.  The  altitude  of  the  valley  (2.300  feet)  and 
its  protection  by  the  surrounding  mountjtins  from 
wind-storms  and  sudden  changes  combine  to  produce 
a  tenijieratvire  safe  iu  winter  and  delightful  all  the 
rest  of  the  year.  The  air  is  clear  and  dry,  mists  and 
fogs  being  rarely  seen.  The  highest  summer  temiiera- 
ture  observed  during  a  series  of  recent  oljservations  was 
87'  F.,  the  monthly  mean  for  June,  Julv,  and  Auffust 
being  68..5'  F.         "    - 

The  Hot  Springs  have  been  resorted  to  for  three  gener- 
ations of  white  men.  Physicians  of  wide  reputation  and 
abundant  experience  have  pronounced  them  eiiual  t<i  the 
most  effective  similar  waters  of  the  European  spas.  The 
drinking-waters  are  also  of  great  variety,  and  besides  the 
hot  springs  there  are  magnesia,  sulphur,  soda,  and  alum 
springs,  each  of  which  is  widely  reconunended  for  niidic- 
inal  purposes,  nie  bath-house  at  Hot  Springs  is  a  .sub- 
stantial four-story  structure  of  stone  and  brick,  built  in 
the  Colonial  style  of  architecture  at  a  cost  of  over  SlOO,- 
000.  It  is  fitted  up  in  a  sumjituous  mamicr  with  all  the 
requisitesof  a  modern  institution  of  this  kind.  All  varie- 
ties of  baths  will  be  found  here.  The  old  bath  house  has 
been  converted  into  two  large  swinnning  pools,  one  each 
for  gentlemen  and  ladies.  The  hotels  at  Hot  Springs  are 
the  "Homestead,"  a  charming  house  of  the  true  old  Co- 
lonial .style,  which  has  been  entirely  remo<lelled  and  mwl- 
ernized,  and  the  "Virginia,"  a  new  hotel  built  in  the 
latest  fashion,  and  supjilicd  with  every  comfort  and 
convenience.  This  hotel  is  kept  open  all  the  year.  Ten 
new  cottages  cluster  close  by.  each  with  a  broad  porch 
and  veranda.  This  hotel  is  connected  with  the  passenger 
station,  but  so  arranged  that  no  noise  or  annoyance  is 
caused  by  railroad  trains.  The  waters  of  the  Hot 
Springs  have  been  analyzed  by  several  well-known 
chemists.  The  Sjiout.  Boiler,  and  Suljihur  Springs  were 
examined  by  Profes,sor  Clarke,  of  the  Smithsonian  Insti- 
tution in  1884,  and  the  last  two.  together  with  the  Soda 
and  .Magnesia  springs,  have  recently  been  analyzed  by 
Messrs.  Dickore  and  Morgan,  of  Cineiunati.  Ohio  The 
several  results  in  the  examinations  of  the  sjtme  waters 
have  been  pi-aclicallv  identical.  Following  arc  specimen 
analvses: 
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IImI    llMrnli    S|irlii::. 
Ili»l   S|irlli;£M. 


lllHI.KIt    (HaTIM   Si'lllMl. 

(Aimlysis  liy   hiikiiri'  iiml  Murgiin.) 

n.NK  L'.IITKI)  KTATKS  (iALLON  CONTAINS: 

!<<>ll<lx. 


MHirnt>i«luin  HuliihiiU* 

Muinit-Allllii  i-ai'iNiliiilv 

Cull-lull)  !(ul|>huli* 

ChU'Iumi  •'iirlHiiiuto 

HtNllnih  !>ul|>hiiti' 

IVUiiwIuiii  Ml IpliaU) 

roioMiuiii  ••liliirlile ,•** 

Wllni ••*> 


Urulna. 
.  8.40 
.  3.08 
.     I.W 

.  si.m 

.     1I.U8 
.08 


T"lal 

Ti'Uipcnitun!,  lUH*  K. 

Soda  (Diiinkinc.)  Si>niN<i. 
(Aimlysis  liy  Dickore  ami  Morgan.) 

(INK  I'XITKI)  STAT>:S  liAlXON  CONTAINS: 
S.illclli.  < 

Miitf nti^luiii  HuUilmti' 

]Jiil7ni-?«liiti)  iiirlMtnuto 

Cali'luin  Miliilmlo 

C»liium  ijirlNinttie 

Sodium  .sulphutv 

Potajvluin  sulphatt' 

Pottt.'Viluni  t'liloridt' 

Slllra 


43.33 


Total 

TomiH'rnUin',  74°  F. 


rains. 

s.gu 

£.61 

3.22 

17.55 

2.02 

.(<8 

.21 

.49 

32.88 


Spoct 

(Analysis  '.) 


"lATll   SpHINO. 

.  Professor  C'liirke.) 


One  united  Sfates  Gallon  Contains: 
Solids. 


Grains. 
1.37 


Silica 

Alumina 15 

Potassium  chloride .54 

Pota-islum  sulphate l.OB 

So<lluui  sulphnlo 1.84 

Ciilnuiii  sulphate 8.^ 

Mu^lifsluiii  rarltonttte iXK 

Calcium  curlionale 13-80 


Ti.lnl 

Temp*'mtun'.  1*16°  F. 


34.09 


These  waters  resemble  coiisidcmbly  in  chemical  com- 
position those  of  tlie  Hot  Springs  of  Arkansas.  They 
also  resemble  those  of  .\i.\-les-I5ains  in  France,  the 
French  sprinu;  luivinir  a  somewhat  hitriier  temperature. 
Both  for  internal  use  and  for  bathiiif;  the  waters  of  tlie 
Vircinia  Hot  Springs  have  gained  a  wide  celebrity  in  the 
trealment  of  many  of  the  ills  to  which  human  Hesli  is  hiir. 
The  baths  Ikmc  are  especially  to  be  commended.  The 
excellent  thermal  waters  with  the  elegant  and  elaborate 
methods  of  using  them  may  be  expected  to  render  all  the 
service  in  diseased  states  which  can  be  accomplished  by 
this  means.  It  is  especially  desired  that  all  those  who 
visit  the  springs  witli  the  intention  of  using  the  baths 
■consult  a  resident  physician  in  regard  to  the  use  of  the 
waters. 

The  Ifcnliiiff  Spriiigf  Ilotil.  three  miles  from  the  railway 
station  at  Hot  Springs,  is  reached  by  a  comfortable  line 
of  stages.  It  is  connected  by  telephone  with  the  depot 
and  with  the  hotels  at  Hot  and  Warm  Springs.  No  place 
in  the  Virginia  Motintains  is  more  pleasjint  or  i)ictur- 
es(iue.  The  air  is  luire,  dry  and  bracing,  the  tempera- 
ture being  uniform  and  delightful,  throughout  the  sea- 
son. The  rooms  in  the  hotel  and  cottages  are  large  and 
cheerful ;  they  are  ke|it  scrupulously  clean,  and  the  man- 
agement throughout  is  charmingly  homelike  and  in  har- 
mony with  the  surroundings.  The  supply  of  water  is 
abundant,  being  derived  from  four  springs  of  essentially 
the  same  character,  and  is  beautifully  bright  and  crystal- 
line. Its  temperature  is  uniformly  y."i'  to  88'  F.  The 
bathing  accommodations  have  been  greatly  extended  and 
otherwise  improved  by  the  erection  of  a  new  bathhouse, 
and  by  the  addition  of  several  apartments  to  those  already 
built.  The  waters  of  these  springs,  as  w  ill  be  seen  by  the 
analyses,  are  almost  identical  with  those  of  Schlangeiibad 
and  Ems  in  Ciermany.  Tliese  were  made  by  Prof.  Wil- 
liam E.  Aiken,  of  the"  University  of  Maryland: 


ONIt  t'NITID  HTATn  GALLON  Co.liTAl.tlt : 


Cuhiuiii  nirlHinale 

Miilftieslum  ciirlMinHte  . 

In>u  )-arlNinai<- 

Calclnni  <4Ulphiiti* 

MuKiH-Mliiiri  sulphate... 

I'nUuinlum  Hulphate 

ln>it  Niilphiili' 

AiiuiHiiilum  sulphate  .. 

Poia.ssluin  chloride 

I*ula.v(iiiui  cjd iMtnate. . . 

.S'hIIuui  chtiirlili* 

Slllcli- acid 

t  irtfiinic  ai-lil  tcrenic?) 

Carhoiilc  acid  

Snl|iliiireled  hydn*Ken 

llroiuliie 

S4Mlium 

Total 


URALIXn  SraiNO*. 

•  lid  Sphnit. 

Ni'w  siirlnir. 

(iruinii. 

linilnii. 

17.9U 

1M.72 

1.S4 

l.(»l 

.07 

.» 

IJB 

i.ai 

7J!5 

7.;w 

2h'i3 

.18 

.10 

ja 

J3 

.25 

J24 

.27 

J» 

l.Ky 

i.ie 

.m 

.M8 

2.30 

2.29 

Trace. 

Tn..  .■ 

Traci-. 

Trace. 

38.56 


The  bubbles  of  gas  that  rise  from  the  springs  contain 
in  KMl  parts-  nitrogen  gas.  97.2."i;  carbonic  acid  gas,  2.7i>. 

These  waters  have  proved  valiialile  in  a  considerable 
range  of  diseases;  they  are  diuretic,  somewhat  laxative, 
and  tonic  in  their  effects  upon  the  system.  The  best  re- 
sults have  been  observed  in  chronic  cf)ngestion  of  the 
liver,  in  irritaliility  of  the  bladder  from  cystitis,  in  en- 
larged prostate,  etc..  in  the  early  stages  of  Bright 's  <lis- 
ease,  and  in  debilitated  states  generally. 

The  W'lrm  .Sy//-/H</.i  are  located  five  miles  north  of  the 
railroad  terminus  at  Hot  Springs.  The  court  liou.se  and 
county  buildings  are  located  here.  The  springs  are  jiic- 
turesquely  located  in  a  grand  old  grove  and  lawn  in  the 
centre  of  "a  tract  of  about  l.HOO  acres,  which  in  width  in- 
cludes the  crests  of  the  mountains  on  either  side  of  the 
valley.  The  remarks  concerning  the  scenery,  atmospheric 
conditions,  etc.,  in  the  description  of  the  Hot  Springs 
apply  with  eijuid  force  to  thi'  Warm  Springs.  An  ex- 
cellent hotel,  built  in  the  Coloiiial  style,  charmingly  situ- 
ated and  well-kept,  will  befotmd.  There  are  also  a  num- 
ber of  comfortable  cottages.  For  three  generations  the 
sjirings  have  been  visited  by  people  from  all  over  the 
United  States,  with  not  a  few  from  foreign  countries, 
and  even  when  it  involved  a  long  and  tiresome  journey 
in  primitive  stage  coaches  they  were  a  favorite  resort  of 
the  weidlh  and  fashion  of  Virginia  and  the  South.  The 
grand  boulevard  recently  completed  between  the  Hot  and 
W:irm  Springs  is  !i  magniticent  driveway,  and  pas,sen- 
gers  will  be  trans]iorte(l  from  the  Hot  Springs  starion  in 
comfortable  carriages  in  the  brief  space  of  forty  minutes 
after  a  most  enjoyable  ride.  The  gentlemen's  bath  is  an 
octagon  forty  feet  in  diameter  and  holds  4S,0(X)  gallons 
of  water.  The  ladies'  bath  is  circular  in  shape,  with  a 
capacity  of  60,000  gallons.  These  pools  are  supplied 
from  separate  springs  discharging  upward  of  60,000  gal- 
lons of  water  per  hour,  at  a  temperature  of  iHi  F.,  which, 
charged  with  myriads  of  bubbles  of  sulplnn-<'ted  hydro- 
gen gas,  rises  naturally  from  the  bottom  of  the  pools. 
iifToriling  a  delightful"  and  luxurious  b;ith.  There  are 
also  private  baths  of  various  kinds,  and  ample  provision 
for  the  comfort  and  convenience  of  bathers.  An  old  an- 
alysis of  one  of  the  springs,  made  by  Prof.  A.  A.  Hayes, 
shows  the  following  solid  constituents: 

ONK    fXITKD  STATES  GAL1.<I.V    CONTAINS: 

Sf.llds.  Grains. 

Calcium  carlHinate ,^'^ 

Calcium  sulphate 14.g 

PotJtssluui  sulphate 1.^ 

AmitiMnhun  sulphate ** 

S«Mltum  silicate         '.                                              j.72 

Matrue?;ium  silicate  1  ' 

li»n  civnale 2.5n 

Carlxinlc  (Kid    ■  "-^ 

Total «2-«3 

Gases:  Sulphureted  hydrogen,  carbonic  acid,  and  nitrofren. 
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Iloi  sprlii::*. 
Iltii  S|>rliiu», 

Till-  wiitor  i«  limpid.  Iiiis  ii  styptic  taste,  iiml  the  odor 
of  siilpliiirctcd  liydroirtMi.  Tlii'  actioti  of  tlic  wiitiT  is 
si'dalivt'.  a.<  a  riili-.  liiiniiTsidii  in  tlir  l>atli  givos  rise  to 
a  si'iisc  of  voluptuous  rcpost-  and  as  the  liand  passes  over 
tlie  body  tlie  surface  presents  a  velvet  sniootlincss,  as 
though  anointed  with  some  delicateoliitnient.  This  unc- 
tuous (|iiality  lias  also  lieen  observed  in  the  liatlis  of  .Mo- 
lit/.,  in  France,  ami  in  thos<' of  Wildliad  near  StulIirHrt. 
It  has  been  variously  ascribed  by  E\iropcan  writers  to  the 
presence  of  .silicates,  to  the  monosiilphuret  of  sodium, 
and  to  an  organic  matter,  the  last  being  the  most  prob- 
able caus<>.  These  waters,  by  reason  of  their  soothing 
elTects,  are  applicable  in  chronic  and  subacute  rheuma- 
tism, gout,  neuralgia,  coiig<'.stive  amenorrhiea  and  dys- 
menonbaa,  and  in  m|diritic  and  calctiious  disorders. 
The  spout  bath,  armnged  with  an  ascending  douche,  is 
especially  useful  in  the  type  of  dysmenorrliiea  named. 
Tlie  baths  are  also  benelici.il  in  the  sipiamous  skin  affec- 
tions .III  me K  K.  Crook. 

HOT  SPRINGS.  FALL  RIVER  COUNTY,  SOUTH 
DAKOTA.  - 

1'o.-.t-()kfick. — Hot  Springs.  ><umerous  hotels  and 
cottages, 

.VccKss. — Via  Fremont,  Elkhorn,  and  Missouri  Valley 
Kailrojid  (bninch  of  the  Chicago  and  Xnrllnvestern  sys- 
tem I.  or  via  the  Chicago,  IJiirlingtou  and  Quincy  Rail- 
road (Burlington  route)  direct  to  Hot  Springs,  arriving 
at  the  sjime  depot  by  either  rcaite.  This  inagniliccnt 
new  spa  is  located  in  the  heart  of  the  Black  Hills  at  an 
elevation  of  :t,400  feet  above  tlie  sea  level.  The  advan- 
tages of  Hot  Springs  as  a  health  resort  are  numerous. 
First  as  to  the  topogra|iliical  features.  The  scenery  in 
and  adjacent  to  the  ])laee  is  varied  and  deli^'lilful.  The 
lofty  pine-clad  hills,  grand  canyons,  ripiiling  streams, 
and  beautiful  falls  of  I  he  Minnekalita  and  t'luyeuue, 
make  up  a  group  of  attractions  difficult  to  excel, 

Si-cond  as  to  climate.  By  reason  of  certain  peculiar 
circumstances  of  location  this  resort  is  favored  by  very 
mild.  ei|Uable  atmosi)licrio  conditions.  Summer  days  are 
followed  by  evenings  of  delicious  coolness,  while  the  au- 
tumns are  unusually  pleasant.  During  t  lie  winter  months 
the  tenijierature  has  maintained  an  average  of  42  F.  above 
zero  for  the  la.st  four  years.  Situated  in  the  Minnekalita 
valley  and  sheltered  on  all  sides  by  heavily  limbered  hills, 
cold  win<ls  and  sudden  changes  of  temperature  are  practi- 
cally unknown.  The  winter  temperature  in  the  valley  is 
from  20  to  25'  higher  than  in  localities  only  a  dozen  miles 
distant.  It  is  Siiid  that  the  juotection  afforded  by  the  hills 
is  .supplemented  in  no  small  degree  by  the  millions  of 
gallons  of  hot  water  flowing  through  the  valley. 

The  visitor  will  tind  the  accommodations  prepared  for 
his  entertainment  on  a  par  with  the  charming  scenery 
and  genial  climate.  The  largest  hotel,  the  Evans,  is  con- 
structed and  eipiipped  throughout  in  accordance  with  the 
latest  and  most  approved  methods.  It  is  fully  up  to  the 
standard  of  the  best  hostelries  of  the  day.  Other  excel- 
lent hotels  an-  the  (;illesi)ie.  the  Hot  S|)rings.  the  Cathol- 
icon.  the  Havis,  and  the  Parrott  House.  Cottages  arc 
also  on  hand  for  those  who  desire  them.  The  hills  afford 
attnictive  spots  for  camping  out. 

.\iijoining  the  Evans  House,  anil  in  full  keeping  with 
the  elegant  and  elabonite  appointments,  is  \\w  Evans  Sani- 
tarium, containing  sixty  bath-rooms  and  embracing  all 
varieties  of  baths.  The  Stewart  Sanitarium,  recently 
completed,  also  affords  facilities  for  all  kinds  of  bathing, 
including  an  excellent  plunge  bath.  The  Catliolicou 
Sanitarium,  now  under  const  ruction,  will  a<ld  another 
to  the  attmctive  retreats  of  the  Hot  Springs.  This  struct- 
ure, with  the  bath  house,  will  have  a  measurement  of 
KHt  X  "•'i  feet,  and  will  contain  over  100  batll-rooms. 
The  plunge  bath  is  one  of  the  prominent  features  of  Hot 
Springs,  It  is  constructed  of  stoiu-.  wood,  iron,  and 
glass  anil  has  100  drc'ssing  rooms,  Thi'  buildinir  is  "I't 
feet  wide  and  250  feet  long,  heated  by  steam  and  lighted 
by  electricity.  The  water  is  at  a  natural  temperature  of 
11(1°  F.  the  year  round.  It  increa.ses  in  depth  from  three 
feet  at  one  end  to  eight  fct.-t  at  the  other.     The  springs 


at  this  resort  are  eight  in  number.  The  "  Minnekahta" 
is  the  nanu'  given  to  a  great  Indian  spring,  the  word 
being  a  synonym  for  health,  pleasure,  and  recreation.  It 
is  said  that  the  waters  of  this  spring  were  in  use  by  the 
Sioux  and  other  tribes  long  before  tlieai)proacli  of  civili- 
zation. The  natural  temperature  of  this  spring  is  H8  F. 
It  furnishes  the  drinking  fountain  of  the  Evans  House, 
the  Evans  bath  house,  and  the  Minnekahta  bath- 
house. An  analysis  by  Prof.  Charles  B.  Gibson,  of 
Chicago,  resulted" as  follows: 

oxK  United  States  Uallo.n  Contains: 

Solids.  (irains. 

MaiTiU'siuni  sulphate 4.32 

Sij'liinii  siilph;Uf        *.  •>Ttc; 

I'otiisMiirii  ^iilpliale   I 

Iron  p.n ix ii If Trace. 

S4.i<lillln  I'hlnrjtle          f  .n  -o 

Pot;i.-.siiiMi  clilciride    f "■'" 

Calcium  sulphate 16,32 

Sllkii 2.46 

Total 62.51 

These  waters  are  perfectly  transparent,  have  a  pro- 
nounced alkaline  reaction,  and  contain  no  organic  matter. 
Following  are  analyses  of  two  of  the  other  springs: 

One  United  States  Gallon  Co.ntains: 


Solids. 

Mammoth            Lakalab 

Mineral  SprlnR.I      Spring. 

Grains.              Grains. 

23.26 
5.63 

36.11 
5.59 

.oe 

4.11 

".'30 
.10 

3.51 
.15 
.27 

1.55 
12.11 

8.82 

3.33 

16  29 

8.50 

05 

3  14 

Calciuiii  pliusphate 

.31 
.15 

MiiL^nesium  I'lmsptnite 

3.04 

36 

.02 

stliea 

1.83 

Drpanic  and  volatile  matter  

8.(» 

92.71 

.53.79 

These  waters  are  of  the  sulphated-saline  and  calcic  va- 
riety. According  to  a  report  of  the  National  Association 
of  Railway  Surgeons,  which  visited  the  resort  several 
years  since,  "treatment  by  the  Hot  Springs  water  luay 
be  said  to  stimulate  all  the  secretions  and  organic  func- 
tions; to  promote  digestion  and  assimilation,  and  to  favor 
tissue  metamorphosis  and  excretion,  thereby  relieving  in- 
ternal congestions,  stimulating  blood-making,  increasing 
the  appetite,  and  favoring  new  and  healthy  tissues  at  the 
expense  of  the  old  and  inactive.'"  This  treatment  may, 
therefore,  be  C(Mifidently  recommended  in  "gout  and 
rheumatism  after  the  intlammatory  .stage ;  iu  neuralgia, 
es]ieci:illy  when  depending  upon  gout:  iu  metallic  or 
m:ilari:d  poisoning,  panilysis  not  of  organic  origin,  and 
neurasthenia:  in  the  early  stages  of  Bright's  disease:  in 
syphilis  and  functional  diseases  of  the  liver  an<i  stomach; 
in  catarrhiil  affections  of  the  respiratory  tract  ,  .  ..  and 
in  chronic  diseases  especially  of  the  S(|uamous  variety." 

Hot  Springs  is  the  county  seat  of  Fall  River  County, 
and  is  located  about  seventy  miles  south  of  Deadwood. 
The  town  has  a  permanent  po|iulation  of  3,000.  Its 
proximity  to  extensive  pine  foicsls.  in  addition  to  the 
favorable  features  of  location  above  iixntioned.  as.sists 
ill  preserving  a  mild  aii<l  agreeable  climate,  and  lias 
brought  the  resort  into  much  favor  with  persons  afflicted 
with  hay  fever,  asthm;i,  and  incipient  ])hthisis. 

.f, lines  K.  Crook. 

HOT  SPRINGS,  GARLAND  COUNTY,  ARKANSAS.— 

Post Okkui-:.  —  II. .1  Springs.  Hotels:  .Vrlinglon.  K.ist- 
man,  Pullman.  Avenue.  I'ark.  Bloomington.  .losephine, 
etc.  According  to  Cutler's  (Juide  to  ihe  Hot  Springs, 
there  are  as  many  as  live  hundred  hotels  and  boarding- 
houses  in  the  city. 


748 


IIKI'KKK.NCK    llAMHliHiK    iH'  'rilK    MKDICAL  IsCIEN'CES. 


Iloi  S|irliii:A. 
■  lot  S|>rlii::«, 


AfCKHH. — VIA  tlie  IrcPIl  Miilllltnill  Hnillf,  rlic-  nril.v  lilir 
ruMiiiiiK  (<>  ll»'  ""'  Spiiiiiis  .Ml  liiii'H  li-ndiiiK  iiil"  Si 
l.oiii.H  ciiiilircl  in  Ihc  (iniliil  I'liioli  |)r|Kil  wllli  i'X|HrKH 
trains  of  till' lion  .Moiinlniii  lioiilc  Kidiii  lln' houiIi  tin- 
Ih'sI  roiilt'  is  \  ii'i  Citlro.  ('<ilnniliiis,  Mc'ni|iliis.  or  'rrxarkii 
nil.  ciinniilions  Ihmiih  ininlc  at  inch  of  lliisi'  |ioinis  willi 
Iron  .Moiiiilaiii  i\|>irss  trains,  'l'li<- spriiics  an-  .l.'i  inili'S 
Koiilliwcst  of  l.illlr  Uocli.  tlir  Stale  ( ii|iilal.  ami  '-fi  miles 
from  Malvrrii.  wliric  tiiiins  on  llie  Iron  .Mountain  nm 
licet  with  llic  lli>l  S|irinfrs  Hailroail  IcailiiiKilircclly  lolhc 
sprinjfs.  Sli'cpcrs  i-omi'  throiij.'li  without  cliantc  jit  .Mai 
vein.  The  Hot  Spriiiffs  arc  sitiialcil  iiii  the  .Mounlaiii 
(^rcck  iiiiil  in  the  valli^v  of  the  .sjiinc  naiin-.  Thi  y  issue 
from  till' wistirn  slope  Of  the  Hot  Sprinirs  Monnlain.  ii 
spur  (if  llic  <)/.arks.  at  an  elevation  of  from  TIKI  loHdll  feel 
above  the  (iiilf  of  .Mc'xieo.  The  moiinlains  on  eillier  siilc 
iillailian  allituile  of  1,'JIK)  feet.  The  elimiite  in  this  re- 
jjion.  as  a  itciicral  rule,  is  mild  and  balmy  and  not  sub 
ieet  to  extremes  of  either  heat  or  cold.  Siiiislroke  is  iin- 
known,  and  the  summer  iiii;hts  are  jrenenilly  cool  and 
pleasjinl.  liirlil  blankets,  as  ii  rule,  beiiiif  re(|uiicil  before 
inorniiijLt.  The  pure  mountain  air  and  eoiislanl  southerly 
brec/es  unite  in  lormini;  a  hcilthful  and  invii;oratiim 
climate.  The  lowest  temperature  observed  in  isfll  was 
111  v..  the  liif;liest  MX  K  .  tlii'  averau'e  for  that  year 
beiiii;  84  F..  or  somewhat  hifiher  than  the  average  for  a 
!M>ries  of  preceding  veai-s.  The  rainfall  for  1X1)1  was 
TO.S«  inches. 

These  springs  have  Doen  known  and  utilized  a.s  ii 
health  resorl  since  early  in  the  century,  and  durinj:  that 
time  they  have  aci|uired  an  extended  npulalion  in  the 
trealmenl  of  certain  diseases.  A  city  of  considerable 
size  and  contaiiiinj;  numerous  excelleiil  hotels,  sanitar- 
iums, bathiiii.'-liouses,  and  public  buildings  has  been  de 
vclojied  about  them.  Some  of  the  handsomer  ami  more 
commodious  balhhoii.ses  were  erected  at  a  cost  of  from 
SIII.IMIO  to  .*l.")n.OIK).  Ainonir  the  more  prominent  of  these 
are  the  Ijislman,  Park,  Alhambra.  Superior,  Palace. 
JIajrnesia.  Hzark.  Ilcirseshoc,  Hammelslnirger,  Lamar, 
nnii  .Maurice  pavilions.  Thedi.schariieof  water  from  the 
springs  ainoiints  to  :i3.")  gallons  per  ininiile,  or  4f2.ll(K) 
gallons  per  day.  Tlii'se  waters  are  nearly  all  conceii- 
trateil  in  large,  air-tight  tanks,  built  by  the  United 
States  Government,  anil  are  siillicient  to  liatlie  19, SOU 
persons  daily,  allowing  twenty  live  gallons  for  each 
bath.  The  springs  are  now  seventy-two  in  number,  an- 
other having  recently  been  added  to  the  list,  accoiding 
to  a  late  annual  report  of  tlie  local  board  of  health. 
From  the  United  States  Engiueer's  Heport  to  tlie  Hot 
Springs  Commissioners  we  obtain  the  following  table  of 
temperatures  of  the  springs:   . 


Number. 

Temp. 
(Fahr.) 

Number. 

Temp. 
(Fahr.) 

Number. 

Temp. 
(Fahr.) 

1 

77.0° 

ffi 

lll.O" 

49 

131.0« 

2 

76 

28 

106 

50 

145 

3 

124 

27 

137.5 

51 

144 

4 

124 

28 

145 

52 

143 

5 

80 

29 

8(1 

53 

144.5 

« 

103 

30 

134.5 

54 

14« 

ll.i 

31 

147 

55 

122 

8 

121.5 

32 

124 

.56 

133 

9 

122 

33 

140 

57 

128 

10 

121.5 

34 

120 

58 

SIpiiRe. 

11 

1(K 

35 

135 

59 

m 

12 

111 

36 

110 

60 

KM  .5 

13 

135.5 

37 

120 

61 

135 

U 

1.37 

38 

I3S 

62 

lOB 

1.5 

134 

39 

13.5.5 

63 

83 

16 

131 

4(1 

112 

64 

135 

17 

Sipaite. 

41 

157 

65 

141 

18 

(18 

42 

Sl|)ii(rp. 

66 

.S7 

19 

84 

43 

114 

1       «' 

SIpaire. 

20 

83 

44 

Stpaffi*. 

1       68 

131 

21 

106 

4o 

Ill 

69 

83 

22 

122 

46 

SIp.'lBe. 

70 

89 

23 

126 

47 

144.5 

71 

H 

24 

113 

48 

91 

HlBhesI  tempenmire,  1.57°  F.:   liinest,  76°  F. 

Those  marked   "sipage"  are  intermittent.     All  others 
are  constant  and  unvarying  in  heat  and  quantity.     All 


Ihe  springs  on  the  eiiKl  utile  of  Hot  Springs  Cieik  llouilig 
from  Hot  Springs  Mountain,  except  one  iiiiiler  the  l{iim 
melsburger  bath  house,  are  hot  All  on  the  west  side, 
cxiepl  the  .Mum  spring,  are  cold  .\o  ciunplele  analvKix 
of  llie  waters  seems  lo  have  been  niaile  Kiiice  the  now 
Kome  w  hill  iiniii|ualeil  one  miide  by  I'rof.  K.  Hills  Ijirkln, 
in  l."*.")!*.     It  is  as  follows: 

QXt  UMTKI)  Ktat^x  (iallun  Ciintaixh: 

SntlitH.  (irnlnii. 

iMiariii-^iiim  eariMHinU! (i.i:i 

I'lilrliMii  rarlM>nHte 3.97 

SikIIuIII  sul|ihale ,i|H 

l'etiis<«lillii  snl|ihiile .3:1 

Calrliiiii  Kiilphale .11 

Siulltiiii  ibl.irlile 01 

(  ali'lMlii  Hlllrllle 46 

Suliliiii Trace. 

Hn'rnlniii Trace. 

hi Mj  Mvx|uli)Xlilu Ill 

.\llllnilia 45 

Slliia 1.87 

I  iivaiilr  iiinlter 711 

Water  Co 14 

Total H.55 

The  water  nlsn  contains  a  considerable  (|iiantity  of  free 
carbonic  aiiil.  I'ersons  taking  the  balhs  here  .shoiilil 
always  do  so  under  the  supervision  of  one  of  the  local 
|)hysicians.  Those  airected  with  organic  disease  of  the 
lieart  or  recognizable  physical  signs  of  consumption  arc 
not  allowed  to  bathe,  as  the  thermal  action  of  the  water 
is  liable  to  be  prejudicial  to  such  cases.  If  the  lungs  are 
but  slightly  involved,  careful  bathing  may  be  perinittcd. 
Kurlliirmore,  cases  of  simple  cardiac  palpitation  are  not 
excluded.  .\s  each  case  must  be  tieatid  on  its  merits, 
and  as  detailed  instructions  are  given  by  the  local  physi- 
cian, it  is  iiiineccssiiry  here  to  e:iter  into  a  miiiiile  descrip- 
tion of  the  bathing  process  at  Hot  Springs.  Siillice  it,  to 
say  that  patients  are  usually  (not  invariably)  rei|uire(I  to 
lia'the  six  minutes  in  wati-r"  at  9(!'  to  100'  F.,  two  to  six 
minules  in  the  vapor  bathrooms,  and  live  to  twenty 
minutes  in  blankets  accoiding  to  the  time  reqiiiied  to  in- 
duce perspiintioii.  The  course  here  has  been  found  es- 
pecially beneticial  in  diseases  of  the  genilo  urinary  sys- 
tem, especially  syphilis,  and  in  gout,  rheumatism,  and 
neuralgia.  The  baths  are  alsf)  recommended  on  high 
authority  in  various  skin  affection.s  including  eczema, 
p.soriasis,  urticaria,  impetigo,  prurigo,  rii])ia.  etc. 

The  city  of  Hot  Springs  itself  is  well  dniined  and  well 
lighted,  and  has  ample  police  and  lire  protection.  It 
now  claims  a  populalion,  resident  and  visiting,  of  21.(100. 
About  .")(>, 000  persons  visit  the  place  annually,  and  this 
number  is  ever  on  the  increase.  The  United  States  Gov- 
ernment Army  and  Xavy  Hosjiital,  recently  erected,  cost 
•S'iOO.OOO.  It 'is  said  that  the  Arlington  Hotel,  with  its 
bath-liouse  attached,  will  have  cost  over  $.'500,000  when 
completed.  Among  other  mineral  springs  witliin  the 
limits  of  the  city  of  Hot  Springs,  or  in  the  neighliorhood, 
are  the  following:  Allen's  AlU-iative  Spring,  situated 
on  Cenlral  Avenue,  in  the  heart  of  the  city;  Gillcn's 
^Vllite  Sulphur  Springs,  located  three  miles  from  Hot 
Springs;  >ioun1ain  Valley  Springs,  situated  twelve  miles 
northof  Hot  Sjirings,  at  ihe  foot  of  Hlakely  Jlountain,  in 
a  lieautiful  Valley  extending  well  up  into  the  mountain 
range;  and  Potash  Suljihiir  Springs,  located  seven  miles 
east  of  Hot  Springs  on  the  Hot  Springs  IJailroad,  one 
mile  from  T.awTeiiee  sliition.  ./,iii„x  K.  Crixil.-. 

HOT  SPRINGS,  MADISON  COUNTY,  NORTH  CARO- 
LINA.— 

1'ost-Officf,.— Hot  Springs.  Mountain  Park  Hotel 
and  boarding-houses. 

AccKss.— From  the  north  and  east  by  through  Pullman 
cars  on  the  Pennsylvania  and  Sotithem  Kailroads:  from 
the  west  and  northwest  via  Louisville,  or  via  Cincinnati 
bv  the  Queen  and  Crescent  route  (o  Knoxville.  thence  by 
East  Tennessee,  Virginia  and  Georgia  Railroad  (now  a 
part  of  the  Soiitherir  system).  The  location  \s?,Tt  miles 
west  of  Asheville.  Tlie  picturesque  little  village  of  Hot 
Springs  is  situated  on  the  western  boundary  of  North 
Carolina,  only  three  miles  from  the  Tennessee  line,  in  the 
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heart  of  Big  Siiiokv  iiml  Hlui'  UMiXf  .Moiintains,  on  the 
tmiiks  of  till'  iKiiiilifiil  Kr.iii  h  Broiid  l{iv('r.  Tlir  locu- 
tion is  1. TOO  or  l.HOO  fret  above  tho  sea  level.  The  at- 
mosphere is  (Irv  and  invigonitnig  and  the  climate  mild 
and  eiinalle.  there  liiin;;  a  verv  large  proportion  of  clear 
days.  The  springs  have  long  been  pnpwlar  in  the  Si.ulli, 
hut  in  recent  vears  they  have  come  into  iiigh  favor  with 
Northern  visitors  also."  They  are  ahout  twenty  in  num- 
ber, and  the  temperature  of  "the  waters  ranges  from  96' 
to  104  F.  Thev  form  one  of  the  only  two  grou|)s  of  hot 
spriniis  east  of  "the  Mis,sissippi  from  Canada  to  the  Gulf 
of  >iexico.  The  following  analysis  was  recently  made 
by  Professors  Chandler  and  Pellew,  of  New  Yoik: 

ONE  UNITf^>  STATES  GALLO.V  CONTAI.VS; 

Sollila.  Grains. 

Sodium  i-hlorlde l-** 

PolassliiinehlKrlili' -o^ 

l'iitas.-ilnin  siiliihate ,   '?" 

Clllcluin  Mllphiile -'}■*» 

.MiiKii>'*'i"ii  J^iilpliate ' -^ 

.\iiiini iiiHiTii  hiiiirbonnte ^""n*^; 

C'ulrliirn  liirarlK  male "•''- 

Inin  Mi-arltoniile •"* 

Sxliuiii  pliDsphate Traces. 

.\1iinilna ■''{ 

Slliea '•" 

iirmnlc  and  volatile  matter Traces. 

Towl ~2.S6 

The  waters  are  quite  similar  to  those  of  the  Arkansas 
Hot  Springs.  Several  of  the  springs  have  been  enooni- 
passcd  in  the  limits  of  a  tine,  large  bath-house,  which  is 
divided  into  sixteen  separate  pools,  nine  feet  long  by  six 
feet  wide  and  four  to  live  feet  in  deptli.  The  water 
pours  into  these  pools  directly  from  the  springs.  The 
visitor  will  find  here  all  of  tli'e  inodern  appliances  and 
improvements  which  go  to  make  up  a  tirst-class  bathing 
establishment  of  the  day.  Guests  are  received  at  all  times 
of  the  year.  With  its  lovely  mounlain  scenery,  its  ex- 
hilaratiiig  climate,  its  thermal  waters,  and  many  other 
natural  attractions,  combined  with  a  hospitable  and  scien- 
tific management,  this  resort  is  well  deserving  of  the  wide 
reputation  which  it  has  obtained,  James  K.  Crook. 

HOT    SULPHUR    SPRINGS.  —  Middle    Park,   Grand 

Counly.  Cdl'^rado. 

Post-Okkick. — Hot  Sulphur  Springs.     Hotels. 

AccKss. — Viii  L'niou  Pacific  Railroad,  50  miles  west 
from  Denver  to  Georgetown;  thence  by  chiily  stage  .50 
miles  to  springs,  passing  over  the  Snowy,  or  main  range, 
of  the  Rocky  Mountains,  at  11,250  feet  altitude. 

These  springs  are  located  iu  the  Middle  Park  on  the 
tianks  of  tlie  Grand  River,  7,625  feet  above  the  sea  level. 
This  river  forms  the  only  drainage  outlet  to  the  Jliddle 
Park,  a  mountain  basin  !tO  by  -H)  miles  in  extent.  The 
enclosing  peaks  varv  in  height  from  9,000  to  14,000 
feet. 

The  prevailing  weatlicr  in  this  section  is  clear,  with 
westerly  winds.  There  is  consideral)le  snow  in  winter, 
with  a  steady  range  of  temperature  of  about  32°  to  50° 
F.,  but  ociasionally  dropping  to  20'  or  25'  below  zero. 
As  many  as  twenty-two  of  the  springs  are  well  situated 
for  improvement,  but.  according  to  the  latest  reports  we 
have  had.  tlie  baths  now  in  use  lake  water  from  only 
three  or  four.  The  exact  tlow  of  water  cannot  be  stated. 
Init  it  is  believed  to  be  greater  than  that  of  the  .Vrkansas 
Hot  Springs.  A  strong  smell  of  sulphurcted  hydrogen 
pervailes  the  neighborhodd  of  the  springs,  and  with  a 
favoring  wind  may  l)e  notiei'd  for  a  lonsidei-able  distance 
up  the  valley.  The  channels  through  which  the  waters 
How  are  lined  with  a  s<ift  yellowish  white,  velvety  sub- 
stance having  the  odor  of  sul|)liur  (probably  a  confer- 
void  growth  known  as  sulfuraria).  This  substance  is 
evitlently  not  a  sediment,  as  it  stands  up  like  the  pile  of 
velvet  or  plush,  and  is  not  deposited  in  layers,  while  the 
water  itself  is  as  clear  and  bright  as  that  of  any  moun- 
tain spring.  It  is  said  to  be  verv  jmlatable  au^  to  rest 
well  on  tlelii-ate  stonnichs.  The  following  analyses  were 
made  some  yi-ars  ago  by  Professor  Mallett,  Jr. ;' 


O.NE  United  States  Gallon  Contalvs: 


Solids. 


The  supply  of  water  furnished  for  this  analysis  was 
insutlicient  to  detect  solids  present  in  minute  quantities. 
The  lithia  was  discoven'd  by  means  of  a  spectroscope  in 
the  residue  left  after  evaporating  300  c.c.  of  the  water. 
No  gaseous  constituents  arc  show  n.  as  the  analyses  were 
made  from  bottled  water,  which  had  been  standing  for 
some  time  after  removal  from  the  springs,  and  it  is  be- 
lieved that  the  sulphureted  hydrogen  (or  other  gas)  which 
may  have  been  pn'scnt  had  either  escaped  or  been  oxi- 
dized to  sulph'iric  acid. 

The  waters  are  recommended  in  cutaneous,  liepatic. 
uterine,  neuralgic,  gouty,  and  rheumatic  disorders,  and 
for  the  manifestations  of  tertiary  syphilis.  As  with  ther- 
mal waters  generally,  they  are  contraindicated  in  most 
acute  diseases,  in  tuberculosis  and  cancer,  in  fatty  de- 
generation of  any  important  structure,  in  aneurism  or 
organic  heart  disea.se.  and  in  iuc<lispositions  to  cerebral, 
gastric,  luilmonary.  or  intestinal  hemorrhage.  There  are 
two  hotels  at  the  lint  Sulphur  Springs  and  several  private 
houses  where  guests  may  obtain  accommodations. 

James  K.  Crook. 

HOUSE  SANITATION.— The  primary  objects  of  liabi- 
lalion^  is  t'l  M(  uic  |inilecticiii  trcim  llie  inlluence  of  heat 
anil  colli,  lain,  simsliine,  and  storms,  and  thus  promote 
the  health  and  happiness,  and  indireclly  also,  the  morals 
and  culture  of  the  human  race.  The  influence  of  sjini- 
tary  houses  cannot  be  overestimated.  Dr.  Villerme,  in 
an  investigation  in  France  from  1821  to  1827,  found  that 
of  the  inhabitants  of  ariondissements  containing  7  per 
cent,  of  liadly  constructed  dwellings,  1  person  out  of 
every  72  died  :  of  iidiabitants  of  arrondisscments  contain- 
ing "22  per  cent,  of  badly  constructed  dwellings  1  out  of 
65  died  ;  while  of  the  inhabitants  of  ariondissements  con- 
taining 38  per  cent,  of  badly  constructed  dwellings  1  out 
of  every  45  died.  The  history  of  improved  dwellings, 
for  wage-earners  shows  everywhcri'  a  lcs.sened  death  rate. 

1.  Site. — One  of  the  first  re(|iiiiemeiits  of  a  sanitary 
home  is  a  .ssilubrious  building  site  with  a  thorough  expo- 
sure to  air  and  sunlight;  tlie  lop  of  a  small  elevation  is 
always  to  be  preferred,  because  of  better  natural  drain- 
age, purer  air,  freedom  from  dampness,  and  greater  .sjifcty 
from  inundations.  Hijiiiocrates  and  Vitruvius  have  re- 
ferred in  their  writings  toehvatiou  as  a  desirable  factor. 
The  tops  of  the  highest  hills  are  usually  too  much  ex- 
jiosed  to  the  wind,  and  when  chosen  in  certain  climates 
the  house  should  be  protected  by  trees  on  the  windw  aid 
.side;  next  to  the  top  of  a  hill,  the  slopes  should  be  ine- 
ferred  with  a  southern,  southeastern,  or  southwesteru 
exposure,  ou  account  of  the  advantages  of  sunlight  and 
greater  cheerfulness.  Sites  located  in  depressions  which 
receive  the  natural  drainage  from  surrounding  slopes 
should  be  avoided,  as  they  arc  not  only  damp,  but  likely 
to  be  surrounded  with  cold  air  and  chilling  mists.  It  is 
siarcely  necessary  to  insist  that  so  called  "  made  soil  "  and 
close  proximity  to  marshes  and  injurious  industrial  es- 
tablishments should  be  avoided. 
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Ilol   Siil|ili.  S|irlii;£i 
llmifci    Sii  iilliitloQ, 


Xrxl  l<>  till'  tiipniinipliv  iif  iIh'  Kill'  tlic  rlmrjirliTof  tin- 
fuiil  in  jiiipni'tuiit  in  IN  iiitliii'iii'i'  iipixi  (In-  iirnilliruliiiss 
III'  llir  Imiiii'.  Ill  II  L'liiiiiii  wiiy  ii  L'ruvrlly.  siinily.  nr 
clllllliV    liiiii    of    i;i)i)il    ilrptll    nil    II    sliipr    limlii'S    lllr    hrst 

liiiililini;  Mil',  pri>vi<li'ii  Niiil  piillutinii  lias  nut  liilxrii  pliin' 
iinii  till'  ili'piisit  is  nut  iiplirlii  liy  wiiiir  •iinprrini'iiliii' 
Hiriitiiiii  of  rliiy  iir  mrli  iiriir  tlir  Hiirfiici'.  Cliiy,  initil. 
pi'iit.  iiiiii  iniiiir  soils  .mIiiiiiIiI  lir  iiviiiiii-il,  lircaiisi'  tiny  iirr 
iliinip  iiiiil  till'  pri'St'iK'i'  of  iirpiiiir  iniiltrr,  upiirl  fiuni  fii- 
viiriiii;  tlir  priilifrniliiMi  nf  liisi'iisi'  hitiiis.  hIsd  IiihIs  to 
piiliiitr  till'  i.'riiiinil  air  wliji  li  is  in  I'linstiiiit  <'i>inniiinii'ii- 
tiiin  iinil  inlrrrliiiniri'iililr  witli  llir  iitniusplii'ri'.  (Sii.'  Dr. 
Cliiirli'S  Siiiiirt's  iirtirlr  on  .lir,  p.  I.'ilt.  Vol.  I.) 

Wliili'  ii«-k  iilTorils  ni.sy  fmiliiy  for  siiifiin'  ilniiiiii);i'. 
Mr.  T.  M.  C'liirk  (Hkkkiikmk  II.wdiiiiok  ok  tiik  .Mkiii 
CAI.  SciKNCKs,  Ili-sl  I'llilioii.  Vol.  III.,  p.  -Vi'-i)  ri'pirils  itiis 
very  oliji'ctioniilili'.  as  tlir  liilfji's  arc  full  of  sraiiis  lliroiitjii 
wliu'li  walcr  usually  Hows,  itml  tlir  tri'inliini;  ni'c('.s.siiry 
for  llir  intrni'plion  of  tlir  sprin>;s  forniril  in  tliis  way  is  .so 
cosily  lliat  it  is  usually  nrirli'iliil,  anil  iillars  liuill  on 
mi'k  arc  in  ionsi'i|Ucncc  gcncnilly  ilainp. 

Till'  Icinpcnilurc  of  the  upper  layers  of  soil,  anil  licncc 
iilso  its  ilrviicss,  ilcpcnil  liir>.'ily  upon  its  exposure  lo  the 
sun:  luit  It  is  well  known  that  liiat  is  variably  alisiirlieil 
nnii  retained  in  ilitTcrent  soils  eipially  sliiclileil  or  iin- 
sliii'lileil  liy  vi'irctation.  The  followini:  lalile  liy  Schuliler 
shows  the  capacity  of  (lifTereiil  soils  of  alisorliiiii;  anil  rc- 
tuiiiiiii;  heat — Kin  being  assuincil  as  the  slaiiiliinl: 

Ijiiiil  Willi  wiiiii'  lliiie. .  IKUI  '  Cluyi'v  earth ils.4 

I'lm'Niiiil )6.il  '  I'uiV' I'liiv  ii«1.7 

LlKln  rhiv 7IS.B  I  Fine  I'liaik Ul.S 

itV|wiiiii 72.2      HumiiR 40.(1 

Heavy  rliiy 71.1  1 

It  will  he  seen,  tlicrcfore,  that  .sandy  soils  are  warmer  and 
clayey  soils  arc  not  only  daiiip  but  also  very  niiicli  colder. 

Cnfortunately,  "idial  buililini;  sites"  are  within  the 
reach  only  of  coiiiparatively  few,  and  steps  must  therefore 
lie  taken  to  render  objcclionable  sites  as  sanitary  as  pos- 
sible; for  the  purpose  of  securinjr  dryness,  iilleniion  must 
be  paid  to  the  prompl  removal  of  surface  water  and  of 
sub.soil  water,  the  site  should  be  drained  by  means  of 
suitable  drains  four  to  six  feet  below  the  tluor  of  the  cellar 
or  basement ;  indeed  this  precaution  should  not  bo  neglect- 
ed even  in  comparatively  dry  soils  in  order  to  limit  the  flue, 
tualions  of  the  ground  water.  In  the  preparation  of  the 
building  site  it  is  always  desirable  loexcavate  sulliciently 
deep  to  get  rid  of  surface  pollution,  and  it  is  perhaps 
needless  to  insist  that  in  grading  no  soil  containing  the 
rubbish  and  wastes  of  liiinian  life  and  occupation  should 
be  used.  In  isolati'd  buildings  the  surface  drainage 
should  be  directed  away  from  tiie  house  and  the  environ- 
ments improved,  with  due  regard  to  light  and  air.  by 
either  favoring  the  growth  of  vegetation  or  by  removal 
and  pruning  of  excess  and  overproduction. 

'.J.  linililing  .Valirin!. — The  most  common  materials 
used  in  the  construction  of  buildings  are  wood,  brick, 
sandstone,  limestone,  granite,  marble,  iron,  steel  and  other 
metals.  gliLss,  cement,  mortar,  asphalt uni,  and  concrete. 
<1f  these  materials,  iron,  zinc,  copper,  cement,  slate,  vit- 
rified brick,  and  granite  are  i|uite  impermeable,  while 
others  are  not ;  depending  upon  the  degree  of  their  poros- 
ity and  hygroscopic  properties — according  to  Lang — 
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A  wall  built  of  ordinary  brick  Hlid  tinuliir  is  capable  of 
abmirliing  large  i|Uaiititii'H  of  water.  I'l'tlciikofer  hiut 
calculaled  that  tll.lHli)  gallons  lire  iiicorpiiraleil  in  a  Iioiim- 
built  of  loii.odo  oidiiiary  i-i/ed  briiks  Hricks  burned 
from  I  lay  containing  iniicli  Haltpeire  and  Milphale  of  mi 
ilium  lire  eHpeciallv  olijectiiinable,  as  a  ilepusjt  is  fiirineii 
on  the  oiil.side  of  liie  walls  and  iiioisliire  is  attracted, 

(ialtoii,  in  his  work  mi  healthy  dwellings,  lias  shown 
that  inarble  and  limestone  i  ondiicl  mole  heat  Ihiiii  an 
eipial  thickness  of  (.dasis,  bricks,  plastering,  and  wains 
cotiiig.  This  appears  to  prove  what  experience  luiH 
pniilically  demoiistniled,  that  frame  and  brick  biiildintTH 
are  more  readily  warmed  than  inarble  and  liniestoni; 
striictiiies  of  eipial  si/.e  and  thickness  of  walls. 

The  hygienic  iinportanceof  the  propeitiesof  the  biiiiil- 
ing  nialerial  cannot  he  underrated.  lis  porosity  largely 
ileleiinines  the  inleiihange  of  air  through  the  walls  anil 
the  leiiiperalure  of  the  rooms,  thus  greatly  inllueiicing 
ventilutioii  and  henlilig.  The  poles,  as  ill  Ilie  soil,  con- 
lain  eilher  air  or  moisluri';  if  air.  the  heat  is  loniliicted 
slowly,  whilst  water  conducts  heal  readily.  The  hygro- 
scopic properties  of  the  inaterial  iiillueiice  capillary  at- 
traction and  ditriisiiin  of  moist  lire,  and  consei|Ueiitly  idso 
the  pcrineability  and  heal  coiidiicliiig  powers  of  the 
walls.  Walls  saturated  with  inoisliire  ab.sorb  much  heat 
and  render  transpiration  of  air  im|)ossible.  It  is  for  this 
reason  that  a  house  with  damp  walls  appears  much 
cooler  to  the  inmates  in  summer  Ihaii  a  dry  one:  but 
damp  walls  are  dei  iiledlv  obieclionable,  beiaiise  they  not 
only  render  the  air  of  the  room  damp  and  impure  and 
abstract  more  heat  from  the  imnates,  but  also  favor  the 
growth  of  micro-organisms. 

It  w  ill  be  readily  understood  that  the  application  of 
paint,  wall  paper,  and  even  calcimining  w  ill  aircct,  if  not 
completely  check,  the  transpiration  of  air  through  the 
walls.  For  hot  cliniales.  f mine  and  oilier  forms  of  woiMlen 
buildings  pos,sess  the  advantage  that  lliey  cool  off  very 
rapidly  after  the  sun  has  disappeared,  but  because  of 
their  iutlaniniabilily,  .short  duration  of  life,  and  othi-r 
sanitary  disadvantages,  such  buildings  cannot  be  recoin- 
nuiided.  But.  as  long  as  they  are  being  extensively  used 
in  this  country,  sjiecial  iirecaution  should  be  taken  in 
planning  such  buildings  to  ])revent  the  entrance  of  cold 
winds  at  the  j  unit  ion  of  the  wood  walls  and  the  stone 
underpinning.  For  this  purpose  Mr.  (lari  recommends 
a  few  courses  of  brick  in  mortar  to  belaid  upon  the  cellar 
wall  just  behind  the  wooden  sill:  and  as  regards  the  ex- 
clusion of  cold  air  through  cracks  or  crevices  in  the  cor- 
nice, he  suggests  the  construction  of  a  four  inch  wall  of 
brick  and  mortar  on  top  of  the  plale  which  forms  the  top 
of  the  wall  and  suiijiorts  the  tloorof  the  rafters,  carrying 
it  tip  until  it  meets  the  roof  boarding.  This  wall,  besides 
its  use  in  keeping  out  cold  winds,  is  also  of  some  value 
in  checking  the  spread  of  fire.  Frame  houses  can  be  ren- 
dered cooler  in  summer  and  warmer  in  winter  by  double 
plastering  inside  and  by  covering  the  outside  walls  first 
with  rough  boards  and  a  layer  of  Cabot's  quilt  and  an 
exterior  finish  of  clap-boards  or  shingles. 

In  spite  of  certain  objections  to  brick,  thej'  arc  on  the 
whole  the  most  desirable  material  for  ordinary  dwellings: 
they  resist  fire  better  than  any  other  nialerial,  and  a  hard- 
stock  i>rcsstd  brick  of  a  light  color  is  <iuite  im])ermeable 
to  moisture  and  makes  a  plea.siiig  and  hygienic  outer 
wall.  Xe.xt  to  brick,  granite  marble,  lime  and  sand- 
stone are  most  fre<iucntly  used,  especially  in  connection 
with  iron  and  steel  in  the  construction  of  fireproof  build- 
ings. None  of  these  rocks  can  resist  the  ravages  of  lire 
as  well  as  brick ;  granite  is  better  than  marble,  lime,  or 
sandstone  in  this  regard. 

Mieiv-orr/iiiiisms  in  building  material  are  especially 
numerous  in  the  filler  for  ceiling  spaces,  which  is  fre- 
quently selected  without  regard  to  its  source,  old  plaster 
and  other  rubbish  being  used  :  EniUierich  has  isolated  the 
imcumococcus  in  stich  material,  and  Bonome  found  the 
bacillus  of  tetanus  in  mortar. 

The  latter  being  a  mixture  of  sand  and  lime,  the  infer- 
ence is  that  it  was  derived  from  sand,  and  that  the  spores 
were  not  destroyed  by  the  action  of  the  lime.     AVall  pa- 
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IK.TS,  unless  very  sniootli.  Imibor  ii  large  iiuiiilierof  niicro- 
orgauisms;  we'nlso  kiimv  llir  iliiiijri'i' of  iioiise  fungi,  es- 
|H-ciiilly  lUe  "nieieulius  hurvnmns."  in  liiin>:ing  iibont 
the  "dry  rot"  in  pine  hinilier.  iis  well  as  llie  frequent 
oeeurreiice  of  nioulils  in  ilarU  and  ilaiup  plaees. 

fiiiinlnictioii  of  l/ie  //"'(«■— Dryness  of  the  foundation 
and  walls,  as  li-eady  indicated,  must  beseeureil  liy  drain- 
ing the  subsoil  four  to  six  feet  below  the  cellar  or  base- 
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Fig.. 
Figs.  2711  and  S712.- 
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Fig.  271£ 


■Melliods  of  PreventlnK  Dampness  of  Walls, 
loi-ation  (if  dauip-iiriHif  course.     iMunson.) 


ment  and  covering  the  entire  floor  with  a  layer  of  cement 
concrete  six  inches  thick,  rammed  solid,  and  this  should 
be  coated  with  one  inch  of  cement.  In  this  way  not  only 
dampness,  but  the  equally  obnoxious  ground  air  are  ex- 
cluded. To  prevent  the  dampness  of  the  soil  from  rising 
in  the  walls  by  capillary  attraction,  the  foundations  must 
be  laid  in  concrete  and  hydraulic  cement  and  a  horizontal 
course  of  slate  bedded  in  cement  should  be  interposed  be- 
tween the  concrete  footings  and  wall,  ami  another  course 
of '.slate  just  as  the  foundation  walls  reach  the  ground 
level.  Since  these  slate  courses  are  liable  to  fracture, 
the  last  damp-proof  course  should  consist  of  vitritied 
hollow  brick,  which,  moreover,  possess  the  advantage  of 
securing  ventilation.  Some  architects  recommend  damp- 
pniof  courses  of  tarred-felt  asphalt  or  sheet  lead  (Figs. 
2711  and  2712). 

The  exterior  walls  of  a  house,  whenever  practicable, 
should  be  se'parated  from  the  ground  by  an  "open  area." 
extending  from  the  foundation  ujiward;  but  where  this 
cannot  be  done,  a  "dry  area"  may  be  formed  by  con- 
structing a  hollow  wall  to  the  ground  level,  provided 
with  Ihe  usual  damp-proof  courses,  and  if  springy,  also 
with  a  subsoil  liniin  at  the  b,)ttoni,  at  the  same  time  pro- 
tecting Ihe  wall  in  contact  with  the  ground  with  a  coat 
of  slate  cMiibrdilcd  in  cement.  Jlr.  Clark  suggests  that 
if  Ihe  ground  is  springy,  a  strip  of  tarred  rooting  felt,  a 
little  wider  than  the-  wall,  should  be  laid  upon  the  foot- 
ings just  below  the  cellar  floor,  and  the  stonework  con- 
tinued upon  it.  This,  he  says,  "will  prevent  moisture 
from  rising  in  the  walls  liy  capillary  attraction  from  be- 
low, and  with  the  coal  tar  coat  on  the  outside,  a  cellar 
with  walls  of  porous  material  may  be  made  dry  and 
wholesome  at  small  expense."  but  we  cannot  vouch  for 
the  dumbility  of  this  procedure. 

In  localities  with  consi<lerable  rainfall  it  will  be  well 
to  protect  the  .si(le<ir  rear  walls  of  a  rough  brick  huiUling 
from  driving  rains  with  either  a  coat  of  cement,  mineral 
paint,  tar,  or  gla/ed  tiles.  Such  a  precaution  is  nnneces- 
.sary  when  hard-press<'d  bricks  are  used.  Heference  has 
alreadv  bi>en  made  lo  the  fact  that  during  the  construc- 
tion of  a  building  an  immense  amount  of  water  is  iiuor- 
porated  with  the  bricks,  mortar,  and  plaster.  This  watei 
should  be  gotten  rid  of  before  Ihe  house  is  occupied,  bv 


thorough  airing  and  drying:  but  not  too  rapidly,  as  a 
rapid  eva|)oration  luevcnts  the  carbonate  of  lime  from 
becoming  crystalli/id  and  the  mortar  loses  its  binding 
((Ualities.  If  the  house  has  not  been  properly  dried,  the 
walls  are  very  likely  to  sweat,  which  is  in  part  due  to 
their  own  moisture  and  partly  to  the  condensation  of  the 
respiratory  vapors  on  the  damp  cold  walls.  Laveran 
states,  that  a  building  is  not  lit  for  occupancy  as  long  as 
the  wall  plaster  contains  more  than  twenty-two  percent, 
of  moisture  (see  Examination,  p.  7(58). 

IliHifitnil  Jliiofiiir/. — A  good  dry  roof  is  another  im])or- 
tant  factor,  because  water  often  gets  to  the  walls  through 
a  defective   roof  and   the   whole   house  becomes  dani)). 
Metallii!  roofs  with  a  sullicieiil  pitch  are  most  commonly 
used  and   usually  secure  this  needed   protection ;  but  as 
they  heat  very  rapidly  a  tin  roof  should  be  painted  white 
and  a  good  non-conductor  should  intervene.     For  this 
purpose  a  double  course  of  boards  with  a  layerof  Cabot's 
(|uilt,  corked  or  Florian  building-paper  may 
be   used.     The  tin,  of   course,   is    properly 
secured   to  the  u|>i)er  sheating  with  a  layer 
of  felt   |iaper  directly  txiicatli   the  tin.     In 
any  event  there  should  also  be  an  airspace 
of  two  to  three  feet  between  the  upper  ceil- 
ing an'l  the  roof,  and  this  space  should  be 
ventilated   with    perforated    bricks   in   the 
walls  anil  circidar  ventilators  at  the  highest 
points  of  the  loof.     It  is  also  a  good  plan, 
in   order  to   prevent  'rusting,    to  cover   the 
tin  with  a  coat  of  mineral  paint  on  the  un- 
der  side.      Slate,  cement,  ami    tiled    roofs, 
when   properly  constructed,  afford   protee- 
Letters  D  C  denote    tiou   against  (iampne.ss,  lire,  and   heat.     In 
rural  districts  wooden  .shingles  are  still  ex- 
tensively used,  and  such  roofs  when  treated 
with  creosote  and  covered  with  rubber  or  metallic  jiaint 
la.st  for  about  twenty  years.     Whatever  kind  of  a  roof 
is  used,  free  access  to  it   should  be   jirovided  by  means 
of  stairs  or  a  lailder  through  a  suitable  opening,  which 
in  summer  can  be  utilized    for  the  escape  of  hot  air. 
Special   attenticm   should   be    paid   to  the    gutters  and 
rain  leaders:   the  openings  of  the  latter  should  be  pro- 
tected with  a  network  of  galvanized  iron,  so  as  to  jue- 
vent  dead  leaves,  scraps  of  jtaper,  mortar,  birds'  nests, 
etc.,  from  passing  through  and  dogging  Ihe  conductors. 
The  gutti'i's  should   be   periodically   cleaned   to   prevent 
accumulation    of    rubbish   iiiul    the   overflow    resulting 
therefrom.     Subsequent    leaks    and    defects  should    be 
promptly  repaired.     .\  leaky  rain  spout  may  keep  the 
entire  house  damp.     Copper  or  galvanized  iron  should 
be  chosen  instead  of  tin  for  gutters  and  conductors. 

Floorx. — Hygiene  demands  that  the  floors  should  be 
impervious  to  dirt,  moisture,  and  germs,  luid  should 
therefore  be  well  seasoned,  tongued,  and  grooved,  closely 
matched  and  laid  in  white  lead.  All  crevices  resulting 
from  subsequent  shrinkage  should  be  neatly  lillcd  with 
strips  of  wood,  putty,  paint,  or  wax.  There  should  be 
a  sub  floor  of  rough  pine  with  a  double  layer  of  Florian 
building  pajier  between:  the  top  floor  should  not  be  laid 
until  after  the  building  is  triuuned  out:  it  should  then 
be  planed  olT  and  treated  with  a  mixture  preinircd  as  fol- 
lows: Dissolve  by  heat  one  iiint  of  paraltin  jiared  into 
shavings  in  two  pints  of  raw  linseed  oil.  To  this  solu- 
tion add  two  iiints  of  liquid  dryer  and  sullicii'iit  turpen- 
tine to  thin  it  to  the  di'sired  consistency.  This  will  give 
a  gloss  finish.  If  a  dead  finish  be  d<sire<l,  about  one  half 
of  the  quantity  of  paratlin  should  be  used:  apply  with 
brush  the  .same  as  varnish.  If  a  high  degree  of  polish 
be  desired,  rub  with  a  polishing  brush.  One  .irallon  of 
this  mixture  will  cover  aiijiroximatcly  two  hundred 
sipiare  feet  of  floor  surface. 

Oak  and  other  bard  wood  jiarquctry  llocu-s  arc  not  only 
attractive  but  also  olTer  every  hygienic  advantage.  In 
warm  climates  cement  or  "gninito  "  floors  may  be  advan- 
tageously used.  The  latter  are  really  nothing  more  than 
'concrete-cement  floor,  four  to  six  inches  in  thickness, 
with  chips  of  marble  and  gmnite  of  various  colors  em- 
bedded in  the  upper  layer  and  polished.     They  aie  jirac- 
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ticiillv  iiitMH-t  and  vnnnti  pr....!.  .  >.|Mrmll\  di-imhlr  Inr 
kili'lii'iis.  |>uiitii<'s.  mill  liutliriiiiiiis,  miil  hIichiIiI  supcrscitr 
till'  list'  >if  liiiiilt'Uiii  luiil  iiililiir  lliKir  i'iiv<'riiii;H  As  ii 
tllirr  for  llir  cciliiii;  s|iii<i'.  wiili  ii  virw  of  ilcinlcnlnir 
lUilliiils  mill  lis  II  |>rii|rrliii|i  ill  rasr  of  tire,  sprriiil  Imllnw 
bricks,  ilry  «iiiili-i>.  rlniii  ilry  iimrtur  iiiiil  piiil.  iiiiprr>t 
liiili-il  witii  milk  of  liiiii'.  Iiiive  Ih'CU  iisctl.  NirUillir  latlm 
HIT  pri-frnilili'  ti>  wimhI. 

.>.7„,-,-,^^'l'|„.  stairway  slioiilil  !«'  sii  construcU'd  an  to 
nIToril  all  iiisy  asiiiil  uilli  risirs  nut  c.vi'ridinj;  s«'Vi'ii 
iiKJirs  in  liciiriil  ami  IrraiU  fmiii  tin  to  twrlvr  iiiclics  in 
wiiltli.  h'or  piililir  liiiililiiiL:s  and  tiiirniriil  lunist'S  iron 
stall's  and  tire  rscapes  an-  ilriiianilid  :  iiidrcd.  rviii  pri- 
vate lioiisi-s  would  lir  liitirr  olT  witli  tlicsi'  safrgiiiirils  ill 
case  of  lire. 

/Ai//j<.— The  liiills  of  a  limise  sliould  be  roomy,  well- 
lighted  by  direct  lifilit.  if  possible,  and  siis<'eplible  of 
ventilation.  In  a  iiiiHlein  private  dwelling  the  liall  on 
the  lirsl  Moor  is  live  to  six  feet  in  widtli  and  lends  into  the 
reception  room,  from  which  proceeds  an  open  stairway 
to  the  upper  tloors.  The  open  stairw  ay  should  be  lighted 
and  ventilated  by  means  of  a  skyliirlit. 

Iiiliri'tr  Anaiii/fiii,  iitK.  —  \n  rejrard  to  the  size  of  the 
dwelliiisrs  it  is  always  best  if  they  are  siniidy  larire 
eiioii>;h  to  nceoiiimiHlate  one  family.  Overerowilini: 
should  be  avoided,  as  infectious  diseases  are  more  liable 
to  spread  in  consequence  of  aerial  infection  and  the  more 
iiitiniate  contact  of  the  ix'cupaut.s.  Kiiriisi.  of  Budapest, 
has  shown  that  out  of  every  one  hundred  deaths  from 
contagious  diseas<'S.  tliere  were: 


9)  itentliS  In  dweltlnKS  witli  I  tn 

au       ••     3  ••  5 

32      ••    II  ■•  in 

TO       •■      ever  10 


IH^nioiis  in  eacli  nx>m. 


The  following  table,  prepared  by  IJohe.  shows  the  re- 
lation of  death  rate  to  density  of  population: 


City. 

Mean  number 

of  inliBbliants  tu 

parli  liouse. 

Averaee  annual 

dealli  rateiKT  l.Kin 

Intmltitant^. 

loniloD 

Il^>rlln     

8 
32 
35 
52 

24 
25 

l>art< 

28 

St   1  vtersbinv 

41 

47 

It  would  Iw  unfair,  however,  to  attribute  this  increased 
death  rale  solely  to  overcrowding:  other  factors  must  be 
considered,  since,  as  well  expressed  by  Ogle.  "The  more 
crowded  a  community  the  greater,  generally  speaking, 
is  the  amount  of  abject  want,  of  tilth,  of  crime,  of  drunk- 
enness, and  of  other  excesses. '"  Nevertheless,  these  mor- 
tality statistics  demonstrate  the  l>tineful  effects  of  tene 
ment  houses.  With  the  present  rapid-transit  facilities  in 
every  city,  our  voice  should  be  clearly  in  favor  of  indi 
viiiual  homes:  and  when  this  is  impracticable,  we  should 
insist  on  broad  streets  and  deep  yards.  Xo  more  than 
sixty  six  per  cent,  of  the  lot  sliould  be  covered  by  the 
house,  and  the  height  of  the  building'  should  never 
e.xceiii  the  widtli  of  the  street.  Xo  lield  alTords  better 
opportunity  for  philanthropic  work  than  the  removal  of 
slums  and  erection  of  sjinilaiy  hoiisis  for  wage  earners 
at  reasonable  rentals.  Acting  upon  this,  the  Washington 
Sanitary  Improvement  Company  was  organized  in  IS^'. 
and  Siirgeon-Gi'nenil  Sternberg  ]irepared  plans  in  which 
no  detail  was  omitted  which  would  tend  to  provide  the 
best  accommodations  from  the  standpoint  of  hygiene. 
Each  house  has  a  frontage  of  171  feet  and  consists  of  two 
independent  flats,  one  on  each  floor,  the  special  feature 
being  that  each  flat  constitutesa  complete  home,  having 
a  separate  i-ntnincc  and  exit,  separate  yard  and  cellar. 
The  entrance  to  the  flat  on  the  lirst  floor  opens  into  the 
front  or  sitting-room.  13.2  by  14  feet:  back  of  this  room 
is  a  hallwav  leadinir  to  the  bedri>oiiis.  Vi  bv  13.2  feet, 
bathroom  .H.()  by  ?i.6,  and  kitchen  10  by  12.4  feet.  The 
entrance  to  the  flat  in  the  second  story  is  by  a  staircase 
with  access  through  a  doorway  on  a  level  with  the  one 
Vol.  IV.— 18 


"I fi   ml.,   ilie  flat  on  the  flnil   floor.  I.iil  at  tin   other 

end  of  the  front  of  Ihe  Iioiim'.  I'jicli  flat  has  Ihree  large 
closi'ts,  and  the  kitehiiiK  ale  provided  with  a  ninire,  hot- 
water  boiler,  dressers,  and  sinks  Kiery  room  nceive.s 
direct  light  and  air,  and  the  pliinibing  is  the  best.  TheHe 
flats  rent  for  912  per  inontli,  with  a  rebate  of  one  month's 
rent  evi-ry  year  to  tenants  wliiw  apartments  liavir  not 
reipiired  repairs.  The  coinpaiiy  has  paid  the  per  cent, 
dividends  from  the  beginning  and  aceuniiilated  a  surplus 
fund  at  the  rale  of  two  per  cent,  per  aniitini.  No  olllcer 
i'e<'eives  any  compensation,  and  this  promotes  the  philan- 
thropic aspect  of  the  enterprise  by  providing  the  very 
best  accommodation  from  the  standpoint  of  hygiene,  and 
as  to  comfort  the  utmost  which  a  given  e.isi  will  provide. 
The  company  was  awarded  a  gold  medal  at  the  Paris 
Kxposition  in  liMIII,  the  only  company  in  the  L'liited 
.States  to  receive  that  award. 

liiiiu  nil  iiIm  are  always  desirable,  even  in  small  houses, 
forstore  looms,  heating  plants,  and  kitchens;  they  should 
be  at  least  eight  feel  from  floor  to  ceiling,  not  over  one- 
half  below  ground,  well  lighted,  and  with  all  precau- 
tions taken  to  prevent  theodorsof  the  kitchen  from  pass- 
ing into  the  upper  stories.  This  can  be  done  by  a  closed 
stairway  and  a  deep  hood  over  the  range,  which  should 
conduct  the  gases  into  a  flue  locateil  next  to  tlicr  smoke 
tlue.  In  the  more  commodious  houses  the  first  floor  usu- 
ally consists  of  three  large  rooms,  parlor,  reception,  and 
dining  fooni.  to  which  in  double  bouses  a  library  may  be 
added.  When  piaclicable.  the  kilchi-ii  sliould  be  located 
in  a  one  story  wing  with  pantry  intervening  between  the 
kitchen  and  dining  room.  This  isolates  the  kitchen  and 
odors  from  the  main  house,  and  is  preferable  in  many 
respects. 

The  rooms  of  the  first  floor,  or  parlor  floor,  should  l)e 
from  lOi  to  11  feet  high  and  liberally  supplied  with  win- 
dows, while  the  U])pcr  stories  may  be  10  and  fM  feet  in 
height.  Living  and  sleeping  apartments  for  obvious 
reasons  should  not  be  tolerated  in  basements.  The  larg- 
est and  sunniest  apaitmeiit  in  the  house  should  be  chosen 
for  the  nursery  and  living  room.  The  bedrooms  .shotild 
also  be  bright  and  sunny,  and  rooms  with  northern  e.x- 
posureavoided  as  much  as  possible  for  regular  bedrooms. 
In  this  connection  the  stimulating  cfTects  of  sunlight 
upon  tis.sue  nietamorpliosis  and  its  destructive  influence 
on  micro  organisms  sliould  be  remembered.  Xo  room 
should  have  a  borrowed  light,  and  this  can  be  avoided 
by  the  con.striiction  of  ample  air  and  light  wells  in  city 
bouses  which  are  three  or  four  rooms  deep.  The  win- 
dows shoidd  be  made  to  open  on  top  and  bottom. 

liitrriiir  Fiiiinh  and  DerornlioM. — Hygiene  atnnot  ap- 
prove of  decorations  or  an  interior  finish  which  serve  as 
dust  and  germ  traps.  In  all  houses  dust  is  produced  by 
the  wear  and  tear  of  domestic  activities,  and  our  object 
should  be  to  prevent  its  accumulation  and  facilitate  its 
riiiioval.  Cornices  and  iirojections  on  ceilings  and  walls, 
the  mouldings  of  door  and  window  fnimes.  wardrobes, 
carjiet  and  cumbersome  draperies  all  tend  to  collect  dust 
and  microorganisms:  they  are  not  tolerated  in  hospitals 
and  should  be  abolished  in  sanitary  houses. 

When  the  floors  are  neatly  polisluil.  it  is  quite  suffi- 
cient to  have  a  few  small  rugs  which  can  be  easily  taken 
up  and  shaken  and  the  floors  cleaned  with  a  damp  dus- 
ter. Heavy  curtains  and  draperies  should  give  way  to 
light,  airy  fabrics,  which  can  be  easily  washed.  The 
bedroom  furniture  should  be  light,  simple,  and  limited 
to  the  most  necessjiry  articles.  Every  bednxun  should 
be  jirovided  with  a  commodious  closet,  supplied  with 
clothes  hooks,  shelves,  and  drawers,  and  if  the  mirror  is 
sunk  in  the  i)anel  of  the  door,  wardrobes  and  drcssing- 
ca.ses  could  be  conveniently  dispensed  w  ith.  All  corners 
and  angles  of  the  inside  of  the  house  should  be  rounded 
to  facilitate  the  removal  of  dust. 

Willi  Dfcoriitionx. — The  wall  coverings  should  be  as 
smooth  as  possible,  since  rough  and  liighly-cmbos.sed 
paper  and  hangings  accumulate  an  enormous  quantity  of 
dust  and  germs.  On  the  whole,  the  plain  calcimined  or 
painted  walls  outrank  from  a  sanitary  point  of  view  the 
gorgeous  decorations  of  the  palatial  homes.    Green  paint 
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and  grcencolon-d  wall  papers  should  be  lejcctcd ;  in- 
deed, siiiee  arsenic  lias  lieen  found  in  vario>is  colored 
papers  other  than  green,  no  paper  should  be  used  uidess 
guanmteed  to  be  free  from  arsenic,  as  much  harm  may 
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Fio.  2713.— First-Story  Plan  of  Sanitary  Houses  Tor  WaRe-eamers  In  the  City  of  Washington. 


be  done  by  arseniuretted  hy<iii>jren,  whieli  tends  to  pro- 
duce a  chronic  form  of  arsenical  poisoning,  character- 
ized by  conjuncliviiis.  cough,  nausea,  and  diarriiiea, 
with  colic,  crumps,  and  debilily. 

T/ic  iii'r  'if  hihiUitioiis  differs 
from  the  exterior  air  in  thi.s,.tlint 
unless  precautions  have  been 
taken  it  may  contain  the  elenicnls 
of  ground  and  sewer  air:  but 
even  in  the  bcstappointeil  houses 
the  air  is  vitiated  by  the  products 
of  respiration,  conibiistioii,  and 
decomposition  of  organic  matter. 
As  a  matter  of  fact  we  always 
tind  an  excess  of  carbonic  iicid, 
as  much  as  .5.88  volumes  per  10. 
000  huving  Ijcen  determinerl  in 
basements,  4.59  on  the  first  floor. 
4.50  on  the  second  floor,  and  4.19 
on  the  third  tioor.  We  also  tind 
an  excess  of  organic  matter,  most 
probably  derived  from  the  lungs, 
mouth,  and  skin  of  the  occu|iants. 
Some  authors  deny  that  the  skin 
and  lungs  in  perfect  health  give 
off  anything  impure,  but  experi- 
ence points  to  the  fact  that  even 
the  cleanest  and  healthiest  per- 
sons exhale  an  organic  substance 
which  clings  to  bedding,  clothing, 
carpets,  and  walls,  and  imparts 
that  peculiar  close  and  offensive 
odor  to  bedrooms  and  other  inhab- 
ited apartments.  Indeed.  UlTel- 
niann  never  failed  to  find  ammonia 
nitrates  in  the  air  of  his  rooms, 
amounting  to  from  0.108  to  0.072 
mgm.  as  compared  with  0.025 
mgm.  per  cubic  metre  in  the 
outer  air. 

We  also  find  more  dust  and 
germs  than  in  the  open  air.  If  on 
a  wind-still  day  we  expose  two 
glass  slides  moistened  with  gly- 
cerin, one  in  the  outer  air  and  the 
other  indooi-s,  we  shall  find  at  the 
expiration  of  twelve  hours  that 
the  slide  exposed  indoors  will 
contain  a  larger  amount  of  dust, 
and  that  the  organic  constituents 
which  in  the  outer  air  amount  to 
about  thirty  per  cent,  are  present 
to  the  extent  of  about  fifty  seven 
per  cent.  It  has  also  been  shown 
that  when  the  exterior  air  con- 
tained only  0.5  mgm.  of  dust  per 
cubic  metre,  the  air  of  even  well- 
ventilated  houses  contains  an 
average  of  16.8  mgm.  per  cubic 
metre. 

The  number  of  micro-organisms 
in  the  air  of  even  the  better  class 
of  houses  is  invariably  greater 
than  in  the  open  air.  and  depends 
largely  upon  whether  the  dust  has 
been  stirred  up  or  not.  Thus 
UlTclmanii  found  the  outer  air 
thirty-nine  inches  above  ground 
to  contain  250  germs  per  cubic 
metre:  one  of  his  rooms  during  a 
perfect  calm  to  contain  T.500  per 
cubic  metre,  and  one.  after  shut 
ting  two  i>f  the  doors  vehemently. 
27.000  per  cubic  metre. 

Cellar  air  contains  usually  inoiv 
organic  matter  and  COj.  and 
the  degree  of  humidity  amounts 
often  to  complete  sattiration  ;  but 
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the  iiuiiibor  of  geniiH  Im  U-kh  tliiiii  iu  other  piirtx  of  tlif 

llollM-. 

Till'  tfltitiri-  /iiimiilili/  ii(  tlir  iiir  iif  liitliidtliiilis  wlicii 
■Kit  liciilcil  is  iisiiidly  i|iiil('  roiistniit.  It  is,  nf  ciiurso, 
iiitliU'iX'cil  liy  llic  exterior  iiir.  lint  the  lliietimtioiis  are 
lu'Ver  so  iiiiirked  as  oiildooi's.  This  is  |irotiiil)l_v  iliie  to 
the  fuel  timt  the  wiills  and  fiinilliire  alisorb  iiioiHUirc  ami 
give  it  olT  to  less  h_vi;ros<ii|iie  Milislaiires. 

The  tfiiiiDriilniy  ol'  haliilatioiis.  with  the  exreplloii  of 
the  upper  lloor.  is  also  very  iiiiieli  more  constant  than 
that  of  the  open  air.  The  inaxiiniiin  toniperatiire  in 
summer  usually  oeenrs  live  hours  IuUt  thuu  io  tlic  opcu 
air;  for  this  reason  our  houses 
art'  hotter  about  six  o'eloeli  iu 
the  evening  than  at  twelve  or 
one  o'chx'k.  The  thiekmss  and 
eonslruetion  of  the  walls  diter- 
niine  this  to  a  gicat  extent, 
llousi's  eonstriieted  with  walls 
having  a  four  inch  air  spaie  aro 
cooler  ill  summer  and  wanner  iu 
winter. 

Viiitiliitiiiii. — Wlien  we  con- 
sider that  an  adult  individual 
exhales  on  an  average  14.  t  cubic 
feet  of  CO,  during  twenty  four 
Iioui-s.  and  recall  the  other  pol- 
luting factors,  such  as  the  pro- 
duels  of  combustion  and  deeom- 
posilion.  and  that  the  presence 
iif  indivi<luals  tends  to  vitiate 
the  air  witli  dust,  germs,  and 
organic  matter  from  the  skin, 
mouth,  and  lungs,  while  the 
watery  vapor  eliminaleil  by  the 
luu.i;s  and  sUin.  aniniiniing  to 
about  "mO  grains  pur  hour,  is 
suliicieut  to  .saturate  90  cubic 
feel  of  air  at  a  tempei-alure  of 
60'  F.,  wc  see  at  oiue  the  neces- 
sity for  the  renewal  of  air  iu 
our  habitations.  Since  it  would 
be  neither  prudent  nor  cNpedi- 
ent  to  wait  until  the  air  becomes 
literallv  unlit  to  breathe,  it  is 
self  evideiil  that  the  dilution  of 
impure  and  dilliision  of  pure  air 
should  be  constant  and  gradual. 
The  next  question  arises.  How 
much  fresh  air  is  required  to 
renovate  the  vitiated  air?  It 
has  been  found  by  careful  obsei- 
vation  and  experiments  that  no 
appreciable  organic  odors  are 
perceived  in  the  air  of  inhabiteil 
rooms  until  the  volume  of  COj 
exceeds  si.v  volumes  per  10.- 
(KK).  "  When  the  carbonic  acid 
amounts  to  seven  volumes,  a 
want  of  freshness  is  observed  on 
enteiing.  When  nine,  ten,  or 
more  volumes  are  present,  the 
organic  odor  becomes  manifest" 
(Smart).  Wc  know,  of  course, 
that  tjiis  volume,  or  even  double 
the  quantity,  of  carbon  dioxide 
is  not  iu  itself  harmful,  but  as  it 
goes  hand'in-hnnd  with  an  in- 
crease of  organic  matter  it  is  an 
index  of  the  amount  of  organic 
inipiiritii's.  and  its  estimation, 
according  to  Sniarl,  alTords  the 
best  meaus  of  testing  the  efti- 
cieney  of  the  ventilation.  Our 
object  should  be,  therefore,  to 
supply  a  siillicient  amount  of 
jiiire  air  so  that  the  volume  of 
C'Oj  niav  not  exceed  six  volimies 


[K-r  lO.tKMI.  From  careful  cnlculntlonti  (nee  Dr.  Siiiurl'R 
excellent  treatise  on  Air,  p.  IW,  V'lj.  I.)  It  has  been  found 
that  in  order  111  ac<'(>inplisli  this  result,  an  average  adult 
requires  about  ;t.(KK»  cubic  feel  of  flesh  air  per  hour.  It 
is  evident  thai  the  supply  of  fresh  air  can  be  introduced 
only  by  a  movement  of  the  air,  which  is  brought  ubout 
either  by  a  dilfiisioii  of  the  gases  or  by  till'  dilTerence  in 
weight  of  masses  of  air  nf  unequal  teniperaliire  and  the 
pressure  resulting  Iherefrom.  It  is  well  known  lliut 
gases  have  the  properly  of  peiietruliiig  or  spreading  and 
mingling  with  olliers  in  every  direction,  and  this  dlllu- 
sioii  takes  place  through  all  porous  substances,  even  a 


Fig.  2714.— Second-Story  Plan  of  SaniUur  Mouses  for  Waire-eamere  In  the  City  of  Wasbliunon. 
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dry  briik  or  stone  wiill.  If  it  wiTt-  not  for  tliis  power  of 
dilTusion.  CO,,  by  reason  of  its  speeilic  gnivity,  would 
sink  to  the  lower  part  of  the  room. 

An   (inequiil    tenipeniture    produces    n    difference   in 
weight  of  ina.sses  of  nir.     When  air  is  heated  it  exjmnds; 


Fig.  2715.  — First-Slorv  Plan  iit  a  Corner   House  Showing  liOcatlon  of  Pantry,   Kitchen,  and 

DlninK-Room. 


a  volume  of  hot  air  is  consequently  lighter  than  the  same 
volume  of  cold  air.  The  warm  air  rises,  and  to  restore 
the  equilibrium  the  cold  air  rushes  in  to  occupy  its  place. 
This  is  exactly  what  takes  place  in  nature.  The  sun 
supplies  the  heat  and  the  air  currents,  or  winds,  are  thus 
produced,  which  in  turn  serve  as  powerful  ventilating 
agents  in  our  habitations.  The  winds  act  chielly  by 
pertlation.  i.e.  by  setting  masses  of  air  in  motion,  driving 
them  onward  by  an  irresistible  vis  u  tiri/o ;  they  also  ex- 
ert an  aspirating  effect,  for  when  passing  horizontally  over 
chimneys  or  tubes  placed  at  right  angles  to  their  course 
they  cavise  a  diminution  of  pressure  within  them,  the  air 
being  jiractically  sucked  out,  other  air  from  below  rushes 
up  to  till  the  vacuum,  and  thus 
an  ui>\vard  current  is  produced. 
We  s<'e  therefore,  how  ventila- 
tion, which  means  the  removal 
and  dispersion  of  bad  air  and 
the  introduction  of  fresh  air, 
may  be  brought  about  by  all 
these  factors  which  operate  to  a 
greater  or  less  degree  in  what  is 
commonly  called 

ynt'iral  VeittiUition,  and 
which  is  usually  sufficient  when 
each  occupant  has  l.O(K)  feet  of 
cubic  air  space  and  the  walls  of 
the  house  are  porous  or  contain 
numerous  crevices  near  the 
doora  and  windows,  and  the  di|- 
erence  between  the  inner  and 
outer  door  tempcriitiire  is  con- 
siderable and  the  winds  strike 
the  walls  directly  or  |)ass  with 
great  velocity  over  chimney 
flues  an<l  other  openings.  Pro- 
fessor Pettenkofer  has  shown 
that  by  these  natural  means  his 
library,  having  a  capacity  of  T.'i 
cubic  metres,  received  hinirly 
at  a  dilference  of  tempemtiire  of 
20'  fli  cubic  metres  of  fresh  air, 

of  19  7."i  cubic  metres  of  fresh  air,  and  of  4'  22  cubic 
metres  of  fresh  air.  But  as  we  cjinnot  control  the  direc- 
tion and  force  of  the  winds,  and  the  other  factors  re- 
ferred to,  we  slioidd  provide  additional  means  for  ven- 


tilation, and  one  of  the  simplest  and  most  efficient 
plans  is  to  tlush  the  room  with  fresh  air  by  opening 
windows  or  doors  on  opposite  sides  of  the  room.  No 
other  method  can  take  the  place  of  this  jjeriodicul  air- 
ing for  a  thorough  ventilation  of  the  dead  corners  and 
the  removal  of  an  immense 
amount  of  dust.  The  objection 
to  this  method  are  the  cold 
draughts  in  winter,  and  it  should 
therefore  be  relied  upon  chiefly 
in  summer  or  during  the  absence 
of  the  occupants.  In  rooms  heat- 
ed with  direct  radiation,  the  fresh 
air  should  be  adnutted  above  the 
heads  of  the  occujiants,  either  by 
means  of  a  register  in  the  wall  or 
by  the  insertion  of  a  louvered  or 
swinging  window  pane  (Fig.  2718) 
in  one  of  the  windows,  an  upward 
direction  being  given  to  tlie  air 
so  that  it  may  impinge  on  the 
ceiling,  mix  with  and  be  warmed 
by  the  heated  air  in  this  situation, 
fall  gently  into  all  parts  of  the 
room  and  be  gradually  removed 
by  nieans  of  the  chimney  flue  or 
ail)'  other  outlet.  Another  simple 
plan  is  to  bore  .standing  holes  in 
the  bottom  rail  of  the  window 
sash,  or  to  insert  a  "Pullman 
Ventilator"  in  the  bottom  rail  of 
the  lower  sash,  or  to  employ  the 
"Bury  Ventilator,"  which  consists  of  a  wooden  block  in- 
terposed between  the  bottom  of  the  lower  sjish  and  the 
frame.  The  air  pa.sses  into  the  room  thiough  the  open- 
ings in  the  block  which,  as  in  the  "Pullman  Ventilator," 
point  upwartl.  The  separation  of  the  sashes  caused  by 
the  block  also  adds  to  the  fresh-air  inlet.  The  use  of 
these  devices  practically  invades  the  domain  of  and 
brings  us  to  the  consideration  of 

Artifciiil  ]'i'ntil<itioii.  which  may  be  secured  by 
providing.  1.  .Suitable  inlets  and  outlets:  2.  By  ex- 
traction by  heat,  or  the  creation  of  a  decided  differ- 
ence between  the  inner  and  outer  temperature,  and 
3.  By  propulsion  and  aspiration. 


Fio.  2716.— Second-Story  Plan  of  a  Comer  House  Showing  Location  of  Batb-Kooms  and  Water- 

Closets. 


1.  Sprrinl  IiiletK  mitl  Outlels. — For  the  admission  of  air, 
perforated  bricks  are  sometimes  l)uilt  into  walls  and  con- 
cealed behind  the  washboard.  When  unwarmed  air  is 
to  be  admitted,  the  S/ieringha/n  valve  is  very  commonly 
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no.  3717.— iHiiincl-Flnor   Tlnn    Sliowing    IxK-allon  of  Batb-Rooms, 
WnU'r-CIosel.s  nml  CTiamlK-re  on  an  Inside  Lot. 

clipcks.  This  plate  being  hinged  is  capable  of  being  more 
or  loss  completely  closed  by  a  balanced  weight ;  it  usually 
measures  three  by  nine  inches.  II'ijAfxH's  tiibt'.  has  two 
eliainbers  placed  aloiiij.side  of  each  other,  one  serving  as 
an  inlet  and  the  other  as  an  outlet  (Fig.  2720).  ^fcK>n- 
iiell'.i  reiitilnlor  consists  of  two  cylinders,  one  inside  the 
other,    and     of    dif 

ferent    lengths;     the      '  |^  ''\_ 

longer  tube  projects 
above  and  below  and 
s<Tves  to  condiicf  the 
iiiijnire  air.  while  tlie 
outer  cylinder  hav- 
ing a  larger  sectional 
area  serves  as  the  in- 
let. The  outlet  is 
protected  on  the  top 
with  a  cowl;  bolli 
tubes  can  be  regulat- 
ed by  valves.  They 
are  especially  useful 
for  the  ventilation  of 
one  story  buildings, 
churches,  tiientres,  pm 
kitchens,  and  pavil 
ion    hospitals.      The 

gas  burner  may  be  placed  immediately  under  the  extract- 
ing tube;  as  the  wurm  air  escapes  through  the  inner 
tulx'.  a  corresponiliug  volume  is  admitted  through  the 
interspace  between  the  two  cylinders  (Fig.  2721). 

The  liidge  Viiililiitova  consist  (Fig.  2722)  of  openings 
through   the  ceiling  and   roof   of  one-story   buildings, 

with  louvered  sides 
ami  ends  protected 
with  a  small  roof; 
the  opening  of  the 
air  s  h  a  f  t  in  the 
ceiling  is  usually 
provided  with  a 
movable  shutter  to 
regulate  the  outlet. 
The  fresh  air  is  ad- 
mitted     bv     inlets 


718.  -  SwlnifliiK     Window    Sash. 

(MUDSOD.) 
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FIO.  2719.  -Sberinfthnm  Valve.    Front  and 
sectional  view.     ( Munson. ) 
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J(20.  —  Watiion's 
(.Munwm.) 


T  u  be . 


cliiirviiig  iliroiigh  a  rcgisler  near  ili 
lie  adiiiil|i-d  liy  Sherlngliiiin'H  valveH 
iiirthiuis  used  III  artiticlal 
ventilation  which  contrin- 
pliite  a  changi'ot  the  weight 
of  air  withoiil  heating,  at- 
teiilion  is  again  directed  to 
till'  pi'i'llating  and  iiKpiral- 
ing  cITeets  of  winds,  which 
are  so  i-Minsively  utilized 
in  the  ventilation  of  ships, 
and  are  ei|ually  iipplicalile 
to  habitations  Here  a  large 
cow  I  is  plaeeil  so  as  to  face 
the  wind  and  the  air  is  thus 
driven  below  through  a 
large  pipe,  whilst  another 
cowl  placed  to  back  the 
wind  acts  as  an  aspirator  to 
dmw  the  bad  air  from  be- 
low. A  great  many  contri- 
vances .seen  in  connection  with  house  ventilation,  some 
with  rotiiting  cowls,  others  with  li.xed  vanes,  are  based  on 
this  principle  (Figs.  272:i.  2724.  2725). 

2.   ICxtriirtidii  hji  /lent. — The  siniiJlest  way  to  produce  a 
dilTerence  between  the  temperature  of  the  iiiuer  and  that  of 
-  the  outer  air  is  by  heat- 

,j»^-^  ing  the  room  by  means 

of  a  stove  or  open  tire- 
place,  both  of  which 
will  serve  to  e.vtracl 
the  foul  air  and  secure 
a  thorough  renewal  of 
air.  In  some  instances, 
the  outlet  can  be  placed 
in  a  separate  flue  next 
to  thechimiiey  Hue ;  the 
latter  being  warmed 
creates  an  u|iward  cur- 
re  nt.  Gas  jets  and 
lamps  may  be  used  in 
connection  with  shafts 
used  for  the  extraction 
of  air  bv  heat  (Fig. 
272G). 

■i.  Propulaion  and 
Anpirntion.  —  Another 
system  especially 
adapted  for  large  pub- 
lic buildings  is  to  set  the  air  in  motion  by  the  useof  fans 
or  air  propellers.  In  other  words,  the  fresh  air  is  forced 
into  and  distributed  throughout  the  building  while  an- 
other fan  exhausts  the  foul  air.  These  fans  are  set  in 
motion  by  water,  steam,  electricity,  or  other  motive 
power.  This  method  presents 
several  advantages:  the  amount 
of  air  delivered  end  the  rate  of 
movement  can  be  regulated  with 
nicety,  the  entering  air  can  be 
taken  from  any  (lesired  pure 
source  and  can  be  filtered, 
washed,  warmed  or  cooled.  The 
Matlison  Square  Theatre,  in  New 
York  City,  according  to  Dr.  D. 
F.  Lincoln  (Parkes' "Hygiene," 
vol.  ii.,  p.  472),  is  oneofthe  best 
ventilated 
buildings  of  its 
class.  The  air 
is  taken  at  a 
tower  above 
the  roof;  is  fil- 
tered through 
a  conical  bag 
of  cheesecloth 
forty  feel  long 
suspended  in 


Fig. 


2721.— McKlnnell's  Circular  Veu- 
tilator.    (Munson.) 


FIO.  2722. --4.  Mulr's  Ven- 
tilatur ;  Ji.  transverse  sec- 
tion of  same. 


Fio.  2723.-Rotat. 
Inir  Cowl  for  As- 
piration. iMiin- 
son.i 
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FKi.  2724.— Bonner's  Rotatlnir 
ExliBust  Ventilator.  (Mun- 
non.) 


tlic  tower;  il  is  liiiititl  by  slcnm  in  winter  and  cooled 
in  summer  by  piis-Mng  over  i<e;  luiitiiijr.  coolintr.  and 
distributing  take  place  in  the  basement.  One  fan  at  llie 
fool  of  the  tiiwer  forces  the  air 
into  the  audience  hall,  another 
(111  the  roof  exhausts  it.  The 
doors  and  windows  arc  kept 
closed.  The  air  is  introduced 
by  pipes  running  under  the 
risers;  an  oiKiiing  in  the  riser 
at  each  seat  dis<harges  a  for- 
ward current  with  a  velocity 
of  two  and  one-half  feet  per 
.second  ;  other  jets  enter  at  the 
front  of  the  footlights  and  be 
low  the  balconies  the  exits  are 
chielly  under  the  balconies,  .so 
that  iliere  is  a  general  move- 
ment away  from  the  stage. 
For  large  buildings,  the  "  Wing 
disc  fan  "  (Fig.  2727)  is  usually 
employed;  a  four  foot  fan  using  one-horse  power  delivers 
about '500,0(10  cubic  feet  of  air  per  hour,  while  the  larger 
sizes  of  the  "  Blaekman  wheel,"  according  to  iMunson,  are 
Siiid  to  L'ive  about  12,000  cubic  feet  of  air  per  minute 
(Fig.  272.S).. 

Hydraulic  ventilators  are  exten- 
sively u.sed  during  the  summer 
months  in  Germany  ;  they  consist  of 
L'-shaped  pipes  containing  spray 
noz/.les  under 
high  pressure; 
the  air  is  sucked 
in  and  jiropelled 
by  the  falling 
spray,  the  water 
collecting  at  the 
bottom  and  be- 
ing discharged  by  a  drain  i>ipe.  Ac- 
cording to  the  degree  of  tempera- 
ture of  the  water,  the  air  mav  also  be 
cooled  by  this  method  (Fig.  2629). 

General  lliiifn  to  be  Ohnevtcd  in  Yen- 
tiliitioii. — 1.  The  object  of  ventilation 
being  to  improve  the  air  of  the  ho\ise, 
we  should  be  siux'  of  the  purity  of 
the  incoming  air.  It  shouUI  not  be  brought  througli 
uudergrmmd  ducts,  nor  from  any  ]ioint  likely  to  l)c  con- 
taminatetl  by  sewer  air  or  other  no.xious  gases.     The  iu- 


-'i.— star  Vfuti- 
lalor. 


FIG.  2726.-Foul-alr 
OutU't. 


Flo.  2727.— Wing  Disc  Fan. 

dicatioD  is  plainly  to  select  the  safest  spot  for  inlets ;  the 
lnlet.s  shoidd  be  provided  with  valves  to  regulate  the 
amount  and  proleclid  with  line  wire  gauze  or  Hessian 
jute  to  exclude  vermin  and  dust.     Whenever  practicable 


Fiu.  a72b.— Blackmann's  Wheel. 


the  air  siiould  not  only  be  filtered,  but  also  washed  by 
means  of  a  line  spray  in  its  i«issage  llirough  the  inlet.  If 
the  fresh  air  is  too  cold,  it  should  preferably  be  warmed 
before  entering  the  apartments  by  means  of  ventilating 

stoves  or  grates,  or  a  cen- 
tral .system  of  heating  by 
furnace,  steam,  or  hot 
water. 
2.  The  superficial  area 
.  .  of   rflitlets    shoidd   be   at 

1 10^   V     .f     /^    V  '™^'   "^  large  as   that    of 

7  ff       \^  T    £       ^X  the  inlets,  and  in  order  tn 

'{y  \\  insure    renovation   of   air 

with  the  least  amount  of 
draught,  the  inlet  and  out- 
let openings  should  not 
be  placed  directly  oppos- 
ite but  diagonal  from  each 
other.  It  is  desirable  to 
place  the  inlets  about  the 
middle  height  of  the  rooms 
and  the  outlets  near  the 
ceilings;  they  should  be 
supplied  with  registers  to 
regulate  the  amount. 
3.  Since  every  adult  requires  3.000  cubic  feet  of  fre.sli 
air,  it  must  be  our  aim  to  see  that  this  aniouiit  is  sup- 
plied without  discomfort  to  the  occupants.  The  air  of 
a  room  cannot  be  changed  oftener  than  three  times  in  one 
liour  in  winter  without  causing  a  disagreeable  draught ; 
hence  every  occupant  should  have  a  cubic  air  space  of 
1,000  feet.  Finally  this  air  space  must  not  be  furnished 
iu  height  at  the  expense  of  superticial  or  tloor  space,  for 
the  reason  that  organic  matters  are  not  equally  difTiised 
but  tend  to  accumulate  in  the  lower  strata ;  consequently 
excessive  height  (/.(.,  over  twelve  feet)  does  not  nie:ui  a 
corresponding  dilution.  In  sjiite  of  overwhelming  clinical 
evidence,  the  question  of  proper  air  and  floor  space  iu 
prisons,  lodging-houses,  barracks,  and  even  hospitals  has 
not  been  luactically  settled,  and  the  standard  adopted  is 
fa"  below  the  amount  required. 

In  conclusion,  it  should  be  distinctly  understood  that 
no  amount  of  artificial  ventilaticm  can  render  thorough 
and  frequent  house-cleaning 
unnecessary,  or  the  precau- 
tions for  the  exclu.sion  of 
contaminated  airsuperlluous, 
nor  can  ventilation  in  winter 
be  luaintained  without  the 
expenditure  of  considerable 
fuel. 

Heating. — The  necessity  for 
artilicial  heat  whenever  the 
temperature  falls  below  70' 
F.,  notwithstiinding  the  fact 
that  a  healthy  adult  gives 
off  hourly  iSS  heat  units,  is 
fully  recognized,  and  hygiene 
reciuires  that  this  artificial 
heat  should  be  sii]))ilied  as 
uniformly  as  possible,  and 
that  the  air  of  habitations, 
instead  of  being  vitiated  by 
the  ju'oducts  of  combustion, 
should  be  impiove<l  by  the 
heating  a|>paratus. 

Fuel.  —  For  this  iiur]iosc 
materials  containing  carbon 
and  hydrogen.  1  gm.  of 
which  is  capable  of  evolving 
during  combustion  respect- 
ively 8,080  and  34,462  small  calorics,  are  used.  Putzey 's 
estimates  of  the  heating  value  of  various  kinds  of  fuel 
are  as  follows: 

i.,,„i  Fuel  value  of  one 

'"'^'-  kllo(?nini. 

Drv  wood \i,<H\)  falorlcs. 

Lignite 4.1Bn 

Coke 6,000 


Fig.  2729.— Water  Spray  Veutl- 
lator.     (Mun.son.) 
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or  (III-  rciri'KoiiiK  fiii'Is.  wliiu-  umIi,  Lfliigli  untlimcite 
ciiiil.  iind  ):ns  iiiii|iii'stiiiiiiilily  permit  of  tlii'  iiiiMt  r()ni|ili'l<' 
mill  I'l'iiilv  i>\iilatii>ii  of  (lie  carbon  uiiil  liyilrogcn,  wliii-li 
I'Iriiii'iils  Hii|>|ily  till'  liciit. 

Till-  lirinllirlH  of  roliiliiislinii  iirr  cliiclly  cnrlioiilc  ili-iil 
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Fiii.  :77^>.  -.tiirkstin'H  Vfiiiilaifn^  limli',  Ujirk 
vifw.  Tlii'KiiUT  riLsiiitr  Isriil  awiiy  li>  sliow 
s|Nut*  auij  surfaiv  fur  wiiniilii};  Itii*  liit-nin- 
lii|<  air. 


till'  riiiiiliiislioii  of  iiiiii- 
rnil  colli.     If  llirmiiiiillit 
I  if  oxygen  Is  iiisiiDiciciil 
l.pi  free  ciiiiiliiislioii  cai- 
lioii  inoiiiixiile,  line  par- 
ticles of    carlmii    in    tlie 
f.irni  of  soot,  tarry  mat- 
Ill's,     and      carburet  led 
liydrogeii     also    escape. 
'I'lie  smoke    under  such 
ciri'unistances     is 
tbereforc   a    iiii.x- 
-4        lure    of     V,    CO, 
I  O.J.    IIjO,    C,1I, 
iiid  may  also  con 
tain    siilpliuious 
and  arsenical   va- 
pors. 

Hoonis  may  be 
warmed  separate- 
ly by  stoves  or 
fireplaces:  this  is 
callttl  hfdl  ludliiiff  ill  contnidistinction  to  the  system  of 
(■fiilntl  lietiliiir/  in  which  the  heat  is  supplied  to  a  num- 
ber of  rooms  or  the  entire  building  from  a  centnd 
plant.  The  latter  system  ofTci-s  so  many  advantages 
that  it  is  rapidly  superseding  every  oilier  method,  at  least 
in  cities.  The  majorily  of  houses  in  rural  districts,  how- 
ever, are  still  warmeil  by  open  fireplaces  and  stoves. 
Fireplaces  are  niches  in  the  chiimiey  supplied  with  grates 
ill  which  combustion  may  beiimintaineil  and  the  products 
are  rapidly  carried  off  tlirough  the  chimney.  The  room 
ill  this  instance  is  warmed  by  nulioiit  hint,  which  means 
the  pa.s,siige  of  heat  from  warm  bodies  to  cold  ones  with- 
out niising  the  temperature  of  the  intervening  air  directly ; 
the  latter  is  wanned  by  convection  from  heated  objects. 
A  uniform  tempeniture  cannot  be  maintained  by  the  ex- 
<'liisive  use  of  an  open  grate,  and  though  a  most  excellent 
ventilating  appanitus,  it  is  too  powerful  to  be  wholesome, 
and  is  moreover  quite  wasteful,  aslive-eiglithsof  thelieat 
generated  escapes  up  the  chimney.  The  latter  objection 
has  been  in  a  measure  overcome  iiy  controlling  the  chim- 
ney cuiTent  by  a  damper,  and  by  a  proper  construction 
of  the  grate  and  tireltack.  For  this  purpose  the  width 
of  the  grate  at  the  back  should  be  about  one-third  the 
width  in  front  facing  the  room  ;  the  side  walls  of  the  lirc- 
plaie  should  join  the  liack  at  an  angle  of  4~)  ,  so  as  to 
throw  as  many  heat  rays  into  the  room  as  possible,  and 
for  similar  rea.sons  the  whole  fireplace  should  be  brought 
well  forward  into  the  room.  To  niinimizi;  these  defects, 
an  attempt  has  been  made  to  surround  the  back  and  sides 
witli  a  space  through  w  liicli  air  can  pass  and  be  wanned 
by  the  heat  that  would  be  otherwise  wasted.  An  open- 
ing below  admits  fresh  air  into  the  chamljer  where  it  is 
warmed  and  escapes  through  an  opening  into  the  room 
abov»  the  mantle.  The  Gallon,  Jackson,  and  .loly  venti- 
lating grates  are  all  constructed  on  this  principle  and  are 
therefoVe  a  combination  of  hot  air  and  fireplace  heating 
(Fig.  2730). 

St'iren. — There  are  an  endless  variety  of  stoves  in  which 
either  wood.  coal,  gas,  or  petroleum  is  bunied,  and  in 
which  from  seventy  five  to  eighty  per  cent,  of  the  fuel  is 
utilized.  The  great  distinction  between  these  and  open 
fireplaces  is.  that  the  air  which  comes  in  contact  with  the 
heated  surface  is  warmed,  expands  and  rises,  and  its  place 


In  tukon  by  a  cold  air;  the  ciirnMitM  of  warm  uir  circiilutu 
throiigli  the  room  and  tliiiN  every  purl  iHciiimlly  liented. 
It  Ih  cwentliilly  healing  bv  convection,  ailiioiigh  a  very 
hot  sloveitiNo  Hiipplies  radiant  heal.  Sloviti  are  made  of 
wrought  or  ca»t  iron,  terra  coiia,  porcelain,  and  wnip- 
stone;  some  ale  ordinary  closed  stoveH,  while  in  otlieni 
provisions  are  made  for  the  admission  of  fresh  air  from 
withoiil,  wbii'li  is  made  to  circiilali'  Ihroiigh  the  stove 
without  coming  in  contact  with  the  productN  of  comliiiH- 
I  lion,  and  after  iK'ing  Ihiis  healed  pasvs  into  the  Name 
room  or  the  room  above,  a.s  in  our  lalhrobes,  ventilnling 
grates,  or  the  "Cortland  Howe"  ventilating  stove  (KIg. 
■JTHl).  The  principle  of  introducing  fresh  air  lan  be  ap- 
plied by  riinniiig  a  fnsh  air  inlet  from  tlii' outer  air  t<i 
near  the  stove  and  surioundini;  the  latter  with  a  jacket 
of  sheet  iron.  The  inlet  and  corres|ionding  outlets 
should  lie  provided  with  registers.  This  is  a  very  simple 
and  ctTcctivc  inetliud  of  heating  and  ventilating  riitBl 
school  houses,  etc. 

Since  gas,  liotii  natural  and  artificial,  and  coal  oil  arc 
being  extensively  used  in  this  country  for  both  heating 
and  cooking  purposes,  it  may  be  stated  on  the  authority 
of  Xfitlerand  Firth  lluil  when  tliecombuslioii  is  complete 
and  the  ventilation  is  sufiicii'iit  for  the  ordinary  elTects  of 
respiration,  their  u.se  is  not  fraught  with  danger,  es|)e- 
cially  when  the  more  improved  patterns  are  used ;  but  the 
larger  oil  stoves  or  gas  stoves  which  burn  more  than  five 
feet  of  gas  per  hour  should  be  jirovided  with  a  Hue  to 
carry  the  products  of  combustion  to  the  outer  air.  The 
ordinary  gas  logs  set  in  fireplaces  or  the  "  Backus  port- 
able steam  radiator"  for  use  with  gasshoulil  be  iireferred. 

Heating  by  electricity  possesses  many  hygienic  ailvan- 
tages,  but  the  excessive  cost  has  so  far  prevented  its 
general  use. 

Central  Heating  (Furnace). — A  very  common  way  to 
heat  a  modern  (hv<'lling  is  by  the  use  of  a  hot-air  furnace. 
In  such  a  case  a  furnace  of  wrought  or  cast  iron,  brick  or 
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soapstone  is  placed  in  the  basement ;  the  fresh  air  is  ad- 
mitted from  a  pure  source  into  the  air  chamber  of  the 
furnace  where  it  is  heated  and  conducted  in  suitjible- 
sized  flues  to  thedifTercnt  rooms  and  stories  of  the  house. 
According  to  Mr.  Edward  S.  Philbrick  ("Man.  of  Pract. 
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Ilvgifnc,"  Piirkcs,  vol.  ii  .  p.  406)  a  lioiisc  of  more  timn 
thVc'f  largo  riM>iiis  on  tlii'  floor.  liowoviT,  with  one  or  two 
storii'sof  rooms  iibovc.  caiinot  Iw  properly  lii'iitcd  liy  only 
one  furniiec.  IIS  it  is  almost  impo.s.silile  to  eoniluct  licatiil 
air  more  than  .six  feet  in  a  horizontal  dircclion  from  the 
fiirnaee.  The  eombinalion  of  u  hot-air  furnaee  and  open 
flreplaees  is  believed  to  be  a  very  sanitary  way  of  lieatinir 
a  house,  because  provision  is  thus  made  for  both  inlet.s 
nnd  rintlet.s;  the  latter  are  often  neL'lecled.  An  open  lire- 
place  is  very  useful  in  drawini;  the  furnace  air  down  to 
its  own  level,  even  w  hen  there  is  no  lire  actually  burnin;; 
in  it.  All  this  is  important,  for  apart  from  the  fact  that 
outlets shoulil  e.\ist  for  the  extraction  of  foul  air.  a  wind- 
ward room  cannot  be  warmed  because  the  furnace  air  re- 
fuses to  enter  it,  and  the  remedy  for  this  is  the  open  fire- 
place, or  the  opening  of  a  chimney  Hue  in  the  room. 
Flues  from  furnaces  supplying  different  rooms  sometimes 
<lniw  against  each  other,  especially  when  the  supply  from 
below  is  not  suflicient  for  all.  either  because  the  fresh-air 
inlet  to  the  furnace  is  too  small  or  because  after  it  has 
been  closed  in  a  high  wind  some  one  has  neglected  to 
open  it  (Lincoln). 

The  objection  to  cast-iron  furnaces  and  stoves  is  that 
carbon  mono.\ide  is  believed  to  e.scajie  through  invisible 
Assures  in  the  plates  and  joints,  while  the  heaters  are  red 
hot ;  hence  they  should  be  lined  with  lire  clay  ;  this  pre- 
caution may  not  be  necessary  for  the  escape  of  CO,  but 
it  will  imjirove  at  least  the  cjuality  of  the  heat.  Soap- 
stone  furnaces  are  highly  praised  for  the  quality  of  the 
air.  Since  all  heatei-s  are  liable  to  render  the  air  too  hot 
and  dry,  they  should  be  provided  with  evaporating  pans, 
or,  what  is  even  iireferable,  a  larger  heater  should  be 
chosen  which  will  not  have  to  be  raised  to  red  heat  and 
at  the  same  time  furnishes  a  larger  volume  of  warmed 
air.  If  the  air  is  superheated  it  acquires  a  peculiar  odor, 
probably  due  to  charring  of  organic  dust ;  it  also  biconics 
very  dry  and  irritating  owing  to  the  rapid  evaporation  of 
moisture  from  the  skin  and  mucous  .surfaces  of  the  in- 
mates and  in  consequence  is  apt  to  ])roiluce  catarrhal 
afTections,  conditions  which   do  not   prevail  when  the 

temperature  of 
the  air  delivered 
does  not  exceed 
90\  There  is 
also  economy  iu 
running  a  stove 
or  furnace  at  a 
moderate  rate, 
and  a  reserve 
shovdd  be  on 
hand  for  colder 
weather.  Damp- 
ers in  the  smoke 
flues  of  heaters 
are  always  ob- 
jectionable ;  the 
joints  of  the 
draft  doors 
should  be  so 
good  that  open- 
ing and  closing 
of  the  I  o  w  e  r 
door  or  sliiles  is 
suflicient ,  but  as 
long  as  these 
joints  are  imper- 
fect, dampers 
are  a  necessary 
evil. 

Ileatinriby  Hot 
Water  is  now 
extensively  em- 
ployed in  mod- 
ern homes  and  even  larger  buildings  and  while  more 
expensive  than  the  first  cost  of  hot-air  fiunaces  and 
n  steam  heating  plant,  the  advantages  are  economy  in 
fuel  and  repairs:  the  tempeniture  is  more  agreeable  and 
the  heat  can  be  conducted  to  any  desired  point.     In  the 


Fio.  2732.— Diasmm  of  Loff-Pressure  Hot-Water 
.    System.    (Manson.) 


liiirpiTMiure  m/iiteiii  large  pipes,  generally  four  inches  in 
diameter,  are  connected  with  n  boiler  so  as  to  provide  a 
complete  circulation.  The  water  after  being  heated  cir- 
culates through  the  jiipesand  radiators,  parts  with  more 
or  less  of  its  heat  to  the  air,  i.e..  heating  by  conve(  tion, 
and  returns  to  the  boiler.  At  the  highest  point  of  the 
system  an  expansion  tank  is  placed,  and  a  small  escape 
pipe  is  carried  into  the  outer  air  to  give  vent  to  steam 
anil  hot  air.  The  water  rarely  ever  attains  a  higher  tem- 
perature at  any  part  of  the  system  than  200  F.  (Fig. 
2732). 

In  the  Jiiff/iprfimiire  syntem  the  pipes  are  smaller,  about 
one  indi  in  diameter,  but  suflicieiitly  strong  tfi  withstand 
the  pressure  incident  to  a  very  high  temperature,  as  from 
one-tenth  to  one-sixteenth  of  the  coils  are  exposed  directly 
to  the  heat  of  the  fire.  The  water  being  completely  en- 
closed from  the  outer  air,  attains  usualiy  a  temperature 
of  300°  F.  and  circulates  more  rapidly  :  i)rovision  is  made 
for  expansion  by  larger  pipes  at  the  top  of  the  system. 
With  the  low-piessurc  system  about  twelve  feet  of  radiat- 
ing surface  for  every  1,000  cubic  feet  are  required  to  raise 
the  lem|)cratiiri-  of  the  room  to  6.j°  F.  at  zero  weather, 
while  with  the  high-pressure  system  eight  or  nine  feet  are 
suflicient.  The  volume  of  water  in  the  high-pressure 
system  is  very  much  less  and  is  heated  therefore  more 
quickl}'  than  in  the  low-pressure  system,  but  it  will  also 
cool  more  quickly,  and  on  the  whole  the  advantages  are 
decidedly  in  favor  of  the  low-pressure  system,  because 
the  temperature  is  more  uniform  and  there  is  no  danger 
from  explosions  or  .siiperheated  pipes. 

Steiiiii  llcatiiif/  is  emjiloyed  iu  many  jiublic  and  jirivate 
dwellings  and  the  waste  steam  of  locomotives  is  utilized 
in  the  warming  of  cars,  shiiis,  and  factories.  The  methods 
have  been  perfected  and  the  danger  from  explosions  re- 
duced to  a  miuimum:  nevertheless  steam  plants,  as  well 
as  other  central  heating  apparatuses,  require  careful 
planning  and  intelligent  supervision.  Steam  heat,  like 
fnrnaGe  heat,  is  apt  to  be  excessive  in  mild  weather,  but 
the  temperature  can  be  regulated  by  arranging  multiple 
coils  or  radiators,  which  can  be  shut  olT  in  sections.  In 
every  case  the  calibre  of  the  radiator  should  be  larger 
than  the  supply  pipes  so  as  to  favor  condensation  and 
consequent  liberation  of  latent  heat.  Provisions  nmst 
also  V)c  made  for  the  rapid  return  of  the  condensed  vapor 
to  the  boiler  by  means  of  return  pipes,  since  any  obstruc- 
tion to  the  How  of  the  return  steam  interferes  with  a  free 
and  rapid  eircvilalion  and  causes  not  only  defective  heat- 
ing but  also  a  most  disagreeable  thumping  noise. 

In  connection  with  either  hot  water  or  steam  heating, 
we  recognize  three  methods:  (1st)  the  direct:  (2d)  the  in- 
direct: and  (3d)  the  direct-indirect.  In  the  direct  system 
the  radiators  are  iilaced  in  the  room  without  any  siiecial 
provisions  for  ventilation :  in  the  indirect  system,  the 
coils  or  radiators  are  placed  in  a  suitable  chamber  in  the 
basement  into  which  fresh  air  is  admitted  and  from  which 
the  heated  air  is  distributed  to  the  dilTerent  rooms  by  suit- 
able inlets  and  outlets.  This  plan  answers  very  well  for 
ordinary  dwellings,  but  for  larger  buildings  arrangements 
must  be  made  to  force  the  heated  air  where  wantetl,  and 
this  is  accomplished  by  the  ,:rlinii.it  .ii/xf, in.  or  the  plenum 
S!/.if,ui.  In  the  former  the  air  is  exhausted  by  suction  and 
the  pre.ssine  of  the  atmosphere  is  relied  upon  to  replen- 
ish the  fresh  air.  while  in  the  plenum  system  the  air  is 
forced  into  the  room  by  special  fans,  and  is  preferable 
because  the  purity  and  volume  of  the  air  can  be  regulated 
in  the  maimer  alreaily  referred  to  under  Ventilation.  In 
the  dirti-l-indircH  system  the  radiators  are  placed  timler 
the  windows  and  tlie  fresh  air  is  admitted  from  behind 
them  and  is  warmed  by  its  jtassage  over  the  radiators. 
The  fresh-air  inlets  are  controlled  by  a  key  in  the  room 
connected  with  a  legister  outside  in  order  to  regulate  the 
amount  of  fresh  air,  while  the  foul  air  is  discliarged  by 
suitable  outlets.  The  air  in  steam-  and  hot-water  heated 
apartments  may  also  become  excessively  dry  and  evapor- 
ating |)ans  are  almost  as  es.sential  as  with  furnaee  heat. 
With  automatic  thermoregulators.  it  is  possible  to  main- 
tain a  uniform  temperature,  and  on  the  whole  we  may 
conclude  that  the  indirect  and  direct-indirect  systems — 
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romlilnlnjr,  ns  flii-y  ilo,  n  rcntnil  syntpm  of  liontlnR  witli 

|iiii|iir  viiiiilulinii  — iirr  llir  iiiipsi  siiniliiry  'I'lic  iim-  i>f 
litiiim  i;ivis  pi  rliji|is  iiinri'  siitisriiclnry  riMilts  in  ccilil  rll- 
iiiiili's  tlian  till'  liiil  uiiliT,  liiit  fitliiT  im-tli(Ml  Ih  prt-fcralilu 
III  hot  air  riiriiairs. 

I.iijlitiiiij.  —  A|iarl  fnnii  tlir  lijcii-iiic  iiii|iiirtaiirf  of  siin- 
li>;lit  oil  iiU'talHilisiii  ami  ils  lii  ^Iriirtivi'  ilTict  on  i;('rni 
lifr.  cviTV  riMiiii,  nlii'tliiT  iiwil  fur  (Iwilliims.  \viirl;sliii|is, 
K<  liixiis,  I'tr  ,  Hliiiiilii  1)1'  so  VM'II  ii;;liti'ii  liy  uiiiilous  Unit 
tlie  i'_v<"i  iiiH'il  not  1)1'  stnilni'd  even  on  a  ilouiiy  ciay. 

Siiliiiiil  /,ii//iliii;/. — 'I'lir  an  a  of  winciows  cMliisivi'  of 
Ra>li  framrs  slioiilii  !«•  at  least  om-  sivtli  or  |irifi-niiily 
onr  tiftli  of  till'  tloor  spair,  ami  in  onlir  that  tlir  liiflit 
may  prnclratr  tin- liri'piT  portions  of  llii'  room,  tlif  win 
(lows  slioulil  almost  nacli  to  tlir  cciliii);.  After  proviil- 
ini;  till'  wimlows  we  shoiilil.  of  eoiirsc,  not  shut  out 
ninety  per  eeiil.  of  tlie  lii.'lit  liy  lilinils  ami  liraperies;  lint 
il  till'  lii;lit  is  too  );larini;  it  may  In-  sofleiieii  liy  while, 
eieani.  or  lii;ht  frniy  sliailes;  the  color  of  the  wimiow 
panes  sliimld  always  lie  perfeelly  tniiisparenl :  plate 
(.'lass  possesses  Ihe  iiilvantnjie  of  warmlli  and  liuniliility. 
'I'lie  ilillieulty  of  seeiiriii^  asulVuieiit  iinionnt  of  iiayli;.'lit 
in  liiiililings  loeateil  on  narrow  streets  siirroiimli d  liy  tall 
Imililinj^s  has  been  partly  overcome  by  glass  biiiliiiii)^ 
blinks  ><x<IX"'*  inches,  with  an  air  chamber  in  the 
centre.  us<'(l  instcail  of  brick  or  stone  in  connection  with 
steel  fnmie  coiistniclioii.  but  mole  particularly  by  the 
introiluclion  of  prisms,  which  refract  and  (lilliisc  the  light 
throughout  a  room  that  would  otherwise  bo  illuminated 
but  partially  or  not  at  all. 

Artijviiil  lit/Ill,  no  matter  liow  obtained.  dilTers  from 
dayliglit  in  this,  that  it  docs  not  furnish  a  pure  white 
light ;  the  prevailing  rays  are  red,  yellow,  or  violet, 
ami  the  effects  of  a  yellowish-red  or  violet-blue  arc 
produced.  AVhalcver  (lilTerence  of  opinion  there  may  be 
as  to  the  color  best  suited  to  our  eyes,  wc  know  that  our 
vision  is  most  perfect  under  the  inlliicnce  of  a  white 
light,  and  this  ought  to  be  a  good  criterion.  One  of  the 
disadvantages  of  all  low-power  illuminants  is  that  the 
light  is  never  as  bright  as  daylight,  involving  therefore 
closer  application  of  the  eyes  anil  ci>nsei|ueut  strain  of 
the  uniscles  of  the  eyeball.  These  remarks  are  hardly 
appliniblc  to  the  electric  arc-light  and  the  Welsbiich  gas- 
burner,  the  rays  of  which.'  like  the  direct  solar  rays,  may 
inileeil  be  so  glaring  as  to  cause  undue  irritation  of  the 
retina.  Another  harmful  elTcct  of  urtilicial  illumination 
is  the  unsteady  or  flickering  character  especially  seen  in 
the  electric  arc-light,  and  which  on  account  of  the  abrupt 
changes  is  likely  to  irritate  the  retina;  another  disadvan- 
(age  is  that  the  ordinary  illuminants,  e.\cepl  the  electric 
light,  tend  to  vitiate  the  air  by  the  prodiict.s  of  combus- 
tion and  also  affect  the  temperature  and  humidity  of  the 
air  by  the  heat  evolved.  The  requirements  of  a  hygienic 
light  are  that  it  should  be  as  near  as  possible  thecolor 
of  sunlight,  sufliciently  ample,  but  not  too  glaring;  it 
should  be  steady  and.  instead  of  deteriorating  the  air,  it 
should  as  far  as  practicable  be  utili/.ed  to  improve  the 
air;  nor  should  the  heat  evolved  be  sulliciently  intense 
to  be  a  source  of  discomfort  to  the  inmates  in  warm 
Weather. 
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From  thU  tiihlo  we  rnncliide  thnt  the  electric  an  light 
is  Ihe  most  suitable  for  lighting  of  slreels  and  sipian-s, 
the  electric  incalideHCent  light  is  best  hiiiteil  for  pulilie 
and  private  liabitalioiiK,  including  iiIho  HteaimrH,  powder 
works,  and  mines.  It  is  in  i-very  way  superior  to  gas  and 
other  illiiininants,  iH-caiiM'  there  Ih  no  dniiger  fmni  lire, 
there  are  no  priMliicts  of  comliiislion,  hence  no  pollution 
of  the  air,  nor  are  the  tempenitun'  and 
huinidily  of  the  rooms  alTecleil  to  any 
perceptible  e.Menl.  Thcsi'  advantag:  s 
over  giis  are  of  special  iniporlanie  to 
the  inmatesof  buildings  where  the  ijlies 
tion  of  fresh  air  and  temperature  play 
an  important  roh';  hence  we  can  readily 
appreciate  that  banks  and  other  institu 
lions  tinil  it  prolitable  to  inslall  eleclri> 
lighting  and  save  lime  and  money  by  the 
prevenlion  of  sickness  among  llnir  em- 
ployees. Ne.vt  to  electric  light,  gas, 
ispecially  in  connection  with  a  Wels- 
bach  or  Siemens  burner,  olTersthe  ne.\t 
best  choice:  in  the  absence  of  either, 
kerosene  with  a  high  flashing  poini 
should  be  preferred  over  other  illiiini- 
nants. The  flashing  point  of  relimd  ker- 
osene is  iletincd  as  the  lempeniturc  at 
which  a  samjile  of  the  oil  commences  to 
give  off  sensible  iiuantities  of  inflam- 
mable vapor:  it  should  not  be  less  than 
100'  F.  and  a  higher  temperature  is  preferable.  E.vplo- 
sions  may  occur  in  lamps  when  from  any  cause  the 
vapor  over  the  oil  in  the  reservoir  is  lighted  by  a  spark, 
as  for  instance  when  the  wick  is  extinguished  by  blow- 
ing over  the  chimney  and  is  then  depressed  in  a  smoul- 
dering condition,  or  when  Ihe  chimney  of  the  lamp  is 
broken.  The  Duplex  and  Hocheslcr  burners  and  many 
other  .safety  lamps  have  reduced 
these  dangers  to  a  miiiimiini.  The 
dangers  from  the  inhalation  of  c^ir- 
bon  monoxide  from  leaky  gas  fixt- 
ures and  jiipes  are  especially  great 
when  water  gas  is  used,  on  account 
of  the  total  absence  of  odor.  Of 
the  various  gas  burners,  the  Wels- 
bach.  iSieniens.  and  the  argand 
burner  enclo.sed  with  a  chimney 
give  the  best  results.  Wherever 
practicable,  provisions  should  be 
made  to  carry  the  products  of  com- 
bustion to  the  outer  air.  and  there- 
by aid  in  ventilation. 

Acetylene  gas  has  recently  come 
into  deserved  prominence,  and  as  it 
can  be  generated  for  individual 
households  at  acorn  pamtivc  slight  expense,  and  has  many 
excellent  qualities,  it  is  likely  to  grow  in  favor.  It  is  a 
colorless  gas  (CjHj)  witli  a  characteristic  unpleasant  odor, 
and  is  generated  by  the  action  of  water  on  calcium  car- 
bide in  a  special  apparatus,  suited  to  the  needs  of  the 
respective  household  or  building.     Mtinsou  states  that 
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llEFEltEKCK   HA>l)BO()K    (»K  TlU:   MEUKAL  SCIENCES. 


Size  Acetyli-nc  Gener- 
iMiiDson.i 


"li  irciiiralor  nipabK'  of  lliorouglily  lighting  a  company 
liarriuk  or  post  linsiiital  lutil  not  1h'  iriiakr  in  luilk  than 
a  liogshiiul.  wliilc  (iiic  capalilfof  illuininaliuj;  a  litld  hos- 
pital of  OIK'  Imndrt'il 
l)c<ls  is  not  larger 
llian  a  pork  barrel." 
Tlie  gas  ro<niiri'.s  a 
special  li|>  and  com- 
linstioii  is  usually 
coniplLte  (Figs.  2734 
and  -iT-ia). 

Wiikr  Siipplj/. — lu 
cities  furnished  with 
a  general  water  sup- 
ply,  every  lloor 
should  lie  provided 
with  water  taps,  not 
only  for  convenience, 
liul  also  for  greater 
sifety  in  case  of  tire. 
In  isolated  houses 
and  villages  without 
a  general  supply  or 
a  good  spring  in  the 
vicinity,  our  choice 
\vill  be  between  ar- 
isian,  cistern,  and 
well  water.  On  gen- 
eral piinciples  pref- 
erence should  be 
given  to  artesian  wa- 
ter. (Sec  article  on 
Water.) 
Jloute  Drainage.— The  object  of  the  sjuiitarian  is  to  re- 
move as  rapidly  as  possible  all  excreta  and  refuse  from 
habitations,  so  "that  the  air,  water,  and  soil  shall  not  be 
made  impure.  In  any 
event  the  accumnla 
tiou  must  ill  no  casr 
extend  so  far  as  to 
render  putrefactive 
changes  evident  to 
our  sense  of  smell. 
The  various  methods 
for  the  disposal  of 
sewage  will  be  dis- 
cussed in  a  separatr 
article,  and  for  tin 
present  sutliee  it  to 
say  that  the  most  san- 
itary disposal  of  the 
How  from  the  water 
closets      and      hon.se 

drains  is  a  well-tlev's 'd  system  of  sewerage,  which  will 
convey  the  tlow  on  to  farm  lauds  or  into  the  sea,  but  not 
into  watercourses  used  for  drinking  purposes.     Since  this 

system  begins  in 
the  habitations. 
we  shall  point 
out  the  requi- 
sites for  proper 
liouse  drainage, 
which  consist  of: 

1.  Water-clos- 
ets and  urinals, 
wash  basins, 
bath  and  laun- 
dry tubs,  and 
kitchen  and  slop 
sinks: 

2.  A  perpen- 
dictilar  pipe 
known  as  tlie 
soil  pipe  with 
which  the  fore- 
going ti.xtures 
arc   connected: 

Fio.  STJ;.— ViUve  Closet.  and 


Fig.  273G.~  Pan  Closet. 


3.  The  house  drain,  wliich  is  a  nearly  horizontal  pipe, 
and  connects  the  .system  with  the  sewiM  or  cesspool. 

Willi  ri-loiu  Is  consist  of  an  apparatus  for  the  reception 
of  e.\ereta  connect- 
ed with  the  soil  l>ipe 
by  means  of  a  suit- 
able trap,  and  in 
which  w  alcr  is  used 
to  dilute  aii<l  cany 
away  the  ex<re- 
nient  d  e  p  o  s  i  t  c  d 
therein.  They  are 
classitied  iiiaU'r two 
heads,  viz. ;  those 
in  which  there  is  no 
movable  apjiaratus 
for  retaining  water 
in  the  bowl,  and 
second,  those  which 
are  supiilied  with  a 
movable  a ppa rat  U.S. 
Under  the  lii'st  head 
are  included  hop- 
per, washdown  and 

wash-out  closets,  under  the  second,  pan-valve  and  plun- 
ger closets.  Space  will  not  permit  me  lo  enter  into  a 
detailed  description  of  the  various  iiattenis.  except  to 
say  that  the  pan,  valve,  and  jihiuger  closets  (Figs.  2736, 
2737,  and  2738)  are  objectionable  and  should  not  be  tole- 
rated.    Among   the    best   forms  are   the   short    hopper 


FiCi.  2T38.— Plunger  Closet. 


Fig.  2739.— Deluge  Closet  with  Reci'ssed  liauk.    lMuii;.ciu.i 

closets,  with  a  trap  which  opens  into  the  soil  I)ipe  above 
the  floor.  This  brings  the  water  st'al  w  ell  up  in  the  hop- 
per and  reduces  to  a  mininuim  the  surface  likely  to  be 
fouled  above  the  trap-water.  So-called  "wash-down" 
closets  are  modicatious  of  the  short  hopper:  of  these  the 
"  Deluge,"  "  Dececo,"  and  the  '"Century  "  have  given  the 
most  satisfactory 
results  (Figs.  2739, 
2740.  and  2741). 
All  of  these  fixtures 
are  designed  to  give 
a  quick  and  power- 
ful tlush  of  five  or 
six  gallons  of  water 
from  a  tank,  the 
siphon  of  which  is 
put  into  action  by 
])  u  1 1  i  n  g  a  chain. 
Where  the  closet  is 
to  be  used  by  ser- 
vants, children,  and 
others  likely  to 
neglect  the  flush- 
ing, the  water  sup- 
ply shouhl  be  made 
automatic  and  me- 
tred  by  a  waste-sav- 
iugappat-atus.  The 


Fio.  2740,— Dececo  Closet. 
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Iliillikr  ShiiKiiiIoii, 
lluUM-  Kaulluiliiii. 


wciKlit  of  till'  iicruiii  on  lli(<  lu-iit  iii  tliiiB  niaik-  to  lift  the 
Vulvc-  in  the  bottom  of  llii'  liiiik  iind  when  the-  weight  is  re- 


Fio.  s;41.-(Vniiiry  " Slpliim-lel  Closet."    (Miinium.) 

moved  litis  valve  closes  and  the  lower  one  opens,  diseliarj;- 
in;;aii  ample  and  delinile  <niantlty  of  water  witli  a  sudden 
dasli.whieli  expels  all  lliieonlentsnf 
the  hojiper  below.  For  publii  Iniild- 
inirs.  copious  Hushes  discliariri d  al 
r-irular  intervals  from  aulomatie 
Hush  tanks  like  the  "  Hofiers  Kielil  " 
are  to  be  preferred.  Xo  .system 
should  be  tolerated  whieli  provides 
for  the  llushiufiof  the  hoppers  by 
fauei-t.s,  for  even  if  allowed  to  run 
for  half  the  time  with  the  conse- 
quent wa.ste  of  water,  it  does  not 
flush  the  system  like  the  sudden 
dash  of  live  or  six  {lallons  of  water. 

Water-elo.sets  whenever  practica- 
ble should  be  located  in  a  separate 
room  from  the  bath  room,  and  pref- 
endjly  in  a  special  projection  con- 
neeteil  with  the  house  by  a  well 
ventilated  lobby ;  the  clo.set  should 
be  proviiled  with  a  window  and 
other  outlets,  so  that  the  air  may 
find  a  rea<ly  exit  without  contanii- 
natinir  the  air  of  adjoiiiiiifr  rooms. 
Tlie  exhaust  flue  already  referred  to 
(Fi;:.  2726)  and  heated  "by  either  a 
iras  jet  or  lamp  is  especially  indi 
caled  in  rooms  used  for  water-clos- 
ets. Each  floor  of  the  house,  il 
ureat  convenience  is  desired,  sliould 
have  such  a  room  and  an  adjoiiiinL' 
room  largo  enouf^h  for  the  bathtub, 
lavatories,  slop  sinks,  etc.  (See 
pl.ins  on  paire  7.56.) 

Simplicity  of  the  drainage  system 
is  of  the  utmost  importance:  hence 
all  the  tixtures  necessiiry  for  the 
comfort  of  the  inmates  of  the  house 
should  be  placed  in  close  proxim- 
ity to  the  soil  pipe,  drained  and 
trapped  separately  into  the  soil 
pipe.  An  error  frequently  made  is 
to  connect  a  wash  bowl  waste  with 
a  water  closet  traji  several  feet  dis- 
tant by  a  pipe  under  the  floor,  ditti- 
cult  of  access  and  so  nearly  horizon- 
tal as  to  insure  its  lieing  soon  tilled 
witli  a  deposit  of  slimy  tilth.  This. 
like  the  scallering  of  tixtures  all 
over  the  house,  is  very  objection 


bWc.  a  well  plannwi.  inoc|cnito  Hl/.ed  house  will  ►|i,,«  nil 
Ihe  bath  rooms,  water  iIoscIk,  panlrj.  kitchen  aii<l  laun- 
dry tixtures  diri'clly  above  omanolhrr  and  in  close  prox- 
iinil.N  to  111!'  soil  pipe:  thai  is  losav,  the  roomN  iihed  forwr 
vanis'  bath  rontu  ami  laundry  in  the  buM-inent  should 
correspond  with  thi'  kitchen  ai'nl  pantry  on  the  llriit  floor, 
und  tlic  loilel  riHims  and  water  closi'tH  on  the  upjMT 
floors.  (See  the  diagniin  shown  in  Fig.  27-12.1  All 
the  plumbing  slioulil  be  exp(i.s<'d,  anil  since  Ihi-  inlrodiic 
tion  of  nickel  platnl  pipes  the  various  tixtures  pri  s<nl 
a  very  attractiveappearance.  (.'upper  lined  wooden  bath- 
tubs and  encased  wash  bowls  and  water-el(»sets  have  given 
way  to  open  elegant  and  durable  lixtiircs  of  poreeluin, 
enanu'led  iron  or  marble,  and  Ihe  ordinary  water cloNct 
with  hingi'd  seat  can  be  iiseil  fnr  a  urinal.  The  bath- 
rooms anil  other  rooms  containing  plumbing  should  have 
an  impermeable  floor,  such  as  Ihe  "granilo''  IliMir  alri'ady 
referred  lo.  while  tile  or  adamant  walls  are  also  desirable. 

L'rinals  should  always  be  of  some  non  corrosive  mate- 
rial, such  as  china,  sloneware.  or  slate:  public  urinals 
should  be  provided  with  automatic  flushing  tanks  or  a 
"  flush  down  spray  "  (Fig.  27-M)  and  an  impermeable  floor 
sloping  toward  a  gutter  which  discharges  into  a  sijdion 
trap  eonneeled  with  the  soil  pipe. 

Kilchen,  pantry,  slop  sinks,  and  laundry  tubs  are  usu- 
ally made  of  earthenware,  porcelain,  .sl.'ite,  soapstone,  or 
galvanized  iron  with  or  without  enamel,  and  are  pro- 
teeteil  with  a  strainer  to  keej)  the  large  foreign  bodies 
from  obstructing  the  pipes.     Whenever  the  kitchen  and 


Fio.  -*T4i  — Ula^aai  IllustrMtia)?  Sewugi-  Plumbing  of  a  Houae. 
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panlrv  tlniiiis  caiuKit  bo  )>ri)viilc<l  willi  a  very  rapid  fall, 
tlif  coniri'iilinst  of  till-  grcasi'  is  lilidy  to  form  a  <lcp(isil 
on  tlio  iiisidi-  of  the  pipo  wiiicli  often  olistructs  it  entirely. 
To  reniedv  tliiscomlitioii,  which  will  arise  no  matter  how 


f 


m 


;<:>.    .M.mIcI  Hiiilirouui.     iriaii;  VI 


large  the  drain  pipe,  the  drain  should  be  Hushed  with  a 
hot  four-percent,  solutiou  of  cmistic  potasli  or  soda 
several  times  a  week,  or.  what  is  far  better,  so-called 
"grease  interceptors"  are  placed  as  near  the  sinks  as  pos- 
sible. The  grea.sc  congeals  in  these  Ixiwlsliaped  stone- 
ware tanks  and  tloats  on  the  surface  and  can  be  removed 
when  n(('^-.i\       TIm    r.nrlet  for  the  waste  water  being 


of  the  building,  extending  from  the  hou.se  drain  through 
the  roof  w  lu-re  it  slionld  terniinat<'  ten  feet  away  from 
all  windows  and  chinuieys.  The  soil  pipe  receives  the 
sewage  from  the  water-closets  and  the  waste  water  from 

all  other  fixtures:  it 
should  never  be  less 
than  four  inches  in 
diameter,  ma<le  of 
wrought  or  cast 
iron  and  painted 
with  a  coat  of  tar 
within  and  with- 
out. Special  rules 
are  laid  down  for 
the  construction  of 
I  he  joints  between 
the  different 
lengths;  they  may 
be  screwed  to- 
L'ether,  or  what  is 
more  common 
caulked  with  oak- 
um and  lead  and 
Spence's  metal. 
Screw  joints  are 
preferable.  In  any 
ivcnt  they  must  be 
air- and  water-tight 
and  free  from  all 
liefects.  The  prop- 
er security  of  the 
soil  pipe  is  a  point 
of  importance,  for 
if  not  perfectly  se- 
cured it  may  dur- 
ing the  settlement 
of  the  walls  strain 
one  or  more  of  the 
connecting  joints 
and  produce  mischief  bj'  leakage.  The  connection  be- 
tween the  soil  pipe  and  house  drain  should  be  made  by 
means  of  a  rounded  elbow  and  not  by  an  al>rupt  right 
angle  (Fig.  2746).  At  this  junction  a  screw  plug  should 
be  inserted  for  inspection  and  cleaning,  as  obstructions 
are  most  likely  to  occur  at  this  point. 

Tnips  and  ]'intilfitivn  of  Soil  Pijien. — It  will  be  readily 
understood  that  if  the  fixtures  were  simply  connected  by 
means  of  ordinary  drain  pipes  to  the  soil  pipe,  the  air  of 


"^>- 


iipynnlit  \'.*u  iiy  till--  J.  L.  .MoU  Iron  Wurhs.i 


Fia.  Zrw.-Bowl  Crlnal.    (.Munson.) 

immersed  several  inches  below  the  surface,  the  water  is 
allowed  to  flow  off  while  the  grease  accumulates  on  the 
top  of  the  standing  water  (Fig.  2745). 
.Sf/i7  /Y/«!«.— The  soil  pipe  forms  a  vertical  stack  inside 


Fig.  3T4o.— Grease  Inteneptor.    .1,  House  wall :  B,  ventilation  pipe; 
('.  inlet:  D,  outlet. 

the  house  woidd  certainly  be  contaminated  by  sewer  air 
and  the  more  objectionable  emanations  from  the  soil  and 
house  drains,  which  are  constjtntly  coated  with  a  slimy 
putrescible  mass,  giving  rise  to  dangerous  and  offensive 
gases. 
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Iltiii«i<  Sl%llllilll«»ll. 
lluuMi  haullallou. 


When  lioufM-s  lire  iirtlllrially  IkiiIimI.  tlil<i  ti'tiilciK'y  Id 
Imiriiscd  liy  tlif  (lliiiinislird  ilciisii\  of  tin-  iiir  williin  the 
liuiist',  musing  tili);lit  liiwunl  |iri'.s.siiii'  llinm^'li  nil  cxiHt 
iiig  <>|><'iiiii);s  iiiul  llssiiri'S.  Tlu'  ri'iiirdv 
ciiiisisl.s,  llrMl.  Ill  till-  tiso  of  Imps 
wliuli  lire  cMTliiiii  ii|i|>liuiii-<'!*  w>  con- 
otrui'tt'il  I1.S  t4>  fiii'iii  II  wilier  M-nl  of  iit 
lrH>l  llircf  c|iiiirl<Ts  of  iiii  imli.  stiiiid- 
liiK  abovf  llic  lil>;lnst  Icvid  i.f  walti  in 
tlif  riirvc  of  till'  tm|>. 
(in-vclits  tlir  liiick 
flow  of  jtiiscs.  'riu-rc 
urr  all  1-iidlrs.M  viiiicty 
of  Imps  in  tin-  iiiar- 
k«'l.  siii-li  us  tlic  si- 
phon. "San  i  I  us." 
iiiidfiutlii-r  Imp.  bell 
Imps.  rlr.  (Fii.'>.  "-'TIT 
to  ".'TVii.  lull  of  llusr 


Fio.   ■.!7<i1.-Mi'IIiik1   iif   ("iincKllin; 
PtlK-  wUli  llouw  Drain. 
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Ki>:s.  2M7.  -^TIS.  and  '.*749  are  the 
siiiipli'sl  and  hosi,  lici-aiisf  llitri-  urr  no  ((irniTs  or  angles 
for  till-  accuinulalion  of  lillli  and  the  whole  curve  is 
always  full  of  water.  The  water  s<mI  ina.\  he  broken  by 
evaporation  when  the  lixture  is  not  in  eonstaiit  use;  this 
in  wiirin  weather  may  occur  within  a 
few  days,  and  to  reduce  the  danger  to 
a  niininiuin  Mr.  I'ulnani  invented  the 
I  i7>/7        "Sanilas    trap"  which   h.is    ;.'iven    e.x- 

'  /f^  "is.  celleni  results.  Kvaponilion  may  also 
be  prevenl<'d  in  unoccupied  houses  by 
poiirini;  a  little  oil  into  the  li.xturcs. 
It  is  desirable,  however,  upon  re  occu- 
pyinj!;  a  vacated  house  to  Hush  all  the 
fixtures  with  water  and  air  the  rooms, 
as  sewer  air  may  have  entered.  Traps 
may  also  be  emptied  by  reason  of  capil- 
lary atlriution.  which  is  liable  to  oc- 
cur if  bits  of  ra.irs  and  strings  have 
fouiiil  access  to  the  trap,  and  one  end  pas.sesover  the  fur- 
ther bend  while  the  other  remains  immersed  in  the  water 
seal.  The  water  seal  may  also  be  broken  by  a  heavy 
rush  of  water  throujrh  it  from  its  (jwn  tixlure  ("*i';)Aoh- 
age  hy  momtiiliim")  or  by  a  rush  down  the  soil  iiipc  from 
a  fixture  on  a  higher  level, 
" n'p/i4iiiiii/e  by  »>ietii>ii.''  As 
an  additional  precaution 
against  the  entrance  of 
sewer  air  and  the  unsealing 
of  traps  by  siphonage,  the 
soil  pipe  and  tra|)S  should 
be  ventilated.  For  this  pur- 
pose the  soil  pipe  is  carried 
al)ove  the  roof,  the  to])  be- 
in.c  left  open  or  protected 
with  wire  gauze  or  a  ven- 
tilalin.i;  cap,  and  fresh  air 
is  freely  admitted  to  the  Fig.  2748. 
drain  at  its  lower  end  on 
the  house  side  of  the  trap 

which  connects  the  svstem  with  the  sewer.  The  fresh-air 
inlet  terminates  above  the  ground  and  must  be  protected 
bva  perforated  iron  platetoitrcvent  obstruction,  and  as  the 
air  of  the  house  is  generally  warmer  a  constant  upward  cur- 
rent is  thus  secured,  except  when  the  closet  is  used,  when 

the  current  is  reversed  on 
p^^  ^^  IST  .^M^  account  of  the  sudden 
Hj^^^i^D  11/9^0^  T\\?\\  of  water  downward 
^^^^r  \3^m^r      tl""o<i.irli    t'lc  P'Pt'-     For 

^^^  this   latter  reason  and  on 

account  of  the  frecpient 
obstructions  placed  in  the 
frc'sh-air  inlet  by  playing 
c  hildren  and  the  obstruc- 
tions found  in  the  running 
trap,  there  has  been  a  dis- 
positi(ui  to  abandon  the 
freshair  inlet  and  nin- 
uinir  trap  altogether,  and 
Mr.^  Charles   E.    Ball.   In- 
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upeetor  of  Pliiinbinfir  of  llip  City  of  Wusliington,  nlutes 

lliiit  in  twii  outlying  dihtiicttt  of  the  city  the  concurrence 

ol    ihlee    erinditioiih — vi/.  :     new   cleiin    h<'WiI>     nienily 

const  nil  tetl    lioiiw   plumbing;,  and    the 

sepiiiuled    location  of  the   ihvellliigH—  "   ^ 

has  jiislilied  the  oniiK.Hioii  of  the   liolltu- 

running    Imp:    indeed,   he   holds   lliut 

the  objection  to  open  connections  with 

the  sewers  has  little  fon  !■  if  the  plitiiib- 

ing   williin   each    bouse  IIiiik  (imnet  led 

has  light    joints.     The  present  method 

of  inspections  and  tests  of  our  plumb 

ing    work   assure    this  result   in    moHt 

cities.     If   the  houses  are  conslructed 

of  uniform   height,  as   is   iisiiiilly    the 

case  in   modern  city  blocks,  or  if  they 

are  isolated  from  each  other  as  in  sub 

urban    localities,  eniaiiations   from   tin' 

soil  pipeopeiiings  cannot  injuriously  allect  the  oeeui  auts 

of  neighboring  premises. 

That  evi'ii  more  radical  opinions  than  tho8«-  here  ex- 
pressed are  entertained  by  eminent  siuiilary  aiitliorilies  is 
evidenced  in  a  report  of  the  Sewerage  Commission  of  the 
City  of  lialtiinore.  rendered  in  November,  1890,  by  Mes-s. 
ilering  and  Samuel  >I.  Gray,  who  say: 

"The  problem  of  sewer  venti- 
lation resolves  itself  into  a  pro- 
vision for  maintaining  a  direct 
communication  between  the  air 
in  the  sewers  and  the  atmos- 
phere and  in  causing  the  en- 
trance of  pure  air  and  its  circu- 
lation through  the  sewers  to  be 
as  free  as  practicable. 

"The  most  perfect  way  of  ac- 
complishing the  above  condi- 
(ions  is  to  ventilate  public  sewers 
through  the  house  drains  and 
soil  pipes  of  the  l.uildings,  to 
omit  the  main  Irap  along  the 
house  sewer  which  also  acts  as 
a  retainer  of  foul  matter,  and  to  have  perforations  in  the 
manhole  covers  of  the  i)ublic  sewers. 

"  In  this  way  an  abundance  of  air  can  enter  the  system 
not  only  from  the  outfall,  but  through  the  manhole  cov- 
ers and  circulate  through  the  sewers  and  out  through 
every  premise  sewer  to  above  the  roof  of  the  buildings. 

"Such  a  method  of  ventilation,  however.  rei|uires  that 
the  entire  plumbing  in  the 
house  is  planned  and  con- 
structed by  responsible 
jiarties,  so  that  the  work 
will  be  first  class.  It  is 
also  necessary  to  have  the 
house  pipes  tested  after 
the  plumbing  is  linished 
so  as  to  be  assured  of  ti.ght 
joints.  This  method  has 
been  tried  in  several  cities 
in  our  country  and  is  the 
common  one  on  the  con- 
tinent of  Europe,  but  it  is 

not  the  usual  one  in  our  country,  for  there  is  in  the 
minds  of  many  a  fear  that  if  the  public  sewer  should  be 
ventilated  through  the  soil  pipe  of  their  house,  some 
danger  might  arise  through  a  leak  in  their  own  pipes 
of  contracting  a  disease,  the  genus  of  which  are  sup- 
posed to  come  from  the  public  sewer. 

"From  experience  in 
r"^  our  country  and  in  Eu- 
rope, these  fears  are  not 
well  grounded  and  thei« 
are  no  facts  on  record  to 
justify  them.  On  the 
other  hand,  the  advan- 
ta.ires  of  a  thorough  draft 
through  the  house  pipes 
i.Mmisdii.i     is  considerable  and  keeps 
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them  imicli  cleaner  tlinn  where  n  trap  is  placed  between 
the  house  and  the  sewer,  thus  dispdiineetiiiic  tlie  two. 

" It  has lueii  said  that  air  eoiniiijr  out  of  soil  pijies below 
windows  of  ailjoinini:  houses  niitrhl  cause  olTeiicc     But 
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Fir..  3T.>».-Maln  Trap  and  Air-bole  tor  House  Drain. 

offence  could  also  be  caused  if  there  were  a  main  trap  and 
the  house  pipes  were  fouled,  which  tlK\v  generally  are  not 
when  used  for  ventilating  the  public  sewers." 

There  is  much  to  be  sjiid  in  favor  of  both  sides  of  the 
queslit>n,  and  for  the  present  we  prefer  the  more  conser- 
vative views  of  ^Ir.  Ball. 

The  need  of  draft  through  every  part  of  the  house 
drainage  is  not  llie  only  reason,  for,  as  pointed  out  by 
Mr.  Phillirick,  it  is  impossible  to  retain  the  water  sea!  in 
the  iH'st  forms  of  traps,  unless  the  atmospheric  pressiuc 
is  freely  admitted  just  below  the  water  seal.  The  par- 
tial vacuum  that  follows  a  charge  of  water  as  it  descends 
a  vertical  line  of  pipe  is  such  that  without  a  free  admis- 
sion of  air  below  every  trap,  the  pressure  on  the  house 
side  of  the  trap  would  force  the  water  through  them  and 
leave  them  unsealed.  It  becomes  necessary,  therefore,  to 
apply  branch  vents  to  each  separate  trap,  for  waste  pipes  • 
more  than  eight  feet  in  length  and  le.ss  than  four  inches 
in  diameter.  These  vents  should  be  extended  from  the 
drain  below  and  aliovc  the  roof  or  at  least  be  extended 
and  connected  to  the  main  soil  pipe  above  the  highest 
fl.xture.  Mr.  Putnam  and  others  insist  that  trap  venting 
does  not  cure  siphonagc  and  simply  favors  evaporation 
and  nece.s.S!iril3'  increases  the  cost  of  plumbing,  and  to 
overcome  this  fault  and  still  prevent  the  danger  of 
siphonage,  he  prefers  the  "Sanitas  trap." 

Down  spouts  from  the  roof  should  never  be  used  as 
soil  pipes  or  ventilators,  for  apart  from  the  danger  of 
frost  in  certain  climate.?,  during  heavy  rains,  when  gen- 
erally it  is  most  necessary  to  give  a  sjife  exit  on  account 
of  sewer  air  pressure,  they  will  be  absolutely  useless  as 
ventilators  and  foul  air  may  be  forced  into  the  houses. 

The  lioiiKC  drain  receives  the  discharge  from  all  waste 
and  soil  pipes  and  conducts  it  to  the  sewer;  formerly 
they  were  made  of  terra-cotta  in  two-feet  lengths  and 
alH>ut  si.x  inches  in  diameter  laid  in  cement,  but  owing 
to  so  many  fractures  caused  by  the  settlement  and  weight 
of  tlie  walls,  the  insinuation  of  roots  of  trees  between  the 
joints,  rat  burrows,  et<-.,  the  building  regulations  very 
properly  re(|uire  that  they  also  shall  be  made  of  cast 
iron,  wel|.jointe<l,  the  diameter  depending  upon  the 
number  of  soil  pipes  and  ra|)idily  of  the  fall.  The  fall 
for  a  four-inch  drain  should  if  possible  be  not  less  than 
one  in  forty,  of  a  six-inch  drain  one  in  sixty,  and  of  a 
nine-inch  drain  one  in  ninety  feet:  this  will  insure  a  ve- 
locity of  How  in  each  ca.se  of  between  three  and  four  feet 
])er  second.  A  direct  line  from  the  house  to  the  sewer 
should  always  be  chosen;  if  a  bend  is  necessary  a  suit- 
able curve  should  be  described;  the  place  where  the 
drain  emerges  from  the  hou.sc  must  be  well  cemented  to 
exclude  rats  from  the  sewer.  All  branch  drains  should 
be  made  to  connect  with  a  Y,  so  that  the  branch  ciirrent 
may  be  flowing  as  nearly  as  pos.sible  in  the  ilirection  of 
the  main  current ;  these  branches,  if  the  plumbing  is  prop- 
erly planned,  will  be  necessary  only  for  large  houses. 


The  water  from  the  rain  leaders  should  when  practicable 
discharge  at  the  head  of  the  house  drain,  so  that  the 
drain  may  be  thoroughly  scoured  during  each  rain  storm. 
When  drains  di.scharge  into  a  sewer  liable  to  flooding,  it 
is  necessary  to  provide  a  tide  valve  between  the  sewer 
and  drain,  and  for  house  drains  with  insutlicient  fall  it 
is  advisidile  to  place  an  automatic  flush  tank  at  the  head 
of  the  drain. 

(rent  rill  Coiixideriilionx. — It  is  perhaps  needless  to  insist 
that  sanitary  plumbing  involves  a  carefully  planned  sys- 
tem, good  material  and  workmanship,  simplicity  and  ex- 
posure of  the  work.  Even  the  soil  and  drain  pipes  should 
be  exposed  when  practicable,  or  at  least  should  be  acces- 
sible by  panel  work  and  covered  channels  in  the  base- 
ment. No  soil  i)ipe  should  be  carried  on  the  outside  of 
the  building  in  climates  subject  to  frost,  and  to  render  a 
house  safe  from  the  contamination  of  sewer  air  it  is 
necessary,  first,  that  the  soil  pipe  and  all  traps  be  venti- 
lated; second,  that  the  water  seal  in  the  traps  be  main- 
tained and  the  house  drain  be  disconnected  from  the 
sewer  by  the  introduction  of  a  running  trap  "T_r  and 
fresh-air  inlet  in  the  manner  already  described,  with  the 
exceptions  noted  on  page  TB.');  and  third,  that  the  entire 
system  be  free  from  leaks  or  defects. 

Testing  of  Pliimhing. — Soil  pipes  and  the  general 
plumbing  should  be  tested  for  leaks  before  the  house 
is  occupied.  This  may  be  done  by  pouring  into  the 
highest  point  one  ounce  of  oil  of  jw/'periiiiiit  in  a  bucket 
of  hot  water.  Another  person  who  has  notoome  into  pre- 
vious contact  with  the  oil  shoiild  inspect  the  respective 
floors  afier  a  lapse  of  ten  minutes,  when  the  leak  will  be 
discovered  by  the  presence  of  the  volatile  oil.  The  man 
who  handles  the  peppermint  must  remain  on  the  spot 
until  the  investigation  has  been  made  below ;  it  requires 
extreme  caution,  as  a  .single  drop  emitted  elsewhere  will 
destroy  the  value  of  the  test.  Special  glass  grenades 
charged  with  the  oil  of  peppermint  or  other  pungent 
chemicals  have  been  prejiared  for  use  of  sjinitary  inspec- 
tors. The  system  may  also  be  tested  Ix'fore  the  water- 
closets  are  connected  by  soldering  over  the  apertures 
where  the  traps  are  connected  with  the  soil  pipes  and 
then  tilling  tlie  pipes  with  water.  This  is  a  severe  test, 
but  very  certain,  as  any  subsidence  in  the  level  of  the 
water  indicates  a  leak  which  can  be  searched  for  as  long 
as  the  ■'  stack  "  of  soil  pipes  and  drain  is  exposed  to  view. 

Sometimes  the  "smoke  test "  is  applied  from  bilow ; 
the  smoke,  being  forced  up  the  pipes  by  means  of  a  small 
bellows  or  smoke  rockets,  will  be  emitted  through  the 
leaks  and  thus  lead  to  the  discovery  of  the  defects.  Of 
course  all  openings  known  to  exist  must  first  be  closed 
and  the  smoke  test  should  be  connected  with  the  lowest 
possible  point.  This  test  is  not  so  reliable  as  the  others 
named.  The  r/iin  pipes  should  also  be  tested  before  lath- 
ing and  plastering  is  begun,  otherwise  great  damage  may 
be  done.  For  this  purpose  all  the  outlets  are  capped 
except  one.  to  which  is  attached  a  tube  comiecti-d  with  an 
air  pump  and  mercury  gauge.  Air  is  |iumpeil  into  the 
whole  system  and  the  stopcock  turned,  and  if  after 
working  the  pump  for  some  time  and  stopping  it  the 
gauge  siiows  in  the  course  of  thirty  minutes  no  signs  of 
sinking,  the  jjipes  may  be  taken  as  in  a  sjife  condition; 
but  if  the  mercury  in  the  gauge  falls,  owing  to  the  es- 
cape of  air  from  the  gas  pipes,  there  is  a  leak  somewhere, 
which  may  be  discovered  by  pouring  a  little  ether  into 
the  pipes  near  tlii'  gauge  and  recommencing  pumping, 
while  another  person  searches  for  the  leak  at  the  various 
joints  or  outlets.  Very  minute  holes  may  be  detected 
by  lathering  the  jiipes  with  soap  and  water  and  making 
use  of  the  pipe  and  jiump  to  create  soap  bubbles.  Sinu- 
lar  tests  are  applied  after  the  gas  fixtures  have  been  con- 
nected, so  as  to  detect  the  presence  of  defective  joints 
and  keys;  in  this  instance  every  burner  is  turned  olT  ex- 
cept one  to  which  is  attached  a  tube  connected  with  the 
air  pump  and  gauge. 

Seirnr/f  DisjMSfil for  Vilhffesand Isolated IlouseK. — When 
we  consider  the  fact  that  over  seventy  per  cent,  of  our 
population  reside  in  rural  districts  and  occupy  homes 
without  sewer  connections,  we  see  at  once  -^-hy  wells  and 
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outliouM-8  lire  often  dnngerous  nelglibor*.  >Ir.  Phil- 
brlik,  iif  IJoslciii.  liiiH  clfM-rilH'il  a  KyKU-m  of  ttcwiici'  <liH- 
|iiisiil  liy  irrii:iiti<>ii  wliicli  iiiiinI  ('(ininiciid  il.si'ir  its  Hiifc 
iiMil  |in>iii(<iilili'  for  iill  siiiiill  villii^i-s  miil  isnliiliil  Ikhim's. 
wliiiv  tlir  liiiicl  has  siiMiririil  sli>|><'  to  alTiiril  tlii'  riM|iiisili' 
Kniilc.  Till'  rtnuisitcs  for  this  kvsIcim,  iim  Ktitliil  bv  liiiii 
ill  I'lirkes"  "Muiiiiiil  of  I'nu-ticiil  Ilytfiiiie."  vol.  II.,  p. 
4tM.  iiri'  us  follows: 

"Firsl,  Itind  lulaptt'tl  to  >riiiss  iirarlv  level  or  gently 
slii|iiii>;  at  tin-  rate  of  one  fourth  of  an  acn-  for  a  siiijfle 
family,  or  an  ucri'  for  a  comliiiiation  of  cijrlit  to  trii  fuini 
lii'S.  if  providcil  with  a  constant  walir  supply  under 
pressure.  If  the  water  supply  is  limited  to  w  hat  may  lie 
pumpeil  l)V  hand  cmi-  half  of  tin'  alio\  <■  area  will  lie  ample. 

"Seeoinl,  the  highest  pari  of  the  land  divoled  to  this 
purpoM-  shoulil  lieat  least  live  feet  lielow  the  level  of  the 
top  of  the  drain  where  it  leaves  the  lnuise. 

"Third,  llie  soil  should  he  thoroughly  under  draiiiecl. 
if  not  testing  on  a  dry  and  porous  suhsoil  liy  nature. 
I'lider drains  are  often  needed  in  clayey  or  retentive  soils 
and  should  ln'  laid  at  least  four  or  live  feet  lielow  thi'  sur 
faic.  at  intervals  of  aliont  twelve  feet,  with  a  free  outfall. 

••  Fourth.  Ihc-  land  slioidd  lie  gnideil.  unless  tolinilily 
smiKith  licfoiiliand.  .so  as  to  uvoiil  sudden  inequalities. 
A  surface  lliat  is  adapted  to  smooth  mowing  by  hand  is 
poiHl  enough  for  this  purpose. 

■"Fifth,  tile  soil  must  lie  enlirely  free  from  roct.s  of 
trees  and  shrubs.  These  woulil  choke  the  pipes  in  a  few 
Weeks.   ..." 

If  lioiLS*'  dniiiiage  is  conducted  directly  into  porous 
tiles  laid  under  the  surface,  the  lliiid  parts  will  <'scnpe  at 
everv  joint  while  the  soliil  matter  is  apt  to  cling  to  the 
interior  and  gnidually  till  them,  so  as  to  render  them 
pmetically  U'wh'ss.  hence  arnuigements  should  lie  made 
to  discharge  the  s<\vage  by  means  of  |)roperly  trapped 
and  ventilated  dniiiis  into  a  watertight  cesspool,  where 
it  will  macerate  and  li<iuefy,  and  to  discharge  the  con- 
tents periodically  with  su<ii  a  rush  as  to  till  the  whole 
svstem  of  distributing  l>ipes  at  once  and  brush  away 
slight  obstniclioiis  which  may  have  been  left  by  former 
discharges.  This  can  be  accomplished  by  providing  a 
stopgate  in  the  outlet  pipe  w  here  it  leaves  the  tank  to  be 
opened  Iiy  hand  when  the  tank  is  full  and  closed  again 
when  empty,  or  by  providing  a  siphon  or  tloat  to  dis- 
charge the  tank  automatically  whenever  tilled. 

Mr.  Philbrick  has  moditiedFicld's  siphon  to  be  used  in 
connection  with  these  sewage  tanks,  due  of  the  objec- 
tions to  this  plan  of  subsoil  irrigation,  while  excelhnt  in 
principle,  is  the  jiossibility  of  the  roots  entering  the  por- 
ous tiles  and  <liokiiig  them;  IhiTC  is  also  danger  from 
frost,  and  if  laiil  deeper  than  one  foot  the  vegetation  can- 
not assimilate  the  very  matter  we  wish  to  dispose  of;  for 
these  reasons  the  writer  favors  the  disposal  by  surface 
irrigation  along  the  fuiTows  of  growing  vegetation  or  in 
winter  on  the  s;ime  garden  spot. 

Fig.  'i'o't  shows  such  a  method  which  ^Ir.  Philbrick 
says  has  been  in  use  for  sevenil  summers  at  a  liou.se  used 
only  as  a  summer  resort,  and  has  been  attended  with 
complete  success.  There  is  an  overtlow  pipe  from  the 
cesspo<il  which  is  perfectly  light,  indicating  when  it  is 
full.  The  gate  in  the  outlet  ]>ipe  is  then  opened,  and  the 
whole  contents  are  distributed  on  the  kitchen  garden  in 
ten  iniiiutes.  If  an  oi)p<irtunity  is  selected  when  the  win<l 
is  blowing  from  the  house  to  the  garden,  no  ofTensivc 
odors  are  perceived  and  the  growing  crops  soon  absorb 
the  fluid,  much  to  their  advantage. 

When  a  proper  slope  cannot  be  hail,  we  must  of  neces- 
sity fall  back  upon  either  the  earth  closet,  tonueau,  or 
pail  system  for  the  collection  of  excreta,  while  the 
kitchen  slops  and  refuse  waters  from  the  house  should  be 
conducted  to  some  garden  spot  if  jmicticable  and  dis- 
posed of  by  irrigation.  The  ordinary  privy  pits  and 
open-box  iirivies  should  never  be  tolerated  :  the  undue 
prevalence  of  typhoid  fever  in  rural  districts  is  largely 
due  to  the  use  (if  these  makeshifts  and  neglect  in  the  dis- 
infection of  the  excreta.  The  history  of  every  sewered 
city  shows  a  les.sening  of  the  typhoid  death  rate  subse- 
quent to  the  construction  of  the  sewers  and  that  the 


typhoid  rate  Is  alwny*  higher  in  Kcctlons  iiip|)lle<l  with 
privy  piiK  and  open  receptacles.  The  only  niiMmablu 
explanation  for  this  is,  thai  fU'Wertt  carry  away  the  tilth 
and  germs  that  otlieruiM-  would  contaiiiiiial<'  Ihesiiil  and 
ground  water.  Kiil  even  If  there  were  no  wells  llieM: 
makeshifts  are  still  a  wiiirci'  of  danger,  in  mi  far  as  they 
favor  tile  trinsmission  of  the  Infeetion  by  means  of  DieH; 
nor  can  the  possibility  1n'  ignored  that  the  geriiiH  in  leaky 
or  overtlow  iiig  Ihixcs  may  reach  the  upper  layer  of  the 
soil  anil  with  the  pulveri/.ed  dust  gain  iiceeiw  U>  tile  sys- 
teiii.  These  conelusions  were  enunciated  by  the  wrHcr 
in  IHil.'i,  and  appear  to  have  found  ample  support  in  the 
experience  of  the  late  Spanish  American  war. 

//""*(■  IHkiiikih. — Special    reference   should    be  made  to 
some  of  the  insanitary  factors  likely  to  produee  iliseasc. 

Dampness  of  the  basement  and  walls  is  certain  to  ren- 
der the  air  of  the  housi'  damp;  this  not  only  leads  to 
undue  abstraction  of  animal  heat,  bulal.sii  iiitliiences  the 
cutaneous  f  unctions  and' favors  the  development  of  niieio- 
organisms.  The  air  of  habilalioiis  may  be  vitiated  not 
only  by  the  proilucls  of  respiration  and  by  exhalations  of 
the  skin  and  inoiilh.  but  also  by  the  proiliiets  of  combus- 
tion, by  |iiilriil  gases  from  decomposition  of  organic  matter 
(more  especially  sewer  air) .  and  last,  but  not  least,  by  the 
liousehold  dust.  Dr.  Charles  Smart,  in  his  able  article  on 
nir  and  its  impurities,  pp.  14T-|,V),  Vol.  I.,  has  fully  set 
forth  the  nature  and  elfects  of  thest;  inipnrities.  Severe 
outbreaks  of  acute  tonsillitis,  marked  by  great  intlainma- 
lory  swelling  of  the  tonsils,  foul  tongue,  gastric  derange 
nieiil,  .severe  headaehe,  inlense  depression  and  high  tem- 
perature, have  been  attributed  by  some  authorities  to  the 
entrance  of  sewer  polluted  air  into  the  habitations. 
Cases  of  typhoid  fever,  gasiro  enteritis,  diarrhiea,  and 
<lysentery  have  been  attrilmteil  t<i  the  same  cau.se.  and 
Parkes  tells  us  that  in  general  and  lying-in  hospitals  in 
which  the  air  of  wards  was  liable  to  pollution  from 
drains,  surgical  fever,  erysipelas,  jiya'mia,  septicjemia, 
and  puerperal  fever  were  quite  prevalent  and  fatal. 
Since  sewers  receive  the  excreta  of  patients  suffering 
from  intestinal  infections  and  also  the  wash  water  and 
secretions  from  persons  and  clothing  of  other  infections 
diseases,  it  may  be  presumed  that  they  contain  the  car- 
riers of  many  diseases,  but  it  is  not  so  easy  to  explain  the 
liberation  of  niicro-organisms  from  the  sewage.  Some 
believe  that  there  is  always  a  possibility  of  |iarticles  of 
sewage  becoming  dried  and  as  particles  of  dust  gaining 
access  to  the  air,  while  others  contend  that  during  evap- 
oration or  from  the  bursting  of  bubbles  of  gas  when  the 
sewage  is  putrefying,  the  germs  may  be  projected  from 
the  liquids  into  the  sewer  air,  and  may  then  in  conse- 
quence of  defective  traps  or  joints  in  the  drains  1h>  blown 
into  the  house.  While  there  is  ample  room  for  specula- 
tion on  the  subject,  in  the  present  state  of  our  knowl- 
edge we  may  conclude  at  least  that 
whether  sewer  air  contains  specific  or- 
ganisms or  not,  its  constjint  inlialation 
cannot  fail  to  lower  the  power  of  the 
system  to  resist  the  invasion  and  effects 
of  pathogenic  germs,  and  that  the  emana- 
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tions  from  choked  house  drains  are  more  injurious 
than  those  from  sewers.  The  inhalation  of  household 
dust,  apart  from  the  mechanical  irritation  of  the  mu- 
cous membranes  produced  thereby,  may  also  be  the 
means  of  carrying  infection;  since  the  tubercle  and  in- 
fluenza bacillvis  and  the  pneumococcus  are  doubtless 
often  conveyed  from  dried  and  pulverized  simtum  or 
mucus  deposited  in  the  room.  When  we  recall  the  bad 
effects  of  deficient  sunlight,  of  dampness,  impure  air,  and 
excessive  summer  heat.'we  can  appreciate  why  some  of 
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tlii'w  factors  should  Im;  especially  .potent  in  unsanitary 
(Iwelliugs  in  the  proiluction  of  certain  typical  house 
(lisi'nses. 

'S-nfiiln.  or  more  correctly  siieakiiig  n  chronic  form  of 
tulHTculoais  of  the  f;liuulular  system,  is  especially  com 
mon  among  children  br<>u<;lit  up  in  ilarU,  gloomy,  anil 
damp  habitations.  Tlie.se  cliililren  arc  an.emie  and  as 
puny  as  i)lants  reared  without  the  stimulating  elTcctsof 
sunlight.  Adil  to  lliis  fact  llial  ilampness  favors  the  de 
velo|inient  of  catarrlial  ccindilinns  which  rciidir  the  sys- 
tem more  vulni'mlile  to|iil)crculousiMfc<tion.  and  we  have 
a  reasonable  e.\plaiialic>n  why  this  dis(as<',  as  well  as /<«/ 
nioiiiin/  I'llnrriil'm's,  prevails  especially  among  inmates  of 
dampand  dark  liasiineiitsand  bncktoback  houses.  The 
death  nite  is  often  double  and  treble  that  of  other  locali- 
ties, and  while  there  are  doubtless  other  factors  which 
determine  this  frightful  morlality.  none  are  more  ixitent 
than  deticicnt  sunlight  and  ventilation,  especially  in  view 
of  till'  fact  llial  the  ubiiiuitous  tubercle  bacillus  clinging 
to  tloorsaiid  walls  in  carelessly  ixpeetorated  sjtulum.  may 
retain  its  vitality  and  even  proliferate  in  damp  and  badly 
lighted  rooms.  For  similar  leasons  (ll)ilillieri(i  and  cere- 
biv-npiiiiil  iiuiiiiigiliii  are  also  more  freipient  in  unsjuiitary 
dwellings.  Acute  and  chnmie.  rliiumntiKin  and  bronchial 
aftcdous  are  likewise  of  more  conunon  occurrence  in 
damp  houses,  and  in  recently  constructed  houses  which 
have  not  been  suHieieiitly  dried  and  aired.  IIi  re  again 
the  continued  abstraction  of  animal  lii  at  lowrrs  the  vi- 
tality of  the  inmates  and  favors  llie  development  of  these 
affections,  and  a  bronchial  catarrh  thus  produced  may 
render  the  mucosa  vulnerable  to  the  invasion  of  the  tu- 
bercle bacillus. 

Jiifdiitile  (liarrhaa  is  more  frei|uent  and  fatal  among 
the  inmates  of  the  upper  stories:  this  is  doubtless  due  to 
the  enervating  efTects  of  heat  and  the  more  speedy  de- 
composition of  food,  especially  the  milU,  in  the  heated 
atmosphere;  at  all  events,  iliinert  has  shown  that  the 
mortality  from  cholera  infantum,  at  Dresden,  was  11.37 
per  cent,  in  the  top  stories  as  compared  with  9. 13  on  the 
second  and  ;i.i)8  on  the  first  floors.  Similar  observations 
have  been  made  at  Berlin,  which  also  developed  the  fact 
that  still-births  occur  in  a  larger  proportion  among  the 
occupants  of  the  upper  stories  of  liouses.  Whether  this 
condition  is  due  to  the  causes  already  mentioned,  to  soci- 
ological conditions,  or  to  stair-elinibing,  remains  to  be 
determined. 

I^iititan/  Jiixpection  of  Bitildings. — The  eradication  of 
preventable  diseases  is  the  highest  aim  of  scientific  medi- 
cine, and  the  time  may  come  when  the  public  is  willing 
to  compensate  the  physician  "to  prevent  by  watchful 
foresight  so  far  as  is  consistent  with  the  jirogress  of  hu- 
man knowledge  "  the  outbreak  and  extension  of  such  dis- 
eases. Indeed  even  now  it  is  the  duly  of  health  oHicers 
and  medical  officers  of  the  public  services  to  examine 
into  the  cause  of  outlireaks  of  contagious  and  infectious 
diseases,  and  it  is  therefoie  desirable  to  iioiut  out  some 
of  the  subjects  to  which  an  intelligent  sanitary  inspeqtor 
pays  special  attention.  Such  an  examination  should  in- 
clude the  character  of  the  site  and  soil,  the  building  plans, 
nniterial  and  construction,  ventilation,  heating,  ligliting, 
plumbing,  water  supi)ly,  and  the  collection  and  disposal 
of  refu.si',  and  i)resu])i)oses  a  knowledge  of  the  causes  of 
propagation  and  best  methoilsof  prevention  of  infectious 
diseases;  also  a  knowledge  of  simitary  chemistry,  micro- 
scopy, and  bacteriology  in  order  to  determine  the  impuri- 
ties in  air,  water,  soil,  fund,  etc.,  the  prompt  and  accurate 
diagnosis  of  ilisea.se  and  the  ellicient  use  of  disinfectants; 
— in  fact,  a  good  siuiilary  inspector  must  pos,sess  a  general 
knowledge  of  the  subject  under  discussion,  good  com- 
mon sense,  the  habit  of  accurately  observing  facts,  and 
the  power  for  reasoning  from  causes  to  effects  and  by 
way  of  exclusion. 

Before   beginning  the  examinjition  of  a   building  or 
locality  proper  it  will  be  well  to  gather  all  the  inforiua 
tion  iKissible  from  all  persons  likely  to  throw  light  on  the 
subject  of  bad  water,  offensive  oiliirs,  and  uianv  other  de 
tjiils,  for,  as  remarked  by  Mr.  Frederick  N.  Owen,  "he 
will  often  find  that  this  "testimony  will  be  uniform  in  a 
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certain  direction  and  will  save  him  much  time  and  labor 
in  the  investigation  he  is  about  to  make,  by  directing  bis 
attention  to  some  one  point  as  the  probable  cause  of 
the  trouble."  There  are  thousands  of  houses,  clean  and 
well  kept  inside,  which  are  steei)ed  in  the  foul  exhala- 
tions rising  from  cesspools  and  vaults  in  the  immediate 
vicinity:  if.  therefore,  olTensive  odors  are  noticed  only 
when  the  wind  is  from  certain  directions,  the  inspector 
would  do  well  to  look  for  the  nuisjince  in  that  direction. 
The  ins|iector  should  be  systematic  in  his  methods  and 
all  the  observed  facts  should  be  carefully  noted  in  a 
memorandum  book. 

1.  The  examination  of  the  site  should  include  its  rela- 
tions to  sources  i.f  .soil,  water,  and  air  pollution,  such  as 
])roximity  to  marshes,  factories,  and  other  nuisances,  the 
presence  of  ])onds  and  stagnant  pools  with  special  ref- 
erince  to  mosquitos  as  carriers  of  malaria.  Attention 
should  be  paid  to  the  elevation  of  the  site  and  its  relation 
to  adjoining  lands  as  regards  drainage :  to  the  amount  and 
duration  of  sunlight,  prevailing  winds,  and  the  charac- 
ter and  amount  of  dust:  and  to  the  inlluenee  of  trees  close 
to  the  house  in  causing  dampness  by  shutting  off  sun- 
light and  air.  The  examination  should  also  be  directed 
to  the  cleanliness  of  the  yards,  outhouses,  and  the  char- 
acter of  the  diseases  in  the  neighborhood.  The  writer  in 
1S9.J  recorded  a  number  of  house  epidemics  of  typhoid 
fever  in  which  the  infection  was  doubtless  carried  from 
privies  to  the  food  supply  of  neighboring  houses  by  the 
agency  of  Hies. 

2.  The  examination  of  the  soil  on  which  the  house 
stands,  with  special  reference  to  dip  of  strata,  porosity, 
and  soil  jiollution,  height  and  fluctuations  of  the  ground 
water  as  determined  by  the  wafer  level  in  neighboring 
wells.  A  porous  soil  like  sand,  unless  upheld  by  a  stra- 
tiun  of  clay,  is  usually  dry  and  .salubrious;  clay  and  rock 
are  impervious  to  moisture,  and  the  wafer  usually  flows 
along  the  suifaie  to  some  lower  point ;  situations  at  the 
base  of  a  hill  are  especially  objectionable,  as  the  ground 
water  from  higher  levels  generally  comes  here  near  the 
surface  and  renders  the  soil  and  air  by  capillary  attrac- 
tion and  evaporation  more  moist  than  at  any  other  point, 
and  this  dampness  may  extend  to  the  walls  of  the  house 
unless  special  precautions  have  been  taken  in  the  manner 
described  on  page  T.V2  ("Construction  of  the  House  "). 

3.  The  examination  of  the  plans,  luimber  of  stories, 
construction  and  interiorarrangement  of  the  house  should 
include  the  permeability  and  hygroscopic  properties  of 
the  building  material.  Our  general  knowledge  of  the 
relative  ])ermeability  of  dilTerent  kinds  of  building  mate- 
rial will  en.-iblc  \is  to  form  an  opinion,  but  for  exact  deter- 
minations the  use  of  a  poro'sUop,  or  gasometer  and  manom- 
eter becomes  necessary.  The  caiiillary  attraction  nuiy 
be  determined  by  drying  a  suitable  piece  of  the  material, 
jilaeing  the  lower  I'Ud  in  water,  and  noting  thr  height 
to  which  the  moisture  ascends.  The  etlective  humidity 
of  certain  building  materials  is  detrrmined  by  weighing 
a  certain  sample  and  after  drying  it  at  a  temperature  of 
100'  C.  to  weigh  it  again.  The  loss  in  weight  indicates 
the  amoiuit  of  moisture.  The  relative  capacity  of  cer- 
tain building  materials  for  iiarting  with  their  moisture 
can  be  determined  by  jilacing  two  eciual-si/.ed  pieces  in 
water  uiUil  completely  saturjiteil.  and  then,  after  wiping 
them  off  rapidly,  exposing  tlum  to  a  uniform  curreid  of 
perfectly  dry  air.  From  the  length  of  the  time  consumed 
in  drying,  the  cajiacity  for  evaporating  moisture  may  be 
calculated.  The  material,  character,  and  conditiim  of  the 
roof,  gutters,  and  rain  leaders  should  receive  carefvd  at- 
tention. 

4.  The  examination  of  the  air  in  the  interior  is  impor- 
tant. Here  we  shoidd  remember  that  whenever  the 
vohnne  of  CO-,,  amounts  to  seven  vobnues  per  10.0(10.  with 
a  proportionate  increase  of  organic  impurities,  a  want  of 
freshness  is  observed,  and  when  nine  or  more  volumes  are 
)iresent  the  organic  odor  becomes  quite  perceptible, 
although,  as  pointed  out  by  Dr.  Smart,  Vol.  I.,  p.  1.^3, 
the  continued  occupancy  of  an  apartment  may  give  rise 
to  organic  odors,  clinging  to  the  walls  and  other  surfaces, 
when  COj  may  not  be  present  in  large  quanti'v.     Before 
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(•iitfriii);  into  a  RyNU'iiiiilii-  cMiniiniiliim  of  the  iiir  Tor  the 
<k-tiTiiiiiiiili<>ii  of"its  iiii|>uritii-s  (mn-  .1/c.  pp  1-17-l.Vi.  Vnl. 
I.)  IIS  ri'pii'ils  iiirlicinir  mill,  cirt;i»iii'  iiiiitlfr.  iiiiiiiiDiiiit. 
Iivilrn^cii  Milpliiilc  .  riirliiiii  iniiiiiixiili'.  micro nrpiiiisiiiM, 
ami  liiiiiiiilitv,  iiml  Im  tin'  ilili'iiiiiiiuliMii  i>l  luliirnir  spai'i- 
fur  till' iirrupiiiil-i.  it  will  lir  will  loimlr  llic  cliiinirli'i  iiiiil 
Imliit.Hiif  till'  iiiiililti's  us  rrpirils  I'lniiiliiirss,  Ilir  uiiiiiiiiit 
iif  liimsi'liiilil  ilirt  mill  ilii-^t  wliirli  liiis  iii  riiiiiiiliiti'il  mi  llii' 
Willis,  lliHirs,  iitiil  fiirtiiliiri',  iiiul  to  t-xiiiiiiiu'  tin-  rlosi-ts, 
NliiP'piiils,  pirluit'i'.  iiikI  iisli  ri'(  rplarli',  lis  will  iis  Ilii'  cini- 
(litioii  iif  till' wiitir  riosi'is.  Till'  liitirr  iiri-  oftrii  foiiml 
with  no  I'liiiiii  rtiuii  with  tin'  oiitrr  iiir,  liriii^  loiiitiil  in 
till'  liiiilillr  of  llir  lloiisi'.  Must  of  till'  privatr  ilwilliims 
liiivi'  no  ollii'i-  way  of  ilianirinic  llir  air  lliiiii  lliroWL'li- 
tloorwavs,  wi^iilows.  tninsonis,  ami  the  sraiiis  of  iniiii'i- 
fect  Horkniaiiship. 

.1.  We  slioiilil  sillily  till'  aimngcim-nt  of  rooms,  their 
lenjrth,  linailth  ami  luiv'ht,  th'or  ami  ciiliic  air  spiK-i-  for 
eiicli  oi'i'iipaiil.  ilisiriliiilion  of  liirht.  niinilii'i'  of  doors, 
tniiisoins  ami  w  imlows.  siiHlrii'm  y  of  vi'iitilation.  llir  si/.r 
of  frisli-air  inlits  ami  oiitlils.  ilirir  clranlinrss  ami  fnr 
(loin  fi'oni  ohstnirtioii.  \Vi'  slioulil  also  lest  tlii'  liiiniiilily 
of  tlif  air  in  ililTiiint  slorirs  liy  ini-ans  of  a  ri-lialilr  liy- 
jtroiiK'trr.  nimnilxrinjr  that  a  hiiiniility  of  (Id  .  saturation 
lieing  KM),  is  the  limit  for  liraltliy  ilwclliiiirs  in  this  coun- 
try. If  the  house  is  fotinil  to  lie  notiicalily  damp,  we 
may  liiiil  the  cause  in  imperfect  cemeiitiiig  of  cellars  or 
basements,  in  the  ahsi'nee  of  ilami)-pruof  courses  in  the 
walls  to  prevent  e.ipillary  attiiielion.  in  leaUiiiij;  down 
•spouts,  house  iliiiiiis  or  water-pipes,  in  ash  heaps  piled 
against  the  wall,  ahsorliiiiir  and  rclaining  nioislurc.  in 
obstructions  to  air  and  sunlight,  etc. 

6.  The  methods  of  heating,  as  by  stoves,  open  fire- 
places, steam,  hot  water,  or  hot-air  furnaces.  If  the  house 
is  heated  by  a  furnace,  the  position  of  the  fresh-air  inlet 
with  reference  to  sewer  drains,  underground  tlucts.  and 
other  impure  sources  should  be  noted.  The  very  [dace 
which  should  be  well  cemented  to  exclude  ground  air — 
namely,  right  under  the  furnace — is  freiiueiitly  neglect- 
<'d.  IJascineiits  and  cellars  must  be  cemented  to  exclude 
not  only  dampness  but  the  ei|Ually  objectionable  ground 
air  with  its  excess  of  CO j  and  other  impurities.  AVe  should 
also  note  the  character  of  fuel,  the  provision  of  dampers 
and  presence  of  coal  gas.  the  amount  of  lieat  obtained. 
and  the  quality  of  the  air. 

T.  The  ipiestion  of  natural  and  artificial  light  should 
receive  considemtion.  and  the  average  amount  and  dura- 
tion of  sunshine  should  be  noted.  Thus,  for  examjile, 
the  proportion  of  window  to  tioor  space  should  be  one- 
sixth  or  one-tifth.  and  in  temperate  climates  direct  sun- 
shine should  reach,  when  practicable,  all  parts  of  the 
room.  The  siitliciency  of  aitilicial  lighting  may  be  ap- 
proximately iletermined  by  observation,  and  quite  accu- 
rately by  the  emiiloymeiit  of  Bunsens  photometer.  In 
this  country,  the  unit  adopted  for  the  measurement  and 
comparison  of  lights  is  a  Xo.  t>  sperm  candle,  burning 
8  .gni.  per  hour  and  giving  out  a  light  known  as  "one 
candle-power."  Siieii  a  candle,  according  to  .Munson. 
contains,  on  analysis,  carbon  80  percent.,  hydrogen  ly  per 
cent.,  oxygen  0  per  cent.  The  quality  of  the  air  and 
the  tempi-nitiire  of  the  room  lighted  with  ordinary  illu- 
minants  should  also  receive  attention. 

8.  The  inspection  of  the  plumbing  is  one  of  the  most 
important  features  of  a  .siiiiitary  inspection.  If  an  olfeii- 
sive  odor  is  perceived  in  the  basement  it  will  suggest  the 
pos.sibility  of  a  leaking  drain  pi|ie;  and  if  inquiry  reveals 
the  frei|Ui'nt  presemeof  rats,  we  may  infer  that  the  house 
drain  is  in  direct  communication  wiili  the  sewer  and  that 
the  traps  and  lead  bends  are  likely  to  be  gnawed  and 
leaky.  Unfortunately,  in  most  buildings  the  jiipes  are 
hidden  behind  woodwork  and  underneath  lloors.  and  the 
owner  never  appreciates  the  importance  of  exposed  work 
until  the  workmen  have  to  tear  ii|)  lloors  and  walls  to 
permit  of  the  necessary  inspection  and  repairs.  Of 
course  this  should  not  be  done  until  a  general  examina- 
tion and  the  tests  for  plumbing  already  referred  to  indi- 
cate defective  work.  Very  often,  too.  the  owner  has  not 
the  faintest  idea  of  the  location  of  the  house  drains  and 
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soil  pIpi-K,  mill  thlH  Rlii^i^eHtH  llie  iiit-ewiity  nf  u  liiw  eriiii- 
pelling  every  lioiiKclioliler  to  presiTVe  a  wt  of  draw  iiigN, 
show  lug  the  liH'iilloii  of  drains  anil  vertical  will  pi|H-N. 

The  Inspeelioii  of  plumliing  kIioiiIiI  liegiii  w  illi  the  main 
drain  iind  pioieed  upward  to  all  the  laiiiitlcalions,  •■peciiil 
at  lent  ion  being  |iaid  to  ini perfect  caulking  of  joints,  open 
conni'Clions.  putty  joints,  holes  plugged  with  corks,  nig- 
patchi'S.  spots  of  corrosion,  lead  pipes  gnuwed  open  by 
mis,  etc. 

The  llxtiires  should  be  cnrefiiliy  examined  anil  their 
traps  or  water  seals  tested  in  order  to  learn  their  efll- 
eiiney  against  the  entrance  of  sewer  nil;  this  iiiiseMling. 
unless  special  precaiilioiis  have  been  taken,  is  sure  to 
occur  if  the  llxtiires  remain  unused  for  a  certain  time 
anil  the  water  in  the  traps  has  evaporated.  To  nnike 
this  test  Mr.  Owen  suggests  that  "all  the  basins,  baths, 
and  other  li.xtiires  above  tlie  traps  tobe  tested  and  on  the 
same  line  of  piping  should  be  tilled  with  water  and  then 
discharged  siniultaiieoiisly,  care  being  taken  that  all  the 
pipes  are  free  from  obslniclion.  The  lixtiires  below  the 
trap  should  then  be  tilled  and  dischiirgeil  in  the  same  wav. 
If  the  trap  ii-lain  its  seal  under  these  tests,  it  is  safe  to 
assume  that  it  is  an  elTictual  barrier  to  the  entrance  of 
.sewer  air."  For  the  deleclion  of  pin  holes  in  the  pipes, 
etc.,  which  cannot  be  seen  by  the  naked  eye,  the  "pep- 
permint." "  smoke  test,"  or  some  other  pungent  chemicals 
should  be  employed  in  the  manner  desiribed  on  page  7(1(1. 

The  follow  ing  list  of  defects  in  ]ilumbing  and  drainage 
have  been  eneounleied  by  -Mr.  Owen,  and  numerous 
specimens  illustrating  these  defects  have  been  observed 
by  (he  writer  in  the  Jluseuni  of  Hygiene,  iu  the  City  of 
\Vasliington: 

1.  Earthen-pipe  drains,  either  broken  or  with  leaky 
joints,  laid  under  the  cellar  lloor.  saturating  earth  with 
sewage.  2.  Section  of  earthen  jiipe  drains  completely 
obstructed  by  the  insinnaliou  and  growth  of  the  roots 
of  trees.  3.  Pipe  drains  without  sullieieiit  grade  or  with 
the  fall  in  the  wrong  direction.  4.  Drains  without  run- 
ning traps  admitting  sewer  air  from  sewer  or  cesspools 
to  the  pipes  in  the  house.  i>.  Drains  without  a  frei'  cur- 
rent III  air.  (i.  Hat  burrows  from  .sewers  and  along 
drains  undermining  lloors  and  admitting  foul  air  to  the 
house.  T.  8ecti<ai  of  soil  pipe,  the  lumen  of  which  was 
completely  obstructed  by  urinary  deposits,  because  of 
the  exposure  of  the  soil  pi])!'  on  the  outside  walls  of  the 
house  in  cold  climates,  s.  Soil  or  waste  piiies  without 
any  or  sutticient  ventilation.  Defective  connections  be- 
tween lixtiiiesand  wa.ste  pipes.  9.  Lead  pipes  and  traps 
gnawed  liy  rats.  1(1.  Water  closets,  cistern  w  itli  overllow 
joined  to  soil  pipe  or  drain.  II.  Safes  under  closet.s  or 
liasins  connected  to  soil  pipe  or  drain.  12.  Two  or  more 
fixtures  with  unveiitilated  Irapson  the  same  line  of  pipe, 
siphoning  each  other  when  used.  13.  Sink  overflow- 
pipes  joined  to  soil  ])ipes  untrapped  or  with  trap  liable 
to  siphon.  14.  Overllow s  from  tixtures  connected  with 
waste  pipe  on  sewer  side  of  trap  admitting  foul  ga.ses  to 
rooms.  1.").  Kaulty  traps  and  tixtures  without  traps. 
I().  Water  siii>plics  to  sinks  taken  from  water-closet  or 
other  contaminated  tanks  and  used  for  drinking  purposes. 
IT.  Haiu  leaders  used  as  soil  pipes  or  ventilators  to 
dniins,  delivering  foul  air  to  bedroom  windows  or  under 
caves  or  roofs.  18.  Ash  jiits  near  larders  and  pantries, 
or  liable  to  soak  moisture  to  walls.  19.  Defects  of  drain- 
age and  rat  burrows  from  neighboring  houses,  especially 
from  tho.se  located  on  a  higher  level.  20.  Cesspools  near 
houses,  wells,  or  cistern.s.  pollutin.sr  the  drinking-water. 

If  an  outbreak  of  contagious  or  infectious  disease  is 
being  studied,  and  up  to  this  point  the  inspector  has  not 
reached  any  conclusion,  it  is  desirable  to  consider  the 
po.ssibility  of  the  germs  lieing  carried  by  tlies.  mosquitos. 
and  other  insects.  Our  investigation  should,  of  course, 
extend  to  the  water  supply,  milk,  food,  and  even  the  ice 
supply. 

The  general  principles  set  forth  in  the  foregoing  pages 
are  equally  apidicable  to  the  inspection  of  public  build- 
ings, schools,  hospitals,  i)risons,  barracks,  asylums,  etc. 
(For  iuspcctiou  of  dairies,  etc.,  see  Milk-Ii>rnc  Di«tea*eit.) 

George  M.  Kober. 
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HOWARD    SPRINGS,    LAKE    COUNTY,    CALIFOR- 

NIA.- 

PostOffice.— Pulali.     Hotfl  and  cottages. 

ArCF.i*8.— From  Sun  Fmncisi'o.  Sncmim-iito.  or  Wood- 
lantl  to  C'nlisfoffii,  tliciuc  by  stiigc  Tliist-  spriiifis  iirr 
foiirlrcn  in  iiunilHT  mid  ari'  i>i(tiires(iii(ly  located  in  a 
monnlainous  )iino  rff;ion  '.2.240  fcit  nliovi'  the  li-vi-1  of  tlio 
son  Following  is  a  inumlitalive  analysis  of  tlie  princi- 
pal springs  liy  Prof.  W.  T.  Wfuzell.  California  College 
of  Pharniacv : 
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It  will  he  observed  tbat  the  "E.xcelsior"  spring  is  quite 
similar  to  some  of  the  Saratoga  springs  of  Xew  York. 
Tlie  percentage  of  sodium  chloride,  however,  is  much  less 
than  thai  of  its  Eastern  namesake,  the  Saratoga  Excelsior, 
while  tlie  amount  of  sodium  bicarbonate  is  about  twice 
as  great.  The  water  is  mildly  purgative,  and  on  account 
of  the  considend)le  iiuantity  of  litliia  which  it  contains 
is  useful  in  a  number  of  urinary  complaints,  especially 
calculus  and  gravel.  The  "  Twins  "  No.  2,  although  only 
si.x  feet  apart,  show  a  remarkable  dillerence  of  temper- 
ature, one  being  cold  at  .50  F.,  the  other  thermal  at 
102°  F.  The  water  of  the  hot  spring  is  a  very  etlicieut 
cathartic,  and  is  used  in  hcbitual  constipation,  chronic 
dyspepsia,  and  in  certain  disea.scs  of  the  liver  and  kid- 
neys.  On  account  of  the  large  (juautity  of  iron  contained 
in  the  "Eureka"  spring.  No" 3,  it  has  gained  great  celeb- 
ritv  in  the  treatment  of  ana-mia,  del)ilitj',  etc.  The 
"Neptune,"  No.  4,  is  also  quite  rich  in  iron,  besides  con- 
taining considerable  ([uantities  of  magnesia,  lime,  and 
sodium.  The  water  is  tonic  and  mildly  la.xativcin  its  ac- 
tion. The  "Soda"  spring,  No.  ."),  being  very  rich  in  car- 
bonic gas,  ff>rms  a  pleasant  cooling  ctTervcscent  draught, 
if  the  water  be  taken  directly  from  the  spring.  It  con- 
tains a  liltle  iron  and  has  mild  tonic  properties. 

.lumen  K.  Crook. 

HOWARD  SPRINGS,  LAUDERDALE  COUNTY,  ALA- 
BAMA. 

l'«iM-()KKI<  K. — Florence.      Hotels  at  Flnrencc. 

The  springs  are  located  one  mile  and  a  half  from  the 
Tenne.s.see  Hiver.  and  half  a  mile  from  Florence  at  the 
junction  of  the  Jlemphis  and  Charleston,  and  Louisville 
and  Nashville  railroads.  The  river  is  navigable  for  ten 
months  in  the  year.  Florenci-  has  a  population  of  8,000 
and  posses.ses  abundant  hotel  facilities. 

The  climate  in  this  section  is  mild  and  equable  and  the 
weather  is  not  sulijeet  to  sudden  changes.  In  181)0  it  is 
said  that  the  highest  temperatunt  was  N!).."i  F..  the  lowest 
64'  F.  The  average  summer  temperature  ranges  from 
79'  to  84',  an<i  the  nights  are  almost  always  cool,  requir- 
ing light  blanket.s.  The  usual  winter  temperjiture  ranges 
from  .54°  to  ,59'  during  the  day,  and  from  40'  to  48'  at 
night.  The  coldest  weather  ever  known  in  Florence  was 
in  January,  1893,  when  the  mercury  fell  to  9.5°  above 


zero.  The  elevation  here  is  about  1,100  feet  above  the 
sea  level,  and  the  surrounding  country  is  gently  undulat- 
ing. The  springs  are  three  in  miniber.  No  (juantila- 
tive  analysis  has  been  made,  but  according  to  an  old 
(lualitalive  examination  by  Professor  Tuomey,  State  Ge- 
ologist, !'^pring  No.  1  contains; 


Hvilroolilorlcaeld. 
Siilptiurlc  iirld. 
Caleluiri  rarbonate. 
Iron  carlionnte. 


Sulphurou-s  arid. 
Sulpluirii'  uelil. 
Alum. 
Majmesia. 


Another  spring  is  said  to  contain  ferric  alum  in  large 
jiroporlions.  and  has  a  considerable  re|nitation  in  the 
treatment  of  diarrhfea  and  dysentery.  The  third  spring, 
about  .500  feet  distant  from  No.  1,  contains  sulphur,  and 
is  used  in  skin  diseases.  The  waters  of  No.  1  have  an 
extensive  reputation  in  the  treatment  of  Bright's  dis- 
ease, diabetes,  and  other  disorders.  For  various  reasons 
these  springs  have  been  more  or  less  neglected  since  the 
Civil  A\ar.  James  K.  Crook. 

HUANUEOBARK.     See  Cinchona. 

HUBBARD  SPRINGS.— Lee  County,  Virginia. 

PosT-(  )KFKK. — lonesville. 

A((  Kss. — Via  Louisville  and  Nashville  Railroad  to 
Hubbard  Springs  station,  thence  a  walk  of  two  hun- 
dred yards  to  "springs.  These  springs  are  located 
seven  "miles  from  Jonesville  in  southwest  Virginia. 
The  surrounding  country  is  rugged  and  broken  in 
character,  the  sjirings  being  in  a  charming  valley  at 
the  foot  of  the  Cumberland  Mountains.  The  elevation  is 
about  1.450  feet  above  the  sea  level.  There  are  four 
springs  located  in  a  space  of  thirty  feet  square,  and 
known  respectively  as  the  "  White  Sulphur."  the  "  Black 
Sulphur."  the  "Chalybeate."  and  the  "Frustom."  An 
analysis  has  been  made,  but  the  results  are  not  known  at 
this  time.  The  waters  are  stated  to  be  much  valued  in 
rheumatism  and  in  disorders  of  the  liver,  kidneys,  and 
gastrointestinal  mucous  membrane.  No  special  accom- 
modations are  provided  for  visitors,  but  board  and  lodg- 
ing may  be  obtained  in  the  neighborhood. 

Ja lilts  K.  Crook. 

HUDSON  HOT  SPRINGS.— Grant  County,  New  Mex- 
ico. 

Post-Office. — Hudson.     Hotel. 

Access.— Via  Atchison,  Topeka.  and  Santa  Fe  Railroad 
(Silver  City  branch  to  Hudson,  thence  by  coaeh  to 
springs).  The  location  is  twenty. live  miles  from  Deming, 
at  the  junction  of  the  Southern  Pacitic  and  .Vtchi.son  rail- 
roads. At  present  the  acconuuodations  for  guests  are 
limited,  the  hotel  having  been  destroyed  by  fire  and  not 
rebuilt.  Plans  are  completed,  however,  for  the  erection 
of  a  hotel  of  f]fty  rooms  with  all  modern  conveniences, 
and  it  will  no  doubt  be  ready  for  occupancy  before  this 
work  is  printed.  The  location  is  5.000  feet  above  the 
sea  level,  and  is  in  a  broad  valley  open  on  the  south  for 
many  miles,  and  surrounded  on  other  sides  by  mountains 
distaiit  from  ten  to  fifteen  miles.  ()u  the  east,  four  miles 
distant,  Mows  the  Mimbres  River,  whose  valley,  from  one 
to  two  miles  in  width,  is  dotted  with  a  succession  of  fine 
farms  and  orchards.  The  variations  of  tempeniture  are 
never  extreme  in  this  region,  the  air  being  pure  and  dry 
and  the  rainfall  light,  occurring  almost  entirely  in  .July 
and  .\ugust.  The  flow  of  water  from  the  springs  has 
not  been  measured,  but  it  is  sullicient  to  irrigate  eight 
acres  of  land.  The  following  analysis  of  the  Hot  Springs 
was  made  by  Prof.  W.  1).  Church,  chemist: 


One  United  States  Gallon  Contains: 

Solids. 


Grains. 
1.55 


Silica 

oxide  of  iron  and  alumina 50 

Calcium  ciirlionatc 4  45 

Mapncsium  carlMiiaie 2.62 

Solulilc  sulplialesand  carbonates  of  sodium  and  potassium  l.^..^ 
Sodium  cidoi-idi! -'.27 
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Temperature  of  water,  142°,  F. 
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ShIIiiiii  fhkthde  . 
S4Klliini  siil|t)ilile  ... 
S4Mliiiiii  sulptuite ... 
Sodium  phosphate  . 
SiKlitiiii  Pilionilt' ... 
Sodium  ruriionale., 
Aiiiiiioniiim  (frfv)  . 


1.44 

.85 

.61 

Trace. 

Tnice. 

8.79 

.02 


Albuiniuous  ttminonln Trace. 

Total 16.K> 

James  K.  Crook. 

HUNTERS     PULASKI     ALUM     SPRINGS.— Pulaski 

C'ouiitv.  \ii  ;.'iiii;i. 

P(>!*t-Offk  K. — Sa.ssin.     Hotel. 

These  spiiugs  are  located  eight  and  onehiilf  miles  north 
of  Pula.ski  City,  from  which  point  tliey  are  reached  by 
carriages  and  stages.  The  location  is  very  pleasjint  an<l 
pictiires<(ue.  being  about  2.000  feet  above  the  sea  level, 
and  surrotinded  by  beautiful  nioinitain  scenery.  The 
average  stunnier  temperature  at  Pula.ski  Springs  is  71.6' 
F..  and  malarial  disorders  are  said  to  be  unknown.  Ini 
mediately  surrounding  the  springs  are  shady  lawns  and 
cbarmiug  walks  and  drives,  which,  with  the  pure  air  and 


It  is  Hiilil  lIlHl  (eriain  of  llii'  diwasi'sof  tlii'  IiIoimI,  liver.    ' 
kidneyt".  and   Ktoniuch   arc   uiiich    lienellti-d    by    the  hot-    j 
water  baths  conjoltied  with   Ihi'  internal  adniinistnilion 
of  water  of  the  colil  spring.      On  accounl  of  the  I'lpialile 
clinuite  it  is  .sjife  to  visit  this  resort  at  any  season  of  the 
year,  .litrnt*  K.  Crouk. 

HUNTERS   HOT  SPRINGS.— (iallalin  County.   Mon- 
tana 

I'osr OKKiii:.— Spriiigilale.      Hotel  and  saintarinm. 

Aci'Kss.  —  Via  Northern  I'iieillc  Uailroad  to  .'spriiigdiile, 
where  slagis  (•(■nnect  with  the  springs,  thni'  inilis  dis 
tant.  till'  road  eros..iiig  a  inagniticent  iron  bridge  idi  the 
Yellowstone  Kivir.  Hunter's  Springs  are  silinited  at  the 
Ui.sc  of  the  foothills  of  what  is  known  as  the  (.'razy 
Itange  of  mountains  The  location  is  1,000  miles  w<'s( 
of  St.  Paul  and  1»20  miles  east  of  Portland,  Ore.,  and 
lias  an  altilmlc  of  4,IH0  feet  above  the  sea  level.  The 
surionnding  s<  inery  is  of  the  gland  and  r<dnantic  eliar 
acler  coninionly  bmiid  in  Ihi'  Uoiky  Moiiiilains.  The 
rlimate  is  dry  and  sidubrious.  and  severe  storms  are  \ui- 
kuown  The  tliermometer  seldom  reaches  as  high  as  1)8" 
F.  in  summer  or  as  low  as  /.ero  in  winter.  The  springs 
boil  up  from  ii  rocky  ledge  in  the  bottcdii  of  a  little  val 
lev  or  basin  enclosed  by  gently  undulating  hills.  They 
are  twenty-seven  in   number  and  aie  arninged  in  tliiee 

Iuincipal  groups,  varying  in  beat  from  1-IS  F.  to  UiH 
'.,  with  a  combined  oiitjiour  of  about  illl.OOO  gallons  per 
hour.  The  water  is  clear  and  sparliling  and  icmarUalily 
soft.  At  present  only  the  waters  fmm  the  upper  springs 
are  used  for  the  baths  of  the  saiiitaritim.  The  baths  for 
ladies  anil  genlleiiieii  are  in  separate  buildings,  each  tilted 
with  a  plunge,  tub,  and  vapor  baths,  and  licated  by  the 
hot  waters.  About  eighty  rods  from  the  Imlh-house  is 
an  outdoor  summer  bath,  about  one  hundred  and  live 
feet  square  and  from  four  to  si.x  feet  deep,  sujudied  with 
water  from  the  lower  group.  This  is  sjiiil  to  be  the 
largest  bath  of  hot  mineial  water  in  llie  I'nited  Stales. 
The  sjinitjirium  connected  with  the  springs  has  recently 
been  enlarged  and  is  adeciualely  prepared  for  the  recep- 
tion of  various  classes  of  patients.  Cases  of  rheumatism, 
liver  disorder,  bronchial  catarrh,  asthma,  gout,  and  ute- 
rine di.sea.scs  have  been  benetiud  or  cured  by  a  sojourn  at 
this  resort  and  the  useof  the  waters  and  baths.  An  anal- 
ysis by  Profes.sor  Xoyes,  of  the  Minnesota  State  Univer- 
sity, resulted  as  follows: 

O.vE  Unitkd  States  Gallon  Coxtaixs: 

Sullds.  Grains. 

Slllra 4,.i2 

Aliindna 07 

Iron  rarbonale Trace. 

Calcium  carlK>nale .23 

Ma*rni-sluin  rarlM*nate Trace. 

Lithium  iarl><>iiate Trace. 

l*i>Ia.ssiuin  rarlRHiale ,32 

I'..tii.s.siiiin  Iodide Trace. 

I'l  iin.s.siiiin  bnunlilc Trace. 


romanlic  landst'apeK,  ri'iider  the  iilaee  very  attiartjve 
dining  the  siinimer  monllis.  Kxci'llent  tlHlilngand  hunt- 
ing may  be  had  In  the  vicinity.  The  springs  are  two  In 
number.  They  have  been  analy/ed  by  I)i.  William  II. 
Taylor,  State  Assayer  and  Cheinisl,  with  the  fulluwiug, 
results: 

0.\F.  Umteii  8tati>  G.ii.ion  Ciintainh: 
Solldn.  Graliu. 

rHtasnillln  Mll|>hll(e U.31 

SmIiiimi  Niilphiiii' .82 

I.Uhliim  Hiilphfiii' TnuM*. 

Calrium  Mllphale .60 

Ma^ni-^iiiiii  Mllphale ].2n 

.Aluminum  sulphate 10,40 

Iron  MUl)>hate J.W 

.Maniniiii-Hi-  Milphatc Trac(\ 

Soilliim  ihliirlde II 

Slliia 3J17 

FriH-  sulphuric  add 03 


ToUil  . 


26,88 


The  chemist  states  that  his  analysis  was  not  complete. 

and  that  further  tests  would  show  the  presence  of  addi- 
tional iiiiiieral  ingredients.  The  water  is  recommended 
in  dyspi  psia,  diarrho  a,  and  dysentery,  and  locally  in 
catarrhal  stales  of  tlic  mucous  membranes.  It  is  used 
comiiuiiiiilly.  James  K.  Crmk. 

HYALIN.  -This  is  the  chief  organic  constituent  of  the 
wallsof  hyilal id  cysts,  and  isrelated  cheniically  to  cliitin. 
The  walls  of  the  older  transparent  cysts  are  compo.sed  of 
pure  ash  free  hyaliii:  those  of  the  younger  cloudy  cysts 
are  albuminous  and  contain  various  siills.  Hyalin  has 
been  found  only  in  ecliinococcus  cysts.  From  the  older 
cyst  walls  it  is  obtained  in  water  solution  under  high 
pressure. 

Pure  liyalinis  opalescent,  trans]iarent,  insoluble  in  cold 
water,  alcohol,  and  ether,  but  soluble  in  over  heated 
water  (l.'iO  C.).  It  is  not  soluble  in  acetic  acid,  and  only 
slightly  in  cold  hydrochloric  and  nilrie  acids,  but  dis- 
solves completely  in  hot  solutions  of  the  latter  two.  In 
concentrated  potassium  anil  sodium  hydro.xides  it  is 
slowly  and  incompletely  dissolved.  .Vccording  to  LUcke 
its  composition  is  as  follows:  C.  44. 1— J.5.3,  II,  ()..')-().7, 
N.  4,5-5.2,  O.  43-44.7  per  cent.  From  the  water  solution 
it  is  precipitated  by  alcohol,  acetate  of  lead,  and  mercuric 
nitrate,  but  not  by  acetic  aciil  and  jiotassium  ferrocyanide 
or  mercuric  chloride.  By  the  latter  reactions  it  is  distiu- 
guislicd  from  albumin.  Neither  tannic  acid  nor  chlorine 
water  preciiiilates  it.  If  the  water  solution  is  boiled  with 
dilute  sulpliuric  acid  reducing  substances  are  formed, 
which  witii  yeast  yield  alcohol  and  carbonic  acid,  and  ar& 
strongly  dextrorotatory,  proving  to  be  grape-sugar.  It 
has  been  estimated  that  the  older  cyst  walls  yield  fifty 
per  cent,  of  their  weight  of  this  substance.  From  chilin, 
to  which  it  is  most  clo.sely  related,  hyalin  is  distinguished 
by  its  solubility  in  water  at  l.'iO    C. 

Aldred  Scott  Wartkin. 

HYALINE  DEGENERATION,— Underthis  head  there  is 
clasMil  liy  varinii--  w  lilc  is  .i  large  number  of  pathological 
processes  of  widely  dilliring  origin  and  nature,  character- 
ized in  common  by  the  produi'tion  of  a  clear,  homoge- 
neous, refractive  material  to  which  the  name  hyalin  is 
applied.  The  most  coniprehensive  use  of  this  term  is 
that  employed  by  von  RecUlingliausen  who  detines  hya- 
lin as  a  homogeneous,  refractive,  albuminous  body,  stain- 
ing well  with  eosin,  carmine,  picrocarminc,  and  acid 
fuchsin,  resistant  to  water,  alcohol,  acids,  and  ammonia; 
in  these  respects  resembling  amyloid,  but  giving  none  of 
the  specific  amyloid  reactions  with  iodine  or  the  aniline 
stains.  In  accordance  with  this  definition,  he  cla.sses  as 
hvalinc  substances  epithelial  colloid  and  keratohyalin 
U'ltil/uliiil  hjiiilin),  the  hyaline  products  of  connective- 
tissue  cells  and  intercellul;ir  sub.stance  (connecttre-tisfue 
or  coiijuiietiral.  Iii/nlin).  hyaline  products  of  coagulation 
(blood  hyalin).  hyaline  inilammatory  exudations  on  sur- 
faces, into  tissues,  urinary  tubules,  etc.  (ejudiition  hya- 
lin), and  tissue  necroses  presenting  a  hyaline  appearance 
(hyaline  necrosis).     Further,  the  hyalin  formed  in  connec- 
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(ivi-  lissurs  is  111  111'  ilividcil  into  two  cliissi-s:  that  formed 
hy  It  siTri'lory  prniM'SS  on  llir  jmrt  iif  (lie  ciiniu'itivctis- 
sur  ii'lls.  iiiiil  tiiiil  ii'suliiiiir  froin  a  dcirciRTiiIiini  or  inlil- 
trillion  of  the  iiitrrsliliiil  sulisliuur.  Siiuc  llicsc  various 
siilisiaiircs  nil'  of  (liircrcnt  oiiiriii  ami  are  not  cliciiiically 
iilcnlical,  as  shown  liy  lluir  irriat  clilTcrciicc  in  staininir. 
till'  above  <lassitiealion.  resting  as  it  does  only  upon  a 
<'oinnion  physical  properly,  has  not  heen  acrepted  liy  the 
majority  <if  patholoL'ists.  who  elass  the  greater  part  of 
these  proces,se.s  under  other  heads  than  that  of  liyalin. 
niid  reslriel.  the  term  hyaline  dejrenemtion  almost  entirely 
to  the  hyaline  ehanges  oe<urring  in  eonneetive  tissui'. 

Ui/it/int'  Jh'iffitfnifi'tiit  of  i'intiK'''ltfi'  TiMf/t. — The  jj^rouji 
of  changes  oreurrin!;  in  connective  tissue,  in  which  the 
lilirous  liasic  sulistanee  lieeomes  structureless  and  homo- 
geneous, is  at  the  present  time  usually  underslooil  by 
I>atliolo!iists  when  the  term  hyaline  deireneratimi  is  used. 
In  the  earlier  stages  of  this  degeneration  the  connective- 
tissue  tihrilla;  become  swollen  and  are  gradually  trans- 
f<irnied  into  coarse,  irregular  hyaline  strands  or  even  into 
nodidar  mas,ses:  in  other  cases  they  may  become  contlu- 
fiit.  forming  uniformly  homogeneous  masses:  or  masses 
of  hyaline  substance  may  be  formed  between  the  tibrilhe. 
the  latter  gradually  disappearing.  Neither  the  hyaline 
material  into  which  coimective  tissue  may  be  transformed 
nor  that  by  which  it  may  be  replaced  has  yet  been  shown 
to  be  a  distinct  <liemical  entity.  In  both  cases  the  sub- 
stjuice  closely  resembles  amyloid,  but  dilTers  from  it  in 
that  it  has  no  specilic  reactions  with  iodini'  and  the  ani- 
line dyes.  There  are.  however,  reasons  for  believing  that 
the  chemical  relationship  of  these'sulistances  is  very  close, 
inasnuichas  it  has  been  shown  that  the  two  are  frequently 
found  in  combination  and  that  under  certain  conditions 
amyloid  may  lo.se  its  specific  reactions  and  become 
changed  into  hyalin.  The  formation  of  hyalin,  similar 
to  that  of  amyloid,  in  many  cases  partakes  more  of  the 
nature  of  a  lU/Kixit  than  a  fnu:  lUf/i  iiiriitiiDi. 

The  most  characteristic  staining  reaction  of  liyaliu  is 
villi  acid  fuchsiu.  This  is  best  brought  out  by  the 
methods  of  Van  Gieson  and  i'ianese.  Jiy  means  of  this 
reaction  it  may  be  distinguished  from  amyloid,  colloid, 
mucin,  though  its  behavior  with  this  stain  is  not  alwajs 
constant.  The  staining  variations  are,  however,  largely 
dependent  upon  the  age  an<l  ilensily  of  the  hyaline  sub- 
stanc<',  and  the  ease  with  which  it  is  iienetrated  by  the 
staining  tluid.  Hecently  formed  hyalin  stains  light  lose- 
red;  old  hyalin  a  very  deep  red  wiirn  penetrated  by  the 
stain,  but  with  Van  Gieson's  method  it  often  stains  yel 
lowish,  the  acid  fuchsin  not  having  penetrated.  It  is 
very  prolialile,  however,  that  the  hyaline  changes  in  con- 
nective tissue  are  not  identical,  but  represeuf  a  class  of 
closely  related  conditions. 

As  in  the  case  of  amyloid,  hyalin  is  most  freiiuentlv 
found  in  the  walls  of  blood-vessels,  but  ditTers  from  the 
former  in  being  fouml  in  connective  tissue  without  show- 
ing any  relation  to  the  vessels,  iiarticularly  in  the  case  of 
glaniliilar  .stroma.  Phy.siological  hyalin  occurs  in  large 
mas,ses  in  ovarian  corpora  fibrosa,  where  it  eonstitutesa 
normal  formation  in  the  process  of  obliteration  of  the 
corpus  luteuni.  The  formation  of  hyalin  in  the  blood- 
VL'S.sels  in  old  age  is  also  to  be  regiirdid  as  of  the  nature 
of  a  physiological  process.  Under  normal  conditions  the 
blo(K I  vessels  of  the  ovary  are  the  first  to  show  this 
change,  and  this  organ  at  the  menopause  shows  exten- 
sive hyaline  change  in  the  walls  of  its  arterioles.  A 
similar  change  is  found  at  this  time  in  the  uterine  vessels. 

The'  palhologieal  formation  of  hyalin  may  occur  in  ap- 
parently normal  connective  tissue,  or  in  tliat  altered  bv 
pathological  procisscs,  in  newly  formed  connective  li.ssue 
following  inllaminatory  processes  or  that  developini;  in 
tumors.  Hyaline  degeneration  occurs  nio.st  frequentlv 
in  the  walls  of  the  lilood-ves.scls,  heart  valves,  eudoear- 
diiim,  kidney  glomeruli,  lymph  glands,  splenic  follicles, 
connective  tissue  of  the  thyroid,  parotid,  lachrymal  ami 
niaminary  glands,  tunics  of  the  testis,  |ieriosteiim,  bursa' 
and  tendon  sUwiths.  In  the  connective  tissue  of  tumors 
it  is  of  very  frei|ueiit  occurrence,  particularly  in  the  case 
of  the  endothelioinutuof  the  serous  glands  and  meninges. 


The  reticulum  of  tubercles  is  often  hyaline  in  character, 
and  hyaline  conneelive  tissue  is  not  infreipiiMitly  formed 
about  old  tubercles,  in  old  scars,  granulomata.  etc. 

Hyaline  change  is  rarely  massive  enough  to  be  visible 
to  the  naked  eye.  When  .|iresent  to  such  an  extent  it  is 
manifested  by  whitish,  semitransluci'nt.  h.ird  and  dense 
areas  resembling  scar  tissue,  replacing  the  normal  struct- 
ure. It  is  usually  whiter  and  les.s  translucent  than  amy- 
loid. In  blood-vessels  showing  much  change  the  walls 
may  be  thickened,  stitfcned,  anil  the  lumen  partially  or 
wholly  blocked.  From  the  hard  and  dense  character  of 
tlu'  process  hyaline  degeneration  is  usually  spoken  of  as 
scli-rosis:  in  liloo(l-ves.sels,  either  arterio-  or  phleboscle- 
rosis. 

Sclerosis  of  veins  is  not  nearly  so  common  as  that  of 
arteries,  but  is  of  quite  constant  occurrence  in  organs  and 
tissues  affected  by  chronic  inllammatory  processes.  The 
sclerosis  of  artei'ies  may  be  considered  pathological  when 
it  occuis  at  an  early  age  or  to  an  excessive  degree.  The 
small  arterioles  of  the  splenic  follicles,  kidney  glomeruli, 
brain  and  sjiinal  cord,  and  the  intima  of  the  larger  arteries 
are  paiticularly  subject  to  hyaline  change.  In  many 
cases  the  hyaline  substance  is  formed  immediately  be- 
neath the  endothelium  in  a  manner  similar  to  that  of 
amyloid:  in  other  cases  there  is  first  a  proliferation  of 
connective  tissue  beneath  the  endothelium,  the  new  tis- 
sue gradually  losing  its  nuclei  and  becoming  converted 
into  hyalin.  Not  infrei|uently  the  formation  of  hyalin 
takes  jdace  only  in  the  outer  coat  of  the  vessel.  The 
small  arterioles  of  the  splenic  follicles  and  the  kidney 
glomeruli  are  often  the  tirst  vessels  in  the  body  In  show 
sclerotic  change.  The  extent  and  location  of  tliis  change 
are,  however,  very  variable:  in  some  eases  it  may  be 
confined  to  the  coronary  arteries,  while  in  others  the 
small  arterioles  of  the  central  nervous  system  may  alone 
lie  afTected. 

The  connective  tissue  of  tibromyomata  very  often  un- 
dergoes liyaline  change.  Similar  processes  occur  in  the 
endothelial  tumors  of  the  brain,  meninges,  and  .senius 
glands.  In  these  tumors  the  chief  part  of  the  growth 
may  sometimes  consist  of  hyaline  material.  When 
formed  into  cylinders  or  colunuis  about  the  vessels  the 
tumor  is  designated  a  cylindroma.  In  the  mixed  endo- 
thelial tumors  of  the  serous  glands  hyaline  mat<Mial  is 
formed  after  the  manner  of  a  secretion  on  the  jiart  of  the 
endothelial  cells  lining  the  lymjih  spaces.  A  similar 
formation  of  hyalin  at  the  expense  of  the  interstitial 
cells  occurs  in  the  connective  ti.ssuc  of  the  conjunctiva 
and  thyroid.  In  the  latter  the  formation  of  hyalin  in 
large  amounts  causes  atrophy  and  compression  of  the 
glandular  elements,  so  that  not  infrequently  there  is  but 
little  functionating  gland  structure  left,  th<'  entire  organ 
becoming  changed  into  a  hyaline  mass  in  which  the  gland- 
ular n'luains  are  with  didiculty  made  out.  The  base- 
ment membrane  of  Bowman's  ca])sule  and  of  the  acini  of 
the  mammary  gland,  as  well  as  that  of  the  tubuh-s  of  kid- 
ney and  testis  under  certain  conditions,  becomes  hyaline. 
Atrophy  of  the  parenchyma  usually  follows  this  change. 
Hyaline  glomerular  scars  (obliterated  glomeruli)  are 
almost  constantly  found  in  the  kidneys  as  the  result  of 
the  destruction  of  the  glomerular  parenchyma:  a  similar 
sclerosis  of  the  areas  of  Laugerhans  in  the  jiancrcas  may 
occur  in  association  with  advanced  general  arterioscle- 
rosis. 

Fibrinotis  exudates  upon  serous  membranes  may  be- 
come organized  and  the  newly  formed  connective  tissue 
sutTer  hyaline  change.  Such  hyaline  formations  are  not 
infre(|Uenlly  seen  iijion  the  surface  of  the  spleen,  liver, 
pericardium  (so-called  solilier  or  milk  s]iots),  and  pleura. 
Old  pleuritic  and  pericardial  adlu'sions  may  be  entirely 
composed  of  hyaline  material,  all  cells  having  disap- 
Jieared.  The  hyaline  bodies  called  rice  bodies  or  eorpus- 
cula  oryzoidea  found  in  pathological  conditions  of  the 
tendon  sheaths  and  bursa'  are  for  the  greater  jiart  com- 
posed of  loosened  ma.sses  of  organized  fibrin  which  have 
undergone  hyaline  change.  In  cirrhosis  of  the  liver  and 
in  chronic  nephritis  the  new  connective  tissue  frequently 
is  hyaline  in  character.     Old  infarct  scars  show  a  like 
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chuiiKi*.  After  c'<iiii|ilc-l(-  orpuiizalion  of  obtiinitiii); 
tliroiiihi.  liloixl-vi'KM'ls  iiiiiy  Ih  rniiii'  ri'|iliirril  liv  liyiiliiic 
fonls.  Siiiiiliirly  in  tliMiiiic  nlililtTiilivi'  ii|i|H'iii^iriiis  ilic 
ii|>|>i'iiili\  iiiiiv  liiToiiK'  rliiiiiL.'r(l  iiilo  II  liyiiliiu'i'\  liiiilrr  in 
wliicli  I'viMi  III!  Inict's  iif  till'  niiisi'k' runts  iniiy  Imvc  tlis- 
ii|i|iciiriil. 

In  lyiii|iliiili<'  ({liiiiils  liir^c  nuisscs  of  liyiiliii  air  frc- 
■  (iirnlly  fiiiiiiil.  |>iii'tiriiliirly  in  tin- iitnipliir  i;liiiiils  of  did 
!!>:>'.  Ill'  in  iissiii'iiilinii  »  ith  rlimiiii'  inlliiiiiinalni'V  pniccssi's. 
Ilrir  till'  rliani;r  m'ciiis  tii  l>r  iiini'i'  iil  tin-  naliil'i-  iif  a  ilc- 
pii.sit  or  inliltnitinii.  Lar^i'  (li-|K)sil.s  of  liyalin  ocriir  also 
ill  till'  lia'iiiiilyiii|>li  .i;laii(ls.  Hari'ly,  a  profrrcssivc  liya- 
lint'  ilrffcnrniliiiii  of  inaiiy  orpins  orcurs — lirarl.  vessels. 
M'roiiH  incniliraiics.  spliTii.  lymph  ^'lanils.  iiiti'stiiial  wall, 
vU-., — involviiii;  tlifse  lillirr  siniultaiiripiisly  or  imr  after 
tile  otlier.  In  these  easi's  porlii'iis  of  the  hyaline  siili 
stanee  may  >;ive  an  aniyloiil  reaitimi.  From  this  il  may 
lie  iiiferii'il  (hat  there  is  a  form  of  liyuline  degenoralioii 
wliieli  is  closely  reliiteil  to  amyloid. 

Of  the  nature  of  liyalin  praitieally  nothing  is  known. 
The  ilisappeaninee  of  the  imelei,  the  siil>sei|iient  retro- 
gniile  elianges  in  the  hyaline  siibstanee,  anil  its  sei|UeS' 
tration  from  normal  tissue  stamp  the  proeess  as  heiiiir 
ess<'ntially  ileireiieralive  in  eharaeter.  Tlie  eauses  of  the 
thiekeiiiiiu'  ami  lionioireiieoiis  tiansfoniiation  are  entirely 
obscure.  It  lias  lieeii  lielieveil  liy  some  writers  to  lie  ilue 
to  a  coagnlatioii  of  proteiil  material  after  the  ihalli  of  the 
cells,  or  that  il  is  due  to  a  loeal  ilistiirlianee  of  metaliol- 
isni.  According  to  the  latter  theory  the  cells  are  iinalilo 
to  make  use  of  the  proteid  malerlal  lii'oui.dit  to  them  :  this 
Im'Coiiics  preeipitnleil  oi'  inliltiated  into  the  inteivtilial  sub- 
stance. The  cells  ari'  thus  pushed  aparl.  and  i.'i.iiliially 
atrophy.  In  many  cases  tlie  forniatioii  of  liyalin  just 
iK'iieatii  the  endotheliumof  the  blood  vessels  points,  as  in 
the  casi-  of  amyloid,  to  a  secretory  action  on  the  part  of 
tlicse  cells  ill  removing  certain  substances  from  the  blood. 
In  the  cylindroma  and  also  in  the  mi.\ed  cndothelioniata 
of  the  parotid,  the  forinalion  of  liyalin  appears  to  be 
due  partly  to  a  secretory  action  on  the  pari  of  the  tumor 
cells  and  partly  to  a  degencnition  of  these  cells.  In  the 
case  of  the  lymphatic  glands  the  appearances  more  often 
suggest  a  diposii  than  a  degenerative  process.  While 
not  bearing  the  same  relation  to  tuberculosis,  chronic 
suppurations,  etc..  that  amyloid  does,  hyaline  degenera- 
tion is  most  frequently  a.ssociated  with  chronic  into.xica- 
tious.  Syphilis,  lead  poisiaiing.  alcoliolism.  over  eating, 
etc.,  arc  conditions  favoring  or  leading  directly  to  hyaline 
chauge  in  the  blood' vcs-scls.  It  is  probable  that  hya- 
line material  can  be  ri'converted,  absorbed,  or  removed. 
The  corpora  librosji  of  the  ovary  undergo  contraction  and 
decrease  of  size  until  they  come  to  consist  of  a  narrow 
line  of  liyalin  only.  Further,  liyalin  is  very  unstable, 
being  frequently  calcified,  converted  into  niy.\omatoiis 
tissue,  or  undergoes  complete  disintegratiou.  The  liya- 
lin of  sclerotic  vessels  frequently  sulTeis  a  fatty  change 
with  later  formation  of  cholesterin.  The  elTccts  of  hya- 
lini'  cliaose  upon  the  tissues  are  similar  to  those  of  amy- 
loid. 

Jlf/iiliiif  IJoilun. — In  this  connection  should  be  consid 
(•red  also  the  so-called  hyaline  bodies  (fuclisinopliilc 
bodies.  Hussell's  bodies,  etc.)  which  are  frequently  found 
in  normal  tissues  as  well  as  in  a  .meat  variety  of  path- 
ological processes.  They  ale  globular,  hyaline  bodies 
of  varying  si/e,  often  occurring  in  mullx'rry-likeconglom- 
cnilions.  They  may  be  found  both  within  cells  and  free 
in  the  stroma.  With  acid  fiichsin  they  stain  rcil.  and 
with  Weigerl's  librin-stain  a  deep  blue.  They  are  found 
parti<ularly  in  glandular  proliferations  of  the  stomach 
mncosji.  chronic  intlamnialory  processses.  lyniphadcnoid 
tis-sue,  and  in  malignant  tumors.  They  may  occur  in 
either  epithelial  or  inesolilastic  cells.  Their  frequent 
|in'sence  in  malignant  tumors  has  led  them  to  be  re- 
garded as  parasites,  either  blastoniycetes  or  jirotozoa. 
They  are  almost  constantly  present  in  the  haniolyniph 
glands  where  they  undoubtedly  represent  iiroiiiiclsof  the 
disinte.irnition  of  red  blood  cells.  In  |icrnicious  anainia 
]iliagocytes  tilled  with  these  bodies  are  ffnind  in  large 
numbers  in  these  glands.     Many  of  the  bodies  give  an 


Iron  rcnetlon.  In  other  cuai-n  the  Kmniili-M  iiuiy  nriiu 
from  the  oxyphile  iitid  lia.sopliile  gniliiileH,  the  priM-ess 
partaking  o|  the  iiiiliire  of  a  coagnlation.  Thi-  exiict 
chemieal  nature  of  hyaline  iHulies  is  not   known. 

The  hyaline  biKlies  found  in  Ibe  central  nervous NyNtelil 
are  more  elost-ly  related  to  rolloid  and  the  corpora  amy- 
laeea.  rnilir  iirtain  ennditioim  in  gliiimala  ari-<iii^  from 
the  spinal  cord  glistening  hyaline  iiiiism'S  an'  formed  froiii 
degenerating  glia  cells,  '{'he  condition  is  known  as  ili- 
tji  iiiiiilio  iiiirtiim.  In  other  varieties  of  tumors  ari-in^f 
from  the  central  nervous  system,  hyaline  iiiiiksi's  stainiiif; 
red  with  fiiehsiii  are  freiiiieiilly  found.  In  the  majority 
of  cases  they  ale  probably  obliterated  bliMHlveHsels  tliut 
have  become  hyaline.  AUlrrtl  Srutt  W'urlliiii. 

HYDRACETIN.— .V.7y-/)/(f«.v/-//.v(/;',K,n,  C.  11.,  MI.- 
Ml(  ,ll,<i.  llydnicetiii  is  a  derivative  of  hydra/in  in 
which  two  aloinsof  hydrogen  are  replaced  by  ihe  phenyl 
and  acetyl  groups.  Il  diliersfroiii  acetaniliil  only  by  lhe_ 
presence  of  an  imido  group  (Nil).  PyriMliii  of  coniinerco 
is  an  impure  form. 

Ilydracetin  occurs  as  a  white,  odorless,  and  alniosl 
tasteless,  crystalline  powder.  Il  is  .soluble  in  lifly  parts 
of  cold  water,  more  .soluble  in  hot  wati'r.  and  very  solu- 
ble in  alcohol.  Dose,  from  one  sixth  to  three  quarters  of 
a  .urain.  It  was  brought  to  the  notice  of  the  profession 
by  Saltinan  {I'/mrfii.  Ceiiliiil.,  May  Hilli.  1889)  as  an  anti- 
pyretic and  analgesic.  It  was  thought  to  be  of  much 
.service  in  rheiimalie  fever,  jihthisis.  and  typhoid  fever. 
Its  emplovnu'iit  has  not  become  general  owing  to  its  in- 
tense action  and  the  frequency  of  toxic  symiifoms.  It  is 
a  very  decided  blood  poison,  exerting  a  destructive  ac- 
tion on  the  corpuscles  and  giving  lise  to  hanioglobinuria. 
Seven  and  a  half  grains  are  siillicient  to  kill  a  rabbit.  It 
produces  marked  depression,  coldness  of  the  extremities, 
cold  sweating,  and  enfeebled  respiration  and  inilse.  .V 
ten-percent,  ointment  has  been  used  for  ]isoriasis  and 
other  skin  diseases,  its  value  being  due  to  its  reducing 
power,  but  this  has  also  caused  to.xic  symptoms  (//f/ctV, 
IS'.Hl.  ii  .  :!S).  jjcatimont  hmall. 

HYDRAMNION.  HYDRAMNIOS.— The  normal  quan- 
tity of  amniotic  lluiil  at  full  term  is  from  -lOO  to  l.(llH»c.C. 
An  excessive  accumulalioii  of  this  lliiid  is  known  as 
liydramnion  :  ten  to  Iif  teen  times  the  normal  amount  may 
be  lueselit.  A  slight  excess  is  probably  of  frequent  oc- 
currence, and  passes  unnoticed,  but  an  inriease  over  3 
litres  is  very  likely  to  give  rise  to  symptoms.  In  the 
majority  of  cases  the  formation  of  the  tiiiid  is  slow  at 
first,  but  toward  the  end  of  piignaiicy  it  increases  at  u, 
more  rapid  rate.  ()cca.sionally  the  fluid  may  accumulate 
vciy  rapidly,  giving  rise  to  serious  symptoms  from  the 
sudden  disteiilion  of  the  uterus  (acute  hydianinion). 
The  condition  is  said  to  occur  in  one  of  every  one  hun- 
dred cases  of  pregnancy.  It  usually  develops  in  the 
fourth  to  sixth  month.  liydramnion  in  it.sclf  is  not  a 
disease,  but  is  to  lie  regarded  as  a  secondary  condition  to 
many  widely  dilTering  processes,  botli  of  the  fa-tus  and 
the  mother. 

No  constant  i>atliological  changes  in  the  amnion  itself 
have  been  found  in  this  condition :  lissiiring  of  the  epi- 
thelial layer,  fatty  degeneration  of  the  epithelial  cells, 
etc..  have  been  described.  Hypertrophy  of  the  decidua 
ami  hyperplasia  of  the  chorionic  villi  have  also  been 
found  "in  cases  of  liydramnion.  but  the  connection  be- 
tween these  conditions  has  not  been  ]uovcd.  Neither 
physiological  nor  chemical  investi.gations  as  to  the  coni- 
])osition  Tif  the  fluid,  have  yielded' positive  informatiou 
as  to  its  source. 

The  eriology  of .  hydrjtmuion  is  in  many  cases  obscure. 
Inasmuch  as"the  question  of  the  origin  of  the  norniaf 
amniotic  fluid  remains  unsettled,  we  arc  not  yet  in  .a  posi- 
tion to  solve  the  more  complicated  problem  of  the  man- 
ner of  formation  of  the  Huid  under  pathological  condi- 
tions. The  view  most  generally  held  at  the  present  time 
that  the  normal  fluid  is  the  product  of  both  fo'tal  and 
maternal  structures  is  borne  out  by  the  fact  that  hydrara- 
uion  is  produced  by  or  at  least  accompanies  pathological 
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cliiiiiL'c's  ill  I'litli  moilipriuicl  ffrtiis.  Wc  may  tlicrcforc 
<li>liii;.'uisli  iHii  classis  of  liydnitiinion.  one  of  fcvtnl  oii 
gill,  llic  ollirr  of  iiialiTiml. 

Ihliliiimiii'iii  of  Miilfruiil  Orif/hi. — Ilydniniiiion  due  to 
imlliolojticiil  eoiulifioiis  of  flie  mother  is  of  miicli  less  fre- 
quent ixcurrenee  than  that  assoeiated  with  diseased  pioe 
esses  of  the  ftrtus.  It  occurs  particuhiily  in  )iii:eiiiic, 
<Ini|>sical,  tiilierculoiis.  leulianiic.  and  syphililic  Wdinin, 
In  |)iieiiiiionia.  Iie|mlii' cirrhosis,  failure  of  eoinpensation 
in  valvular  lisions.  and  all  oilier  condilions  leadiiiir  lo 
venous  slai;nalioii  in  the  maternal  liody.  Iiydraninion  may 
oj'eiir.  In  such  eases  the  eonilition  is  usually  elirniiic. 
Iml  acute  heart  failure  with  sudden  development  of  as- 
<-itesor  peiieraliedema  may  leail  to  an  acute  hydnimiiion. 
I.oss  of  tone  of  the  uterine  wall  is  also  ssiid  to  favor  the 
priKluclion  of  an  excessive  amount  of  amniotic  lliiid. 
llyilramnion  is  very  likely  to  recur  in  successive  preg- 
nancies of  the  SiUnc  individual. 

J/;/(liiiiiiiiii>ii  iif  h'liliil  Origin. — llyilramnion  occurs  fre 
<|uenlly  in  connection  with  ascites  and  gi'iieral  u'dema  of 
the  fd'tiis  caused  liy  cardiac  and  renal  disease,  and  syphilis 
of  the  lunirsaiiil  liver:  less  commonly  in  eases  of  obstruc- 
tion of  the  ductus  IJotalli.  stenosis  of  tin'  umhilieal  vein, 
twisting  of  the  cord,  velamcntous  insertion  of  the  cord, 
fci'tal  tumors  inlirfering  with  the  circulation,  tumors  of 
the  placenta,  placental  hypertrophy.  Iiydrocejihaliis. 
nneiKiphalus.  etc.  In  general,  any  condition  raising  the 
Mood  pressure  in  the  uinliilical  vein  and  placenta  may 
give  rise  to  hydramnion. 

Ilydiamnion  has  also  been  explained  as  being  due  to  a 
persistence  of  the  vasa  i)ropria  of  .lungblutli.  but  the 
presence  of  these  vessels  in  the  late  stages  of  pregnancy 
is  considered  by  some  writers  to  be  secondary  to  an  in- 
rrease  of  blooil  juessure  in  the  umbilical  vein.  E.xces- 
sive  urinary  secretion  in  fcvtal  diabetes  and  cardiac  liy- 
pcrtrophy.  increased  activity  of  the  IVeta!  skin,  serous 
inllamnialions  of  the  amnion,  deticicnt  absorption  of  the 
amniotic  fluid,  and  increased  activity  of  the  chorion  are 
other  causes  assigned  by  various  authors.  Uotli  faMus 
and  mother  may  under  nirc  conditions  contribute  to  the 
formation  of  the  iiicrea.sed  amount  of  lluid.  This  occurs 
most  frecpiently  in  cases  of  .syphilis  of  both  mother  and 
child  when  both  are  dropsical. 

A  more  recent  theory  for  the  explanation  of  hydram- 
nion is  based  upon  the  hypothesis  that  there  is  in  the 
fivtnl  blood  a  substance  which  causes  an  increased  pas- 
sage of  lluid  from  the  maternal  vessels  to  tho.sc  of  the 
ehorion.  sotliat  the  fot  us  becomes  plethoiie.  Asarcsult 
of  till'  plethora  the  heart's  action  is  increased,  and  this  in 
turn  leads  to  increased  urinary  secretion.  The  lyniiih- 
forining  substance,  being  excreted  in  the  urine,  pa.sses 
into  the  amniotic  fluid.  ■\Vlii'nthe  latter  is  swallowed  by 
the  fceliis  the  substance  is  again  absorbed  into  the  fcetiil 
Mood  and  a  vicious  circle  is  thus  set  up.  This  hypotlicli- 
eal  siibstjince  in  the  end  produces  toxic  effects  upon  the 
liver  and  kidneys  leading  to  fietal  dropsy. 

Hydramnion  is  not  iiifie(|uently  associated  with  uuioval 
twin  pregnancy,  in  that  in  the  ease  of  one  fietus  there 
is  a  normal  or  lessened  amount  of  amniotic  lluid  while 
in  the  case  of  the  other  there  is  hydramnion  an<l  hy|ier 
trophy  of  the  fielal  organs.  This"  lias  been  explained  in 
various  ways,  hut  none  of  the  theories  iiresen led  is  ade- 
quate. According  to  ICl'istiier  one  of  the  twins  receives 
more  abundant  nourishment  than  the  other,  ami  this  over- 
nutrition  leads  to  increased  heart  action  and  resulting 
cardiac  hypertrophy.  Incnasid  urinary  secretion  into 
the  amnioiic  sue  (i>nsei|Uintly  follows  aiid  (;iiises  an  in- 
crease in  the  amniotic  lluid.  "rilimately  insutticiency  of 
the  heart  occiii-s  with  venous  stasis  and  liver  cirrhosis, 
liolli  of  which  factors  add  to  the  hydnvmnion  alivady  ex- 
isting. According  to  Schat/  one  fo'ius  Irmisfuses  more 
IiIoimI  into  the  circulation  of  itstwin  than  the  latter  L'ives 
back  til  it.  w  hereby  the  heart  of  the  latter  becmnes  hyper- 
trophic ;mi|  increased  urinary  secretion  follows.  .\<rainst 
ImiIIi  of  these  theories  may  be  raised  the  oltjeclion  that  in 
Hie  circulation  of  the  twins  a  condition  of  ei|uilibrium 
must  ultinintely  be  reached  so  that  in  one  case  lilood  must 
tniiisfiise  from  the  circulation  of  I  he  .stronger  to  that  of 


the  weaker:  and  in  the  other,  as  soon  as  the  hypertrophic 
heart  becomes  insullicient.  the  normal  heart  of  the  weaker 
fotus  must  ait  relatively  with  much  greater  strength 
than  the  insutlicient  hypertrophic  onr-.  In  the  case  of 
twins  arising  from  two  ova  either  one  or  both  sjies  nniy 
become  hydiamniotic. 

SvMi'To.Ms.  —  In  acute  hydranmion  the  .sudden  disten- 
tion of  the  uterus  causes  intense  i)ain,  and  there  are  ex- 
treme dyspniia.  cyanosis.  frec|Ui'nt  and  seveie  vomiting 
and  fever.  In  chronic  hydramnion  the  symptoms  are 
very  much  like  those  of  cystic  ovarian  tumois.  As  the 
uterus  becomes  more  and  more  di.stended  it  may  give  ii.se 
to  pressure  syniptonis,  dyspniea,  pain  in  the  siih'S.  redennx 
of  legs  and  genitals,  varices,  etc.  In  ca.ses  of  very  grad- 
ual development  the  uterus  may  attain  a  very  large  size 
without  causing  much  discomfort. 

I'lioiixosis. — The  pressine  symptoms  may  be  so  severe 
as  to  endanger  life,  but  inasmuch  as  the  ]irocess  may  be 
controlled  by  the  production  of  abortion  the  ))rogiiosis.  in 
so  far  as  the  mother  is  concerned,  is  a  favorable  one.  In 
the  ma.iority  of  cases  the  fietus  is  either  under  developed 
or  malformed,  only  about  one-third  of  the  children  sur- 
viving. Hydramnion  of  moderate  degree  may  produce 
no  symptoms  and  does  not  endanger  either  fanus  or 
mother. 

Tiiij.vTMKXT. — Against  the  formation  of  hydramnion 
there  are  no  tlieraiieiitic  measures  of  avail.  When  the 
Hiiid  accumulates  in  such  large  i|Uantity  or  so  rapidiv  as 
to  produce  serious  symptoms,  relief  by  evacuation  is  in- 
dicated. This  is  aeeomplislied  by  rui)turing  or  punctur- 
ing the  membranes  and  allowing  the  amniotic  thud  to 
escape.  Premature  labor  usually  follows  this  procedure 
and  the  fietiis.  in  case  it  has  not  reached  a  viable  age.  is 
lost.  In  the  mild  cases  no  trcHtnu'iit  is  necessary,  but  it 
is  to  be  remembered  that  in  such  eases  abnormal  presen- 
tations of  the  foetus  are  of  frequent  oecurrence. 

Aldred  Scoll  Waythiii. 

HYDRANGEA.— '-Seven  Barks."  The  dried  root  of 
lljlilriinyid  iirhorescinx  h.  (fam.  Snxiffiif/iifiii).  This  is  a 
medium-sized  shrub  with  softish  stems,  opposite,  gla- 
brous, ovate,  serrate,  bright  green  leaves,  and  tiattish 
cymes  of  greenish  llowers.  It  is  a  native  of  the  middle, 
and  especially  of  the  southern  United  Slates.  The  root 
is  very  much  and  crookedly  branched,  from  a  knotty 
crown  an  inch  or  two  in  diameter,  and  is  usually  cut  into 
pieces  from  one  to  several  inches  in  length  before  market- 
ing. The  largest  of  these  roots  are  usually  of  abmit  the 
thickness  of  the  little  linger.  The  color  is  a  very  pale 
grayish-yellow,  with  rusty  yellow  patches  and  streaks, 
but  the  bark  has  a  great  tendency  to  iieel  olT.  leaving  the 
nearly  white,  very  smooth  wood  expo.scd.  The  wood  is 
light,  tough,  and  splintery,  and  is  tasteless  and  inactive. 
The  bark  is  first  sweeti.sh  and  feebly  aromatic,  then 
slightly  acrid. 

It  contains  starch,  a  little  resin,  saponin,  and  a  crystal- 
line glucoside  (hydraugin,  ^V  per  cent.).  It  has  had 
some  employment  in  urinary  disorders,  esjiecially  tliose 
accompany  ing"gravellyde])osits.'' and  is  mildly  diuretic. 
Dose  from  'J  to  4  gni.  (gr.  x.\x.  ad   ;  i.). 

Henry  II.  Ituithy. 

HYDRASTIS.— Goi.DF.x  Se.\i..  ''The  rhizome  and 
roots  of  Jii/i/mslis  cuniKhiixis  Linne  (natural  order. 
Jiniiniiyihicat}."  (U,  S.  P.). 

The  Ilyilrdnlis  caiiiideiuiis  is  a  small  herbaceous  peren- 
nial plant  with  an  erect,  simple,  pubescent  stem,  from 
six  inches  to  one  foot  in  height.  There  are  usually  but 
two  leaves,  one  at  the  top  of  the  stem,  the  other  attached 
a  short  distance  below.  The  leaves  are  imbescent. 
roundish,  generally  live-lobed.  The  flower  is  solitary 
and  rises  from  the  base  of  the  upper  leaf.  It  is  whitish 
or  purplish  and  consists  of  a  colored  calyx  which  falls 
very  shortly  after  the  flower  expands.  The  fruit  is  a 
globose,  compound  berry,  somewliat  resembling  a  rasp- 
berry. The  rhizome  is  of  obli(|Ui'  growth,  'i.,')  to  near  •) 
cm.  (I  to  nearly  3  in.)  long,  and  0.')  to  1  em.  (!  to  j  in.) 
thick,  cvlindraceous,  usuallv  with  a  few  short  briiuches 
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loiigitiiilinHlly  wrinklc'il.  Itiit  pliiiiip.  Ronu-wliitt  uniiulutc, 
cMrniiillv  lirciwiiisli  (tniy.  oflcn  with  ii  ycllnw  lini;c  or 
ji'llnwisri  |»iti'li('s:  fnictiirf  Mlmrl  iiml  Kimrp,  wiixy, 
({olilrii  ycllinv  111-  liri;.'lit  irdilisli  yc-lli(W ,  wllli  it  lliickiHli 
tuirk,  iilioiit  till  slinit  mill  imrniw  wuoil  wellies  hikI 
lirimil  iiiiiliilhiiy  niys:  ripiils.  if  prcwiit,  mtlur  rinirsi-. 
Iirittlc.  »itli  II  tliirli  luirk  uiiil  Konu'wliiit  i|iiiiilniiii.'iiliir 
wimmI;  (xliir  (ilit'lit,  rliiiniclfristic;  In.stf  very  liilkr,  Iml 
not  ili«iv'n'c«l)lr.  producing  ii  somcwliut  uMtriiif^i'iit 
I'lTiit. 

Till-  plant  Is  iiiilii;ciiinis  111  Nortli  Aincrini  and  /{rows 
nlnindiintly  In  tlir  inirlli  iind  nest  of  the  riiltrd  Stiiti-s 
niid  Ciiniidii.  Only  mir  otlicr  spnics  of  liydriistis  is 
known,  //.  ./eM/iAi'*i  Sic!).,  wliirli  is  found  in  .Iiipim. 

Till'  tlicmprutic  proprrlifs  of  liydnistis  drprnd  iijion 
tlic  iirtivi'  priiiripir  /o/'''""'"" .  wliicli  is  sipiinili'd  in 
wliilc  rrvstals,  willionl  odor  or  liistr.  iind  iiisoliililc  in 
wiiti'r.  \Vitli  iicids  it  forms  salts  wliirli  arr  freely  solu- 
ble in  water.  Mneli  Iroiilile  lias  arisen  from  llieeonfus- 
inj;  of  this  name  with  hjiilriintiit.  an  "eeleetie"  extniet, 
\vlii<'li  is  made  up  of  the  various  alkaloids  and  resin,  and 
is  many  times  weaker.  It  is  a  yellowish  powder. 
//(/</» I '<■///' ('"'  is  an  artitieial  alkaloid  formed  liy  the  o.\i 
datiuii  of  liydn\stiiie.  wliieli  lireaUs  up  into  liydrastinine 
Iind  opianie  aeid.  The  liydrixhlorate  is  oDieial  in  the 
riiited  Slates  I'liarmacopiiia,  ami  occurs  as  light  yellow, 
amorphous  gniiiiiles,  or  as  a  pah-  yellow,  crystalline 
powder,  odorless,  hut  with  a  bitter,  saline  »astc.  It 
deliipicsees  \i poll e.\posurc and  is  very  .soluble.  Iliiliiriiie 
is  also  present  and  the  tonic  ])roperties  of  the  plant  are, 
in  a  manner,  due  to  its  action. 

liydnistis  c.Ncrciscs,  Imih  locally  and  after  absorption, 
an  action  upon  the  system  which  is  bcnelieial  in  all  states 
of  coiiirestion  and  hypeiii'mia.  The  resiillsof  physiologi- 
cal experimeiils  with  liydrastine  show  that  it  increases 
the  activity  of  the  nerve  centres.  Both  the  sensory  and 
motor  functions  arc  stimulated  and  retlex  action  becomes 
very  marked.  The  tone  of  all  muscular  tis.sues  is  par- 
ticularly raised,  the  .striped,  iinstriped.  and  cardiac  cells 
l)eing  inlhicnced,  as  a  result  of  wliieli  ctTect  there  is  pro- 
diicei!  an  acceleration  of  the  heart's  action  and  of  the  cir- 
culation throuirhout  all  tissues.  A  like  elTe<t  is  maui- 
fested  upon  the  uterine  tissue,  and  this  elTect,  if  the 
uterus  is  in  the  pregnant  state,  may  prove  sutlicicnt  to 
cause  abortion.  There  is  also  produced  an  increased 
activity  in  all  the  secretin.?  organs,  the  (low  of  saliva,  bile 
and  otiier  intestinal  secretions  being  greatly  augmented. 
The  urine  is  also  increased,  and  the  alkaloid  may  be  de- 
tected in  the  urine  within  twenty-live  minutes  of  its  hy- 
podermic injection. 

In  excessive  doses  the  action  of  the  drug  somewhat 
resembles  that  of  strychnine.  There  are  excessive  motor 
activity  with  cardiac  ilistress.  and  convulsions  which 
may  prove  fatal.  In  the  latter  event  death  results  from 
extreme  depression  followed  by  respiratory  failure.  In  a 
casi>  reported'  two  doses  of  twenty  drops  of  the  licpiid 
extract  produced  most  alarming  cardiac  distress  in  a  case 
of  broucliitis  with  copious  ex]iectoration.  The  lethal 
dose  is  given  by  C'erna  asO..")  gm.  for  each  kilogram  of 
body  weight.-  Phillips  and  IVmbrey -^  during  experi- 
mental work  \ipon  animals  found  that  death  followed 
15.4  grains  when  given  to  a  full-grown  cat. 

The  action  exerted  upon  the  blood-vessels  has  led  to  its 
employment  as  an  hiemostutic.  Attention  was  directed 
to  its  use  for  this  purpose,  in  Germany,  in  IHS3.  by  Dr. 
Schatz.at  a  meeting  of  the  As.si)ciatioii  of  Physicians  and 
Naturalists,  lie  reported  decidedly  in  its  favor  for  the 
treatment  of  i-hronic  hypera'inia  and  chronic  intlanima- 
tiim  of  the  internal  genital  organs  attended  by  los,ses  of 
blood,  (since  that  time  it  has  been  extensively  em- 
ployed with  very  general  satisfaction.  In  nienonhagia 
and  metrorrhagia  without  organic  disease,  as  in  the 
various  forms  of  inctiitis  and  endometritis,  it  is  said  to 
check  the  How  more  rapidly  than  any  other  remcdj'. 
In  the  hemorrhages  occurring  at  the  dimarteiic.  and  the 
excessive  menstruation  of  young  girlsin  which  the  tissues 
are  relaxed  ami  congested,  it  has  proved  itself  particu- 
larlv  useful.     It  also  relieves  all  conditions  of  congestion 


of  the  nelvic  nrgiinH,  oviirlan  liaitiH,  dyKmeiiorrliieu,  auil 
other  distn-ksing  HymptoniH  arising  from  this  cauM-.  ItH 
elTecl  when  the  hemorrhage  Ih  due  to  iiiyomatn  appearn 
to  be  uncertain.  Home  obwrvers  claiming  for  il  decided 
curative  properties,  while  otIierH  have  failed  to  derive 
any  bencljt  from  its  employment.  It  should  be  adniiii- 
isieied  with  care  during  pregnancy  on  account  of  its 
tendency  to  provoke  alHirtimi,  althniigli  many  claim  to 
have  used  it  without  any  ill  effect.  <lne  of  thr-  earlicKt 
applications  of  hydra.slis  was  as  a  <:ardiac  Ionic,  and  ilH 
elfcet  upon  thi!  heart  makes  its  action  very  similar  to  that 
of  digitalis.  It  is  not  eipial  to  the  older  drug,  but  has 
been  found  very  serviceable  when  nchnngc  from  digitalis 
is  neces.sarv. 

.\s  a  local  remedy  hy<irastis  exerts  u  marked  action 
upon  mucous  membranes  whenever  altered  by  local  con- 
gestion. It  is  astringent  and  tonic,  lessening  the  ciuiges- 
tion,  and  promoting  a  freer  and  better  circulation  in  the 
part.  Il  is  employed  in  all  catarrhal  cnnditions  of  the 
vagina,  urethra,  rectum,  nose  and  |>liaryiix,  in  their  sub- 
acute or  ihronic  stages.  It  also  exercises  the  same  lo«al 
elTi'Ct  upon  the  mucous  meiiibrane  of  the  stomach  and 
bowels  w  hell  adiiiinisli'i'eil  inlenially,  and  has  proved  of 
beiielil  ill  all  ealiirrlial  conditions  of  these  organs,  its  local 
action  being  assisted  by  the  increased  se<retioris  of  the 
liver  and  other  intestinal  secretions.  In  heniorrlioids  it 
is  thought  to  act  with  much  advantage. 

The  iliiid  extract  is  the  preparation  looked  upon  with 
most  favor  for  local  use.  When  diluted  with  water  it 
makes  an  undesirable-looking  mixture,  but  it  olTers  the 
advantage  of  depositing  the  insoluble  resinous  material 
directly  upon  tlii>  mucous  surface,  which  is  considered 
most  necessjiry  if  its  full  elTcct  is  to  be  secured.  The 
strength  of  the  solution  should  be  from  ten  minims  to 
two  drachms  to  the  ounce.  For  rectal  and  vaginal  usi- 
it  may  be  applied  in  the  form  of  supiiositories.  For  in- 
ternai  use  the  ilose  is  from  one-half  to  one  lluidrachm. 

liydrastine  has  been  used  as  a  wash,  in  the  strength  of 
two  to  live  grains  to  the  ounce,  as  a  substitute  for  the  ex- 
tract, but  has  not  proved  as  serviceable.  For  internal  use 
it  is  to  be  preferred,  as  it  posses.ses  the  hainostatic  and 
tonic  action  of  the  drug,  and  is  of  a  more  definite 
strength.  The  dose  is  from  (mc-eighth  to  one-half  grain, 
and  may  he  given  in  all  conditions  in  w  liich  liydrastis  is 
indicated. 

The  eclectic  remedy,  Iiydraslin,  lias  been  employed  for 
many  years  as  a  stomachic,  tonic,  and  antiperiodic.  but 
is  never  used  for  any  haniostalic  action. 

Hydrastinine  hydrochlorate  is  probably  the  most  desir- 
able preparation  for  internal  administration.  It  acts 
rapidly,  and  reports  indicate  that  its  action  is  more  trust- 
worthy than  is  that  of  hydra.stine  or  the  fluid  extract. 
The  dose  is  from  one-half  of  a  grain  to  one  grain  and  a 
half,  every  three  to  six  hours.  It  may  also  be  given  hy- 
podermically  in  a  ten-pcr-cent.  solution  in  distilled  water. 

Btiuniioiit  Smalt. 

I  British  Medical  Journal,  report  No.  258.  September  8Ib,  1S99. 

'The  merapeutlr  Gazette,  M«v.  1(591. 

'  Britlsli  Medical  Journal,  October  Stb,  1901. 

HYDRIODIC  ACID.— Hydriodic  acid  (III)  isa  gaseous 
body,  li(rj\  s,,lulili-  in  water.  The  a(|ueous  solution, 
however,  is  very  unstable,  constantly  tending  to  disen- 
gage free  iodine.  Accordingly  the  United  States  Pliar- 
macopieia  makes  oflicial  Si/rujuiit  Ariili  l/i/ilriittHi-i,  Syrup 
of  Ilydrioilic  Acid,  wherein  the  acid  is  preserved  from 
change  by  the  presence  of  su.gar.  The  syrup  is  clear  and 
colorless,  or  slightly  straw-colored,  and  contains  one  per 
cent.,  by  weight,  of  absolute  hydriodic  acid.  It  has  a 
sweet,  acidulous  taste. 

Syrup  of  hydriodic  acid  has  similar  general  properties 
to  the  other  diluted  sour  mineral  acids  (sec  Sulphunc 
Aciil).  but  it.?  special  employment  in  me<licinc  is,  because 
of  the  iodine  of  its  composition,  as  a  substitute  for  the 
alkaline  iodides.  It  seems  beyond  question  to  pos.scss 
the  general  medicinal  properties  of  the  iodides,  and  may 
be  given  in  doses  of  from  one-half  to  one  teasi>oonful, 
well  diluted,  several  times  dailv.  Edieard  Curtis. 
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HYDROA  VACCINIFORME.— This  afTcclion  was  tirsl 
tlestribi'tl  l)V  Itu/.iti  in  \x'i'>.  Init  fcir  it  hm):  lime  tln-ivaftei- 
was  pcniTiilly  lost  sijriil  of.  Id  Imhs  lliiicliinscin  dc- 
ficiilMHl  wlial  is  iiiiiloiilitciUy  tlii'  Siiiiio  airwlion.  iiiidur 
tlu"  tilli'  "sunitiRT  I'luptioii.''  A  year  latrr.  Ilanilfonl 
pilhlisliiil  in  tile  llhmlriitiil  Mrillnit  X,  irx  a  sciits  of 
casi-s  wiiicli  lie  proviil  wcTo  iilcniical  in  naluiv  willi  l)otlL 
Iliilcliinson's  siinuniT  cniplion  anil  Bi/in's  livilroa  viic- 
ciniforiiu'.  SSinci-  llicn  numerous  rasos  liave  lieen  re- 
iiortfd  by  Enj;lisli.  (icrnuui.  ami  AiniTican  \viit<'is,  ami 
It  lias  taVn  shown  tliat  tlii'  (listasc.  altliouch  imo.  is 
not  so  unconinion  as  had  liccn  supposed.  In  Franco, 
stninfiely  i  iioui;li,  the  alTcction  o.si'api'd  nTojrnilion  after 
Ha/.in's  iiri;;inal  deseriplion.  hut  of  late  it  lias  lieen  again 
deserilied  liy  Hroe(|  and  otlars. 

The  alTei-iion  usually  begins  in  the  first  years  of  life 
and  has  l»-eii  found  to  be  nuieli  more  frequent  in  the 
male  .se.x.  The  jiarts  of  the  body  chielly  affected  are 
those  that  are  unprotected  iiml  e.\|)osed  to  the  rays  of  the 
sun.  although  in  a  number  of  instances  it  has  been  seen 
on  other  parts  as  well.  The  bridge  of  the  nose,  the 
cheeks,  and  the  ears  are  most  |irominently  afTected,  and 
next  in  (Piderconie  the  backs  of  the  hands.  Othci-  jiarts 
of  the  b<idy.  if  e.\i)ose<l  to  the  sun,  will  be  equally  af- 
fected, as  in  one  instance  in  wliicli  it  appeared  on  the 
legs  of  a  boy  who  went  about  with  trousers  rolled  uj). 
Ill  a  case  seen  liy  the  writer,  however,  no  lesions  ever 
appeared  on  the  lower  extremities,  although  the  child 
went  barefoot  during  the  summer.  The  affection  comes 
in  attacks,  usually  in  the  summer  season  and  on  exposure 
to  the  sun,  allhougii  this  cannot  be  laid  down  as  an  ab- 
solute rule,  as  in  some  instances  there  have  Ixin  (|uite 
numerous  attacks  in  winter.  There  is  no  iteliiiig,  as  a 
rule,  yet  in  one  of  the  writer's  cases  it  was  marked. 

At  the  (>ut,set  of  an  attack  there  may  be  slight  constitu- 
tifinal  disturbance.  The  tirst  apjiearances are  either  vesi- 
cles or  small  red  papules  wliicli  nipidly  become  trans- 
formed into  vesicles  and  bulhe  of  varying  size  and  which 
often  become  conlluent.  A  marked  feature,  which  has 
given  the  affection  a  part  of  its  title,  is  the  umliilicalion 
that  occurs  in  many  of  the  lesions,  so  that  a  vaccination 
vesicle  is  closely  simulated.  The  depressed  centre  is 
usually  suridunded  by  a  ring  of  liuid,  while  there  is  a  red 
areola  at  the  periphery.  The  centre  is  dark  liluc  or  black, 
due  to  the  heiuorrliagic  and  necrotic  condition  of  the 
coriuin.  which  is  seen  through  the  overlying  vesicle. 
The  lesions  frequently  become  imruient.  .\s  a  rule  the 
attacks  last  several  weeks,  but  may  be  much  prolonged 
by  exacerbations.  The  centre  of  the  lesions  dries  into  a 
thick,  black  crust,  extremely  adherent,  and  which  finally 
on  «irop|iiiig  off  leaves  a  distinct  pit.  In  many  of  the 
cases  the  scarring  is  (|nile  severe,  and  reminds  one  forci- 
bly iif  that  left  by  a  severe  variola.  The  tip  of  the  nose 
and  the  edges  of  the  outer  ear  are  in  some!  cases  much  de- 
formed. The  attacks  become  milder  ami  less  frei|Uent 
toward  puberty  and  usually  cease  by  the  time  adult  lite 
is  reached. 

Histologically,  according  to  the  writer's  examination, 
whiili  liiLS  since  been  e.s.sentially  conlirmed  by  Mibelli,  the 
small  primary  vesicle  is  shown  to  have  its  seat  in  the 
niidrlle  layers  of  the  rele  Malpighii.  The  upper  jiortion 
of  the  rite  is  somewhat  reticulated,  but  the  fluid  divides 
the  middle  from  the  upjier  layers  so  that  a  large  diani- 
lier  without  ni'twork  is  produced.  In  the  fully  devel- 
opwl  lesion,  with  dark  umbilieated  centre,  there  is  found 
a  necrosis  of  the  rentnil  portion  of  the  mxlule.  The 
outer  horny  layer  is  unbroken  and  stains  well,  while  the 
lower  horny  layers  have  become  necrotic.  The  middle 
and  lower  layers  of  the  rete  aieconveiiiMl  into  a  reticular 
tissue,  funning  a  network  tilled  with  granular  detritus 
and  leuciK'ytes,  and  this  network  has  become  necrolie. 
This  necrosis  extemls  downward  through  the  entire  co- 
riiim,  cea-siiig  just  above  the  subcutaneous  ti.ssue.  The 
corium  has  u  distinctly  abnormal  appearance,  the  con- 
nective-tissue cells  having  lost  in  great  part  their  capac- 
ity for  receiving  stains.  The  eonneclive-tissue  libres  an> 
broken  up  and  forced  apart  and  contain  in  their  inter- 
stices deeply   staining   gmnules  ami   detritus.     In   the 


papillary  layer  are  large  necrotic  blood-ves-sels  tilled  with 
blood  cells,  together  with  some  free  heiuorrhage  into  the 
tissue.  The  necrosis  ceases  abruptly  at  tliesidesand  base 
of  the  lesion.  There  is  some  increase  in  thickness  of  the 
epidermis  adjacent  to  the  necrotic  portion. 

From  these  appearances  it  is  seen  that  the  diseasi- be- 
gins w  itb  an  iiillanimatinn  in  the  rete  ami  uppir  portion 
of  the  corium  in  a  circumscribed  area,  and  quickly  pro- 
duces a  vesicle  iu  the  rete.  Immediately  after  this  a 
necrosis  sets  in,  which  affects  the  epiilermis  and  almost 
the  entire  corium.  The  dilated  and  necrotic  blood-vc.s.seIs 
can  be  seen  through  the  transparent  vesicular  covering, 
and  give  rise  to  the  dark  red  hemorrhagic  centre  seen 
clinically. 

The  cause  of  this  ]ieeiiliar  dermatosis  is  unknown. 
The  most  iilausible  theory  is  that  of  a  vasomotor  neuro- 
sis, which  in  certain  imlividiials  causes,  when  they  are 
exposed  to  the  sun's  rays,  a  circumscribed  intlamnmtion 
followed  by  necrosis. 

White  has  described  sevend  instances  which  probably 
belong  in  this  group,  wliich  jireseMled  some  unusual  feat- 
ures, so  that  it  .seems  probalile  that  the  classical  descrip- 
tion ought  to  be  enlarged  somewhat.  The  exceptional 
features  in  these  eases  were  the  cessation  of  all  activity 
during  the  warm  mouths  for  ten  consecutive  years  in  one 
case,  the  continuance  of  the  attacks  throughout  the 
whole  year  in  another,  together  with  failure  to  be  influ- 
enced by  expo.sure  to  sun  or  weather.  an<l  an  extensive 
distribution  of  lesions  covering  a  large  portion  of  the 
body,  instead  of  a  limitation  to  the  |iortions  exposed  to 
the  intluenee  of  the  sun.  The  lesions  in  these  ca.ses  were 
also  very  large,  and  the  scars  left  very  prominent  and 
disfiguring. 

Dr.  JlcCall  .Vnderson  has  recently  (1.'^!).'*)  published  two 
cases  of  this  disease  in  brothers,  in  which  the  urine  con- 
tained haiuatiqiorphyrin.  In  the  other  ca.ses  in  which 
this  symi>tnm  has  lieen  looked  for  it  has  not  existed. 

It  is  very  dillicult  to  classify  hydroa  vacciniforme, 
although  there  are  several  alTecti<ins  which  seem  to  be 
somewliat  related  to  it.  Boeek's  acne  necrotica  has  nu- 
merous points  iu  common  with  the  affection  we  are  con- 
sidering, such  as  the  circuni.scribed  necrosis,  the  umbili- 
cation.  and  the  enlargement  of  ;he  blood-vessels  with 
hemorrhage.  The  histological  appearances  in  a  case  re- 
ported by  Touton  were  also  similar.  It  is  still  a  luaMer 
of  discussion  whether  acne  necrotica  and  acne  varioli- 
formis are  the  same  disease,  so  that  the  relationship  of 
'  hydroa  vacciniforme  and  acne  varioliformis  is  also  indi- 
cated. We  have  al.so  a  |)eculiar  congenital  bullous  der- 
matitis, lirst  described  by  Ilallopeau  and  characterized 
often  liy  the  persistence  of  scars  and  epidermic  cysts, 
wliieli  offers  some  analogy  to  hydroa  vacciniforme, 
chiefly  in  tlar  reiientid  occurrence  of  bulUe  followed  by 
scars  ami  the  fact  that  a  favorite  but  by  no  means  exclu- 
sive seat  is  the  head  and  the  backs  of  the  hands.  It 
may  also  sometimes  be  excited  by  the  action  of  the  sun. 

It  is  possible  that  the  chemical  rays  of  the  sun  may 
play  some  part  in  this  affection  as  they  have  been  sup- 
posed to  do  in  eczema  solare,  etc.  Hutchinson  has  de- 
scribed cases  of  recurrent  impular,  pruriginous,  and 
eczematous  eruiilions  occurring  chietly  on  the  exposed 
partsof  the  body  during  the  summer  months.  Hence  we 
have  evidence  that  the  sun's  rays  may  cause  not  oidy 
superficial  inllamiiialory  cutaneous  changes,  but  deep 
sharply  bounded  necroses. 

Ti!i-..\TMKXT. — The  importance  of  prophylaxis  is  ap- 
parent— to  guar<l  the  patient  from  the  sun's  rays,  or  from 
wind  and  storm.  Protecting  and  soothing  applications 
are  indicated  when  the  eruption  is  active.  Veils  of  red 
and  turmeric,  which  are  supjiosed  to  neutralize  the 
chemical  rays,  have  lieen  recommended  by  I'nna  iu  ec- 
zema solare  and  may  be  employed  in  this  affection. 
Crocker  recoiiimends  the  trial  of  arsenic,  i|uinine,  and 
belladonna  internally.  John  T.  limren. 

HYDROBROMIC  ACID.-lIydrobromic  acid,  IIBr,  is 
a  gaseous  body  w  liich.  in  ten  iier-cent.  a<|ueous  solution, 
constitutes  the  preparation  ollicial  in  the  United  States 
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II )  itroii  \  iM-rliilfoniif, 
II)  (lr«*«  i-|iliiiliiit. 


I'lmrnuu-ojHi-iii  uikIit  tin*  title  Aritlum  llydnibntmifiim 
lUliitiim.  iHliitrd  llvilrnlinniiic  Aciil.  This  inrpiimlii'ii 
JH  "a  clitir.  ruliirlos  lii|uiil.  iHlorIrs!).  unit  Imvjii;.'  ii 
gtrniij:l_v  iirici  tii'.ii'  S|iiriilc  ^rniv it\  iiliiiiit  l.oTTiii  ITi 
t'.  (.'lit  F.  1  Mi'^ilili-.  ill  III!  |)iii|iiiiiiiiiis.  with  wiiiir  mihI 
iili-nliiil  My  linil  it  it  c'iiiii|ilrli'ly  voliillli/id  "( l'.  S.  1'.  i 
I)iliiti'il  liyilii>l>ri>iiiir  mill  niiikK  iiiiiniii;  tlic  Miiir  mill 
cnil  mills,  mill  is  iirrfcrtly  riiiii|irlriit  l<i  riiltil  llir  piir- 
)iiisi'.H  ilcst-rilH'il  iiniii'i'  ililiiifilsiil|iliiirir  aiiil.  Its  s|ir<'iiil 
up|ilit-atliiii  ill  iiii'iliriiii',  Iiiiwcmt.  is  mil  tlic  iilili/.iilinii 
cif  its  siiur  mmlitics.  lint  its  riiiplnyiiiiiil  mi  tin-  iur' 
liaiiil  us  »  hitiiiiifli.  ill  siil>stiliitii)ii  fi>r  (lie  iilkiiliiir  liro- 
lliiilr  sails,  iiiiil  on  llir  ntlirr  as  a  viliicli'  fur  i|ililiini'. 
(laiiiK'il  I"  li'sscii  ilic  ilisai^rcralili'  liy  I'lTccIs  nf  iIh'  alkii 
loiil.  wliili' lint  iiitrrrriiii;:  U'itli  llii'  ini'dirlnal  mliviliis 
of  till'  siiiiir.  As  a  lii'ixiiiili'-lirariiiL:  iiirilirinr.  tin-  ililiiti  il 
liyilrnliniiiiir  aciil  lias  proved  itself  elllrieiil  if  jxiveii  in 
uilei|iiuti.-  ilose.  anil  to  liave  less  leiiileiuy  tliaii  tlie  liro- 
niiiles  to  ]iroilii<'e  m;ne  »:nl  tlie  other  symptoms  of  lirom- 
ism.  In  iisinir  the  iieiil  for  its  limniine  inlluenee.  its 
ooiiiparatively  feelile  slivncth  niilsl  lie  lioriie  in  niiml, 
ami  the  (lose  mmle  to  rorresponil.  in  proporlion  of  liro 
mine  represented,  to  tin'  aveniire  dose  of  the  all<aliii<' 
hromides.  This  eorrespoiideiK-e  is  no  less  lliiiii  alioiit 
seven  to  one.  so  that  il  takes  nearly  seven  parts  of  the 
pharmiu'opieial  acid  to  ei|iial.  in  hromine  streiifrth.  one 
part  of  potas.siiiiii  hromide.  To  iret.  therefore,  the  liro- 
mine  elTeel  of  tln'  modenile  daily  .•illowaiice  of  4  f.'m. 
(  I  i.)  of  potassiiiin  hromide.  from  six  to  seven  teaspoon- 
fills  of  the  aeid  woiilil  reipiire  to  he  jfiven.  8ii<  h 
(loses,  however,  are  lialiU'  to  irritate  the  .stomach,  and 
aceonliiii-'ly  tln>  meclicine  is  used  most  commonly  in  as 
Booialion  with  some  hromide  sjilt.  in  cases  in  which  a  full 
bromine  elTeet  is  wanted.  The  acid  should  he  diluted, 
for  adminislnition.  ten  or  twelve-fold,  and  the  mouth 
well  rinsed  after  each  dose.  Edtcanl  Cxrlin. 


HYDROCELE. 


oe  Tentes,  etc. 


HYDROCEPHALUS.  CHRONIC— (Synonyms:  Internal 
hydn'cipliahiM  i  oiii;c  iiitul  hydroccphaUis;  hydrops  ven- 
triculoriim  cerebri. ) 

nEKiMTloN. — An  alToction'wIiii  h  maybe  delined  as  an 
nbnorinal  accumulation  of  st'idiis  tluid  within  the  cere- 
bnd  ventricles,  teiidini:  gradually  to  increa.se  in  amount, 
and  to  .irive  rise  to  undue  pressure  on  the  cranial  contents: 
in  infancy  and  early  childhood  leacliim-  also  to  jrradual 
eular.ffenieut  of  the"  head  with  separation  of  the  cniuial 
bones. 

The  term  ejlenial  hydrocephalus  is  sometimes  employed 
to  denote  an  abnormal  accumulation  of  fluid  in  the  sub- 
amehnoiil  space.  It  is  a  condition  only  rarely  met  with, 
and  either  is  secondary  to  cerebral  lienioriha.se  or  jiacliy- 
meiiiiifiilis.  or  is  associated  with  a  con.irenital  atrophy  or 
defect  of  the  brain.  The  effusion  in  this  ca.sc  is  of  a  pas- 
sive character,  and  does  not  give  rise  to  pressure  symp- 
toms. 

ETioi.OfiY. — In  the  great  majority  of  cases  hydrocepha- 
lus makes  its  aiipearance  in  early  infancy :  sometimes, 
however,  it  is  congenital,  and  the  enlarged  head  presents 
a  serious  obstacle  to  the  birth  of  the  infant.  Out  of  one 
hundred  and  three  cases  colleclcd  by  HiilTer.  in  nine  the 
eiilaru'emcnt  was  present  at  birth,  and  in  ninety  lhre<'  it 
began  before  the  patient  was  six  months  old.  As  this 
li.st  (liM's  not  include  infants  born  dead  or  destroyed  dur- 
ing labor  to  sjivc  the  mother,  il  is  not  to  be  regarded  as 
represeiitin.sr  the  absolute  relative  frequency  of  the  two 
classes  of  ca.ses. 

Instances  occasionall.v  occur  in  which  an  abnormal  ac- 
cumulation of  lluid  in  the  ventricles  makes  its  appear- 
ance in  adult  age.  These  cases,  however,  form  but  an 
insigniticanl  percenla.irc  and  in  them  there  is  seldom  any 
enlarirement  of  the  craniimi  or  separation  of  its  sutures. 

JIaiiy  explanations  have  been  offered  for  the  presence 
of  lluid  in  such  abnormally  increased  amount  in  the  ven- 
tricles, but  we  are  still  much  in  the  dark  and  for  the  pres- 
ent it  is  better  to  regard  hydrocephalus  as  u  mere  symp- 


I   torn  aswH-iiiteil  with,  nrconwi|iii'iit  ii|Hin,  rertuiu  illHeuMHl 

I   conditions  rather  than  as  a  distinct  diseaw. 

It  has  been  likened  to  iiM'iles.  an  affection  in  which  wo 
meet  with  I  ilher  a  direi  I  obstriiclion  to  the  veiioiis  return 

of  till'  bl I  or  a  cliroiiic  iiillainiiiJilioM  of  Ihi'  periloneiim, 

and  in  conliriiiation  of  ihis  theory  we  were  told  lliat  in 
some  cases  the  lluid  which  disieiids  the  venlricleH  io 
clear.  rcKembliiig  ininsiiilalion  lluid  foiind  in  other  M-roug 
cavities,  while  in  other  cases  it  Ih  turbid  and  coiitniuH 
Dbrinoiis  Hakes  and  even  pus.  In  the  latter  case  the  lin- 
ing memlirane  of  Ihe  ventricles  will  be  fouiid  more  or 
less  thickened  and  its  ves.sels  disleiided.  Oil  this  account 
llllgueliin  proposed  to  make  llie  Ibliil  itself  the  lest  as  to 
whet  her  t  head  ion  was  of  a  passive  or  of  an  iiitlanimatorv 
character.  With  increased  knowledge,  however.  Ilifs 
comparison  is  not  at  present  regarded  as  entirely  satisfac- 
tory. 

Many  years  ago  Hilton  advanced  the  theory  that  IhiH 
affection  was  due  lo  an  obliteralion  by  iiillaiiiniation  of 
the  channels  of  coniniiinication  between  the  foiiilh  ven- 
Iricli'  and  the  subarachnoid  space  inlerfeiing  with  the 
oiiillow  of  lluid  from  the  ventricles  of  Ihe  brain,  and  in 
pcent  yearslhis  view  has  received  iniicli  support.  Ilalli- 
biirton  {./'llir.  I'lii/sinl.,  vol.  .\..  ]>.  'i'.Vi)  has  demonstrated 
that  normal  cerebrospinal  fluid  is  a  clear,  colorless, 
fainlly  alkaline  fluid  with  a  specific  gravity  of  about 
I.IK)").  and  is  lo  be  regarded  as  a  distinct  secretiim  differ- 
inir  from  the  mere  transudative  fluids  met  with  in  other 
serous  cavities,  in  the  presence  of  a  distinct  copjicr-re- 
duciiig  agent,  at  one  time  llioiiglil  lo  be  sugar,  but  now 
re.irarded  as  pyrocalecliin.  and  in  the-  cliaiacler  of  its  pro- 
teids  which  he  found  lo  consist  of  globulin,  albiimo.se, 
and  occasionally  peptone,  rarely  of  albumin  and  never 
of  flbrinogen.  More  recently  Vaiighan  I larley  examined 
Ihe  lluid  present  in  hydr(ice])lialie  cases  and  slated  that 

,  in  many  it  closely  resembled  cerebrospinal  fluid  in  its 
specilic  gravity  and  in  its  reactions.  In  (jtliers,  however, 
indications  of  a  distinclly  inflammatory  jirocess  were 
siipeniilded.  albumin  was  ]>resent.  and  the  specific  grav- 
ity hud  risen  lo  l.ODHor  l.OOil. 

Following  out  the  thoughts  suggested  by  these  inves- 
tigations. Drs.  Harlow  anil  Lees  regard  the  choroid  plex- 
uses as  a  s]iecial  apparatus  for  the  secretion  of  the  cere- 
bro-spinal  fluid,  and  in  jiroof  of  their  view  jtoint  to  the 
following  facts:  Each  ventricle  is  provided  with  its  own 
vascular  plexus,  those  in  the  lateral  ventricles  having  a 
double  arterial  supply  indicating  a  function  of  special 
importance,  and  the  epithelium  of  the  ventricles,  where 
it  covers  these  plexuses,  changes  its  character  from  col- 
umnar to  one  similar  in  structure  to  that  of  a  secreting 
epithelium.  From  these  iilextisesa  continuous  secretion, 
they  think,  takes  place  of  the  bland  fluid  on  which  the 
delicate  structures  of  both  brain  and  si>inal  cord  rest. 
As  this  .secretion  is  constant,  means  must  be  provided  for 
the  removal  of  any  excess,  either  by  absorption  or  by 
drainage.  Absorption  through  the  plexuses  would  ap- 
]iear  impossible,  for  the  supply  of  blood  in  Ihe  arteries 
must  lie  kept  at  a  higher  pressure-  than  that  of  the  ven- 
tricular fluid,  else  circulation  would  cease:  and  the  veins 
are  far  withdrawn  into  the  interior  of  the  velum  inter- 
positum.  To  provide  drainage,  therefore,  communica- 
tion is  provided  from  the  lateral  ventricles,  through  the 
third  into  the  fniiilh  ventricle  by  means  of  the  several 
foramina:  tlience  into  the  .subarachnoid  space  through 
the  foramina  of  .Magendie  and  the  lateral  foramina,  and 
along  the  lymphatic  sheaths  of  all  out.coing  nerves. 
The   small   diameter  of  these  passages  insures  that  the 

I   outflow  shall  not  be  too  rapid.     The  careful  experiments 

]  of  Key  and  Hetziiis  woiiliI  indicate  that  this  is  the  only 
way  of  escape  for  fluid  from  the  ventricles. 

In  what  way  is  obliteration  of  these  channels  of  com- 
munication brought  about?  In  the  opinion  of  these 
writers  it  is  invariably  the  result  of  some  inflammatory 
action  and  not  infreiiueutly  of  a  previous  attack  of  basic 
meningitis.  Attacks  of  "posterior  ba.sic  meningitis,  in 
their  opinion,  may  occur  at  a  very  early  period  of  in- 

[  fancy,  and  in  soiiie  cases  the  symptoms  may  be  of  so 
iudetiuitc  a  character  as  to  be  overlooked  or  forgotten. 


■  I>  itrocf'plinliiM. 
II)  droi'f|iliuliift. 
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In  ilhistmllon  the  authors  mention  the  followiujt  case: 

Ucorjfo  A ,  seen   lirsl    when   ten   months  ohi.  with 

liirge  hy<lr<M-ephuH<'  lieiiil :  wiis  nn  eiL'hl  months'  cliihl. 
Wlieii  one  weeli  old  Imil  jiiiiiKJin'  iinil  frc(iiuiit  convul- 
sions: lit  tluee  wecljs  would  imt  allow  his  lieiid  to  he 
misiil  and  was  coinfoiialile  only  when  lyinu':  at  two 
nionllis  the  head  was  observed  to  he  almonnally  lai't'e. 
and  since  llu-n  it  has  pro^Tessively  increased  in  size. 
They  state  that  in  many  <-as(s  of  coiiffcnital  hyilroce- 
idiaius  the  post -mortem  "examination  has  revealed  the 
presence  of  adhesions,  evidently  of  inllanunatory  origin, 
hlocking  the  chainiels  of  exit.  In  .some  of  these  eases 
C(Mistitutional  vice,  more  esp<iial!y  syphilis,  plays  an  im- 
portant part.  Dr.  Lewis  Smith  relcrred  many  of  hiscon- 
genitid  cases  to  this  cause,  an<l  a  recent  writer  con.sideLS 
that  the  greater  numtier  of  them  are  due  to  chronic  in- 
tlammation  of  syphilitic  origin. 

In  a  small  percentage  of  eases  compression  of  the  veins 
by  u  tumor,  cither  in  the  cereliellum  or  in  the  neighbor- 
Imod  of  the  acineduct  of  Sylvius,  aiipears  to  play  an  ini- 
portunt  role.  Drs.  ISarlow  aiul  Lees  consider  thai  meic 
coiupres.sion  of  the  veins,  without  blocking  of  the  chan- 
nels of  exit,  eannot  by  itself  account  for  the  accunuda 
tion.  BothCiihson  and  Collins,  however,  within  the  ]iast 
few  years  have  rejiorted  cases  in  which  a  tumor  pressing 
on  tiie  aiiueduct  of  Sylvius  was  apparently  the  chief 
cause  of  the  hydrocephalus. 

Although  an  occlusion  of  these  foramina  of  exit  is  the 
very  frecjuent  condition  met  with  in  hydrocephiilus.  a 
few'  instances  have  been  reported  in  which  this  alTcction 
has  existed,  and  yet  the  postmortem  examiuation.  al- 
though revealing  traces  of  what  appears  to  have  been  a 
previous  meningitis,  has  not  shown  the  presence  of  any 
obstruction.  No  thoroughly  satisfactory  explanation  of 
the.se  cases  has  yet  been  given.  Drs.  Barlow  and  Lees 
advance  the  suggestion  that  owing  to  the  previous  in- 
llamination  a  paretic  dilatation  of  the  basilar  and  its 
branches  has  taken  place,  leading  to  an  augmented  blood 
supply  to  the  choroid  plexus  and.  as  a  consequence,  to  a 
more  rapid  secretion  of  lluid  thau  can  escape  through  the 
foramina  of  exit. 

As  a  very  exceptional  cause  of  hydrocephalus  in  the 
adult,  we  may  mention  the  case  reported  by  Kratz  in 
whi(  h  hemorrhage  from  an  aneurism  in  the  internal  car- 
otid artery  closed  the  foramen  of  Magendie  by  causing 
an  adhesion  of  the  telea  choroidea;  to  the  floor  of  the 
fourth  venlriele. 

.MoKiuji  An.xtomy. — The  results  of  such  an  increasing 
intraventricular  pressure  will  be  moditied  by  the  amount 
of  resistance  i)re.sented  by  the  cranial  bimes.  and  by  the 
quantity  of  the  fluid  present.  In  congenital  cases,  and 
in  those  in  which  the  hydrocephalus  began  soon  after 
birth,  the  resistance  oU'erecl  by  the  sutures  is  slight. 
and  great  enlargement  of  the  head  may  result.  In  tiiese 
cjisi's.  the  elfusion  may  reach  the  amount  of  several  pints. 
In  the  majority  of  instances,  however,  it  does  not  ex- 
ceed a  pint.  As  a  result  of  the  pressure  exerted  by  this 
fluiil  the  cranial  cavity  is  exjianded  in  all  directions,  but 
the  parts  entering  into  the  formation  of  the  vault  suffer 
most:  the  fontanels  liecome  inominent.  the  sutures  are 
gradually  opened,  and  the  vertical  plate  of  the  frontal  and 
the  upper  part  of  the  siiuamous,  parietal,  and  occipital 
bones  are  inctreased  in  size  and  beconn' thin,  even  to  the 
])oinl  of  transparency.  To  the  hand  of  the  observer  the 
liead  feels  soft  and  lluctuating,  and  with  electric  light 
mav  he  seen  to  he  distinctly  translucent. 

T^he  enlargement  goes  on  .slowly,  but  is  not  always 
continuous.  Periods  of  i|uiesccnce  may  occur,  during 
which  nature  may  attempt  to  cover  in  the  open  places 
not  oidy  by  new  growth  along  tJie  edges  of  the  bones  of 
the  vault,  but  also  by  islets  of  new  bony  tissue  which  are 
occasionally  found  tilling  in  the  fontanels. 

The  bones  at  the  base  of  the  brain  are  seldom  much 
affected.  A  few  instances  are  repented  in  which  the 
bones  of  the  middle  fossa  have  been  displaced,  and  in  ex- 
treme ca.ses  the  orbital  plates  of  the  frontal  bone  are  not 
infie(|iiently  depressed  by  the  fluid,  thus  altering  the  di- 
rection and  position  of  the  eyeball. 


Thongli  the  face  in  these  ca.ses  looks  small,  on  account 
of  tlic>  enormous  distention  of  the  skull,  Buffer  states  that 
it  will  generally  be  found  to  be  quite  as  large,  if  not 
larger  tlian  normal. 

On  the  soft  structures  of  the  brain  the  effect  of  this 
pressure  is  disastrous,  the  eonvolutions  become  flattened, 
the  sulci  obliterated,  and  the  cerebral  substance  <jwing 
to  compression  is  gradually  alisorbed.  This  absorption 
and  thimnng  is  especially  noticeable  toward  the  vertex, 
where  in  extreme  cas<'S  it  may  be  found  not  more  than  a 
few  linis  in  thickness.  The  lateral  ventricles  are  enor- 
mously distended,  their  cpen<lyma  is  thickened,  and  the 
choroid  picxusesare  engorged.  The  structures  at  the  base 
of  the  brain  suffer  in  general  less  than  those  of  the  cor- 
tex, but  in  advanced  cases  the  large  ganglia,  the  pons, 
and  the  cerebral  peduncles  are  altered  in  shape  and  their 
nutrition  is  inipain-d. 

A  hy<lroceplialic  cranium  is  always  an  unsynuuetrical 
one:  measurements  show  that  one  lateral  half  of  the  lii'ad 
is  always  larger  than  the  other.  Keen  and  Kobiuson 
have  reported  cases  in  which  the  hydrocephalus  was  par- 
tial anil  the  distention  limited  to  one  side.  In  some  the 
anleiior  half  maybe  increased  out  of  all  propf)rtion  to 
the  posterior,  or  vice  versa,  and  instances  are  recorded  in 
which  the  expansion  has  been  limited  to  one  or  more 
bones. 

Associated  with  congenital  hydrocephalus  it  is  not  in- 
frequent to  meet  with  other  vices  of  conformation.  One 
of  the  most  freciucnt  is  spina  bilida.  Among  other  de- 
formities occasionally  enciJUiitered  are  hare  lip.  cleft  pal- 
ate, and  the  various  forms  of  talipes. 

SVMI'TOMS. — In  some  cases  tlietirst  symptom  to  attract 
attention  is  the  slow,  gradual  enlargement  of  the  head, 
which  may  go  on  for  some  months  before  any  indication 
of  pressure  on  or  irritation  of  the  nerve  gan.irlions  makes 
its  a|)pearanee.  Baslien  reported  a  case  in  which  the 
head  had  gone  nn  enlarging  for  eighteen  months  without 
the  intervention  of  any  other  notable  morbid  symiitom. 
In  other  cases,  however,  symptoms  of  irritation  of  the 
nerve  centres  are  present  from  the  very  be.ifinning  and 
sometimes  even  precede  the  enlar.sement  of  the  head. 
West  states  that  in  twelve  out  of  forty  five  cases,  recur- 
ring convulsions  were  the  earliest  .symptom  :  in  four  more 
the  enlar.eement  was  ])receded  by  other  indications  of 
irritation  such  as  squinting,  severe  headache,  and  nystag- 
mus. In  a  third  class  the  aff<'ction  liegins  with  symp- 
toms resembling  cerebellar  disease,  and  in  a  f<nirlh  class 
the  symptoms  are  acute  from  tb<'  onset. 

As  the  disea.se  advances,  however,  the  iiromineiit  feat- 
ure in  all  becomes  the  gradually  enlarging  head,  the 
fontanels,  instead  of  closing,  increase  in  size,  thesuttu'es 
open,  and  the  head  assiunes  more  or  le.ss  a  spherical 
shape.  The  amount  of  the  enlargement  is  indicated  by 
two  measurcnu'iits:  that  of  the  maxinuun  circumference, 
and  that  over  the  vertex  from  the  centre  of  one  auditory 
meatus  to  the  centre  of  the  othi'r.  As  a  guide  to  the 
amount  of  the  cidargement  the  following  .-iverage  meas- 
urements obtained  from  the  heads  of  eiirht  healthy  male 
infants  mav  be  taken  : 


t  iix-mnfereiu-t'. 

At  l)irtli 13^-14     in. 

.\I  iwe  innnMis 1.5    - 151^  In. 

.•\t  tiiur  iimnllis Ii>!4-1T     in. 

At  six  montlis 17    -17^4  In. 

At  twelve  nionttis is    -IStij  in. 

At  two  years '^'i    -«(tj^  in. 


Over  vertex. 
From  meatus  to 
meatus, 
i)  in. 

10  -inu,  in. 

11  -llUin. 
IIK'-Iljoin. 
I-'  -12U.  In. 
l:i    -i:iw,  in. 


Owing  to  the  enlargement  of  the  bones  of  the  vertex 
the  face  assumes  a  triangular  appearance  with  the  base 
at  the  forehead  and  the  api\  formed  by  the  chin;  the 
root  of  the  nose  is  flattened  anil  broadened,  and  the  u|>- 
per  eyelids  are  stretched.  The  nutrition  of  the  hair  folli- 
cles sulTers  owing  to  the  continuous  tension  of  the  scalp, 
and  the  hair  becomes  scanty,  and  through  it  can  be  seen 
the  large  veins  ramifying  over  the  scalp  especially  in  the 
region  of  the  temples. 

While  the  cidargement  of  the  head  goes  on.  other 
symptoms  show  themselves.     The  general  nutrition  be- 
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II)  ilrot  fplialiiN, 
II)  tlr4»i'«-|iliMlii«. 


CdincR  (Ic'ftTllvp  even  tliniiKli  liw  iippclito  niiiy  rr-nmlii 
(JimhI  mill  syiiipliiiiis  of  iiiilit'i'sliiiii  Ih'  wiiiiliii);.  TIk'  (Ic- 
v<  ici|iiiiriil  cit  till'  IiihIx  is  nlarilnl.  i;iii\Mli  In  stiiiili'il.  iiiid 
till-  luiisi'ulur  systi'iii  lirrninis  kuTI  iiiiiI  piiiirlv  iinnrisliril. 
KirmiKiit  \Milkiiii;iirr  Imii:  <li'la,Mil.  iiikI  if  iiI  liisl  iIumii 
ilniviir  is  iiiiKlr.  till-  iiiruiit's  unit  is  tiKHr  tliiiii  iiiiliiiiirily 
Inltiiini;  iiikI  iiiirirtaiii.  The  iiirrnisi'il  \vci;:lit  of  llii' 
liiiiil  tliruwsiiii  iiliiioniiiil  stniiii  mi  llir  |>iinrly  iiniirislii'il 
liiiiwli's  of  tlir  iiri'k.  Iti  yi>iifi);  iiiraiits  llii'  iihwit  ti> 
niis<'  il  rniiii  tlir  pillnw  may  In-  alti>i;rtliiT  lusl  ami  assist- 
Hiicr  iiiav  Ih'  rripiiri'il  ivi'ii  tn  turn  il.  OIiIit  cliililri-ri 
rrri|iii'iit)y  I'r.Ht  tlir  liriiil  hy  siippiirtilii:  it  with  Ixitli 
liaiiils 

|/)s.s  of  ciiiil III!  over  the  sphincters  and  I'liinpli'tc  pa- 
ralysis arcof  rarr  ixtimti'Ikt.  Suiiii'tiiiii'sal  tin-  unset  of 
the  atTt'cliiiii  a  iiinrc  or  Irss  spastir  riiiiilitinii  of  ihr  liinlis 
niav  r\ist.  I'aiii  in  llir  lirail  is  imi  an  iiifri->|iii'nt  ((iin 
plaint,  anil  ju<li;in);  by  tho  iiioaniii!;  and  crying;  of  tlii* 
I'llilil  is  iiftill  srvrri'. 

ClilTiiril  Alllmit  n-sards  iscliMinia  papilla'  as  an  early 
syinptiiin:  iiystai^niiis  and  sliahisnnis  are  utteii  seen  in 
advaneed  casi-s.  Itlindness  the  result  «(  eoniplete  iitro- 
pliy  is.  however.  iiifrei|iiciil.  When  de|iressioii  of  the 
orliilal  plates  lakes  plai-e.  the  direetiim  of  the  eyeball  is 
altered  and  more  or  less  exophthalmos  may  be  obsi-rved. 
Conviilsionsoeeuras  an  iierasional  symptom;  in  some  in- 
staiiees  lliey  are  limited  to  one  side,  but  more  frei|ueiilly 
they  are  bilateral.  Not  iineomnionly  they  are  followed 
by  a  liMiiponiry  paralysis. 

As  the  disease  proirresses  to  its  elose  symptoms  of 
pressure  become  more  manifest,  drowsiness  may  set  in, 
and  liiially  coma,  from  which  the  child  cannot  be  i^onsed, 
may  end  the  case.  Hydrocephalic  children,  however. 
ofTer  but  a  feeble  resistance  to  infection,  and  death  is 
nion-  freiniently  ilue  to  intercurrent  disease,  such  as 
pneumonia,  bronchitis,  intestinal  catarrh,  or  to  one  of  the 
eruptive  fevers. 

When  the  diseasi'  runs  a  proloiiireil  course,  all  degrees 
of  impairment  of  the  menial  poweis  may  be  met  with, 
from  slight  backwardness  to  more  or  lessconiplete  idiocy. 
In  nearly  every  case  periods  of  remission  jire  noticed. 
Tlie  ccplialaliria  seems  to  cense,  .eencral  nutrition 
improves,  and  for  the  time  the  head  cea.ses  to  enlarge.  The 
duration  of  these  periods  varies  much.  Sometimes  they 
are  so  jirolonged  that  the  an.xious  mother  indulges  the 
dream  of  permanent  recovery.  In  a  few  instances  this 
does  appear  actually  to  lake  place.  The  elfusion  re- 
mains stationary,  the  sutures  ossify,  and  the  fontanels 
close  by  meansof  adililional  plates  of  bone,  while  growth 
increases  and  nutrition  improves  in  the  trunk  and  the 
extremities.  Such  patients  may  live  many  years.  Dr. 
Uright's  patient.  Cardinal,  died  at  the  age  of  twenty- 
nine.  Ilis  mental  faculties  shortly  before  liis  death  were 
said  to  be  ■■  very  fair":  his  niiinory  was  tolerable.  lie 
was  able  to  read  and  write  anil  was  fond  of  society.  A 
few  ciuses  are  reported  in  which  a  s|i(>ntaiieous  evacuation 
of  a  large  quantity  of  watery  lluid  has  taken  ]>lace  from 
the  nose  with  immediate  relief  to  the  symptoms  which 
may  have  l>ecome  very  grave.  In  one  or  two  ca-scs  the 
relief  has  been  permanent.  In  one  case  in  which  the 
child  eventually  died,  a  small  passjige  conducting  from 
the  cranium  to  the  ethmoid  bone  was  found  at  the  au- 
topsy. 

Ill  liijiliiM-i'iihiiluK  of  liilir  i/iiim  the  symptoms  are  very 
obscure.  It  would  appear  to  be  almost  impossible  todis- 
tinguish  between  it  and  other  chronic  alleclions  of  the 
brain.  The  enlargement  of  the  head,  whicli  in  the 
hydrocephalus  of  infancy  makes  the  diagnosis  conipara 
lively  easy,  is  in  these  cases  absent.  Among  the  symp- 
toms that  have  been  recorded  are  the  following:  vomit- 
ing, mole  or  less  persistent  headache  and  slow  pulse, 
numbness  of  the  hanils  and  feel,  attacks  of  petit  nial. 
strabismus,  dilated  and  sluggish  pupils,  and  optic 
neuritis.  Unconsciousness  sometimes  supervenes  sud- 
denly and  death  takes  place  by  coma.  The  ])ost-iiiorleiii 
appearances  are  similar  to  those  of  the  hyilrocephalus  of 
infancy,  with  the  exception  that  the  amount  of  tiuid 
rarely  exceeds  eisht  or  twelve  ounces. 


Di-HATioN  — Thi-  dimillon  of  ijie  (liwiuu*  in  very  vnrin 
ble  1'lieeoiirw  IH  MHiieliiiieN  a  nipld  one  aiid  fatal 
svmpionis  supervene  in  the  courw  of  a  few  montlm 
hew  iiiiiL'eiiital  ciise.s  survive  two  years.  .>Iiiiiy  laws  in 
which  till-  alTietioii  inade  its  ap'pcanince  in' the  later 
miintlisof  infancy  or  in  early  chilijhood  live  for  four  or 
six  years. 

I'lKMiNdSls.— The  prognosis  In  this  alTectioii  is  neci>»- 
sarily  very  iinfavonilile.  but  if  the  ipiaiitily  of  lluid  is  not 
grial  and  the  teiidencv  to  acciimuliile  has  at  no  time  been 

very  active,   il   may    happen   Ihat   i of  the  periods  of 

remission  may  lie  prolonged,  the  general  iiiitritioii  may 
improve,  and  as  the  body  grows  the  size  of  Ihe  head  may 
become  less  disproportionate.  Cases  of  pernianent  re 
covery  are.  however,  extremely  rare,  and  in  some  of 
them  in  later  life  sviiiploms  cif  gnive  mental  trouble 
develop.  We  .shoiilil  remember,  however,  that  a  few  in- 
stances of  complete  and  permanent  recovi-ry  from  the 
I'lirlier  stages  of  the  disease  have  been  n'cordeVl. 

I)i.\r,Ni)sis.  —  III  the  absence  of  any  enlargement  of  the 
head  hydroiiplialus  laiinol  be  diagnosed  with  certainty. 
On  the  other  hand,  w  hen  the  lii-nil  becomes  distiiictlv  en 
largeil.  with  widely  separated  sutures  and  open  bulging 
fontanels,  then'  <ari  be  no  room  for  any  uiicerlaintv. 
When  the  head  is  only  slightly  enlarged  and  the  sutures 
are  not  distinctly  opened,  it  may  bedilliciili  to  distinguish 
it  from  the  eMlari.'ed  head  met  with  in  iiiihitis.  The  fol- 
lowing points  may  assist  us:  In  rachitis  the  head  is 
S(|uaie  rather  than  round,  the  vertex  is  llatlened.  the 
frontnl  eminences  are  pniiiiineiit.  but  the  fronlal  bones 
thiiiiselves  are  not  bulging  and  the  sutures  are  closed: 
there  is  no  deviation  in  the  direction  of  the  eyeballs,  and 
palpation  fails  to  communicate  any  sense  of  tluctiiation. 
In  hypertrophy  of  the  brain  the  increase  is  very  gradual, 
the  skull  is  linn  and  unyielding,  and  the  enlargement  is 
more  markcilal  the  vertex  than  elsewhere.  Occasionally 
we  have  a  thickening  of  the  bones  of  the  skullcap  due 
to  syidiilis.  but  no  great  dilliculty  should  be  experienced 
in  distinguishing  this. 

In  hydrocephalus  of  adult  life  the  diagnosis  must  al- 
ways be  extremely  dillicult.  .Martin  Prince  lays  much 
imjiortance  upon  the  variation  in  the  intensity  of  the 
symptoms  from  day  to  day  in  this  alfection  as  compared 
with  their  unilormity  in  cases  of  brain  tumor. 

TitE-VTMKXT— In  a  diseasi- siuli  as  this,  in  wlii<-li  the 
prognosis  is  so  grave,  it  is  impos-sible  to  speak  with  any 
contidence  of  the  treatnient  liy  drugs.  In  congenital 
cases  in  which  then-  is  a  distinct  syphilitic  history  the 
administration  of  mercury  and  potassium  iodide  has  in  a 
few  ca.ses  aiipeaicd  to  be  of  much  service.  Their  ad- 
ministration should  be  commenced  as  early  as  possible 
and  jiushed  energetically,  and  it  is  to  be  remembered  that 
young  ehildren  bear  both  of  these  drugs  pro|iorliouately 
much  better  than  do  ailults. 

External  coiiipres.sioii  of  the  skull  by  means  of  strips 
of  adhesive  plaster  may  in  congenital  cases  produce  some 
slight  diminution  in  the  circuniference  of  the  skull,  but 
its  employment  without  aspiration  of  some  of  the  tiuid 
ajipears  to  be  irrational  and  is  not  free  from  danger. 
.Xspiration  of  the  lateral  ventricles,  if  performed  antisep- 
tically  and  the  tiuid  dr:iwn  olT  slowly  with  the  head  Avell 
depresseil.  is  an  o]ieiatioii  which  does  not  appear  to  be 
attended  with  much  danger,  and  is  one  which  in  many 
cases  will  be  followed  by  teniporarv  improvement.  Willi 
the  infant  under  an  aiiasthetic  a  small  trocar  may  be 
thrust  downward  and  inward  into  one  of  the  outer 
comers  of  the  anterior  fontanel,  care  being  taken  to 
avoid  the  longitudinal  sinus.  This  little  operation  often 
gives  good  results  in  those  cases  in  which  the  symptoms 
of  comprcs.sion  are  advancing  ra|>idly.  but  have  not  ex- 
isted for  a  long  ])eriod.  removing  tlie  tendency  to  con- 
vulsions, relieving  ii;iin.  and  leading  to  a  general  ini- 
pidvemciil  of  both  bodily  and  mental  functions.  The 
chief  dangers  associated  with  it  are  the  introduction  of 
infectious  material  and  the  possibility  of  inducing  a 
state  of  collapse,  both  of  which  may  be  avoided  with 
care.  After  the  aspiration  it  is  well  to  use  some  com- 
pression over  the  vault.     Ewart.  of  Loudon,  at  the  meet- 
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iiig  of  till-  Biilisli  Mcdiciil  Association  (1901),  iidviscd  tlic 
inlnnliKiioii  of  nscplir  air  into  tin-  vcntrit-li-s  at  the  same 
tinii-  lliat  till-  tliiiil  was  drawn  oil.  Tliislic  acciimplislK'd 
liv  llif  tntroiliicticm  of  Iwci  (  annulii'into  ilic  liL'iil  splirno- 
|>iiri>'tal  rcjriori.  allowini;  the  lluii'  to  escape  by  Ilieone, 
and  peiniittinirrarefiilly  tilteiiil  air  to  enter  liy  the  other. 
He  elainu'd  for  this  inethnil  ii  more  enmph  ;e  evaeiialion 
of  the  ventrii  idai  lliiid.  and  an  avoidanee  of  tlie  danf,'er 
resnlliiiir  from  llie  sndden  and  complete  removal  of  press- 
un-.  In  one  of  the  cas<'S  whicli  !»•  reported  lie  removed 
in  ten  sepamie  tappiniis  lluid  amonnlinj;  in  all  to  eleven 
pints.  At  the  lime  the  repoit  was  made  the  C(Uidition 
of  the  child  was  L'reatly  improved.  Any  such  operation, 
liowever.  rarely  alTords  more  than  a  temporary  lienetit. 

I.undiar  puncture,  advocated  in  this  atrcctinn  .some 
years  ailo  hy  IJuineUe.  lias  in  a  few  cases  appeared  to  be 
of  some  benetit,  liut  it  olTcrs  a  hope  of  .service  only  in 
tho.se  rare  ca.ses  in  whi<li  there  is  no  blocking  of  the 
channels  of  e.\it.  ConsidcrinLT  the  excellent  temporary 
results  obtained  in  many  cases  by  aspiration  during  tlie 
past  few  years,  elTorts  have  been  matle  \>y  some  surgeons 
to  establish  p<'rmanerit  drainage  of  the  ventricles  by  es- 
tablisliiiig  an  artiticial  commuiii<aliiiM  between  them  and 
the  subarachnoid  space.  Sutherland  and  Cheyne  report 
three  cases  in  which  a  small  opening  was  made  in  the 
duni,  and  oni'  end  of  a  number  of  strands  of  catgut  tied 
together  was  pass<'d  into  the  ventricle  while  the  other 
end  was  retained  in  the  subdural  space.  The  results, 
however,  were  unfortunate,  although  temporary  im- 
provement followe<l  in  two  cases.  Ors.  Barlow  and 
Lees,  however,  report  one  case  treated  in  this  way  as  a 
remarkable  success. 

Mure  recently  Mr.  JIcAdam  Eccles  reports  continuous 
iniprovenant  in  a  case  on  which  he  operated,  using  horse 
hair  instea<l  of  catgut  as  a  drain,  passing  one  end  of  the 
strands  under  the  dura  mater  and  the  other  into  the  right 
lateral  ventricle.  The  po.ssibility  of  thus  replacing  the 
natural  channels  of  exit  from  the  ventricle  into  the  cav- 
ity of  the  subarachnoid  or  even  into  the  subcutaneous 
spaces  appears,  by  the  results  obtained  in  these-  opera- 
tions, to  be  feasible,  and  we  are  hopeful  that  with  ini- 
liroved  technitiuc  we  may  yet  be  able  to  do  much  in  the 
way  of  relief  for  this  very  unfortunate  class  of  cases. 

A/ij-dnder  D.  Blackader. 
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HYDROCHLORIC  ACID.— Muriatic  Acid,  HCl.  Under 
the  title  .XriiliDii  llijilriiclihjriruiii.  Hydrochloric  Acid,  the 
United  States  Fhiuinacopa'ia  recognizes  "a  li(|uid  com- 
posed of  31.9  per  cent.,  by  weight,  of  absolute  hydro- 
chloric acid,  and  08  1  per  cent,  of  water."  Such  grade  of 
iicid  is  "a  colorless,  fuming  litpiid,  of  a  )uingeiit  odor,  and 
an  intensely  acid  taste.  Specific  gravity:  about  1.1  (i;!  at 
lo  C.  (59'  K.).  Miscible.  in  all  inoporiions.  with  water 
and  alcohol  "  (U.  S.  P.).  Hydrochloric  acid  must  be  kept 
in  glass-stoppered  bottles  aiid  pidtected  from  the  light. 

Tile  physiological  elTects  and  theraiieiilie  applicalions 
of  liyilrochlonc  acid  so  closely  resemble  tlio.se  of  iiitiic 
acid  that  a  separate  description"  is  unnecessary  (see  J\iliic 
Ari<ll  For  medicinal  use.  i)roper,  the  following  ollicial 
preparation  is  established  by  the  United  States  Pliarma 
copteia: 

_  An'ilinii  ITjidrorhlorii-iim  Dihitiim.  Diluted  Hydrochlo- 
ric Acid. — This  prepanition  is  a  simple  dilution  of  the 
strong  acid  of  the  I'liarmacopteia  with  ilislilled  water. 
It  re|)resents  ten  percent,  of  absolute  hydrochloric  acid, 
is  a  colorless  and  very  sour  lluid,  irritant  thougli  not  cor- 
rosive, and  of  the  spe'eitic  gravity  l.O.iO.  Dose,  from  ten 
to  thirty  drops,  hirgely  diluletl  w'ith  water,  and  the  mouth 
to  be  rinsed  well  after  the  taking  of  each  dose. 

Editurd  Curtis. 


HYDROCOTYLE.    See  Vmhcllifera. 

HYDROCYANIC  ACID.— Hydrocyanic,  or,  as  it  is  so 
enmmoiily  ealleil,  jiriixstr  acid  (HCX).  is,  in  pure  or  an- 
hydrous coiiilition.  a  thin,  colorless,  very  volatile,  very 
unstable,  and  fearfully  poisonous  fluid.  Being  so  un- 
manageable in  llie  icjiiecin rated  slate,  the  aeiil  is  used  in 
medicine  only  in  dilute  solution  in  water  or  in  alcohol 
and  water,  In  continental  Europe  solutions  of  various 
.strengths  arc  to  be  met  with,  ranging  from  I  wo  to  twenty- 
five  per  cent.  ^Vhat  is  known  as  S-/icele's  acid  is  an  aiiue- 
ous  solution  from  four  to  live  per  cent,  in  strength. 
Under  the  title  Ariilnui  JIi/ilr"n/iiiiirii)ji  DHntuiii.  Diluted 
Hydrocyanic  Acid,  the  United  States  Pharmacopu'ia 
establishes  "a  liiiuid  composed  of  two  ])er  cent.,  by 
weight,  of  absolute  hydrocyanic  aciil,  and  ninety-eight 
per  cent,  of  water."  This  preparation  is  made  by  dis- 
tilling a  mixture  of  ]iotassium  ferroeyanide  and  diluted 
sulphuric  acid,  receiving  the  ilistillate  in  a  receiver  con- 
taining water.  The  product  istiually  brought  tostantlard 
strength,  as  determined  by  assay,  by  the  addition  of 
distilled  water.  Diluted  hydrocyanic  acid  may  also  be 
prepared  extemiioraiieously  by  the  following  process, 
oflicially  authorized:  "Silver  cyanide,  (5  gm. ;  hydro- 
chloric iiciil,  5  c.c. ;  distilled  water,  .5.5  c.c.  Mix  the 
hydrochloric  acid  with  the  distilled  water,  add  the  silver 
cyanide,  and  shake  the  whole  together  in  a  glass- 
stoppered  bottle.  When  the  precipitate  has  subsided, 
pour  oil  the  clear  liquid."  In  this  ]irocessdoul)le  decom- 
position ensues  between  the  silvercyiinide  and  the  hydro- 
chloric acid,  with  the  formation  of  hydrocyanic  acid 
which  remains  in  solution,  and  silver  chloride  which  pre- 
cijiitates. 

Diluted  hydrocyanic  acid  is  "a  colorless  liquid,  of  a 
characteristic  odor  and  taste,  resembling  those  of  bitter 
almonds.  As  it  is  very  poisonous,  great  care  should  be 
tjiken  in  tasting  it.  It  is  completely  volalilizetl  by  heat" 
(U.  S.  P.).  Tlie  acid  is  more  or  less  jirone  to 'decom- 
pose, thereby  losing  strength,  and  in  such  decomposition 
commonly  turns  dark,  even  getting  in  time  to  look  like 
a  thin  ink.  .This  decomposition  will  certainly  and  rap- 
iilly  go  on  under  exposure  to  the  air  in  an  o|ien  vessel, 
and  is  also  hastened  by  the  action  of  light.  The  jirepara- 
tiou  must,  tlierefore,  be  put  up  in  small,  dark,  amber- 
colored  vials  and  kejil  in  a  cool  place  iirotected  from  the 
light.  -Vu  im]iortant  point  is  to  have  the  vials  cork- 
stoppered,  and  not  ,v?((,v,«  stoppered,  since,  for  some  rea- 
.son,  the  preparation  deterinrates  much  faster  in  glass- 
stoppered  bottles  than  in  those  closed  by  cork.  The  acid 
will  keep  better,  furthermore,  according  to  Si|uibli,  if.  in 
dispensing,  iiuautities  be  drawn  from  the  stock  bottle  by 
a  pipette  instead  of  by  pouring. 

Physiolo.eicallv,  hydrocyanic  acid  is  remarkable  for 
deranging,  swiftly  and  strongly,  the  functions  of  nerve 
apparatus,  ap|iareiilly  irritating  and  quickly  exhausting 
certain  nerve  centres,  and  also  tending  to  destroy  the 
conducting  power  of  nerves  and  the  contractility  of  mus- 
cles gcnerallv.  Probably  by  virtue  (d'  these  actions,  hy- 
drocyanic acid  is  a  peculiarly  speedy  and  jiowerful  poi- 
son.    (See  lli/ili-iiri/niiic  Arid  :  Jaeirolof/i/.) 

The  application  of  hvdrocyanic  acid  in  t/unipeiitics 
docs  not  amount  to  much.  By  reason  of  its  iioisonous 
nature,  the  medicine  can  be  useil  only  in  insigniticant 
doses,  and  the  onlv  medicinal  virtues  that  such  doses 
possess  are  to  allay  p;dn  or  irriliibiiity  of  llie  stomach, 
and,  less  ccrtainlv,  the  irritability  of  the  air  passtiges  in 
disease  that  Icails  to  dry  cough.  The  local  u.seof  hydro- 
cyanic acid  solutions  as  lotiinis  in  skin  disease,  to  allay 
pain  and  itching,  is  not  without  danger  of  inducing  con- 
stitutional poisoning  by  absorption  through  unobserved 
abrasions. 

Hytlrocyanic  acid  in  the  form  of  the  dilute  solution  of 
the  United  States  Pliarmaeopoia  is  commonly  prescribed 
in  doses  of  from  two  to  four  tlrops  only,  but  there  cer- 
tainly is  no  danger  in  doses  of  O.-IO  gm.  ('U  vij.  or 
viij.),  and  such  doses  are  used  by  many  practitioners. 
Furthermore,  since  the  effect  of  the  drug  is  very  evanes- 
cent, and  there  is  no  evidenccof  any  so  called  cumulative 
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urtioii,  then*  h  no  itlijcctiiiii,  |iliyHl<>lni(iciilly,  to  the  rrlH-- 

tltioll  of  t'VCll    It     full    lIlISC    Wl    IlflCll    IIMI'VCIV    lidiir         'I  111- 

ilusc  limy  l(r  inliiiiiilsli  nil  in  wmir.  or  s\ni|iiiiiil  wiiiir. 
uiiil  iiiiiv  III-  coiiiliiiicil  with  iilkiiliiiiliil  siilti,  Init  imt  with 
(uilts  III'  till'  iiii'liils.  Kill'  II  skin  Inllnii.  till'  |iliiiriiiii('ii 
pii'liil  iiciil  it  viiriiiiisly  ililutril  fmiii  trii  to  llfty  folil  liy 
tlilTricfil  |innlilionrrs. 

Quill'  rciciilly  llirn-  liitslx-i-ii  piiblislii'il  •  iinii'Tounl  of 
doiiir  inlrrcstilii;  rxpiTimriils  liy  .liiri|iirs  l.oi-li  tiiiil  War- 
ri'ii  II.  I,i-wi.s  in  till-  Hull  riiysiolouicnl  Liilioiiitmy  of  ilir 
rnivri>.ily  "f  Cliinijro.  on  ilir  |iio|oni:alion  of  tin-  lifr  of 
llir  luifiTlili/ril  i^Ks  of  si-n  incliiii-  liy  polussiiini  cyii- 
iiiilo.  Oiiliimrily  Mich  i%'i;s,  krpi  in  siii  water  at  a  trin 
pi'nitiiic  of  iilioiit  •,'()  ('.,  lost-  Ihcir  pnwcr  of  ili-volop- 
iiii'iil.oM  fiTtili/atioii.  in  from  twriity  tliirr  to  forty  rijilit 
hiiiii-s,  or  lisM.  Hut  if  to  thrsra  wiiirr  licaililril  a  ccrtiiiu 
pcrccntniicof  potiissiuiuryauiilr  (oin'  part  of  an  ","„"  cyii- 
iiiilr  soliiliiiii  to  lull  [larls  of  sni  uittrri.  tin-  tiiiii-  iliirin^r 
which  the  capacily  for  fi-rtili/iilion  prrsisis  is  very  mate- 
riiiUy  leiiL'tliened — finni  one  liiiiulriil  anil  twelve  to  one 
luinilnil  mill  sixty  eiirht  lioiiis.  iieeonlini:  to  ilcfrrec  of 
<levclopinenl  altaiiiiilile.  Anil  such  proliin<;atii>ii  olitains 
for  partlienoi;enctic  as  well  as  for  sexual  ileveloinneiit. 
The  experinientersiu'count  for  these  results  liy  the  theory 
that  normal  ileath  of  the  iinfertilizeil  vtxps  is  ilue  to 
"specilie  inorlal  processes"  which  "are  checkeii  or  modi 
fieil  liy  the  process  of  sexual  or  osinolic  fertilization,'' 
anil  which  also  may  lie  clieekeil  liy  potassium  cyaniile. 
"which  sulistitiites  for  the  destructive  action  of  these 
processes  a  condition  of  suspeusiou  of  life  ('  vie  latenle  ' 
of  Heriiardl  "  Kilmirri  Curtis. 

HYDROCYANIC  ACID.     TOXICOLOGICAL.)— As  the 

various  cvauic  poisons — hydrocyanic  acid,  the  cyaniiis. 
impure  oil  of  hitter  almonds,  clierry  laurel  water,  etc. — 
all  owe  their  poisonous  i|ualities  to  the  presence  in  them, 
or  lilieration  from  tluin,  liy  the  action  of  the  lii|uiils  of 
the  economy,  of  liyiliocyiinic  acid,  their  action  is  in  the 
main  the  s;uue.  The  rapidity  of  their  action  de]iemls 
upon  the  proportion  of  hydrocyanic  acid  which  they  con- 
tain, and  is  modilied  somewhat  in  kind  liy  the  nature  of 
the  substance  with  which  the  acid  is  combined,  as  iu  the 
case  of  potassium  cyaniil. 

Although  Dioscorides  rasHally  mentions  the  poisonous 
nature  of  bitter  almonds,  and  Madden,  in  1731.  called 
attention  to  the  toxic  powers  of  cherry  laurel  water,  the 
toxicological  history  of  hydrocyanic  acid  itself  begins 
with  the  year  IWi,  when  its  poisonous  nature  seems  to 
have  been  first  recognized  by  Schrader.  The  existence 
of  the  acid  had  been  discovered  twenty  years  earlier 
(1780)  by  Scheele.  whose  death  has  been  frequently  at- 
tributed to  accidental  inhalation  of  its  vapor.  It  would 
seem,  however,  from  the  account  given  by  Crell  at  the 
time  (Aiifiiiltn.  17S7.  i..  lit'J)  of  Scheele's  last  illness, 
that  his  death  was  due  to  disease  and  not  to  pfiisun. 

According  to  Stille,  Horda  ( 1804)  tirst  suggested  the 
use  of  the  artilicially  ))rcpaie(l  hydrocyanic  acid  as  a 
remedy  in  cases  in  which  cherry-laurel  water  had  been 
previously  used.  A  few  years  later  (Hufelands./o»rH(i/, 
1813,  p.  113)  occurred  the  tirst  case,  of  which  we  have 
been  able  to  find  record,  of  death  of  a  human  subject  by 
thi-  action  of  this  poison.  This  was  the  case  of  a  child 
who  .swallowed  a  (piantity  of  the  dilute  acid  which  u 
physician  had  prescribed  for  thenifither.  Within  the  few 
succeeding  years  deaths  occurring  in  a  similar  manner, 
from  misadventure,  or  by  reason  of  the  varying  degree 
of  concentration  of  the  medicinal  acid  used,  became  very 
numerous,  and  in  conseciuence  the  drug  fell  into  disrepute. 

In  more  recent  years  the  extensive  use  of  the  cyanids 
of  potas,sium.  silver,  etc..  in  the  proces,ses  of  photogra- 
phy, electroplating,  and  gilding  has  placed  these  active 
poisons  at  the  easy  disposid  of  many,  has  led  to  numer- 
ous cases  of  poisoning  through  carelessness  and  misad- 
venture, and  has  brought  potassium  cyanid  into  promi- 
nent notice  as  one  of  the  most  frequently  employed  of 
poisons. 

♦  Tlie  American  Juumal  of  Physiology,  January  IsU  liXE. 


The  KtnllHticN  nf  iMiiNoiiinK  in  ililTereiit  i-iiiintricii  ulTiird 
Koiiiewhal  contniillclory  informatinn  iih  to  the  degree  of 
fliipiini  y  of  llie  UN-  of  the  i\iinie  poison-.  'riiidieii 
gives  a  table  of  criminal  |ioihiiiii'nKs  in  Kniiice  from  IH.'il 
III  |H(|;|,  iiiebiiling  Oil  caws,  ol  uhii  h  tben-  is  imiir  by 
the  cyanic  poisons.  The  Heportsi.f  the  UeglHliar  (ienenil 
of  (ileal  liritaiii  for  IH0:(-tl7  ineluile  'i.H-'tO  poisoiiinf;* 
from  all  causes,  of  wliicli  l,'i|  were  caiiHed  by  hyilrix-y- 
anil-  acid  and  |iiilassiuiii  lyaniil,  a  number  only  eieeeded 
ill  the  cases  ol  laudanum  and  the  salts  of  leiiiV  During 
Ihe  same  period  there  were  (i.OliO  suicides,  of  which  U7.S 
were  by  poison,  and  of  tbese  tlie  cyanic  poisons  head  Ihe 
list  with  l-.M  ca.s«-s.  (If  l,-Jii:i  murdirs  lilwere  by  poison, 
and  of  these,  .I  were  by  laudanum  and  -I  by  the  cyanic 
poisons.  I.<-ss<-rgivesa  table  of  431  eases  of  poisoning  oc- 
curring in  IJerlin.  from  |k70  to  IHis-i,  ,,f  ^vllieh  7-1  were 
by  potassium  <yaniil  and  T-'  by  hydrocyanic  acid,  while 
the  only  substance  which  caused  a  greater  number  of 
deaths  than  the  former  is  carbonic  o.viil.  IS.').  In  our  own 
country  statistics  of  poisonings  are  exceedingly  meagre, 
and  such  as  exist  are  valueless  by  reason  of  iusulllcient 
and  iiiacciinile  data. 

Murder  by  the  cyanic  poisons  does  not  seem  to  be  fre- 
iiuintly  attempted.  By  suicides  hydrocyanii-  acid  is 
often  the  agent  selected,  because",  probably,  of  its  rapid 
action,  while  the  facility  with  which  potaK.sium  cyanid 
can  be  obtained  by  any  one  is  a  reason  of  its  fre<|uent  use 
i  for  the  sjuue  purpose.  Accidental  ])oisoniiigs  by  the  cy- 
anic poisons  arc  the  result  of  carelessness  or  ignoniiice. 
A  solution  nf  potassium  cyanid  has  been  hastily  drunk  in 
mistake  for  water.  The  same  substance  in  the  solid  form, 
bought  to  clean  brass  buttons,  has  been  swallowed  in 
mistake  for  another  solid  purchased  at  the  same  time. 
Numerous  poisonings  by  oil  of  bitter  almonds  used  for 
flavoring  articles  of  food  are  recorded.  ln.stances  of 
death  or  serious  ]>oisoning  caused  by  the  medicinal  ad- 
ininistiatiou  of  liydmiyanic  acid  are  by  no  means  as  in- 
frii|Uent  as  they  should  lie.  In  several  cases  the  intent 
of  the  physician  has  been  called  iu  (luestion,  and  a  trial 
for  ]uurd(-r  or  manslaughter  has  resulted. 

Exi'Kui.MENTs  ox  Animals. — Mtthoil  of  Aclinn. — As  in 
the  great  majority  of  cases  in  which  the  human  subject 
has  succumbed  to  the  action  of  the  cyanic  poisons,  tl:e 
clinical  history  has  reached  the  last  chapter  before,  or 
shortly  after,  ihe  arrival  of  the  physician,  what  knowl- 
ed.se  we  possess  concerning  their  moile  of  action  has  been 
derived  mainly  from  experimentation.  Unfortunately 
the  experimental  method  has,  iu  the  hands  of  dilTerent 
observers,  led  to  widely  varying  opinions  regarding  the 
mode  of  action  of  these  poisons. 

The  following  is  the  usual  train  of  appearances  follow- 
ing the  admiui.stration  of  a  lethal,  yet  not  overwhelming 
dose  of  hydrocyanic  acid  to  a  warm  blooded  animal: 
There  is  dyspnien.  beginning  with  a  few  hurried  respira- 
tory nifivcments.  the  animal  staggers  and  falls  in  a  pow- 
erful tetanic  spasm,  with  opisthotonus,  during  which  the 
diaphragm  is  fixed  in  contraction  ;  the  pupilsare  dilated; 
the  tongue  and  eyeballs  protruding,  the  latter  glas.sy; 
there  is  involuntary  evacuation  of  urine  and  faeces;  the 
])ulsc  rapidly  diminishes  in  force  and  frei|ueucy,  and,  if 
the  (lose  be  large,  the  animal  dies  without  any  further 
symptoms.  If  the  animal  do  not  die  al  this  point,  the 
mu.scles  relax  :  the  condition  of  tetanus  passes  into  one 
of  general  paralysis,  with  total  loss  of  rclic.v  irritability: 
respiration  is  rcsumcil.  the  expiratory  acts  being  quite 
long  and  the  inspiratory  very  short,  and  the  intervals  be- 
tween the  movements  being  very  long.  The  jnilse  is  ir- 
regular, frequent,  and  liarely  perceptible.  If  the  animal 
recover,  the  respiration  and  ])idse  gradually  return  to  the 
normal:  if  it  die.  the  intervals  between  the  respirations 
increase  in  length,  the  pulse  becomes  imperceptible.  No 
further  convulsive  movements  arc  observed,  except,  im- 
mediately prweding  death,  a  single  convulsive  expira- 
tory effort  attended  by  a  piercing  cry  or  shriek. 

that  hydrocyanic  acid  destroys  life  by  the  disorders 
of  respiration  "which  it  produces  may  be  reganled  as 
certain;  but  concerning  the  underiying  causes  of  these 
disordei-s  no  such  certainty  can  at  present  be  said  to  exist. 


fSl 


Il>  ilr«M-)iiillt-  A<-I<l. 
|l)<lr<M}allli'  .%<'ld. 


KEFKHENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Preyer.  from  a  iiumbor  of  earpfiilly  conducted  c.xpcri- 
meiits.  liius  coiRliidcii  lliiil  livdiDcyniik- aci<l  causes  death 
liv  irriUitiiiii  of  iIk'  p(-ri|ilieml  bniiulies  of  the  vagus  in 
the  luugs  and  heart.  In  his  experinieiits  doses  otherwise 
certainly  lethal  did  not  kill  animals  in  which  the  vatri 
liad  been  previously  divided:  and  wlaii  animals  so  pre 
pared  were  killed  l>y  larger  doses  of  the  poison,  they  did 
not  die  from  sulToeation.  as  they  otherw  ise  would  have 
ihjne.  lint  from  the  pai-alyzinir  action  of  the  poison  upon 
the  heart.  I'reyer  has  further  shown,  not  only  in  Ins 
earlier  experiments,  hut  in  others,  made  sul)se(|\ienlly  to 
the  publication  of  BOhms  views  (see  below),  that  while 
nibbits  and  guinea  pigs  w  ere  invariably  killed  by  II. '-i  ( .c. 
of  a  two  percent,  solution  of  hydrocyanic  acid,  they  did 
not  die,  but  recovereil  after  more  or  less  severe  symptoms 
of  poLsoning,  if  the  sjime  dose  was  administered  to  them 
shortly  after  they  had  received  hypodermatically  0..5  c.c. 
of  a  one  percent,  solution  of  sul|d)ate  of  atropin.  Atro- 
pin  having  been  shown  to  produce  paralysis  of  the  per- 
ipheral biiinchesof  the  vagus,  an  antagonism  of  the  two 
drugs  is  explainable  on  the  supposition  that  hydrocyanic 
aciil  pos-scsses  the  power  of  irritating  those  nerves. 

Bdiim  not  only  does  not  substantiate  the  views  of 
Preyer.  but  reaches  very  ditl'erent  conclusions,  which  he 
thus  summarizes:  "1.  Tlie  action  of  liydrocyanic  acid  is 
tipon  the  central  nervous  system,  whose  functions  are 
destroyed  by  larger  (juautities  after  a  short  period  of 
stimulation.  2.  The  disturbances  of  respiration  and  cir- 
culation have  their  origin  in  analogous  modifications  in 
the  activity  of  their  centres  in  the  medulla  oblongata. 

3.  The  vagus  plays  no  part  whatever  in  the  action  of 
liydrocyanic  acid  upon  the  respiration  or  upon  the  heart. 

4.  Atropiu  is  no  antidote  to  hydrocyanic  acid.  The  only 
rational  method  of  treatment  of  this  form  of  poisoning  is 
in  the  early  use  of  artificial  respiration." 

It  may  be  said  in  support  of  the  views  of  Preyer,  as 
against  those  of  Bohm,  that,  while  the  experiments  of 
the  former  were  performed  upon  rabbits  or  guinea  pigs 
in  a  condition  as  near  the  normal  as  possible,  and  free 
from  restraint,  those  of  the  latter  were  conducted  upon 
cats,  confined  in  thedorsjil  position,  upon  which  trache- 
otomy had  been  pcrformcil,  the  jugular  vein  being  in 
communication  with  a  cardiograidi,  an<l  which  had  lieen 
narcotized  with  varying  quantities  of  chloral.  Certainly 
the  conditions  of  Prej'ers  experiments  were  the  more 
likely  to  afford  evidence  of  the  normal  action  of  the 
poison. 

Amory  differs  from  both  Bohm  and  I'reyer.  He  holds 
that  artificial  respiration  neither  prevents  poisoning  by 
hydrocyanic  acid  nor  materially  aids  its  elimination,  al- 
though it  may  prevent  the  occurrence  of  convulsions  or 
muscular  spasm;  that  musctdar  irritability  and  nervous 
conduction  are  not  impaired  by  hydrocyanic  acid,  if  arti- 
ficial respiration  have  been  maintained,  until  alter  cessa- 
tion of  cardiac  pidsations:  that  death  from  hydrocyanic 
acid  is  due  to  some  other  uiuse  than  asphyxia,  "and  it 
may  be  suggested  that  the  fundamental  cause  is  a  state 
of  blood-poisoning,  due  to  some  alteration  either  of  the 
physical  or  the  chemical  condition  of  the  blood." 

The  last  .sentence  of  Amory,  (luoted  above,  expresses 
a  view  which  is  conceded  by  Preyer,  Biihm,  and  all  other 
observers,  that  whatever  nniy  be  the  action  u]ion  any 
portion  of  the  nervous  systein.  a  distinct  change  in  the 
chenucal  composition  of  the  blood  occurs  in  poisoning  by 
hydrocyanic  acid.  Upon  this  jmiut  much  light  has  been 
shed  by  the  observations  of  Preyer,  Hoppe-Seyler,  and 
Gaethgens,  CI.  Bernard  observed  that  under  the  infiu- 
ence  of  hydrocyanic  acid  the  venous  blood  becomes  red. 
Acconling  to  the  observations  of  Gaethgens,  at  the  ino- 
mcnt  wlien  the  convulsivi'  seizure  marks  the  beginning 
of  the  action  of  the  poison  the  venous  blood  assumes  a 
bright  red  color,  and  a  similar  change  in  color  from  the 
usual  venous  tint  to  bright  reil  is  seen  in  the  blood  of  the 
right  heart.  At  a  later  stage,  however,  the  venous  blood 
in  the  cava',  portal  vein,  and  the  right  heart  a-s.sumes  a 
darker  hue  than  that  of  normal  venous  blood;  and  this 
dark-colored  blood  is  found  in  the  veins  of  warm  blooded 
animals  which  have  died  from  the  action  of  the  poison, 


even  if  the  autopsy  be  made  immediately  after  death. 
Quantitative  analysis  of  the  gases  absorbed  and  exhaled 
by  animals  under  the  iulluence  of  hydrocyanic  acid 
showed  that  in  the  beginnini:  of  the  poisoning,  while  the 
venous  blood  is  bright  red.  less  carbon  dioxid  is  produced 
than  normally,  and  at  the  s:inic  time  the  e.xpired  air  is 
richer  in  oxygen  than  usual — conditions  winch  are  the 
opposite  to  those  ob.served  in  ordiiwiry  suffocation.  In 
the  later  stages  the  elimination  of  carboiuc  acid  is  in- 
creased. Gaethgens  also  showed  that  prus.sic  acid  does 
not  destroy  the  power  of  reduced  ha-moglobin  of  taking 
up  oxygen  from  the  atmosphere:  that  fresh  blood,  sat- 
urated with  oxygen,  does  not  give  up  any  of  its  oxygen 
by  the  action  of  hydrocyanic  acid:  that  blood  containing 
hydrocyanic  acid  does  not  give  up  carboinc  acid  to  an 
atmos|)here  free  from  that  gas;  ami  that  the  separation 
of  oxygen  from  fresh  blood  is  imjicded  by  the  liresence 
of  hydrticyanic  aid. 

Preyer,  and  also  Hoppe-Seyler,  have  obtained,  by  the 
action  of  hydrocvai'iie  acid  vipon  oxyha-moglobin,  a  crys- 
talline product,  formed  without  separation  of  oxygen, 
which  differs  mat(Mially  from  oxyluemoglobin  and  from 
reduced  lucmoglobin  in  appearance  and  in  |iroperties, 
which  has  not  the  power  of  ozonizing  oxygen,  and  which 
is  not  converted  into  oxyhemoglobin  by  exposure  to  at- 
mospheric air. 

It  seems  clear,  therefore,  that  hydrocyanic  acid  has  the 
property  of  preventing  the  proper  appropriation  of  oxy- 
gen by  the  tissues,  as  well  as  the  formation,  or  at  hast  the 
elimination  of  carbon  dioxid,  by  entering  into  chemical 
composition  with  the  blood  ]iignient.  It  is  probable  also 
that  this  jiroperty  is  an  iiuportant  factor  in  the  action  of 
the  poison  upon  the  animal  economy,  although  it  can 
hardly  be  stated  that  this  is  its  only  method  of  action. 

■Symptoms. — IiJiahilii'ii. — Owing  to  the  ready  volatil- 
ity of  hydrocyanic  acid,  its  absorption  by  the  pulmonary 
surfaces  is  rapid.  Coullon  observed  tiiat"thc  odor  of 
the  acid  caused  one  to  fall  unconscious  and  motionless." 
Ittner  suffered  from  "constriction  of  the  chest,  interfer- 
ence with  respiration,  vertigo,  lassitude,  and  shuddering," 
in  consequence  of  having  inhaled  the  vapor.  Heller  men- 
tions a  case  in  which  severe  tetanic  sp.isms  were  produced 
by  smelling  a  bottle  containing  a  five-percent,  solution. 
Dr.  Letheby  was  rendered  unconscious  by  smelling  a  bot- 
tle containing  the  concentrated  acid.  Taylor  relates  the 
case  of  a  lady  who  "was  immediately  seized  with  dizzi- 
ness, stupor,  inability  to  stand,  and  faintness,"  from  in- 
halation t)f  the  vapors  produced  by  spilling  a  quantity 
of  the  five-percent,  solution  upon  her  dress.  A  student, 
engaged  in  preparing  the  acid  in  an  apparatus  whose 
joints  pcrmittecl  the  escape  of  vapor,  was  found,  after 
several  hours,  in.sensiblc.  with  closed  eyelids,  widely  di- 
lated i)n|iils.  cold  limbs,  and  barely  perceptible  pulse. 
The  niusclcsof  the  arms  and  legs  were  firmly  contracted, 
the  patient  was  in  a  condition  of  profound  coma,  but  re- 
covereil after  several  hours  (Kegnauld).  Coullon  records 
a  case  in  which  inhalation  of  prussic  acid  vapor  destroyed 
human  life — that  of  a  chemist  who  died  in  consequence  of 
having  siiilled  a  innmtity  of  the  acid  upon  his  naked  arm. 
As  but  little,  if  any.  absorption  could  have  occurred 
through  the  skin,  the  fatal  result  was  probably  due  to  in- 
halation of  the  vapor. 

Industrial  poisoning  by  inhalation  of  prussie-acid  va- 
por sometimes  occurs  in  workshojis  devoted  to  electro- 
plating and  gilding,  in  which,  by  reason  of  imperfect 
ventilation,  the  va|iors  constantly  emanating  from  the 
cyanid  baths  are  allowed  to  accumulate.  Pcr.sons  ex- 
posed for  a  number  of  hours  to  such  an  atmosphere  suffer 
from  shooting  pains  in  the  forehead,  pain  in  the  region 
of  the  heart,  palpitation,  difticult  respiration,  a  sense  of 
constriction  of  the  throat,  and  fits  of  weakness  and  som- 
nolency. 

B,i/  the  Stomach. — The  action  of  hydrocyanic  acid,  when 
taken  bj'  the  mouth,  varies  with  the  magnitude  of  the 
dose,  the  degree  of  concentration  having  little,  if  any, 
influence.  AVhen  taken  in  quantities  above  the  medic- 
inal dose,  but  still  below  that  capable  of  causing  death 
(ni  X.  to  XX.  of  the  U.  S.  P.  acid;,  it  causes  a  sense  of 
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roiiMiiction  of  tlie  elieat,  n  feeling  of  inipeniliiiK  RiifTuoa- 
tloii.  irrilnliiiii  of  tlic  lliroul,  ii  sctiKr  of  liciil   in  llic  cpi 
KiiKtriiiiii,  ili/.ziiii-H(i.  iiii|>i'ili'il  liM'iiiiKPilciii.  II  wiiw  of  iiiii 
Kirii'tiiiii  mill   lii'iiviiicHH  nf  tlir   lirml,  iimi   in  Konic  ciihch 
niiiisi'ii  or  II  inivint;  foi-  ruml      Siiliviilion  iinil  ulriTiitiim 
of  till'  iniiiilli  firi|Urlitl,v  mriir. 

When  sniiill  |iiiiKi>iiiiiis  ilosrw  iirc  liikni,  tin*  iiaticnt,  in 

tllC  IICl   of  SWIllioU  ill^',    Illllil'I'S  lllf  llot.    IlitllT  lllSlC  of    till' 

iiciil.  mill  iilniosi  iinini'iliiitclv  ii  wnsc  of  conKlrictioii  of 
till-  lliroul  In  ilii'  niiirsi' of  oni-  or  two  iniiinti'S  tlirii' 
lire  si'vcrc  piiin  lUiil  srnsrof  pirssiiir  in  llir  luinl,  inrrnis 
iiiK  vitIIko,  proffrrssivr  cunfiisioii  nf  inirllcri.  olisciini' 
lion  of  visiiin.  iiis^'iisiliilily.  wiili  lossof  niiisciilur  power. 
Till'  fuel'  is  piilrmiil  liloiili'il.  tlirivi's  iirr  proininriit  nml 
i;liissv,  till'  inoiilli  is  iiiiirkrii  wiili  frolli.  Tlir  piiliml  is 
tlicn  si'i/ril  with  coiiviilsions  of  ii  fi'tnnic  cliiinKicr.  willi 
llir  jiiws  lirnily  clcnchcil.  The  piilso  is  iinick.  Ilic  ri'spi 
nilioii  slow  iiiiil  sifrloroiis,  iiiiii  niiicoiis  rfilcs  an-  licard 
over  tlir  rlirsl.  Voiniiin^  is  uni-oinmon;  if  it  occur,  it 
is  iisiiiilly  Ilic  licirinninLT  of  rfcoviiy.  The  voiiiilril  niiil 
t«T,  as  Will  as  till-  liriiilli,  liiis  tlic  oilor  of  liillir  ill 
iniinils.  If  llir  case  liriiiinalc  in  licalli  llicrc  an-  usually 
stroiii;  ti'Ianic  I'liiiviilsions.  invulunlary  evaluation  of 
urine  anil  fiiees.  opistliotoniis;  then  succeeds  a  coiiililion 
of  j;ciieral  panilysis,  anil  ilealli  from  asphyxia  follows  in 
a  perioil  varyiiijc  from  two  hours  to  two  days.  When 
recovery  occurs,  it  does  so  i;nidiially.  the  respiration  and 
circiilalioii  slowly  returninir  to  the  normal  condition 
willioiit  any  riirlhcr  complicaliiais. 

With  larjie  doses  siilijective  symptoms  are  entirely  ah- 
seiit.  In  less  Ihan  a  miiiule  con.seioiisness  is  suddenly 
lost  and  the  paircnl  falls  if  standintc  or  sillinj;.  Then 
usually  follows  a  short  convulsive  seizure,  during;  which 
there  is  iu  most  cases  involuntary  evacuation  of  urine 
ami  fieces.  After  this  the  patient  lies  perfeclly  still. 
with  prominent,  irlassy  eyes,  jaws  lirnily  cleiiclieil.  nioulli 
covered  with  foam,  face  at  lirst  bloalcd.  afleruard  pali' 
and  sunken,  jiupils  dilalcil  and  iiiseiisililc.  surface  coUl 
and  claiuniy.  and  muscles  compliiily  rela.xcil.  The 
pulse,  at  lirst  somew  hat  more  freipieiil  than  normal,  raji- 
iilly  liecomcs  weaker,  until  in  the  later  staires  it  is  imper- 
ceptible. The  respiralioii  is  spasmodic,  tlieinspinitionsare 
short,  and  immeiliatcly  followed  by  a  protracted  expira- 
tion, after  which  succeeds  a  pause  of  considerable  dura- 
tion, increasing  as  the  case  progres.ses  to  a  fatal  terniiiia- 
tion.  Death  occurs  during  one  of  these  pauses,  tlie  only 
apparent  ditTorence  between  tlie  condition  of  the  patient 
before  and  that  after  death  being  that  no  succeeding  in- 
spiratii ccurs. 

Lktiiat,  Dosk. — The  delermination  of  wliiil  is  the  min 
imum  lethal  doseof  any  jioison  isdillicult.  and  more  dilli 
cult  in  the  case  of  hydrocyanic  acid  than  in  that  of  any 
other  poison.  This  is  cliieliy  because  of  the  cri'iit  varia- 
tion in  the  strength  of  the  medicinal  acid,  which,  even  if 
made  of  the  proper  degree  of  concentration  originally. 
deteriorates  rapidly  liy  exposure  to  light  or  air. 

Two  cases  are  recorded  in  which  the  lives  of  adults 
were  destroyed  by  m  xx.  of  Scheele's  acid  (=  one  grain 
or  0.06.5  gm.  anhydrous  acid,  if  the  preparation  was  of 
the  proper  .strength).  It  is  probable,  therefore,  that  one 
grain  of  anhydrous  hydrocyanic  acid  (=  m,  xlv.  U.  8. 
P.  acid)  is  the  minimum  lethal  dose.  It  by  no  means 
follows  that  this  amount  is  necessarily  fatal.  In  a  case 
in  which  so  large  .a  dose  as  2.4  grains  (0. !.")(>  gni.)  of  an- 
hydrous acid  was  taken,  the  patient  recovered  under  ac- 
tive and  immediati'  treatment.  Records  of  large  doses, 
followed  by  recovery,  are  to  be  regarded,  liowever,  as 
of  little  value  unless  the  true  strength  of  the  acid  has 
been  dclcrniincd.  Thus,  in  a  French  case,  in  which  an 
adult  male  took  Jij.  of  Scheele's  acid  in  two  doses, 
without  ill  effects,  and  subsciiucntly  3  ij-  of  Vauquelin's 
acid  (in  all  10. "2  grains  =  0  fifi  gm.  of  the  anhydrous  acid), 
from  which  he  suffered  the  usual  symptoms,  but  tinally 
recovered,  the  former  preparation  iirobably  contained 
little,  if  any.  hydrocyanic  acid,  and  the  latter  was  much 
deteriorated. 

TuK.\T.MKNT. — As  a  rule  the  patient  will  be  found  well 
under  the  influence  of  the  poison,  frequently  apparently 


lifelem;  yet  tretktmeiit  rIioiiUI  not  l>o  negleclwl,  however 
despenili-  llie  ciiM'  may  weni.  The  clolhing  hIioiiIiI  he 
iiihtiinlly  removed  anil  cold  water  diiNlied  upon  the  hcuil 
and  spine,  which  are  then  to  be  riibbed  ilry  wilh.  prefer- 
ably warm,  IowiIk,  and  the  cnld  allusion  repeated;  IhiH 
hIiouIiI  be  done  even  if  the  patient  is  in  <oiiviilsion».  Any 
poisoii  remaining  in  the  Nioiniich  is  lo  be  removed  by  the 
il.se  of  the  Hiphon,  the  Klomach  being  Kiibsei|iieiillv 
washed  out  with  warm  water.  Arlillciul  respiration  (h 
strongly  ncomnii'iided  by  KoiiieaulhoriliiH.  by  others  con- 
sidered to  be  useless.  Tlie  coiihlani  current  from  twenty- 
tivi-  cells  may  be  applied,  oni'  pole  over  llie  apex  of  tde 
heart,  the  other  over  the  piieiiiuogiislric  in  the  neck,  con- 
tact being  niaile  and  broken  coiiicidi'iilly  with  the  inspi- 
niiioiis.  Friction  with  hot  lininieiit  is  to  be  applied  to 
the  chest  and  abdomen.  Amtiionia  and  chlorin  by  inhu- 
lation  have  been  freipiently  recommended.  When  used 
they  should  be  much  diluted  with  air;  the  former  ob- 
tained by  saturating  a  cloth  with  lii|.  amnion,  dil.,  the 
latter  by  moislening  chloiid  of  lime  in  a  w  ide  inoulli  hot- 
lie  with  dilute  viiH'gar.  .\Mimonia  and  chlorin  do  not 
act  as  chi'iiiical  aiilidolcs.  but  as  stimulants  to  the  capil- 
lary circulation,  an  elTect  which  is  best  attained  by  the 
injection  of  auimoiiia  into  a  vein.  Atropin  hyprxlermi- 
cally  administered  is  regarded  by  I'reyer  as  the  jiliysi- 
ological  antidote  of  hydrocyanic  acid,  but.  although 
I'reyer's  experiments  have  shown  that  animals  already 
under  the  inliuence  of  atropin  are  more  or  less  protected 
from  the  aolion  of  hydrocyanic  acid,  the  use  of  atropin 
in  ciLses  of  poisoning  by  hyilroiyanic  iiciil  does  not  se<'m 
to  be  of  muili  beiiellt.  Although  a  mixture  of  i)ersul- 
pliale  and  ]irotosulpliate  of  iron  acts  as  a  good  chemical 
antidote  to  hydrocyanic  acid,  by  conveiliiig  it  into  the 
insoluble  I'nissian  blue,  its  value  is  much  diminished  by 
the  fact  that  it  cannot  usually  be  administered  in  time 
to  prevent  the  absorption  of  the  poison.  It  should  be 
udniinisteied  if  possible;  I  ij.  of  magnesia  are  lirst  given 
to  neutrali/e  tlu^  acidity  of  the  contents  of  the  stomach, 
and  ininiediatcly  afterward  a  mixture  composed  of  liq. 
ferr.  tersulphat. .  3  ij..  and  ferri  sulph.  piiecip.,  gr.  xv., 
dissolved  in  water;  afterward,  in  a  few  nioments,  the 
stomach  should  be  washed  out. 

PosT-MouTKM  Api'EAit.\NCKS. — Rigor  mortis  usually 
sets  in  early,  and  persists  sometimes  for  days.  |iarticu- 
larly  in  the  lower  jaw  As  in  sudden  death  from  any 
cause,  ])iitrefaction  is  rather  more  rajiid  than  usual.  The 
fac(!  is  usually  placid,  sometimes  liloated;  the  eyes  are 
prominent  and  glassy,  the  jnipils  dilated ;  the  mouth  is 
more  or  less  covered  with  foam.  The  veins  everywhere 
are  distended  with  dark,  fluid  blood.  The  brain  tis.sue  is 
normal,  the  (crcbral  vessels  are  full  of  dark,  tliiid  blood. 
Tlie  left  ventricle  of  the  heart  is  usually  lirnily  contracted 
and  empty,  the  right  heart  full  of  dark,  uncoagulated 
blood.  Hut  if  death  occur  very  rapidly,  the  blood  may  be 
bright  red  in  color  (see  above).  The  larynx  and  trachea 
are  tilled  witli  a  bloody  foam,  and  the  lungs  are  highly 
congi'sted.  The  stomach  frciiuently  presents  no  abnor- 
mal appearance,  but  usually  it  is  red  and  inflamed,  eitlier 
over  its  entire  extent  or  in  patches.  The  most  distinctive 
character  noticeable  is  the  odor  of  bitter  almonds.  This, 
in  some  ca.ses,  may  be  distinguished  before  any  incision 
is  made,  .sometimes  only  on  opening  the  cranial  cavity, 
the  stomach,  or  the  pericardium;  while  in  .some  cases  of 
undoubted  poisoning  liy  hydrocyanic  acid  the  odor  can- 
not be  detected  with  certainty. 

Dktection  .\ktkk  Di-;.vtii. — Owing  to  the  great  vola- 
tility and  instability  of  hydrocyanic  acid,  the  probability 
of  its  detection  by  analysis  in  the  cadaver  diminishes 
rapidly  as  time  elapses,  particularly  if  the  conditions  fa- 
voring putrefaction  obtjiin.  The  analysis,  thcrifore.  if 
one  be  desirable,  should  be  made  as  soon  as  may  be  after 
death.  Nevertheless,  instances  are  not  wanting  in  which 
the  presence  of  the  poison  has  been  demonstrated  several 
weeks  after  death.  Thus  Hrame  detected  hydrocyanic 
acid  one  month  after  burial  in  winter;  Rcichardt,  two 
months  after  death,  in  a  corpse  undergoing  putrefaction; 
and  Tillnei .  four  months  after  death. 

Analysis.— The  parts  which  should  be  first  examined 
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lire  tlip  IiIoimI  niiil  llic  contenls  of  llif  slonincli.  If  doatb 
liiivc  lircii  nipiil  llir  urilii'  will  imt  conliiin  llic  pnison. 
Tlic  iimliTiiil  tolifi'XiiiiiiiKMl  issuliji'cli'il  In  (lislilliilicm  in 
onler  111  scpanite  tlii'  acid  in  such  forin  lliiil  llic  ilislin- 
jriiisliinir  Icsts  iniiy  Ik.' applied.  If  the  indications  do  not 
point  very  decidedly  In  hydrocyanic  acid  the  distillalioii 
should  111' coinhined  with  the  search  for  phosphorus  and 
other  volatile  poisons.  Ih<'  tests  hcins;  appliiil  to  the  lirst 
portions  of  the  disliliale.  When  hydrixyaiiic  aiid  (or  a 
cvainc  poison)  only  is  to  he  .searched  for.  the  apparatus 
is  to  he  sonii'what  inodified  and  no  ]irccautions  with  re- 
pard  to  liirht  are  necessary.  If  the  material  under  exam- 
ination he  Ihe  contents  of  the  stomach.  <-crtain  sources  of 
error  are  to  he  jirovidcd  airainst.  In  the  suhseijuent  dis- 
tillation in  presence  of  an  acid,  hydrocyanic  acid  woidd 
he  produced  if  a  thiocyanale.  usually  a  normal  constitu- 
ent of  the  .sidiva.  or  potassium  fcrrocyaiud.  or  the  pips  of 
apples,  pears,  and  other  fruits  were  luesent.  The  last- 
uamed  hoilios  are  to  he  searched  for.  with  the  aid  of  a 
magnilier  if  necessary,  in  a  portion  of  the  contents,  and, 
if  founil.  are  to  he  removed  from  the  jioitiou  to  be  ana- 
lyzed hy  liltration  of  the  liquid,  with  the  least  possible 
exposure  to  air.  Potassiuni  fcrrocyaiud  may  have  been 
taken  as  such,  or  it  may  be  |>resent  as  an  impurity  of 
potassium  cyanid.  and  in  the  latter  event,  if  not  .separ- 
ated, would  alTect  the  (luaiititative  result  with  a  plus 
error.  A  portion  of  the  filtered  contents  is  dialy.scd.  and 
the  dialysate  tested  for  ferroeyauid  and  thiocyanale  by 
acidulation  with  hydrochloric  acid  and  the- addition  of 
ferric  chlorid.  A  blue  precipitate  indicates  the  presence 
of  a  ferroeyauid,  and  a  red  color  in  the  liquid  that  of  a 
thiocyanatc. 

lu  the  absence  of  ferrocyanids  and  of  tliioc)'anates  the 
liquids  to  he  examined — blood  or  contents  of  the  stomach 
— are  diluted,  if  neces,sary.  with  a  known  volume  of 
■water;  100  c.e.  of  the  liquid  are  introduced  into  a  200 
c.c.  llask,  connected  with  a  Liehiir's  condenser,  the  lower 
end  of  whii'li  communicates  by  an  airtiijht  joint  with  a 
small  tubulated  receiver,  from  the  tubiilus  of  which  a 
tube,  bent  twice  at  right  angles,  is  in  air-tight  commu- 
nication with  one  limb  of  a  iiulbed  U  tube.  About  20 
c.c.  of  a  strong  solution  of  silver  nitrate  arc  placed  in  the 
receiver  and  in  the  bend  of  the  U  tube.  The  200  c.c. 
flask  is  now  disconnected  from  the  condenser,  enough 
aqueous  solution  of  tartaric  acid  added  to  its  contents  to 
render  them  strongly  acid,  and  the  tlask  again  connected 
with  the  condenser  without  loss  of  lime.  The  tlask  is 
supported  on  a  piece  of  asbestos  lioard.  and  the  distilla- 
tion is  slowly  proceeded  with  until  10  to  lo  c.c.  of  liquid 
have  distilled  over,  or  until  the  drops  of  distillate,  as  they 
fall  into  the  silver  solution,  cease  to  produce  any  further 
precipitate.  If  the  distilled  liquid  contain  hydrocyanic 
acid,  a  white,  caseous  precipitate  will  be  fornicil  in  the 
silver  solution,  the  non-formation  of  which  may  be  con- 
sidered to  lie  proof  of  the  absence  of  cyanic  poisons.  If 
silver  cyanid  have  formed,  it  is  to  be  collected  with  the 
usual  precautions  upon  a  tiller,  whose  dry  weight  has 
been  delermiueil.  washed,  dried  at  100'  C,  and  weigheil. 
The  weight  so  obtained,  minus  Ihe  weight  of  the  tiller, 
multiplied  by  0.20104,  gives  the  weight  of  hvdrocvanic 
acid  (CN II)  in  the  amount  of  umtenal  distilled.  "  The 
precipitate  of  silver  cyanid  is  formed  in  solutions  con- 
taining one  part  of  ('Nil  in  ■>.->(). (log;  Ixvoud  that  dilution 
the  reactiim  fails  (Link  and  Mikkel). 

The  tiller,  with  the  adherent  precipitivte.  is  then  placed 
in  a  flask,  moistened  with  a  few  cubic  centimetres  of 
water,  agitated,  treated  with  0.74 'c.c.  of  a  decinonnal 
hj-drochloric  acid  (3.64  IICl  in  1.000)  for  every  0.01  gra. 
of  silver  cyanid  found,  again  llioroughlv  agitated  after 
corking,  allowed  to  clear  by  subsidence,  and  decanted 
tlirough  a  tiller.  The  clear  liquid  so  obtained  is  to 
be  tiseil  for  the  application  of  the  tests  described  be- 
low. 

If  the  materials  to  be  examined  contain  a  ferroeyauid 
or  a  thiocyanale  Ihe  operation  is  conducted  as  above  di- 
rected, except  that  the  material  is  rendered  strongly  alka- 
line with  sodium  carbonate,  in  place  of  acid  with  tartaric 
acid.     Should  the  cyanic  poison  be  mercuric  cyanid  its 


presence  may  not  be  revealed  by  either  of  the  above 

methods. 

Tksts.— 1.  Thioeiiiuuite  Tisl  (Liebig.  1847).--Place  a 
])orliou  of  the  li(|uiil  in  a  porcelain  capsule:  add  a  few- 
drops  of  a  dilute  solution  of  sodium  hytlroxid  and  a  few 
drops  of  a  yellow  solution  fif  amiuonium  sulphydratc; 
evaporate  to  dryness  over  the  water  bath:  ailcl  water; 
aciilulate  with  hydrochloric  aciil,  and  then  add  two  or 
three  drops  of  soiution  of  ferric  chlorid.  If  the  liipiid 
contained  hydrocyanic  acid  it  will  be  converted  by  this 
treatment  into  sodium  thiocyanatc.  which,  with  the  fer- 
ric salt,  gives  a  line  red  color.  Finally,  add  solution  of 
mercuric  chlorid.  which  discharges  the  rcil  color  formed 
by  the  thiocyanale.  but  does  not  alTcct  a  .similar  color 
foriiK'd  by  mcconic  acid. 

This  is  the  most  delicate  of  the  tests  for  hydrocyanic 
acid,  a  distinct  reaction  being  obtained  with  a  scdutiou  of 
1  to  4,000,000  (Link  and  Mijckel). 

2.  PnisKiiiii  nine  JicMlttner,  1S09). — Render  a  portion 
of  the  liquid  alkaline  by  the  achlilion  of  dilute  caustic 
potash  solution,  add  a  few  dro|is  of  a  solution  of  ferrous 
sulfate  which  has  liecome  yellow  by  exposure  to  air, 
agitate,  and  let  stand  ten  minutes.  A  dirty  gri'eiiish  pre- 
cipitate is  formed.  Now  add  hydrochloric  acid  in  slight 
excess,  warm  slightly,  and,  if  uo  blue  or  green  color  be 
immediately  observcil,  examine  again  after  several  hours' 
standing.  In  the  presence  of  small  qtianlities  of  hydro- 
cyanic acid  the  liquid  is  colored  green,  and  deposits  Prus- 
sian blue  only  after  long  standing  ;  with  larger  quantities 
the  liquid  is  colored  blue.  and.  immediately  or  after  a 
short  time,  deposits  a  tlocculent  dark-blue  prcci])itate, 
while  the  color  of  the  lii|uid  gradually  changes  to  yellow. 
This  test  fails  (Link  and  MiJckel)  when  the  dilution  ex- 
ceeds 1  to  ,iO,000. 

3.  Guainc  Test  (Schonbeiu.  1868). — Moisten  a  strip  of 
filter  paper  with  a  freshly  ]ueparcd  three-percent,  alco- 
holic Solution  of  guaiac.  dry,  moisten  with  a  drop  of  0.05 
per  cent,  solution  of  cupric  sulfate,  and  then  w  itii  a  drop 
or  two  of  Ihe  suspectcil  solution.  In  the  presence  of 
hydrocyanic  acid  the  pajicr  is  colored  a  beautiful  blue. 
With  very  concentrated  solutions  (one  percent.)  the  reac- 
tion is  attained  by  simply  bringing  the  moistened  paper 
over  the  solution.  With  highly  dilute  .solutions  a  larger 
quantit}-  of  the  suspected  liquid  is  to  be  brought  upon 
the  iiapcr  by  slow  dropping  from  a  iiijiette. 

A  distinct  reaction  is  olitained  (Link  and  Mockel)  with 
a  solution  of  1  to  li.lKIO.OUO.  or  (Ilenimnn)  1  to  120.000.000. 

This  reaction  is  of  value  only  as  cnntirmatory  of  others, 
or  as  a  preliminary  test,  as  the  same  appearances  are  pro- 
duced by  ammonia,  vcdatile  ammonium  compounds,  hy- 
drochloric acid,  tobacco  smoke,  ozone,  etc. 

4.  J^itriiprti.inid  7\.it  (Vortmann,  1887). — Add  a  few 
drops  of  a  sodium  nitrite  solution,  then  two  or  three 
drops  of  ferric  chloiid  solution,  and.  finally,  enough  di- 
lute sulfuric  ai'id  to  cause  the  brown  color  to  just  change 
to  light  yellow,  heat  to  boiling,  cool,  adil  ammonium 
hydroxid  solution,  filter,  and  add  to  the  filtrate  a  drop 
or  two  of  very  dilute  ammonium  hydrosullid  solution. 
A  fine  violet  color  is  i>roduced,  which  pas.scs  into  blue  in 
a  few  niiuutcs,  then  to  green,  and  finally  to  yellow. 

Other  tests  have  been  suggested:  With  slar<li  and  po- 
tassium iodid  (Schonbein);  with  cuiiric  sulfate  alone 
(Lassaignc):  with  picric  acid  (Hr.iunt:  with  cobaltous 
chlorid  (Braiiii):  with  mercuric  o\id  (Henry  and  Hum- 
bert), and  with  uraiiic  nitrate  (V.  Lea).  These  arc.  how- 
ever, all  inferior  to  those  given  above,  which  are  suffi- 
cient to  characterize  hydrocyanic  acid  with  certainty. 

Cyanic  Poisons  otmku  tii.vn  lIvnitorv.vNir  Acin. — 
What  has  been  said  above  concerning  hydrocyanic  acid 
aiiplies  in  the  main  to  all  substances  owing  (heir  poison- 
ous qualities  to  the  jiresence  of  that  acid.  A  few  points, 
however,  of  variation  or  sjiccial  interest  re<iuirc  mention. 

I'otiiKsiiini  ei/iiiiiil  is  at  lucsent  far  more  frec|Ueiitly  Ihe 
cause  of  death  than  the  acid  itself,  the  |)otcncv  of  which 
is  in  no  way  diminished  by  its  being  in  combination  in 
a  siduble  salt.  The  symptoms  ar<'  those  of  hydrocyanic 
acid  poisoning,  to  which,  if  death  do  not  occur  with 
great  rapidity,  are  added  symptoms  referable  to  the  cor- ' 
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rosivo  artioii  of  tlio  iiiitiissiiiin  Milt  — liiirniriK  puiii  in  ull 
iMirls  with  wliicli  tlic  ciiinisivr  Iiiih  runic  In  ((nidict. 
Vnniilint;  is  ol  iiiurh  nmri'  fniiucnt  iM'iMirri>nir  limn  in 
IHiisiiiiini;  liy  livilriH'Viinii'  iiiiil. 

I'oliivinni  cyiiniil  rviTts  »  tlii'miciil  uctioii  upun  (lie 
Hkin.  unit  is  uls<>  ri'uiliiy  nlisurlii'il  llirnu);li  slif;lit  ulini 
itions  or  i'.\<'(>riiitinns  Scrions  puisoninL's,  niiii  cvcti 
(Iciilli.  Iiiivc  in  nmny  instani'cs  ri'siiliril  in  lliis  wiiy  in 
pliiiliiiiniplicrs,  (lalviino  pliiliis,  or  iiy  llir  liniullifiK  of 
pliiti'  poli-iiln;;  powilrrsi  ontuinini.'  polnssiiiin  cynniii 

'I'lir  \H»\  niorlrni  appi'iinini  rs  ililTcr  inarjoilly  from 
tliow  olisirviil  in  ciisis  of  poisonlnu'  I'y  liydrocyiinic 
iifiil.  Wliilc  in  llir  liillir  class  of  cases  llic  aniopsy  may 
lie  saiil  to  reveal  notliini;  of  moment  if  llie  odor  lie  ali 
iM'iit.  in  cases  of  ilcalli  from  pot^issiiim  lyaniil  (lie  appi-ar 
aiiceof  (lie  sdmiacli  anti  inli'slincs  is  liiiilily  cliaracleristic 
if  (lie  poison  liavi'  bci'ii  (aken  in  (lie  solid  form  oi  in  stroni; 
solution.  Lesser  ("Alias  d.  u'eiiclitl  Med."  I'l.  i\.. 
xiv  )  has  illustnili'd  (lie  appearances  in  a  (ypical  case. 
Tlie  mncoiis  surface  of  IIk'  slumacli  is  ruffons.  and  of  a 
Iifiil  purple  red  color,  failing;  to  a  more  Inownish  tint  in 
tile  pyloric  portion.  Tlie  mucous  inemlirane  is  more 
tninspareiit  than  normal,  and  the  red  color  is  due  more 
to  an  imliihilion  of  the  epithelium  with  liloixi  pi<;menl 
nitered  liy  the  poison  than  to  fulness  of  the  vessels.  If 
the  autopsy  have  Ih'cii  loiii;  delayed,  post mortem  corro- 
sion may  l>e  e.Mensive.  In  the  duodi'iiuin,  at  the  pylo- 
rns,  is  a  iiarri>w  hand  of  normal  tissui';  lielow  this  the 
niiicoiis  membrane  is  of  an  inleiise  I ii; lit  red  color,  and  of 
greater  Iranspaieiicy  than  normal.  The  remainder  of  the 
small  intistine  presents  portions  of  normal  tissue  irrefru- 
Inrly  alteriialinir  with  scitioiis  which  are  of  the  same 
light  reel  color  as  the  duodenum,  hypenemic.  and  marked 
here  and  there  with  patches  of  extravasation  varying  in 
size  lip  lo  the  diameter  of  a  <|Uarter dollar. 

W'lii-n  pure,  potassium  cvaiiid  contains  forty  per  cent, 
of  hydrocyaiiii'  acid.  The  coniniercial  artiile  usually 
contains  carhoimte,  and  sometimes  |)olassiuni  ferrocyanid, 
the  former  frequently  in  consideialile  i|Uantity. 

Ol/irr  iiiiliillie  fi/iiiiiil:!.  ifcapalileof  yielding  liytlrocy- 
anic  acid  on  contact  w  itii  an  neid  in  the  cold.  ]>roduce, 
when  taken,  the  etfects  of  the  acid.  Those  which  are 
decomposed  l»y  an  acid  only  with  the  aid  of  heat  are 
inert.  .Vnriirir  ci/miiil  behaves  more  as  a  mercurial  than 
as  a  cyanic  poison,  having  produced  elTects  very  similar 
to  tlios<'of  corrosive  sublimate  in  the  few  recorile<l  cases. 
In  a  recent  case  in  which  it  was  administered,  mixed 
with  a  powder  capable  of  liberating  free  hydrobromic 
acid,  it  xvas  decomposed  and  causetl  death  in  twenty 
ininntes  from  cyanic  poisoning.  The  metalloeyanids  are 
for  the  most  part  non-jioisonous. 

Piititxniiim  t/iiiK-i/iiiiiiti  is  pos-sessed  of  poisonous  proper- 
ties which  are.  however,  referable  (o  the  potas,siiini  rather 
than  to  the  acid.  Mrtrnrii-  thiiKiiniintf  is  the  material  of 
which  the  toys  calleii  Pharaoh's  serpents  are  made.  A 
few  cases  of  irritant  jioisoning  prodiiceil  by  swallowing 
these  toys  have  been  recorded. 

Bittn' nlmoiiih  tm  contact  with  water  at  a  slightly  ele- 
vated leinperatiire  produce  hydrocyanic  acid  by  ileconi- 
posilion  of  the  ainygdalin  which  they  contain.  A  few 
ca.ses  of  poisoning  by  eating  bitter  almonds  have  been 
recorded.  They  do  not  dilTer  from  cases  of  poisoning  by 
small  doses  of  hydrocyanic  acid. 

Oil  nf  hitter  nimoiiih.  when  iiisullicieiitly  imritied.  con 
tains  as  much  as  ten  to  tifteen  per  cent,  of  hydrocyanic 
acid.  and.  being  in  common  use  by  confectioners  and  in 
the  kitchen,  is  a  prolitic  source  of  so-called  accidental, 
as  well  as  of  suicidal  poisoning.  The  symptoms  are  .sim- 
ilar to  those  caused  by  potassium  cyanid.  and  are  usually 
companitively  slow  in  their  development,  although  in 
some  instances  the  action  has  been  as  rapid  as  that  of 
hyilrocyani(  acid.  From  twenty  lo  forty  drojjs  is  the 
probable  lethal  dose  for  an  adult.  ' 

('hfrrii-hiiinl  irater  contains  about  0.25  per  cent,  of 
hydrocyanic  acid,  and  proiluces  effects  similar  to  those 
of  the  dilute  acid.  It  is  of  historical  interest,  having 
been  us<>d  in  medical  practice  and.  as  a  poison,  as  the 
precursor  of  hydrocyanic  acid.  It  was  the  agent  used 
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liy  Donellnn  in  (lie  niiirder  of  Sir  TlieodoiiliiH  Biiiightoti, 
in  17M1 :  and  by  Price,  the  last  claimant  to  (he  rliscovery 
of  (he  transmutation  of  basei  mitiils  into  i;olil.  to  make 
away  with  himself,  in  \'xi,  when  the  falsity  of  his  i  laiia 
was  about  lo  Im-  di'moiislmleit. 

.MKl)lro-i.i;i;.\i.(^r|.>Tlii.\M.— The  following  |Hiintsliiivc 
arisen  in  trials  for  murder  by  prusNic  iiciil.  and  have 
proveil  to  be  the  i|uestioiis  upon  which  the  case  muinly 
turned 

1.  Wii*  ilnith  ilur  tit  pnime.  iieiil,  niul  unt  In  njMjiltryf 
As.  ill  the  absence  of  a  dlHlinci  anil  nniniHtakable  iHlor  of 
hydroeyanic  acid,  there  exists  no  postmortem  appear- 
ance which  is  cliaracleristic  of  this  poison,  and  as  the 
.symptoms  in  some  ca.ses  closely  n'semble  tliow  of  an 
apopli'cli<- seizure,  it  is  highly  ilesirable  (hat  in  c-ases  of 
suspe<(e<l  poisoning  a  distincl  answer  lo  the  alwjve  (iiieH- 
lion  be  had  in  unmistakable  rheniical  evidence  of  the 
presence  of  the  poison  in  the  blood. 

There  are  cerlain  points  of  symptomatology  and  of 
morbid  anatomy  w  hicli  are  of  grea(  value  in  this  connec- 
tion if  they  exist.  If  a  person  |ioisoned  with  liydriK'V- 
anie  acid  ilo  not  die  within  a  short  time,  there  occur  vio- 
lent convulsions,  with  opisthotonus  and  rigidity  of  all  the 
muscles.  In  apoplexy  then-  may  be  rigidity  of  an  e.\"- 
treiiiity.  but  never  of  all  the  voluntary  muscles.  IJiit  if 
the  |)oison  cause  death  rapidly,  the  convulsions  do  not 
usually  occur. 

After  death  from  hydrocyanic  acid  the  meningeal  ves- 
sels anil  the  cerebral  sinuses  are  found  gorged  with 
blood;  but  never,  as  in  .sanguineous  apoplexy,  is  there 
extnivasation  of  blood  into  the  ventricles,  the  mem- 
bmnes,  or  the  substance  of  the  brain,  n<ir  are  there  dot.s. 

In  a  classic  French  case.  "I'aflaire  Ilerilier,"  tried  at 
C'ambery,  in  1841,  the  prisoner  was  sentenced,  and  wouM 
have  been  executed  had  not  Oitila  shown  from  \\u- furls 
of  the  evidence  that  the  ileatli  of  the  deceasi-d.  Praslin. 
was  due  to  apoplexy,  and  that  the  njiiiiioitu  of  the  chem- 
ical and  medical  experts  upon  which  the  conviction  was 
based  were  of  the  most  flimsy  character,  even  for  that 
period. 

3.  Are  rertnin  fi/mploiiiii  oiid  (ippenriinee»  iKeemutrily 
pregent?  The  argument  has  been  frecjuenlly  a.ivanced 
that  ileatli  could  not  have  been  due  to  hy<lidcyanii'  acid 
becau.se  a  certain  suppo.sed  characlerislic  symptom,  such 
as  the  shriek,  convulsions,  or  involuntary  evacuations, 
was  not  observed  or  could  not  have  occurred. 

AVlicn  r.dibils  and  other  animals  are  poisoned  with  hy- 
drocyanic acid  they  usually  emit  a  loud  cry  or  shriek. 
In  some  of  the  earlier  trials  for  poisoning  by  this  sub- 
stance the  defence  was  rai.se<i  that  death  was  iliie  to  other 
causes  becau.sc  (his  cry  had  no(  been  heanl.  The  records 
of  numerous  ca.ses  of  undoubted  deadi  from  prussic  acid 
show  tliat  in  the  human  subject  the  occurrence  of  this 
cry  has  not  been  observed. 

Attemi>ts  have  also  been  made  to  argue  that  death 
could  not  have  been  due  to  prussic  acid  because  the  de- 
ceased was  found  calmly  disposed  in  bed.  reposing  u|)on 
and  covered  by  clean  and  evenly  folded  beddolhing.  and 
consei|Uently  neither  convulsions  nor  involuntary  evacu- 
ations could  have  occurred.  Convulsions  are  not  usually 
observed  when  large  dost'sof  the  poison  have  been  taken, 
and  when  they  do  occur  they  are  frei|Ueiitly  of  a  mild 
type.  In  the  greater  number  of  the  many  eases  in  w  Inch 
tiie  body  is  found  without  any  observation  of  symptoms 
having  been  had.  the  countenance  bears  a  calm  and  placid 
expression,  which  would  not  indicate  that  convulsions 
had  occurred. 

Involuntary  evacuations  of  f.Tces  or  urine,  or  both, 
have  occurred  in  about  one  half  of  the  recorded  cases. 

Tlicchanicleristic  <>'/")•  of  hydrocyanic  acid,  which  may 
be  described  as  that  of  bitter  almonds,  does  not  belong  to 
any  other  known  substance,  except  the  oil  of  bitter  al- 
monds (benzoic  aldehyde  and  nitrobelizol ;  the  former, 
in  its  imre  state,  a  substance  only  found  in  chemical 
laboratorii'S.  the  latter  an  active  poison. 

In  some  instances  of  death  from  the  cyanic  poisons  the 
odor  is  easily  recognized  ami  distinct.  Sometimes  it  may 
be  observed  on  entering  the  apartment  in  which  is  the 
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corpao;  simietimes,  during  life,  in  tlie  cxpin-d  air,  or. 
uftcr  iliiilli.  Ill  till-  mouth  ;  s<inn'IIini'S  only  aflor  opuning 
one  iif  !lu'  nivilifS  i)f  tin-  IkkIv,  or  tlic  stoiimcli,  or  on 
cuItinK  into  tlif  liinirs  or  livrr. 

Wliiii  the-  oilor  liiis  Ik'iii  tliiitiiiclli/  ri'Coj;nizccl  by  more 
tluin  oiH'  |icrson.  its  i-xistiMico  is  a  factor  of  great  moment 
in  the  evidciR'c  to  provo  tlii'causi-of  deatii:  but  a  failure 
Jo  tletect  the  (xlor  is  by  no  means  of  correspondingly 
great  signitieanee  in  the  opposite  direction.  Several  in- 
stances are  reeoriled  in  which  analysis  has  jiroved  the 
presence  of  the  poison,  although  the  odor  could  uol  be 
distinguished  either  during  life  or  after  death. 

3.  W'liK  II  /HI.1IIII  killiil  hji  /ii/tli<'r;/iiiiir  iitid  eiipiible  of 
ctrldiii  riiliiitliir!/  (II-I.1?  Because  liy<lrocyanic  acid  is  ca- 
pable, if  taken  in  sullicient  nuantily,  of  destroying  the 
power  of  voluntary  motion  almost  in.stantaneously. 
within  a  few  seconds  after  having  been  swallowed,  it  has 
iH-en  argued  that  <leath  could  not  have  been  suicidal  in 
a  case  in  whiih  the  deceased  was  found  in  such  a  jiosition 
as  implied  voluntary  acts  on  his  i>art  after  having  taken 
the  poison,  or  the  |)resence  of  anolliir  person.  Numerous 
cases  are  recorded.  Iiowever,  in  which  the  jierson  was 
capable  of  considerable  voluntary  elTort  after  having  vol- 
untarilv  taken  a  dosi-  of  hydrocyanic  acid  sufficient  to 
cause  lieath. 

-1.  11  (M  l/ie  /ij/diorj/tinie  acid,  detected  in  the  body  by  anal- 
yniK  iij'ttr  diiilh.  intrmhicid  duiinf)  life?  is  a  (luestion 
which  may  ari.se  upon  a  trial  for  murder  by  this  poison. 
The  defence  may  adopt  either  of  the  following  methods 
of  accounting  for  its  presence : 

ui)  It  iriig  iiitrotliiceil  afltr  deatJi. 

('<)  Jt  irim  f/ireii  iiiediciniilly.  These  claims,  if  false,  are 
to  be  met  in  the  same  way  whatever  ]ioison  has  been 
usi'd,  conseipiently  they  reipiire  no  particular  considera- 
tion in  this  place.  It  cannot  be  claimed  that  hydrocy- 
anic acid  was  used  for  embalming. 

ici  Jfi/ili'M-i/iiiiie  iicid  in  II  iioniml  coMtitiient  of  the  body. 
The  only  cyanogen  compound  which  has  been  shown  to 
f.\ist  in  the  normal  human  l)ody  is  the  thiocyanate  of  the 
saliva  and  urine.  If  the  precautious  mentioned  above 
have  been  taken,  this  substance  cannot  be  mistaken  for 
byilrocyanic  acid. 

((')  Jlyili'in/iiitic  aeiil  is  a  morbid  product  of  the  economy. 
Hy<lrocyanic  acid  has  been,  it  is  claimed,  detected  in  the 
urine  in  dropsy  (Bruguatelli).  typhus,  cholera,  and  hepa- 
titis (Fourcroy.  Osborn),  and  in  the  tliiid  of  ascites  (Gol- 
defy  Dorlis).  Although  Buchner  admits  the  possibility 
of  the  formation  of  hydrocyanic  acid  in  certain  patho- 
logical proces.ses,  Ilusemann  very  properly  considers 
that,  even  if  the.se  somewhat  doubtful  observations  be 
accepted,  they  have  no  forensic  interest,  as  it  is  not  in 
the  urine  or  in  pathological  exudations  tliat  prnssic  acid 
is  found  in  cases  of  ]ioisoning. 

u  I  l/ydrori/iijiii-  mrid  in  a  /irodiicl  of  putrefaction.  This 
argument  was  advanced  by  the  defence  in  two  English 
trials,  cited  by  Taylor,  and  is  based  solely  ui>on  opinion. 
Several  writers  upon  to.xicology — Orlila.  Buchner.  Bon- 
jean.  Preyer — admit  the /wWWWi/ that  hydrocyanic  acid 
miii/li-  one  of  the  numerous  products  of  putrefaction,  yet 
no  writer  has  yet  asserted  that  it  is  so  produced,  and 
numberless  analyses  of  contents  of  stomach,  blood,  etc.. 
in  every  stage  r>f  decomposiliou,  have  been  made  by  many 
chemists  without  any  evidence  of  its  presence. 

liudolph  A.   Wittham. 

HYDROCYANIC  ETHER.— This  body,  chemicallv  ethyl 
eyiiiild,.  (  .11  ex.  is  a  clorless  ethereal  fluid  miscible 
with  water,  alcohnl.  ami  ether,  and  po.s.ses.sed  of  jicjison- 
ous  pro|)erties  analogous  to  those  of  hydrocyanic  acid. 
It  is  ni>t  iisid  in  iiiidi<ine.  Julinirit  Curtis. 

HYDROFLUORIC  ACID.— Hydrofluoric  acid  is  a  pun- 
gent, corrosive  gas,  very  solul)le  in  water.  'Phe  acid  of 
conunerce  is  an  ncjueous  solution  containing  from  thirty- 
six  to  thirty  eight  per  cent,  of  the  anhydrous  acid;  "it 
emits  fumes  which  are  extremely  irritating.  When  ap- 
plictl  to  the  skin  it  destroys  the  epithelium  and  underlv 
ing  tissue,  rendering  the  parts  hard  and  structuix-less. 


Hydrofluoric  acid  is  an  cfBcient  bactericide  and  anti- 
septic, and  for  this  purpose  Dujardin-Bcaumetz  advo- 
cated its  employment  in  the  treatment  of  tulH-rculosis  by 
inhalation.  He  vaporized  one  grain  in  an  airtight  com- 
partment of  the  capacity  of  2'.i  cubic  metres.  In  this  the 
patient  is  placed  for  an  hour  daily,  the  period  being 
gradually  i)rolonged.  In  some  instances  the  results  were 
very  favorable,  but  in  others  it  produced  an  irritation  of 
the  lungs  and  increa.sed  the  ludmonary  trouble.  Inhala- 
tions have  also  been  used  in  diphtheria  and  whooping- 
cough.  In  the  latter  nuich  benelit  is  reported  fnmi  the 
use  of  a  tablcspoouful  in  a  cpiart  of  water,  in  an  inhaler, 
every  se<'ond  day. 

Internally,  liydrolluoric  acid  is  a  marked  depressant, 
acting  upon  the  va.so-motors  and  lowering  the  force  and 
frequency  of  the  pulse.  In  excessive  doses  it  causes 
death  by  profound  collapse  and  failure  of  respiration. 

As  a  vasomotor  dilator  its  employment  has  been  sug- 
gested in  chronic  rheumatism,  epilepsy,  and  goitre.  In 
the  latter  condition  it  was  thought  to  be  of  especial  value 
by  AVoakes,  of  London,  but  it  lias  not  proved  to  he  of 
much  service. 

The  alkaline  fluorides  are  selected  for  internal  adminis- 
tration. The  fluoride  of  sodium  or  of  potassium  in  doses 
of  one  grain  are  quite  unirritating,  and  may  be  used  for 
a  ])rolonged  period. 

Locally,  solutions  of  the  strength  of  one  part  in  three 
thousand  may  be  used  for  ordinary  .intiseptic  purixises. 
Under  the  title  a{  fuoml,  sodium  fluoride  has  been  used 
in  a  two-percent,  sidution  to  ie|ilace  perchloride  of  mer- 
cury. The  solutions  are  unirritating  and  free  from  any 
toxic  action.  A  half-percent,  solution  may  be  \ised  for 
the  eye.  Beaumont  iymall. 

HYDROGEN     DIOXIDE.— Hydrogen    dio.xide.    n,0,, 

comiuouly  called  jurn.iiili  if  hydroyen.  is  formed  by  reac- 
tion between  barium  dioxide  and  mineral  acids  in  the 
cold.  Obtained  in  concentrated  condition,  this  body  ap- 
pears as  a  colorless,  transparent,  heavy,  oily  fluid,  of 
specific  gravity  1.452,  neutral  to  test  paper,  remaining 
fluid  at  temiieratures  far  below  the  freezing  point  <)f 
water,  but  rapidly  and  even  explosively  suffering  decom- 
position into  water  and  ga.seous  oxygen  upon  even  a 
slight  elevation  of  temperature,  or  upon  contact  with 
charcoal  and  certain  metals  and  oxides.  Even  at  ordi- 
nary temperatures  the  s;ime  decomposition  occurs  spon- 
taneously to  a  greater  or  less  extent. 

Hydrogen  dioxide  mixes  in  all  proportions  with  water 
and  dissolves  also  in  ether.  As  a  medicine,  it  is  used  in 
solution  in  one  or  other  of  those  tlui<ls,  the  aqueous  solu- 
tion being  connnonly  known  moryi/niated  irnttr,  and  the 
ethereal  as  nzimic  or  ozonized  ether.  The  aqueous  solution 
in  common  use  contains  three  per  cent,  of  hydrogen  diox- 
ide by  weight,  a  strength  representing  a  charge  of  ten 
volumes  of  oxygen  to  one  of  the  water  of  the  .solution. 
Such  a  sohition  is  oflicial  in  the  United  States  Pharina- 
copieia  under  the  title  A(iua  Ilydrw/enii  Dioxidi.  Solution 
of  Hydrogen  Dioxide.  It  contains  a  little  sulphuric  acid, 
purposely  allowed  to  remain,  as  a  ijreservntive,  from  the 
charge  of  acid  used  to  clarify  the  solution.  This  solu- 
tion is  a  sparkling,  clear,  colorless  aqueous  fluid,  odor- 
less, but  having  an  acidulous  and  disagreeable  ehlorinotis 
taste,  and  producing  a  curious  sensiition  and  a  soai)y 
froth  in  the  mouth,  through  evolution  of  oxygen.  Its 
specilic  gravity  ranges  from  l.tKHi  to  1.012  at  ordinary 
temperatures.  It  tends  to  decompose  spontaneously  into 
water  and  oxygen,  and  accordingly  will  deteriorate  by 
age,  especially  if  exposed  to  light  or  to  warmth.  If  sub- 
jecto'd  to  evaporation  at  a  teiuperatine  not  exceeding 
140°  F.  the  solution  will  gain  in  strength  through  los.s 
of  water,  but  if  heated  rapidly  it  is  liable  to  dec<mipose 
at  once  and  with  explosive  violence.  Because  of  these 
varibus  (jroperties,  the  solution  should  be  kept  in  dark 
amber-colored  bottles,  loosely  stoppered  and  in  a  cool 
place.  A  tight  stoiiper  may  be  Ijlown  violently  from  the 
bottle,  or  the  bottle  itself  may  be  burst,  if  the  stopper  be 
immovably  seated.  Fiutheiinore.  since  det<'rioration  by 
keeping  is  inevitable,  a  freshly  made  sample  .should  be 
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prui-iircil  nlwavR,  wlii-ii  pimNilili-.  for  um>.  Old  Hp<-ciiiii<uit 
will  riTtainlv  In-  iiiiili'r  xlitmliiril  In  htrcn^tli,  iiikI  even 
nmy  lir  wliofly  h|>iiII('(I  iiihI  iiurl. 

Soliiliiin  of  liyilri>);i'ii  <liii\iili'  is  iicilluT  coricisivc  nnr 
|i(ii>iiiiii>ii<i.    mill    is   irrilaiil    milv    !<■    rs|i('riiillv    sciisitivi' 

(mrls.  siicli  IIS  till'  (VIS,  ilii'  unllirii,  ur  raw  siirfiiirs, 
IH  list'  ill  iiiciliciii)'  is  liis'iiiiv  iif  its  ri-iiily  ilr<'iiiii|>i>si(iiiii, 
with  viflil  iif  frir  iixy;.'i'ii.  Siuli  ilcciiMi|)iisiliiiii  is  ilricr 
niiiit'il  liy  iiirri'  ruiiiitii  <•(  tlirsuliitinn  with  iiuiiiy  iliiii;:s. 
nnioii);  wliicli  itn-  tlii'  nrpinir  miitliTs  fniiiiil  in  lilmiil, 
liiiiriis.  pus.  mill  iillii'l'  niiii'liiil  ilisrliiii');rs,  iliplilliirllir 
nii'iiiliniiir.  tlir  liislirs  i>f  piitlioiriiiir  iiiirrn  oii;miisms, 
mill  ilrriiyiiij;  nrirniiir  siihslmiris  trriiiriilly  It  rcmiru- 
liitcs  alliiiiiirii  piiwirfiiily.  Ity  viitm-  of  the  yirlil  of 
oxyti'ii  tlir  (Kiliiliiili  ilrslrciys.  Iiy  nxiiliiticni.  tin-  iiinrliitir 
i|iiiilily  of  miiiiiiil  si'iTi'tions  iiml  rMiiliiiiis.  Wlii'ii 
iiiliU'il  to  pns.  Iirisk  i'lTi'ivrs<'('iicc  ciisiirs  iiiiil  tlit'  pus 
ciirpiisi  Ics  lire  (pilikly  tlisiiitru'nili'il.  Siiiiiliirly,  wlii'n 
waslii'il  oviT  a  Sfciftiiiir  surfarc,  frnlliiiii;  iicoiirs.  rriisis 
of  ililiil  Mrrfliiiii  ari-  liM>sciiril.  mill  fmil  mlnrs  ilisappcar. 
Till'  fiKiiiiiiii.'  will  rniitiiiiii-  till  nil  ailluriii^'  pus  or  iiiiico- 
piis  is  ilistioyiii.  w Inn.  after  wasliiiii:.  Ilir  surfarc  will 
Ih'  fonnil  to  lir  prrfrctly  clraiisicl  ami  of  liraltliy  ap|ii-ar- 
anci'.  Solution  of  liyiiro;;!'!!  ilioxiilc  is  thus  powirfully 
iletfrpriil  anil  ilisinfiMtant  to  all  styles  of  niorhiil  surface 
couililions.  whcthiTiif  skin,  mucous  or  serous  inemlinine. 
or  wounds  or  ulcers.  The  action,  however,  is  cvmics- 
cent  and  docs  not  .seem  to  incluile  any  intrinsic  healiiiir 
virtue,  such  as  is  shown  liy  silver  nitrate.  For  onlinary 
purposes,  the  phariiiacopii'ial  leu  voluiue  solution  may 
Ih- usi'd  in  full  streu;;tli.  hut  for  appliiiition  to  sensitive 
.surfaces  such  as  the  eye.  the  upper  iiasiil  pas,siiges,  or  the 
urctlini.il  should  he  diluted  with  from  one  to  four  or 
more  parts  of  water.  It  may  he  applied  hy  swabliin^'. 
by  injection,  or  hy  s])rayin);.  but  only  inslrununts  or 
utensils  of  hard  rubber,  irlass.  or  |)orcilain  should  be  al- 
loweil  contact  with  the  solution.  To  a!fect  the  surfaces 
of  the  stiiinaeh  or  intestines  the  soliilion  may  be  triveii, 
without  fear,  by  swallowiiii:  or  by  enema.  From  one  to 
two  or  three  teaspooiifiils  may  be  iziveii  at  a  ilose  by  the 
mouth.  This  dose  should  be  well  ililiitcd  with  water  and 
taken  from  a  vessil  of  porcelain  or  lihiss.  other  medi- 
cines should  not  be  combined  with  the  solution. 

Attempts  have  been  made  to  utilize  the  solution  of  by- 
drojten  dioxide  as  an  oxi<lizing  agent  within  the  system 
for  the  cure  of  disi'a.se.  But  when  f:iven  by  swnllowinjr. 
a  dose  of  the  solution  isalmost  wholly  decomjiosed  iu  the 
stomach,  and.  wiieii  administered  hypodennatiially.  sim- 
ilar decomposition  takes  place  at  once  in  the  juices  of  the 
part  receiving  the  charsrc.  In  either  case,  therefore,  but 
little  of  the  solution  can  enter  the  blood  unchanged,  so 
that  there  is  at  best  but  small  chance  for  a  constitu- 
tional etTect  of  any  moment.  If  inject<'d  into  the  veins, 
the  solution  is  instantly  decomposed  by  the  blood,  aii.l. 
in  cases  in  which  this  procedure  has  been  tried  upon  ani- 
mals, it  has  often  been  followed  quickly  by  death  from 
embolism,  due  to  coagulatiou  of  the  blood  bj-  the  disen- 
gaged oxygen. 

Aqueous  solutions  of  hydrogen  dioxide  stronger  than 
that  of  the  Pliarmacoprpia  are  to  be  found  iu  the  market 
(so-called  "hydro/.one  ").  and  also  solutions  with  glyce- 
rin as  the  basis  (so-called  "glycozone  ").  and  solutions  in 
ether("o7.onic  ether  "  :  "pyrozone'').  The  ethereal  solu- 
tion is.  naturally,  highly  iiitlainmable. 

Solutions  of  hydrogen  dioxide  bleach  powerfully,  and 
are  much  used  for  such  purpose.  Etlirfiiii  Cnrtiit. 

HYDROPERICARDIUM:  DROPSY  OF  THE  PERI- 
CARDIUM. I!y  li\  .Irnpi  lie  .uiliiim  is  mtanl  a  inlKction 
of  noM  inllaniniatoiy  lluid  in  the  pericardial  sac.  It  is 
distinctly  a  transudati'  and  not  an  exudate.  Some  au- 
thorities include  all  collections  of  fluid  in  the  jiericar- 
diiim.  iullammatory  and  non-inllammatory.  under  this 
one  term.  By  general  constant,  however,  hydropericar- 
diiim  and  hydrothora.x  are  uiiderstoo<l  to  mean  trans- 
udates. A  few  cubic  centimetres  of  tluid  are  practically 
always  found  iu  the  pericardial  sjic  after  death.  The 
fact  that  the  amount  varies  with  the  lapse  of  time  before 


the  niilopBy, — the  longer  lliv  wnll,  Itie  InrKer  tlie  uinoiint 
of  lluid, — HUggcKtH  that  most  of  thiHlliiid  is  ii  post  iiinrteiii 
ImiiHudatt'  It  may  anioiiiil  t>>  even  two  urthree  ouiicj-h. 
Not  until  the  lluid  exceeils  IIHI  c  c  (about  three  oiinceH) 
is  the  I'oiiiliiion  spoken  of  a.s  hyilroperii  atdiiim. 

Anaiomii  Ai.ri.u.\iioNH. — I, ike  IraiisudateH  iu  other 
parts  of  the  body,  this  lluid  is  light  yellow,  or  slightly 
greenish-yellow  in  color,  usually  clear,  of  low  Kpeiitic 
gravity,  and  conlaiiiiiig  few  formed  elemenl.s.  Tlieru 
may  be  Rome  tloccules  of  coagulated  albumin.  It  iiiay 
I'oiiiain  urea  or  bile,  especially  in  renal  and  hepatic  iIIh- 
eases.  The  percentage  of  albumin,  accoriling  to  Hcukk.  is 
Irss  than  in  pleural  transudates,  and  greater  than  in  |ieri- 
toniiil  transudates.  The  quantity  of  Iliiiil  varies  very 
much,  depending  on  iiiany  ciriuir.stances.  It  may  reach 
from  TM)  to  7">U  c.c.  C'orvisarl  has  reported  the  enor- 
mous ipiantity  of  eight  pounds — about  4.(KX)  c.c. 

The  pericardial  sac  is  distended  according  to  the 
amount  of  lluid:  in  the  large  colleelions  the  lungs  arc 
compressed  and  the  diaphragm  is  forced  downward.  The 
pericardium  proper  is  lliiiined.  or  if  the  case  is  of  long 
duration  may  be  tiiickeiied.  In  chronic  cases,  the  sub- 
serous fat  about  the  heart  disjippears.  the  subserous  cel- 
lular tissue  ajipears  ii'deniatons.  and  the  endotlielia  are 
relaxed,  swollen,  and  of  granular  opacity.  The  muscu- 
lar substance  of  the  heart  is  pale  and  tiabby. 

Scienlilic  opinion  is  as  yet  divided  in  the  explanation 
of  the  presence  of  transudates.  By  many  transudation 
is  considiied  a  piocessof  liltratioii:  others  hold  that  the 
capillary  walls  are  to  be  regarded  as  living  organs,  with 
a  capacity  for  secretion,  under  the  stimulating  inlliiencc 
of  irritating  substances  in  the  blood. 

Etuu.oov. — llydropericardium  is  never  u  primary  dis- 
ease, but  always  secondary  to  some  other  disca.se.  In 
comparison  with  the  frequency  of  similar  collections  of 
tluid  in  the  pleural  and  alidominal  cavities,  and  the  sub- 
cutaneous tissues,  it  is  a  r.ire  conililioii.  The  explana- 
tion of  this  fad  probably  lies  in  the  iiicessjuit  activity  of 
the  heart.  It  occurs  occasionally  as  a  very  rapid  collec- 
tion of  lluid  in  some  cases  of  acute  nephritis,  as  in  scar- 
latinal neplintis.  .Most  commonly  it  is  a  part  of  a  chronic 
dropsy  associated  with  diseases  of  the  heart  and  kidneys. 
Less  commonly  it  is  found  in  the  various  cachexias  which 
produce  an  antemic  condition  of  the  blood,  such  as  tuber- 
culosis, cancer,  scurvy,  and  the  .severe  ana-mias.  In  these 
diseases  the  pericaniial  dropsy  almost  always  follows 
transudation  into  the  ]>leural  cavity.  Very  rarely  the 
dropsy  has  a  predilection  for  the  pericardial  Siic.  rather 
than  for  its  usual  locations.  Probably  some  local  allera- 
tionsin  the  pericardium  would  explain  this.  It  may  occur 
as  a  result  of  some  local  interference  with  the  circulation, 
which  hindci-s  the  return  tlow  in  the  pericardial  or  car- 
diac veins.  Atheroma  of  the  coronary  arteries,  aneurism, 
disease  of  the  lungs,  pleura,  or  the  heart  itself,  tumors 
and  inllammations  of  the  mediastinum,  all  may  impede 
the  circulation  iu  these  veins.  In  rare  casi-.s  the  sudden 
development  of  a  pneumothorax  is  followed  by  hydro- 
pericardium. 

SvMl'TO.Ms. — These  ar<?  very  indefinite,  and  can  scarcely 
be  seiiarated  from  those  of  the  a.ssociated  disease.  The 
condition  comes  on  insidiously  and  woidd  not  be  recog- 
nized were  it  not  for  careful  ])liysical  examination.  A 
familiarity  with  the  possible  complications  of  chronic 
heart  and  kidney  disease  puts  the  physician  on  his  guard. 
The  dyspno'a  and  cardiac  distress  rarely  may  be  chicHy 
dependent  upon  the  hydroiiericanlium.  There  is  never 
any  acute  pracordial  pain,  as  in  inflammation  of  the  peri- 
earilium.  Pericardial  friction  sounds  are  never  present. 
If  the  tluid  is  large  in  amount  compression  of  the  lungs 
may  add  to  the  dyspnn'a. 

Piivsic.M,  SicNs. — The  reader  is  referred  to  the  article 
on  I'ln'i-iinlilii'  for  a  discussion  of  tlie.sc,  as  they  are  the 
sjime  except  for  the  fact  referred  to  above — viz  .  that 
pericardial  friction  sounds  are  never  present  in  hydio- 
pericardium.  either  before  the  collection  or  after  the  ab- 
sorption of  the  tluid.  The  transudate  is  said  to  move 
more  quickly  with  change  of  body  position  than  the  in- 
dammatory  exudate. 
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PiiooNOfis. — It  is  always  jtmve  l)ocniise  of  the  fiiiidn- 
inniUil  tlisfnsc.  Tin-  Itiii'il  in  the  pcru-iii'liiim  luUls  an 
rxtm  iiii|iciliiiirnt  lo  tlic  alniiily  weak  licail  iiiid  thus 
liasli'iis  llir  fatal  issin'.  In  niic  ciiscs.  as  in  the  cITiisioiis 
«s.s<Miatiil  with  aciiti-  ni'|ihnlis,  there  may  In-  icciiviiy. 

TliKATMKNT. — Tills  ciiiisisls.  ill  the  iiiajnrity  of  cases, 
ill  I  lie  treatment  of  the  jirimary  disease,  with  cardiac 
tonics  and  diuretics.  I'sually  paracentesis  only  delays 
the  fatal  issue  a  short  time."  However,  in  rare  cases  it 
may  be  disliiiclly  useful— f.,'/..  when  the  patient  seems  to 
lie  ilyinj;  as  a  result  of  cri'at  local  olislniction  in  the  peri- 
cardluni,  which  is  overwhelmiuir  the  heart.  The  opera- 
tion is  not  ditliciill.  liut  inusi  never  lie  undertaken,  unless 
the  diau'iiosis  he  certain.  Kor  a  desciilitiou  of  the  opera- 
lion  see  Ihe  article  on  I'lrli-iirililin. 

Jtiiiien  Hue  Anieill. 

HYDROQUINONE.— llydroqiiinone,  or  ////drorhinoH.  as 
il  i-  < -iW.ii  li\  I  Miinaii  authors,  is  chemically /«n-rtrf(V(.)^- 
Itiiziin.  (',li,((  >lli.,.  one  of  a  trio  of  isomeric  diatomic 
phenols,  of  which  resorciii  and  pyrocalechiii  an'  llic  other 
two  ini'iiitiei-s.  IlydroquiiKuie  ajipears  in  transparenl. 
colorless,  rlioinbic" plates  or  prisms,  fusilile  at  109  C, 
{38fi.2  F.),  and  subliming  without  decomposition.  The 
crystals  dissolve  readily  in  alcohol,  ether,  and  hot  water, 
but  in  not  less  than  seventeen  jiarts  of  cold  water.  The 
reaction  is  neutral  and  the  taste  sliirhlly  bitter. 

lIydidc|iiinone  has  been  ]>roposed  as  an  antipyretic.  It 
is  capable  of  producinir  convulsions  and  other  derange- 
ments ill  the  lower  animals,  but  in  therapeutic  do.ses,  in 
man,  oper.ites  as  a  speedy,  but  Iraiisieiit.  antipyretic  in 
fever.  In  such  operation  the  medicine  is  remarkably  well 
borne,  even  so  larire  a  dose  as  forty  jriaiiis  producing 
no  deraiisrenieiit  worse  than  a  very  transient  feeling  of 
fulness  ill  the  head  and  slight  giddiness,  and  ordinary  doses 
iH'ing  free  from  even  thiselTect.  The  fall  of  lem]ierature 
begins,  as  a  rule,  williiii  half  an  hour  after  administratiou 
of  a  single  dose,  reaches  its  inaximum  in  from  two  to  two 
and  a  half  hours,  and  the  ensuing  riseattains  the  original 
teni|ieniture  in  from  one  to  two  hours  additional.  For  a 
transient  impression  such  as  described,  a  dose  of  from 
1.(1(1  to  1.315  gin.  (from  fifteen  to  twenty  grains)  suffices, 
while  for  a  continuous  one,  three  or  four  such  doses 
slioidd  be  given  during  the  twenty  four  hours.  Duiiiig 
continuous  medication  with  liydroquiiione  the  urine  may 
appear  of  a  dark  brown  color,  due  to  the  presence  of 
prodiuls  of  di'Cdiiqnmiiiiiii  of  the  medicine. 

Edtriird  CiirtU. 

HYDROTHERAPY.— In  the  lucseut  enlightened  era  of 
medicine- llii' I  liiit  aim  of  the  physician  is  to  aid  the  in- 
liereiit  powers  ot  the  human  organism  to  eliminate  inor- 
bitic  agents  and  reinstate  the  disturbed  eqiiililniuni  of 
the  economy,  by  all  means  which  enhance  the  patient's 
capacity  to  resist  the  inroads  of  disca.se.  lu  the  accom- 
plishment of  the  latter  water  plays  an  important  part 
The  simplicity  of  this  remedial  agent  and  tlie  neglect  of 
precision  in  its  applicati<ai  have  been  the  chief  obstacles 
in  the  way  of  its  more  univer.sal  acceptance.  The  fact 
that  wiiter  is  one  of  the  few  remedies  which  has  survived 
since  the  day  of  Hippocrates  and  has  been  advocated  and 
used  by  the  most  eminent  jihysicians  of  every  time,  was 
the  writer's  incentive  to  its  investigation  twenty-live 
veiirsago.  The  clinical  results  obtained  by  him  have  won 
liis  highest  esteem,  especially  since  he  discovered  that  its 
action  is  based  upon  recognized  physiological  jirinciples. 
Till-  latter  must  be  clearly  under.stood  before  the  real 
value  of  liyilrothenipy  can  be  appreciated. 

The  action  of  water  upon  the  human  organism  is  de- 
rived from  its  physical  and  mechanical  ctTects. 

The  physicjd  (|ualities  of  water  are  utilized  in  hydro- 
therapy because  it  is  an  excellent  vehicle  for  conveying 
llie  lliermic  and  mechanical  elTects  aimed  at.  Water  ab- 
sorbs and  gives  up  heat  readily :  it  may  be  iisid  in  solid, 
liquid,  orga.seous  form  ,  it  may  beaiiplied  to  any  limited 
part  of  the  body  or  to  itsentire  surface.  Hence  its  phys- 
ical properly  alone  makes  it  a  most  tie.xible  therapeutic 
airent. 


Thermic  agents  affect  living  tissues  in  the  most  pro- 
nounced manner.  Smooth  muscular  libri- contracts  under 
<-old  and  ixpands  under  beat,  and  its  <oiili-ae|ilitv  may 
be  entirely  destroyed  by  an  excess  of  eilliir.  15y  the  con- 
veyance of  cold  or  heat  by  means  of  water  we  are,  there- 
fore, enabled  lo  produce  striking  effects  upon  vital  proc- 
esses which  depend  upon  muscular  activity.  As  cold 
and  lii'at  are  irritants,  their  refle.x  ellecfs  conveyed 
through  the  nervous  system  also  become  valuable  tliera- 
peiitiially.  .\pplyiiig  these  axiomatic  principles,  we  liiiil 
that  circulation,  respiration,  tissue  cliangi',  ami  heal  pro- 
duction may  be  jiosilively  iiitluenced  by  the  aiiplicalion 
of  waterasa  medium  of  conveyance  of  cold  and  heat,  and 
that  abiioniial  conditions  of  llie  functions  may  be  reme- 
died and  their  healthy  equilibrium  reston'd.  That  such 
elTecIs  arc  leally  produced,  laboratory  experiment  as  well 
as  observation  at  the  bedside  has  again  and  again  deinou- 
.strated. 

In  my  book  on  hydrotherapy*  many  experiments  are 
detailed  showing  the  influence  of  liydriatic  procedures 
upon  the  calibre  of  blood-vessels,  the  action  of  the  heart, 
and  even  upon  the  composition  of  the  blood,  the  respira- 
tion, and  the  secretions.  All  applica-tions  of  cold  involv- 
ing the  entire  surface  of  the  body,  or  a  considerable  part 
thereof,  result  in  an  increase  of  the  number  of  bl<K>d 
cells;  the  percentage  of  Inemoglobin  and  the  specific 
gravity  of  the  blood  are  also  increased  when  reaction, 
manifested  by  cutaneous  liypera^mia,  ensues.  When  re- 
action fails,  the  erythrocytes,  and  often  tiie  leucocytes 
also,  are  diminished. 

That  these  elTects  may  be  utilized  to  explain  the  ra- 
tionale of  cold  applications  in  disease  has  been  often 
demonstrated.  For  instance,  Thayer,  of  .Johns  Hojikins 
Universit.v.  observed  that  the  blood  drawn  from  the  lobe 
of  the  ear  of  a  ty|>lioid  fever  patient  after  a  Hiand  bath, 
contained  three  times  the  number  of  leucocytes,  ascer- 
tained by  actual  count  to  be  present  previous  to  the  bath. 
This  has  been  conlirmed  by  AVinteriiitz,  Breili'iibach, 
myself,  and  otliers,  ill  chronic  cases  anil  in  healthy  per- 
sons. Since  this  enormous  increase  could  not  be  the  re- 
sult of  new  production  during  the  fifteen-minute  bath, 
the  conclusion  is  inevitable  that  llie  increased  activity  of 
the  circulation,  induced  by  the  changing  ana'mia  and 
hyi)er:emia  of  the  cutaneous  surface  resulting  from  the 
cold  bath  and  friclioii.  has  driven  these  cells  from  their 
hiding-places  on  the  outskirts  of  Ihe  bhiod  stream  and 
elsewhere,  and  has  brought  them  into  active  service. 

Cold  improves  the  muscular  lone  of  the  ves-sels.  i.e.,  it 
increases  tension :  warmth  relaxes,  causing  passivedilata- 
tiou  and  loss  of  tone.  Although  both  produce  a  liyper- 
a'Uiia.  one  is  Ihe  result  of  reaction  and  is  Ionic,  while  the 
other  is  the  result  of  relaxation  and  is  atonic.  This  trite 
fact  is  siidly  disregarded  in  jiractice.  Its  more  genet-al 
recognition  will  do  much  lo  neutralize  and  remove  Ihe 
fear  of  shock  from  cold  applications  iu  atonic  condi- 
tions. 

The  reflex  effect  of  cold  and  heat  conveyed  from  the 
skin  to  the  central  and  synipatlietic  sy,stem.  thence  to 
organs  and  tissues,  is  an  im]>oi-taiit  theiapeulic  factor, 
and  demonstrates  that  the  thermic  action  of  water  upon 
the  liuuian  organism  is  callable  of  influencing  its  every 
part  and  function  in  llie  most  pronouneeil  manner. 

By  guiding  and  diiecling  these  well  asceriained  etTects 
of  cold  and  heal,  as  conveyed  by  wati^r  to  the  skin,  we 
may  evoke  changes  in  the  circulation,  remove  stasis  in 
one  and  till  aiiolher  vascular  area,  deplete  others,  and 
thus  aid  jiowerfully  in  removing  pathological  slates. 

Water  may  be  applieil  with  accurate  dosage  by  vary- 
ing the  temperature,  duration,  and  pressure.  A  very 
high  or  a  very  low  temperature  produces  deslruclion  of 
li.ssue.  while  cold  and  modi  ralely  liol  wali-r  luodiice  a 
rubefacient  cflecl.  Water  driven  under  high  luessure 
destroys  tissues,  and  under  moderate  pressure  causes  ru- 
befacient or  stimulating  effects. 

There  are  also  various  nuxlilications  in  livdriatric  tech- 
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II  >  flr4»(|  iiliioiir, 
Mydralhrrapir, 


nl<|m'  wliirli  imiHl  iM-clrnrly  iimlrrntrnMl  l)ffi>re  Wffni|ili>y 
liyilriitlii'ni|i,v  in  iliHciiw. 

'  J'l i-/i II 11/ II I .  —  It  is  ihr  aim  r>r  tliis  iirtiilc  li>  *<iiii|>lir,v  liy- 
(lri>llii-ni|<y  ami  ri'iiilii'  it  ai  rcKsililc  Ici  tlir  ^'rmral  piiic 
tiliiiiKT.  .Minute  atlriiliiiii  to  ilrtails  U  tlic  lli>t  <'S.si'iitijil 
fur  tlirsui'('i'K.>.fiil  a|i|>lic'aliiih  c  if  all  liyilriatrir  |<rii<'c'iluii's^ 
witliiiiit  this,  failurr  is  siirr  tn  riiMir.  Tin-  folluw  iiif; 
priM-cilurcs  arr  lust  aila|it<'il  fm-  tlic  apiillcaliini  nf  water 
liiilisease:   Ablution,  alfusioii,  sliiit  liatli.  ilrip  sheet,  eom- 

{irrsses,  wet  paek.  tuli  luitli.  (louche.  Their  applieutioii 
u  various  ilisea.ses  will  he  shown. 

AM'iliiin  eonsists  of  tin'  applieatioii  of  water  liy  the 
linnil,  or  with  a  \va.s|i  eloth.  over  successive  parts  of  the 
ImmIv.  Till'  meth- 
4nI  ami  till-  tein- 
penilure  of  the 
water  vary  with 
the  object  in 
view.  In  febrile 
eonilitions  the 
chest,  the  back. 
Hie  abdomen,  anil 
the  lower  extrem- 
ities as  far  down 
as  the  kmes  aie 
successively 
Imthed  every  two 
or  three  hours,  be- 
^innin^at  T.j  ami 
reilueini;  the  tem- 
penilure  by  one 
ileirreeat  each  ap- 
plication until  6U° 
F.  is  rnicheil.  It 
is  important  to 
avoid  I'liilliM^'aml 
to  bear  in  mind 
that  reaction  is 
aimed  at. 

In  chronic  affec- 
tions the  ablution 
is  a  ii.sc-ful  pre- 
liminary to  the 
more  active  hydri- 
atiic  procitlures. 
The  patient  is  tirst 
warmed  by  beinp 
snujrly  wmpped 
nude,  in  two  lonir- 
haired     woollen 

blankets,  like  a  mummy,  for  one  hour.  The  fare  is 
bathed  in  water  of  60"  F.  :  the  blankets  are  successively 
opene<t  over  his  chest,  abdomen,  back,  litwer  extrem- 
ities to  the  knees,  and  these  an'  bathed  with  the  hand, 
each  part  beinjr  immediately  dried  and  re))laced  under 
cover.  A  penenil  dry  rubbing  with  a  woollen  cloth,  or 
the  hand,  follows. 

Fill-  the  Geiiiral  Aliliilion  the  patient  stands  in  twelve 
inches  of  water  at  9.5°  to  10(V  F. .  and  is  rapidly  washed 
down  with  the  hands,  while  water — of  a  temperature  of 
80  F.  at  first,  but  on  each  succeedini;  day  of  a  little  lower 
leni|>ennture  until  6(1  F.  is  reached — is  poured  upon  him 
with  the  hand  or  from  a  vessel.  Afterward  he  should  be 
subjected  to  geiille  friction.  Heaction  must  always  be 
proiluced. 

The  rulionnlf  of  the  action  of  ablutions  may  be  found 
in  the  gentle  shock  and  reactive  stimulus,  which  is  re 
freshing.  The  superticial  capillaries  are  dilated,  as  evi- 
deiu-ed  by  the  rosy  hue  of  the  skin  following  ablution 
with  friction,  the  insjiiration  is  decpene<l.  and  cardiac  ac- 
tion is  bettered. 

Ajfiiniiiii. — Having  a  wet  cloth  around  the  head,  the 
))atient.  sitting  or  standing  in  a  tub  containing  twelve 
inches  of  water  at  lOir  Y..  receives  a  broad  stream  of 
water  poured  with  force  from  a  basin,  bucket,  or  pitcher. 
Acconiing  to  the  height  from  which  the  water  is  poured 
and  the  lowness  of  tiie  temperature  will  be  the  stimulat- 
ing effect.     The  affusion  is  useful  in  coma  and  in  stupor- 


FiG.  2736.— Drip  Slicel  MoUc  of  Friction. 


oUK  ilelirium.  indiniling  adynanda  and  nerve  prosi ration. 
My  this  melhinl  Currii-  nimle  his  remarkabli'  i-ures  in 
t.\  phus  fever,  using  chli'lly  sea  water,  the  patients  lyinjj 
on  the  diek.  Ill  urn  I  lull  ml,  when  the  syNli'iii  Ik  over- 
whelmed by  the  poison,  the  circulation  eii'ibarrasM-d.  tli<; 
skin  pale  or  marbled  oriyanotic,  Wir  respimiion  shallow, 
teinpeniluri'  high,  puls<''rapid  and  feeble,  tnilv  marvel- 
lous  results   may  be  obtained   by  the  Jmlicious  use  of 

brief  affusions.     Heactii eciirs   rapidlv.  and  with  It 

come  an  improved  peripheral  and  general  circiilalion, 
dei'pened  insjiiration,  bright  countenunce,  and  rosento 
skin.  Kapid  affusions  of  water  at  a  ti'inpenitiire  of 
from  "0°  to  00    F.,  have,  in  my  experience,  sjived   lives 

ill  these  despenite 
cases. 

Shfil  Iditli.—K 
rubber  sheet  e<iv- 
ered  by  a  blanket 
is  laid  upon  one- 
half  of  the  IkiI. 
-V  linen  sheet  is 
now  dippi'd  into 
watc-r  Jiaving  a 
tein  pirat  ure  of 
from  60  to  70  F., 
according  to  the 
eff<'ct  desire<l, 
and,  irilliitiil  liriiig 
irriiiif/  mil.  is  laid 
upon  the  blanket; 
the  patient,  whose 
faci'  has  been 
bathed  with  ice- 
water,  and  upon 
whose  head  a  wet 
cloth  is  placed,  is 
moved  over  to  the 
wet  sheet,  which 
is  wrapped  snug- 
ly aroiMiil  him. 
The  tirst  impres- 
sion will  be  a  sur- 
prise  —  called 
shock — to  the  cu- 
taneous nerves. 
Heaction  ensues 
from  till-  patient's 
own  temperature, 
and  its  establish- 
ment is  aided  by 
the  manipulations  of  the  nurse,  who.  with  oiitstretcheJl 
hands,  gently  but  li nil ly  sweeps  over  the  wet  sheet,  omit- 
ting the  legs  and  forearms.  So  soon  as  one  part  of  the  body 
becomes  thoroughly  warme<l,  \val<T  from  50'  to  60'  is 
poured  fromacu])ors(|uee/.ed  from  a  sponge  over  it.  until 
it  again  cools.  These  )iass<'S,  or  frictions,  are  alternated 
with  the  iiouiing  on  of  small  quantities  of  cold  water, 
until  till-  euliie  body  feels  cooleil  or  the  patient  shivers. 
Higor  must  always  be  avoided,  because  it  is  an  evidence 
of  contraction  of  the  vessels.  .\s  the  friction  prevents 
this  objectionable  feature  of  all  cold  baths  we  have  in  the 
sheet  bath  an  admirable  rohorant  antipyretic,  the  effect  of 
which  may  be  greatly  enhanced  by  allowing  the  patient 
to  remain  in  it.  after  wrapping  him  in  the  blanket,  for 
half  an  hour.  Its  mildne.ssas  compared  with  the  full  cold 
baths,  for  which  it  is  an  excellent  substitute,  renders  it 
more  acceptable  to  the  patient  and  his  friends,  and  it 
may  thus  be  utilized  as  a  valuable  initiatory  antipyretic 
measure.  It  is  applicable  in  all  acute  disea-ses  in  which 
an  elevated  temperature  is  a  leading  manifestation. 

Drip  S/i(ft  (Fig.  2756). — In  chronic  cases  the  sheet 
bath  is  a  useful  adjunct,  and  in  many  cases  an  important 
element  of  the  treatment — as,  for  example,  in  phthisis, 
in  neurasthenia,  and  in  chlorosis.  Here  it  is  called  a  drip 
sheet,  ami  is  applied  while  the  patient  stands  in  water  of 
100    F. 

The  flexibility  and  simplicity  of  tlie  method  commend 
it  especially.     IBy  wringing  the  sheet  well  out  (cold  rub), 
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iir  liy  usiiij;  a  courser  slu-el,  or  ii  lower  tciiipcralurc.  for  ii 
Rlicirt  liiiii'.  or  by  sltippiiig  with  tlio  wet  sliecl,  insU'iid  of 
simply  riil>l>iiij;"tlic  Imml  over  it,  tlie  Ineul  ex<itation  of 
the  eiilmieoiis  nerves  iiiiil  vessels  limy  he  enhaiieed.  Hy 
satiinitiii);  it  with  more  wiitiT.  the  anlipyretie  elTeet  is 
iiieniised.  iiiiil  this  limy  he  slill  more  iiileiisitied  by  a 
more  prolonjred  appliealion. 

Till  roiiijiriMii  is  made  hy  eiittin^j  four  folds  of  old  linen 
to  lit  the  part.  The  eloth  is  more  or  less  wrung  out  of 
water  at  or  it  little  above  (!U  F.  and  secured  by  a  Hannel 
liandaire  wiiler  than  the  cloth.  For  tonsillitis  it  is  very 
useful  if  applied,  not  around  the  neck  but  from  ear  to  ear 
ami  secured  by  a  llaniiel  banda;:e  pinned  on  top  of  the 
liead.  For  artic- 
ular rheumatism 
n  compress  snujily 
84'eiired  by  a  thin 
flaunel  Imndajre  of 
one  layer  hastens 
recovery.  lu 
pneumonia  the 
com  p  ress.  sur- 
roundin.!;  the  tho- 
rax like  a  vest  and 
secured  over  the 
8  h  o  II 1  il  e  r  a  n  d 
around  the  chest 
by  pins,  is  of  par- 
amoiint  value. 
The  abdominal 
compress  is  useful 
in  all  fevers,  as  is 
the  trunk  com- 
press, enveloiiins: 
the  entire  trunk 
Com|)resses  an 
usually  reneweil 
every  hour  i  ri 
acute  c«se.s.  and 
always  covered 
by  one  layer  of 
flannel  to  pennit 
e vapora  t  ion  — 
never  covered  by 
oiled  silk,  which 
would  convert 
them  into  a  poul- 
tice. 

The  Ire  Bag  may  here  \n:  referred  to.  This  should  al 
ways  be  covered  with  flannel  and  neverallowed  to  remain 
continuously  for  a  longer  time  than  forty-live  minutes. 
It  should  be  replaced  at  the  end  of  tifleeu  minutes.  Its 
utility  in  internal  heniorrhaj:es  is  fallacious,  beeau.se  the 
blood  is  driven  from  the  surface  into  the  collateral  circu- 
lation beneath.  Its  bencticial  elTcct  as  an  antipyretic  for 
parts  situated  deeply  is  fallacious,  as  proved  by  the  ex  peri 
ments  of  \V.  (Jilman  Thonipson  and  others.  The  same 
remark  holds  true  for  the  ice  eoil.  As  an  a|)plieation  in 
feeble  and  irregular  heart  action  the  ice  bag  is  invaluable, 
if  reaction  is  permitted.  The  ice  coil  is  a  fallacious  pro- 
cedure in  fevers,  because  it  cools  only  the  parts  bineutli  it, 
making  them  cyanotic,  and  therefore  retards  the  circu- 
lation. 

11(7  Piick.—\  large  woollen  blanket  is  spread  upon  a 
mattress.  Upon  this  is  spread  smoothly  a  linen  sheet. 
ininir/iiiil  i>{  water  of  a  temperature  of  fiiim.")!)'  to  70  F., 
aeconling  to  the  iiatureof  the  ca.se;  the  blanketsliould  be 
long  enough  to  extend  from  tin:  nucha  to  a  foot  or  more 
beyond  the  imtieiit's  extremities.  The  patient,  with  a 
wet  cap  upon  his  head,  ])laces  himself  upon  the  sheet, 
with  his  arms  rai.sed  from  the  body.  One  half  of  the 
sheet  is  now  rapidly  folded  around  his  body  and  pressed 
between  thi>  arms.  It  is  snugly  secured  around  the  neck 
anil  beyond  the  feet.  The  lilanket  is  now  draw  ii  lirmly 
from  the  left  and  tucked  under  the  right  side  of  the  body, 
the  right  border  of  the  blanket  being  drawn  over  to  the 
left  in  the  same  manner;  then,  Uually,  it  should  be  se- 
cured firmly  under  the  body  and  around  the  neck,  and 


.should  be  folded  over  the  feet  (Fig.  2757).  Surc^st  de- 
jiiiiils  iijiiiii  crrliisiiiii  iif  the  iiir  hi/  the  liliiiikel  corer.  If  the 
lallcr  has  been  skilfully  applied,  the  patient  will  resemble 
a  mummy,  and  will  get  warm  in  an  hour  or  le.ss. 

The  wet  pack  must  be  followed  by  some  hydriatric 
method  which  restores  tone  to  the  cutaneous  ves.sels 
which  have  been  relaxed  by  it.  A  sheet  bath  or  a  cold 
allusion  will  serve  this  purpose. 

The  cold  sheet  produces  irritation  of  the  cutaneous 
nerves,  ami  contraction  of  the  iierijiheral  vessels,  ami  the 
latter  state  persists  until  reaction  ensues.  Inasmuch  as 
no  mechanical  aid  is  given  by  the  attendants,  the  reaction 
must  depend  entirely  upon  the  vital  |)owers  of  the  pa- 
tient. As  soon  as 
the  first  shock  is 
over — which  lasts 
from  five  to 
twenty  minutes, 
and  sometimes 
produces  shiver- 
ing—  the  cutane- 
ous vessels  begin 
to  dilate,  and  the 
ti  iiipcrat  iires  of 
the  skin  and  of 
the  sheet  a  p- 
proacli  equality. 
This  equalization 
of  the  two  tem- 
peralures  occurs 
quickly  in  fever 
p  a  t  i  e  II  t  s.  a  n  d 
slowly  in  ])ersons 
having  a  normal 
temperature.  The 
sheet  b  a  t  li  i  s, 
therefore,  superi- 
or to  the  wet  pack 
as  an  antithermic 
procedure.  Many 
failures  are  due  to 
the  use  of  the  wet 
pack  in  fever;  it 
is  far  more  useful 
in  chronic  cases. 

In  chronic  dis- 
eases the  ))atietit 
is  wraiipeil  in  a 
sheet  wrun.g  out  of  water  at  from  fiO'  to  7l»  F  as  indi- 
cated ;  the  higher  temperature  being  employed  al  first  and 
this  being  gradu.-illy  reduced  by  one  or  two  degrees  at  each 
succeeding  treatment.  Lying  for  an  hour  in  this  pack 
the  patient's  body  is  enveloped  in  a  vapor  of  its  own 
creation.  The  reactive  labor  thus  involved  is  a  great 
benefit  to  the  circulation,  and  it  has  been  demonstnited 
to  aid  in  enhancing  tissue  metaiiior)>liosis.  The  patient 
often  falls  asleep.  Tlie  calining  elTcct  of  an  hour's  sleep 
in  the  wet  pack  is  valuable  in  functional  neuroses,  hys- 
teria, and  some  heart  trouliles.  It  is  sii|)erior  to  the  hot 
pack  in  insomnia  and  excited  mental  states. 

The  thera|ieutic  application  of  the  wet  pack  is  exten- 
sive, the  procedure  being  valuable  in  all  chronic  cases  in 
which  defective  tissue  nietaniorphosis  is  a  prominent  cle- 
ment, as  in  i/iii/iiliK,  rhiiiiiKithni.  f/t'iit.  nuinnia.  chlorosis. 
anil  some  disorders  of  the  digestive  apparatus. 

The  Full  Jliith. — A  tin  tub  six  feet  long,  and  filled  to 
three-fourths  of  its  depth  with  water  at  a  temperature 
of  from  80  to  fi.")  F.,  is  placed  near  the  patient's  bed  in 
acute  cases  and  shut  out  from  view  by  a  screen,  A 
double  blanket  covered  by  a  linen  sheet  is  spread  upon 
the  side  of  the  bed  to  be  occu]iied  by  the  patient  after 
the  bath,  the  pillow-  being  covered  by  a  towel.  The 
patient  now  receives  a  cuii  of  hot  black  colTee.  He  is 
undressed  and  a  light  napkin  is  applied  over  the  sex- 
ual organs.  His  face  is  bathed  with  ice-water,  and,  if 
too  feeble  to  step  into  I  he  bath,  he  is  lifted  into  it  by 
two  assistants,  lueferably  on  a  .small  hammock,  from 
which  the  sticks  have  been  removed.     With  the  greatest 
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ll)<lr«»llii*rH|»y. 

fl)  (troilii  rii|i> . 


pfTitlr'noRS  nnil  Irnst   fuss  ho  Is  Inwrn-d  liitii  ili.-  vmii.i 

III'    KM4|'H    HIkI    sIiIIiIiIi'I-  It   IIIKIIII'lll,    III'    |ll'l'llll|IS  crirs  nut. 

lint  p'lillr  Iriivsiirmur  liv  wiinl  iiiiil  ilrnl.  ik  niliii  ili' 
iiiiiiiiiir.  ili-vniil  or  liii>tr.  mill  till'  nimi'iK'f  of  all  actual 
fon'c  nr  iiruuiiH'Ml  will  i|uirt  liiiii.  Kricmls  nr  rclativcN 
tniist  III'  krpt  nut  III  till'  riHiiii  All  airrusliiiui  KiiN|irTiili'il 
at  tlir  liriul  of  llir  tuli  u  ill  iiiiiki'  a  linid  rrst.  ami  a  lari,'i' 
watiT  ciisliinii  riiii;  iiiakis  a  ('i>nif<>i'laliK' HU|i|ii>i't  for  liis 
nates.  Two  iiiiisch  iuiisI  I'mi-laiitly  imirtiM'  );iii«l  fiir- 
tioii  nr  I'liatliiK  iivrr  mirrmKirr  |iiilts  nf  tlii'  bmly.  Tlirsi' 
frirlimis  air  iif  »»/»•<  "II  iiiiinirtunri  in  pri'Vi'iitiiii;  rliilliii^', 
(■ii|la|i'^'.  ryaiioHis.  ami  lii'iirt  failiiir.  'I'lii-  ilTirt  nf  tin- 
Cdliliiiuniis  Ki'iitli'  rliatiiii;  is  n  sulTuscil  n-iliirss,  wliicli 
(U'liioiistniirs  that  tlir  ralilirr  ii|°  till'  lulani'iiiis  vi'Hsi'Is  is 
considrialily  rnliiipi'il.  As  this  is  liiiiiij  ilnmr  in  sneers 
sive  parts  nf  tlie  IiihIv.  wo  n-aliy  niaiiai;e  tn  maintain  a 
constant  eonlraetiun  and  ililalalinn  ol  llie  periiilxral  vcs- 
s<'ls,  till'  riii'imT  lii'iiii;  arriimplisliril  liy  tlic  iiiiilaet  with 
the  eiiid  water  in  luolimi.  the  ialter  liy  the  fiietlKn  ami 
il.s  alteiulaiit  reaiiiiiii  Coiiiplaintsof  eliilliness  iiiiisl  mit 
he  re.i^ariled  as  an  imiiealion  liir  reinnval  nf  the  patient 
from  the  hath,  unless  they  he  aceoinpanied  liy  decided 
cimlterinjr  of  the  teeth,  or  the  face  heeoines  cyanolie. 
Several  limes  dwriii!;  the  hatli,  which  usually  lasts  lifteen 
minutes,  a  basin  of  water  at  5i)  F.  is  jieiitly  poured  over 
llie  patient's  head  and  shoiildirs.  If  the  patient  is  .som- 
liolent  ordelirious.  several  liasins  of  cold  waterare  poured 
over  hcail  and  shoulders.  The  liulli  liein^  tiiiished.  the 
patient  is  .ecntly  lifted  out.  the  napkin  eoveriniLr  the  se.\- 
iial  oriians  nipidly  dropped,  and  he  is  placed  upon  the 
previously  prepared  linen  sheet,  so  that  the  upper  edge 
extends  ahove  his  shouldeis  to  the  nucha.  He  is  now 
enref\illy  wrapped  in  the  sheet,  a  fold  lieiii<;  pressed  in 
hetweeu  the  arms  and  the  liody  and  liet ween  the  lower 
extremities.  The  lilaiiUet  is  now  wrapped  around  the 
patient.  If  the  Imily  teiupei-ai ure  has  lieeii  liiirh.  aliove 
103  F. .  in  the  reeluni.  the  patient  is  allowed  to  lie  in  the 
sheet  for  live  or  ten  minutes:  if  tlio  temperature  is  lower 
he  should  he  at  once  dried  with  the  sheet  and  afterward 
with  soft  towels.  In  citliercase  hot  botllesare  to  be  placed 
against  the  feet.      I'sually  the  patient  w  ill  fall  asleep. 

When  a  bath  haviiiir  a  tiiiiperaluie  of  from  70'  to  6.")  F. 
is  given  every  three  hours  in. the  case  of  a  patient  who  has 
a  ri'clal  lempeniture  i^f  liKi  p'..  this  may  be  looked  upon 
as  the  ideal  bath  desiirned  by  Kruest  Uraiid.  of  Stettin, 
for  the  treatnient  of  typhoid  fever. 

Ill  the  case  of  the  graduated  bath,  devised  by  von 
Ziemssen.  the  preparation  for  bathing  and  drying  the 
patient  is  the  same  as  in  the  Brand  bath.  The  tub  is 
tilled  with  water  at  90'  F.  Colder  water  is  added  for 
half  an  hour  until  the  water  temperature  reaches  08"  F. 
C /til fin;/  is  hnr  iiImi'  iin  nli-importout  ilenttat  tif  the  Imth. 
The  patient  is  wrapped  ill  a  jirepared  sheet  and  blanket 
without  bein^  dried,  for  a  (piarler  of  an  hour,  and  then 
he  is  dried  and  his  clothing  replaced. 

The  rationale  of  the  cold  baths,  wliich  have  been 
chielly  applied  in  typhoid  and  other  infections  fevers,  is 
so  exact  and  scientilic  that  it  must  lend  linnness  born  of 
conviction  to  the  attendant  who  applies  them  with  a 
clear  understanding  of  their  aims  and  capabilities.  The 
nervous  system  is  ovcrw  lielmed  by  lo.\;eniia.  An  inde- 
finable malaise  is  followed  by  ataxia,  general  lassitude, 
somnolence,  and  other  adynamic  manifestations,  which 
culminate  in  severe  cases  in  stujior.  delirium  and  coma, 
subsultus,  tremor,  etc.  The  heart,  being  called  upon  to 
do  extra  duly,  threatens  to  fail,  and  often  does  fail,  not 
owing  to  the  elevated  temperature  only,  but  to  a  paretic 
condition  of  the  capillary  circulation,  induced  by  the  in- 
fective process,  which  enibarra.sses  the  propulsive  action 
of  the  lutancous  arterioles. 

The  dei>reciated  condition  of  the  nerve  centres,  which 
in  typhoid  and  similar  fevei-s  is  the  leading  point  of 
attack,  must  be  the  leading  point  of  defence.  From  it 
originates  a  condition  of  the  circulation  which,  by  its  ef- 
fect upon  Ihe  peripheral  ves.sels.  not  only  disturbs  heat 
radiation,  and  tlins  develops  temperature  elevation,  tym- 
panites, etc..  but  later  gives  rise  toother  most  perilous 
conditions,  such  as  failure  of  the  heart,  local  hyposta.ses. 


bill  ..oil  s.  lie.  The  Rtlmiilating,  refri>Rliliig  iili  1 1  .ri  <  o|i| 
water  and  frietlon  upon  the  lermlnal  tilirillii' of  the  si'n- 
sory  cutaneous  nerves  is  conveyed  to  the  lentral  nervoiiH 
system;  the  gasp  eniilted  by  the  patient  In  evidence  of 
a  rellex  elTect.  The  cutaneous  arterloleH  are  Klimulateil 
and  dilated  in  reaction,  tilling  with  cihiIciI  IiIimmI,  and 
thus  the  heart,  laboring  iiielleetlvely  to  iivereoine  these 
paretic  conditions,  is  alforded  some  n-lief  Klastic  reiilH- 
tance  at  llie  periphery  being  thus  increased,  the  ventricu- 
lar contraelioii  becomes  more  complete,  and  the  IiIcmhI 
conrsi'S  with  increased  vigor  Ihioiigh  the  entire  organism. 
Kxcretion  is  enhanced,  and  the  vitality  of  Ihe  patient 
rises.  The  patient's  condition  is  the  best  evidi'nce  that 
these  elTects  are  saliilary.  He  who  has  witnessed  the 
dull  eye  of  a  typhoid  jiatient  glisten  after  a  cold  friction 
bath,  who  has  felt  the  dicrotic  pulse  rebound,  who  has 
seen  the  apathetic  countenance  brighten,  the  urine  Iii- 
eieiise,  and  slumber  ensue,  must  be  convinced  of  the 
value  of  cold  procedures  in  inlectious  fevers.  Heactlon 
must  always  be  induced  by  friction  during  the  bath. 

Ill  'J'uplioid  Fiirr.  the  lirand  bath,  above  described,  is 
of  the  greatest  value,  jis  dearly  shown  by  Ihe  only  ahso- 
lutelv  reliable  medical  statistics  extant.  Dr.  Vogl.  medi- 
cal director  of  the  Havarian  army,  has  published  the 
records  of  a  period  of  forty  years,  covering  all  types  of 
eiiideniies  of  typhoid  fever  and  all  kinds  of  treatment; 
and  according  to  lliese  statistics,  based  upon  S.."iO(i  cases 
of  the  disease  occurring  in  soldiers,  the  mortality  has 
been  reduced,  by  the  lirand  bath,  from  twenlytwo  per 
cent,  down  to  three  per  cent.  The  subjects  being  all  of 
the  siuiie  sex,  occu)iation.  age.  and  environment,  and  the 
inquiry  covering  large  numbers  and  a  long  jieriod,  these 
statistics  are  utiiiiue  and  absolutely  reliable. 

The  writer's  method  of  procedure  is  as  follows:  When 
he  suspects  that  he  is  dealing  with  a  ca.se  of  typhoid 
fever  he  luocceds  at  once  to  use  ablutions  every  two  or 
three  hours,  applies  an  abdominal  compress  between  the 
ablutions,  and  then  orders  a  .sheet  bath  of  from  80°  to 
To  F.  On  the  fourth  day  he  orders  a  friction  bath  at  90° 
for  tifteen  minutes,  as  above  described,  to  be  succeeded  in 
four  hours  by  otlii  is  at  H'r,  80°,  7.")',  and  70'  F.  The.se 
may  be  taken  in  the  bath  room.  When  the  dia.irnosis  Ix-- 
conies  positive  the  baths  must  be  adniinistrred  ilia  six  foot 
tin  tub,  placed  alongsideof  the  bed,  eighteen  inches  from 
the  floor.  The  temperature  of  the  bath  should  never  be 
less  than  6.5  F.,  but  cold  enough  to  produce  good  reaction 
— 70°  to  7,5'  F.  being  the  average.  Active  friction  must 
be  continued  for  lifteen  minutes,  and  affusions  given  as 
above  described.  This  is  the  Hraiid  bath  given  every 
four  hours  as  long  as  the  rectal  temperature  registers 
103  F.  Abdominal  coni|)res.ses  at  60  F.  are  always 
applied  between  the  baths.  When  this  bath  cannot  for 
any-  reason  be  obtained.  Ihe  sliat  buth  is  an  excellent  sub- 
stitute, because  it  furnishes  the  tliennic  excitation  and 
the  reaction  is  furthered  by  friction  over  the  sheet.  A 
tmrel  hnth  is  also  useful  when  the  sheet  bath  is  positively 
inapplicable.  This  consists  of  a  towel  smoothed,  drip- 
ping, over  the  back  and  successively  over  the  glutei  and 
the  front  of  the  body,  and  friction  with  a  block  of  ice  held 
in  gauze,  until  each  part  is  cooled.  The  jiatient  is  dried 
and  left  to  rest.  This  may  be  repeated  every  two  or  three 
hours.  All  cold  baths  must  be  given  with  friction,  and 
chattering  of  the  teeth  and  cyanosis  must  be  avoided. 

Ill  .'<f<iilft  Fcrerand  .Veuxlm  the  tub  bath  of  !)0'  F.  grad- 
ually reduced  to  85°  F.  without  friction,  continued  for 
from  eight  to  twelve  minutes,  and  repeated  every  four 
horn's,  is  soothing  and  antithermic. 

I'nenmonui. — Happily,  the  day  of  fighting  pneumonia 
as  a  disease  is  jiassing  away.  The  eulighlened  practi- 
tioner prepares  the  pneumonia  patient  by  providing  him 
with  a  comfortable  bed.  |iure  air.  easily  assimilated  food 
and  drink,  and  .eood  nursing.  He  no  longer  relies  upon 
aconite,  veratrum.  i|uininc,  repeated  antipyretics,  inor- 
pliiiie,  stimulants,  and  stuffing,  because  he  recognizes 
these  to  be  impedimenta,  when  the  patient  should  be 
stripped  for  the  fight.  They  embarrass  the  eliminating 
function,  impair  the  appetite!  and  cripple  his  resources. 
The  application  of  cold  water,  on  the  contrary,  meets  all 
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the  iiiiliciilioiis  for  wliicli  tlii'se  powerful  ri'iiicdics  wcro 
foriiuTly  ii|i|ili((l— ami  it  luioiiiplislus  it  witlioiit  lliiir 
dfprrcii'iliiii.'  ilTicts.  WIml  iilTonls  more  ciimfort  ti>  a 
c'liilil  siilTiriiii:  finin  piu'iniioiiia  than  a  tub  liatli  with 
gfMxl  frictiiin  in  wator  of  9o  ,  rciliicfil  during  tivf  tocijrht 
minutes  to  85  or  8<)  F.  ?  A  fi-w  baths  of  tliis  kind  ir- 
pcatcd  fv<'ry  four  to  six  hours,  witliout  fuss  or  confu- 
sion, at  tlic  bedside  (not  in  a  ballirooni).  calm  the  respi- 
ration, reduce  temperature,  promote  sleep,  slow  and 
strengtlien  the  pulse,  and  refresh  tlu'  oppres.sed  nervous 
system.  In  the  interval  between  the  lialhs  I  am  in  llie 
Imbil.  if  the  temperature  ami  pulse  are  high,  of  wraj)- 
ping  around  the  upper  hitlf  of  the  tninU  a  compress 
made  of  three  folds  of  old  linen  and  wrung  out  of  water 
ul  0.">  F.  and  always  covered  by  a  wider  bandage  of  one 
layer  of  thin  llannel  (without  o'iled  silk),  snugly  secured 
over  the  compress. 

Bv  renewing  this  compress  every  liour  the  good  effects 
of  tiie  bath  are  maintained  ami  their  frcqueut  repetition 
is  rendered  unnecessary. 

In  the  adult  patient  "the  tub  bath  is  not  so  useful,  be- 
cause it  involves  more  trouble  to,  and  disturbance  of,  the 
patient,  es|iecially  if  pleurisy  be  present.  Here  the  wet 
compress  arounilthe  chest,  not  too  tinnly  wrung  out  of 
wnteral  tid  F  .  usually  lillsall  thenipeutic  indications.  It 
becotiK'S  hot.  and  when  removed  the  re-applieation  causes 
a  deep  inspiration,  a  belterment  of  pulse  (|uality.  and  an 
increase  of  urine.  The  latter  is  al.so  enhanced  by  draughts 
of  from  four  to  six  ounces  of  waterat45°  F.,  administered 
re.iridarly  every  two  hours. 

No  cliiim  is  made  that  cold  water  cures  the  disease. 
The  object  of  these  mild  cold  procedures  is  to  fortify  the 
patient's  resisting  powers  and  thus  to  aid  him  in  main- 
taining a  successful  defence  against  the  disea.se  until  its 
□atunil  limitations  are  reached.  The  freijuency  of  appli 
cation,  the  temperature  of  the  water,  the  extent  of  the 
saturation  of  the  compress,  the  duration  of  the  bath,  the 
selection  of  the  procedure,  are  matters  for  jud,gment  in 
each  individual  case.  That  we  can  utilize  all  these,  and 
thus  adapt  them  to  conditions  as  they  arise  in  each  indi- 
vidual Cii.se.  gives  this  remedial  agent  a  positive  advan- 
tage over  all  others  and  entitles  it  to  more  extensive  trial 
and  study  than  it  has  received.  I..arge  clinical  observa- 
tion is  the  basis  of  these  view.s. 

The  D'liirhe  is  a  procedure  by  which  water  is  driven 
upon  tile  patient's  body  from  the  nozzle  of  a  hose  the  in- 
ternal iliameter  of  which  varies  from  one-eighth  to  one- 
half  inch.  The  ordinary  shower  bath  and  the  needle  bath 
are  multiform  douches.  The  water  is  usually  supplied 
from  a  reservoir  placed  at  a  height  of  from  thirty  to  .sev- 
enty feet,  and  giving  a  pressure,  at  the  nozzle,  of  from 
tifteen  to  tbirly-tive  pounds  to  the  sipuire  inch.  A  douche 
table  has  been  devised  by  the  author  (1894)  by  which  the 
temperature,  duration,  and  pressure  are  regulated  before 
the  jiatient  receives  the  water.  This  apparatus  is  useful 
only  in  institutions.  It  has  been  adopted  in  the  United 
States  (.St.  Klizabclh)  Hospital  in  Washington  and  in  many 
other  lunatic  asylums.  It  is  adapted  only  to  hospitals 
treating  chrr)nic  cases  in  large  numbers,* 

CiiitoMc  I)isK.\sKs.— Chronic  diseases  furniali  such  a 
favorite  tieUI  for  hydrotherapy  that  no  internal  disease 
should  be  yiehled  up  as  hopeless  until  this  mode  of  treat- 
ment lia.s  iK'en  systematically  tried,  in  connection  with  all 
those  hygienic  agencies  which  are  usually  of  more  avail 
than  mi-dicinal  agents,  viz.,  exercise  or  rest,  diet,  drink, 
clothing,  climate,  etc. 

Tile  general  ablution,  drip  sheet,  wet  pack,  and  douche 
are  useful  if  they  are  employed  in  a  properly  gradeil  man- 
ner. Beginning  with  the  general  ablution  and  gradually 
lowerin.g  the  temperature,  and  doing  the  same  with  the 
drip  sheet,  always  prcnlucing  reaction,  and  then,  if  need 
b<-,  going  on  to  the  wet  |iack,  we  have  a  varii'ty  of  modes 
and  mea.sures  which  affonl  great  latitude  in  energizing 
the  system,  enhancing  its  vital  capacity  so  as  to  throw  off 
the  maleries  morbi  or  re-establish  the  eciuilibrium  of  the 
circulutiou  aiul  nerve  centres.     (See  above  for  technique. ) 

•  Set  sutliur'8  treatlsv  mi'DCIunt-d  on  p.  788. 


A  case  of  anaiiiia.  for  instance,  wiiieh  has  resisted  iron, 
strychnine,  malt,  digestives,  etc.,  often  assumes  a  dilTer- 
enl  aspect  w  hen  the  neuro  vascular  discipline  jirixluceil 
by  this  treatnu'Ht  is  .secured.  The  <-ITect  of  increased 
o.xygenation  may  be  greatly  aided  by  following  daily 
treatment  with  exercise  in  the  open  air.  The  pallid  lips 
assume  a  ruddier  hue,  the  languid  eye  brightens,  the 
stc'p  becomes  lighter.  Appetite  and  assimilation  are  im- 
proveil  because  of  the  enhanced  hicmatosisand  improved 
circulatory  conditions  in  the  gastrointestinal  mucous 
lining.     (For  rationale  .see  above.) 

ymriistluiiiii. — A  type  of  eases  which  I  see  fpiite  often 
is  that  trying  class  of  neurasthenics  who  wander  from  one 
doctor's  ollice  to  another,  and  sooner  or  lat<'r  become  the 
prey  of  charlatans.  These  patients  jiresent  every  pha.sc 
of  depreciated  vascularand  nerve  condition  ;  someare  the 
prey  of  morbid  fears  and  become  the  despair  (pf  family, 
friends,  ami  physician.  If  such  a  case  be  subjected  toa 
methodical  course  of  hydrtJtherapy  the  result  will  often 
prove  a  revelation,  jirovidefl  there  be  no  organic  basis  for 
the  malady.  If  mild  procedures  do  not  meet  the  indica- 
tions, douches adapt<'d  with  regard  to  temperature,  dura- 
tion, and  pressure  to  each  individual  case,  phiy  the  most 
important  role  here.  These  are  capable  of  arousing  the 
dormant  neurons,  enhancing  vascular  activity,  and  im- 
proving general  and  local  nutrition.  The  cortical  centres, 
which  are  the  chief  points  of  failure  in  these  depressed 
neurasthenics,  f( d  tlie  im|iulse  of  a  better  circulation  and 
luitrition.  The  morbid  ideas  and  illusions  vanish.  The 
hvpochondriacal  introspection  ceases,  and  the  i>atient 
slowly  but  surely  regains  his  neuro- vascular  equilibrium. 
The  results  of  hy<lrothera|)y  in  such  cases  are.  in  my  ex- 
l)erience,  far  more  enduring  than  those  following  other 
methods  of  treatment. 

Iiifidiiiniii  is  markedly  alTected  by  hydriatric  measures. 

RheniiKilisiii,  Sfiiiticd..  <!<»il.  yntfilix. — Another  set  of 
eases  which  are  greatly  benelited  by  hydrotherajiy  are 
those  unsatisfactory  rheumatic,  gouty,  and  litha-mic  con- 
ditions which  are  the  bane  of  the  doctor's  life  and  which 
we  are  often  so  glad  to  rid  ourselves  of  by  sen<ling  them 
to  the  hot  springs.  These  may  be  very  satisfactorily 
treated  at  home. 

My  (lersonal  experience  with  hydrotherapy  in  chronic 
diseases  extends  over  a  period  of  ten  yeare  and  embraces 
a  very  large  number  of  cases  of  the  most  varied  patho- 
logical conditions.  The  application  of  this  method  of 
treatment  to  such  varied  diseased  C(mditicms  is  rendered 
possible  by  its  flexible  nature,  which  enables  the  physician 
to  a(la|)t  it.  by  moditications  of  temperature,  pressure 
and  duration,  and  numerous  technical  details,  to  the  im)St 
varied  pathological  manifestations,  provided  he  has  mas- 
tered the  rationale  of  its  mode  of  action,  and  provided 
the  carrying  out  of  the  details  is  not  left  entirely  to  the 
judgment  of  bath-nurses  It  would  be  nuich  better  to 
consult  some  work  on  hydrotherapy  than  trust  the  latter. 

When  <louehes  arc  needed,  oidy  institutions  under  the 
supervision  and  direction  of  a  trained  physician  shoidd 
be  resorted  to.  for  in  no  other  way  shall  wi-  be  likely  to 
avoid  the  dangers  of  the  empirical  ai^plicaliou  of  the  pro- 
cedure, which  has  so  often  brought  disaster  to  both  and 
discredit  to  this  remedial  agent.  Simon  Baruch. 

HYDROXYLAMINE.— This  compound  base  is  very  un- 
stable anil  exisisonly  in  solution.  It  isammoniain  which 
one  atom  is  replaced  by  the  hydroxyl  group.  The  for- 
niida  is  NILjOH.  Ilytlri'xuhimine  hiitlrochloiidc  forms  in 
colorless  crystals  resembling  ammonium  hydrochloride; 
it  is  hygroscopic  and  very  soluble  in  water,  alcoliol.  and 
glycerin.  It  possesses  active  reducing  properties,  in 
conseciucnce  of  which  it  has  been  proposed  as  a  s\ibsti- 
tute  for  clirysjirobin  and  other  reducing  a.cents  in  the 
treatment  of  skin  diseases,  such  as  psoriasis,  parasitic 
affections,  and  in  lu|ius.  The  disjid vantage  attciuling  its 
use  is  the  toxic  symiitoms  that  may  arise  from  absorp- 
tion. These  ill  ettects  are  due  to  its  reducing  action  on 
the  hiemoglobin  of  the  blood  It  may  also  prove  very 
irritating  to  the  skin.  For  ordinary  use.  a  strength  of 
one  part  in  a  thousand  should  be  commenced  with  and 
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II  y  (lrt»\  )  luiiiliic, 

II)  <!»■«. 


Incrniscd  to  one  in  ii  liiimln-il,  if  nn  Incnl  irrilnllon  Ih  pro- 
(liic-ttl.  TlKMippliciition  nmy  lioiimtic  twivr  or  three  times 
u  iliiy.  Jirn  14 mil II I  Siim/l. 

HYERES    AND    COSTEBELLE.-HyiVox,  Nitimtcd   in 

tile  <li'|ilirtlllelll  iif  llle  \  III'.  Is  tile  nU'St  Hiilltllel'n  lif  llll 
tile  winter  stiitii>iis  iilmit:  the  Kreiieh  Itivieni.  It  is  lifty 
live  liiileH  siMithea-l  of  Miiisiilles  iiiiil  neventy  t\vi>  mill  a 
liiilf  miles  West  i>r  Ciimies.  I'lilike  the  other  Meililerni 
neaii  resorts,  it  is  three  miles  from  the  sea,  lyini;  at  the 
foot  of  a  Ntee|i  hill  haviiiK  all  elevation  of  aJioiit  .seven 
hunilreil  feet.  It  is  sheltereil  liy  the  moiiiilaills  from  the 
north  anil  northeast  winds,  Inil  e\|iose(l  to  the  nortliwi'St 
anil  west  wiinls;  heme  it  suiters,  like  the  other  resorts 
on  the  eoiisl,  from  the  ilisairreealile  "  Mistral,"  whjeli  is 
esiieeially  freiiiieiit  in  Fehniaiy  iiiiil  March.  It  is  less 
alTeeteil  liy  the  sea  breezes,  not  only  on  aicoiint  of  its 
(listanee  from  the  si'ii.  hut  also  on  aeioiint  of  tlii'  |irotei- 
tion  alToided  liy  the  islanils  lyiiiij;  olT  the  (must — the  Isles 
d'llyeres. 

CostelM'lle,  a  snliiirl)  of  Ilyi^ros,  consisting  of  u  few 
houses  and  si-vcml  holds  surroiindeil  hy  ]iine  wooils.  is 
almost  on  the  c<m.st,  so  that  patients  can  easily  have  the 
chani:e  from  the  more  sedative  air  of  llyeres  to  the  more 
braciiii;  and  stimiilatini.'  atmosphere  of  the  siaside. 

The  town  of  llyeres  itsilf  contains  1T,7(MI  iiihahitants. 
and  consists  of  the  old  and  the  new  town,  the  latter  licint.' 
the  resort  of  invalids  and  vi.siiors, — a  place  where  there 
all'  villas,  hotels,  tine  avenues,  ami  piihlic  [;ar<leiis. 

The  winter  climate  is  mild,  dry  and  sunny,  lint.nslms 
been  said,  there  exists  the  one  gieal  disjidvantaire  of  the 
cold  northwest  wind  (mistrall.  "Favorable  as  I  believe 
this  station  to  be."  says  ('aziilis.  i|Uoled  by  Biirney  Yeo. 
"up  to  the  time  that  the  mistral  beirins  to  blow,  e<|milly 
dangerous  do  I  believe  it  tn  be  from  that  moment."  "It 
is  a  most  searchins;  wind."  .says  Cormack  ("The  French 
Hiviera — llyeres  as  a  Health  Hesort,"  T/ie  Cliiiuitn/offiDt, 
.January  b'itli.  lS!t'2).  "and  very  Iryin.ir  to  invalids  and 
those  of  a  nervous  leinpeniment.  Patients,  as  a  iiencral 
rule,  are  much  better  at  home  than  out  of  doors  while  it 
lasts." 

CLIMATIC  Data  of  Hv£res.    (From  Diden  and  Cormack.) 
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•  At  midday  and  8  a.m. 

In  Inokini;  over  the  climatic  talile  of  llyeres  arranged 
from  data  of  I)rs.  Hideii  and  Corinack.  it  will  be  observed 
that  the  mean  average  temperature  for  the  months  from 
November  to  April  inclusive,  does  not  vary  very  much 
from  month  to  month.  Neither  do  the  extremes  appear 
to  be  very  great .  The  avenige  daily  range  is  large,  owing 
to  the  rapid  fall  of  the  thermometer  after  siinsi't.  which 
freipienlly  amounts  tons  inucli  as  seven  or  eight  degrees. 

IJetweeii  the  hours  of  s  .\.m.  and  4  P.M..  however,  says 
Cormack,  the  winter  temperature  may  be  sjiid  to  vary 
between  ."i(l°  and  oU  F.  in  the  shade,  and  from  T.'i  to 
S5'  F.  iu  the  sun.     Uccosioually   the  freezing  point  is 


Kiielu'd  The  iiir  in  m'MJcrntcly  dry,  h«  indlrnlnl  by  the 
relative  liiimiilily,  and  there  are  iin  misis  The  minfall 
is  small,  and  for  the  six  months  rain  falls  on  an  avenigu 
oiilv  on  :!!)  duys. 

'I  here  is  a  very  large  unioiint  of  Hiinshlne,  an  avenigc 
of  i:i.~i  days  out  of  a  poHsiliie  IHl  days,  or  three  foiirthfi. 
There  is  an  average  of  ti  days  of  light  winds  and  2'J  of 
strong  ones  If  the  winds,  eNpeeially  the  mislnil,  coiilil 
only  be  eliminiiteil.  this  resort,  as  indeed  the  others  of 
the  Uivieni,  which  in  like  manner  siilTer.  would  I h- most 
deliL'htfiil;  but  the  health  resort  is  yet  to  lie  rlis<'overe(I 
in  w  hich  every  climatic  factor  is  favonihle.  As  has  Imtii 
referred  to  in  the  article  upon  ('•iiiiiim.  the  climate  of  the 
Uiviera.  in  the  writer's  opinion,  is  far  inferior  to  that  of 
southern  {'iilifornia.  with  which  it  is  compamble,  espe- 
cially in  tempernliire.  dryness,  the  amount  of  sunshine, 
and.  more  than  all.  in  reganl  to  the  winds.  Southern 
California  is  free  from  high,  cold  winds  like  the  mistnil. 
In  Southern  California  we  have,  moreover,  that  degree 
of  eipiability  which  is  nowhere  found  on  the  Uiviera. 

In  like  manner  comparing  the  Kiviera  with  southern 
Florida,  we  tind  that  the  climate  of  the  latter  posses,ses 
that  measiiie  of  warmth  and  e<|ualMlily  which  is  not 
found  in  the  former,  ami  is  free  from  cohi  winds,  though 
on  the  other  hand.  Florida  is  considerably  moisler  than 
the  Kiviera.  Speaking  in  general  of  the  winter  climatic 
characteristics  of  llyeres,  we  may  say  that  they  are  mild- 
ness, purity  of  air.  abundant  sunshine,  and  modenite  dry- 
ness. On  the  other  hand,  the  chief  feat  lire  of  an  unfavor- 
able nature  is  the  "  fearful  "  mistral.  "  It  rakes  the  valley 
from  end  to  end,  with  no  obstacle  to  stop  it  or  turn  it:  it 
blows  sometimes  for  si.v  (U-  seven  days  together,  and 
nights  too!"  (Cazalis,  i|Uot<-d  by  T5u"rney  Yeo.  |  Al- 
though cold,  this  mistral  is  a  very  dry  wind,  and  a  wind 
which  generally  brings  line,  clear  weather.  The  air  loses 
it.s  humidity  and  becomes  dry.  cold,  penetrating,  and 
irritating.  As  has  been  before  noted,  it  is  not  frecjuent 
until  February  or  March. 

The  invalid's  day.  as  given  by  Cormack  (op.  cit.),  is 
comprised  between  the  hours  of  10  a.m.  and  3  p ..M.  for 
the  warmest  months,  ami  between  1 1  a.m.  and  '.i  p.m.  when 
the  (lays  are  colder.  Atsunset  there  isa  nipid  fall  of  tem- 
perature which  renders  it  dangerous  for  delicate  persons 
to  go  out  after  that  time.  Theii-  is  al.so  a  marked  dilTer- 
ence  between  the  sun  and  shade  temperatures,  sf)  that  it 
is  always  wise  to  be  provided  with  a  wiap.  The  vege- 
tation is  luxuriant  and  varied.  "The  mountains  and 
hills  are  covered  with  trees  as  green  in  the  winter  as  in 
the  summer."  The  orange,  olive,  and  palm  trees  are  .seen 
on  every  hand.  Roses,  violets,  anemones,  hyacinths, 
etc.,  are  sent  in  .creat  quantities  during  the  winier  to  the 
European  markets,  and  early  fruit  and  vegetables  are 
cultivated  for  the  Paris  market.  There  are  many  chanii- 
ingand  picturesque  promenades,  and  in  this  respect,  says 
Burney  Y'eo.  Hyt^res  is  nuicii  better  off  than  most  other 
r«^orts  on  the  Kiviera.  The  outdoor  diversions  are  many- 
and  varied;  botanizing,  buttertiy  catching.  anti(iuarian 
research,  boating,  lisliing.,  golf,  tennis,  etc..  are  some  of 
them.  The  valley  in  which  Costelielle  is  situated  is  bet- 
ter sheltered  from  the  mistral,  and  is  "enbo.somcd  in  pine 
woods,  broken  here  and  there  by  vineyards  and  olive  or- 
chards. .  .  .  Near  the  shore  there  are  large  groves  of 
olive  trees,  which  are  liner  than  at  llyeres  itselif,  and  in- 
dicate a  warmer  climate  "  (Spaiks,  "The  Kivieni  ").  The 
water  supply  of  IlyOres  is  said  to  be  good  and  the  sani- 
tary conilition  sjitisfactory,  except  in  the  old  portions  of 
the  town.     The  accommodations  are  good  and  abundant. 

As  to  the  class  of  invalids  for  which  the  climate  of 
Hyi-res  is  beneticial.  the  testimony  is  contlicting.  Cor- 
mack says  it  is  "admindily  suited  for  cases  of  1)111111818," 
while  Drs.  Sparks.  Weber,  and  Yeo.  says  Richards,  are 
rather  noncommittal.  In  the  writer's  opinion,  the 
value  of  this  climate  for  phthisis  is  very  slight,  and  while 
there  are  so  many  other  resorts  of  approved  value  for  this 
disease,  he  would  never  think  of  si'uding  a  phthisis  pa- 
tient there,  for  the  reason  that  the  cure  cannot  be  a 
continuous  one  on  account  of  the  heat  in  summer,  and, 
secondly,  on  account  of  the  winds,  especially  the  mistral. 
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Of  olliiT  ilisi'iisi'S  siiiil  til  rcci-ivc  lu'iiefit  horo.  tliorp  arc 
monlionccl  vnrlcms  lirniicliiiil  iilTccliniis.  liver  fdiiiplaiiits. 
hri;:lil's  ilisnisc.  cliatictcs.  iisilniia.  heart  disease,  rlieiima- 
tisiii.  jrmit.  ami  tlie  feelde  eiinilitii)ii  of  delicate  cliililri'ii. 
This  resort  is  also  suitable  for  that  larjre  class  of  the  feeble 
from  ajrc  or  other  cause  who  sustain  life  with  less  effort 
in  liny  mild,  suniiv  climate  like  this:  and.  liiially.  for  that 
class  "who  lcm|>or)iril,v  are  worn  out  with  all  the  demands 
of  cilv  life,  who  desire  a  change,  per  *<•.  and  who  jirefer 
a  place  wliere  they  can  lead  a  simple  life  out  of  doors 
under  sunny  skic'S  and  in  pure  air,  and  devote  themselves 
to  rest,  and  fniiloin  from  ixacling  business  or  social 
duties.  Edirnrd  0.  Otis. 

HYGROMA.— The  term  "liyjiroma'' has  been  applied 
to  a  \ariety  of  conditions  involving  cystlikc  spaces  filled 
with  lluid.  Thus,  widely  ditfereiit  processes  have  been 
da-ssilied  under  the  sjime  heaii.  It  seems  desirable  to 
abanilon  the  use  of  the  word  and  to  apply  to  the  various 
conditions  names  more  su2!?estive  of  tlieir  patliolojry. 
An  increase  in  the  amount  of  Huid  in  a  tendon  sheath 
leads  to  the  formation  of  a  cyst  sometimes  called  hygro- 
ma. The  term  has  been  applied  also  to  synovial  bursa' 
distended  with  fluid. 

J/l/irrnma  Cimgeuitiim  CoWi.— This  term  has  been  ap- 
plieil  to  a  form  of  lymphangioma  of  the  neck.  The  ad- 
mirable d<-script  ion  by  Konis:  ("  Lehrbucli  d.  speciellcn 
t'hiruriiie."  i..  o^s,  l!^!t;5)  has  been  largely  drawn  upon  in 
the  following  account. 

The  tumor  is  present  at  birth.  The  surface  is  irregu- 
lar and  the  tumor  itself  is  lobulated.  The  lobules  some- 
times fluctuate,  anil  at  other  times  are  very  tense.  The 
location  is  almost  always  in  the  submaxillary  region.  It 
may  grow  very  rajiidly  and  become  very  large.  In  this 
ca.s('  it  involves  the  entire  anterior  surface  of  the  neck, 
extends  to  the  face,  and  hangs  over  the  clavicle  and 
sternum  upon  the  thoracic  wall,  ("ystic  lymphangio- 
mata  may  also  occur  over  the  clavicle  and  on  the  dorsal 
surface  of  the  neck.  The  ventral  tumors  may  penetrate 
toward  the  pharyn.x.  larynx,  and  oesophagus,  and  disturb 
the  functions  of  these  organs.  The  skin  over  the  tumors 
is  usually  thin  and  may  be  even  translucent.  The  growth 
is  very  prominent,  and  the  portions  lying  directly  over 
the  great  ves.sels  may  pulsjite. 

The  functional  disturbances  in  many  cases  are  not 
marked;  in  others  pressure  upon  the  organs  of  the  neck 
leads  to  dysphagia  and  dyspno'a  and  congestion  of  the 
vessels  of  the  head.  The  patients  may  succumb  to  these 
.symptoms,  but  this  is  not  the  rule.  The  prognosis  is 
tinfavorjible.  as  the  majority  of  the  cases  soon  become 
cachectic  and  die.  Operation  usually  hastens  the  fatal 
result. 

The  tumors  occupy  the  subcutaneous  and  deep  con- 
nective tissues,  extending  itose  to  the  vertebral  colunm. 
They  displace  and  may  inlillratc  organs,  as  do  the  ma- 
lignant tumors.  They  are  multilocular  and  consist  of 
relatively  thin  connective-tissue  walls  which  may  be  lined 
by  endotheliinn.  They  are  tilled  with  a  clear  or  yellow- 
ish liipiiil.  which  as  a  result  of  hemorrhage  may  become 
thick  and  chocolate-colored.  The  larger  cysts  are  usually 
superficial;  the  smaller  ones  lie  more  deeply  in  the  tis- 
sues, evui  at  the  ba.se  of  the  skull,  in  the  mediastinum, 
and  about  the  tmchea  and  a'sophagus. 

In  the  tumors  tlwre  occur  spaces  in  the  connective 
tissue  of  various  forms  which  are  not  separated  from 
the  connective  tissue  by  any  s|)ecial  membrane.  The 
larger  spa<'es  are  rounded  in  form,  or  are  divided  into 
pockets  by  septa  springing  from  the  wall.  Thev  com- 
municate with  I'ach  other  liy  larger  or  smaller  open- 
ings. 

It  is  probable  that  the  spaces  arise  secondarily,  because 
the  snniller  they  are  the  mon;  clearly  delineVl  are  the 
communications.  The  smallest  spaces  consist  of  a  sys- 
tem of  ves.scls  constricted  at  irregular  intervals,  or  of  a 
cavernous  tissue  whose  luniina  present  an  anastomosing 
system  of  channels.  In  either  lase  the  condition  is  con- 
tinuous with  a  system  of  small  anastomosing  vessels, 
whose  lumina  are  cylindrical  or  cleft-like,  amriiave  the 


characteristic  distribution  of  lymph  ves.sels.  The  spaces 
and  chaimels  are  lined  by  endothelium. 

The  cystic  spaces,  then,  consist  of  enlarged  and  dis- 
tended lymph  vessels.  According  to  KOnig  this  view  is 
supported  by  KOster.  von  Winiwarter,  Wegner.  and 
others.  It  was  formerly  held  by  Hokitansky.  Virchow, 
and  Arnold  that  they  originate  from  the  connective 
tissue. 

Perhaps  most  of  the  forms  observed  in  adults  origi- 
nate in  the  same  way.  In  these  rare  cases  the  tumor 
usually  contains  only  a  few  cyst -like  spaces  and  occurs 
near  the  trachea  or  in  the  region  of  the  clavicle.  It  is 
possible  that  some  of  them  originate  from  aberrant 
thyroids. 

It  seems  desirable  to  aban<lon  the  name  "  hygroma  " 
for  this  condition,  ami  to  use  instead.  "  lymphangioma," 
a  term  more  suggestive  of  its  |iathologv." 

Jl  S.  SUentland. 

HYGROPHILA.— The  herb,  also  the  seeds,  of  //.  i,jniio- 
mi  T.  .\ihI.  ( lam.  Ariinthaeeip).  an  annual  or  biennial  plant 
of  India,  very  largely  used  medicinally  by  the  natives. 
The  herb  contains  a  crvstalli/.able  body  w  hich  is  proba- 
bly alkaloidal ;  the  seeds;  considerable  gum;  and  much 
fixed  oil.  with  indications  of  an  alkaloid  {Iluoper).  The 
drug  acts  as  a  diuretic  and  has  been  sparingly  used  as 
such  in  liritish  pi~,ictice.  It  has  also  been  marketed  as 
an  adulterant  of  chiretla.  Ilun;/  II.  linshij. 

HYOID  BONE,    FRACTURES   AND  DISLOCATIONS 

OF. — Of  the  few  cases  on  record  of  fracture  of  the  hyoid 
bone,  three  were  produced  by  hanging;  three  by  the 
throat  having  been  .seized  between  the  thumb  and  fin- 
gers; three  by  direct  blows  or  falls  upon  the  front  of  the 
neck;  and  one  liy  muscular  action  alone. 

In  those  cases  in  which  the  injury  was  produced  by 
hanging,  the  body  of  the  bone  was  broken.  In  all  of  the 
other  examples  the  fracture  involved  one  of  the  great 
cornua,  or  occurred  at  the  junction  of  the  corniui  with 
the  body.  Crepitus  is  generally  absent.  In  two  of  the 
recorded  instances  the  adjacent  mucous  mendjrjine  of  the 
pharynx  was  ruptured. 

The  symptoms  observed  have  been  a  sudden  sensation 
as  if  a  bone  had  been  broken ;  in  a  few  instances  a  pro- 
fuse bleeding  from  the  fauces;  difticulty  in  opening  the 
mouth;  in  .some  cases  dysplia.sia  and  ajihonia;  [lain  in 
movements  of  the  tongue,  with,  usually,  more  or  less 
swelling  about  the  neck,  and  ccchymosis;  later,  cough, 
expectoration,  and  hoarseness.  The  circumstjuices  which 
indicate  with  certainty  the  nature  of  the  accident  are  im- 
natural  mobility  of  the  fragments,  with  or  without  crep- 
itus, and  an  angular  inward  ])rojection.  w  hich  may  gen- 
erally be  felt  in  a  careful  examination  of  the  pharynx. 
The  accident  can  be  regarded  as  dangerous  only  in  view 
of  its  complications.  Of  three  cases  in  which  it  resulted 
from  a  direct  blow  only  one  survived,  while  of  three  re- 
sulting from  lateral  pressure  upon  the  cornua  all  recov- 
ered. 

The  amount  of  difliculty  in  replacing  the  fragments  of 
the  bone  will  depend  largely  upon  the  extent  of  displace- 
ment and  the  conseipicnt  laceration  of  the  neighboring 
tissues.  An  attempt  should  be  made  to  accomplish  re- 
placement by  introducing  one  finger  into  the  mouth, 
while,  with  the  opposite  hand,  the  fragments  are  sup- 
ported from  without.  From  the  nature  of  the  parts,  any 
attempt  at  the  ajiplication  of  a  splint  or  support  will  be 
useless. 

Rest  to  the  parts,  together  with  general  measures  to 
allay  inflammation,  will  generally  constitute  the  avail- 
able treatment. 

Luxation  of  the  hyoid  bone  is  a  very  rare  accident. 
The  principal  symptoms  noted  have  been  pain  at  the  seat 
of  injury  and  difliculty  in  swallowing.  In  a  case  ob- 
served b}-  Daly  (Arrhires  of  l.nn/nf/oli>r/y,  vol.  i..  p.  162) 
luxation  of  the  left  cornu  had  been  of  frequent  oc- 
currence, caused  usually  by  laughing  or  yawning.  A 
laryngoscopic  .examination  showid  no  internal  lesion. 
Reduction  was  elTected  by  grasping  the  throat  firmly 
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with  till-  tliiiiiil)  iind  index  linger  of  oiic  liiiiid.  stcudyinK 
till*  lii-ail  willi  till'  iitlicr  liaiul,  and  llirn  directing  llx'  |>ii- 
til'lll  In  swilllow  vi^oroUHly.  wlijlr  iil  till'  siinir  niolllrllt 
till-  piii'ts  wrri'  n>in|>rr'0«il  Ih'Iwciii  tlir  lliiinil)  iind  IIiiki'I. 
and  llii'ii  i|iiirkly  ii'liusi'd  utniin.  Afirr  tlir  tliird  rlTnrt 
till'  |>iiliriil  Hiiddcniy  iliclari'd  iliat  In-  was  nlirviil.  mid. 
in  priHif  i>f  tills.  Ill'  ninvi'd  hit  liiad  rn|>idly  in  all  dim' 
lions  Willi  caM-  and  ('oiururt,  and  ilnink  siicccssrully  u 
gloss  of  water.  J),  lirymn  Drlatan. 

HYOSCINE,  SCOPOLAMINE. -iT,. II,, NO.  )     An  ul 

kalojd  mIiIiijiii'iI  rrniii  li'iilitiiii' and  si'ii|iiila.  and  i'\istin;; 
ill  ollirr  Siilaiiiirni'.  It  i«iiirsasa  lliirk.  cnldrli'ss  syrup, 
solnlilr  in  ali'iilml.  imly  sli|;litly  in  wali'i.  Imt  all  ils  sails 
form  in  lariii'.  wliitr.  prisniatir  iryslals.  frrcly  snlubli'  in 
watrr.  insiiliilili'  in  alrnlml  and  rlliir.  Tlit'  salts  also 
I'cscnilili'  cai'li  iitliir  in  llirnipiutir  as  wrjl  as  physical 
piopcrliis.  The  hydroliriiniali'.  hydrochliiniic.  siilpliali'. 
and  hydriiHliilrari'  prrpaii'd.  and  Ihclirsl-iiainrd  isnllicial. 

Asa  mydriatic,  il  is  rapid.  I'lu'riti'tii-.  and  liriif.  Iml  ils 
action  is  readily  niainlaiiiiil.  Diiiinir  the  adminislraliiin 
of  the  druj;  its  iffccl  mi  the  pupil  is  an  early  symptom. 
Dilalalion  is  said  In  lie  mure  marked  with  a  one-fourth 
to  one  half  per  lent,  solnlion  than  with  a  oni'  per  ceiil. 
solution  of  atropine :  il  has  lo  he  usi'd»illi  caulion  on 
ncc'ounl  of  the  readiness  with  which  the  system  is  alTcct- 
I'd.  In  this  direction,  therefore,  il  is  to  lie  classed  with 
atropine.  For  ils  effects  upon  the  periphenil  nervous 
syslein.  and  upon  the  .secretions,  the  action  of  atropine 
may  also  lie  consulted.  Centnilly.  however,  its  action  is 
very  different.  The  stimulant  aelion  so  clianicten'stic  of 
atropine  is  hero  preseiil.  if  al  all.  only  as  a  very  brief 
primary  slaL'e.  and  is  followeil  liy  sedalion.  or  depres.sion. 
which  constitutes  the  eharacleristic  action  of  the  dru!;. 
In  very  s<'nsilive  subjects  the  period  of  excitement  may 
be  prolonp'd.  Imt  usually  it  constitutes  the  slightest  pre- 
liminary stajre,  and  is  followed  by  drowsiness,  and  if  the 
dose  be  full,  by  a  natural  sleep.  The  spinal  centres  are 
similarly  di'pres.sed.  especially  the  relieves.  Depres.sion 
of  the  sensory  centres  is  very  mild  and  does  not  materi- 
ally alTect  painful  condilioiis.  Circulation  and  respiralion 
arc  both  reiluced.  though  llie  pulse  rale  isincrea.sed. 

Its  toxic  action  is  shown  by  the  dilated  pupil,  rapid 
pulse,  relaxed  arteries  and  redness  of  the  surface,  dry. 
hot  skin,  rapid  breathing,  and  coma  and  convulsions. 
Thenipeutieally.  hyoscine  has  come  into  prominence  as 
a  sedaliveand  hypnotic.  It  has  largely  suiiplaiited  mor- 
phine in  the  treatment  of  acute  mania  an<l  delirium 
tremens,  in  restlessness,  in  the  violent  manifeslalions  ob- 
served in  all  forms  of  mental  disorders,  and  in  hysteria 
and  epilepsy.  Its  sedative  action  is  very  rapidly  jiroduced. 
and  in  the  majority  of  cases  a  calm  and  refreshing  sleep 
ensties.  From  this  sleep  the  subject  can  be  readily  and 
completely  roused.  When  pain  is  the  cause  of  insomnia, 
the  remedy  is  not  of  much  service.  Its  action  is  purely 
calmative  and  sedative  on  the  brain,  anil  it  should  not  be 
adniinislered  as  a  iiowerful  or  decided  hypnotic.  In  in- 
somnia it  is  applicable  only  in  casi'S  in  w  Inch  this  arises 
from  central  or  nervous  excitement.  In  mania,  and  when 
there  is  much  excitement,  il  should  be  given  in  full  doses 
of  gr.  ,'5  by  the  mouth,  or  gr.  ^-J^  to  j^„  hypodermicjilly ; 
a  small  dose  is  generally  sullicient.  When  the  symptoms 
are  less  acute,  smaller  do.ses  should  be  given. 

Hyoscine  has  also  proved  itself  very  cllicicnt  in  the 
treatment  of  chronic  mania  and  all  nervous  affections 
accompanied  by  mental  restlessness;  al.so  in  nervous  dis- 
eases characterized  by  debility  and  tremors,  as  in  paraly- 
sis agitans.  disseminaled  sclerosis,  and  chronic  alcohol- 
ism. In  these  cases  the  stimulating  action  of  small  doses 
is  taken  advantage  of.  and  gr.  jj^  daily  or  twice  a  day  is 
a  sullicient  dose.  Itsanlispasmodic  action  is  also  secured 
with  the  Siime  small  dose,  and  it  may  be  used,  and  with 
benetit.  in  chorea,  asthma,  and  other  s|iasniodic  troubles 
of  a  nervous  origin.  The  system  readily  becomes  accus- 
tomed to  it.  and  calls  for  increasin!.'  doses.  When  car- 
diac di.sea.se  is  presi'nt  the  use  of  hyoscine  shonlil  be 
avoided  or  it  should  be  given  with  great  caution,  on  ac- 
count of  its  depressing  action  on  the  heart  and  circulation. 


The  early  phyiiologicnl  cITfetH  nf  the  drug  are  iiianl- 
fesled  far  in  ailvanee  of  dangerous  i<ymploni>.,  lint  in 
some  eiiKes  very  iievere  toxic  symploniK  have  Im-cii  pro 
diiced  by  ilost-M  of  gr  ,'„  and  ,'',  I'iloi'arplne  and  mor- 
phine are  physioloiriealMiilidoteK.  The  fMrnier  Imih  proved 
very  serviceabliaiid  may  be  adniinislered  fri'ely,  as  tniicli 
as  two  grains  havliiL'  been  rii|uired  in  a  ca.sc  of  deliiiiim 
tremens  in  which  a  eoniatose  condition  followi'<l  fieipieiit 
doses  of  hyow'ine.  Ilrnry  II.  Uuitby. 

HYOSCYAMINE.   HYOSCYAMINA,  -  (C^II^NO,  ) 

.\ii  alkali. i.|  . villained  Iroin  Ik  iiluiii>  jiiid  also  exi.sting  in 
other  species  of  lljiiifcijiiiiiiiii,  and  in  belladonna.  Htraino- 
niiim.  and  other  S.tiiiiiirnt  Professor  Ladenbiirg  de 
monslraled  llial  atropine,  daliirine.  aiid  cluboisine  are 
iilenlical  with  liyoscyamiiie.  boih  in  cheniieal  conslitii- 
lion  and  in  physiological  aelion.  Any  ililferenee  is  to  be 
found  in  the  molecular  arrangementof  the  eonsliluenls. 
and  not  in  any  fundamenlal  <hange.  The  terms  "atro- 
pine" and  "hyoscyaniine"  have  been  applied  to  the 
lieavy  and  light  mydriatic  alkaloids  obtained  from  the 
belladonna  and  henbane  plants,  the  former  being  the 
heavy  and  the  latter  the  light  alkaloid.  It  is  now  known 
Ilial  both  the  heavy  and  the  light  alkaloids  may  be  ob- 
tained from  either  plant,  aeconling  lo  the  process  of  man- 
ufacture. The  light  may  be  converted  into  the  heavy 
In'  melting  under  reduced  pressure,  by  the  addition 
of  caustic  soda  to  its  alcoholic  solution,  and  in  oilier 
ways. 

Hyoscyaniine  occurs  in  light,  silky,  snow-white  crys- 
tals, witlioiil  oiior.  soluble  in  one  hundred  and  tweiily 
|iaits  of  water,  freely  soluble  in  alcohol,  and  in  acidu- 
lated water.  There  is  also  an  uncrystalli/.ed  or  amor- 
phous hyo.scyamine.  of  a  dark-brown  extract-like  mas.s. 
w  ith  a  strong  disjigreealile  odor.  This  appears  to  be  a 
mixture  of  the  various  alkaloids  and  extractive  matters. 
A  sulphate,  hydrochlorate,  liydrobromate,  and  hydrio- 
date  of  hyoscyaminc  are  prepared,  the  tiist  and  third  of 
which  are  ollicial ;  they  are  alike  in  degree  of  .strength 
and  character.  Iniining  w  Idle,  line  crystals  very  soluble 
in  water.  A  sulpliale  and  hydrobromali'  jirejiared  fifim 
the  amorphous  alkaloid  are  amorphous,  ileliiiuescent  salts, 
and  less  active  and  certain  in  their  cfTects. 

The  theraiX'Utic  ]iroperties  of  hyo.scyamine  are  very 
uncertain.  At  times  it  exactly  resembles  atropine,  at 
others  (|uite  closely  hyoscine.  The  cause  of  this  varia- 
tion is  not  determined,  but  it  appears  probable  that  it  is 
due  to  the  presence  respectively  of  atropine  and  hyosrine 
in  the  conimercial  article,  as  such  is  the  effect  when  these 
impurities  are  known  to  exist.  Tlie  degree  fif  activity  is 
equally  variable.  It  is  normally  weaker  than  both  atro- 
pine and  hyoscine,  and  is  often  so  weak  as  to  require 
doses  which  would  be  dangerous  in  the  case  of  either  of 
those  alkaloids.  On  the  other  hand,  alarmingly  |)oison- 
ous  syn)])toms  .sometimes  fidlow  the  ordinary  do.sagc, 
which  is  larger  than  that  of  the  others.  The  presence  of 
the  amorphous  sails  in  the  market  is  the  .source  of  much 
of  the  uncertainty  of  its  action,  and  the  cause  of  many  of 
the  toxic  syinjitoms.  The  dose  of  these  s;i lis  is  usually 
much  larger,  being  from  gr.  J  10  i..  but  they  should  never 
be  employed.  Even  the  "pure"  alkaloid  of  Merck  is 
given  in  one-quarter-grain  doses,  while  his  "chemically 
pure ''  alkaloid  must  not  be  given  in  excess  of  gr.  5^5. 

The  mydriatic  action  of  hyoscyaniine  is  rajiid  ami  pow- 
erful, but  not  so  manageable  as  that  of  atropine.  Cases 
are  reported  in  which  it  produced  spasms  of  the  ciliary 
muscle  and  intense  pain  and  distress;  the  solnlion  used  was 
gr.  j-  to  the  drachm,  and  relief  was  obtained  by  placing 
in  the  eye  a  stronger  solution  of  the  same  alkaloid.  The 
toxic  cfiects  produced  are  the  same  as  those  of  hyoscine, 
viz..  dryness  of  the  throat  and  mouth,  and  of  the  skin, 
accelerated  pulse,  dilated  ves.sels,  and  excitement  fol- 
lowed by  convulsions  and  coma. 

This  alkaloid  is  employed  as  an  hypnotic,  nerve  seda- 
tive, and  antispasmodic,  in  mania,  restlessness,  delirium, 
insomnia,  and  all  conditions  .'iccompanied  by  mental  ex- 
citement ;  also  in  asthma,  chorea,  epilepsy,  etc. 

Uenry  II.  Rutby. 
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HYOSCYAMUS.     S<-e  Ifenlxinr. 

HYPERIDROSIS  is  ii  fuiu'lioiml  disorilcT  of  the  sweat 
HpiiiinilUH  lUToniimiiu-il  by  ii  mure  or  less  exeessive  in 
erciisf  of  the  noriiml  aiuoiinl  nf  sweat  exorete<l.  This 
ilierease  mnv  lie  local  or  iremral.  Local  forms  arc  sym- 
melriciiUv  eoiiliiicd  to  certain  rcirions  such  as  llie  palms 
of  the  hiiiiils.  soles  of  the  feet,  axilla-,  or  ijriiital  rejiioiis 
Cases  of  imilaleral  excessive  swcatini:.  coiitiueil  to  oue 
side  of  the  body  wholly,  have  Ijeeii  observed,  but  they 
are  rare:  of  more  fre<nieiit  oecurrcnce,  alllioii{.'h  still  ii(;t 
common,  are  llic  casc'S  of  unilateral  sweat  in;;  limited  to 
one  side  of  the  head  or  to  one  limb.  Usually  inleniiittent, 
the  swealinir  in  some  eases  may  be  contiinioiis  and  is 
agfrnivaled  by  hot  weather,  emotion.  depres,sion  of  ireii- 
erul  health,  eic. ;  and  the  disturbaiiee  may  be  temporary 
or  permanent,  depending  upon  its  exciting  cause.  Sub- 
JM-ts  of  the  disoriler  are  nearly  always  in  a  lowered  state 
of  health,  sometimes  liysterical  and  often  nervous.  The 
direct  causes  which  had  to  local  hyperidrosis  are  (|uilc 
undetennined.  Examinations  of  sections  from  the  palms 
of  the  haiid  fail  to  show  any  abnormal  features  of  either 
the  glands  or  the  epithelium.  The  disorder  is  to  be  re- 
garded as  piin'ly  functional,  connected  with  a  disturbance 
of  the  vaso-motor  control,  no  doubt,  but  as  yet  the  exact 
links  of  the  chain  have  not  been  detinitely  placed. 

lu  the  freiilmtiit  of  liyperidrosis,  whether  local  or  gcn- 
enil,  the  condition  of  the  patient's  general  health  is  of 
prime  importance:  the  vaiious  ferruginous  tonics,  min- 
eral acids,  arsenic,  strychnine,  and  quinine,  are  all  of 
value.  Belladonna  and  atropine,  though  but  of  tem- 
porary benefit,  areof  service  at  the  outset  of  treatment  in 
most  ea.ses.  Cold  baths  for  general  toning  of  the  circu 
lation  are  strongly  rec(immended.  External  treatment 
must  be  resorted  to  and  is  often  very  ellicaeious.  In  the 
local  form  that  attacks  the  liands  iinich  benetit  will  be 
derived  from  immersing  the  palms  for  a  few  moments  only 
in  water  as  hot  as  can  be  borne,  dabbing  dry  with  a  soft 
cloth,  and  then  dusting  on  l)oricacid  powder.  The  same 
treatment  for  the  soles  of  the  feet  may  be  employed.  A 
siitunited  alcoholic  solution  of  lioric  acid  dabbed  on  the 
palms  during  the  day  will  control  very  well  the  excessive 
siveating  of  the  hands  that  is  so  annoying  to  those  who 
do  niucli  writing.  Ilebra's  treatment  for  hyperidrosis  of 
the  feet  con.sistsof  enveloping  the  feet,  the  toes  separately, 
after  thorough  washing  and  drying,  in  strips  of  cotton 
cloth,  over  which  is  spread,  to  the  thickness  of  a  knife 
blade,  his  I'nguentum  diachyli.  The  parts  are  well  band 
aged  and  the  patient  may  subsecpiently  either  remain  at 
rest  or  jiiirsue  his  vocation,  wearing  shoes  and  stockings 
tlial  have  not  been  previo\isly  used.  In  twenty-four  hours 
the  feet  are  redressed  without  washing,  after  dry  rubbing 
and  a  dusting  powder.  This  jirocess  is  repeated  daily 
for  from  ten  to  twenty  days,  after  which  a  dusting  pow- 
der, preferably  boric  acid,  may  be  substituted  for  the 
lo<«l  dressing.  There  occurs  a  parchment  like  desepiama- 
lion  of  the  skin  in  thi<k,  yellowish-brown  thdies,  beneath 
which  is  formed  a  new  and  at  tirst  tender,  but  apparently 
oormal,  epidermis.  When  the  latter  has  lost  its  tender- 
ness, the  feet  are  for  the  first  time  washed  with  water. 
The  process  is  to  be  repeated  in  case  of  failure. 

I'lif/iimiM  in  any  case  of  hyperiilrosis  is  uncertain.  At 
times  treatment  may  meet  with  brilliant  .success:  again, 
it  is  followed  by  complete  failiin-.  The  disorder  may  dis- 
appear spontaneously,  only  to  recur  and  prove  obstinate 
to  all  measures.  Charles  Tmrnthend  Dade. 

HYPERMETROPIA— H— (from  i-ifitieTpoi,  overmeas- 
uri'.  Mini  oi  .  1  V  liss  <-orrectly  hyperopia;  CelHivirlilig- 
krit.  Kucte,  \>>'u\.  iiworrectly  /iiz/iirprfxIn/Djiiii,  Stelhvag, 
|M,Vi)  is  the  name  given  by  Donders  (lf<(iO)  to  the  abnor- 
mal refractive  condition  of  the  eye  in  whieli  its  principal 
focus— I.e. ,  its  foi-us  for  parallel  or  ])r!Utically  parallel 
rays,  such  as  are  received  from  a  distant  object — lies  at 
Hoine  point  beyond  the  actual  position  of  the  retina.  In 
H  the  anteni  posterior  axis  of  the  eyeball  is  too  short 
relatively  to  the  focal  length  of  the  eye  a.s  determined 
by  the  radii  of  curvature  of  its  three  refracting  surfaces, 


namely,  the  anterior  surface  of  the  conica  anil  the  ante- 
rior and  posterior  surfaces  of  the  crystalline  lens,  and  in 
typical  11  the  axis  is  actually  shorter  tlian  in  the  normal 
or  emmetropic  eye.  II  is  ordinarily  an  inherited  condi- 
tion, and  may  then  be  regarded  as  a  result  of  incomplete 
development  of  the  great  posterior  segment  of  the  cj'e- 
ball.  in  consei|uence  of  which  the  axis  remains  shorter 
than  in  the  normal  eye.* 

The  essential  points  of  difTerence  between  the  emme- 
tropic and  the  hypermetropic  eye  are  .shown  in  Fig. 
'i'of*.  in  which  the  dottid  outline  reprcsi'iits  in  section 
the  normal  or  emmetro|)ie  <ye.  anil  the  continuous  out- 
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line  a  hypermetropic  eye.  It  is  a  propert.v  of  the  emme- 
tropic eye,  when  in  a  state  of  accommoriative  rest  (see 
Accomnioiliition  iiiiil  lltfi'iic(i"ii).  that  the  sum  of  there- 
fractions  at  the  surface  of  the  cornea  and  at  the  two  sur- 
faces, of  the  crystalline  lens  is  just  sutlicient  to  unite  all 
the  rays  of  a  parallel  pencil,  .1.  E,  B,  in  a  focus  upon  the 
retina  at  E.  Wlien  the  retina  is  so  misplaced  as  to  lie 
within  the  jirincipal  focus  of  the  dioptric  media,  the  pen- 
cil is  cut  by  the  retina  before  its  rays  have  come  together, 
and  the  image  of  a  distant  point  upon  which  the  eye  is 
directed  is  formed  at  II  as  a  circular  spot  of  appreciable 
diameter  (circle  of  confusion).  What  is  true  of  a  pencil 
of  rays  emanating  from  one  point  of  the  distant  object 
istrueof  pencils  emanating  from  other  points  of  the  same 
object;  the  inverted  retinal  image  is,  therefore,  more  or 
less  confused,  and  all  the  liner  details  of  the  object  are 
lost.  This  confusion  of  distant  vision  is  experienced  by 
every  hypermetrope  whenever  his  accommodation  is  fully 
relaxed,  and  it  may  be  evoked  arliticially.  in  any  case  of 
II,  by  paralyzing  the  accommodation  by  instilling  a  drop 
or  two  of  a  mydriatic  solution,  such  as  atropine,  into  the 
conjunctival  sac. 

As  the  eimnetropic  eye.  when  in  a  state  of  complete 
accommodative  relaxation,  is  adjusted  for  the  focussing 
of  parallel  rays  upon  its  retina,  .so  the  hypermetropic  eye 
is  adapted  for  the  focussing  of  rays  of  some  definite  de- 
gree of  convergence.     Fig.  27.59  shows  a  convergent  pen- 
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cil.  A,  n,  B'.  focusscd  upon  the  retina  of  the  hyperme- 
tropic eye  at  //.  and  also  a  pencil,  A.  H.  B.  of  rays 
originally  parallel,  but  rendered  convergent  by  passing 


*  H  Is.  In  fncl.  Dip  nnmial  condition  In  tlie  Quadrumana,  and  in  ttie 
blgber  Muiiimalia  gt;nerally. 
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tlimiiKli  II  coiivrx  U'lis,  /.  Tlir  li_V|iiTiiH'lr<>i»ir  cyr  re- 
ceiving mill  fiMiisKiii);  Hiirli  a  loiiviTL'eiil  pi'iiril  Imtiiiiim 
pniclicillly  i'i|liiviilrlil  Ik  itli  i'llllliclrii|ii('  eye  n'Cciviiii; 
mill  fiK'iiKsint;  II  |ii'iiril  of  piinilli'l  mys,  iiiiil  iim  any  rt- 
quircil  dcgrof  of  i-oiivcri'fiiiu  limy  Ik- 'given  to  uu  origi- 


A- 


B- 


-•!E 


Flii.  -T(i". 

nnlly  panillel  pencil  liy  »lli>»'ing  it  l«  tni verse  n  convex 
lens  of  siiilalile  power,  so  llie  vision  of  »  liy  peniielrope 
limy  always  lie  perfectly  coriecleil  for  ilistaiice  hy  wear 
iug  propeily  clioseii  (iieiilniliziiiir)  convex  irlasses. 

II  iloes  not  uiiliimrily  irive  rise  to  ilefective  vision  at  a 
distance  so  lon^  as  the  niii;;e  of  aceoiiiinoilation  (A)  re 
iiiaiii!'  iiiiinipairi  >l,  as  in  the  case  of  young  persons.  The 
reiusonof  this  will  ap|iear  from  an  inspeilion  of  Kig.  276U, 
vvliicli  shows  a  hypcrinelropic  eye  ailjusteil  for  the  fo- 
ciis-siiigof  a  pencil  of  parallel  rays,  .1.  //,  />'.  tliroiigli  the 
increase  in  the  convexity  of  ils  crystalline  lens  incident 
to  the  act  of  aeconiniodalion.  Ilie  fipeiis.sing  iif  the  sev- 
eral pencils  of  niys  which  form  the  iclinal  image  is  here 
as  perfect  as  in  the  case  show  n  in  Fig.  27-">il.  Iml  w  illi 
the  dilTerenee  that  some  part  of  the  accommoiliiiioii  is 
expended  in  advancing  the  focus  from  ils  normal  position 
at  A*  to  the  acliml  position  of  the  retina  at  //,  so  that 
only  the  unexpended  part  is  availalile  for  the  further 
adjiistnieut  of  the  eye  to  meet  the  leqiiirenieuts  of  near 
vision. 

Fig.  2701  shows  a  liypermetrfipic  eye.  in  il.s  condition 
of  fullest  nccomiiKKlative  adjusiment.  focussing  a  diver- 
gent pencil,  .1.  //.  /)'.  eniamiling  from  an  object  situated 
at  its  nearest  point  of  distinct  vision.  Fig.  2702  similarly 
shows  an  enimelropic  eye  fociis.sing  a  more  divergent 
pencil,  .-1,  E,   IS.   emanating  from  a   nearer  object  situ- 


Fii;.  -r.iW. 

ated  nf  its  nearest  point  of  distinct  vision.  Comparing 
thesi'  two  tigiires.  it  will  be  seen  that  the  near-point  of 
distinct  vision  for  the  hypermetropic  eye  lies  farther 
from  the  eye  than  the  near  point  of  distinct  vision  for  the 
emmetropic  eye.  so  thai  the  hypermetropic  eye.  as  com- 
pared with  the  emmetropic  eye. .is  limited  in  its  region 
of  ad  justment  for  near  vision  (region  of  acconiiiiodation). 
and  llie  higher  the  grade  of  H  the  greater  the  limitation. 
In  very  high  gnides  of  H  the  absolute  range  of  accom 
modation  (.\)  may  be  insulTicient.  even  in  young  persons, 
for  the  perfect  focussing  of  parallel  rays  upon  the  retina. 
in  wliicli  case  II  is  siiid  to  be  absolute  i  W  nhmhitu).  This 
condition  is  shown  in  Fig  27ii:l.  in  which  the  focus  of 
the  ]iarallel  jiencil.  .1.  //.  li.  which,  without  aid  from 
the  accominodatiou,  would  lie  at  E,  is,  through  tlie  full 


exerclw!  of  the  itccommodalioli.  iidvanred  to  //,  which, 
liiiwever,  Ntill  lies  liehiiid  llieailiiul  po^ilimi  iif  the  relinu 
III  //>/  A  point  ill  the  iliHtaiit  olijeci,  wliicli  in  llie  em- 
inetiiipie  eye  would  be  di  picli-il  ill  a  piiilil  Hi  K  in 
Iheieliiii'.  actually  ile|iicted  ici  a  circular  spnt  (i-ircle  of 
confusion)  at  lln.  Kveii  under  the  full  cxerciM-  of  the 
iiccomiiMMhiiiiin  iIiIh  circle  of  confiiHioii  ntill  remaiiiK  u 
Hpot  of  appieeiable  diameter,  the  retinal  image  uf  llie 
distant  iibject  is  ibcrefore  made  up  of  i  iicles  uf  emifii- 
siiiii  instead  of  puints.  and.  although  it  may  Ih-  iniproveil 
in  delinition  through  the  exerciM-  of  the  accommiHlalion, 
the  picture  remains  confiiHi'd  in  ils  detailH 

Tbisdistiiiction.  ill  young  persons,  between  II  alnnliila 
III  ^^  .\)  ami  the  leiiser  grades  of  II  (II  <  A)  is  important. 
In  II  ■'  A  the  byperiiietio|ie  is  able  to  we  ul  a  distance 
by  using  mily  a  part  of  bis  accominodatiou,  and  he  lias 
still  a  residual  aieommodalive  puwer  siillicicnt  lo  mn-i, 
ill  some  measure,  the  iei|Uiremeiits  of  near  vision.  He 
tlierifore  forms  the  habit  of  using  some  pari  of  his  ac- 
commodation in  every  act  of  vision,  and  by  a  strong  ex- 
ercise of  the  same  faculty  he  may  even  b<-  able  to  read, 
although  necessarily  at  the  cost  of  excessive  elTorl.  and 
generally  for  a  limited  tinu-  only.  Ilcnce  ii  hypermetro- 
pic child  is  apt  to  be  judged  harshly  by  parentsor  teach- 
ers, who.  lecoiriiizing  the  fact  that  he  is  able  to  apply 
himself  effedivelv  to  his  books  for  u  short  time,  are  slow 


FIG.  2762. 


to  comprehend  that  he  becomes  quickly  wearied  and  is 
incapable  of  sustained  api«lication  (see -■l*?/«'»«//i'rt).  In 
certain  cases,  however,  impelled  by  the  strong  desire  to 
see  distinctly,  the  child  learns  to  force  his  aicommoda- 
tion  by  concentniting  an  abnormally  |>owcrful  impulse 
upon  the  twd  correlated  functions  of  accominodatiou 
and  convergence,  ami  llius  aciiuiies  the  power  of  .sus- 
tained application  by  sacrificing  binocular  vision  and  lay- 
ing the  foundation  of  a  convergent  squint.  (Sec  Antheii- 
ojiid  and  Sti-iihixiiius,  also  later  in  this  article.)  In  H  > 
A  (II  iilmihilii).  on  the  other  hand,  distinct  vision  is  ini- 
]>ossible  even  at  a  distance,  and.  although  the  delinition 
of  objects  may  lie  considerably  improved  by  a  strong 


A— 
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accommodative  effort,  it  nevertheless  falls  .so  far  short  of 
perfect  vision  as  not  to  ofTcr  a  suflicient  motive  for  con- 
tinuous or  prolonged  exertion.  In  H  iilinolnlii.  therefore, 
the  case  is  a|>t  to  be  regarded  as  one  of  defective  vision, 
and  glasses  are  perhaps  tried  .-it  random  until  a  pair  of 
convex  spectacles  is  found,  which  renders  the  use  of  the 
eyes  comparatively  easy.  But  even  here  prejudice  may 
come  in  to  deter  a"  parent  from  permitting  the  child  to 
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vfifir  spectacles  "old  enoiiph  for  its  graiulfnflier,"  aod 
ptIlcK'iil  iiiil  from  pliisst'S  iiiiiy  lie  willilicld. 

II  iilunihilii  is  liut  larclv  mrt  willi  in  the  tirst  yi'ars  of 
diildlioiMl.  for  llic  rriisiiii  llmt  at  tliis  early  ajjTc  the  nor- 
liial  niiific  of  act'oiiiiiiinlalioii  is  very  lariic;  Imt  often  in 
Voiilli.  and  still  more  in  adidt  life.  Ilic  progressive  lini 
ilalionof  the  niniieof  ai  eoininoiiiiiion  eonii'S  into  ])lay  to 
increas*'  llie  (lisitbility  of  the  liypernietrope.  and.  with 
adviiiieing  years,  to  render  it  eoinidet<>.  Thus  all  cases 
of  II  <  A  pass  sooner  or  hiler  throiiirh  the  stage  H  =  A 
to  II  >  A  (II  <iA.w)'/(M).  and  the  hypernictropi- suffers  in 
turn  from  disjiliiliti<s  ineideni  to  sueeessive  slages  of  his 
refmelivi' anomaly,  to  liml  rest  and  distinet  vision,  per- 
haps aftcT  the  lapse  of  many  years,  in  convex  glasses  of 
which  he  should  have  had  liie  lienetit  in  childhood. 

As  the  emmelrope  at  about  the  age  of  forty-tive  years 
ha.s  genendly  lost  so  much  of  his  power  of  aceommoda 
tion  as  to  recpiire  aiil  from  convex  glas.ses  to  enable  him 
to  see  distinctly  111  the  usual  reading  dislauce  of  about 
one  third  of  a  metre  (twelve  to  fourteen  inches),  so  the 
hypermetro|)e  llnds  his  near-point  receding  beyond  this 
limit  of  distance  at  an  earlier  age  dependent  on  the  grade 
of  II.  Ih'uee  he  will  neeil  convex  gla.s,ses  for  reading. 
coniparati\ely  early  in  life,  ami  will  be  compelled  to 
change  them  from  tinu'  to  lime  for  other  glasses,  which 
must  always  be  of  greater  power  than  those  which  would 
sullice  for  an  emmetiope  of  the  same  age.  For  the  em- 
metrope  the  limit  of  powerof  the  convex  glasses  required 
in  old  agi-  for  reading  does  not  much  exceed  .j  dioptrics; 
the  liypermetrope.  however,  requires  in  old  age  reading- 
glasses  oi  a  power  e(pnd  to  II  +  .5  dioptrics,  w  liich  in  an 
extreme  case  may  amount  to  as  much  as  lO-f  •!  =  1">  di 
optries.  or  even  a  little  more,  allhough  generally  much 
less  than  this.  It  will  be  observed  that  the  limit  of  aid 
re<|uired  by  the  liypermetrope  is  expressed  by  the  sum 
of  two  (|iiaulilies  which  are  themselves  liniiled,  thus 
meeting  the  objection  noi  infrequently  urged  by  venders 
of  spectacles,  tliat  a  time  will  come  when  no  glas.ses  can 
be  found  of  sullicicnt  strength  to  admit  of  reading.  In 
fact,  the  power  of  the  convex  glass  which  fully  corrects 
the  refractive  delieiency  in  childhood  will  never  re(|uire 
to  be  increased  by  more  than  four  or.  at  most,  six  or  eight 
dioptrics  to  meet  the  further  disaliilily  incident  to  loss 
of  acconunodalion,  to  the  diminution  of  the  refraelive 
power  of  the  crystalline  lens  in  old  age,  and  to  senile  do 
terioration  of  the  acutene.ss  of  vision.  (See  Presbi/opia ; 
also  II  ae'ixiixitii.  later  in  this  article.) 

AVe  have  seen  {rid.  Fig.  2700)  that  a  liypermetrope  who 
sees  distinctly  at  a  distance  necessarily  uiakes  use  of  some 
part  of  his  accommodation,  and  that  he  is  compelled  to 
accomiuodate  in  excess  of  the  ncjrnuil  degree  in  order  to 
sec  nearer  objects  distinctly.  lie  thus  forms  the  habit  of 
associating  some  degree  of  acconuuodalion  with  the  act 
of  directing  the  eyes  upon  any  distant  object,  and  he 
generally  continues  to  acconunodate  to  some  extent  even 
when  he  is  made  to  look  through  neutralizing  convex 
plas-ses.  Hence  it  may  happen  that  a  liypermetrope  will 
reject  as  inconn>atil)le  with  distinct  distant  vision  not  only 
such  convex  glasses  as  completely  correct  his  refractive 
defect  but  even  notably  weaker  convex  glasses,  and.  in 
exceptional  ca.ses.  this  habitual  tension  of  accommodation 
may  lie  .so  great  as  even  to  sinuilate  myopia.  In  such  a 
ca.se  the  grave  mistake  may  lie  made  of  having  recourse 
toroueave  glasses  to  correct  a  supposed  but  non-existent 
myopia,  and  so  matcriallv  aggravating  the  actual  disa- 
bilitv.  ■     ■ 

W'v  have,  therefore,  to  recogni/e  a  hidden  or  latent  H 
(II  liitfiix — III),  which  eludes  discovery  by  the  ordinary 
subjective  tests  niaile  with  convex  glasses,  and  also  "a 
manifest  II  (II  iiiiiuitixtn—Wm).  whicl'i  is  readily  detected 
and  measured  by  this  mode  of  examination.  "Thus  we 
may  have  to  do  with  a  case  of  apparent  cmmelropia,  or 
possibly  even  of  apparent  myopia,  which,  on  thoroughly 
paralyzing  the  accommodation  by  atropine,  turns  out  to 
be  really  a  case  of  II;  and  in  every  case  of  II  in  a  young 
person  with  noniial  aeeommodalion  we  obtain,  bv  ti^sls 
with  convex  gla.s.ses  alone,  a  measurenient  which  falls 
uotably  short  of  the  total  refractive  defect  (H  Malts— 
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Ht)  as  mcasurcti  by  means  of  convex  glasses  after  artifi- 
cial pandysis  of  the  accommodation. 

Ill  is  I  hen  the  expression  of  the  degree  of  accommoda- 
tive tension  which  persists  during  the  tixation  of  a  dis- 
tant object,  and  the  ratio  which  it  bears  to  Hm  is  depen- 
dent upon  the  extent  of  the  range  of  acc<jmmodation. 
Ileuce  it  is  greatest  in  childhood,  and  it  diminishes  year 
by  year  throughout  youth  and  a<lult  life  until,  at  theage 
of  sixty,  or  perhaps  somewhat  earlier,  it  becomes  wholly 
merged  in  lIiii.  which  then  becomes  equal  to  lit.  Hm 
=  Ht  is  also  realized  as  a  jialliologieal  condition  as  a 
result  of  paralysis  of  the  tliird  (motor  eoininunisi  nerve, 
or  of  its  terminal  bninehes.  and  it  is  iirodueed  arliticially 
by  the  instillation  of  atropine  or  other  sulliciently  power- 
ful mydriatic  drug.  It  is  also  generally  true  "that  the 
hyperiiietro]ie  relaxes  his  aeeommodalion  almost  com- 
plelely  when  the  eyes  are  not  in  use.  so  that  it  is  practi- 
cable, in  a  large  proportion  of  eases,  to  niea.sure  Ht 
objectively  by  means  of  the  ophthalmoscope,  either  by 
the  direct  method  of  examination  or  by  employing  the 
shadow  test  (see  Shiuloir  Tct).  M<ire  frequently,  how- 
ever, we  tirst  measure  Hm  subjectively,  by  successive 
trials  with  convex  glasses,  until  we  have  fixed  upon  the 
strongest  glass  through  which  a  test-object,  such  as  the 
approjiriate  selection  from  the  test-letters  of  Snellen,  is 
.seen  distinctly  at  a  distance  of  five  or  six  metres,  and 
then  measure  III  by  the  use  of  the  sjime  test-letters  at  the 
same  dislanee,  after  having  fully  paralyzed  theaccommo- 
dalion  by  means  of  atropine  or  of  hyoscyamiue ;  we  then 
calculate  HI  by  means  of  the  e(piation,  HI  =  lit  —  Hm.* 

We  have  thus  far  considered  H  in  its  relations  to  A 
mainly  as  if  it  were  a  question  of  vision  with  a  single 
eye;  as  a  fact,  however,  w'c  see  with  the  two  eyes  at  one 
and  the  same  time,  so  that  every  act  of  binocular  vision 
involves  iwo  simullaneous  adjustments — namely,  ac- 
commodatiou  for  some  particular  distance,  and  conver- 
gence of  the  a.xes  of  the  1  wo  eyes  upon  the  object  for 
which  they  are  severally  accommodated.  In  enimetropia 
these  two  adjustments  go  liand-iii-liand,  so  that  panillel- 
ism  of  the  visual  axes  is  associated  with  complete  relaxa- 
tion of  the  accommodation,  and  convergence  upon  any 
near  object  is  associated  with  accommodation  for  the 
same  distance;  or,  taking  as  units  of  measurement  the 
degree  of  accommodation  re(|uir<'d  for  distinet  vision  at 
the  distance  of  one  metre  (1  dioiurie),  and  the  degree  of 
convergence  necessary  for  single  vision  at  the  .same  dis- 
tance of  one  metre  (1  metre-angle'),  we  tiiid  in  enimetro- 
pia ;(  units  of  accommodation  (n  dioptrics)  always  asso- 
ciated with  II  units  of  convergence  (n  metre-angles).  In 
ametropia  this  harmony  of  relation  is  essentially  dis- 
turbed, for  with  convergence  equal  to  n  metre  angles  the 
corresponding  accommodation  of  //  dioptrics  is  either  too 
great  (in  M)  or  too  little  (in  II)  for  distinct  vision  at  the 
distance  of  the  point  of  intersection  of  the  visual  axes. 
Confining  our  attention  to  the  conditions  as  they  exist  in 
H.  we  find  thai"  with  convergence  of  ii  metre-angles  the 
accommodation  necessary  for  distinct  vision  amounts  to 
/'  -|-  H  dioptries;  or,  inverting  the  form  of  the  statement, 
with  accommodation  of  n  dioptries,  the  convergence  nec- 
essary for  single  vision  is  only  ;<  — H  metre-angles;  in 
other  words,  any  given  degree  of  convergence  calls  for  a 
relatively  strong  ellort  at  accommodation  to  meet  the  re- 
quirements of  distinct  vision,  and,  fict'i-mii,  the  degree  of 
accommodation  required  for  distinct  vision  must  be  asso- 
ciated with  a  lelatively  weak  effort  at  convergence  in 
order  to  admit  of  single  vision  with  the  two  eyes. 

The  iiiaxi  mum  of  aeeommodalion  ("//»>/«/<!  A)  is  attained 
only  when  the  coiivergenee  is  siiiiultaneously  exerted  to 
the  iitmosl.  and  even  iU'cmmetropia  this  involves  a  veiy 
strong  crossing  of  one  of  llie  eyes.  In  H,  however,  ex- 
cessive convergence  is  the  rule  in  every  act  of  accom- 
modation whenever  the  coudilions  are  such  as  not  to 
admit  of  binocular  vision,  and  absolute  A  is  attained  only 

•  .^s  a  rule.  Ill  is  le,«s  timn  Ttt,  ami  Ihe  liilter  is  llie  nrilhmptieal  sum 
of  til  mill  Hm.  lull  in  lln-  exce|itloiinl  oisi's  in  Hliieli  H  siiniilati>s  em- 
iiH'lnipiii  Hill  =  a  :  in  tlie  slill  nirer  eases  in  which  an  apptireat  my- 
opia Klves  pliue  to  H  afliT  arlillcial  paralysis  of  the  aiTiuiiiiKxlatioii, 
Hm  appears  as  a  negative  iiuantilv,  and  HI  is  greater  than  Ht. 
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in  ronjuiictioii  wiili  oven  atrongcr  croming  thun  in  em- 
nictmplu. 

II  iilifitiitii  in('luili"<.  llicrrfori',  niilv  lliipw  ciiticM  in 
wliicli.  even  iimliT  llic  iiiiKliljun  of  rxtrcMic  rriiH-sIn;;  of 
one  i>f  ilii'  cyi's.  tlir  lU'ronuiKxIiition  is  inHUlllciiMit  for 
lilsliiict  vixiiiii  III  II  ilistuiirc. 

III  I'nnviTp'iii  r  t'nr  iiiiv  u'ivi'n  (iisitiiuc  tin-  nsHoriiili-il 
iKroMiiiioiliition  is  fiiiiiiil  liy  i'\|ii'riiii<'iit  !<■  Iir  iilwiiyn  li'ss 
tliiiii  wlirii  till'  ('iiiivi'i'^'ciicr  is  fur  soiiic  sliiiilcr  (lisliiiic'i' : 
ill  iillin  wiinls.  every  iirl  nf  cniivi'ruciicc  ihpI  only  coin 
[Ills  nil  ii|i|iioxiiniilily  |>niportloiml  ixricisc  of  llie  iic 
CMiniiiixliilii'ii,  Inn  iiililliits,  wiiliin  critiiiii  liniils,  its 
giciili-r  fxcrcisiv  llriur,  in  liiimciiliir  visjcm,  ilic  rrta- 
tire  A  (Ai,  i.r..  tli«  ninftf  of  arcoininotliitioii  us  ivliitcd  to 
till- ciinvcrt'rncc)  is  iilwiiys  li-ss  llinii  the  nlmiliilr  \:  we 
Imvr,  lluTcforc,  to  rcrniiiii/.c  ii  lypi'df  II  in  h  liicli  the 
iilmiliitr  A  is  Kiillii'icnt  fur  ilislinct  iiniociiliir  visiim  ill  iiii 
intiniU-  or  tit  smni'  tinili'  ilistiinci'.  lint  in  wliicli  llic 
nliilirr  A  is  iiisiilllrinil  for  perfcrt  liinocnlar  vision  al 
any  ilistaiicc  (II  rilnliru). 

In  11  nliitirii  pcrfiTl  iiiiiocular  vision  is  possilili-.  not 
only  for  (lislant,  liiil  in  most  cases  also  for  near  objects, 
but  only  on  the  comiition  of  crossing  llie  non-partieipal- 
iiiL'  vyv. 

It  lias  been  sliileil  elsewhere  that  llie  link  by  which  the 
accoininoilation  and  llic  converireiice  are  tied  loi;ellier  is 
not  an  absolutely  rii;id  one.  This  is  proved  by  the  fad 
I  hat.  as  a  rule,  perficl  binocular  vision  is  si  ill  possible 
when  inodcratcly  slronir  loncnvc  or  convex  uhisscs,  or 
convergent  or  (livergent  prisms,  arc  placed  before  the 
two  eyes.  In  the  former  ca.sc  the  convergence  remains 
nnchanged  nolwillisttiniiing  the  altered  accominodiilioii, 
and  in  the  latter  case  the  acconinioilation  reiniiins  tin- 
chaiigcd  nolwitlislanding  tlii-  altered  convergence:  but 
to  these  adjustnicnts  of  the  convergence  to  varying 
stales  of  the  iicconimodalioii,  and  of  the  iicconinindation 
to  varyingstales  of  the  convergence,  there  is  a  liliiil  well 
(lelined  in  each  ca.sc.  but  dilbring  in  dilVereiil  cases. 
This  binocular  range  of  accommodation  (A...)  may  under- 
go consideniblemoilitication.  according  as  it  is  habitually 
exercised  in  a  negative  or  in  a  po.silive  sense,  and  the 
ability  to  rela.x  the  binocular  accommodation  in  M.  or  to 
force  it  in  II.  is  usually  considerably  gnaler  than  in  cm- 
inetropia.  thus  conserving  in  ii  measure  tin'  harmony  of 
the  two  adjustments.  Contining  our  alteniion  to  the 
con<lili(pns  as  lliey  exist  in  II.  we  lind  thai  in  moderate 
gnides  of  II.  with  ami>le  range  of  accommodation,  it  is 
often  jierfectly  easy  to  accommodate  accurately  for  a 
distance  wilhout  convergence  of  the  visual  axes,  and  in 
many  cases,  at  least  in  childhond  and  youth,  also  to  ac- 
commodate and  converge  correelly  for  the  ordinary  read- 
ing distance,  without  conscious  fatigue. 

This  ty|>e  of  II.  in  which  binocular  vision  is  perfect 
for  a  di.slaiice,  and  in  which  it  may  be  also  possible 
to  read  easily  with  the  two  eyes,  is  called  H  JnculUi- 
tini* 

As  the  (lower  of  convergence  remains  inactically  con- 
slant  throughout  life,  while  the  range  of  accommodation 
diminishes  progressively  through  the  periods  of  youtli 
and  maliirily  until  it  is  reduced  to  zero  in  old  age.  it  fol- 
lows that  \\ JiidiUndrii  is  but  an  early,  and  often  a 
quickly  passing  stage  in  the  life-history  of  most  hyper 
nietiopes.  changing  sooner  or  later  to  II  relnlirn,  and 
ultiinately  to  II  nlmoliila  :  nevertheless,  the  duration  of 
each  of  these  earlier  stages  is  not  iiifrec|Uenlly  measured 
by  years,  and  may  then  atTord  abundant  time  to  develop 
the  characteristic  disjibilities  and  to  work  out  the  special 
tendencies  to  mischief  incident  to  each  type. 

•  riiiiKlers,  Willi  iniKle  llie  llrst  tlicimiiKh  study  nf  liypemietropla. 
wnliiiii  tur  liniilisli  ruiidiTs  i"  Amiiiialies  of  .^ciuiiiiinKlulioii  unit 
Itt'fnu'liciii  of  the  Kvf,"  Utlnlnn.  l.'^H).  pitvo  Ihe  imiiie  fitniltdtivr  It 
to  this  eoiKliiion.  In  its  Frenrh  nnd  ttaliiin  f<irin.s  this  won!  hiis  u 
welI-n»rocnized  nieniiinir.  nml  fpMii  these  laniriiiifres  it  has  Ihi-ii 
Hditpled  ill  <)iTinnii.  In  Kimlish  it  can  hanlly  Im*  sjiid  to  he  fully  nat- 
uralizitl.  Its  nieanini:.  a.*;  i.nvfn  in  tin-  "  Pictionnaire  de  rAeadeinie." 
is  "*  yui  laisse  la  farulie  de  faire  ou  de  ne  pas  faire  line  rliose :  doiit  on 
piMil.  il  S4'ii  tfn*,  fain-  ou  no  ikls  fain-  ti.sape.'"  The  writer  of  this  arti- 
rle  ventuivtl,  in  the  (intt  tHliliun  of  this  Handbook,  to  adopt  a  I^atiD* 
l/ed  form  of  tbe  word,  with  a  view  to  moi%  perfect  unifonnity  ot  no- 
tatioD. 


Tliext!  (liitiibilities  lind  tc-ndi'm-iifi  niiifit  now  be  cootid- 
ered  in  detail. 

(ii)  In  \\  fiiniltiilirii  binocular  vixion  In  perfecl  al  a  (lis 
lance  wilhotit  gluHM-s.  and  alwi  with  convex  gliiHM-s  of 
any  power  up  to  that  which  meiu<iin'N  the  manifeKl  liy. 
perinelropia.  In  theeuwof  many  young  by  permelropeH, 
coiivergeni-e  for  some  short  iliHljince  is  also  ai<H<M'iale<) 
with  good  acconiiiiodalion  for  the  sjinie  distance,  ko  that 
it  may  be  possible  to  use  the  eyes  eiisily  in  near  work. 
In  other  wolds,  the  sphere  of  the  habilinil  exercise  of  the 
accommodation  (legion  of  iiceoinmodalioni  has  become  so 
ndjusled  to  the  abnoniiiil  eoiidilion  i,f  refruiiioii  as  to 
allow  the  two  corielalcd  fuiictiiins  of  convergence  and 
accommoilalion  to  work  harmoniously  together.  This 
compensatory  ilispli:cemeiil  of  the  region  of  acconiincHla- 
tion  is  someliines  so  perfect,  in  childhood  and  youth, 
that,  even  with  III  =  ;}  or  4  dioptrics,  the  |irolonged  use 
of  the  eyes  in  reading  or  olher  close  work  may  be  uiiul- 
lendeil  with  faligiie,  and  in  many  other cii-ses  the  available 
binocular  accommoilation  proves  ei|Ual  to  all  ordinary 
demands  upon  it.  A  young  hyperiiielro]ie  may  thus  re- 
main for  years  in  complete  unconsciousness  of  his  defect, 
but  sooner  or  later,  as  a  conseiiuence  of  the  iirogrcssive 
physiological  limitation  of  A,  or  perhaps  of  a  temporary 
impairment  of  this  function  incident  to  some  transient 
illness,  or  in  connection  with  the  change  to  a  new  voca- 
tion which  calls  for  an  unwoiilcd  exercise  of  the  accom- 
moilalion. he  Minis  that  Ills  eyes  are  no  longer  ei|Ual  to 
the  demands  made  upon  them.  The  inability  to  use  the 
eyes  continuously  in  near  work  may  be  liisl  jliscovered 
in  ccnncclion  with  the  increased  re(|uirements  of  the 
higher  grades  in  school,  or  the  assiduous  employment  of 
the  eyes  in  tine  sewing.  In  oilier  cases  the  disability 
manifests  it.self  in  early  childhood,  as  when  the  eyes  are 
first  exercised  in  the  more  delicate  tasks  of  the  kinder- 
garten, or  in  beginning  the  study  of  geography  Iroin 
maps  crowded  with  names  engraved  in  minute  lellers, 
Small  near  objects  are.  jierhiips.  still  seen  clearly  for  a 
little  while,  and  apparently  without  great  clTorl.  iiiit  the 
accommodation  soon  becomes  fatigued,  and  line  print 
then  appears  bluired.  or  may  become  altogether  illegi- 
ble. I'nder  the  strong  stimulus  of  emulation,  or  dread 
of  censui'e.  the  child  may  perhaps  iicrsevere  in  his 
efforts,  though  at  the  cost  of  physical  iiml  mental  strain 
and  with  increasing  sense  of  fatigue,  until  al  length  he 
is  cfimpellcd  to  desist,  After  asliort  rest  he  may  lie  able 
to  resume  his  work,  but  only  for  a  shorter  lime  than 
before,  and  he  soon  finds  himself  unable  to  read  at  all. 
Thus  the  familiar  picture  of  aceommotlativc  asthenopia 
is  developed,  to  give  place,  sooner  or  later,  to  inability 
to  sec  distinctly  at  the  distance  of  the  point  of  intersec- 
tion of  the  visual  axes  (see  Axtfn  nnpid). 

(Ii)  II  riUitirii,  by  its  delinition.  imidies  a  state  of  con- 
flict between  the  coinergence  an<l  the  accommodation  at 
all  distances.  Either  thetwo  eyes  are  habitually  directed 
upon  the  object,  in  which  case  the  lagging  accommoda- 
tion is  insufficient  for  the  jierfect  focussing  of  the  retinal 
images,  or  the  accommodation  asserts  itself  in  a  strong 
effort  to  see  clearly  with  a  single  eye,  and  the  axis  of  the 
fellow-eye  assumes  a  crossed  direction.  The  conllicling 
imjiiilses  on  the  one  hand  to  focus  ]H'rfectly  for  the  dis- 

•  lance  of  the  object,  in  order  to  see  it  distinctly,  and  on 
the  oilier  hand  io  direct  the  two  eyes  accurately  upon  it, 
in  order  to  avoid  seeing  it  doubled,  thus  contend  for  the 
mastery  until  at  length  one  of  two  alternative  condi- 
tions is  established — namely,  distinct  vision  with  a  single 
eye,  the  other  eye  assuming  a  crossed  direction  (periodic 
or  continued  convergent    strabismusi,   or  single  vision 

-  with  the  two  eyes,  but  with  insullicieni  accommodation 
and  consequent  imjierfect  recognition  of  the  liner  details 
of  the  object. 

Any  condition  which  detracts  from  the  perfection  of 
binocular  vision  may  predispose  to  the  development  of 
convergent  strabismus  in  the  presence  of  H.  Prominent 
among  such  conditions  is  an  original  or  acquired  imper- 
fection of  one  of  the  eyes.  Thus  an  imperfect  eye  is 
ea.sily  thrown  out  of  use  whenever  the  vision  of  the  fel- 
low-eye may  be  inalerially  improved  by  so  doing.     In 
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fHct.  wv  flii'l  llmt  iu  by  fur  llii"  greater  luimhor  of  eases 
of  stnil)ismiis  llio  cmsseil  eye  is  ili'cidnlly  inferior  to  its 
fellow  ill  vistiiil  iKUteiiess'.  even  tliouirli  no  slruetuml 
ileleet  is  to  lie  detecled.  Au'iiin.  any  l>iitlioloi.'iiiil  eomli 
tion  of  one  eye.  ••illeiided  with  tetnporiiry  or  iicrmiinent 
ini|inirmenl  of  its  visual  luiileness.  may  so  delrael  from 
the  importiinee  of  the  part  which  it  plays  in  binoenlar 
vision  as  to  allow  it  to  lie  easily  excluded  from  partici- 
pation in  the  act  of  vision.  I'lidcr  this  category  fall 
i-aM-s  of  stniliisiiiiis,  dating  from  the  appeamnee  of  a  cor- 
ucal  phlyctciinla.  or  follnw  insx  the  formation  of  a  corneal 
scar,  .\gain.  it  would  appear  Ihal  the  faculty  of  |ier 
feilly  controlling  the  convergence  to  meet  the  rc(|Uirc 
iiieius  of  liinociilar  vision  is  often  more  tardily  aci|uircd 
than  that  of  perfect  accommodalion.  so  that  a  hyjiermc 
tropic  child  with  normal  aculeness  of  vision  in  both  eyes 
m.iy  iicquire  the  Imbil  of  crossing  one  eye  in  order  to  see 
clearly  with  the  other  before  he  has  become  continued  in 
the  habit  of  using  the  two  eyes  together.  In  such  cases 
the  crossing  is  apt  to  altcniato  between  the  two  eyes 
(slnibisniiis  allernans).  and  this  allenialion  may  cillicr 
persist  for  years  or  may  give  place  to  ihc  more  common 
c<iudilion  of  habitual  crossing  of  one  and  the  same  eye. 
A  dilTcreiice  in  the  gra<le  of  11  in  the  two  eyes  is  often 
sullicientio  determine  the  crossing  of  the  more  hyperme- 
tropic eye.  and  this  in  some  cases  even  when  this  eye  is 
in  other  respects  somewhat  the  better  eye. 

('■|  II  ii'isdIiiIii.  the  ultimate  stage  to  which  every  case 
of  II  necessjirily  tends,  has  been  already  delined  as  a  con- 
dition in  which  distinct  vision  is  impossible,  even  under 
a  maximum  exercise  of  the  accommodalion  conjoined 
with  the  strongest  convergence.  With  the  development 
of  this  absolute  disability,  the  liypermetropc  learns  lo 
desist  from  unavailing  ellorts  at  accommodalion.  and  so 
finds  relief  from  his  asllienoiiia  in  enforced  amblyoliic 
vision.  If  in  the  previous  stage  of  II  ftlalirn  the  execs 
sive  convergence  has  been  limited  to  the  times  of  jictual 
exercise  of  the  acciniimodation  (periodic  sliabismusV 
now  that  no  elfort  siillices  for  distinct  vision,  he  learns. 
with  the  cessation  of  all  iittemjits  at  accommodation,  lo 
abandon  also  the  habit  of  crossing  the  eyes.  Very  pro- 
Dounced  strabismus  may  thus  become  decidedly  less  pro- 
uounc4'd.  or  may  possibly  even  disappear. 

Paresis  of  acci>mniodatiou.  from  imiiairment  of  the 
function  of  the  ciliary  nerves,  is  attended,  even  in  emmc- 
tropia.  by  many  of  the  characteristic  .symptoms  of  II; 
and  when  it  occurs  in  a  hypernietropic  subject  it  may 
ilevelop  special  conditions,  which  may  be  temporary  or 
permanent  according  to  the  nature  of  the  cause  wiiicli 
underlies  the  paresis.  Thus,  in  connection  w  ith  the  tem- 
porary jiaresis  of  accommodation  not  inficiiuently  ob- 
servi'd  as  a  sequel  of  diphtheria.  H  fiiriil/iilim  is  con- 
verted, at  least  for  the  tinw  being,  into  II  nlntira  or  H 
almiliitii.  and  II  rdnlirn  into  a  higher  grade  of  the  .same 
or  into  II  nlmiliitii.  If  the  change  is  limited  to  the  state 
of  II  reliitirii,  vision  becomes  indistinct,  or.  more  rarely. 
n  true  convergent  strabismus  appears,  w  liich  may  even 
develop  later  into  permanent  siiiiint.  Complete  paralysis 
of  aciominodation.  or  jiaresis  occurring  in  connection 
with  a  veiy  high  grade  of  II.  develops,  on  the  other 
liand.  the  condition  of  II  <;/(.Wi(A/ with  attendant  indis- 
tinctness of  vision  at  all  distances  and  immunity  from 
all  ti-ndency  to  crossing  of  the  eyes. 

Arlilirial  paresis  or  paralysis  of  accommodation,  evoked 
by  the  instillation  of  n  mydriatic  solution  into  the  con- 
junctival sac,  may  play  an  important  jiart.  in  the  pres- 
ence of  \\.  by  transforming  U/nrii/liiliin  into  II  relntirn 
or  II  ii/iKnIntii.  or  II  ivliitini  into  II  (ilisiihitn.  thus  promot- 
ing in  some  cases  and  suppressing  in  other  cases  a  pre- 
existing lendeuey  to  stiabisinus.  As  a  rule,  incomiilete 
mydriasis,  when  limited  in  its  <'fTect  to  the  production 
and  maintenance  of  the  condition  of  II  reliitirn.  favors 
the  developmi'nt  of  strabismus,  and  mav  even  evoke  it 
in  a  ease  of  U  furnlliitini  which  mighl'olherwise  have 
passed  gradually  through  the  stage  of  II  irlatini  to  H 
ali»,hit,i  withiiiil  other  symjitoms  than  I  hose  of  ncconi- 
inochilive  usilienopia  with  ultimate  inabilitv  to  .sec  dis- 
tinctly except  by  the  aid  of  convex  glas.s"es.     On  the 


other  liand,  a  condition  of  complete  mydria.sis.  if  long 
enough  maintained,  may.  by  rendering  all  efforts  at  ac- 
commodation unavailing,  lead  also  to  the  abandonment 
of  excessive  exercise  of  the  convergence,  and  .so  permit 
binocular  vision  to  reassert  itself  even  in  a  case  of  already 
developed  cro.ssing. 

Jlyolics.work  a  change  in  the  relation  of  the  accom- 
modation to  the  convergence  exactly  the  opposite  of  that 
produced  by  mydriatics.  Under  the  intluence  of  eserine, 
or  of  pilocaipine.  II  (ilixohiln  may  be  transformed,  for  the 
time  being,  into  II  nliiliin.  or  II  nlntini  into  \\  liniilln- 
Urn.  or  even  into  lemiiorary  enimeliopia  or  myopia, 
rnl'orlunately.  however,  for  the  general  aiipliiability  of 
this  method  to  the  amelioration  of  the  condition  of  young 
hypcrmetropes.  the  known  myotics  are  essentially  tran- 
sient in  their  elTecl.  so  that  it  is  always  dillicult.  and  of- 
ten jiractically  impossible,  to  maintain  a  uniform  degree 
of  myosis  for  any  lengthened  jieriod.  In  low  grades  of 
II  in  young  persons  the  systematic  instillation  of  very 
small  doses  of  pihicarpine  is  often  of  use  by  assisting  the 
accommndalinn  for  a  time,  and  may  thus  be  a  valuable 
adjuvant  to  other  measures,  such  as  carefully  regulated 
daily  exercise  of  the  eyes,  in  dealing  with  asthenopia 
when  deiiendent  in  part  upon  temporary  weakening  of 
the  accommodation.  In  the  higher  grades  of  II,  and  es- 
pecially in  middle  and  advanced  life,  the  sphere  of  use- 
fulness of  myotics  is  cxtri'inely  limited. 

It  has  been  already  staled  that  II  is  ordinarily  an  in- 
herited defect,  the  residt  of  incomplete  development  of 
the  posterior  segment  of  the  eyeball,  Myojiia.  on  the 
other  hand,  is  generally  an  acquired  condition,  resulting 
from  a  pathological  distention  of  the  eyeball.  It  follows 
that  a  similar  pathological  distention,  when  it  occurs  in 
the  hypermetropic  eye.  must  neccssiirily  be  attended 
with  a  corresiionding  lessening  of  the  grade  of  II.  At  a 
certain  stage  in  this  progressive  distention  II  may  thus 
pass  into  the  coiMlitinii  of  emmctropia.  though  with  a 
thinned  and  weakened  eyeball  espi'cially  Jirone  to  further 
yicldiiiv:  of  its  coats  under  the  contiinied  action  of  the 
distending  force.  That  a  change  from  H.  through  em- 
mctropia. to  myopia,  is  of  not  infrequent  occurrence  is 
proved  by  the  fact  that  individual  cases  of  II  in  young 
persons,  when  examined  at  intervals  of  several  years,  of- 
ten show  a  progressive  diminution  in  the  grade  of  H, 
or  even  a  transformation  into  emmetio]iia  or  myopia. 
The  statistics  of  the  refractive  condition  of  the  eyes  of 
large  numbers  of  school  children,  showing  a  progressive 
decrease  in  the  proportion  of  cases  of  II  and  a  corre- 
sponding increase  in  the  jiroportion  of  cases  of  myopia 
in  the  higher  as  compared  with  the  lower  classes,  also  the 
occasional  occurrence  in  hy|iermetropic.  emmetropic,  or 
slightly  myopic  eyis  of  pathological  changes  in  the  fun- 
dus, such  as  arc  ordinarily  found  in  the  higher  grades  of 
myopia,  jioint  unmistakably  in  the  Siime  direction.  The 
disappearance  of  H  throui:li  its  transformatinn  into  a 
pathological  emmetropia  or  myopia  must,  therefore,  be 
recognized  as  a  possible,  though,  in  most  cases,  an  unde- 
sirable, event,  and  this  jiossibility  should  always  be  kept 
in  mind  in  weighing  the  indications  for  and  against  op- 
erative intervention  in  the  treatnient  of  strabismus  in 
young  children. 

A  form  of  H  de]iendent  on  a  physiological  increase  in 
the  focal  length  of  the  crystalline  lens  (II  rtc^"/*//!/)  is  a 
fiei|Uenl  incident  in  advanced  )iresbyopia.  In  old  age 
the  iuyo]iic  eye  becomes,  from  this  cause,  somewhat  less 
myojiic.  low  grades  of  myopia  pa.ss  into  emnu-tiiiiiia  or 
through  emmetropia  into  low  grades  of  II.  emmetropia 
is  transformed  into  II,  and  II  becomes  a)ipreciably  in- 
creased in  grade.  Inasmuch  as  A  has  now  become  re- 
duced to  a  com]iaralively  unim]virtant  (|Uanlity.  ac- 
([Uired  II  is  nearly  always  absolute,  and  so  reveals  itself 
as  a  true  /i/z/h r/)rixli;/'>jiiti.  necessitating  the  use  of  convex 
reading  glasses  of  a  focal  li'ngth  somewhat  shorter  than 
the  actual  reading  distance,  and  of  weaker  (neutralizing) 
convex  glasses  for  jierfect  vision  at  a  distance. 

II  iicqiiiiiilit  may  also  occur  as  a  result  of  tiattening  of 
the  cornea  from  disease,  in  which  case  it  is  generally 
complicated  by  irregular,  or  sometimes  by  approximately 
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r('f;iilnr  iu)tif;nintifim  (II  -f-  All).     In  itiirli  cnscR  tlir  (liiiii- 

ll^'rd  i'\<'  licil  illfr<'c|lli'lltly  pH'S  out  i>r  use.  unci,  ill  (III- 
|iri'wnir  iif  II  nf  llif  ollur  I'Vr,  iiiiiv  iMroiiic  iniSMt'd.  If, 
iiiiwcviT.  Iliis  (VI'  liiiji|i('iiH  to  !»•  liii-  Ih-1I<t  r\v,  tlir  vrry 
Nlniii^  iii'ciiiiiiiiiHliitivi-  I'tTiirl  ri'i|iilrril  for  t<ili'iiilil,v  dm 
tiiirl  vi.siuii  limy  fjlvc  liv  In  rnissiii);  of  ils  fcllnw. 

A  |>iitlii>li>Kiciil  sliorli'iiiiiK  nf  till- fociiH  of  llic  crvNliil 
line  lens  is  not  iiifr<'i|Uriitly  olisci  vid  in  llir  ili('f|iiriit 
.sin;,'!' of  caliinirt  ill  old  jiii'soiis  II  iiiiiy  tliii.H  |itiss  into 
ciiiiiii'li'i>|>iii.  or  lliiiMii;li  riiiiiirtro|iiii  into  myopia,  iiiiil 
<-ninii'tro|iiii  iimy  ln'  li^iiisforini'd  into  ii  L'liiilrof  myopia 
siilllciint  to  ailinil  of  nailing  witlioiil  tliraid  of  ;.'las.srs. 
This  M'ciiiin^  iniproM'incnt.  often  calli'd  si'ciiiid  Ki);lit.  is 
lioHcvcr.  only  tcinponiry.  anil  is  lost  sooner  or  later  in 
the  pro^'res.sivc  failure  of  vision  ineiileiit  to  increttsing 
loss  of  tninspareney  of  the  erystallini'  litis. 

'I'lie  diairiiosis  of  II  turns  on  tile  fait  lliai  the  liypernie- 
Iropie  eye.  when  in  a  state  of  aeeoinniodalive  rest,  is 
ahle  to  foeiis  only  eonveriteiit  rays  upon  its  retina  at  or 
near  the  fovea  eeiilnilis.  and.  eoiiversily.  that  a  pencil  of 
niys  >;iveii  o!T  by  any  poiiil  in  the  fundus  at  or  near  the 
fovea  centralis  iiiiisl  necessarily  emerge  from  the  eye  as 
a  Uivergeul  puucil  (soc  Fig.  -704).     The  metbuds  em- 
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jilnyeil  for  tlic  detection  and  men.surement  of  FT  are  either 
siilijective.  Imsed  upon  tlie  recoenitioii  liy  the  patient  of 
the  strongest  convex  lens  throupli  wliicli  distant  olijects 
are  seen  with  undiminished  distinctness,  or  ohjcctive, 
tiiised  upon  the  recognition  tiv  the  examinerof  llic  degree 
of  divergence  of  the  etTereiil  pencils  emanating  from  tlic 
fundus.  The  sulijeclive  method  is  generally  the  more  ac- 
curate, and  is  to  1m'  |ireferred  whenever  the  liatient  has 
approximately  normal  aculenes.s  of  vision,  togi'tlicr  with 
sullicient  intelligence  and  training  to  enalile  him  accu- 
rately to  detine  liis  ))ercel)lions.  Olijective  methods  are. 
on  the  other  hand,  invaluable  in  the  case  of  young  chil- 
dren, and  also  in  the  case  of  exceptionally  stupid  or 
illiterate  i>ersons  of  riper  years.  By  the  subjective 
method  we  first  measure  Mm  by  preliminary  tests  made 
without  the  use  of  a  mydriatic  and  we  may  subsei|uently 
determine  lit  by  repeating  the  tests  after  having  thor- 
oughly paralyzed  the  accommodation  by  instillations  of 
atro|)ine  or  of  hyoscyamine.  By  objective  methods  we 
obtain,  in  most  ca.ses.  a  i>retty  acciii-nte  nieasurenient  of 
lit  without  having  recourse  to  full  artitici.il  mydriasis,  al- 
though it  is  often  desirable,  or  even  neces.sary,  to  dilate 
the  |iiipil  in  order  to  secure  a  satisfactory  view  of  the 
central  portions  of  the  fundus.  Inasmuch  as  it  is  not  or- 
dinarily necessary  to  paralyze  the  accommodation,  we 
may,  with  great  advantage,  avail  ourselves  of  the  rapid 
but  transient  mydriatic  netion  of  cocaine,  which,  besides 
sullicieiitly  dilating  the  juipil  for  purposes  of  observa- 
tion, has  the  atlditional  effect,  in  many  cases,  of  measur- 
ably controlling  any  existing  nystagmus.  A  mixture  of 
incaine  liydrochlorate  with  euphthalmin  liydroclilorate, 
in  a  solution  containing  one  per  cent,  of  each,  may  also 
be  used  for  obtailiing  transient  dilatation  of  the  pupil. 

In  applying  the  subjective  method  we  make  use  of  a 
suitable  test-object  placed  at  the  greatest  convenient  dis- 
tance from  the  eye,  usually  the  test -letters  of  Snellen 
hung  u)ion  the  opposite  wall  of  the  room  at  a  distance  of 
say  ")  metres,  and  direct  the  patient  to  read,  with  eyes 
well  o]ien,  as  many  of  the  letters  as  he  can.  If  vision  is 
shown  by  this  test  to  be  of  normal  acutcness  ( J',  or  per- 
Vor..  IV,— 51 


liaps  }),  II  nfuuthit)!  and  nlso  myopia  of  any  ■!.  ^.-n  .•  higher 
than  11',*  dioptric  are  e.\eliiile<l :  alKo  any  notable  guide 
of  asliginiitisiii.  II  I'lirnllutini,  or.  under  the  condition 
of  crossing  of  the  visual  a.\es,  II  nhilini,  iiiiiy,  however, 
lie  presi'iit.  We  next  place  ii  pair  of  weak  i'onvex  trial 
gliiRsi'S  before  the  eyes,  and  again  direct  the  piitiejil  to 
read  as  many  of  the  test  lellers  as  lie  can,  using  prefer 
ably  another  test  card  with  dilTerenl  letters.  II  through 
these  glasses  the  acutenessof  vision  is  still  ec|iial  lo|.  we 
cimiige  the  convex  trial  glassis  for  others  of  greater 
power,  until  we  have  hit  upon  the  strongest  convex  glass 

through  which  the  patient  enjoys  his  maxiiiiii f  vihiial 

aciiteness.  The  value  of  tliisglii.ssisllie  ineaNiireof  Jlni,* 
Having  measured  Ilm,  it  is  often  possible  to  make  a  siif- 
licienlly  acciiiiile  estimale  of  lit  by  taking  into  account 
the  degree  of  llin  and  the  ageof  the  patient,  but  in  other 
ca.ses  it  is  important  to  measure  it  direitly.  To  this  end 
we  repeat  theexamiiialion  after  having  paralyzed  the  ac- 
commodation by  the  instillation  of  atropine  or  of  hyosjya- 
mine.  Of  these  two  agents  the  latter  is  the  more  pow'er- 
ful,  and  one  or  two  instillations  of  a  one  per-cent.  solution 
are  generally  sullicient  to  produce  full  paralysis  of  ac- 
commodation in  the  course  of  an  hour;  if  atropine  is  used 
it  is  generally  advisable  to  repeat  the  instillation  two  or 
three  times  at  intervals  of  half  an  hour,  and  to  defer  the 
examination  for  an  hour  or  so  longer.  In  many  ca.ses  of 
II  till'  accommodation  yields  more  slowly  to  the  relaxing 
inlluence  of  mydriatic  agents,  so  that  the  full  measure  of 
lit  is  obtained  only  after  repeated  instillations  continued 
for  at  least  twenty-four  hours.  Under  the  effective  use 
of  either  of  these  mydriatics  Hin  and  HI  become  merged 
for  the  lime  in  lit,  \\  fdnillatini  awX  II  ithitirit  give  place 
to  11  ii/mohild.  certain  cases  of  apparent  emmelropia  turn 
out  to  be  actually  cases  of  H  fiirn/tiilini  in  which  II 
has  been  concealed  liy  h.'ibitual  tension  of  the  accommo- 
dation, and  a  few  cases  of  apparent  myopia  are  shown  to 
be  really  ca.ses  of  emmetro|iia  or  of  H,  but  simulating 
myopia  through  persistent  accommodative  tension. 

The  objective  ineasurcment  of  H  is  made  with  the  aid 
of  the  ophthalmoscope  by  the  direct  method,  using  as 
points  of  observation  the  finest  visible  details  of  the  fun- 
dus in  the  neighborhood  of  the  fovea  centralis.  The  best 
objects  for  this  purpose  are  the  smaller  retinal  ves.sels. 
which  serve  also  for  measuring  any  difference  of  refrac- 
tion in  the  different  ocular  meridians  (see  Anliipiuitiioii), 
and  the  general  texture  of  the  fundus,  which  is  u.sually 
distinctly  granular.  Under  ophthalmoscopic  examina- 
tion, in  a  well-darkened  room,  the  accommodation  is 
generally  found  to  bo  so  far  relaxed  that  the  oiihfhalmo- 
scopic  measurement  may  be  accejited  as  a  very  close 
approximation  to  III;  the  measure  of  lit  is  then  the 
strongest  convex  lens,  i)laced  behind  the  hole  in  the  mir- 
ror, through  which  the  details  of  the  fundus  are  distinctly 
visible.  This  measure  must,  however,  be  corrected  for 
the  distance  of  the  lens  from  the  eye,  and  also  forany  ame- 
tro()ia  «  hich  may  be  present  in  the  eye  of  the  observer. 

Lnder  full  niydiiasis  an  abnormally  large  area,  both  of 
the  cornea  and  of  the  crystalline  lens,  is  uncovered  and 
brought  intoaction  in  the  formation  of  the  retinal  image, 
and  it  is  not  infre(|Uently  the  case  that,  owing  to  a  lower 
refractive  power  in  the  uncovered  marginal  zone,  meas- 
urements obtained  under  atropine  show-  a  slight  excess 
over  Ht  as  it  exists  when  the  pupils  are  of  normal  diam- 
eter. It  is  therefore  generally  advisable,  when  glasses 
are  to  be  given  to  correct  the  total  hypermefropia.  to  pre- 
scribe them  of  a  somewhat  lower  power  than  that  indicated 
by  tests  made  with  dilated  pupils. 

-  The  shadow  test  (retinoscopy,  so-called;  see  Shadow 
Text)  affords  very  accurate  measurements.  In  common 
with  the  ojihthalmoscopic  observation  of  the  fundus  in 
the  erect  image,  its  results  arc  wholly  independent  of  the 
degree  of  vision  which  the  patient  may  enjoy,  and  of  the 

*  In  strtrtness,  0.2  illni.trie  slimild  \v  siititracled  fmm  tliis  measure. 
In  iillmv  for  llie  llnlic  illstiimc  of  .">  meires  nt  wliirli  the  lesl-card  Is 
fiiinp;  unit  in  the  ciLtie  i»f  clii.^'ies  of  sliorl  focu.s  a  further  correclton 
must  lie  made  for  the  dis[;inee  at  whirli  the  tens  is  jtlareii  in  fmni  of 
tlio  cornea,  whirh  is  onliniirilv  about  l.'>  mm.  As  most  iiieiL'^nremeDts 
of  Itie  refnution  are  made  for  tlie  purpose  of  seleoline  glasses,  this 
latter  correction  U  generally  superHuous, 
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acciiraoy  of  liis  statements  regarding  his  recognition  of 
lest  li'ltcrs. 

Fur  ti  description  of  additional  devices  wliicli  may  be 
employed  for  llic>  deteelioii  and  measurement  of  liypcr- 
melropiii,  s«>e  Ojiln/iifln/. 

Tlie  iliseovery  of  II  is  oftcncsl  iiiiidc  lliroiiijli  llie  rec- 
opiiilii>n,  l>y  tlii'  patient,  of  an  inaliilily  to  use  his  eyes 
freely  in  near  work,  and  if  lie  happen  fiirllier  to  discover 
that  the  readiiiir  ;;lasses  of  sdine  elderly  person  are  of  as- 
sistanee  to  him.  he  may  perhaps  .seleet  for  himself  a  pair 
of  eonvcv  glas.-ies  sullieient  for  his  present  needs;  and, 
having  once  experienced  the  aid  alfordid  by  these  glasses 
in  reailing.  he  will  be  very  likely,  in  ri  placiri!:  them,  to 
choose  glassesof  greater  power,  until  al  length  he  arrives 
at  an  aiiproximatc  e<irreiti<in  oS  his  III.  In  this  self- 
treatment  hi'  will,  however,  be  very  likely  to  encounter 
opposition  from  the  spectiicle  venders,  owing  to  a  still 
somewhat  prevalent  notion  that  convex  glasses  are  inju- 
rious tti  the  eyes  of  young  persons,  and  that  the  stronger 
the  glas.s  the  greater  the  injury.  He  is  liable,  therefore, 
either  to  be  deterred  from  using  gUvsses  of  the  necessjiry 
strength,  or  to  ))rocure  and  wear  such  glasses  as  enable 
him  to  read  with  comfort,  though  mider  protest  and  in 
the  dreail  of  "wearing  out  his  sight"  through  liaving 
reekles-ily  forestalled  the  aid  which  he  is  told  should  be 
re.si'rved  exclusively  for  old  age. 

In  early  childlnxKl  II  is  sihlom  discovered  except  by 
Ihe  f)culist.  who  is  generally  lirst  consulted  in  conse- 
i|ueni'e  of  some  pecidiarily  in  Ihe  manner  of  using  the 
eyes,  or  because  of  the  discovery  of  a  tendency  to  stuibis- 
mns.  The  child  is  noticed  to  scowl  when  looking  intently 
at  dislaiil  or  near  objects,  or  he  is  observed,  in  reading, 
to  contnut  Ihe  opening  of  the  eyelids,  so  as  partially  to 
cover  the  pupils,  and  at  the  same  time  to  hold  his  book 
quite  near  to  the  eyes,  in  order  to  increase  the  .size  and 
intensity  of  the  retinal  images.  In  oilier  ca.ses  he  com- 
plains that  he  cannot  distinguish  the  letters  in  his  read- 
ing biHik.  or  he  miscalls  certain  words  through  imperfect 
recognition  of  individual  letters.  Possibly  he  tries  on  his 
mother's  or  grandniolher's  glasses,  and.  seeing  much  bel- 
ter through  ihem.  asks  for  them  to  aid  liini  in  his  lessons, 
which  he  then  learns  more  easily  and  with  unwonted  cor- 
rectness. Not  infretpiently  he  learns  to  see  distinctly 
with  one  eye  by  crossing  the  other  whenever  he  is  com- 
pelled to  fix  his  attention  closely  upon  any  small  ob- 
ject (periiKlic  strabi.snius).  and  the  family  physician  is 
perhaps  consulted  because  the  child  is  becoming  cross- 
eye<l.  Of  this  sngge.stion  he  too  often  makes  light,  and 
puts  oil  tlie  parent  by  saying  that  "the  eyes  will  prob- 
ably come  right  of  themselves."  or  that  "the  child  is  too 
young  to  be  treated  for  cross-eye,"  or  that  "there  is  no 
help  for  cross-eye  until  it  has  become  fully  established, 
and  then  only  by  a  surgical  operation  ";  and  so  he  ad  vises 
wailing  "until  the  child  is  old  enough  to  decide  for  him- 
self." "  Teething,"  "  indigestion,"  "  worms,"  "  mimicry  " 
of  a  cross-eyed  companion  or  nurse,  "looking  at  the  tip 
of  the  nose  "or  "at  a  lock  of  hair,  "and  many  otheriinrtgiii- 
ary  or,  at  most,  only  s<.'Condary  causes  are  often  invoked, 
with  the  result  of  encouraging  mischievous  delay  through 
the  neglect  of  the  primary'and  cs.sential  factor  in  the  case, 
namrly,  the  hypermetropic  conformation  of  the  eyes. 
I'll  fort  unat<ly  for  the  cliild,  there  is  just  enough  of  plaus- 
ibility ill  some  of  these  siigsestions  to  lead  a  ]iliysician 
to  give  the  worst  pos,sihle  advice  in  a  matter  which  Ik; 
lilies  not  understand,  and  to  encourage  a  parent  to  accept 
bad  advice  when  given  by  his  trusted  medical  advi.ser. 

The  Irealment  of  II  is  by  supplementing  the  deticient 
refrai  tion  (i.e..  deficient  relatively  to  thelength  of  the 
axis  of  the  eyeball)  by  means  of  neutralizing  convex 
gla.s.se.«.  Ihe  elTect  of  which  is  to  advance  the  position  of 
Ihe  principal  focus  of  tlie  eye  to  the  actual  position  of 
the  retina.  The  hypermetropic  eye  witli  its  correcting 
glass  forms  a  compound  dioptric"  system,  whose  nodal 
point  is  farther  from  the  retina  than  "is  the  case  when  the 
same  eye  is  focussed  for  distance  by  the  exercise  of  its 
accommodation;  the  retinal  image  is,  therefore,  some- 
what enlarged  by  Ihe  glass,  and  when  the  correcting 
gla.'is  is  i)laced,  as  is  usually  the  case  in  wearing  specta- 


cles, at  or  very  near  the  anterior  focus  of  the  eye  (about 
15  mm.  in  front  of  the  cornea)  the  size  of  the  retinal 
image  is  found  by  calculation  to  be  the  same  as  in  Ihe 
emmetropic  eye.  AVith  the  exact  correction  of  lit  the 
hypermetropic  eye  becomes,  therefore,  pnictieally  em- 
metropic, with  normal  region  of  airommodatioii ;  no  part 
of  the  acconimodalion  is  expindc'd  in  foriissing  parallel 
rays  in  distant  vision,  and  A  is  rendered  available  in 
its  entirety  to  meet  the  rii|uirements  of  near  vision.  H 
otmilntii,  II  II Ititiiii,  and  \l  fni-iiUiiticii  being  alike  re- 
duced to  emmelropia,  the  conllict  between  aecommoda- 
tiou  and  convergence  ceases,  ami  the  jiatieiit  is  relieved 
of  his  asthenopia  and  of  any  pre-existing  tendency  to 
crossing  of  the  eyes  in  the  aet  of  accommodation  for  dis- 
tant or  for  near  objects.  The  neutralizing  convex  glass 
reiniiicd  for  the  exact  correelion  of  111  is  that  which,  un- 
der complete  relaxation  of  the  accommodation,  gives  the 
maximum  aculeuess  of  vision  at  a  distance. 

The  accurate  correction  of  lit  is,  therefore,  the  end  to 
be  kept  constiintly  in  mind  in  giving  convex  glasses  to  a 
hypermetrope:  nevertheless,  it  is  often  better  to  reach 
this  full  eonection  by  successive  stiisres.  Thus  a  young 
hy])ermelrope  with  large  III  may  lind  it  impo.ssible  to 
relax  his  accommodation  fully  on  lirst  using  convex 
gla.sses,  and  may,  therefore,  reject  neutralizing  gla.s,ses 
as  impairing  distant  vision  and  compelling  him  to  read 
or  work  at  an  inconveniently  or  uncomfortably  short  dis- 
tance. On  the  other  hand,  he  will  probably  take  very 
great  sjitisfaction  in  somewhat  weaker  glas.ses  which  cor- 
rect, or  perhaps  slightly  overcorreet.  liis  Hm.  After 
wearing  such  partially  <-orrecting  glas.ses  for  a  few  days 
or  weeks  a  larger  fraction  of  lit  will  have  been  riiidered 
manifest,  and  the  glasses  may  then  be  changed  for  others 
of  shorter  focus,  and  these  again  for  others,  until  the  full 
correction  of  lit  is  reached.  Proceeding  in  this  way,  we 
may  give  the  patient  from  the  .start  all  the  help  wliich 
he  can  receive  from  glasses,  and  al  the  same  lime  spare 
him  Ihe  inconvenience  and  possible  dis(|Ualification  for 
work  attendant  upon  the  production  of  complete  arliti- 
I'ial  paralysis  of  the  accommoilation.  If  the  previous 
condition  of  the  patient  has  been  that  of  II  dhmliidi.  the 
glas.ses  first  given  will  fully  correct  Ihe  manifest  hyper- 
metropia,  and  will  enable  him  lo  .see  distinctly  at  a  dis- 
t;ince,  and  also  to  read  uidess  he  is  also  presbyopic:  if  of 
II  rtliitii((,  they  will  relieve  tlie  accommodation  both  in 
distant  vision  and  in  reading,  and  will  in  a  great  measure 
do  away  with  the  necessity  for  excessive  convergence  in 
order  to  scedistinctly  :  if  of  II  fifulliitirn.  they  will  make 
it  possible  to  vise  the  eyes  for  liner  work  and  for  a  longer 
time  without  fatigue.  In  proportion  as  III  becomes 
merged  in  llm,  through  the  wearing  of  the  weaker 
glasses,  the  change  to  stronger  convex  glas.ses  renews 
the  good  ell'eet  of  the  former,  until  al  length  the  full  cor- 
rection of  lit  is  accepted. 

When,  through  uncorrected  II  relatir-a,  accommodative 
insuthciency  or  periodic  convergent  squint  has  been  de- 
veloped, these  symiitoinalic  conditions  usually  dis;»ppear 
with  the  wearing  of  neutralizing  glai-ses.  and  the  eyes  re- 
cover the  power  of  working  easily  and  harmoniously  to- 
gether in  binocular  vision.  As  the  gla.sses  alTord  needed 
aid  to  the  accommodation,  as  well  in  distant  as  in  near 
vision,  they  slio\ild,  as  a  rule,  be  worn  constantly;  and 
to  this  end  lliey  should  be  mounted  as  spectacles  rather 
than  as  a  pim-e  nn.  and  should  be  tilted  with  elastic  bows 
curved  behind  the  ears  (see  Sj),rtarlni). 

If  convergent  strabismus  has  become  already  estab- 
lished, the  elTecl  of  convex  gla.sses  is  lirst  of  all  to  do 
away  with  the  causes  which  incite  to  further  develop- 
ment of  the  squint,  and  thus  to  arrest  it  in  its  actual 
stage.  Secondly,  they  tend  to  diminish  the  existing 
grade  of  deviation,  and  in  some  ca.ses.  especially  of  re- 
cent squint,  they  may  even  suftice  to  bring  back  the  op- 
tic axes  almost  immedi,-itely  to  their  normal  direction, 
and  thus  re-establish  binocular  vision.  In  other  cases  the 
full  elTect  of  the  glasses  requires  a  much  longer  time  for 
its  complete  realization,  which  may  be  attained  only  after 
the  lapse  of  many  months  or  even  of  several  years. 
Hence  we  should  not  hastily  despair  of  finally  curing 
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II  >  |M-riii«'l  roplu. 
Ii>  |><-riii4>lro|*la. 


oven  II  pri'tly  IiIkIi  i:nu[f  o{  Htniliisiiiiis,  wlit-n  liSMM-iuU-d 
with  II  lii^'li  );nuli'  of  II.  Iiy  t:litK.s<'s,  even  ilinii^'li  llii-  jiii' 
nu'diiilf  I'tTcrt  Ix-  i  otisiik'uiMiKlv  liiiulc(|uul(':  in  niicIi  a 
cam:  the  UM-  of  strong  cunvvx  ji;lu8808  will  iiooncr  or  Inter 


ne(?eii«ilutu  the  wearinK  of  a  convex  ftloMi  of  alKiut  II 
(lio|iirii-Hin  order  iiinilw  vi<iinn  to  itHiiiiiximiim  of  aculV' 
iii'Ks  lit  u  ilixtani'i',  mill  a  ^'hihs  of  M  or  ITi  ilio|itrii-K  fur 
reailinK.     In   llie  caw  of  an  eye  |irevloUHly    inyii|iic,  a 


become  imperative,  on  accoiiiil  of  the  visual  disabilities 
incident  to  a  liiKli  ijnide  of  II,  iiml  if  worn  only  after  a 
full  correction  of  the  squiiil  by  tenotomy,  they  may  easily 
determine  diver^rince  of  tin-  previously  rrossiiifr  eye.  In 
the  presence  of  ii  hitfli  irrade  of  II  resort  slioiild  ordiniir- 
ily  be  had  to  siiri:icnl  procediins  only  after  the  complete 
correction  of  III,  iiinl  after  the  lapse  of  siitlicicnt  time  to 
develop  the  full  elTeet  of  the  optical  correction. 

The  prompt  correction  of  11  by  coiivo;  irlasses  is  gener- 
ally indicated  on  the  tirst  appearance  of  one  or  luore  of 


Fiii.  •-TUil. 

lens  of  less  power  than  II  dioptrics  siiflices  for  distance, 
and  for  an  eye  previously  hypermetropic  a  stronger 
lens  is  required.  It  follows  that  an  eye  with  a  pre- 
existing myopia  of  very  high  grade  may.  after  the 
loss  of  its  crystalline  lens,  be  found  to  be  nearly  or  quite 
emmetropic,  and  ca.ses  are  occasionally  observed  in 
which,  after  an  opeiation  for  cntanict,  no  glass  is  re- 
quired to  bring  (Uit  the  maximum  of  visual  acuteness  for 
distance,  ami  in  which  a  convex  gla.ss  of  only  '.i  or  4  diop- 
trics is  required  for  reading.     On  the  other  hand,  a  glass 


A 
B- 


Flci. 

its  characteristic  symptoms  (asthenopia,  incipient  strabis- 
mus coiivergens,  or  impaired  distinctness  of  vision). 
They  should,  as  a  rule,  be  worn  constantly  during  the 
waking  hours,  and  it  should  lie  made  clear  to  the  patient, 
or  in  the  ca.se  of  a  child  to  the  ]>arents.  that  they  will 
probably  be  needed  throughout  life,  in  order  to  make  it 
possible  to  use  the  two  eyes  easily  and  effectively  in  near 


of  as  high  power  as  20  dioptrics  may  be  needed  for  dis- 
tjincc  in  a  ca.se  in  which  lliere  has  been  a  pre-existing  H 
of  high  .irrade.  and  a  still  stronger  glass,  of  23  or  24  diop- 
trics, will  then  be  required  for  reading. 

As  a  consciiuence  of  the  very  great  diminution  in  re- 
fractive power  due  to  the  loss  of  its  crystalline  lens,  the 
unaided  aphakial  eye  is  unfitted  for  the  performance  of 


T 


FIG.  3768. 


work.  Only  in  low  grades  of  II,  in  which  the  rest  af- 
fonled  by  weak  convex  .iriasses  is  not  infrequently  fol- 
lowed by  a  very  marked  amelioration  of  astheuopic  symp- 
toms, is  it  occa.sionall.v  found  prjicticable  to  lay  them  aside 
after  this  result  has  been  attained  (see  also  vol.  i..  pp. 
588.  584,  under  Asthenopia). 


its  proper  functiim  as  a  camera  obscura.  Fig.  2765  illus- 
trates the  insufficiency  of  the  refraction  at  the  cornea,  in 
the  absence  of  the  crystalline  lens,  to  focus  the  pencil  of 
parallel  rays,  A.  K.  B,  except  as  it  is  lirst  converted  into  a 
convergent  pencil  by  means  of  the  convex  lens  L.  Fig. 
2766  similarly  shows  a  divergent  pencil,  such  as  reaches 


Fl(i.  2T«I. 


Apiiaki.v. — Absence  of  the  crystalline  lens  as  a  part  of 
the  dioptric  system  of  the  eye  has  been  already  noticed 
in  this  II.\NDiiooK  (vol.  i..  p.  .58).  The  deticicncy  in  re- 
fractive power,  as  observed  after  the  operation  for  cata- 
ract in  an  originally  emmetropic  eye,  is  so  great  as  to 


the  eye  from  a  near  object,  rendered  convergent  by  a 
stronger  convex  lens,  to  be  focussed  upon  the  retina  at  E. 
Besides  the  diminished  refractive  power  in  the  aphakial 
eye.  there  is  also  entire  loss  of  accommodation.  Hence 
the  necessity  for  a  stronccr  class  for  near  than  for  distant 
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vision.  Till'  (listunrcof  tliprornTtinpjrlnsa  from  tlieeye 
is.  liDWcvcr.  a  iimUcr  of  viiy  <oHf»iil<Tiilili-  iiii|iorhui<r. 
FijT.  27t}7  represents  an  apliakial  eye  eorrecteil.  liy  the 
strong  convex  lens  /,.  for  focus.sinj;  the  pencil  of  parallel 
ravs.  .1.  A".  /•'.  upon  llii'  retina  at  A";  tlic>  parallel  pencil 
isVonverli'il  by  the  lens  L  into  a  converifeiit  p<'ncil  hav- 
injr  its  focus  at  a  certain  point.  F.  behinil  the  retina. 
from  which  jioint  the  refnictive  jxiwer  of  th<-  ai|Ueous 
anil  vitreous  huinors.  as  (lelirinined  hy  the  convexity  of 
the  cornea,  is  just   suflleieiit  to  advance  the-  foeus  to   /•.'. 

Fij;.  STtiS  shows  the  same  apliakial  eye.  with  paraUcl 
ruys  fticussed  at  IC  hy  the  help  of  a  weaker  convex  lens. 
J,"  plaeeil  at  a  jrrealer  distance  from  the  eye.  In  Fig. 
276U  the  lens  A.  which  is  of  the  same  power  as  in  Fi;.'. 
2707,  is  shown  removed  about  an  inch  farther  from  the 
eve.  and  with  its  focus  for  parallel  rays  advanced,  hy  the 
same  distance,  to  A'  .  from  which  jiosition  the  refractive 
power  of  the  eye  would  advance  it  still  farther  to  A'  , 
which  lies  within  the  distance  of  the  retina,  A  pencil, 
A,  K.  H.  diverjiini;  from  the  conjugate  focus  of  the  lens 
L  is,  however,  focussed  by  the  lens  at  the  distiiiice  of  A' 
and,  through  the  further  refraction  at  the  cornea,  at  A'. 
By  thus  removing  the  correcting  glass  farther  from  the 
eye,  we  increase  the  refractive  power  of  tlie  combined 
dioptrii-  system,  made  up  of  the  lens  L  and  the  aphakial 
eye.  and  so  may  provide,  in  some  sort,  a  substitute  for 
the  lost  accommodation. 

The  position  of  the  (single)  nodal  point  of  the  aphakial 
eye  (at  the  centre  of  curvature  of  the  anteiior  surface  of 
tie  cornea)  coincides  very  nearly  with  that  of  the  (second) 
ntMlal  point  in  the  perfect  eye  wlien  in  a  state  of  com- 
plete accommoihitive  relaxation.  The  effect  of  the  con- 
vex gla.ss  worn  in  front  of  the  aphakial  eye  (Figs.  27(i."). 
27(57,  and  27(>8)  is  to  form  (with  the  eye)  a  compound 
dioptric  system  whose  (second)  nodal  jioint  falls  farther 
forward  (farther  from  the  retina)  than  in  the  original 
(perfect)  condition  of  the  same  eye.  The  retinal  image 
formed  l>y  the  help  of  the  strong  convex  spectacle  lens 
is.  therefore,  notably  larger  than  the  image  of  tlie  same 
object  in  a  normal  eye  of  the  same  dimensions  and  cor- 
neal curvature.  In  the  case  of  an  ajihakial  eye  wearing 
a  convex  lens  of  13dioptries  1.5  mm.  in  front  of  the  vertex 
of  the  cornea,  the  ratio  of  the  size  of  the  retinal  image 
to  that  of  the  image  in  the  perfect  eye  is  about  1.33  :  1. 
In  the  case  of  a  convex  lens  of  half  the  strength  (6.5  di- 
optrics), mounted  105  mm.  in  front  of  the  cornea,  the 
ratio  is  about  2.6-t  :  1,  which  is  nearly  equal  to  the  mag- 
nifying power  of  an  ordinary  openi-glass. 

Owing  to  the  entire  absence  of  accommodation  in  apha- 
kia, III  =  0,  and  Hm  =  lit;  hence  all  distinctions  of  Hm 
and  Ht,  and  of  II  J'<u-ii!tatim,  H  nlnlirn,  and  II  ahKobita 
disappear,  and  the  aphakial  eve  either  sees  distinctly, 
when  it  is  perfectly  corrected  for  the  distance  of  the  ob- 
ject, or  indi.stinetly,  when  it  is  left  uncorrected  or  is 
imperfectly  corrected.  The  conflict  between  accom- 
modation ami  convergence,  which  in  II  gives  rise  to  as- 
thenopia or  to  stndjismus,  has  therefore  no  existence, 
and  if  either  of  these  symptomatic  conditions  is  developed 
in  a  ca.se  of  uniocular  aphakia,  the  causes  must  besought 
elsewhere  than  in  the  aphakial  eye. 

Notwithstanding  its  great  refractivedeficiency,  and  the 
con.secpient  imperfect  lielinition  of  its  retinal  image,  an 
aphakial  eye,  though  uncorrected,  may  continvie  to  take 
part  with  its  fellow  in  binocular  vision,  and  may  thus 
render  valuable  service,  not  only  by  conserving  the  bi- 
iKK'idar  field  of  vision  in  its  normal  extension,  but  also 
by  aiding,  to  a  useful  extent,  in  the  recognition  of  differ- 
onces  in  distance  (steri'oseopic  vision).  Very  often,  how- 
ever, binocidar  vision  is  not  fully  regained  after  the  re- 
moval of  an  opa(|ue  lens,  and  the  aphakial  eye  is  then 
es|H'cially  prone  toacipiirea  false  direction.  In  thejires- 
ence  of  II  in  the  fellow-eye.  an  aphakial  or  otherwise 
materially  defective  eye  may  become  crossed:  on  the 
other  hand,  the  coordination  of  function  of  the  recti  in- 
tenii  muscles  of  the  two  eyes  with  each  other,  and  with 
the  accommixlation  in  the  eye  which  still  retains  this  fac- 
ulty, may  become  imi)aired,  and  the  ajdiakial  eye  may 
then  gradually  assume  a  divergent  direction,  notwith- 


standing the  presence  of  such  a  grade  of  H  in  the  fellow 
eye  as  would  ordinarily  give  rise  to  marked  convergence. 
In  nci|uired  binocular  aphakia,  following  a  double  op- 
eiation  for  senile  cataract,  the  convergence  ordinarily 
remains  fully  under  control,  and.  in  the  absence  of 
pre-existing  deviation  of  the  axis  of  one  of  the  eyes, 
binocular  vision  is  generally  retained. 

In  the  ollierwis<.'  perfect  aphakial  eye  a  jiroperly  se- 
lected convex  glass  restores  nearly  or  ijuite  normal 
a<  iiteness  of  vision  at  the  particular  distance  for  which 
the  correction  is  given,  and.  by  reason  of  the  considerable 
magnifying  effect  of  the  glass,  vision  may  occasionally 
be  raist'd  even  above  the  accepted  normal  standard  of  j. 
A  moderate  excess  or  deficiency  of  i)ower  in  the  correct- 
ing gla.ss  for  distance  is  of  no  other  importam  e  than  that 
vision  is  left  somewliat  dclicient  inaeuteness.  but  reading 
glasses  of  exces.sive  ]iower  may.  in  binocular  aphakia, 
give  rise  to  midue  strain  upon  the  recti  interni  muscles 
by  bringing  the  reading  distance  too  near  to  the  eyes. 

In  uniocular  aphakia,  so  long  as  the  fellow  eye  retains 
normal  or  nearly  normal  acuteness  of  vision  and  is  with- 
out notable  refractive  defect,  it  is  a  freiiuent  practice  to 
leave  the  ajjliakial  eye  uncorrected.  In  cases  in  which 
the  condition  of  the  other  eye  is  such  as  to  call  for  the 
wearing  of  a  correcting  glass,  it  is  generally  practicable, 
and  often  desirable,  to  prescribe  also  the  proper  correc- 
tion for  distance  for  the  aphakial  eye.  A  tendency  to 
divergence  of  an  aphakial  eye.  in  a  young  person,  may 
often  be  arrested  by  wearing  for  a  time  a  concave  glass, 
of  from  1  dioptric  to  Z  dioptrics,  before  the  ennnetropic 
fellow-eye,  at  the  same  time  correcting  the  aphakial  eye 
as  accurately  as  possible  for  distance. 

The  first  adequate  description  of  H  is  by  the  English 
surgeon  James  Ware,  in  the  Philosophical  Transiictions 
for  1S13.  Ware  recognized  the  condition  as  "occurring 
in  young  persons";  as  dependent  on  refractive  insuffi- 
ciency dueto"a  disi>roportionate  convexity  of  the  cornea 
or  crystalline  lens,  or  of  both,  to  the  distance  of  those 
parts  from  the  retina";  as  not  involving  "the  power  by 
which  the  eyes  are  adapted  to  see  at  distances  vaiiously 
remote  "  (('.(..  the  acconnnodation);  as  "  requiring  a  glass 
of  considerable  convexity  to  enable  [the  jierson]  to  see 
distinctly,  not  only  near  objects,  but  also  those  that  are 
distant";  as  of  such  a  nature  that  "the  saim'  glass  will 
enable  many  such  jH-rsons  to  see  both  near  and  distant 
objects";  and  as  differing  from  the  condition  existing 
after  the  loss  of  the  crystalline  lens,  the  subjects  of 
which  "always  require  a  glass,  to  enable  them  to  discern 
distant  objects,  dilTcient  from  that  which  they  u.se  to  see 
those  that  are  near."  In  short,  the  description  of  the 
visual  conditions  in  H  aljmh/tii  and  in  most  cases  of  II 
rclativii  is  complete,  and  "Ware  is  justly  accredited  by 
DondcM-s  with  the  discovery  of  H — a  discovery  which 
was,  however,  destined  to  remain  almost  fruitless  for 
nearly  half  a  century. 

Ruete  (1.S53)  proposed  the  very  appropriate  name 
Utbersirhtif/lrit  for  this  condition,  but  his  description 
falls  short  of  that  of  Ware  in  clearness  and  accuracy. 

Stellwag  (1.S55)  described  H  correctly,  as  a  condition 
in  which  the  principal  focal  length  of  the  eye  is  greater 
than  the  actual  distance  of  the  retina;  but,  in  proposing 
for  it  the  name  Itiiperpnxlijiopin,  he  failed  to  emphasize  its 
indejx'ndence  of  accommodative  insullicieney. 

Donders  (18o9-()0)  first  studied  II  exhaustively  in  its 
relation  to  different  conilitions  of  the  accommodation, 
and  gave  to  it  its  now  universally  accepted  name.  The 
present  article  is  little  more  limn  a  rimnni- ni  the  princi- 
pal facts  established  by  that  admirable  physiologist,  as 
embodied  in  his  great  work  on  the  "Anomalies  of  Ac- 
commodation and  Kefraction  of  the  Eye."  New  !>ydeu- 
ham  Society.  London,  lS(i4.  '    John  Green. 

[For  Ilie  ciinvenienre  of  tlie  reader  llie  followliiK  list  of  iiblin'vin- 
tloMs  used  in  this  article  Is  appended,  following  Donders,  hiil  wltli  u 
few  I'lumges  in  fonii  nwessitaled  by  tfie  adoption  of  the  modern  ine- 
trie  nolatjon. 

H  =  llypennetropia ;  Hm  =  H  mntiiffi'la :  III  =  H  latenx;  Ht  =  H 
totalis:  y\  =  Myopia:  A  =  Absolute  ranpe  of  aeeoininiKlatlon :  A,  = 
Ilelative  i-an);e  of  accommodation  ;  A,  =  Binocular  niuge  of  aeeom- 
modatioQ.] 
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II )  |ii-riii<'iro|tla. 
II)  |>friii-|iliriiiiiu. 


HYPERNEPHROMA  h  ii  ttrm  mi^fp-xu-d  origiimll.v  bv 
niirli  lllnu'lirrlil.  ami  <<in('i- ailii|il<'il  liy  utliir  willris,  lo 
ilr«i).'iiiili'  tiiiiiiiix  thai  nsiill  fniiii  |ii'iililrniliciri  <>(  ailmuil 
tisHiii — it  Ihiiiv' iiiiiiiatirial  » liillirr  llic  tiiiiiors  arise  in 
till'  ailrriial  itvir  or  in  rri:iiiiis  hIhh'  aliiTniiit  i>r  mis 
lilaci'il  (lirtiTotiipii)  iMirtions  cif  ailrinal  tisHiir  »ri'  kiicmii 
111  cHciir.  'rimiiKli  the  Iciiiiiiiulnjfy  timl  hUfTKfSts  liypcr 
nr|iliniiiia  is  iml  sciriitilii'.  it  litiils  jiistilli-aiixn  in  tlic 
IH'cnliiiritics  of 
stniilurr  iif  «(1- 
n'lial  liMndrs  anil 
in  till'  fart  that 
thr  priTisi'  liislii- 
licnclir  |iiisitiiini>f 
tin-  iiilrcnal  Inis 
not  vi't  lit'cn  ill' 
tor  mill  CI  I.  I.ii- 
Imrscli  spiiiks  of 
tlicst!  tninnrs  as 
liy  pcrnrpliroiil 
tiitiiDrs  or  ininm-s 
attiT  till'  type  iif 
till'  ailri'iial  witli 
or  w  i  t  III)  II  t  ilr- 
striutivi-  rlianir 
tcristirs. 

Diirini:  riTiiil 
yraisi  inisiili'nihli 
atli'litiiin  lias  liicn 
ilii'i'i'ti'il  to  I  lie  iir- 
rtirivnrr  nf  ihvik 
Min/  iitlriiinh  am 
to  llip  gri'iit  va- 
riety of  ilisplarc- 
mi'iils.  in  wlioliMir 
in  part,  to  wliirli 
till-  ailrrlials  arr 
siibji'ct.  Tims 
iini'  or  Ijotli  ai: 
rcDiils  niiiy  bo  ab- 
sent :  ami  tbe  ail- 
rcnal.  if  pri'scnt, 
may  bi-  intiiiiati-ly 
ailliiTciit  to  till' 
kiiliioy  and  por- 
tions of  its  tissue 
may  be  (lisplaied 
within  the  kiil- 
npy.  AiTcssorv 
ailrrnals  or  por- 
tions of  adrenal 
I  issue  have  been 
found   in   the  iiii- 

medialc  vicinity  of  tbe  normal  situation  of  the  adrenal. 
in  the  adjiiient  retroperitoneal  coiineitive  lissue.  in  the 
kidney  (usually  directly  beneath  the  capsulel.  about 
the  renal  bloi>ilvessels.  in  the  sperinatie  cord,  between 
the  testicle  and  the  epididymis,  in  the  injruinal  canal, 
in  the  broad  lijrament  (Mareliand's  adrenal),  in  tbe 
solar  plexus,  in  the  cadiar  pinglion.  in  the  liver,  in  the 
pancreas,  etc.  These  accessory  adrenals  usually  occur 
siufily.  though  there  may  be  more  than  one.  They  are 
yellowish  in  color,  rather  tiiiii  in  consistence,  and  they 
vary  in  size.  I'sually  they  are  aliMiu  •>  to  :i  mm.  in  di- 
ameter, but  they  may  be  so  small  as  to  be  delected  only 
by  microscopical  examination,  and  when  the  .seat  of  hy- 
perplasia or  of  tumor  formation  they  may  reach  the  size 
of  a  man's  bead.  As  a  rule,  they  consist  of  one.  two.  or 
all  three  layers  of  the  cortical  substance:  rarely  medul- 
lary substance  also  is  found.  Sehmorl  states  that  they 
may  be  found  in  nicety-two  per  cent,  of  all  bodies — a 
statement  that  has  not  found  concurrence  on  the  part  of 
other  observers.  Presumably  tumor  forniations  may  re- 
sult from  proliferation  of  any  accessory  adrenal ;  especial 
interest,  however,  attaches  to  the  occurrence  of  adrenal 
tumors  or  hypemepliromas  in  the  kidney  and  in  the  broad 
liirament. 

In  the  kidney  adrenal  rests  are  found  usually  at  the 


Fig.  27711. -Swilon  of  H  llyi>i'rnei)lirnma.  1I;(mii:i!i>.\\  lin-tH>sin  preparation.  Zeiss  apoehp'in, 
S  mm..  <i>ni(>*'ns.  ii-.  Ni».  4.  For  the  mi»;*l  purl  the  slri'ina  eensisLs  uf  naked  an«I  Intai-l 
rapiUaries  thai  eonlain  seme  lilimd  eerpiiscles  and  Ihal  in  some  plares  an*  efnisiilenihly 
dtlaleii  (mnn^  dllaieil  (linn  is  nsiialt.  For  tlie  most  part  also  tlie  relis  are  atlarlieil  dlrwllv 
lo  the  endoihelium  of  tlu'  raplllarte.s.  and  Ihey  show  marked  fully  inllllnilioii.  In  the  so<- 
tion  depicttHl  tile  Inmiir  pn-sents  larjre  alveoli-ljke  formations  with  central  necrosis.  In  Ibe 
upper  rl;;lil-bund  region  there  are  a  iiuniber  of  liiKh  columnar  cells. 


upper  pole  nf  the  origin.  In  tlipmrtcx.  and  dircc'lly  lio 

neatli  the  capsule.  ^iometliiieH  ihey  an-  iheniM-lveN  en 
llrely  encupstilatid.  bein;;  'Mpaniled  ftoin  the  Nubjiieenl 
kiiliiiy  titsiie  liy  II  liaiid  of  well  developed  IIIhoiih  <on 
111  It  ive  tissue.  In  Home  lasis  throiitdi  opi'iiin);s  in  iIiIh 
connective  lissue  iiipsiile  porlioiiK  of  adrenal  tissue  in 
vade  the  kidney,  and  in  other  canes  no  connective  tlsKiie 
whatever  K.'parales  one  tissue  from  the  other  The  kid- 
ney tissue  adja- 
cent to  the  iiiiH- 
p  laced  adrenal 
tiiwue  miiy  pie- 
senl  no  deviations 
from  the  niiimal, 
but  wliiii  is  of  es- 
peeiiil  interest  and 
iinporlance  is  that 
i  II  some  case 8 
cysts,  evidently 
dilated  iirinifer- 
oiis  tubules,  are 
present  at  the 
junction  of  tlii; 
two  tissues,  and 
that  in  othercasi'S 
(iis  illustnited  by 
one  of  my  own 
cases)  areas  of 
kidney  tissue  arc 
c  niirely  or  almost 
rnlirely  includr-d 
within  these  mis- 
placed adrenal 
rests. 

It  is  searoely 
pertinent  in  this 
connection  to  dis- 
cuss the  dilTerent 
tumors  of  the  ad- 
renal that  in  a 
strict  sense  may 
be  included  with- 
in the  scope  of  the 
designation  hy- 
pernephronia.  It 
will  siillice  to  de- 
scribe that  class  of 
tumors  variously 
designated  1  i  p  o- 
m  a  s.  adenomas, 
carcinomas,  sar- 
comas, adenosar- 
comas,  angiosar- 
comas, endotheliomas,  and  peritheliomas  of  the  kidney— 
tiininis  the  true  nature  of  wl'iich  was  tirsf  recognized,  in 
issii,  by  Grawilz.  who  refened  them  to  proliferation  of 
aberrant  adrenal  rests.  The  opinions  of  Grawitz  have 
been  abundantly  confirmed  by  Wiefel.  HoUen.  Ambro- 
sius.  Cliiari.  Stri'ibing.  I.dwenhardt.  Beneke,  Horn,  Mar- 
cband.  L'lrich,  Lubarsch.  Askanazy.  McAVeeney,  .Ma- 
nasse,  Gatli.  HIeker.  Warthin.  Pick,  myself,  and  others. 
Ilyiierneplironias  of  the  kiilney  (as  well  as  hyperne- 
phromas of  the  broad  ligament  and  of  other  structures) 
may  be  small  and  benign  or  large  and  malignant.  The 
small  tumors  usually  are  situated  in  the  corte.N  of  the 
kidney:  they  are  well  circumscribed,  generally  encapsu- 
lated, nodular,  yellowish  or  yellowi.sli-white.  and  moder- 
ately tirni.  The  larger  tumors,  which  may  attain  a  great 
size,  replace  more  or  le.ss  the  kidney  structure.  Ihcmgh 
even  in  the  largest  tumors  a  narrow  layer  of  compressed 
and  distorted  kidney  tissue  usually  limits  the  tumor  be- 
low. Usually,  though  not  always,  the  tumor  is  separated 
fi-oni  the  reniaining  kidney  structure  by  a  more  or  less 
complete  and  intact  connective-tissue  capsule.  In  many 
cases,  however,  the  capsule  lias  become  invaded  and 
penetrated  by  the  growth,  and  careful  search  is  neces.sary 
to  detect  even  remnants  of  it.  It  is  nevertheless  one  of 
the  cliaracteristic  features  of  hypernephromas.     The  tu- 
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iiinr  consists  of  splioroid  or  ovoid  iiodps  tlmt  vary  in  size 

iiikI  iiri'  s<'|mnilr(l  from  om-  iiiidllirr  liy  liiuids  "f  ciiiuii-c- 
livr  tissue  Ijicli  lUMlciii  liiru  is  iimdc  upiif  smiilliT  mid- 
ides  into  wliicli  ns  a  ndc  bin  vitv  lilllcoomu'clivc  tissue 
|>cnctmti'S.  On  scrlidii  tlic  growth  is  wliilisli  (lilxc  l)rain 
nu'ilidla).  or  gmyisliwliilcor  yellow  isii-w  Idle,  soinelinies 
ivddlsli  whiti'  or  lirowiiisli  «  liite  in  color,  opiique  tlioii;.'li 
soiuetinies  ^rlisteniiiL'.  and  inndenitely  lirni  in  eoiisisti'nce 
in  the  well  preserved  ureas  The  tumor I'xliiliilsa  marked 
tendency  to  ililTerent  retrograde  elialiires.  mero^es.  latty 
luelaniorplioses.  Iieinon'liairc.  etc.,  in  eonseriuencc  of 
wliicli  S4>ftenin!;  and  iiseudooystir  formations  may  de- 
velop. True  cystic  formations  aio  not  uncommon,  and 
in  rare  instances  calcilication  may  occur.  The  tumor 
may  invaile  and  tinally  pinetrate  the  pelvis  of  the  kid- 
ney. Invasion  and  penetration  of  the  renal  veins  also 
isijuile  common,  and  in  this  way — that  is.  by  way 
of  the  bloi«l-vesseIs— if  not  e.NcIusively,  at  least  in  llie 
vast  majority  of  ca.scs,  metastases  may  occur.  These 
have  been  observed  in  almost  all  the  tissues  of  Ihc 
body. 

On  micri>scopic  examination,  the  smaller  hypernephro- 
mas revcid  as  a  rule  a  well-formed  comiective-t issue  cap- 
sule that  recalls  the  capsule  possessed  by  ailrenal  rests  in 
tliekiilney;  it  may  l)e  complete,  surrounding  the  tumor 
on  all  .sides,  or  it  may  cover  the  tumor  only  on  the  sur- 
face. Even  the  larger  and  malignant  liypernepliromas 
sometimes  are  well  encapsulated,  and.  even  in  those  cases 
in  which  the  capsule  has  l)ecome  penetrated,  remains  of 
the  capsule  are  often  evident — a  feature,  as  airead.v 
pointed  out,  that  constitutes  one  of  tlie  characteristics  of 
tins  variety  of  tumor. 

Histologically  a  hypernephroma  is  a  tumor  that  con- 
si-sts  of  a  stroma  ma<le  up  of  a  rather  close  network  of 
ojpillaries.  and  of  cells  intimately  as.sociated  witli  tlie 
capillaries  and  arranged  in  rows,  columns,  or  masses 
witinn  the  meshes  of  the  vascular  network.  The  cells 
are  epithelial  in  appearance  and  contain  fat  and  usually 
glycogen.  The  tumor  in  cell-forms,  cell  arrangement, 
and  eill  cimtents  reprcjduces  or  resembles  the  adrenal  and 
certain  tumors  derived  from  the  adrenal,  and  di tiers  en- 
tirely in  structural  peculiarities  from  tumors  derived  fnmi 
the  urinifeious  tubules. 

The  small  and  benign  liypernepliromas  reproduce  ex- 
ceedingly well  the  structure  of  the  adrenal  and  of  certain 
tumors — so-called  strumas  or  adenomas — tliat  develop 
from  the  corte.x  of  that  organ.  The  larger  and  typical 
hyi)ernephromas  consist  of  nodules  that  vary  somewhat 
iu  size  and  that  are  separated  from  one  anotjier  by  more 
or  less  delicate  trabeciiUc  of  connective  tissue.  As  al- 
ready jiointed  out,  the  stroma  consists  of  a  rather  close 
network  of  capiUaries.  Frequently  these  are  collapsed 
and  scarcely  apparent — whence  in  some  cases  on  super- 
ficial examination,  the  tumor  presents  an  appearance  sug- 
gesting an  ad<'noina  for  which  it  has  frequently  been 
mistaken.  In  many  areas,  however,  the  ca]iillanes  are 
ipiite  apparent,  and  in  certain  areas  sometimes  they  are 
much  distended  and  more  or  less  filled  with  blood.  They 
may  lie  demonstrated  readily  by  injection  iirocediire.s. 
The  single  layer  of  cndotheliiim  of  which  the  capillaries 
consist  is  usually  well  preserved,  though  -sometimes  it 
may  beihe  seat  of  some  proliferation.  In  some  casesthe 
capillary  stroma  here  and  there  is  reinforced  by  a  slight 
amount  of  connective  tissue  that  jiroeeeds  as  delicate 
trabeculie  from  the  connective  tissue  limiting  thenoduli-. 
This  is  found  especially  in  those  tumors  thai  present  larire 
alveolar-like  formations  and  that  are  likely  to  be  mis- 
taken for  carcinomas  or  alveolar  .sjircomas.  In  rare  in- 
stances the  connective  tissue  mav  exhibit  some  fattv  in- 
liltration. 

The  arrangement  of  the  tumor  cells  within  the  capil- 
lary network  recalls  the  zona  fasciculata  of  the  adrenal 
cortex,  that  is.  the  cells  are  arranged  in  rows  or  double 
niws.  or  in  columns  or  conls.  The  tumor  cells  are  at- 
tached directly  to  the  walls  of  the  capillaries— to  the  en 
dothelimn.  This  a.s.sociat ion  of  the  capillaries  with  the 
tumor  cells  is  one  of  the  distinctive  characteristics  of  hy- 
pemepliromas  and  is  absent  only  in  those  regions  where 


a  small  amount  of  connective  tissue  reinforces  tlie  capil- 
laries. The  tumor  cells  vary  somewhat  in  shape;  for  the 
most  part  they  are  jiolygonal.  but  they  may  be  columnar, 
cubical,  roundish,  or  irregular.  The  cell  protopla.sm  is 
sometimes  faintly  granular,  sometimes  homogeneous,  and 
exhibits  usually  rather  large  vacuoles— residua  of  ex- 
tracted fat.  The  cells  are  epithelial  in  aiipearance  and 
they  contain  one.  sometimes  two  nuclei  each,  that  are 
large,  round,  or  ovoid;  these  stain  well  and  reveal  dis- 
tinct nucleoli  that  are  often  meta<hromatic. 

The  arrangement  of  the  cells  into  solid  cords,  though 
present  in  many  tumors,  is  not  so  common  as  is  their  ar- 
rangement into  rows  and  doulile  rows  with  an  interven- 
ing free  space — an  appearance  extremely  suggestive  of 
adenoma  formation  (on  superficial  examination  onlj', 
since  the  presence  of  the  capillary  nelwork  and  the  inti- 
mate a.ssoeiation  of  the  tumor  cells  with  the  capillaries 
immediately  excludesall  thought  of  adenoma  formation). 
In  these  cases  on  cross  section  of  the  capillaries  the  cells 
appear  attached  to  them  as  radii ;  on  longitudinal  .section 
of  the  capillaries  the  cells  ajipear  arranged  along  the 
walls  of  the  vessel  in  rows — palisades,  as  it  were.  On 
transverse  section  of  the  vessels  that  reveal  llu-  radial  at- 
tachment of  the  cells,  the  attached  ends  of  the  cells  fre- 
quently appear  narrow  and  slender,  their  free  ends  swol- 
len, rounded,  and  dub  slia])ed.  In  these  cells  the  nuclei 
are  usually  situated  at  the  c  lub-shajied  extremity,  though 
they  may  be  situated  at  dilTerent  lieights.  so  that  an  ap- 
pearance suggestive  of  a  double  layer  of  epithelium  is 
produced.  The  free  ends  of  a  row  of  cells  attached  to 
one  capillary  in  many  areas  are  in  contact  with  the  free 
ends  of  a  row  of  cells  attached  to  an  adjoining  capillary. 
In  many  iilac<s  between  two  adjoining  rows  of  ceils 
there  is  a  space  filled  in  part  with  cells  similar  in  aji- 
pearance  to  those  attached  to  the  capillary,  and  in 
part  with  cell  detritus.  These  are  especially  common 
in  tliose  tumors  that  reveal  rather  large  intercapillary 
spaces — tumors  that  morphologically  resemble  a  carci- 
noma or  an  alveolar  .sarcoma.  Into  some  of  these  spaces 
papillary  excrescences  appear  to  project  a  short  dis- 
tance. 

The  fat  contents  of  the  cells,  though  not  uniform  iu  all 
parts  of  the  tumor,  constitute  a  characteristic  feature  of 
hypernephromas.  It  is  distinctly  a  fatty  infiltration.  In 
sections  that  have  been  prepared  by  the  use  of  alcohol 
and  ether  the  fatty  infiltration  is  represented  by  vacuoles, 
that  usually  are  large  though  they  may  be  small.  In 
some  cases  the  fatly  infiltration  is  so  marked  and  the 
vacuoles  are  so  large  that  only  the  nuclei  and  the  outlines 
of  the  cells  are  to  be  detected. 

Gl.vcogcn  is  a  common  constituent  of  these  tumors.  It 
is  present  in  almost  all  cases,  in  all  the  tissues,  and  in 
different  forms,  generally  as  granules  of  varying  size. 
In  the  dilTercutial  diagnosis  of  kidney  tumors.  Lubarsch 
attaches  considerable  importance  to  the  presence  of  gly- 
cogen, a  sulistaiiee  that  he  believes  is  |>rcs(^nt  in  hyper- 
nephromas but  not  in  true  kidney  tumors.  Tliis  opinion 
is  not  shared  by  some  other  observers,  and  I  have  myself 
found  glycogen  in  a  luimaiy  cylindrical  cell  carcinoma  of 
the  kidney,  as  well  as  in  tumors  of  other  organs.  Iin- 
portance.  however,  it  does  possess. 

Diagnostic  importance  attaches  also  to  the  presence 
in  hypernephromas  of  intense  black  pigment  gran- 
ules, pigment  granules  similar  to  the  iiigineiil  normally 
present  in  the  adrenal  cortex.  In  addition,  considerable 
blood  ])igment,  that  gives  the  iron  reaction,  is  usually 
found. 

Lecithin,  a  substance  to  which  Luhai'sch.  follow- 
ing Alexander,  directed  attention,  and  which  Oatti 
found  in  a  hypernephroma,  may  possess  some  diag- 
nostic importance.  This  substance  is  found  in  the 
normal  adrenal,  in  greater  amount  in  the  medulla  than 
in  the  cortex.  Gatii  by  cliemieal  investigation  found 
it  in  his  tumor  in  amount  appioximaling  that  of  the 
normal  adrenal  cortex.  As,  however,  we  possess  no 
microchemic  reaction  for  its  detection,  it  loses  consider- 
able of  its  otherwise  possible  differential  diagnostic  im- 
portance. 
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II  >  |it-riii'|>ltroriia. 

II)  |liTlrl<  liiiniA, 


Viiiiiil)i!ity  ill  llic  liisloli>j;ir  Hlnicdirc  of  liy|H'riii'|ilirii- 
liiiis  lias  Ik'i'Ii  r<'|>i'iil('(lly  imtiil :  llirv  liiivi-  licrii  ilrsirilH-il 
us  iH'c^-iiliiit;  an  alvi-olar.  a  liiliiilar,  iiinl  a  Inilirciilar  up 
|Hiiraii<'<'.  til  Hoiiic  nisi's  iiuiikiil  ul.v|>i<'al  prolirrniliiiii 
may  occur.  TliiH  llirrc  iimy  occur  lur^)'  alveolar  like 
foriiiHlioiis  in  wliicli  only  tlic  cells  ilircctly  in  conlail 
with  the  nipill:irics  iiri'  wi-ll  pnscrviil,  ami  llirsc  ccIIh 
may  Ih'  allachcil  lo  ilu'  ciiiliitlii'lliiiii  not  ii').'iilarlv  as  pi.li 
Nnlis.  lull  iinL'iilarly.  Tlic  inicici  an- ficipiciilly  livper 
<'liriiiiialiciiiiil  iric);iiliir ;  in  soincniMs  llicy  cxlilliil  kiiry- 
okiiiciic  llfjiins  In  sninc  liypcrncpliroinas.  jrciirnilly 
laruc  anil  iiiali);naiil  f;ro\vtlis,  ^iaiil  cells,  (■ontainiii); 
tliii'e,  four,  or  more  nuclei,  niiiy  occur.  Not  iiifre- 
<|iieiilly  llie  .small  veins  are  Intally  oceliideil  liy  tlie  tu- 
mor cells,  anil  ill  lliis  maiiiii'r.  Iliat  is,  hy  way  of  the 
IiIimmI  vessels,  metastasis  oecili-s.  The  inetaslatic  noililles 
repriKliiee  till!  stnicluieof  till-  |iiiiiiiiry  jriiiwl h.  As  iil- 
reaily  pointed  out.  hypcrnephioiiiasexhiliil  a  iiiarliiil  leii- 
<lcii(  y  to  the  occurri'iice  of  lieinonhaire  ami  (lllTereiit 
relroLTiicle  metamorphoses.  These  are  particularly  muni 
fcst  upon  microscopic  cMiniination. 

Kspi'ciiil  inlerest  ullaehes  lo  llie  occnrrpnco  of  cysts  in 
liyperni'phroiiias.  It  sulliees  to  mention  thai  many  so- 
i'lillecl  cysts  miiy  lie  merely  ilijaleil  capillaries  or  lymph 
ves.si-ls  Other  so-called  cysts  are  doulilie.ss  hiil  ciilar^rcii 
spaces  lielweeii  adjoining;  rows  of  cellsof  wliieli  mi'iition 
has  already  lieeii  made — spaces  more  or  less  tilled  "ilh 
(leijeiii'iiitiiii;  <-ells  and  i-ell  detritus.  Hut  oilier  cystic 
spiK-es  liiieil  with  well  forineil  eyliiidriiiil  epilheliiini  are 
(-videiilly  true  cysts.  Some  time  airo  Hicker  drew  inten- 
tion to  the  association  of  cyst  formation  and  misplaci-d 
adrenal  rests,  lie  supposed  that  new  fri-owtlis  of  the 
adrenals  may  oriirinate  from  misplaced  kiiliii-y  rests,  ami 
that  (ertaiii  tiiniors  of  more  than  ordinarily  irrejinlar  foi- 
miilion — sxeiierally  coniaiiiinir  iriie  cysts  and  then-fore 
atypical  hy periie|>liionias — may  ilcvi-lop  from  adn-iiiil 
tissue  that  hiisi-itlier  cnclos<'d  or  is  ollierwisi- iiitinialely 
ns.s<icial<-d  with  renal  rests,  coiniiionly  in  the  form  of  small 
cysts,  Jly  own  investiijati  ms  hear  out  llie  |iroli:ilile cor- 
rectness of  this  opinion.  I  have  aln-aily  referred  to  tlie 
oc<-iirrenceof  cysts,  evideiilly  diluted  iiriiiiferoiis  tubules. 
at  the  junction  of  adrenal  and  kiilmy  tissue  in  soiueca.ses 
of  iiiisplai-eil  adrenal  resis,  and  to  the  partial  or  complete 
eiiclosiiieof  kidney  tissue  within  mispliK-ed  adrenal  rests. 
It  is  waniiiitalile  to  assume  that,  in  ihei-venl  of  |irolifera- 
tion  of  the  adrenal  rests,  the  enclosed  kidney  tissue  pro- 
lifenitcs  also,  and  jrives  ri.se  to  certain  well  iornied  cysts 
with  cylindrical  epitlieliiiin. 

As  an  ailditional  pnml  of  the  adrenal  origin  of  these 
tumors  of  the  kidney,  il  is  of  interest  tomontion  the  simi- 
laritv  that  they  liiar  to  tumors  that  develop  in  the 
ndn-iial  itself  and  do  not  implicate  the  kidney. 

The  smalt  and  tieniirn  hypernephromas  rarely  give  rise 
to  clinical  manifestations:  commonly  they  are  lu-i-idental 
findintrs  at  the  necropsy.  The  larger  and  malifrnant  hy- 
pernephromas give  rise  to  symptoms  that  scarcely  ])erniil 
of  llieir  clinical  differentiation  from  other  tumors  of  the 
kidney.  Hypernephromas  occur  at  any  a.ge,  even  in 
ncwliorn  infants,  though  they  an-  more  coinmon  in  adult 
life  ;  they  appear  lo  oeiiiriuore  fn-iiueiilly  in  wonu-n  than 
in  men  ;  they  invohe either  kidney  indiscriiiiinalely  ;  they 
vary  in  duration  from  several  months  (apparently )  to  a 
niimhcr  of  years;  and  they  vary  in  size  fmin  llial  of  the 
smallest  adrenal  rest  to  that  of  a  man's  head.  It  has 
been  ]>ointed  out  liy  a  niiniher  of  observers  that  hyper- 
nephromas are  characterized  clinically  by  the  fact  that 
thi-y  ])iirsiic  a  long  benign  course  entirely  devoid  of 
symplonis  (though  it  is  dilliciilt  lo  (-oiiceive  how  this  can 
lie  recognized  ( liiiie.-illy ).  and  that  tl»-ii  siiddinly  they 
take  on  malignant  characterislics.  proliferate  rapidlv, 
give  rise  to  metastases,  cachexia,  and  the  death  of  the 
patient,  unless  they  be  removed  by  surgical  procedures. 
it  has  been  said  also  that  a  hypernephroma  may  be  in- 
ferred from  the  delecting  of  a  murmur  upon  auscultating 
a  tumor  of  tin-  kidm-y.  Perhaps  hypernephromas  may 
be  diagnosed  clinically  w  hen  it  Ix-comes  more  generally 
recognized  that  primary  carcinoma  of  the  kidney  (devel- 
oping from  true  kidney  structures)  is  uncoinniou,  and 


that  iiiosi  of  the  ho  culled  primarv  curi-iiionias  and  ulveo- 
lur  surcoiiias  of  the  kiilney  an-  in  reulily  liypernephro- 
iniui.*  Aloynui  O.  ./,  Krlly. 

HVPERTRICHOSIS.-iSym.nyins    HirsinieK,   I'..|yiri 

chill  iiiid  Su|"illuoii>  Huir.)  My  liy|H-rlHchosiKiN  ni'eunl 
eilhi'i  an  aliiioriiial  aiiioiint  of  liiiir  L'rou  iiig  in  a  locution 
where  hair  normally  isfouml:  or  the  appeaninci- of  w-x 
mil  hair  at  an  unusual  iigi-  upon  u  purl  which  Inter  nor- 
niiilly  is  <-ovei-i-d  with  hair;  or  the  gniwlli  of  coarse  huir 
on  a  part  usually  covered  onlv  wiih  lanugo  hair. 

Instunces  of  the  first  ^uriely  lire  occiisionully  seen. 
Thus  lii-oiiurd  ri-ports  tin-  c-iise  of  u  man  whom-  In-unl 
measured  six  fei-i  six  and  a  half  inehi-s  in  h-ngih.     There 


Fig.  2771.— Tbe  Russian  tkiR-face  Boy. 

iss;iid  tohavebeen  a  man  in  Eidain,  Holland,  whose  beard 
was  nine  feet  long;  and  the  Uiirgernieisler  of  Braiiuau 
rejoiced  in  a  beard  that  reached  to  the  ground.  Women 
have  been  known  to  have  hair  that  trailed  behind  them 
on  the  ground. 

Precocious  development  of  hair  is  technically  called 
heteroehronie.  This  variety  includes  cases  of  a  beard 
growing  on  the  face  of  a  young  boy ;  and  of  well  devel- 
oped pubic  hair  in  children  of  tender  years.  Such  cases 
are  rare. 

Most  cases  of  hypertrichosis  belong  lo  the  third  variety, 
that  is.  the  growth  of  coarse  hair  in  ]ilaces  usually  sup- 
plied only  with  lanugo  hair.  Of  such  are  the  growth  of 
coarse  hair  in  the  nostril  and  ears  in  people  past  middle 
life;  of  hair  on  the  back  of  the  nose,  and  about  the  nipples 
and  on  the  chest  of  women.  The  two  chief  forms  of 
this  variety  of  hyperlrichosis  are  the  univi-i^^il  form  and 
the  growth  of  the  hair  on  the  face  of  a  woman 

Tiie  subjects  of  vuiicriinl  hiijicrtrirlioxia  are  technically 
called  Homines  pilosi.  This  is  a  very  rare  form,  and  is 
both  congenital  and  hereditary.  The  whole  body  is  cov- 
ered with  long  hair  except  in  those  locations  upon  which 
hair  never  grows,  namely;  the  palms  of  the  jiands,  the 
soles  of  the  feet,  the  backs  of  the  last  jihalanges  of  the 

*  Vor  referencps  consult  Rpllv.  A.  O.  J. :  "  Cetier  H.vpemephrome 
diT  Nil-re."  ZieKler's  BeilnlRe  zur  palliol<i?ls<'lien  Anatomle  und  zur 
alliremeinen  Patholopie,  xxviii..  INI,  I.sns;and  "On  Hypemeptiromas 
of  llie  Kidney."    rblladelpbla  Medical  Juunial.  II.,  23,  283, 1898. 
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nnjrers  iiihI  toos.  tlif  inside  of  tlif  liibiii  miijiira.  the  pre- 
|)U('<'iliiil  ):lans  lU'iiis.  Tliclmirof  llir  iniiik  issnmcwlmt 
sjiftir  lliaii  lliiil  iif  llic  |iiiliic  rif:i<iii  ami  scalp.  Hutli 
.sixes  un>  atTieleil  ill  iiiueli  the  same  way.  Tile  liair 
cn>«s  iiwny  fiDin  eeitiiin  w<-ll  (lelined  centres.  On  the 
Forehead  it  frrows  to  the  right  and  left  from  a  line  down 
the  niidille  of  till'  forehead:  on  the  hack  dowiiwai'd  and 
oiitwai'd  from  the  spinal  column;  and  the  common  Cen- 
tres of  ilislrilMition  are  preserved  upon  llie  limhs  and 
si'alp.  Willi  till-  excessive  ^nowlli  of  hair  there  is  a  de 
lieiency  in  llic  divelopnienl  of  the  teeth,  and  the  subjects 
of  this  deformily  are  usually  of  small  size. 

Keportshave  iiein  iiulilished  of  several  families  of  hairy 
people.  Perhaps  the  hcst  known  is  the  Kostroma  father 
and  son.  both  of  whom  have  been  e.vliibiteil  before  the 
pnlilie.  The  son  was  for  some  years  in  a  circus  com- 
bination in  this  country  under  llieiiame  of  "The  Uussian 
I)o;r  faced  lioy."  The  writer  sjiw  him  in  1XH(!  when  he 
wassi.xleen  years  old.  lie  seemed  to  be  a  well-developed 
boy.  Ihouirh  short  in  stature,  mnsiular,  active,  energetic, 
and  inlellitrent.  He  was  s;iid  to  be  in  irood  health  and 
good  tempered.  The  aecomiianying  picture  shows  the 
growth  of  the  hair  on  his  face.  Tlie  hair  was  fine, 
glossy,  blond,  and  about  four  inches  long.  The  trunk 
was  covered  with  hair  that  was  specially  well  marked 
down  the  spinal  loluinn.  where  it  stood  onl  like  the  mane 
of  a  horse.  The  body  hair  was  very  line  and  more  tlniry 
than  that  on  the  face.  He  had  a  cast  in  one  eye  and  was 
near  sighted.  He  had  only  live  teeth,  two  upper  canine, 
and  two  latend  and  one  middle  incisor,  and  these  were 
misshapen  and  discohtred. 

I'lirliiil  Ciiiifffiiiliil  Jfi/pcrtiiclioxis  is  of  more  frequent 
oecnrrenee  than  is  the  universal  form. 

^laiiy  of  the  .so  called  cases  are  instances  of  iitrrns. 
True  casi'S  are  most  often  associaled  willi  spina  bitida.  a 
growth  of  long  hair  being  found  on  the  lumbar  region. 
Ornstein  (K'(7/h.  GesetMidfl  f.  Aiil/imjml.,  18TG,  1877, 
and  iy><"i)  sjiys  that  sacnil  hypertrichosis  is  very  common 
among  the  Greeks,  and  reports  two  cases  of  tails  in 
Greek  soldiers.  One  was  one  quarter  of  an  inch  long 
and  cone-shaped ;  the  other  was  not  so  long  and  was 
stumpy. 

Jieiirihd  Wiiineii. — This  is  the  form  of  hypertrichosis 
that  is  of  most  interest.  Hair  appears  on  the  face  of  a 
womanat  twodislinct  periods  of  life,  namely,  at  ))nberly, 
and  at  iniildle  life  in  connection  with  the  menopause. 
The  most  dilticult  cases  to  manage,  because  the  amount 
of  the  hair  is  the  greatest,  is  the  form  that  beginsin  early 
life.  As  in  a  man  the  hair  continues  thickening  in 
amount  until  twentytive  or  thirty  years  of  age.  At 
first  the  growlli  is  tliilTv,  fine,  lanugo-like.  If  left  alone 
it  may  remain  so  for  many  years.  If  attempts  are  made 
to  destroy  it  by  pulling,  shaving,  or  using  depilating 
powilers,  it  grows  more  rapidly  coarse.  Even  if  left  to 
itself  it  will  grow  coarser  in  lime.  While  all  the  regions 
spoken  of  as  the  bearded  i)ortions  of  the  face  are  alTecteil 
in  pronounced  eases  in  women,  the  growth  is  usually 
most  marked  on  the  upper  lip  and  chin.  In  a  few  cases 
the  beard  is  as  coarse  and  full  as  that  of  theaverage  man, 
though  commonly  there  is  but  little  hair  on  the  lower 
lip.  Such  a  growth  on  the  face  of  a  young  woman  may 
Iiave  a  bad  elTect  on  her  mind.  She  is  apt  to  become  ab- 
normally sensitive  about  even  a  very  moderate  growth, 
attempts  in  many  ways  to  destroy  "it,  and  only  makes 
matters  worse ;  in  some  instances  she  may  become  insane. 

When  the  hair  does  not  begin  to  grow  coarse  until  the 
menopause  it  nirely  grows  to  any  great  extent.  Com- 
monly I  here  are  only  a  few  stiff  luiirs  scattered  about  the 
chin  and  on  the  upper  lip. 

Tiiiimiliin/  lljiiievlrirhims  is  met  with.  Such  are 
growths  of  hair  on  a  limb  which  has  been  for  some  time 
conlined  ina  fnictiirebox  ;  that  which  comes  after  injury 
to  certain  nerves;  that  which  follows  prolonged  irritation 
of  a  part  by  blisters.  In  such  cases  the  exciting  cause 
being  lemoved  the  hair  falls  from  the  jiart.  In  some 
women  the  hair  will  grow  on  the  face  during  preu'nancy 
or  amenorrhiea,  the  hair  disjippearing  after  delivery  or 
the  relief  of  the  amcnorrha?a. 


Etioi.oov, — Many  theories  have  been  formeu  to  ac- 
count   for    general    hypertrichosis.     I'nna's    theory   is 

(iroliably correct,  which  isllial  it  is  due  lollie  persistence 
of  llie  fielal  or  primitive  hair,  the  change  in  type  from 
the  fn'tal  to  the  permaneni  hair  for  some  rea.son  not  tak- 
ing place.  It  is  known  that  al  a  certain  time  in  its  in- 
tra uterine  life  the  fietus  is  covered  w  ith  tine  hair.  Before 
birth  I  his  hair  is  all  shed.  Some  children  do  not  complete 
the  change  in  type  until  a  .short  time  after  birth.  In  the 
general  hypertrichosis  cases  no  change  in  type  occurs. 
The  occurrence  of  subseijuent  ciLses  in  the  same  family  is 
doubtless  due  to  heredity. 

The  cause  of  hirsnties  on  women's  faces  is  heredity  in 
the  great  majority  of  cases.  Keversion  to  the  male  type, 
the  woman  bearing  a  markedly  strong  resemblance  to  her 
father,  may  account  for  some  cases,  and  perhaps  for  the 
first  case  in  a  family  that  afterward  shows  this  trait  in 
many  of  its  women.  That  I  here  is  some  relation  between 
proper  funetiniiing  of  Iheorgansof  reproduclion  and  llie 
hair  on  the  face,  as  shown  by  absence  of  the  one  and  the 
presence  of  the  other,  is  evident ;  still  in  the  great  major- 
ity of  patients  no  such  relationship  can  he  traced.  Such 
inlluence  is  most  constant  and  most  pronounced  al  the 
lime  of  the  menopause.  Few  of  my  l)atienls  have  shown 
masculine  traits,  and  many  of  them  iiave  been  mothers 
of  several  children. 

Local  partial  aci|Tiired  hyi^ertriehosis  is  due  to  an  in- 
creased blood  supi)ly  to  the  jiart  from  the  ap|)lication  of 
blisters  and  the  like.  Certain  forms  of  insanitj'  are  at- 
tended with  liyperlrichosis. 

Thic.vt.mhxt. — For  uiiiversjil  hyi)ertrichosis  there  is 
practically  nothing  to  be  done,  not  because  the  hair  could 
not  be  destroyed,  as  in  the  partial  eases,  but  because  the 
work  would  be  endless. 

For  iiartial  eases  due  to  local  causes  nothing  need  be 
done, because  the  liair  fallsof  itself  when  the  local  stimu- 
lant ceases  to  act.  It  is  in  hirsuties  in  women  that  our 
aid  is  chiefly  called  for,  and  the  treatment  etTective  in 
that  form  is  equally  etfective  in  all  forms  of  partial  ac- 
quired or  congenital  liyperlrichosis.  The  only  means  at 
our  command  that  is  at  all  reliable  is  electrolysis,  and 
that  is  absolutely  elTective.  Wo  owe  this  operation  pri- 
marily to  Dr.  Jiichel,  of  St.  Louis,  who  invented  it  for 
the  ilestruclion  of  ingrowing  eyelashes,  he  being  an  oph- 
thalmic surgeon.  Dj-.  W.  A.  Ilardaway,  of  the  sjime 
city,  first  used  it  for  the  cure  of  hirsulies  and  introduced 
it  to  the  notice  of  the  medical  profession. 

The  requisites  for  the  operation  are  a  constant-current 
galvanic  Imttery,  a  sponge  electrode,  a  needle-holder 
electrode,  needles,  a  pair  of  epilating  forceps  wilh  ea.sy 
spring,  good  eyes,  and  a  steady  haml.  A  reclining  chair 
that  can  be  raised  or  lowered  is  a  convenience.  I  always 
use  a  dentist's  chair.  If  the  operator's  eyes  a're  not  good 
it  will  be  necessiiry  for  him  to  wear  glasses.  A  needle- 
holder  electrode  with  a  lens  attached  is  on  the  market. 

The  patient  must  be  placed  in  front  of  a  window.  ]>ref- 
erably  one  with  northerly  exposure  so  as  to  avoid  the 
glare  of  the  sun.  She  is  given  the  sponge  electrode, 
moistened  with  a  solulion  of  baking  soda,  and  attached  to 
the  positive  pole  of  llie  battery.  Some  ])ril'er  that  the 
positive  pole  should  be  immersed  in  a  bow  1  of  water,  and 
that  the  patient  jdaee  her  fingers  in  this.  The  needle, 
which  is  either  a  sleel  jeweller's  broach,  Xo.  5.  7,  or  8, 
or  one  of  iilatinum.  is  placed  in  the  needle  electrode  at- 
tached to  the  negalive  pole  of  the  battery.  The  operator 
takes  hold  of  the  hair  with  the  forceps,  puts  it  sliglitly  on 
the  streleh.  and  jiasses  the  needle  into  the  hair  follicle 
alongside  of  the  hair,  and  to  a  depth  of  about  an  eighth 
of  an  inch.  If  the  needle  is  )iroperlv  passed  no  resislance 
will  be  felt.  If  not,  one  feels  the  tissues  give  way  under 
the  pressure  of  the  needle.  The  needle  being  in  place,  the 
l)atient  is  told  to  place  Iier  hand  on  the  sponge  or  into 
the  water,  as  the  ea.se  may  be.  and  thus  the  current  is 
caused  to  run.  The  patient  experieneesa  burning  sensa- 
tion somewhat  like  the  sting  of  a  bee.  a  little  frolhiiig 
takes  ])lace  abcnit  the  needle,  and  ina  few  seconds  the  hair 
will  leave  the  follicle  on  slight  traction.  The  hair  is  al- 
ways to  be  removed  by  the  operator.     As  soon  as  the 
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liiiir  Ih  out  till'  (iiitiriil  ri'iiiiivrs  lirr  luiml  friuii  llir  siinii^f 
mill  llii'  Kprnitor  tlini  uitliilniiVN  tin'  ih'i'iIIi'  It  in  iiii 
piirliiiil  iilwiivH  to  riilliiw  lliis  I'Miri  iinlir  i>f  liistTliii).' tin- 
llCi'lllr  llrfiirc  Imvtii;;  llir  li.illil  pllirrll  nil  Illr  S|iiill^(',  mill 
icniitviiiK  it  aflrr  tlir  Imiiil  is  lukni  oil  fruiii  tlir  spuii^fi' 
KM  us  to  iivoiil  till-  kH^'IiI  sliiirk  tliiil  iitliirw  JM'  wiiiilil  l<r 
fill. 

The  iiiiioiint  of  ciirrciil  to  Ik-  iimmI  vnrli-s  with  the  pii 
lifiil's  aliility  to  omliirf  |miii,  iiihI  with  tlii'  pliirr  upon 
which  it  is  iiiTi'ssitry  ti>  work.  A  tiiilliiiiiipr'rciiirtrr  is  ii 
ciiiiifiirt  ill  working,  mul  »  currciit  .slrriiKllmr  I  to  'i  mil- 
limiipr'n-s  is  iiilri|iiiili'  for  llir  work.  If  om-  has  not  tin- 
iiirtn-  tlici'iirn-iit  slrciiirth  iiiav  l>r  rou);lilv  sail  I  to  Im-  that 
from  six  tori>;lit  fnslily  <har;;ril  itIIs.  .SIosI  pain  is  fill 
on  the  iipprr  lip  ami  llir  iicartr  to  tlir  iiosi'  wi-  >.'o  tlir 
(rrialrr  is  thr  pain.  Kioni  lorty  livr  tosrvinty  hairs  can 
Ih'  I'i'Iiiom'iI  in  an  hour  Tlir  coarser  the  hair  tlir  fiwrr 
mil  III'  rriiiovcil  in  llic  tiiiir.  Tlirrc  is  no  sciirrlni;  in  tlir 
niaiority  of  cases,  cxccptiii;:  on  tlir  upper  lip,  w  lirrr  it  is 
ilitltciilt  to  avoiil  slight  pitlinir  of  llir  skin.  Soiiir  skins 
will  show  the  marks  of  llir  work  in  tlir  foriii  of  pitliiijr, 
just  as  soiiir  skins  w  ill  ilrvrlop  krlniilal  scars  aflrr  sliirlit 
wounds.  A  crrlain  minilirr  of  hairs  will  conir  hack,  hr 
ciiusi'  it  is  not  po.ssihlr  for  any  onr  rxaclly  lo  liil  the  hair 
papilla  cvrry  time.  The  irlurns  will  vary  fioiii  liftrm 
to  twriitylive  per  criit.  ami  more  if  the  opnalor  is  not 
skilltnl.  This  necessitates  ^.'oiiiir  over  the  face  a  srcoiiil 
or  tliiiil  lime.  Carr  must  hr  liaii  not  to  take  the  hairs 
out  in  too  close  proximity,  at  least  one  hair  lieiiiirleft  he- 
Iweoii  every  two  cxlnirteil.  If  this  preiiiution  is  hail  thr 
ilaURtT  of  si-nrrinij  will  he  jrreatly  teiliiced. 

Attempts  at  ilrslroyiiii;  hair  hy  oihrr  nirans  liavr  lirrn 
maile.  Next  to  rlrctrolysis  the  hist  nietlnMi  is  pioliahly 
by  the  use  of  what  is  callrd  the  Mifroln'i  iiiii  i\  a  linr 
lU'ctlle  heateil  to  a  w  hile  heal  hy  an  appanitiis  like  the 
Paqueliii  caiilrry.  I  havr  hail  no  experience  w  itli  it.  hut 
some  of  oiirtJrrinan  confrrrrs  speak  enthusiastically  of 
it,  siiyini:  that  more  hairs  can  he  permaiiently  destroyed 
hy  it  in  a  jjiven  time  than  hy  electrolysis.  Treatment 
hy  the  X  ray  is  the  most  recent  inethoil.  I'rimnnriit  rr- 
sults  havr  iirrii  rrporled.  I  should  hr  afniid.  howivrr. 
to  use  this  metliod  on  account  of  the  daiiirrr  of  luirniiiir. 

Depilatin.ir  powders  are  worse  than  useless.  They 
simply  hum  olT  the  tops  of  J  he  hair  and  have  no  elTect 
(m  the  roots.  The  eonsi'i|iieiicc  is  that  the  hairs  become 
rapidly  coarser  as  in  sliavinir.  Those  that  are  most  used 
are  one  composed  of  siilpliuret  of  barium.  J  iss. ;  oxide 
of  zinc,  3  vi.,  and  carmine,  cr.  i. :  and  one  of  sulphide 
of  smia.  3  ij..  and  iiiepared  chalk  3  vi.  These  powders 
are  mixed  w  ith  water  at  the  lime  of  usins  and  thus  made 
into  pastrs  that  air  sprrad  on  the  skin.  Thr  tirst  is  to 
be  washed  ofl  iu  Ihrcu  uiiuutes  and  the  last  in  ton  or  lif- 
teen  minutes.  George  T.  Jaekmn. 

HYPERTROPHY. — In  its  broadest  sense  hypertrn]ihy 
is  ail  iiii  ira^i  ill  substance  of  an  or_!ran  or  tissue,  due 
either  to  an  increase  in  the  iiumlMT  or  sizr  of  its  individ- 
ual elements,  or  to  a  combination  of  lioih  Ihese  chani^es. 
without  oilier  alterations  of  sinictiire.  An  increase  in 
size  alone  of  the  iinliviiliial  cells  is  known  as  ipitnititntii-e 
or  (nie/ii/ittrtri'/i/i// ;  increase  in  llie  number  of  cellsalone 
as  niiimiind  /n/iinlmii/iff  or  /ii/j)erplfisia.  The  jrioss 
chances  in  liyprrtroiihy  are;  inciea.se  of  size  and  weii^ht. 
in  the  case  of  hollow  or<;ans  a  tliickeniiiir  of  the  walls: 
increase  in  consistence;  and  in  the  case  of  muscle  a 
darker  color  due  to  an  increased  formation  of  muscle 
pijrment.  Hollow  orirans  when  viewed  externally  may 
not  jrive  evidences  of  hypertrophy,  since  the  increase  of 
size  may  take  place  at  llu-  expense  of  the  cavity,  a.s  ia. 
the  case  of  concentric  hypertrophy  of  thr  heart.  The 
weijiht  of  an  orpin  is  the  most  rrliablr  standanl  for  the 
iiidgment  of  hypertrophy,  hut  it  must  be  borne  in  mind 
that  both  increase  in  .size  and  weiirht  of  tis-sue.s  may  be 
due  to  other  iialholoffical  conditions  than  true  hypertro- 
phy or  liyperjilasia.  It  therefore  liecomes  necessary  to 
make  siiiv  that  ;ui  apparently  hypertrophic  orpan  is  of 
normal  siructure.  ami  this  is  possible  only  on  microscop- 
ical cxamiuatiou. 


.Microsi  opieally.  iriie  hypertroohy  in  Nhown  by  in 
creasi-  in  si/r  uf  the  individual  cells  with  ImrenM-  ill  Kize 
and  slainin;.'  power  of  their  nuclei.  Since  there  are  in 
dividual  ililTi'reiiceM  in  the  kIzc  of  celU  a  Htnndaril  of  coin 
parison  can  Ih-  oblaineil  only  by  the  iiiokI  exact  measitte' 
liielil  of  the  cells  of  the  lis.siir  ill  i|iiestion.  Ily  prrtrophv 
of  llir  iniclriis  may  exist  uithoiil  eiilar^rinent  of  the  cell 
body.  The  praeiical  distinction  brtwcrn  Iriir  hypertni 
phy  and  hyperplasia  is  oflen  dillliiilt ;  they  usiiiillv  exinl 
tonelher.  Niiinerical  atrophy  may  he  combineil  with 
true  hyprrtiopliy.  thr  lelis  may  he  increasid  in  size, 
wliilr  dimiiiisliril  in  nuiiilM'r;  on  the  other  luiiid  IivihT' 
plasia  is  often  arcoinpiniird  by  a  loss  of  bulk  on  the  part 
of  the  indiviiliial  elrments.  Only  very  rarely  do  all  the 
cells  of  a  tissue  or  or^'aii  show  a  uniforni  hypertrophy, 
atrophic  cells  usually  exist  side  by  side  with  those  of 
increased  size. 

The  causes  leadini;  lo  hypertrophy  may  be  either  in- 
trinsic or  extrinsic.  In  the  former  lase  morbid  iinpulws 
to  growth  or  mnllipliralion  either  exist  in  the  ;;eriiiiiial 
cells  or  ari.se  throiifrh  freriii  variation.  Such  iiiipiils<'S 
may  develop  diiriiiir  either  intra- or  extrauterine  life. 
They  may  be  useiihed  to  an  increased  tendency  to  growth 
and  I  I'll  iiiiillipliratioii  or  to  an  absnicr  of  the  normal  in 
hibilory  inlliU'iie<',s.  but  beyond  such  throrrliral  i-xpla 
iialion  wr  cannot  as  yet  venture.  Inlriiisic  hypertrophy 
is  usually  spoken  of  as  coiifjenilal  or  iiihrrilnl  hypniro 
phy.  The  liypertro|diies  not  dependent  upon  congenital 
tendencies  are  usually  the  result  of  an  increased  func- 
tional driiianil.  inrrrasi'd  nutritional  activity,  or  of  a  dis- 
turbance of  the  normal  ei|uilibriuiii  between  ^row  tli  and 
ileca.v.  I'liderlying  hyperplasiie  are  the  factors  leading 
to  cell  division. 

JiiliiiiKif  Iljijiertrnphji. — The  more  common  forms  of 
overirrowlh  due  to  conireiiilal  teiidrncirs  are;  ijeneral 
and  |)artial  <;iantisni.  ichthyosis,  elephantiasis.  lipomatO' 
sis.  hypertrichosis,  hyperonycliia.  onychoftry pilosis,  leon- 
tiasis.  exostoses,  etc.  Ilypcrlrophy  due  to  congenital 
excessive  impulses  of  jrrowlh  niiely  alTects  llie  internal 
organs:  but  certain  liyperlrophies  of  brain,  thymus, 
lymidi  glands,  sjileen.  etc..  are  at  prrsriit  explained  as 
beini:  of  coiiirenital  origin.  It  is  impossible  to  say  to 
what  extent  the  various  forms  of  hyperlrophy  mentioned 
above  as  lieing  of  congenital  origin  are  in  reality  the 
result  of  intrinsic  forces,  since  similar  luoliferations.  ich- 
thyosis, elephantiasis,  etc..  may  he  caused  by  external 
intluences.  However,  in  those  cases  in  which  the  hyper- 
trophic growth  is  of  liereilitary  nature  and  apjiears  early 
without  adequate  extrinsic  cause,  the  grounds  for  cou- 
sidering  the  existence  of  a  congenital  ))redisposition  are 
very  good.  Even  in  those  cases  in  which  theovrrgrowth 
was  excited  by  rxtrrnal  injurious  intlurnces  the  existence 
of  a  congenital  predisposition  is  not  precluded,  since  we 
know  by  experience  tliat  such  causes  give  rise  to  patho- 
logical cliangrsof  thisnaturr  onl.v  when  there  is  a  special 
predispo.silion  inherent  in  the  tissues. 

Arquiriil  lliipiitiiijili;/. — The  most  common  varieties  of 
hypertrophy  due  lo  extrinsic  inlliinirrs  without  the  co- 
openition  of  congriiilal  |irrdisi)osilions  arc:  hy])ertropliy 
due  to  increased  fiiiulional  artivity.  hy]Krlropliy  caused 
by  lessened  wear,  hyiirrlrophy  resulting  from  failure  of 
involution,  hypertrophy  caused  by  removal  of  pre.s.sure, 
and  finally  hypertrophy  caused  hy  chronic  irritation, 
either  chemical,  mechanical,  or  infeelioiis. 

Hypertrophy  from  overwork  occurs  most  frequently  in 
muscles  anil  glands,  rarely  in  other  tis.sues.  Tlie  jiliysi- 
cal  and  chemical  changes  in  the  muscle  cell  or  gland  cell 
resulting  from  increased  funeiinn  in  some  way  stimulates 
cell  growth.  The  degree  of  the  hypertrophy  depends 
upon  the  age  of  the  individual  and  the  general  state  of 
the  nutrilion.  Increa.si-d  work  on  the  part  of  the  heart 
due  to  valvular,  arterial,  pulmonary,  or  renal  conditions 
causes  a  more  or  less  marked  hypertrophy  of  that  part  of 
the  heart  upon  which  the  greater  share  of  the  work  falls. 
Such  hypertrophy  bring  in  conipeiis;ilion  for  the  disturb- 
ances of  circulation  produced  by  the  primary  pathologi- 
cal condition  is  known  as  romjH'iiiDiton/  /it/jMilropfiy. 
Either  side  of  the  heart  alone  may  be  affected  or  the 
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entire  organ  may  become  enlarged.  Further,  liyper- 
Iropliy  of  inilivicliial  iiiiisclc  Imtids  or  layers  may  oeeur 
acoonlinir  to  llic  fmiclioiial  (Icmaiiils  of  I  lie  case.  Com- 
pcnsalion  is  more  ni'arly  comiilclc  in  llji' nisc  of  youii^; 
and  wcll-nourislied  iiulividnals.  Iiii  riiisi-  in  liiilk  of  the 
voliiiilary  inuscli's  fnllnws  imTcascil  niiisiulur  exercise. 
Tlie  libri's  ineie.Lse  lintii  in  leniilh  and  in  tliiekne.ss,  and 
there  is  most  iiri)lial>ly  an  increase  also  in  llie  number  of 
the  lihrt'S.  llyperlropliy  of  indiviilual  muscle  jrroups 
occurs  in  cerlain  Imdes  or  occupaliims  (lalmrcrs  liypcr- 
tropliv).  llyperlropliy  <if  the  involuntary  muscle  occurs 
pliysiiilo^Mcally  in  tlic>  presrnaiit  uterus,  the  musch  cells 
attiiiniiii;  a  size  of  seven  to  twenty  times  the  normal 
lenjrth  and  live  times  tlie  normal  lireadlli.  In  Ihe  case 
»>f  uterine  lumors  and  laemalonalra  hyperliuphy  of  the 
uterine  wall  may  alsooecur  but  to  a  lcs.s  degree.  Hyper- 
trophy of  the  muscular  coat  of  blood-ves.sels  occurs  in 
eondiiions  of  increa.sed  blood  pressure,  particularly  in 
the  case  of  the  dilatation  of  vessels  in  tlie  cslablishmeiil 
of  a  ccdlaleral  circulation.  In  the  case  of  enlai'ired  jiros- 
tatc,  iMVlhral  siriclure.  cid<uli.  elc,  Ihe  bladder  walls 
naiy  become  greatly  thickened;  a  similar  hypertrophy 
of  the  muscularis  of  stomach  and  intestines  may  occur 
above  a  stri<luic. 

t  )f  the  glandular  organs  the  kidncysand  liver  are  most 
capable  of  midergoing  hypertrophy.  In  incrca.sed  func- 
tional activity  of  ihe  kidney,  as  in  the  case  of  diabetes 
anil  cxce.s,sive  ilrinkers.  liolh  kidneys  may  become  en- 
larged. Compensatory  hypertrophy  of  one  organ  may 
take  place  afti-r  the  deslruclion  or  removal  of  llic  other. 
so  that  the  remaining  kidney  may  in  size  and  weight 
equal  or  exceed  that  of  two  normal  kidneys.  The 
younger  the  individual,  the  more  complete  the  compen- 
.sntion.  On  microscopical  examinalion  the  enlargement 
is  found  to  be  due  chiefly  to  a  hypertrophy  of  existing 
stnulures.  but  in  young  individuals  a  hyperplasia  of 
tubules  and  glomcndi  also  occurs. 

lIyperlro|)hy  of  the  liver  as  a  whole  is  extremely 
rare. 

Destruction  of  a  portion  of  the  liver  substance  is  fol- 
lowed by  a  hypertrophy  of  the  remaining  normal  liver 
ti.ssue.  The  lobules  become  larger  and  also  increase  in 
number.  In  animal  experiments  it  has  been  shown  that 
complete  restoration  of  as  much  as  half  of  the  organ  is 
possible.  In  simple  or  intlammatorv  atrophiis  of  the 
liver  hy]iertrophy  of  single  e<'lls  is  very  conunon. 

Deslruclion  of  one  adrenal  may  be  followed  l)v  com- 
pensatory hypertrophy  of  the  other.  In  the  case  of  the 
sidivary  glands,  mamma-,  ovaries,  and  testicles,  compen- 
satory hypertrophy  does  not  take  i)lace  at  all  or  only  to 
a  slight  degree,  e\i-ept  during  the  dcvelo|)niental  period. 
Hypertrophy  of  the  mamma  has  been  found  in  connec- 
tion wiih  galactorrhoea,  and  in  one-sided  lactation  after 
loss  of  one  breast. 

Removal  or  destruction  of  a  portion  of  th<'  thyroid  is 
rarely  followed  by  hypertrophy  of  the  remaining  thyroid 
tissue,  but  the  hypophysis  suffers  an  enlargement  which 
must  he  regarded  as  compensidory  in  nature.  The  writer 
has  seen  in  a  casi'  of  acromegaly  an  enormous  hypertro- 
phy of  the  parathyroids  which  might  jiossibly  be  ex- 
plained as  being  of  the  nature  of  a  compensation  lor  the 
hypophysis. 

Airenesia  or  apla.sia  of  one  lung  may  be  compensated 
by  hypertrophy  of  the  normal  organ,  and  a  similar  com- 
pensjilion  may  occur  in  early  life  in  conditions  leading  to 
disuse  of  one  lung.  In  later  years,  however,  the  loss  of 
one  lung  i.s  followed  only  by  an  emphysematous  disten- 
tion of  the  other,  which  usually  leads  I o  atrophy  of  the 
alveolarwalls  and  not  lohyperlrojihy.  Kniphvscmatous 
distention  of  the  air  s|iaces  with  hyperplastic  thickening 
of  their  walls  has  been  observed  iii  Ihe  lungs  of  athletes, 
singers,  and  i)layers  of  wind  inslruinenls. 

Compensatory  hyperi)lasia  of  the  different  blood  form- 
ing organs,  spleen,  lymph  glands,  and  bone  marrow  in 
conditions  affecting  one  or  the  other  is  not  uncommon. 
In  various  forms  of  ana-mia,  leuka-mia,  etc.,  where  the 
function  of  either  the  .spleen  or  hone  marrow  is  inade- 
quate, the  hiemolymph  glands  become  enlarged  and  suf- 


fer structural  changes  by  which  they  come  to  resemble 
either  splenic  tissue  or  lymphoid  marrow. 

Compensatory  hyperplasia  of  ihe  lilnda  has  been  ob- 
served in  cases  in  which  throuL'h  disease  the  tibia  had 
been  ren<lered  useless  in  the  support  of  Ihe  body. 

IIyperlro]ihy  from  les.sene<l  wear  occurs  particularly  in 
the  case  of  the  nails  and  teeth.  If  Ihe  wear  of  Ihe  nails 
l>e  nuivcnted.  or  if  they  are  left  uncut,  they  may  become 
very  much  enlarged.  Te<'th  growing  irregularly,  .so  that 
the  culling  or  grinding  surfaces  are  nfit  brought  into  ap- 
position develop  into  Ihe  so  called  tusks.  In  animalslhe 
claws  and  beaks  of  birds,  and  thi'  teeth  of  rodents  may 
through  disuse  form  extensive  overirrowlhs. 

Kemoval  of  pressure  as  in  Ihe  case  of  alro])hy  of  the 
brain  may  lead  to  a  thickening  of  Ihe  imier  table  of  the 
skull.  Similarly  in  other  regions  of  the  body  renuival  of 
the  normal  jjressure  is  often  followed  by  hyperjilasia  of 
the  a<lipose  tissue. 

Failure  of  the  normal  involution  of  ihe  uterus  after 
pregnancy  gives  rise  1o  an  abnormally  large  uterus  dur- 
ing the  nonpregnani  stale.  The  thymus  gland  instead 
of  disappearinir  at  the  usual  period  may  per.si.st  or  even 
show  enlargement. 

As  the  nsult  of  slight  prolonged  or  frequently  re- 
peated mechanical  irritation  local  hyperplasias  of  tissue 
may  arise  (local  ichthyosis,  callus,  corns,  etc.);  hyper- 
plastic overgrowths  are  also  caused  by  chemical  action 
(hypertrophy  (d  bone  caused  by  jjhosphorus and  arsenic); 
and  linally  infective  inllaMimations  frei|Uently  give  rise 
lo  ovei  irrowlhs  or  new  I'ornialions  of  tissue  (condyloma, 
tuberculous  and  sy|>liilitic  processes,  actinomycosis,  etc.). 
Chronic  inflammations  of  the  .skin  are  often  characterized 
by  hyperjilasia  of  librous  connective  tissue  resembling 
elephantiasis;  in  syphilis  extensive  overgrowths  of  bone 
not  infre(|Uently  occur.  In  intlammatory  affections  of 
the  lung  and  pleiira.  as  well  as  in  congenital  hi'art  lesions, 
enlargement  of  the  terminal  phalangi-sand  arlieularends 
of  the  loui;  bones  may  oeeur  (osteoarlhropalhii'  hyper- 
Iropliiante).  The  so-called  chdibed  or  druni-sliek  lingers 
aci|uire  an  important  diagnostic  signilicance  in  these  con- 
ditions. Hyperplasia  of  the  spleen  and  of  the  lymph- 
adenoid  tissue  throughout  the  body  isof  iu)t  iufrc(|Uenl  oc- 
currence. The  nature  of  such  overgrowth  is  as  yet 
obscure,  but  it  is  most  likely  of  infectious  or  toxic  origin. 
In  a  numbcrof  casesihe  hyperjilasi.aof  the  lymph  glands 
has  been  shown  to  be  an  atypical  tuberculous  jiroccss. 

The  extensive  hypertrophy  of  Ihe  bones  and  internal 
organs  observed  in  the  condition  known  as  acromegaly 
forms  oneof  the  most  interesting  varietiesof  the  acquired 
hypertrophies.  The  nature  of  this  disease  is  as  yet  im- 
known ;  in  the  majority  of  the  cases  an  adenomatous  hy- 
Iierplasiaof  the  hypoidiysis  has  been  present  and  this  has 
been  regarded  as  the  cause  of  the  disease.  Other  writers 
have  explained  it  as  due  to  a  congenital  tiredispositiou, 
todisturbancesof  the  pineal  body,  si'xjial  organs,  thymus, 
or  thyroid,  or  to  abnormal  ni'rvous  intluences. 

Oenenil  OiimrlenitioiU!. — Both  true  hypertrophy  and 
hyperplasia  are  to  be  regarded  as  being  of  unstable  na- 
ture, inasmuch  as  they  depend  upon  the  duration  of  the 
cause  and  the  increased  supidy  of  nutrition.  Increase  of 
size  demands  also  increase  of  space,  and  in  the  case  of 
some  of  Ihe  organs  and  tissues  a  space  linut  may  be  ul- 
timately reached.  IIy]iertrophic  tissue  I'eiiuires  hyper- 
trophic vessels  to  furnish  the  increased  amouni  of  lilood 
needed.  Changes  in  the  vessels  or  in  the  circulation  by 
which  the  supply  of  nutrition  is  diminished  lead  quickly 
to  atroi>hyand  fatly  degeneration  of  hyperlrophic  tissvie. 
Similarly  diminished  functional  activity,  jiarlieularly  in 
Ihe  case  of  the  heart  and  voluntary  muscles,  is  followed  by 
rajiid  falty  degi'ueralion  of  the  muscle  fil)res.  Further, 
Ihe  inlx'renl  vitality  of  cells.  ]iarlicularly  their  hisloge- 
netic  vitality,  is  limiti'd:  tissues  which  have  used  up 
tiieir  reserve  in  compensating  for  some  deficiency  are  the 
sooner  exhausted.  A  heart  in  a  slate  of  eom])ensjitory 
hypertrophy  may  not  be  able  to  meet  ordinary  emergen- 
cies which  under  normal  conditions  have  no  effect  upon 
the  non  hyi>erlrophied  heart:  that  is,  a  heart  though 
hyperlrophic  may  be  insullicient.     Sooner  or  later,  there- 
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Ton'.  It  fitiliin' iif  i-i>iii|i('iiHu(ii>ii  hhikI  iMiiir.  siirli  fuiliiri' 
<lc|M-ii<liiiK  il|Miii  iiiiiiiy  fiifltii-K:  iiilicn-nt  i-cll  vitiilily. 
niiiiliiiiiiiH  iif  iiiilriliiiii  unci  iciiinviil  nf  »ii<ilr  pri><lii('ts, 
riiiii'tii<iiiil  ai'livily,  clc.  Ill  >;i'iii'nil  il  iiiiiv  Ih-  sjiiil  lliiil, 
wlillc  riilly  ili'vi'lii|ii'il  hi'iirl  anil  vnhiiitiin'  miiihcIcn  iiri' 
di'siniliii'.  ('<>iii|iciisiiliii  V  i'iiliiri,'<'iii<'iil  <lin'  lo  rxcc'ssivi'  ex- 
ciris)',  iiiirriist'il  iiiTviiiis  sliiiiiili.  itr  ,  ns  in  liic  ciisc  i>f 
till'  "utiilrlir  liriirl."  "siiiiikir's  liciirl.  "  clc  .  Iiiusl  lie  ri' 
KiTilcd  us  ilisliiK'tly  |>atlici|iiKical.  jiiasinucli  as  hiicIi  Ii\ - 
IMTlnipliv  is  at  the  expense  of  llie  heart's  reserve  piiwiT. 

Alilml  SrotI   Wiiit/iiii. 

HYPNOL.  -This  is  the  pKuliKl  of  (he  eoinhiiiatinii  of 
aiilipyiiM  unci  chlnnil  in  ilclinile  |ircipiirtlciiis.  It  »as  in 
triiiliiced  liy  Itiiiihi  in  MHO.  uhi>  frivcs  its  pn  piiriiliiin 
as  fiilliius:  Mix  II  soliiliiin  of  IT  ^in  of  clilonil  hyiliatc 
ill  51)  ('.('.  of  ilislillcil  water,  wiih  a  .solnlinn  of  .'i:!  ^'in.  of 
antipyrin  in  riOc.e.  of  dislilleil  wiilir.  ami  after  an  hour 
reiiiiive  the  oily  llniil  from  the  lunieous  layer.  At  the 
eiiil  of  twenty  four  hours  this  soliililies  in'oa  mass  of 
rhomliie  prisms.  Thi'  salt  is  colorless  and  soluliie  in  live 
pans  of  water.  It  is  said  to  liavi'  ;he  i-oinliincil  elTccI  of 
its  conslitiienl  druLTs  and  has  liiin  rcconimcnded  as  an 
hypnolic  in  sleeplessness,  espeiiiilly  when  accompanied 
by  pain.  The  dose  is  from  ten  to  liftecn  or  iwciily 
^mins.  It  has  a  less  ilisairrcealilc  taste,  and  is  less  dis- 
tiirhiiii;  lo  the  stomach  than  either  ihloral  or  antipyrin 
and  forms  an  e.xccllcnt  mi'aiis  of  adminislerini;  these  two 
tlriiirs.  which  are  incompatible  in  all  other  |iroportions. 

Hiiiiiiiiont  Small. 

HYPNONE.— A.ciopliciionc.  C.ll.CO.CII.,.  This 
chemical  <  i>inpouiid  has  Imii;  been  known  to  chemists 
and  cliis,scil  as  a  lielonc.  Il  bears  somewhat  the  same  re- 
lation to  chlonil  that  ether  does  lo  alcohol.  It  is  a  color- 
less liipiid  at  711  F..  very  volatile,  ami  posses.ses  a  sharp 
eauslie  taste  and  a  pi'ni'tmtiiij;  odor,  nseiiiblini;  bitter 
almonds  At  ^u'l  V.  it  solidities.  It  is  sobible  in  alco- 
hol, ellicr.  and  ti.xed  oil.s.  but  is  not  soluble  iu  water  or 
in  irlyccrin. 

A<eioplicnone  was  inlrnduced  as  an  hypnotic,  in  lSS.i. 
by  lUijai'din  liiaiimi't/  and  Bardil  under  ihe  name  of 
hypnonc.  It  was  ihoui:hl  to  be  of  parlicular  value  in 
the  insoiiuiia  of  insanity,  alcoholism,  and  nervous  disor- 
ders. It.  however,  has  fallen  into  disuse  oil  account  of 
the  uncertainty  of  its  action.  The  dose  was  ■riven  as 
from  three  to  ten  minims,  but  much  larger  cpiantilies 
have  been  jjiveii  without  producinsjany  efTecl.  Asniucli 
as  twenty  minims  have  been  izivcii  liypodcrmically  in 
ra.ses  of  insanity.  No  bad  cITecIs  have  been  recorded 
from  its  use.  Kxperiments  upon  lower  aniinals  show- 
that  its  prolonired  use  lc.s,sens  Ihe  h;emo.!rlobin  of  the 
blixHl  ami  produces  emaiiation.  Dealli  is  caused  by  re- 
spiratory failure,  followinc  muscular  paralysis  and  coma. 

liea  union  t  Small. 

HYPNOSIS. — Hypnosis  is  a  subjective,  induced  condi- 
tion of  Ihe  mind  in  which  the  normal  intluence  of  Ihe 
jud^'iueiit  and  volition  are  more  or  less  reslricl<(l.  while 
the  susccplibilily  to  suirixestion  is  enornioiisly  increased. 
To  the  ordinary  observer  it  seems  to  be  a  trance-liUe 
sleep,  in  which  the  iniiul  of  the  subject  becomes  subordi- 
nate to  thai  of  the  operator. 

Jlilininiisiii  is  that  liranchof  mental  .science  which  deals 
with  the  idienomeiia  of  hypnosis  and  Ihe  methods  for  its 
induction.  ■ 

Siir/f/mti'tn  is  any  method  of  evokini;  in  the  mind  of  the 
subject  an  idea  or  association  of  ideas  for  the;  control  of 
his  mental  activities  II  becomes  liypnotic  stigrjention 
when  the  subject  operated  upon  is  in  a  state  of  hypnosis. 
Siijrcc'Stion  is  called  jatnl  hypnotic  when  the  idea  impartcnl 
durini;  hypnosis  is  lo  be  executed  at  a  more  or  less  remote 
period  subsi'cpienl  lo  awakeninjifrom  Ihe  hypnotic  slate. 
it  is  the  post-hypnolic  sucsestion  primarily  that  is  of 
therapeutic  value  in  hypnotism. 

/i'.////x/)7  is  the  relation  that  exists  between  the  subject 
and  the  operator  by  wlicuii  the  hypnotic  phenomena  are 
called  forth. 


To  review  the  history  of  by pilciti>mi  wciuld  lie  beyuiiil 
llie  iic<i|K-  nf  lliiit  brief  iirliele,  bill  il  is  ini|MirtHiil  l<>  •■•ui' 
siller  its  siilieni  points  IMucli  of  Ihe  iiiyKliciNiii  and  oc- 
cult si'ieiice  of  the  middle  a^c-s,  indei'd  of  anliipiily  itself, 
can  be  explained  lliidU),'li  its  einployinenl. 

.\llentioii  was  llrsi  dmwii  lo  it  in  a  dcMiiite  way  by 
Misiner.  a  Vieiinisi'  clocior,  in  the  latter  part  ol  theeitli- 
leiiiih  cc'iiliiry  lie  iiiaiiitaineil  the  exisleiii-e  of  a  force 
which  he  called  "animal  inaffiieliMn  "  by  iiiians  of  which 
persons  could  iiilliieiice  one  allot  her,  and  il  is  this  "ani- 
mal inlluence  "  which  consiiliiles  the  cKseiiiial  nature  of 
niesmerism. 

.Much  interest  was  inaiiifested  both  by  laymen  and 
by  physicians  in  Mesiner's  claims,  but  in  I  he  early  part  of 
Ihe  nineleenlh  cenliiry  Ablii'  Karia  showed  thai  the  plie- 
noinena  were  w  holly  subjective  and  not  at  all  dependent 
upon  liny  iinknown  force 

III  lx|l  liraid,  a  physician  in  Manchester,  England, 
(lavc  the  whole  siibjc-cl  a  new  impeliis  by  his  more  scien- 
litic  experiments.  His  nielhoilof  inducing  hypnosis  was 
by  the  process  of  tixalioii  of  alteiilion.  which  resulted  in 
a  sleep-like  coiidilion.  lo  which  he  gave  the  iiaiiie  "hyp- 
nolisni  "  ruder  the  inlliienci-  of  his  teacliinir  much  prci;;- 
ress  was  made  in  the  elucidation  of  the  siibjeci,  and  it 
trained  a  more  stable  position  in  the  domain  ol  science. 

Later,  l.ic'beaiill,  of  Nancy,  aflir  a  IIioiiiul'Ii  examina- 
tion of  Ihe  |)lienoinena  of  hypi.otisin  and  animal  iiiaf;net- 
ism,  reacliecl  the  ccmclusion  that  llii-y  were  wholly  de- 
pendent upon  the  inlluence  of  sugcesfion.  Professor 
nernheim.  a  pupil  of  l.iebeaiilt.  fiiriher  developed  this 
view.  ri'L'ardin!;  hypnolic  plienoniena  as  physiological 
miller  than  palliolojrical  and  wholly  due  lo  suggestions 
made  by  Ihe  operator. 

Ill  ISTs  Charcot,  the  eminent  French  neurologist,  be- 
gan his  studic's  ill  hypnosis  as  manifested  in  the  large 
groiii)  of  hyslero-epilepties  at  the  ."saljic-'lriete  Hospital. 
His  observations,  liowc-ver.  were  eonfiiied  to  that  class  of 
subjects,  and  resulled  in  the  doctrine  that  il  was  a  "mor- 
bid neurosis  clcpeiidenl  almost  alwavson  soil  predisposed 
by  hysteria."  Suggestion  he  ic'ganled  asa  "symptom  of 
hypnosis,  not  ils  cause.''  (.Vit.  "Hypnotism."  Charcot, 
ill  Tukes  "Diet.  I'sychologiial  Meciiciiic-.''  IMf,',  vol.  i.. 
p.  Ilnli.)  Since  that  time  the  study  has  been  taken  up 
liy  psychologists  as  well  as  by  physicians,  the  trend  of 
opinion  being  rather  in  Ihe  direction  of  ilie  Nancy  school, 
which  regards  hypnosis  as  physiological  rather  than 
jialliological.  Suggestion  is  employed  as  the  most  im- 
portant means  for  evoking  it. 

The  nature  of  hypnosis,  however,  is  far  from  lieing  well 
established  :  neither  Me.smer'sa.ssumption  of  a  myslerious 
"animiil  force,"  nornraid's  doclrinc  of  "lixed  utti'iition," 
nor  the  llicorv  of  "suggestion  "  of  the  Nancy  school,  nor 
yet  Charcot's  as.soeial ion  of  it  with  hysteria,  is  sulbcieut 
to  exjilaiu  its  manifestations.  The  hypothesis  of  the  dis- 
sociation of  consciousness  is  abetter  atteniiil  lo  furnish 
an  explanation  of  its  varied  phenomena  (see  article  Con- 
^ciffHKHc.*^'*,  J)iittirth'V.*<  of). 

According  to  many  psychologists  much  of  the  activity 
of  the-  human  mind  takes  place  below  the  plane  of  coii- 
sciousiii'.ss,  the  so-called  subconscious  or  subliminal 
mentality.  In  this  domain  lie  many  of  ihe  vinconscious 
lihenomena  of  feeling  on  Ihe  one  hand,  and  of  impulse 
on  tlie>  other  (sec  article  on  Antonxilir  Artions).  It  is  in 
the  emergeiice-  of  this  siibconseioiis  mental  field  which  is 
peculiarly  susceptible  to  suggestion,  sim|ile  or  liyjinotic, 
that  Frederick  .Myers  woulil  explain  hypnosis 

As  il  were-,  for  ilic'  time  being  Ihe  subconscious  mental- 
ity dominates  the  conscious  luiiid  and  controls  the  intelli- 
gence, cpiite  the  revei.se  of  the  normal  order.  In  this  re- 
spect hypnosis  is  related  to  hysteria,  the  dream  states  of 
sleep,  halluciiiiitioiis  of  the  insane,  etc.,  but  it  is  not 
necessarily  a  morbid  phenomenon,  nor  deiK-ndent  upon  a 
morbid  condition  of  the  mind. 

Suggestion  serves  then  to  call  forth  the  phenomena. 
It  is  nitlicr  the  signal  for  tlicMr  manifestation  than  cither 
the  cause  (Nancy  school)  or  the  symptom  (Charcot). 

The  methods  "employed  for  the  induction  of  hypnosis 
depend  necessarily  upon  the  views  of  the  operator; 
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1.  Miigiiftie  .V<M<W. —Those  who  hpliovo  in  animal 
iniijLCnolisni  Hssiinictliat  ii  spi'ciiil  nmjrnt'li''  iiillui'ucc  cnm 
luiti'S  from  \\w  i>|>c>niliir  npon  the  siihjccl.  ThcrcfDrc 
stanilinir  in  fnml,  llic  hypnnlisl  pj/.cs  liM<lly  upon  ihc 
eves  of  Ihrsiilijcci  uiiil  iniikrs  loIifT  sw'ccpinj:  passes  from 
tile  h<iul  ilowiiwiinl.  I)(lii'vin<;  llial  in  some  way  tlic  pe- 
culiar tiniil  streams  from  his  tiu);crs  and  thus  best  inllu- 
eucc.s  his  suhject. 

2.  hUiil  .itli  iitioii.  —  Hniiil's  method  consists  in  fixing 
lliecyes  upon  a  l)right  ol>j<eI  placi'd  a  little  aliove  the 
eyes  in  the  median  line;  the  intent  beintr  to  produce  vis- 
ual faliirui-  innckly  throujrli  the  uniliu'  strain  of  louvcr- 
gent  strabismus. 

In  a  successful  I'xperimciit  after  a  time  the  subject 
becomes  relaxed,  his  eyelids  tremulously  close,  and  he  ap- 
pears to  be  in  a  semi-somnolent  condition.  This  is  the 
usual  method  of  ]ir<wedure.  but  is  somewhat  open  to  ob- 
jection. The  unusual  nervous  tension  required  at  times 
has  resulted  in  an  acute  hysteiical  attack. 

3.  Mil/iitl  "f  Std/irliiire  Si-hinit. — Charcot  in  hiscxperi- 
meiils  upon  hysteiics  established  three  more  or  less  dis- 
tinct states  of  hyi>nosis: 

(1)  The  cataleptic  state,  produced — 

(n)  primarily  by  the  intluence  of  a  sudden  intense 
noise,  by  a  bright  liirht  flashed  before  the  eye.  or  further 
by  fixation,  more  or  less  prolonfred,  of  the  eyes  upon  any 
object : 

(A)  Secondarily,  to  the  letharjric  slate  when  the  eyes 
hilherto  closed  are  suddenly  opened  to  a  briijht  light  by 
raisinjr  tlu'  eyelids. 

(•J)   Letliarfric  stale,  produced — 

(rt)  Primarily  by  the  inHuenee  of  fixation  of  the  eyes 
upon  an  object  placed  at  a  certain  distance  away: 

(/<)  Seconilarily  to  the  cataleptic  state,  by  sim])le  clos- 
ure of  the  eyelids. 

(3)  State  of  induced  somnambulism,  produced — 

ill)  Primarily  in  some  subjects  by  fixation  of  attention, 
or 

(A)  Secondarily,  easily  with  subjects  already  in  a 
lethariric  or  catale])tic  state,  by  making  simple  iiressure 
or  light  friction  upon  the  vertex. 

In  these  various  stales  of  hypnosis  cerlain  cliaractcris- 
tic  |)henomena  are  present.  In  the  ciitukjilic  condilion 
th<>  subject  is  inimo))ile,  he  apjiears  to  be  fascinated. 
The  eyesare  open,  staring,  and  soon  become  suffused  with 
tears.  There  is  no  winking  of  the  eyelids.  Very  fre- 
(|Uently  there  is  ana'stliesia  of  the  conjunctiva  and  even 
of  the  cornea.  The  limbs  and  all  parts  of  Ihe  body  pre- 
serve their  position  for  a  long  time,  even  altitudes  very 
difficult  to  maintain  which  may  have  been  given  them— 
a  "  wax  like  flexibility  "  very  characteristic.  The  tendon 
reflexes  are  abolished  and  neuromuscular  liyperexcital)il- 
ily  isabsent.  While  analgesia  iscom])lete,  certain  senses, 
muscular,  visual,  and  uudilury.  preserve  their  activity. 
This  persistence  of  sensorial  activity  makes  it  possible 
through  suggestion  to  provoke  hallucinations  and  develop 
automatic  impulses  at  the  will  of  the  operator. 

In  Ihe  letli(irr/ic  stale,  the  similitude  of  profound  sleep, 
there  is  eomplcte  analgesia  ot  the  skin  and  mucous  sur- 
faces accessible.  The  limbs  are  relaxed,  and  if  raised 
fall  slowly.  The  pupils  are  rolled  upward,  the  eyes 
closed  or  half  closed,  while  one  sees  an  almost  incessant 
(luivering  of  the  eyelids.  The  Icudoii  rellexes  are  exag- 
gemted  and  neuromuscular  hyperexcitability  is  always 
present,  though  in  varying  degrees.  This  phenomenon, 
similar  to  the  muscular  contractions  caused  by  the  fafadic 
current,  may  be  produced  by  mechanical  pressure  alone, 
e.y..  by  the  loiich  of  a  pencil.  Even  muscular  contrac- 
tions more  or  less  |irolonged  may  result,  which  are 
readily  ri'.solve<I  by  stimulating  antagonistic  muscles. 

The  iinliirtilnoiiiiKimlnilislie  stale  corresponds  more  par- 
ticularly to  Ihe  condition  of  "magnetic  sleep,"  so-called. 
It  more  nearly  resend)les  Ihe  stale  of  lethargy,  yet  there 
is  no  neuromuscidar  hyperexcitability  as  descV-ibed  above. 
C'litaneotis  analgesia  "is  present,  but  at  the  same  time 
there  is  a  very  remarkable  hyperacuity  of  certain  forms 
of  sensibility  of  the  skin,  of  the  niiiseular  sense  and 
of  some  of  the  special  senses,  sight,  hearing,  and  smell. 


It  is  ea.sy  through  suggestion  to  call  forth  very  compli- 
cated automatic  actions  which  are  induc<'d  maniresla- 
tions  peculiar  to  the  stale  of  arlilicial  srannambuiism,  the 
active  hypnotic  condilion  (Charcot,  "lEuvres  Com- 
pli'les,"  Tome  ix,). 

4.  MiIIiikI  iif  Suf/f/enlion. — The  method  of  inducing  hyp- 
nosis by  suggestion  was  practically,  though  not  primarily, 
ileveloped  by  the  Nancy  school,  of  which  Liebeaull  and 
Bernheim  are  Ihe  leaders.  The  idea  of  sleep  is  suggested 
to  the  subject's  mind  by  every  possible  means,  physical 
as  well  as  menial.  The  subject  is  thoroughly  reassured 
and  placed  in  a  eomforlable  position,  so  as  to  invite  men- 
tal au<l  physical  repo.se.  He  is  llun  told  that  he  feels 
sleepy,  that  his  eyelids  are  getting  heavy,  that  he  can 
scarcely  keeji  awake,  in  fad  he  is  going  to  sleep,  etc., 
until  a  condition  of  semi-somnolence  is  established.  This 
method  haslhc  merit  of  resulting  iunodangcrlo  Ihe  sub- 
ject, but  it  may  require  many  seances  before  the  success- 
ful end  is  gained. 

The  combination  of  the  two  methodsof  fixed  attention 
with  sleep  suggestion  is  most  eommoidy  used  in  Amer- 
ica, and  with  proper  care  will  yield  s;ilisfaclory  results. 

It  is  essential,  however,  to  the  successful  lii<Tapeutic 
use  of  hypnotism  that  the  subject  be  well  tniineil  as  a 
hypnotic  before  suggestive  Irealmcnt  be  given.  It  is  ju.st 
here,  doubtless,  thai  many  idiysicians  have  failed  while 
the  professional  hyjinolizer  has  succeeded. 

The  following  plan,  suggested  by  A.  E.  Carpenter, 
merits  attention  and  will  lead  to  more  successful  residls 
than  the  usual  haphazard  elforls  for  inrlucing  hypnosis 
sullicienlly  dee))  lor  therapeutical  or  experimenlal  pur- 
poses: No  seance  should  last  over  long,  lest  undue  fa- 
tigue residt.  The  seance  may  be  repeated,  however, 
once  or  twice  a  day  tmlil  the  operator  secures  satisfactory 
results  or  concludes  that  hissubject  cannot  be  impressed. 
If,  however,  the  stale  of  semi-somnolence  is  developed, 
assure  Ihe  subject  that  he  cannot  open  his  eyes,  at  the 
Siiine  time  making  asliirhl  pressure  ujiou  the  eyelids;  and 
we  find  that  Ihe  lids  come  open  with  more  or  less  difliculty, 
or  not  at  all.  Later,  the  command  ahmc  is  suflicicnt  to 
prevent  the  lids  being  opened,  and  the  patient  be- 
comes receptive  to  audible  suggestion.  Further  sugges- 
tiim  both  by  touch  and  by  conmiand  will  alTe<t  other 
muscles;  for  example,  the  patient  is  told  that  he  cannot 
open  his  hands  when  lirmly  clasped,  iiressurcat  the  same 
lime  being  maile  on  the  spine  at  the  base  of  Ihe  skull. 
This  is  reiiealed  until  the  experiment  succeeds.  Later 
the  same  condilion  may  be  producid  by  command  alone, 
or  again  by  Ihe  mere  clasping  of  the  hands  together.  In 
a  similar  manner  control  of  all  the  muscles  of  Ihe  l)ody 
may  be  secured.  In  tiun  the  sjiecial  seitses  may  be  edu- 
cated in  a  similar  way.  The  sen.se  of  feeling  is  most 
readily  alTecled  by  suggestion  and  should  be  alt<'mpled 
first.  It  is  important  at  Ihe  otitset,  when  making  sug- 
gestion, that  the  idea  conveyed  be  not  inconsistent  wiili 
fad  ;  for  examjile,  in  a  warm  room  it  is  wiser  to  suggest 
undue  heat  than  extreme  cold.  After  securing  thorough 
control  of  the  sense  of  feeling,  subdue  the  sense  of  sight, 
employing  the  sen.se  of  feeling  to  aid  in  its  control;  for 
example,  by  making  a  suggestion  which  would  involve 
both  feeling  and  .sight.  In  I  hi'  s;ime  way  one  may  gain 
control  of  the  .sensesof  hearing,  laste,  and  smell,  through 
means  of  others  already  snbordinat<'d.  When  once  all 
Ihe  senses  are  under  control  of  the  openilor.  the  Ihera- 
peutie  ajiplication  of  suggi'slion  becomes  simple.  In 
some  instances  an  impressionable  subject  becomes  so  sus- 
ceptible to  suggestion  thai  hypnosis  may  be  subjectively 
induced  by  mere  concentraiion  of  alteution — the  auto- 
hypnolic  slate  so  called.  Nalurally  it  is  of  extreme  im- 
portance to  Ihesueeessof  the  performance  that  Ihe  whole 
manner  and  tone  of  the  operator  convey  assurance  and 
never  doubt  of  the  result.  Nor  must  it  be  forgollen  that 
it  is  not  impos-sible  for  the  op<'rator  himself  to  become 
hyiuiolizcd  by  Ihe  exercise  of  loo  fixed  attention  upon 
the  patient.  Undoubtedly  many  o])erators  have  been 
deceived  by  apparent  hyimolic  phenomena  through  Ihe 
reaction  of  stiggestion  upon  their  own  minds.  They  see 
what  they  are  "looking  for." 
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Tlic  |>lii'iiiiiiiriiii<>r  li,v|>iiii<<ls  iiiiilir  till' iiilliifiicc  of  nwg 
f;<')tliiiii  iiri'  very  viiriiililr.  fnuii  tin'  Niiii|ili'  Iniiic)'  like 
dll't-p  to  lllc  t'oniplrli' (iillll'iil  iif   till'   Slllijirt    nlilllilll'il  III 

till'  ciimlitioii  of  siiiiiiiiiiiiliiilisiii.  Ill  ilii'  ili'i'|ii'i'  plmiu'H 
tln'  siiiiji'i'i  sci'iiis  (iiiisriiiiis  iiiilj  of  till'  liv|>iioii>i  mill 
iiiiplli'llh'  lnlirvi'M  mill  liilliiW!!  nut  wlmtrviT  »iij;f.'i'siii>ii 
U  iiiiiiU'.  I  poll  iiwiikiiiK  Iroiii  till'  li\  pnotirstati'  no  coii' 
scions  niiniory  niniiiiis.  vrl  ii  siii;i;i"-tioii  );ivrii  iliirin),' 
hypnosis  iimy  br  iiiipliiitly  oIh'ViiI  iiI  ii  pi'iiixl  innrr  or 
U'SH  ri'iniitt'.  This  is  tlir  post  liypnolic  sii^'p'stinn  so 
chIU'iI,  anil  cnulili's  tin- opi'nitor  to  iiitliii'nce  tlir  siilijiit 
afli'i'  llir  liypnotir  slati-  Ims  piissnl  iiwny.  Thus  in  t!ie 
trnilnirnl  of  ilipsoiniiniii  ii  sui.'Ki'stioii  isniailciliirinfr  hyp- 
nosis lliiit  wliriH'Vt'i'  III'  tnkrs  ii  iliiiiii  hr  will  lir  ovir- 
tinnr  with  iimisi'ii.  This  iissoriatiil  iilrii  is  rvir  rrmly  to 
iiK'i't  till'  iinprnitivi'  habit  and  ilrvclops  ilisirust  anil  thus 
works  It  run'.  This  iiiilirrcl  or  assiM'iatnl  sujrKt'slion 
st-t'ins  more  powerful  than  the  direet  coniinand  to  avoid 
driiikini;. 

In  the  liirhler  phases  of  hypnosis  the  siibjeet  seems 
semi  lonscioiis,  but  does  not  readily  or  at  all  respond  to 
sujfKestions  widely  at  variance  with  fact,  lie  iniiy  not 
lie  able  to  open  his  eyes  or  shut  his  mouth,  or  raise  a 
hand  exiipt  iit  the  will  of  the  openilor.  but  the  assurame 
that  his  miiral),'io  pain  is  froiii'  lirini;s  a  smile  or  even 
bn'aks  the  spell.  In  the  deeper  or  soninambulislie  stale 
no  delusion  siiiijiesteil  by  the  openilor  is  too  incredible. 
Every  suggestion  becomes  an  imperative  idea,  dominat- 
ing feeling  nnd  enintion  and  controlling  their  physical 
expn-ssion.  It  is,  however,  a  striking  commentary  upon 
the  subjective  nature  of  hypnosis  that  no  suggestion  of 
an  idea  fori'iguto  the  cognizance  of  the  subject  will  gain 
repri'sentiilion.  The  fuiinlain  never  rises  above  its 
source. 

It  will  be  readily  unilerslof)d  how  the  symplomsof  dis- 
eas»'  may  be  relieved:  but  that  the  (lisea.se  itself  may  be 
arrested  or  cured  is  by  no  means  .so  credible. 

Its  greatest  service  will  be  found  in  dealing  with  mor- 
bid psychological  conditions,  such  as  li.xed  ideas,  morbid 
habits,  sexual  perversion,  etc. 

The  various  students  of  hypnotism  liavc  formulated 
certain  rules  regarding  its  usi'  which  it  is  well  always  to 
observe. 

Public  seances  of  hypnotism  by  jirofcssional  hypno- 
ti/ers  should  be  forbidden  by  law. 

Hypnosis  should  be  employed  only  by  physicians  or 
psychologists  familiar  with  the  physiology  and  path- 
ology of  till-  mind. 

It  .should  nivir  be  induced  without  the  consent  of  the 
subject  or  his  legal  guardian. 

It  slnmld  not  tie  emploj-ed  except  in  the  presence  of  a 
third  person. 

Suggestions  which  are  contrary  to  his  moral  nature 
should  never  be  made. 

After  the  employment  of  hypnosis  the  patient  should 
always  be  awakened  and  left  in  a  calm  mood, 

Kegarding  its  medico-legal  relations,  it  is  pretty  well 
establishrd  that  in  no  case  can  a  suggestion  contrary  to 
the  moral  nature  of  the  subject  succeed,  the  antagonistic 
instinct  st-rving  iu  turn  asanoverpoweringnegative  sug- 
gestion. 

Hypnosis  is  not  a  miraculous  method  of  treatment  to 
supplant  other  means,  but  rather  a  species  of  education 
of  tile  mind  which  must  be  sufficiently  repeated  to  secure 
pcrnumence. 

While  it  seems  an  easy  way  to  relieve  many  forms  of 
nervous  trouble,  in  reality  its  iiermanent  value  is  very 
limited.  It  is  true  that  anjcsthesia  has  been  succes-sfuUy 
induced  by  its  means,  and  seiious  operations  have  been 
performed  without  pain.  ^ledical  literature  teems  with 
examples,  but  so  few  patients  are  siitliciently  susceptible 
at  first  trial  that  it  is  of  little  practical  value. 

Hypnosis  prolonged  for  hours,  even  days,  has  occa.sion- 
ally  been  of  value  in  intractable  forms  of  hysteria,  and 
undoubtedly  should  be  tried  when  other  more  rational 
measures  have  failed.  But  training  of  the  hysteric  to 
secure  self  control  is  of  more  lasting  bcnelit,  and  far 
more  ratioaal. 


Among  Aiiierii-iiii  neurologisih  the  coniurri'iit  opinion 
is  iigiiiiist  the  eiiiploynii'iit  of  hypnotism  as  a  tliriiipeiili- 
nil  ini'iiMire.  At  the  prewiil  11*1111'  itn  greiitesl  utility  liiit 
ill  the  Held  of  iiivestigiilioii  of  pHVchological  |ilii'noiiieiiu 
nitlier  than  in  the  nliif  of  piilhological  coiiditloiis 

Jvlirnril  U.  Anyill. 

HYPNOTICS  me  ini'dieineN  iimil  |o  induce  wleep, 
Tlirir  utiliiv  <l<  pinds  upon  their  power  of  arresting  the 
fuiiilions  of  the  cerebrum  for  some  time  without  enilun- 
geriiig  life  or  health. 

Two  viewsjirevail  as  to  their  mode  of  action  Accoril- 
ing  to  the  older  one,  they  induce  sleep  by  rendering  the 
brain  mianiic.  The  miiemia  is  supposed  to  result  from  a 
direct  iiilluinceon  the  vaso-niotor  nerves,  in  consi'i|iii'iice 
of  which  the  cirebral  vessels  contract  and  thus  diniinish 
the  i|uaiilily  of  blood  cin  iilaling  in  thi'  biaiii.  This  view 
was  biiM'd  on  two  fa<ls  fii'i|Ui  iilly  oliserved  in  e.vperi- 
nients  on  aninials  whose  bniin  had  been  exposed  to  view, 
viz.,  that  the  brain  invariably  is  aiuemic  during  natunil 
sleep,  and  that  it  IminiicK  aiui'iiiic  (luring  the  artificial 
sleep  induced  by  medicines.  The  bruin  presenting  the 
same  pale  apiiiarance  in  both  forms  of  sleep,  it  was  con- 
cluded that  lioih  are  due  to  the  same  cau.se — a  lessened 
tlow  of  blood  ill  the  cerebrum. 

Hut  the  theory  that  normal  sleep  is  caused  by  aiiit-miu 
of  the  brain  is  no  longer  tenable:  for  it  has  iH'cn  found 
that  the  ijuantity  of  blood  circulating  in  the  brain,  in  the 
normal  state  of  the  organism,  depends  upon  the  activity 
of  the  brain,  increasing  in  proportion  to  the  exercise  of 
(he  mental  functions,  and  abating  when  the  mind  is  (|ui- 
esceiit.  Little  blood  being  ni|uir('il  during  the  dormancy 
of  the  mental  functions,  the  brain  is  comparatively  blood- 
less, and.  if  open  to  inspection,  |)ieseuts  a  very  pale  ap- 
pearance. 

Hut  if  the  brain  is  anscmic  during  normal  sleep,  will 
not  cerebral  aua'mia.  produced  artilicially.  be  followed 
by  sleep?  Of  this  there  can  be  no  doubt,  since  it  has 
been  shown  experimentally  that  compression  of  the  large 
arteries  supplying  the  brain  is  speedily  productive  of 
unconsciousness.  Hence,  if  hypnotics  should  cause  con- 
traction of  the  cerebral  vessels  and  thus  produce  anamia. 
sleep  would  neccssiirily  ensue.  But  in  recent  experi- 
ments on  animals,  whose  sktdls  had  been  trephined  so 
that  the  brain  could  be  inspected,  it  was  found  that 
hyimotics  may  induce  deep  sleep  without  in  the  least 
altering  the  i|uantity  of  blood  circulating  in  the  brain. 
Usually,  when  the  sleep  was  proUmged.  the  brain  grad- 
ually became  pale  and  comparatively  bloodless.  The 
absence  of  cerebral  aniemia  (hiring  the  early  part  of  arti- 
ficial sleep  disproves  the  theory  that  hypnotics  act  indi- 
rectly through  the  va,so-motor  system. 

The  fact  that  hypnotics  may  induce  sleep  without  at 
first  altering  the  (pianlity  of  blood  in  the  lirain  gave  rise 
to  the  more  recent  theory  that  they  act  directly  on  the 
cerebral  cells.  The  nature  of  this  action  is  unknown. 
Experiments  performed  by  Hinz  seem  to  show  that  it 
may  be  attended  by  a  very  slight  and  transient  coagula- 
tion of  the  protoplasm  of  the  cerebral  cells.  That  some 
dei^ided.  though  not  very  durable,  change  of  the  cortical 
substance  of  the  brain  is  jiroduced  is  evident  from  the 
experiments  of  Albertoni.  in  which  it  was  found  that  in 
dogs  large  doses  of  bromide  of  potassium  reduced  the  ex- 
citJtbility  of  the  motor  centres  so  much  that  electric  irri- 
tation no  longer  caused  epileptic  convulsions.  In  some 
instances  the  brain  was  pale,  but  in  others  no  diminution 
of  the  (iiiantily  of  blood  was  observed,  and  hence  the 
lessened  excitability  was  not  attributable  to  anaemia. 
Recently  the  theory  has  been  advanced  that  natural 
sleei>  results  from  contraction  of  the  jirotoplasmic  proc- 
es.ses  of  the  cortical  neurons. 

The  use  of  hypnotics  is  indicated,  as  a  rule,  when  in- 
somnia is  contiinious.  and  hence  a  source  of  danger:  this 
sometimes  occurs  both  in  acute  and  in  chronic  diseases. 
Generally,  normal  sleep  returns  as  soon  as  the  causes  of 
the  insoi'nnia  are  removed:  but  sometimes  it  is  impossible 
to  remove  the  causes,  or  sleeplessness  persists  after  the 
removal  of  all  apparent  causes. 
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OriL-M  ami  its  prcpnnitions,  in  iippropriuU-  doses,  iisu- 
fllly  iniliitr  sleep  in  one  or  two  hours.  In  some  eii.ses  of 
wakcfiilnesji.  Imlf  a  uniin  is  followcil  bv  this  elTect :  in 
otlursas  inn<'li  as  two  or  three  irniiiisare  reiiuired.  Tlie 
dnnition  of  the  sleep  vaiies  from  half  an  hour  to  si.\  or 
rijrlit  hours,  tlie  vaiiations  ih  |ieniliiii;  upon  the  size  of 
the  dose,  the  time  of  administration,  the  nature  of  the 
cause  of  the  insomnia,  and  the  siis(c|itiliility  of  the  (la 
lient.  Given  in  the  early  part  «(  \hr  day.  even  iariie 
do.ses  may  act  oidy  for  a  short  lim<';  hut  in  th<-  evenint;. 
miHlerate  doses  often  proiluei'  prolonired  rest.  When 
sleeplessness  is  caused  hy  peripheral  irritation  of  moder- 
ate iiilen.sity.  small  do.ses  may  induce  contiiuious  normal 
sleep;  hut  "when  there  e.vists  intense  pain,  larjre  doses  are 
required,  and  scmietimes  must  he  repeate(l  several  limes. 
Patients  vary  frreatly  in  their  susceptiliilily  to  thea<lii>n 
of  opium,  in  early  childhond.  espei-ially  in  infancy,  and 
in  old  aL'c.  moderate  do.ses  Bomeliincs  cause  profound 
sleep  liorilcrini;  <'n  coma. 

Tlie  hypnotic  action  of  opium  is  usually  preceded  and 
followed  hy  niunerous  incidental  ellects.  In  many  pa- 
lient.s  phenOmena  supervene,  within  half  an  hour  after 
the  iniiestion  of  the  medicine,  which  are  due.  jierhaps.  to 
a  stimidant  action  on  the  brain — a  free  and  copious  How 
of  ideas,  and  an  ajrrccable  sense  of  wclMieinir.  foIlci\v<(l 
soon  by  indifference  to  all  exiernal  imprcssiuns  and  a 
feelinir  of  fatijrue.  In  very  excitable  jiatients,  especially 
nervous  females,  there  often  occurs  very  nolabje  mental 
excitement  with  hallucinations.  an<l  .sometimes' increa.sed 
wakefulness  and  delirium.  8<nne  patients,  on  the  con- 
trary, particidarly  roliust.  strong  men.  do  not  manifest 
any  of  these  phenomena,  but  are  soon  lost  in  a  pro- 
longi'd,  (|uiel,  and  refri'sliin;r  sh'cp. 

The  jmlse.  in  from  tif teen  to  thirty  minutes  after  the 
hypnotic  dose  is  taken,  becomes  accelerated  by  some  si.\ 
or  eij;ht  heats  in  a  minute,  but  falls  again  to  its  ])rcvious 
late  before  sleep  ensues.  During  the  slec]>.  if  the  dose 
lias  not  been  excessive,  it  does  not  unsually  dilTer  from 
its  rale  in  normal  slec]).  Simultaneously  with  the  aecel- 
enition  of  the  pulse  the  skin  Ix^conies  warm  and  moist, 
and  the  mouth  dry. 

After  awaking  the  ])aticut  often  complains  of  headache 
and  fatigue,  his  appetite  is  diminished,  and  his  bowels 
are  constipated.  Some  jiatients  stdVer  from  nausea  and 
vomiting,  severe  headache,  and  mental  depression.  If  the 
liypnotic  is  taken  repeatedly  for  some  days,  there  often 
occur  dy.suria  and  ilehing  of  the  skin. 

During  the  sleep  the  patient  may  be  readily  wakened, 
unless  tlie  dose  was  excessive,  when  the  sleej)  may  be 
more  profound.  Then  the  [iiilsc  usually  becomes  slower, 
feeble,  and  sometimes  irregul.ir;  the  ri's]iirati(ins  dimin- 
ish in  freiiucncy  and  depth,  and  may  be  stertorous;  and 
the  face  becomes  pale,  moist,  and  cyanotic.  The  jiuiiils 
are  strongly  contracted,  unless  the  respiratory  process  is 
so  depressed  that  asphyxia  supervenes. 

If  continuously  employed,  opium  soon  loses  its  hyp- 
notic action  in  ordinary  doses. 

.\finii/iiiie. — The  hypnotic  action  of  the  sjtlts  of  mor- 
phine is  identical  willi  that  of  opium.  In  appropriate 
doses,  administered  internally,  they  induce  sleep  in  about 
one  hour.  But  this  clVcct  generally  ensues  sooner  when 
they  arc  injected  into  the  siibcutaneousconnective  tissue 
— often  in  from  ten  to  thirty  minutes. 

The  incidental  )>hcnomcna  do  not  differ  notably  from 
those  produced  by  opium.  Sometimes  the  pul.se  at 
lirst  becomes  slightly  accelerated;  more  frcipiently  it 
is  not  intluenced  at  all,  especially  in  healthy  iiersons. 
In  careful  observations  on  healthy  yotmg  men.  Prei- 
sondorfer  found  no  change,  either  in  the  fre(piencv  or 
ID  the  tension  of  the  pulse,  after  subcutaneous  injections 
of  (piantities  varying  from  one-sixth  to  one-half  of  a 
grain. 

It  is  generally  held  that  morphine  produces  less  con- 
stipation than  opium,  but  that  it  is  more  frcipuiilly  fol- 
lowed by  itching  of  the  skin,  dysuria.  and,  when  admin- 
istered by  the  mouth,  nausea  and  vomiting. 

In  some  patients  subcutjineous  injeciionsof  morphine 
speedily  cause  giddiness,  lieudache,  faiutuess,  ditlicult 


breathing,  trembling  of  tin-  ixtrcmitic  s,  nausea,  and 
vomiting. 

Some  persons  expericnc<-  only  the  useful  hypnotic 
elTect  without  any  ilisjigreeablc  phenomena,  anil  can  take 
a  moderate  (h)se — one. fourth  of  a  grain  of  sulphate  of 
mor|ihinc — night  after  night,  for  a  I'onsidcrablc  pericxl, 
withciul  loss  of  appclile.  nausea,  constipation,  dysuria, 
or  iti-liing  (jf  the  skin. 

As  a  ruli-.  opium  <ir  morphine  may  be  used  to  induce 
sleep  w  lieiievcr  insomnia  i-ndangers  life  or  health,  if  no 
contnnndications  exist.  They  are  prelei-able  to  other 
I  hyjinolics  when  sleephssne.ss  is  caused  by  periphenil 
irritation,  especially  pain  and  cardiac  dyspniea.  In  such 
cases  Iheyact  both  indirectly  and  directly — indirectly,  by 
removing  or  relieving  the  abnormal  .-^ensjuions  which 
cause  insomnia;  and  ilirectly,  by  arresting  the  functional 
activity  of  the  brain. 

The  utility  <jf  morphine  in  the  wakefulness  caused  by 
cardiac  dysjuia'a  has  long  been  recognizc'd.  Alllnitt  and 
Ringer  strongly  reconimend  hy]iodcrinic  injections  as 
speedily  effective  in  allaying  the  dysjuKea  and  inducing 
refreshing  sleep.  It  is  iiece.ssjiry.  liowever.  carefully  to 
distinguish  cardiac  dyspmea  from  the  form  of  dyspniea 
occurring  in  diseases  of  the  air  jiassagi-s  and  lungs.  Ac- 
cordingto  thei-xpcrimentsof  Fiichiic  the  immidiatecause 
of  cardiac  dyspncea  is  not  an  excess  of  vcnnus  blood,  but 
a  defect  of  arterial  blood  in  the  nicdulla  nblmigata.  The 
medulla  is  excitable  because  it  is  anirmic.  All  heart 
diseases  that  markedly  interfere  with  the  circulation,  such 
as  valvular  alTections.  dilatation,  and  jicricardial  clfusioii, 
cause  the  medulla  oblungata  to  be  insullicicntly  su|)plied 
with  arterial  blooil,  and  hence  niidcr  it  excitable.  The 
dyspniea  that  results  is  wholly  useless,  as  ii  cannot  im- 
prove the  heart's  action  ;  ami  is  harmful  in  so  far  as  it 
exhausts  the  strength.  Mor|ihinc,  therefore,  .should  be 
employed  in  doses  that  will  restore  the  breathing  to  the 
normal  ty))e.  But  it  is  otherwise  when  dys[)na'a  results 
in  conse(|uence  of  impeded  arterializalion  of  the  blood  in 
the  lungs.  The  inunediate  cause  of  the  dyspna'a  is  the 
excess  of  venous  blood  in  the  medulla  oblongata.  In  con- 
sequence of  thera|)id  brealbing  a  larger  ((uantity  of  blood 
becomes  oxygi'nal<'d  in  the  lungs;  the  dys|iiuea  is.  there- 
fore, compensatory  and  absolutely  necessiiry.  .Morphine, 
by  diminishing  the  excitability  of  the  respiratory  centre, 
would  increase  the  veuositv  of  the  blood  and  endanger 
life. 

Opium  and  morphine  are  generally  preferable  to  other 
hypnoti<'S  to  relieve  the  slee]>lrssiuss  occurring  in  the  lat- 
ter stage  of  febrile  diseases,  and  depending  upon  an  ex- 
hausted and  amemic  condition  of  the  brain. 

Opium  and  morpliine  are  cnnlraindicalcd  in  wakeful- 
ness caused  \<y  lerebnil  hypera'mia.  Duiiug  the  lirst 
stage  of  action  they  probably  increase  the  amount  of 
blood  in  the  brain,  and  hence  an:  apt  to  aggravate  al- 
ready existing  hypera'tnia.  They  are  conlraindicaled  in 
the  wakefulness  caused  by  dyspinea,  if  the  ditlicult  and 
rai)id  breathing  is  necessjiry  to  compens;ite  for  some  im- 
pediment to  the  interchange  of  gases  in  the  lungs. 

On  account  of  the  extreme  susceptibility  of  children  to 
the  narcotic  action  of  opium  and  iiiorphme.  these  hyp- 
notics are  rarely  em]iloyed  to  relieve  insomnia  during  the 
first  two  or  three  years  of  life. 

In  all  forms  of  chronic  in.somnia.  if  it  be  necessary  to 
maintain  a  good  stnti-  of  nutrition,  ojiium  and  morphine 
are  contraindicated.  unless  it  be  found  that  they  do  not 
interfere  with  digestion. 

The  average  (lo.se  of  opium  for  adults  is  onegrjiin,  or  an 
equivalent  quantity  of  one  of  its  preparations  Asa  rule, 
the  dose  should  be  given  shortly  before  bedtime,  and,  if 
necessary,  repeated  in  an  hour.  In  cases  of  sleeplessness 
from  pain  and  cardiac  dyspmea.  smaller  doses  frequently 
induce  sleep;  but  when  these  symptoms  are  very  intense, 
it  is  often  necessary  to  repeat  the  average  dose  several 
times. 

The  average  dose  of  morphine  is  (me  fourth  of  a  grain. 

In   many  cases  of   wakefulness  smaller  doses  .suHice.  if 

given  at  the  usual  bed-hour.     The  vomiting  that  some- 

i  times  lesults  from  hypnotic  doses  may  usually  be  pre- 
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II)  |illt*llrfl. 


vi'iiicil  liy  ilissiilviii^'  till'  siill  ill  fmir  !<■  six  ilnirlniis  of 
\Mit<'r.  itiiil  K>^i>>K  >'  ti'iisixHiiiful  iif  llir  Hiiliiliiiii  III  iiiliT 
viils  III  ti'ti  iiiiiiiitrs. 

Kr<'i|iii'Mtl,v  iiii>r|ihiiii-  is  iiilinitii'trrcil  liv  tin- li,v|iiHlri' 
niic  iiU'tliiMl  ill  i'us4's  of  iii!«<iiiiiiiiiilui'  to  |iitiiii>r  ilv^imu'ii. 
I'suitlly.  lit  tirxt  imt  iiion'  lliiiii  oiir  >i\lli  nf  it  ;:niiii  is  re 
Hiiinil  111  ^'ivc  rcliif  iiihI  imlin  t  slcvii  In  llir  liilli-r  sliifn' 
iif  miilr  ilisiiiM—.  w  lull  uiikrliiliir^s  is  iliii'  liii'xiiiiiisliiiii, 
llii'  liyiHxIiriiiii'  ili'v.  II- 11  riilr.  slmiiM  nnl  I'Xccril  fmni 
(ilir  turlflli  to  I  nil'  i'ii:litlior  II  Kmili.  Ilionlrr  In  prrVflit 
lis  liiiirli  IIS  |ios.sililr  Ilir  ilisiii;rii'alili'  I'lTrits  of  iiiorpllinr 
on  till-  slonmcliiiiiil  skin,  it  is  ciistoiiiiiry  lo  iissociiilr  with 
it  a  vrry  siiiiill  i|iiitiitity  of  iilropiiu'.  iilioiit  nr.  ^^g. 

r.x/<iyi»' — This  iilkaloiil  is  ii  liss  powirfiil  iiiul  ci'ilaiii 
liypnolir  lliHii  iiiorpliiiii'.  Iiiit  lias  liicn  rrroiiiiiiinilril  lus 
pirfrnifili'  to  till'  laltir  wluii  insoiiiiiia  irsiills  from  i'oiil'Ii. 
rliriiiiialii'  pains,  ami  raiirrr.  'I'lir  i|iiiiiilily  iripiirril  to 
ilullUr  slrrp  Viirirs  irlrallv,  .somrtillirs  lllis  rlTcct  liaviiig 
it'.siilli'ii  from  onr  foiirtli  of  a  gniiii.  ami  in  oMior  iii- 
stanri's  not  from  oiu'  irmin  rcpniiril  .si'vrral  times. 

Small  ilos<'S  are  iisiiiilly  not  followiil  liy  si'vcre  nflrr- 
cfTcct-s,  I'spt'cially  not  by  otistinali'  i-oiislipation.  Hut 
lari;!'  ilosi's  may  laiisc  nausea,  vomitinjr.  jiidiliuess,  lieiul- 
ai'lii'.  nii'iilal  ilulness.  anil  Iremor. 

CiMleine  may  be  iiseil  as  a  liypnolic  inst<.-a(I  of  mor- 
pliiiie  wlien  the  latter  is  not  well  borne,  wlicn  eonstipa- 
tioii  slio'.ilil  be  avoiiieil.  ami  when  sleeplessne.ss  results 
from  couirli. 

I'lii.iiit.M.  IIvHU.vTE. — In  (losi'S  of  from  1  to  2  gm.  (pr. 
xv.-.\xx.)  ihliiral  hyilnile  usually  imiilees  sleep  in  from 
ton  to  thirty  minutes.  The  sleep  iloes  not  ilill'er  notably 
from  nalunil  sleep,  the  pupils  iHiiiir  conlraeteil  ami  the 
pulse  ami  respirations  slow  and  regular,  (ieiienilly  it  is 
((iiiet.  ilreamless.  iinil  refreshing,  ami  eontinues  for  from 
two  to  eight  houi's.  The  jialieiit  may  be  readily  awak- 
ened, but  usually  quickly  falls  asleep  again. 

As  u  rule,  no  disiipreeable  effects  arc  noticeable  either 
before  or  after  the  sleep.  In  irritable,  weakly  patients, 
however,  a  stage  of  excitement  may  preceile  the  sleep, 
marked  by  injection  of  the  face,  restlessness,  and  hallu- 
linations.  These  plienonieiia  have  been  observed  most 
fre(|Ui'iilly  afler  small  doses — eight  to  lifleen  grains. 
After  the  sleep  Iheie  may  occur  slight  headache,  with 
fatigue  and  somnolency.  ■  rsually  the  functions  of  the 
alimentary  canal  are  not  disluibed.  the  appetite  being 
good  and  intestinal  peristalsis  normal.  Afler  prolonged 
use  of  chloral,  especiall.v  if  it  is  t«ken  insufflcicnily  di- 
luted, syinptomsof  gastric  catarrh  become  manifest.  In 
weakly  patients,  and  in  those  who  have  becomi'  much 
enfeebled  by  chronic  disea.ses.  ordinary  hypnotic  doses 
may  notably  depress  the  vascular  system,  render  the 
lieart's  impulse  very  weak,  and  the  pulse  slow,  very 
compressible,  and  irregular.  These  effects  on  the  circu- 
latory organs,  due  to  a  depressing  or  paralyzing  action 
on  the  vasomotor  centre  and  the  cardiac  ganglia,  become 
more  marked  the  larger  the  dose.  Hence,  when  very 
large  quantities  are  taken — from  one  to  .several  drachms 
— the  heart's  action  becomes  very  feeble,  and  the  pulse 
extremely  weak.  As  a  consequence,  the  circulation  is  so 
languid  Ihiit  the  tissues  are  inadeipialely  supplied  with 
arterial  blood,  the  temperature  falls  very  low,  and  life 
may  become  extinct. 

Although  sleep  usually  ensues  speedily  from  hypnotic 
do.ses  of  chloral,  it  is  sometimes  delayed  for  sevcraUiours. 
This  is  frequently  observed  after  the  continued  use  of 
the  drug,  the  interval  between  ingestion  and  the  super- 
vention of  sleep  gradually  becoming  prolonged  and 
marked  by  some  excitement.  As  a  rule,  however,  chloral 
in  the  same  dose  retains  its  power  of  inducing  sleep  for  a 
long  time. 

After  continued  use  of  chloral  very  serious  effects  liave 
been  observed,  such  as  erythematous  blotches  on  the  face 
and  neck,  bloating  of  the  skin,  papular  eruptions,  pete- 
chial spots,  bedsores,  an  irritable  pulse,  severe  attacks  of 
dyspniva.  weakness  of  memory,  ilulness  of  intellect,  pa- 
ralysis of  muscles,  ami  general  marasmus. 

As  a  liypnolic.  chloral  hydrate  presents  the  advan- 
tage of  acting  speedily  and  certainly,  and  not  causing 


disagreeable  after  effecls.  Iih  tendency  lo  dipri'ss  Ihe 
vaso  inoior  ceiilre  and  Ihe  heart  iiiakes  it  KiiiUible  in 
wiiki'fuhieiis  iDouMiiiii'd  Willi  viiHciihir  ixcileiiu'iil.  It 
iiNiially  acl.s  well  in  iii-iile  iheiiinalisni.  Mttrliaiiui,  peri 
tonilis.  nieirilis.  and  febrile  dimiuH-H  genemlly,  iim  well  iik 
in  I  rribnil  iillections. 

Chloral  is  preferable  lo  other  hypnotics  when  sli-ep 
slioiilil  111'  spi'i'ilily  im  I  need,  lis  in  casi-s  of  diliriiini  tre- 
mens  supervening  soon  after  Ihe  receipt  of  a  wvere  Mir- 
gicul  injury.  I'nder  such  circuinHljiniM'N  it  is  Hoinelinieii 
the  means  of  saving  life. 

In  painful  alTei't ions al tended  with  vascular ('Xcilemenl. 
inoilerati'  doses  of  morpliine  are  often  assiK'ialeil  with 
chloral  ill  order  lo  relieve  the  pain,  iiH  chloral  uloue  liiui 
little  an.'iV'resic  power. 

Chloral  is  a  valiiabli'  hypnotic  In  Ihe  insomnia  of  chil- 
dren ami  till'  aged,  as  it  diws  not,  in  appropriate  doses, 
privliici'  inorilinate  effects. 

Chloral  may  be  employed  in  all  cases  of  insoniniu,  if  no 
contraindications  exist. 

t)n  account  of  its  depressing  action  on  the  heart,  it  is 
colli raiiidic.'iti'd  when  this  organ  is  enfeebled  in  conse- 
quence of  fatty  or  other  kinds  of  degeiiiration,  valvular 
disease,  dilatation,  or  malnutrition  in  the  latter  stages  of 
prolonged   fevers. 

According  lo  some  observers,  chloral  sometimes  pro- 
duces delirium  and  great  depression  in  disi'ii-ses  which  in- 
terfere with  the  respiratory  process,  such  as  pneumonia, 
pleiiritis,  emphysiMiia,  and  bronchitis. 

Catarrhal  and  ulcerative  affections  of  the  stomach 
contraimlicate  the  internal  adiiiinistration  of  chloral. 
In  hysterical  palieiits  undue  excitement,  instead  of  re- 
freshing sli  rp.  frei|uenlly  ensues  froiii  hypnotic  doses. 

On  arcouiil  of  the  varying  su.sccplibility  of  different 
individuals  to  the  action  of  chloral,  it  is  prudent,  when 
giving  it  to  patients  whose  tolerance  is  unknown,  not  to 
prescribe  more  than  2  gm.  (gr.  x.x.x.).  of  wliicli  one-half 
may  be  taken  at  the  usual  bed-hour,  and  the  other  half, 
if  neces,sary,  an  hour  later.  In  states  of  great  cerebral 
excitement,  such  as  delirium  tremens  and  acute  mania, 
larger  doses  have  been  given  with  advantage — 2  gm.  (gr. 
XXX.).  repeated  several  times,  if  necessary,  at  intervals 
of  one  hour. 

As  concentrated  solutions  disorder  the  stomach,  it 
should  always  be  well  diluted  with  sweetened  water  or 
milk.  H  Chloral  liydrati.s,  2  gm.  (  3ss.i:  aq.  deslill..  8 
gm.  (  3  ij.).  M.  Si.g. :  One-half  to  be  taken  at  bedtime, 
in  a  small  cup  of  milk ;  and  the  other  an  hour  later,  if 
necessary.  ^  Chloral  hydratis.  2  gni,  (Iss,):  syr. 
aurantii.  15  gm.  (  sss.);  aq.  menth.  pip,.  4'5  gm.  (  j  is-s.). 
M.  Sig. ;  Two  tablespiKinfnIs  al  bedtime;  and  the  rest, 
if  required,  an  hour  later.  In  cases  of  insomnia  depend- 
ent upon  pain,  a  fourth  of  a  grain  of  sulphate  of  morphine 
nia.v  be  added  to  either  of  the  above  formula'. 

If  chloral  be  required  as  a  hypnotic  in  cases  of  severe 
disease  of  the  stomach,  it  may  be  administered  by  rectal 
injection.  Subcutaneous  injections  of  chloral  are  inap- 
propriate, except  perhaps  in  strychnine  poisoning,  on  ac- 
count of  the  severe  irritation  which  results. 

BiTvi,  Ciii.i)ii.\L  IlyDH.xTE. — This  sub.stance  acts  like 
chloral  hydrate,  inducing  quiet  and  refreshing  sleep  in 
from  ten  to  thirty  minutes.  Durin.s  the  sleep  circulation 
and  respiration  are  normal.  It  is  held  that  butyl  chloral 
does  not  depress  the  vasomotor  centre  and  the  heart  as 
much  as  chloral  hydrate,  but  that  it  exerts  a  more  de- 
cided ana'Sthetic  effect  on  the  trigeminal  nerve. 

As  a  hypnotic  it  has  been  recommended  in  the  in.somnia 
as.sociated  with  diseases  of  the  heart,  and  with  neuralgia 
of  the  fifth  nerve. 

The  ordinary  dose  varies  from  ten  to  forty  grains.  It 
is  best  administered  in  solution  with  glycerin.  R  Butyl 
chloral  hvdratis.  4  gm.  (  3  i.);  glvcerini.  10  gm.  (  3  iiss.); 
aq.  destifl,  ad  60  gm.  (jij.).  "M.  Sig.:  A  tablespoon- 
ful  every  half-hour  until  sleep  ensues. 

Ciii.ou.\i,AMir)F..  or  Cni.oR.\l--FonM.\>nDE. — Chloral- 
amide  was  introduced  in  ISSO  by  von  Mering  as  a  substi- 
tute for  chloral  in  cases  of  insomnia  in  which  the  influ- 
ence of  chloral  on  the  organs  of  circulation  should  be 
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avoided  lie  siippotu'd  timt  the  fonnuinidc,  contained  in 
('lilonilainidr.  would  elleclimlly  prevent  tlie  depressing 
action  of  clilonil. 

Tlirexptriments  mildeiipon  iiniiiials  yiel<leil  soniewliat 
ili-iiiirclaiit  rcsiills,  mil  a-;  li>  tin-  liilliieiKrof  cliloralamidc 
i>n  llie  liraiii.  Imt  as  In  its  action  on  llic  orpins  of  circiiia 
lion  and  icspinition.  Von  .Mcrinfr.  Zuntz.  und  Kuy 
notiicd  no  fall  of  lilotxl  i)rcssiin>  in  nililiits  under  the  in- 
tlucncc  of  hypnotic  doses  of  ehloralainidc.  Lanjigaard, 
on  tin'  conlrary,  ohsrrvcil  after  inoihrali'  nontoxic  doses 
decided  lowcrinuof  IiI'hwI  pressure,  allhougli  this  elTect 
siipcrvcnid  mole  slowly  than  after  chloral.  These  con- 
tradictory results  were  probably  due  to  variation  iu  the 
nite  of  decomposition  of  the  ehlomlainidc  in  thedilTerent 
animals  sulijecti'd  to  experiment. 

Ipon  man  chloralaniide  acts  liUe  ehlond.  except  that 
it  produces  sleep  less  rapidly  and  less  certainly.  As  a 
ruii-  after  doses  of  'J  to  3  jrm.  (gr.  xxx.-xlv.)  sleep  cnsiu's 
in  half  an  liourand  coiuinuesfor  from  five  to  eight  hours. 
During  thi>  sleep,  the  functioiisof  circulation  and  respira- 
tion are  performed  as  vigorously  as  in  normal  .sleep.  After 
awaking  the  ]mticnl  presents  uo  disjigreeable  elTeets. 

Xiinierous  deviations,  however,  from  this  ordinary 
action  have  been  observed,  deiiending  chietly  upon  the 
causes  of  the  insonmia.  Thus,  in  cases  of  intense  excite- 
ment of  the  brain,  of  .si'vere  pain,  of  hanis.sing  cough, 
and  of  high  fever.  dos<'s  of  2  to  3  gm.  have  failed  to  pro- 
duce sleep,  and  soiueliiues  even  4  gm  (  3  i.)  have  been 
inelTectual.  Often,  even  when  the  causes  of  in.somnia 
were  not  intense,  sleep  did  not  supervene  before  an  hour, 
soinitimes  two  hours,  and  in  rare  instances  even  three 
hours  In  some  cases  of  heart  disease,  especially  in  val- 
vular disea.s<>  with  imperfect  compensation,  a  very  dc- 
cideil  depres.<ion  of  the  circulation  has  been  observed. 
So.  tiM>.  in  typhoid  fever  a  very  unfavorable  cfTeet  upon 
the  pidse  was  noticed  after  2  gm.  (  3  ss. )  given  in  divided 
doses.  The  temperature  was  always  found  lowered  from 
oiu'-half  to  one  anil  one-half  degrees. 

tJenenilly,  after-effects  do  not  occur,  or  they  are  very 
trivial,  consisting  of  headache,  slight  giddiness,  a  feeling 
of  fatigue,  an<l  skin  eruption.s. 

From  the  above,  it  is  evident  that  chloralamide  closely 
resembles  chlonil  in  action,  hut  that  it  induces  sleep  more 
slowly  and  less  certainly,  and  that  it  is  less  apt  to  (iepress 
the  circulation.  The  dilTerences  seem  to  be  due  to  slow 
ajid  gradual  libenvtion  of  ehlond  in  the  blood,  although 
it  is  not  improbable  that  the  presence  of  the  formate  of 
ammonium  nuiy  sonu'what  modify  the  action  of  the 
ehlond  on  the  organsof  circulation  and  respiration.  The 
variations  in  the  rapidity  of  action  doubtless  result  from 
dilTerences  in  the  nite  of  decomposition  in  the  blood  of 
difTerent  persons. 

t'Idonilamide  is  a  sintable  hypnotic  in  insomnia  not 
caus<-d  by  intinse  excitement  of  the  brain,  very  severe 
pain,  or  extreme  dyspno'a.  When  severe  pain  causes 
in.somnia.  chlondanuile  alone  is  not  very  efficient,  but  it 
acts  well  if  given  together  with  a  moderate  (|iuuitity  of 
norphine.  In  the  insomnia  ass<K-iated  with  nuld  nervous 
.■xcitemciit,  with  neurasthenia,  and  with  somatic  diseases 
in  geiiend,  moderate  doses.  2  to  li  gm.  (  3  ss.-gr.  .xlv.). 
are  nsindly  elTi-ctual.  Such  modirate  doses  having  fre- 
cpiently  failed  in  cases  of  intense  mental  excitement  and 
severe  pain,  larger  doses,  as  much  as  4  gm.  (  3  i.).  have 
been  recommended;  but  it  should  be  recollected  that 
sinh  large  doses  may  cause  dangerous  depres.sion.  Even 
mcxlenite  doses  should  iKpf  be  given  in  ca.ses  of  heart  dis 
ease,  if  the  heart's  action  be  very  feeble,  or  if  symptoms 
of  inad'-ipiate  <'onipeiisation  be  present.  In  no  case 
should  the  dose  be  larger  than  the  corresponding  dose  of 
ihlonil.  3  gm.  of  chlondamide  being  c(|uivalciit  in  action 
to  2  gm.  of  ehlond.  The  following  are  convenient  for- 
nnilie:  R  Chloral,  forniamide.  4  gm"  (  I  i.);  m\.  dest.,  75 
gm.  (  3  iiss.) :  acid,  hydrochlor.  dil.,  gtt.  v. ;  syr.  atinintii, 
15gm.  (  3S.S.).  M.  S. :  One  half  to  be  takeirat  bedtime, 
anil,  if  necessary,  a  tablespoonful  every  hour  till  sleep 
ensues.  1{  Cidonil.  formanud,  4  gm.  "(3i.);  Spir.  fru- 
menli.  syr.  riibi  iihei.  aa  15  gm.  (3SS.).  31.  S. :  Que 
tablespooufid  at  bedtime. 


St'i.PiioSAl,. — This  remedy  was  recommended  as  an 
ellicieiit  hypnotic  by  Kast  in  I.W.S.  He  liail  tried  it  in 
numi  TOMS  cases  of  insniunia.  and  nearly  invariably  ijuii-t 
and  deep  sleep  ensued  and  lasted  for  from  live  to  eight 
hours.  During  the  sleep  the  functions  of  circulation  and 
respiration  were  sonu'wliat  slowed  as  in  ordinary  sleep, 
but  no  deviation  from  the  normal  could  be  observed. 
After  awaking  the  ]>atients  presented  no  after-elTects.  ex- 
cept that  in  a  few  instances  some  fatigue  and  languor  ex- 
isted on  the  following  day.  After  the  publication  of  ICast's 
observations,  sulphonal  was  very  extensively  used.  It 
proved  very  elTiiiive  in  nervous  sleeplessness  and  gener- 
ally also  wiien  the  insomnia  was  caused  by  disi'ase  of  the 
brain,  disordered  circulation,  and  neuralgia.  It  was  not 
so  successful  in  delirium  tremens  and  often  failed  when 
the  sleeplessness  was  caused  by  severe  cough,  dyspmea, 
or  intense  pain,  though  when  given  together  with  small 
doses  of  morphine,  it  also  acted  well  in  the  latter  condi- 
tions. Usually  no  disagreeable  effects  were  ob.served 
during  or  after  its  action,  or  al  most  some  languor  and 
drowsiness  on  the  following  day.  In  a  few  instances, 
especially  when  the  closes  were  large,  and  after  repeated 
administration  of  moderate  doses,  there  followed  liead- 
ache,  vertigo,  tinnitus  aurium,  and  staggeiing. 

Further  experience  with  sulphonal  caused  its  use  to 
become  nuieh  restricted,  as  it  was  found,  in  cases  reipur- 
iug  its  administration  lor  a  long  time,  frequently  to  pro- 
duce severe  to.xic  elTecIs  and  in  a  few  instances  death. 
Bad  elTects  were  observed  iu  some  cases  after  doses  of 
1  to  2  gm.  given  daily  for  some  weeks  or  mouths, 
though  in  most  cases  of  prolonged  administration  no  not- 
able disorder  resulted.  In  many  cases  the  urine  presented 
an  intensely  red  color,  from  the  presence  of  hiematopor- 
phyrin,  and  its  quantity  was  uotalily  lesseiu'il.  Besides 
great  general  debility,  there  were  observed  anorexia, 
severe  pain  in  the  epigastrium  and  right  hypoehondrium, 
vomiting,  obstinate  constipation,  sometimes  diarrluea. 
headache,  drowsiness,  disorders  of  sight,  diminution  of 
reflexes,  staggering  gait,  ascending  paralysis  and  coma. 

The  supervention  of  toxic  effects  is  more  apt  to  occur 
in  weakly,  aiKrmic,  old  patients,  and  those  having  not- 
able disorder  of  the  alimentary  canal,  such  as  gastric  and 
intestinal  catarrh  and  constipation. 

The  dose  of  sulphonal  is  1  or  2  gm.  dis.solved  in  about 
six  or  ei.ght  ounces  of  hot  liquid — water,  milk,  bouillon, 
soup,  tea — and  given  a  short  time  before  retiring.  In 
most  cases  of  insonuiia  it  is  best  to  begin  with  1  gm.  ;  if 
this  should  not  have  the  desired  effect,  the  next  dose  may 
be  1.3  gm,  (gr.  .xx.'l;  and,  if  necessary,  the  subse(iuent 
do.ses  may  be  gradually  increased  to  2  gm.  (gr.  xxx.). 
Should  this  dose  not  act,  some  other  hypnotic  shoidd  he 
resorted  to.  Uniler  no  circumstances  should  sulphonal 
be  given  every  night  for  any  length  of  time. 

TnioN.\L  is  closely  allied  to  sulphonal  in  chemical 
constitution,  jihysical  properties,  and  ])liysiologieal  ac- 
tion. It  is  somewhat  more  soluble,  acts  more  rapidly 
and  certainly,  and  is  less  frequently  followed  by  dis- 
agreeable and  toxic  effects  when  continually  used  for 
months.  Hence  it  is  now  very  extensively  used  and  in 
many  asylums  has  entirely  supplanted  suljihonal.  Like 
sulphonal  it  produces  during  the  slee]i  no  notable  aberra- 
tions in  the  organic  functions  of  respiration  and  circida- 
tion.  The  sleep  is  sound  and  refreshing,  and  as  a  rule  is 
not  followed  by  anv  obvious  disorder,  except  in  rare 
eases,  generally  feeble  patients,  who  may  be  somewhat 
drowsy  or  complain  of  headache  and  giddiness.  In  .some 
instances  the  long contiiuied  use  of  trional  has  been  fol- 
lowed by  gastric  disorder,  vomiting,  constipation,  delayed 
hypnotic  action,  oliguria,  and  ha>matoporphyrinuria. 

The  dose  of  trional  is  from  1  to  2  ,gm.  (,!;r.  xv.-xxx.). 
If  1  gm.  (gr.  XV.)  shotdd  fail  to  produce  .sjitisfaetory 
sleep,  the  ne.xt  dose  should  be  1.3  gm.  (gr.  .x.\.).  It  will 
rarely  be  neces.S)»ry  to  give  more  than  1.5  gm.  (gr. 
-xxiis-s. ).  The  dose  fotuid  necessjirv  .should  be  given  in  six 
or  eight  oimccs  of  hot  liquid  just  before  retiring,  ami 
shoidd  he  repeated  not  oftener  than  every  other  night. 
If  a  hypnotic  be  required  in  the  intermediate  lughts. 
chloral,  chloralanude,  or  am3-lene  hydrate  may  be  used. 
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II)  I lira, 

II  t  (•■■••III  a. 


It  U  Milt  iKiviwiirv  I"  iiuTiiisi-  (III-  iliMi'  iif  trioiiul:  mi  tlir 
cuntniry.  nflcii  llir  ilo-u-  iim\   lir  siiincwlint  iliiiiiiii'^liril 

1'aihi.iikiiviik  —  Viiiriii/.  (rrvi-lln,  in  IHS-.'.  rrrmii 
liiriiilril  this  siili'itiiiii  r  IIS  all  rlllririil  iiliil  siifi'  livpiintir, 
wliirli  liii;:lil  lir  siilislitiitiil  I'nr  rlilnnil  livilnilr  ill  all 
ittsi's  ill  »  liirli  ili'|iri'ssiiiii  iif  till'  liiart  ^lll>lllll  Im'  iivniilril. 
Ill  iiiiiiirriMis  r\|ii'riiiii'iils  oil  animals  anil  liiinian  hriiiKH 
III'  liail  fiiuiiil  liial  it  iiiililnil  i|ilirl.  |iri>li>liKi'<l  slri'p, 
witliniil  alli  riiiK  lln'  fninliiins  of  rirriilaliun  anil  rrs|iini- 
tiiin,  anil  nitlioiit  caiishig  i-xoitfiiicnt  or  (lisa);ri'i'al>li' 
uflir  i-ITrrls. 

SiiiiT  ri'inninii'iiilril  liv  Ci-rvrlln.  |ianililrliyilr  lias  lni'ii 
t«'Slril  liy  niiiiirriiiis  can  fill  nlisrrvrrs,  II  was  fniiinl.  as 
a  mil',  III  art  salisrartnrilv  in  mania,  ilrliriiini  tiriiiriis. 
Ii\strria.  Iiv|iiiiliiinilriiisis,  anil  otlirr  onliiiarv  ilisrasi'S. 
In  ras<'S  iif  ninliar  ilisi'iisi',  in  wliiili  tlir  liriirt's  iirtinn 
WHS  viTV  wrak,  it  rausi'il  im  nnlalili'  ili|irrssiiin.  Tlie 
(il>s«Tvatiiiiis  lliiis  fur  mailr  liiivr  cniiliriiiril  tin-  rrsiilts 
ohtniiii'il  liy  ('rrviiln,  that  imialilflivilr  is  a  |iii\vi'rfiil 
hypnotic  wliicli  iliws  nut  luiiluly  act  on  the  heart  nr  re- 
spiratnry  ci'iilrr.  anil  that  it  shoulil  lie  prcfrrrcil  tocliloml 
liyilniti'  in  nil  cases  uf  ileciileil  caiiliuc  weakness. 

It  canniil  he  siilistitiiteil  fur  iiiiirphine  in  cases  of  in- 
soinniji  caiisi'il  liy  piiin.  as  it  sconis  to  pusses.<;  no  niurkcd 
analicesic  act  ion. 

The  iliise  rei|iiireil  fur  hypnotic  purposes  varies  jrrcatly 
with  iniliviiliial  siisceptiliility.  C'ervello  foiinil  that  1 
gni.  sometimes  liail  a  i(iiietin^  elTect  in  wnmeii,  while  4 
pm.  often  faileil  to  iniliice  sleep  in  stronsr  men.  I'Yoni 
exporiminis  mi  animals  he  siipposeil  that  the  hypnotic 
ilose  miirlit  1)1-  three  times  as  laiL'e  as  that  of  chlonil  hy- 
ilnite.  anil  from  his  trials  mi  healthy  men  anil  patients  he 
concluiieil  that  111  gm..  ailministeroil  in  iliviileil  iloses. 
miirht  he  given  to  ailiilts  without  causini;;  any  notiilile 
(lisoriler. 

Heinir  very  ncriil.  paralilehyde  is  contrain(licnt<'d  in 
irritalile  slates  of  the  tliroat  anil  stoinacli. 

If  ailministi  nil  in  a  concent  nileil  form,  it  prodiicos  a 
stnmjr  sinsjition  of  lniriiiiiirin  llienimilh.  C'ervello  gave 
it  in  very  ililiile solution  in  sweeleiieil  water,  aiulohservcil 
that  solutions  containin;;  more  than  llirce  |ierccnl.  have 
a  (lisiigreenbly  pungent  taste. 

As  a  rule,  it  is  necessary  to  give  at  Icu.st  fifty  minims 
to  inilure  slee[<.  ami  in  most case.s  this  i|iiantily  must  lie 
r»-peateil  once  or  twice  at  intervals  of  half  an  hour  or  an 
hour. 

At  the  temperature  of  59"'  F.  paraldehyde  is  dissolved 
in  eight  parts  of  water,  but  it  is  less  solulile  at  higher 
tempenitures.  It  may  lie  prescribed  in  concentniteil 
solution:  but  each  dose  should  he  diluted  with  about  two 
and  a  half  ounces  of  water  before  ingestion.  1^  Panil- 
deliyd..  10  gm.  (;iiss.):  syr.  aurantii.  1.5  gm.  (Iss,); 
aq.  destill.,  7.)  gm.  (  3  iis.s.).  M.  Sig. :  Two  tahlespoon- 
fulsat  bedtime:  afterward,  if  necessary,  one  tablespoon- 
ful  every  half  hour  until  sleep  ensues. 

Hodgson  recommends  the  following  formula:  R  Pulv. 
trag.  CO..  4  gm.  (3i.);  .syr.  aurantii.  1.5  gm.  (§s.s. ); 
pamldehyd..  4  gm.  (  3  i.):  sp.  chloroform.,  in.  xv. ;  aqua;, 
q.s.  ad  SKI  gin.  (  ;  iij.).      M. 

Amvi.knk  nvi>it.\TK  was  recommended  as  a  hypnotic 
by  von  Mering  in  IMS?.  In  experiments  upon  animals  he 
had  found  that  moilerate  doses  act  chiefly  on  the  cere- 
brum, pnidiicing  sleep  for  hours  without  notably  modify 
ing  ri'spiralion  or  circulation,  and  that  large  iloses  alTect 
also  the  s|iinal  cord  and  llic  midulla  oblongata,  arresting 
the  nrtcMs.  brialliing,  ami  heart  action. 

Von  .Mering  administered  it  to  sixty  patients  afflicted 
with  insomnia.  .Vfler  doses  of  3tol>gm..  sleep  ensued 
within  half  an  hour  and  continued  for  from  six  to  eight 
hours.  Only  foiirtimes  was  the  hypnotic  action  iinsatis^ 
factory.  Xo  disjigreeable  incidental  etTects  occurred,  and 
only  one  patient  complained  on  the  next  moniingof  slight 
headache.  When  the  slieplessiiess  was  caused  by  pain, 
aniylene  hydrate  did  not  act  well:  but  the  simultaneous 
ndministmtion  I'f  a  small  quantity  of  moriihine  rendered 
the  action  sjitisfactorv.  Von  Mering  considered  2  gm.  of 
aniylene  hydrate  equivalent  to  1  gm.  of  chloral  hydrate 
and  to  3  gm.  of  paraldehyde. 
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Since  von  Mering'H  re<'ominend»lion  of  iiiii\leiie  hy- 
dniti-  it  has  been  fn'qUeiilly  used  enpecially  in  lUiylillllH 
iiiiil  has  liei'ii  found  xafe  and  itlicieiil  .  Iiut  owing  to  itH 
disagnialile  iwlor  and  taste  and  occaHimuil  untoward  »c 
lion,  it  can  he  used  mily  to  n  limited  extent  in  private 
jinii'lisi'.  Soiiie  patients  refiisi' in  take  it  mi  iiccmint  of 
Its  pungency:  otiiers  cmnplain,  after  taking  it  for  wnne 
lime,  of  discmnforl  after  eating — a  ilisliirbanie  of  diges 
lion  that  may  in  part  be  due  to  irrilatimi  but  more  In 
interfen-nce  with  the  aetimi  of  the  pepsin.  In  u  few  in 
stances  it  has  ejiUM'd  etTe<'tM  resi'iiibling  alcoholic  iiiloxi 
cation  befiire  sleep  eniiiied,  and  aftei  the  sleep  iiaiisea, 
headache,  anil  giddiness.  In  some  casi's  it  accelenites. 
ill  I  it  hers  .slows,  the  heart's  action  and  renders  it  siiinewhal 
irri'L'ular.  In  some  instances  its  actimi  is  prolmigi'd,  the 
patient  being  drowsy  on  the  next  day  Smnel lines  also 
it  fails  to  act  elliciently  after  it  has  been  given  live  or  si.x 
times.  Hut  notwithstanding  these  defects,  aniylene  hy- 
di'ale  is  an  excellent  hypnotic  adapted  to  iK-casionul  use 
in  cas<'s  of  insomnia  requiring  the  prolonged  use  of  hyp- 
notics. 

The  dosi-  of  amylene  hydrate  is  2  lo  4  gm.  (  Z  ss.-  J  i.) 
mixed  with  water  and  syrup  or  liquorice.  V^  Amvleiii 
livdrut..  fi  giu.  (liss.):  Aq.  dest.,  (50  gm.  (jij.):  JCxIr. 
glycyrrh..  login.  (  I  iiss.).  M.  S. :  One-half  to  be  taken 
liefon'  retiring.  R  Amyleni  liydrat,.  (5  gm.  (  1  iss.):  Aq. 
auraiUii  llorum,  4.5  gm.  (?iss,):  Syr.  aurantii.  30  gm. 
(ji.l.      -M.     S. ;  One  half  to  be  takeii  at  bedtime. 

BitoMiDKS. — The  bromides  of  pola.ssiiiin.  sodium,  lith- 
ium, and  caleiiiin,  and  liydrobrmnie  acid,  are  efficient 
hypnotics  in  some  kinds  of  insomnia,  althougli  in  the 
niirinal  state  of  the  organism,  administered  during  the 
daytime,  they  do  not  induce  sleep  except  in  very  large 
doses.  Their  hypnotic  action  is  not  attended  or  followed 
by  disagreeable  elTect.s,  unless  they  are  given  in  a  too 
concentrated  form  or  their  usi!  is  continued  very  long. 
Administered  when  the  slomacli  is  empty,  they  quickly 
produce  disorder  of  digestion,  unless  diluted  with  a  large 
quantity  of  water.  When  usid  lontinuously  they  often 
cause  eruptions  on  the  skin,  catarrh  of  the  air  pas.s)iges, 
fetor  of  the  breath,  pallor  of  the  face,  emaciation,  debil- 
ity, depression  of  the  sexual  function,  and  dulness  of  the 
intellect  with  weakness  of  memory.  But  these  effects 
speedily  subside  when  their  il.se  is  disiontinued. 

The  bromideof  ]iotassium  in  large  dosesdiminishes  the 
frequency  and  force  of  tlie  pulse  and  lowers  the  teiiqier- 
ature.  In  healthy  persons  Ivrosz  found  the  jiulse  ilimiii- 
islied  in  frequency  from  eleven  to  twenty-two  lieats  in 
the  minute  after  ilosi's  of  10  gm.,  and  as  much  as  thirty 
beats  alter  1.5  gm.  The  pulse  wa-s  weak  and  sometimes 
irregular.  The  temperature  fell  from  0..5'  to  0.8"  C 
after  doses  of  10  gm.,  and  1.2'  ('.  after  1.5  gm.  The 
maximum  eiTect  on  the  pulse  and  temperature  occurred 
between  the  second  and  third  hour  after  the  ingestion  of 
thesnlt.  Bromideof  siidium  in  large  doses  did  not  les,seu 
the  frequency  of  the  pulse  nor  lower  the  leiiqierature. 

The  bromides  are  preferable  to  other  hypnotics  in  the 
wakefulness  de]x-niling  on  almormal  excitability  of  the 
brain.  They  are  usually  erticacious  in  the  early  stage  of 
delirium  tremens,  in  hysteria,  insanity,  hypochondriasis, 
and  the  night  terrors  of  children.  As  they  are  harmless, 
they  should  be  preferred  in  the  insomnia  caused  by  severe 
mental  strain,  intense  emotions,  and  worry. 

Bromide  of  potassium  frequently  induces  sleep  in 
febiile  alTectioiis.  .\s  long  as  the  temiierature  is  abnor- 
maliy  elevated,  and  the  pul.se  strong,  it  is  more  suitable 
than  other  bromides.  But  in  the  latter  stages,  when  the 
heart's  action  is  notably  weakened,  bromide  of  sodium  is 
the  more  eligible  salt.  In  all  cases  of  chronic  sleepless- 
ness in  which  depression  should  be  avoided,  bromide  of 
sodium  should  be  preferred  lo  the  bromideof  potassium. 

The  bromidesaie  usually  given  in  do.sesof  from  twenty 
to  forty  grains,  shortly  before  bedtime,  and  repeated  at 
intervals  of  two  hours  if  neces.s;iry.  In  many  cjvses  of 
chnmie  wakefulness  it  is  better  to  give  fifteen  or  twenty 
grains  soon  aftei-  each  meal,  and  before  retiring.  Each 
(lose  should  be  diluted  with  sevei-al  otinces  of  water  R 
Potassii  brom.,  8  to  12  gm.  (3ij.-iij.>:  Sacch.  aibi,  4 
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gm.  (ii).  M.  Piv.  in  pari.  a'i|.  N<i.  vi.  Sij;. :  One 
|>ow<lcT  in  n  winpiirliiRsfiil  nf  water  ill  lifdlinu-.  R  S<Mlii 
bn.m.,  1">  K""  (;«•';  -^'1  •"•'iilli.  pip..  4."i  irm.  (;is.s.). 
M.  Si);.;  IMie  IfiispiKniful  at  licilliini'  in  a  \viiic);lassful 
(if  waltr;  rcprat  tin- dose  ovciy  t  wo  limirs  if  ni'ii-s.Siiry. 

11y(is<-y.\mI!<. — Till'  prcparatiiins  of  lijoscvamiis.  in 
large  doses,  sonieliiiies  indiire  sleep;  lull  on  aeeounl  of 
the  uncertainly  of  their  aiiion  and  the  disjiiiiecalile  inci- 
ilental  elTe(ls."lliey  are  ntrely  employed  lo  relieve  insoiii- 
nia  in  adults.  They  are  freinieiilly  irsi-d  lo  i|iiiel  the 
rfStlcssne.ss  iiieident  to  the  diseases  of  children,  who  lol- 
onile  lar;;er  doses  proportionally  than  adults.  Uecenlly 
the  alkaloids  ohlained  from  hyoscyamiis  have  been  rec- 
ommended as  powerful  hypnotics  in  some  forms  of  in- 
somniH. 

Ilyia-iliimliii  has  been  used  chiefly  in  exiiled  condi- 
tions of  the  liiiiin,  siii'li  as  deliriuni  Ireniens  and  mania, 
(ienerallv.  doses  of  one  sixteenth  to  one cijrhtli  of  a  firain 
snilice  to  induce  sleep  of  several  hoiii-s'  duralion;  but 
fre<|Uently  hiifrer  do.ses  are  nece,s.saiy — from  one-sixth  to 
one  grain.  Sleep  follows  very  rapidly  after  the  larirest 
dos<',  often  in  tilteen  minutes;  it  becomes  very  deep,  maj' 
continue  ten  or  twelve  hours,  and  is  sometimes  attended 
by  marked  prostration. 

The  ineideiilal  elTects  consist  chiefly  of  hallucinations, 
delirium,  dryness  of  the  mouth  and  throat,  marked  accel- 
eralion  of  the  pulse  and  respirations,  and  great  dilatation 
of  llie  pupils. 

Kinder  found  small  doses  of  liyosc.vaminc  inefficient  in 
delirium  tremens;  larger  doses  prodiiceil  many  hours' 
sleep,  but  without  improving  the  delirium  and  general 
condition  of  the  patients. 

/iytM-iiii  J/i/tlriilirmiiiile  (Scopolamine  liydrobromate). — 
This  salt  has  lately  been  recommended  as  a  very  cllicient 
hypnotic.  In  doses  ranging  from  gr.  ^iji  t"  A  't 
pronipily  iiidiices  slei'p.  which  lasts  from  one  to  four 
lioiirs  if  the  medicine  is  given  in  the  daytime,  and  from 
si.x  to  ten  hours  if  given  al  night.  Wetherlll  found  that 
even  smaller  doses,  gr.  jjj.  frequently  produced  i)ro- 
longed  rest  in  ca.ses  of  insomnia.     It  is  rarely  necessary 

10  repeat  the  dose,  or  rapidly  to  increase  it. 

The  following  ineideiilal  elTects  have  been  observed: 
slowing  of  the  pulse  and  respiration,  slight  elevation  of 
leinpeniture.  hoarseness,  siilTiision  of  the  face,  sweating, 
dilatation  of  tin'  pupils,  relaxation  of  the  muscles,  im- 
jiaired  co-ordination,  and  a  sense  of  fulness  in  the  licad 
and  of  wretchedness. 

Occasionally  modemle  doses  are  followed  by  nausea, 
vomiting,  anorexia,  dysuria,  syncope,  with  small,  rapid. 
irre;rular  pulse,  and  with  symptoms  of  partial  paralysis 
of  the  pneumogaslrics  (Wetlierill). 

Ilyoscine  has  bi'cn  used  in  the  insomnia  of  acute  delir- 
ious mania,  of  agitated  nielanebolia,  neurasthenia,  chronic 
mentil  disfirder,  the  morphine  habit,  alcoholism,  and  in 
conlirnied  ca.ses  of  insomnia  from  unascertained  causes. 
As  a  rule,  it  promptly  induced  quiet  and  prolonged 
sleep. 

Kor  internal  ii.se  the  following  formula  is  convenient: 

11  IIyos<in.  hydrobr.,  0.01  gni.  (gr.  J);  Aq.  dest.,  80 
gm.  (  I  XX.);  Syr.  aiiiaiitii.  20  gm,  ( I  v.).  M.  S. :  One 
toaspoonfiil  once  or  twice  daily. 

C.\NNMiis  Indiia. — Cannabis  indica  has  been  u.sed  asa 
8iilislitiitc  for  opiates  when  the  latter  do  not  agree  with 
the  patient,  and  in  cases  of  aciile  and  chronic  mental 
deraniremenl.  The  siisceplibilily  of  dilTercnt  individuals 
to  its  hypnotic  action  varies  greatly,  rronniiiller,  who 
nilminislcred  it  in  I.IHH)  eases,  found  that  it  succeeded 
completely  in  .VIO,  incompletely  in  Slo,  and  had  lillleor 
no  I'llect  in  2")5.  In  careful  expeiimenls  PreisendiVrfer 
found  thai  dcses  of  one  grain  and  a  half  of  an  alcoholic 
cxtmct  sometimes  acted  well,  but  in  other  cases  had  no 
effect.  Larger  dosfts,  in  no  case  exceeiling  live  grains, 
usually  pro<luced  more  or  less  deep  sleep. 

•  ienerally.  hypnotic  doses  of  cannabis  indica  produce 
decldeil  incidental  elTeels,  such  as  giddiness,  headache, 
halliicinalions,  delirium,  slight  redness  of  the  lace  and 
conjunctiva,  dilatation  of  llic  pupils,  and  brilliancy  of 
the  eyes.     Very  large  doses  often  cause  intense  headache, 
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nausea,  and  vomiting.  In  the  experiments  of  Preisen- 
ddrfer  marked  alterations  of  I  he  circulation  were  observed. 
Two  or  lliiee  hours  aflerlhe  niediiine  had  lK>en  given 
then- occurred  palpitation  of  the  heart,  with  general  relax- 
ation of  the  arterial  tension  and  increase  of  pulse  rate 
from  eleven  to  twenty-two,  sometimes  even  forty,  beats 
per  miniile.  Sleep  usually  ensued  at  the  time  when  the 
changes  in  the  eireulation  began. 

The  hypnotic  action  of  cannabis  indica  seems  to  be  in- 
creased liy  bromide  of  polassiiim  As  a  result  of  experi- 
ments Clousleii  found  that  forty  live  minims  of  the  tinc- 
ture of  cannaliis  indica,  willi  forty-tive  grains  of  bromide 
of  potassium,  were  fully  e(|uivalent  to  a  draelim  of  lau- 
danum as  a  miviiis  of  allaying  maniacal  excitement. 

IIkdonai.,  according  to  recent  rejiorts,  seems  to  be  a 
useful  hypnoiie  in  light  forms  of  sleeplessness.  In  ap- 
jiropriate  doses  il  usually  induces  sleep  in  about  half  an 
hour,  though  sometimes  its  action  is  delayed  for  one  or 
two  hours.  The  sleep  may  continue  for  from  two  toeight 
or  nine  hours,  depending  upon  the  si/e  of  the  dose  and 
the  condition  of  the  patient.  .Vfter  some  time,  si-veral 
days  or  weeks,  the  dose  must  be  somewhat  increased  to 
obtain  the  hypnotic  elfect.  I'siially  no  incidental  cfTccIs 
are  observed  either  (luring  or  after  the  slee]) — the  pulse, 
the  breathing,  and  the  temperature  not  deviating  from 
the  nonnal.  In  a  few  iiislanecs,  on  the  day  following  the 
sleep,  complaint  is  made  of  he;iil.aehe  and  giddincs.s. 

The  dose  of  hedonal  is  from  "2  to  '4  gm.  (gr.  xxx.-xlv.) 
given  asa  powder,  which  may  be  placed  upon  the  tongue 
and  swallowed  flilli  some  cold  water.  It  is  supposed 
that  2  gm.  act  as  elliciently  as  1  gm.  of  trional  and  2  gm. 
of  cliloralamide. 

Doriiiiiil  has  been  found  to  jiroduce  sleep  in  about  half 
an  hour,  which  may  continue  for  from  one  to  ten  hours, 
but  on  the  average  continues  live  hours.  No  notable  de- 
pression of  the  functions  of  circulation  and  respiration  oc- 
curred. Usually  the  doses  given  varied  from  1  to  4  gm. 
of  a  tcn-per  cent,  solution.  It  wa-S  better  to  give  one 
large  dose  than  several  small  doses  at  intervals.  I)or- 
miol  is  held  by  some  observers  to  be  (piick.  safe,  and 
sure  in  action. 

ChlnritiDic  causes  sleep  in  about  half  an  hour,  and  this 
elTect  may  continue  for  from  one  to  twelve  hours,  the 
average  being  about  four  and  a  half  liour.s.  After  large 
doses  the  pulse  becomes  depressed  both  in  volume  and 
in  fre(iuency.  The  breathing  also  becomes  lessened  Id 
depth  and  volume,  and  the  temperature  lowered. 

in  experiments  on  warm-blooded  animals  it  was  found 
that  chloretone  in  hy]inotic  doses  diminishes  the  fre- 
quency and  volume  of  the  inspirations;  depresses  the 
vasomotor  centres  and  dilates  the  blood-vessels,  thus 
lowering  blood  pressure,  and  also  depresses  the  heart  and 
lowers  temperature. 

Some  recent  writers,  however,  state  that  they  have  ob- 
tained good  results  from  llie  euiploymenl  of  this  remedy 
in  the  p(>rsislen1  insomnia  of  the  aged,  and  in  cardiac  dis- 
ease rtith  renal  complication  and  high  arterial  tension. 
In  some  cases  sleep  ensued  after  doses  of  1.3  to  !.(>  gm., 
but  in  most  cases  it  was  necessary  to  repeat  this do.se once 
or  twice. 

Chlovnlose  acts  as  a  h.vpnotic  in  smaller  doses  than 
chloral,  but  seems  also  to  be  more  toxit'  and  less  certain. 
In  a  child  the  small  dose  of  0.2  gm.  caused  trembling  of 
the  hands  and  arms,  and  severe  dyspncra.  Very  grave 
symptoms  have  followed  0.3  gm. — coma,  oscillatory 
movements  of  the  head  and  the  arms,  and  Cheyne-Stokes 
breathing. 

It  is  given  in  doses  of  0.2  to  0.3  gm.  in  capsule. 

Snniud  Niekiea. 

HYPODERMATIC  MEDICATION.— The  hypodermatic 

nielhod  of  .■Kliniiiisteriiig  drugs,  now  so  commonly  em- 
ployed, was  lirst  iulrodiiced  by  Dr.  .Vlexaiider  Wood,  of 
IMinburgh,  in  1><43.  It  was  gradually  evolved,  by  the 
jialienl  labors  of  numerous  observers,  from  the  eiidermic 
or  endermatic  mode  of  using  certain  soluble  remedies 
formerly  much  in  vogue,  and.  as  the  term  clearly  indi- 
cates, consists  in  the  injection  of  solutions  of  suitable 


REFKHENCK   IIAN'DUOOK   OK  Till:   MKDICAL  SCIENCES. 


II)  [xifli-rriiallr 

T1«'(ll<  III  loll. 


iiiiiliniiiii'iils  iiiiiirr  tlir  nKjii  liy  iiiitiiiH  of  a  Niimll  Kyriiii^c 
H|>i'i'iiilly  iiilii|itrii  III  this  |iiir|ii>!«- 

'I'll  insiiri'  HU('t'<-K.s.  I'lirr  nIkhiIiI  Im'  liiki'li  in  llir  cliniri' 
(if  till-  M Tiii);c.  'I'lic  i-sM'tilial  i|iiiililirt  iin',  iiiiifnrinily 
iif  t'lililiri-  iif  llir  Imrri'l,  a  |irii|irrly  tilling  |iiNliiii.  luiil  a 
Hliarji  iiriillr  attarlii'il  In  llii'  iiii/./.li'  liy  liicaiis  iif  a  wutcr- 
tiuli!  jiiiiit.  'I'lirsc  instriitnciils  art' now  iimtlf  of  glawi, 
Cflluloiil.  Iianl  riilil)rr.  ami  im-tal. 

Siller  till' iiirlirr  ila\s  in  tlir  liiHtory  of  this  siihjcct. 
ini|ii>rtaiil  inipniviniriils  liavi-  liciii  wronKhl  in  ibccnii 
slrnrlinii  of  liy |MMlriinatic  syriiijtrs.  so  that  of  late  yiars 
thry  liavi'  Im-iii  olfinil  in  tjriat  vaiii'ty:  ami  inaniifat'' 
tiirrrs  hiivr  ilisplayrd  inurli  cntcriiri.si'  ami  in^rnuily  in 
lirin.u'inu  tliriii  to  tlir  lui'sint  stale  of  eoni|iletenes.s.  E.\- 
eelleiit  instriiiiinils  may  now  he  readily  ohiaineil  at  vi-ry 
niiKlerate  cost. 

'I'lieoriiiinal  syrinjti'S,  and  those  of  inferior  i|nalilv  still 
made,  consist  of  a  i;lass  harrel  with  a  metal  or  liaril  ruli- 
Ih'I'  rap  at  raeli  end. 

This  kind  of  instrument  is  not  loho  recommendeil.  It 
is  frail:  the  monntiin;s.  of  metal  or  hard  rnlilier.  are  lia- 
ble to  he  separated  fr the  harrel  hy  very  sliijht  foice; 

it  is  apt  to  lieeome  leaky,  ami  the  diameter  of  the  ^lass 
tnhini;  is  nirely  uniform  thronjihout  its  leiiirlh;  hut  even 
in  this  ela.ss  of  in>truments.  some  superior  wurkmanship 
is  now  shown  in  the  hest  specimens  olfered  liy  deiders 

A  decided  improvement  upon  this  make  is  illnstruled 
tiy  Kill,  'i'l'i.  The  jrliiss  barrel  is  enclosed  in  a  fenes 
iraled.  sometimes  a  ilonhic  fenestrated,  metal  slieutli. 
w  hi(  h  reveals  the  contents  of  the  syringe  when  charged, 
ami   renders  an  t>iliei-wise  weak   instrument  sullicientlv 


strong  for  ordinary  use.  It  is  easily  taken  apart  for 
cleaning,  ami  to  those  who  prefer  the  gla.ss  barrel  it  is 
recommended.  Nevertheless,  it  is  open  to  other  objec- 
tions urged  against  glass  syringes,  i'ncqual  diameterof 
the  cylinder  and  likelihood  of  leakage  arc  the  principal 
defects. 

Neither  the  celluloid  nor  the  hard  rublKT syringes  have 
given  entire  Sill isfaci ion.  and  the  specimens  usually  found 
in  the  market  caiuiot  beindorseil  as  trustworthy  or  desir- 
able instrnment.s. 

The  metal  syringes  are  to  be  preferred  to  all  others  on 
account  of  their  superior  strength  and  durability,  t  lie  even 
diameter  of  the  bored  cylinders,  freedom  from  leaks,  and 
conipaclness  of  construction.  The  metals  used  in  their 
inanufaciure  arc  (Jermaii  silver  or  brass — plated  inside 
and  outside  with  nickel— i>ure  silver,  ami  gold. 

Fig.  277:{  illustrates  an  instrument  which  meets  fully 
the  deiiianiN  f'T  m    lii'^!  rale  hypodermatic  syriime.      It 
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Nhouhl  Ih>  Kcreweil  upon  the  nii//.le  when  llie  iieeilk-  Ih 
renioveil  If  ileKJrnl.  a  drop  or  two  of  unter  iiiiiy  he  piil 
in  the  cap  to  pieveni  inconvenient  drying  of  the  packing. 
These  syringcK  n'i|uire  no  ciw  for  their  protection.  Init 
may  simply  Ih-  slipped  inti)  a  ('lininoiK  skin  poiieli  mid 
carried,  without  injury,  in  the  piK-ket.  .More  recently 
the  leather  paekiil  piston  has  Im-cii  KiiiierMdeil  by  a  Miliil 
metal  pluntier.  whiih  is  so  aicunitelv  adjusted  to  lliu 
luirrel  that  no  packing  is  rci|uircd      Tiius  the  amioyancu 
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has  a  nickel  plated  Cerinan  silver  barrel,  which  is  not 
eorriKled  or  injuriously  alTecteil  by  any  solution  which 
it  is  proper  to  inject  into  the  tissues. 

The  minim  scale,  in  this  iustrnmeut.  is  placed  upon 
the  semi-cylindrical  piston  rod,  which  is  made  hollow  to 
receive  the  needle,  ami  is  provided  with  a  screw-thread 
and  traversi'  nut.  designated  to  regulate,  when  set.  the 
extent  of  downward  movement  of  the  piston.     A  cap 


of  a  dry  and  consi'i|ueiitly  an  insnlllclent  packing  is  ob- 
viated and  a  thoroughly  aseptic  instrument  may  Ije  in- 
sured (see  Fig.  "2774). 

It  is  prudent  to  he  provided  always  with  an  extra 
neeilU',  which  may  be  enclosed  and  held  by  a  screw- 
thread,  in  a  small  metal  sheath,  furnished  by  instrument- 
makers  for  this  purpose. 

The  gold  and  silver  syringes  are  not  superior  in  prac- 
tical utility  to  the  instrument  above  described,  and  arc 
uuncce.s.sjirily  expensive.  The  syringes  provided  for 
diphtheria  antitoxin  are  similar  in  construction  to  the 
ordinary  instrument,  but  are  considerably  larger.  The 
packing  of  the  piston  is  made  of  rubber  and  by  a  simple 
but  ingenious  mechanical  device  may  be  tightened  at 
will.  The  syringes  u.sed  for  subarachnoid  injections  arc 
substantially  the  sjinie  as  the  antitoxin  syringes. 

The  iiee(lles  for  hypodermatic  .syringes  are  usually 
made  of  steel,  plated  with  gold  or  nickel.  Some  ailvan- 
tages  are  claimed  for  gold  or  jdatinum  needles.  The 
needles  arc  attached  to  the  nozzle  of  the  syringe  by  a 
screw  or  slide  joint.  The  former  is  the  more  convenient 
style.  A  line  wire  should  be  passed  through  the  mi'illc 
when  it  is  not  in  use,  to  prevent  occlusion  of  the  calibre, 
either  by  the  deposit  of  crystals  from  any  solution  that 
may  have  been  employed,  or  by  the  accumulation  of 
rust.  The  needles  ought  to  be  of  small  size,  with  large 
relative  calibre,  and  it  is  desirable  to  have  the  lips 
strengthened  at  the  junction  with  the  sockets.  The 
points  should  be  lancet  shaped  and  free  from  any  groove, 
depression,  or  shonlderlike  projection. 

■The  use  of  these  instruments  reipiires  no  special  skill, 
though  the  dextrous  performance  of  the  little  operation 
materially  diminishes  the  discomfort  of  the  procedure  to 
the  patient.  The  skin  may  be  pinched  up  between  the 
thumb  and  forefinger  of  the  left  hand,  while  the  needle, 
held  perpendicularly  to  the  surface,  is  thrust  rapidly- 
through  it.  After  penetration,  the  point  of  the  needle 
should  be  pa.sscd  obliquely  to  the  desired  de|)lli  into  the 
areolar  tissue,  and  the  contents  of  the  syringe  slowly  dis- 
charged. The  operator,  before  making  the  puncture, 
must  bo  careful  to  expel  all  air  from  the  syringe  by  in- 
verting the  instrument,  and  at  the  s;ime  time  depres.sing 
the  pist<in  suHici<ntly  to  cause  a  drop  of  the  contained 
solution  to  appear  at  the  point  of  the  needle.  It  is 
scarcely  neccssiiry  to  urge  the  importance  of  rinsing  out. 
the  liarrel  and  of  thoroughly  cleansing  the  needle,  imme- 
diately after  using  I  he  instrument. 

The  injection  may  be  made  under  the  skin  in  almost 
any  portion  of  the  body ;  but  the  neighborhood  of  large 
ves.se>s  and  nerves,  bony  prominences,  and  specially  sen- 
sitive or  intlamed  regions  should  beavoided.  The  places 
ordinarily  selected  are  the  arm.  near  the  insertion  of  the 
deltoid  innselc.  and  the  outer  surface  of  the  thigh.  The 
rapidity  with  which  absorption  lakes  place  is  regulated 
somcw  hat  by  the  vascularity  of  the  part  into  which  the 
injection  is  "made.  It  is  stated  by  some  wiiters  that  a 
prompter  effect  may  be  expected  from  injections  into  the 
inner  aspect  of  the  limbs,  or  into  the  pectoral  region, 
than  from  similar  injections  into  the  outside  of  the  limbs 
or  into  the  back.     If  this  difference  really  exists,  it  must 
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1m'  wi  slijtlil  llint  it  is  si-arcely  wortliy  of  serious  consider- 
iilioii. 

Till-  iiijcclions  may  Iw  siipiTticiul.  into  tlie  siil)riita' 
lUKiusiirriiliir  tissue  iilcrcly.  iir  tin  y  iiiiiy  he  di'i'p.  iiitii  tlii' 
ImmIv  (if  It  miiscli'.  CPI-.  lis  iiiis  Ikcii  rci  oiiiiuciKlnl  In  sonic 
ol)siiimli' ciisi's  iif  sciiitic  iiriinilfriii.  ii  (•niicciitnilrd  solu 
tioii  of  iiiorpliinc  iimv  1»'  forced  into  tin-  very  siil)stiiiiei' 
of  the  M<Tve  itself,  injections  arc  soiiietiiiies  iimde  Into 
disensiil  lissiiesiind  iiilo  iibnoriiml  jirowtlis.  Inlnivcnoiis 
ami  inlnis|iiiioiis  nr  siiliiiiacliiKiid  inject  inns  aiealsn  prac 
lise<l.  lull  a  cunsideiatiiiii  of  these  procedures,  and  cif 
liypcHlernialic  alimentation,  is  iiiconipntilile  witli  tlic 
scope  of  tills  nrllele. 

Tlie  leiiieilles  most  coiiiiiioiily  used  liy po(leriiiali<ally 
an-  morphine,  codeine,  atropine,  liyoscliie.  Iiyosc  yamliie. 
slrycliniiie.  es<-rine.  pilocarpine,  calTeine,  cocaine,  apo 
miirpliine,  erftotiii,  <|iiinine,  arsenic,  mercury,  chloral, 
diirilaliiie,  nitroirlycerin.  alcohol,  and  ether. 

Morphine  thus  "employed  has  a  wide  niiige  of  useful- 
nes.s,  and,  on  aecouni  of  Its  power  to  .illay  pain.  Is  far 
more  freipieiitly  fiiveii  liypoderiiialically  than  any  otlier 
(Irug.  The  sulphate  Is  the  suit  jreiierally  used.  It  makes 
a  .siiluliiiii  which  is  in  every  respect  well  adapted  to 
siilKulaneousadiniiiistmtion.  The  ordinary  dose  is  from 
one-sixth  to  one-fourlh  of  a  ■rraln. 

CiMleine  is  usimI  to  meet  the  sjinie  indications  and  is 
Rometimes  a  desinitile  suhstitiile  for  morphine.  It  is  not 
so  likely  to  nauseate  or  to  constipate,  though  as  an  ano- 
dyne it  is  not  .so  trustworthy.  The  usual  do.se  of  either 
tfii'  phosphate  or  the  sulpliato  is  from  one-half  to  one 
gmin. 

Atropine,  in  miniiledoses.  isoftcn  eomliined  with  mor- 
phine, as  it  is  caimlile  of  correctlnor.  In  some  Instances. 
till-  (K'Ciislonal  unpleasjint  after-elTeetsof  the  opiate  w  hen 
taken  alone.  Iiesiiles  posses.slng  valuable  tlienipeutic 
properties  of  its  own.  As  an  antidote  to  opium  In  to.xic 
•piantlty  It  is  superior  to  any  other  dniir.  The  dose 
ranges  from  frr.  ijn  to  gr.  j'^.  Dubolsine  has  been  rcc 
ommeiided  as  an  advautajieous  substitute  for  atropine 
in  about  the  same  doses. 

Ilyo.^'ine  Is  a  most  valuable  cerebral  and  spinal  .seda- 
tive and  hypnotic  in  doses  of  nr.  ^  J5  of  the  hydrobromate. 
It  may  be  administered  alone  or  combined  with  other 
nniKlyne  and  narcotic  drugs.  In  combination  with  co 
deine  its  hypnotic  effect  in  eases  of  cerebral  excitement 
is  most  j;nitifyin<;. 

Hyoscyamlne  Is  closely  allied  in  its  action  to  atropine, 
but  it  has  been  found  peculiarly  effective  in  allayiuir 
maniacal  excitement.  The  usual  hypodermatic  dose  is 
Kr.  f\.  It  should  be  cautiou.sly  administered  at  first. 
Testimony  is  not  lacking  of  its  value  in  various  forms 
of  motor  excitement — as  muscular  tremor,  laryngismus. 
Iilecoiigli.  etc. 

Strychnine  produces  more  decided,  and  often  more 
satlsfaclory,  results  when  injected  subcutaneously.  A 
simple  aipieous  solution  of  the  sulphate  answers  this 
purpo.se  well.  f)ne  grain  to  the  ounce  of  water  makes  a 
••onvr-iiient  solution,  which  will  keei>  without  change  for 
n  coiisidenible  time.  Fifteen  drops — representing  gr.  ,,'j 
— gnidiially  increaseil  when  rei|uired.— is  a  proper  initial 
<los<-. 

Eserine,  llie  aclive  principle  of  calabar  bean,  acts  more 
promptly  when  given  hypiKlermalleally  than  when  ad- 
niiiiisteri'd  by  the  stomach.  The  dose  of  the  siiliiliale  or 
miirinteis  from  gr.  ,,',,^  to  gr.  -V,.  In  elTcct.  il<liiiiiiilshes 
the  reflex  excitability  of  the  spinal  cord. 

Pilocarpine  Is  administered  In  doses  of  from  one-eighth 
to  one  ipiarter  or  one  half  of  a  grain  The  nitrate  is  the 
salt  most  commonly  employed.  It  Is  freely  soluble  In 
water,  anil  acts,  when  used  liypoderinatinilly,  with  great 
proniplness. 

CalTeine— the  sodiolicnzoafe— may  be  exhibited  in  one- 
pniin  dosi'S  in  conditions  of  mental  "and  physical  depres- 
sion, for  nervous  headaches -especially  for  such  as  are 
dependent  upon  the  omission  of  the  accustomed  cup  of 
coffei — and  In  addition  to  atropine  in  ca.ses  of  opium 
|Hiisiining.  It  has  also  Urn  useil  with  some  success  in 
the  triiitnienl  of  neuralgia. 


The  hydrochlorale  of  cocaine  is  used  hypodermatlcally 
nniinly  for  its  local  anivsthetic  ctTect.  Its  use  Is  not  free 
from  danger.  Excessive  depression  of  the  circulation 
sometimes  follows  its  admlnlslratlon.  Tlie  dose  Is  from 
oiicelghth  to  one-half  of  a  gniiii.  dissolved  In  water. 
The  latter  i|uaiitlly  has  iiroiliiced  alarming  symptoms, 
but  Is  ordinarily  safe,  especially  w  hen  preceded  by  gen- 
erous alcoliolic  stimulation.  It  seems,  however,  that  in 
smaller  doses  it  reduces  the  fric|Uency,  but  inereasis  the 
force,  of  the  pulse.  More  or  less  nausea  niiiy  be  ixperi- 
eiiceil  during  its  tiction.  Tlieexleiil  of  its  anasllietic  in- 
lliience  is  very  liiiiiteil.  probably  ineliKlIng  only  tlie  ab- 
sorbing tissues  which  may  be  brought  into  Immediate 
contact  with  the  solution.  It  is  more  than  likely  that 
the  drug  supplied  by  the  tnule  is  of  variable  strength. 
Herein  lies  a  clanger  that  should  be  watihed 

Apomorphine  is  serviceable  in  conditions  requiring  a 
prompt  emetic,  and  when,  from  iinconseiousness  or  from 
some  other  circumstance,  deglutition  is  rendered  imprac- 
ticable. It  is  conspicuously  useful  in  some  ca.ses  of  nar- 
cotic poisoning.  In  consequence,  however,  of  its  de- 
pressing intluence  upon  the  system  it  should  be  used 
with  caution,  more  especially  In  cases  of  profound  nar- 
coti/ation,  in  which  the  respliiitory  and  cardiac  move- 
ments are  feeble.  The  usual  dose  is  one-tenth  of  a  grain 
for  adults. 

Ergotin  is  given  sul)cutaneously  in  doses  of  from  two  to 
live  or  ten  grains,  or  even  in  larger  (luantily  in  cases  of 
extreme  urgency.  One  draclini  of  water  will  di.ssolve 
twenty  grains  of  ergotin — which,  in  fact,  is  only  an 
aqueous  extract  of  ergot.  A  more  concentrated  solution 
may  lie  made  by  rubbing  uji  the  purified  extract  with 
distilled  water  until  one  minim  represents  one  grain.  It 
should  be  carefully  filtered  to  remove  all  solid  particles. 
One  half  grain  of  carliolic  acid  added  to  each  ounce  of 
the  solution  Avill  ]irevent  destructive  changes,  which, 
willioul  it,  will  l.-iUe  place  very  rapidly.  In  the  absence 
of  tile  aqueous  extract  the  lliiid  extract  may  be  used. 
Ergotin  injected  under  the  skin  Is  beyond  doubt  a  most 
potent  remedy  in  h,emo])tysis,  hieniatemesis,  metrorrha- 
gia, and.  indeed,  in  many  forms  of  lieiuorrhage  beyond 
the  reach  of  surgical  control.  It  is  valuable  also  in  con- 
gestions of  the  brain  and  spinal  cord.  In  the  early  stages 
of  meningitis,  and  in  a  number  of  uterine  and  other  dis- 
orders. Sclerotinic  acid  lias  been  |)rescribed  as  a  substi- 
tute tnit  it  does  not  represent  ergot. 

The  sulphate  of  quinini — the  salt  of  quinine  commonly 
prescribed  in  this  country — rei|uires  for  itssolution  seven 
hundred  and  forty  parts  of  water,  which  fact  is  an  insu- 
perable olistade  toits  satisfactory  hypodennatie  ailminis- 
tration.  It  lias  been  proposed  to  dissolve  the  dlsulphate 
of  quinine  in  water  by  means  of  heat  and  of  dilute  sul- 
phuric acid — two  minims  to  the  grain — so  that  one 
dniclini  of  the  solution  would  contain  six  grains  of  the 
quinine.  The  solution  is  to  be  filtered  immediately  and 
a  few  drops  of  carbolic  acid  added  to  insure  sterility. 

The  ollicial  bisulphate  of  quinine,  as  commonly  sup- 
plied, while  freely  soluble  in  water — one  part  in  ten — 
contains  an  excess  of  acid.  and.  consequently,  like  the 
foregoing,  is  very  irritating  to  the  tissues. 

Till-  kinate  of  quinine  has  been  used,  and,  although  it 
is  dissolved  by  four  parts  of  water  toone  of  the  salt.it  is 
not  free  from  objections. 

The  hydrobromate  of  i|uinine  is  soluble  in  the  propor- 
tion of  one  part  to  sixteen  of  water  at  a  temperature  of 
ri9"  F.  Ileat,  or  the  addition  of  a  little  alcohol,  increases 
its  solubility.  It  is  neutral  in  reaction,  and  is  well 
adapted  for  hypodermatic  use. 

Of  all  the  preparations  of  quinine  at  present  known, 
the  muriate  of  (piinine  and  urea  is  the  most  available  for 
subcutaneous  iiijeeiions.  It  is  not  odiclal  .-nid  is  but  lit- 
tle known  in  this  country,  yet  it  is  used  with  the  most 
satisfactory  results  in  Germany  (Ilager's  "  Ilandliui  h  der 
pharmaceutischcn  Praxis  ").  This  double  salt  Is  made  by 
adding  three  parts  of  urea  to  twenty  parts  of  hydro- 
chlorate  of  quinine  dis.solved  in  fifteen  parts  of  muriatic 
acid  of  a  specific  gravity  of  1.061.  It  is  soluble  in  its 
Weight  of  water  at  ordinary  temperatures.     A  lifty-per- 
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II )  |Mi«|i'riiiNllr 
V|t-tll«-iilliiii. 


(■out.  tuiliitiiiii  i<<  iiMil  Willi  |iniinpt  i-ITik-I,  r«llow<tl  by 
very  kUkUI  I<k'iiI  irritiilii>M  iiiiil  milv  ii  tniiiNifiit  Kidi^iiij; 
M-iiMilioii  III  llii'  poiiii  of  jiiTiijiiii. 

Till'  iiiiisi  iiii|><>rliiiil  lirlil  fur  llir  liyiiiNlirniiilic  iih'  of 
i|iiiiiiiii'  will  |iriilialilv  Im'  foiiinl  in  llir  |irriiii  imis  lypi-s 
of  iiiiilai'iiil  fiviT-,  Hliinllii-  llltllll^l  |ir<>iii|iliii'vs  in  m' 
curing  ils  full  rITci  I  is  often  rri|iiioili',  ami  in  llir  nmrr 
(Hiiiiiiioii  niiiliiriiil  ili'ninv'i'iiK'nts  tilli'inlril  tvitli  pislrir 
tlisliirluinci-s.  wliiili  iinrlinlcil^  iim-  liy  tin'  nioiilli.  The 
<los<'  viirii'Sfrniilly  iii'ioriliiit;  to  the  iiiiliriilions  to  Im-  iiict. 
It  limy  111'  slatril  ai  from  oin-  to  iwiiity  ;;iiiiiis. 

'I'lir  olllriiil  soliilioii  of  lliiarsi'iiialr  I'f  |>otas.Miuiil  is  llir 
form  in  wliicli  arsriiic  is  jrriirnilly  rsliiliitril  siilx-iHa 
iii'oiisly  It  produn'S  less  local  irrilatinii  if  ililiilnl  willi 
iin  ri|iiiil  i|Uiiiitity  of  wiilrr  Tlir  iIom'  is  lliicr  minims — 
i'i|iiiviilrnt  to  alioiil  );r.  ,',  of  arsriiioiis  aciil.  Il  iiiiiy  lir 
);ni(lually  inrmisril  to  a  iiiiirli  i^iratrr  anioiml. 

Soiiii'advantairrsarrrlaimril  for  llir  arsriiiair  of  soi limn 
for  liypoilrrmalii' iisr.  Tlirollirial  solution  may  lir^'ivin 
in  III!   samr  ilosr  as  tlir  pri'inliiii.'  pii'iiaiiition. 

Till'  liypodiTiiialir  mrlliod  is  ordinarily  not  an  available 
MKHle  of  iisiiii.'  nirieury  ill  private  piailire.  Iliouirli  the 
visilile  lesions  of  syphilis  iindoiiliirdly  disjippear  under 
its  use  ill  this  manner  niori'  rapidly  llian  when  it  is  j.'iven 
liy  till'  inoiitli.  Nevi-rlhi'leivs.  from  the  force  of  circiim- 
sinners,  rrcoui'se  to  this  means  of  trealmeiil  must  Ik- rr- 
s<'rveil  for  exceptional  eases.  The  corrosive  chloride  dis- 
solved in  wilier  is  the  favorite  prepanilion  of  the  drnir. 
The  ilosi'.  loeomineiiee  witli^inay  represent  jrr.  4'^. 

The  jrreat  and  persisleni  pain  »  liieh  aceonipanii'S  and 
follows  the  liy poderinalie  adminislnition  of  clilonil  seri- 
ously militates  airainst  its  use  in  this  manner.  A  lifty- 
pcr-crnl.  solution  in  water  is  ;;enei-ally  employed.  A 
more  lilienil  diliilioii  of  u  full  dosi'.  while  il  diminishes 
the  hx'iil  irritation,  at  the  same  time  ineonveiiienlly  iii- 
rreil.sj'S  the  Inilk  of  the  injection.  An  anodyne  elTeet  is 
said  to  follow  the  siiheutaneoiis  use  of  chloral,  which  is 
not  oliserveil  when  it  is  taken  by  the  mouth.  In  cholera 
— both  epiilemie  aiidsponnlie — it  yields  excellent  results. 
Bartholott  reports  a  "very  formidable  case,  in  which 
there  s<'enied  bill  little  hope;  sixty  grains  were  adminis 
tored  liypodermalieally  in  two  hours,  with  the  efTeet  to 
stop  the  cramps,  restore  warmlh.  and  to  remove  indeeii 
all  iiiifavoi-able  symptoms."  The  sjimc  author  says: 
"Then'  is  no  means  of  tretUing  cholera  now  known  so 
elTeetive  as  this." 

Chlonil  may  be  injected  in  combination  with  morphine, 
or  niorphini'  and  atropine.  The  eombinalion  constitutes 
a  jiowirful  anodyne  hypnotic.  The  dose  of  chloral  is 
from  live  to  ten  jrniins  or  more. 

Uiirilaline  is  administered  to  meet  llie  indications  for 
which  dijiitalis  is  u.s<'d. 

Nilroslycerin  is  a  dilTiisilile  cardiac  stimnlant. 

Alcoholic  stimulants  may  be  iriveu  liypodermalieally 
in  the  form  of  brandy,  whiskey,  or  diluted  alcohol,  when 
an  immediate  effect  is  letpiired.  and  when  administration 
otherwise  cannot  be  accomplished.  A  syringefnl  may  be 
injected. 

Ether  is  extoUeil  as  a  diffusible  stimulant  in  conditions 
of  collapse  or  of  profound  physical  depression.  Il  may 
be  piven  in  doses  of  lifteen  to  thirty  minims  tindiluted. 

The  sirenjrth  of  the  solutions  employed  for  hyjioder- 
matii-  injections  is  a  niiUler  of  some  conseciuence.  If  too 
free  dilution  shoulil  be  resorted  to.  the  mere  bulk  of  the 
injection  is  annoyin;:  011  ai'<ount  of  the  pain  consequent 
upon  distention  of  tin'  tissues  or  tipon  successive  punct- 
ures of  the  skin,  which  may  be  necessary  for  its  intro- 
duction. If.  on  the  oilier  hand,  the  solution  should  bo 
too  concenlmted.  it  may  prove  very  irritating.  Then, 
airain.  il  should  be  reniembered  that  a  few  drops  of  the 
solution  may  remain  in  the  nozzle  and  in  the  needle. 
This  ri'sidiium  will,  of  course,  be  of  more  importance  if 
taken  from  live  than  from  twenty  drops.  Two  drops, 
for  ■instance,  will  represent  in  the  former  caju'  nearly  one 
half  of  the  dose,  which  niiirht  be  a  serious  loss,  while  in 
the  latter  it  would  be  a  waste  of  only  one-tenth,  and  pos- 
sibly b<'  inappreciable  so  far  as  the  effect  of  the  drug  is 
concerned. 


An  moiit  of  the  rcini-<llp«i  iim-d  h.vp<Hlemiulicall.v  are 

eoneeniniied  poiwuiK,  ncciiniey  of  iloiu-  In  very  ni-ciiifary. 

Dislilled  water  Ik  not  evHiiil'ial  in  iiiiiliinKthe  NiliilioiiK; 
indeed,  it  is  iiiferi'ir  to  river.  liKierii.  or  well  water,  either 
.   <<<  «  liieh  will  answer evi'ry  reipiirrnieiil,  If  only  fri-r  from 
visible  impurities. 

Strong  aeiil  and   Htroiii;  alkaline  Miliilions  are  iinlllled 

for  hypiHlermalic  administration.     The  Milniions  kImiiiIiI 

be  iiH  nearly    neiitnil  as  possibli- and    fii-e   from   irritant 

ijiiiilities.     "Metallic  sails  have  their  irrilatini;  pro|H'rtieH 

I   diminished  or  reiiiovi'd  by  beiiijr  combined  with  iilbiimeii 

I    or  with    an    alkaline  citiiite  or    tartrate,    hii  iin  to   form 

I    double  salts  "  |  Itiunlon) 

Soliiiioiisof  the  alkaloids  under);o subtle  and  unknown 
ehaniies  w  lien  kept  for  a  considerable  lime.  They  <le- 
velop  also  a  fiint'oiis  ^rrowlli — /Hiiiri/liinii.  —  ii  niiniite  or- 
I  jranism  which  multiplies  at  the  expense  of  the  alkaloid, 
and  the  solulion  deterionites  in  prnporlion  lolhe  iiiereaKC 
of  this  formation.  The  eviiporalion  of  the  mensininni 
will  also  inlliienee  the  slrennlhof  the  solution.  There- 
fore frisli  solutions  only  should  Iw  employed,  or.  better 
slill.  iliey  may  be  extiniponineously  prepared  from  pow- 
ders of  know  11  (|uanlily.  or  from  hv  priderniatii-  tablets, 
w  liieh  are  now  manufactured  by  a  number  of  responsible 
parties  whose  established  reputations  may  be  accepted 
as  a  piianintee  of  absidiiU'ly  reliable  pr<Mluets.  Simpli: 
tablets,  composed  of  a  sinj;le  driij;  or  several  combina- 
tions of  different  driiijfs,  may  be  priH'iired.  They  are 
preeminently  adapted  to  the  conveiiii'nce  of  pniclilion- 
ers  and  possess  many  advantaires  over  the  ready  niaile 
solutions. 

The  use  of  cherry-laurel  and  of  eucalypliis  waters  as 
menstrua  for  the  alkaloids  serves  to  prevent  the  destruc- 
tive changes  that  render  the  simple  acpicous  solutions 
unstable  and  unreliable.  The  antiseplic  inlliience  of 
carbolic  acid  and  of  salicylic  acid  has  been  invoked  for 
the  same  ]inrpose.  One  to  four  grains  of  either  to  the 
ounce  w  ill  not  jirove  obje<'tionable.  anil  will  jircsi  rve  the 
solutions  for  several  months.  Boricacid  is  alsoemployed 
with  a  like  object. 

The  solution  injected  should  be  entirely  free  from  solid 
particles.  To  insure  this  point  it  is  well  lo  warm  the 
mixture  before  drawing  it  into  llie  syringe,  as  heat  in- 
cri'ases  the  solvent  action  of  water,  and.  bi'sides.  a  moder- 
ately warm  injection  is  less  disagreeable  lolhe  sensations 
of  tlie  patient.  This  heat  may  be  conveniently  applied 
by  holding  thespoon  containing  t]ie  solntion  fora  few  mo- 
ments over  a  gas  jet.  a  lamp  tiame.  or  a  burning  match. 

The  promineiil  advantages  wliicli  accrue  from  the  hy- 
podernialic  method  of  exhibiting  drugs  consists  princi 
pally  in  tin'  ))rompt  effecl  obtained:  the  opporliinily 
which  it  affords  lo  surmount  the  obstacles  of  nausea  and 
vomiting  so  commonly  encountered,  and  to  overcome 
also  any  voluntary  or  involuntary  resistance  on  the  part 
of  the  patient,  the  conse(|uence  of  unwillingness  or  in- 
ability to  swallow.  In  many  cases,  too.  from  some  idio- 
syncrasy of  llie  individual,  a  peculiar  susceplibility  ex- 
ists to  unpleas;iiit  after  effectsof  certain  mi'di<inal  agents 
when  taken  by  the  mouth.  This  result  may.  not  infre- 
(|uently.  be  moderale<l  or  obviated  by  the  subcutaneous 
injection  of  the  same  remedy,  and  a  smaller  dose  ma.v  be 
depende<l  upon  to  yield  given  results:  moreover,  it  is 
possible  that  a  special  llieraiieulic  efTeet  may  sometimes 
be  secured.  Absorption  from  the  subcutaneous  cellular 
tissue  is  l(»ss  likely  to  be  luoditied  by  the  condilion  of  the 
organism  than  absorption  from  the  stomach  and  intestines. 
In  the  alimeiitarv  canal  the  condition  of  the  circulation, 
the  presence  or  absence  of  foods.  Ili<'  state  of  the  lining 
membrane,  the  nervous  supjdy.  etc.,  inlliience,  regulate, 
and  determine  absorption. 

With  a  sharp  needle,  of  not  loo  great  size  and  free 
from  rust,  properly  managed  in  a  suitable  locality,  the 
pain  from  the  operation  is.  as  a  rule,  insigniticant.  The 
danger  of  provoking  inflammation  either  by  the  puncture 
or  by  the  presence  of  the  injected  liquid,  of  the  re.siilting 
cicatrices,  of  conveying  through  the  medium  of  the 
syringe  specific  disease,  and  of  injecting  air  into  a  vein, 
are  all  objections  that  have  been  urgt-d  against  the  pm- 
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ccdiiif :  Imt  wiili  llic  oxorcisp  of  onlinRry  skill,  prii- 
«lciit.-.  uikI  cliiiiilim'ss,  llic  risks  arc  so  rfiuolc  aiul  so 
iniprolialili'  llial  liiry  iici'd  not  be  wrioiisly  coiisidiTcil  in 
rMtiinatin;.'  rorrccllv  liif  urcat,  palpalilc.  and  iniincdiale 
mlvaiila^'i'S  pcrtaiiiin);  to  this  accepted  and  indispensable 
tlierapi'iilic  resoun  c  .liimm  li.  Jitii'rd. 

HYPODERMOCLYSIS.—Theie  are  few  therapeutic 
procediiri's  wiiieh  liavi-  spnina  into  such  well  deserved 
jKipiilarity  as  hypoilerinoclysis.  So  fre(|iienlly  is  it  em 
pUived  to  meet  urgent  siir;;ical  and  medical  coiulitions 
that  it  is  ditlieidl  for  lis  toreali/e  Unit  lesstlian  ten  years 
aj;o  il  was  an  almost  unknown  metliod  of  Irealmenl. 
■NViiile  it  iiail  Ir'i'II  employed  sponidieally.  so  to  speak. 
by  a  number  of  continenlal  iiivestijrators  at  various 
times,  and  very  occasionally  by  a  few  American  physi 
cians  and  siirfreons.  il  was  not  until  Hildebrand.  of  San 
Francisco,  published  a  paper  upon  Ibis  matter  that  it  re- 
ceived thealtention  that  it  deserved.  Soon  after  the  ap- 
lieaninceof  Ilildebrand's  paper,  the  writer  of  this  article, 
having  become  much  interested  not  only  in  the  em- 
phiymeiit  of  hypodennoclysis  but  in  the  question  of  the 
most  suitable  ttuids  for  use  in  eondition.s  in  which  hypo 
dermoclysis  was  indicated,  carried  out  a  series  of  clinical 
«>xpc>riinenls  which  conlirmed  him  in  his  belief  that  \vc 
had  in  hyp(«lermocly.sis  a  ready  means  of  supplyiiii;  the 
body  with  tluid  and  in  Ibishing  the  kiilneys,  thereby  aid 
ing'tlie  e.\creti(m  of  elTete  materials  by  these  organs,  and 
also  aiding  in  the  eliminalioii  of  them  through  the  skin. 

("linical  applications  of  intravenous  inje<lion  and  by- 
po<h'rmoclysis  side  by  si<K'  have,  it  seems,  convinced  the 
profession  that  for  inosi  ca.ses  hypodermoclysis  is  much 
the  more  u.seful  inelluxl.  and  that  only  in  very  urgent 
rases  with  peculiar  conditions  present  is  it  to  be  substi 
tuted  by  inlnivenoiistransfiision.  In  the  majority  of  in- 
slani-es  in  which  liemorrhago  requiies  the  speedy  injec 
tion  of  normal  Siiline  tbiid.  it  is  found  that  the  employment 
of  hypodermoclysis  is  eipial  to  the  occasion  and  that  ab- 
Korptirjn  from  the  subcutaneous  tissues  takes  place  with 
fsiiflicient  rapidity  to  supply  the  blood-vessels  with  a 
pniper  amount  of  lluid.  It  is  only  when  the  hemorrhage 
is  very  |>rofuse  and  the  condition  is  most  urgent  that  in- 
travenous injection  can  be  employed  as  a  satisfactory 
measure  in  its  place. 

The  conditions  in  wliicli  hypodermoclysis  can  be  re- 
sorted to  most  salisfactorily  are  hemorrhages,  as  just 
mentioned:  in  cases  of  uiaMiiia  not  associated  with 
«lro|>sy.  in  certain  cases  of  pneumonia  in  which  theinfec 
tious  aspect  of  the  case  is  most  marked,  and  the  action  of 
the  kidneys  is  imperfect:  and  in  all  of  the  acute  infec 
lions  diseases  in  w  liicli  it  is  impos.sible  for  the  ])atient  to 
take  enough  liquid  by  the  stomach  to  supply  his  tissues 
and  climinatingorgans  with  a  snflicient  quantity  of  fluid. 
Hypodermoclysis  can  also  be  sjitisfactorily  employed  in 
cas«'9  of  gastrii-  ulcer,  and  after  abdominal  operations. 
when  it  is  nece.s.sary  to  provide  the  body  with  fluid  ami 
yet  in  which  it  is  impossible  for  fluid  to  be  taken  by  the 
onlinary  channels  Tsed  in  this  way  in  cases  of  obstinate 
vomiting,  saline  infusions  will  very  frequently  relieve 
much  siifTering,  allay  thirst,  maintain  urinary  (low,  and 
in  every  way  tend  to  sii|)port  the  patient  through  a  try 
ing  ordeal. 

Another  very  useful  employment  of  saline  infusions  by 
•  hi-  hypodermic  method  is  its  use  in  the  trealmenl  of 
threatened  collapse  in  cliolem  infantum,  in  cholera  mor- 
liu.s  of.n  severe  type,  and  particularly  in  Asiatic  cholera. 
In  the  latter  disease  its  employment  has  undoubtedly 
wived  life  in  many  instances;  the  sidine  infusion  taking 
llie  pl.icc  (d  the  fluids  which  are  purged  out  of  the  bodv, 
nnrl  ililutini;  thc>  toxins  of  thi>  disease  which  are  then 
mori'  readily  iliminaled  by  the  kidneys.  Still  another 
instance  in  which  hypodermoclysis  n'lay  be  employed 
with  gri'at  advantage  is  in  the  treatment  of  severe  burns, 
not  only  for  the  purposeof  overcoming  shock.  Iiut.  more 
important,  for  the  relief  of  the  to.xiemia  which  seems  to 
lie  the  true- ca<iS4>  of  death  ininany  cases  of  this  character. 

In  regard  to  the  employment  of  hypoih-rmoclysisin  the 
treatment  of  surgical  shock  or  thatwhich  follows  severe 


injuries,  it  is  important  to  bear  in  mind  that  the  condi- 
tion of  the  patient  is  one  in  which  there  is  a  complete 
rela.xation  of  the  vasomotor  system  <  )r.  hi  other  words, 
he  who  is  sulTering  from  shock  is  being  bled  to  death  into 
his  own  blood -ves.sels.  L'nder  these  circiinisiances  the 
administriilion  of  fluids,  cither  by  hypodennoclysis  or 
even  by  inlr.i vinous  injection,  is  of  no  value  so  far  as 
thiir  bulk  is  concerned,  unless  in  association  with  them 
are  administered  drugs  which  will  ov(  rconie  the  vascular 
relaxation  and  tend  to  restore  normal  arterial  tension. 
Many  physidans  ignore  the  well-known  physiological 
fact  ihat  the  vascuhir  system  iscapable.  when  com|)lctely 
dilated,  of  holding  many  times  the  (juantity  of  blood  con- 
tained in  the  body.  This  fact  is  emphasized  when  we 
rememhcr  that  at  an  autopsy  we  are  wont  to  lind  practi- 
cally all  the  blood  ill  the  body  ill  the  great  veins  of  the 
thorax  and  abdomen.  When  it  is  recalled  that  not  only 
are  these  great  veins  capable  of  holding  all  the  blood 
which  the  body  contains,  but  that  the  cajiillaries  of  the 
skin,  the  capillaries  of  the  muscles,  and  the  <  apillary  sys- 
tems of  large  glands,  as  the  liver,  are  cajiable  of  holding 
immense  quantities  of  blood  when  relaxed,  it  will  readily 
be  .seen  that  an  enorinoiis  quantity  of  liquid  wmiUl  have 
to  be  placed  in  the  jiatient's  body  bcforethis  li(|iiid  <i)uld 
by  its  presence  actually  fill  the  widely  dilated  blood 
patli.s.  And  even  if  il  were  possible  to  fill  the  blood-ves- 
sels of  the  body  by  the  profuse  adiiiiiiistratioii  of  normal 
salt  solution,  this  would  be  of  no  advantage  to  the  pa- 
tient, .since,  under  these  circumstances,  his  heart  would 
not  be  able  to  pump  so  niueli  of  a  bulk  of  fluid  and  his 
tissues  would  be  practically  drowned.  When,  therefore, 
the  use  of  normal  siilt  solution  by  hypodennoclysis  is  fol- 
lowed by  good  results  in  the  treatment  of  shock,  it  is  to 
be  clearly  understood  that  these  good  results  accrue  not 
so  much  by  the  presence  of  an  additional  quantity  of  fluid 
in  the  blood-vessels  as  upon  the  stimulant  ellect  which 
the  injection  may  have  directly  or  rcflexly  upon  arti'rial 
tension  and  cardiac  activity,  and  the  therapeutic  point  is 
to  emphasize  that  it  is  wise,  under  these  circumstances, 
to  eniiiloy  a  normal  salt  solution  which  is  not  absolutelj' 
indifferent,  but  one  which  really  possesses  .some  slight 
stimulant  power  over  the  canlio  vascular  apparatus. 

Another  important  point  to  be  remembered  in  the  use 
of  hypodermoclysis  is  that  it  is  not  Siife  to  infuse  a 
greater  quantity  of  liquid  than  one  drachm  to  each 
pound  of  body  weight  in  each  fifteen  minutes;  as.  if  this 
amount  isexceeded,  the  accumulation  of  the  liquid  in  the 
system  is  so  great  that  the  tissues  become  drowned  be- 
cause the  kidneys  cannot  excrete  the  li(|iiid  fast  enough. 
Hypodermoclysis  is  also  cor.traindicated  in  odenia  of  the 
lungs  due  to  either  cardiac  or  renal  tliscase.  in  cases  of 
chronic  bnmchitis  with  exccs.sivc  secretion  of  mucus  and 
fluid.  In  stout  old  persons,  and  in  young  children  in 
particular,  it  must  be  used  with  great  caution,  if  at  all, 
and  the  sjime  remarkapplies  to  parenchymatous  nephritis, 
because  the  tissues  are  usually  dropsical  in  this  alTeclion ; 
and  even  if  they  are  not.  there  is  a  tendency  to  a-dema  of 
the  lungs  and  an  imperfect  eliminative  action  of  the  kid- 
neys so  that  fluids  rapidly  accumulate  in  the  tissues.  It 
is  hardly  necess;iry  to  add  that  in  patients  having  a  high 
arterial  tension  hypo;lcrmoclysis  is  also  contraiiidicated 
unless  perchance  urjvmia  <u-  inieiiJcnil  eclampsia  is  pres- 
ent, under  which  circumstances  arterial  tension  should 
be  reduced  by  bleeding  or.  in  the  case  of  puerpeiTll 
eclampsia,  by  the  administration  of  full  doses  of  vera- 
trum  viride.  since  by  this  means  arterial  pressure  is  re- 
duced and  an  active  secretion ou  the  part  of  the  skin  aids 
the  kidneys  in  eliminating  both  fluid  and  materials  from 
the  patient's  body. 

Physiological  experiments  made  by  many  investigators. 
and  particularry  by  Dr.  Sydney  Ringer,  (if  London,  ami 
Dr.  Locke,  of  Harvard  I'liivcrsily.  have  pr<ived  that  a 
most  useful  combination  is  the  one  which  follows,  and. 
at  the  suggestion  of  the  writer,  large  manufacturing 
chemists  liave  put  this  formula  iijioii  the  market  dis- 
solved in  one  ounce  (31  gni.)  of  sterile  water  in  such 
strength  that  when  this  quantity  of  concentiated  solution 
is  added  to  a  quart  (litre)  of  i)ure  water,  it  forms  a  nor- 
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mill  |iliyNiiil(>f;i(ikl  siill  sdliilion.  The  writiT  liiii«L-iii|>li>yi-<t 
tliJK  ruiiri'iilnilcil  Kjiliiii'.  iiflcr  ililiiliii);  it,  in  ii  Krcal  iimny 
i-iivs  will'  ilu'  iiiii^i  siiiisfiii'liiry  riHiills,  iiinl  IkHi'Vi'!!  llmt 
il  is  the  l)tsl  Miliiliiiii  fill  the  |iiir|iii«s  imiiicil.  The 
fiiniiiilii  is  us  fiillows: — 1{  Citliiiiiii  clilnriili'.  ii.'i't  nut.: 
piilii-wiiini  chliiriili'.  U.I  ;;iii. .  mhImiiii  iIiIiiHiU',  U  );iii  ; 
wiitcr.  HI  i;m.  This,  wliiii  mliliil  In  a  cuiait  (liln)  nf 
purr  wilier,  cniisliluU-s  wliat  is  kii'iwii  us  "iKiriiial  saline- 

Mlllltinll   " 

Till' pnipcr  iiicaiisof  intriHliuliiK  in'rinul  suliiK'soliilinn 
iiinlrr  till'  skill  is  In  riiiplov  uii  oriliiiury  clrun  jilass  irri 
jialiiii;  appanitiis  ami  riililiir  tiilic  In  llii'  ilistal  I'liil  of 
till'  riililxr  mill'  is  iiisiTtril.  ami  if  Mrcissury  liiil  In,  u 
iiii'*llr  having  a  caliliri'  alioiil  lliiil  nf  llir  (inliniiry  aiili- 
l(i.\iii  iiiTillf  Till-  icscrvnir  is  lilird  willi  iKirniai  .saline 
soliitinn  unil  liunj;  iiImhiI  eiirlitei-n  inches  or  two  feet 
alMive  the  level  at  which  llie  neeilli-  is  inserted.  The  salt 
solution  shonlil  heal  alioiit  110  K.  in  the  reservoir,  since 
il  cools  rapiilly  in  ilsslow  pas,saj;e  tliroii<:li  the  tube.  Or. 
lietter  still,  il  may  lie  placed  in  a  warm  reservoir  at  the 
teinpeniliire  of  KKt  .  tind  the  nibUer  lidie  may  he  coiled 
ilia  liasiii  of  water  at  the  sjimc-  tinipeniture  so  that  the 
fluid  ill  it  is  maintained  at  the  lempenitureof  100  durin;; 
its  How.  The  skin  where  the  needle  is  to  he  inscrteil 
should  he  tlioroii-;lily  cleansi'd  hefore  the  piiiietiire  is 
made,  and  the  most  Siitisfuetory  site  for  tin- injection  is  a 
lilth'  above  Ihe  jrroiii.  ahoiil  half  way  between  the  navel 
and  the  anterior  superior  spine,  or,  in  stout  persons  and 
in  women,  in  Ihe  submaniniary  resion,  and  sometimes  it 
may  he  employeil  on  the  inner  side  of  the  llii;.'hs,  cure 
lieini;  taki-n  toavoid  thejrreal  ve.s.s<-ls.  If  even  moderate 
aniiseptie  precautions  arc  muintained  abscess  praelically 
never  results,  and  the  operation  is(iiiite  painless,  allhouirh 
some  teiideriu'ss  may  e.\isl  in  the  re.uion  of  the  injection 
for  a  few  hours  after  the  absorption  of  the  lluid.  The 
process  is  not  a  painful  one  at  any  sta^re.  \Vh<n  il  is 
wise  to  inject  a  considerable  i|Uuntily  of  licpiid  into  Ihe 
patient  at  once,  more  than  oue  ueedic  and  tube  may  bu 
cmployctl  simultaneously.  Hobart  Amory  Hare. 

HYPOGLOSSAL  NERVE.— (Synonyms:  Xerviis  moto- 
rius  liii;.'u.e;  Ni  r\  us  h\  pojilossus :  I'ar  nonum  of  Willis 
and  the  older  wriiirs;  i'ar  diiodecimum:  2icrf  hypoglosxe 
( Fr. ) ;  Xii iitjfiitlti'«'/i iiirf ((Jer. ). 

The  twelfth  or  hypoglossjil  nerve,  whose  name  is  de 
rived  from  the  (Jrcek  i-o.  'beneath,  and  ^'/uaea,  the 
tongue,  is  the  motor  nerve  of  the  muscles  of  the  tongue 
and  of  those  of  the  hyoid  bone,  with  the  (  xeeption  of  the 
dipuslric,  stylohyoid,  mylohyoid,  and  the  superior  con- 
strictor of  the  pharyn.v.  Il  also  supplies  the  sterno- 
thyroid mus<le.  According  to  the  old  nomenclature  it 
was  termed  the  ninth  nerve. 

For  the  anatomy  of  the  hypoglo.ssal  nerve  consult  the 
article  oil  Crnnidl  yeirex. 

Piivstot.ooY. — The  liypogloR.sal  nerve  is  tlic  motor  nerve 
for  the  muscles  of  the  tonirue,  the  slerno  thyroid  muscle, 
and  all  those attaihed  to  the  hyoid  bone,  with  the  excep- 
tion of  those  mentioneil  above.  Through  its  connection 
with  the  upper  ci-rvical  ganglion  of  the  sympathetic, 
vasomotor  fibres  for  the  muscles  of  Ihe  tongue  pu.ss  into 
it.  From  the  gangliform  ple.xus  of  the  vagus  and  its 
lesser  lingual  branch  are  di-rived  its  filires  of  muscular 
sensation.  Whether  any  such  come  from  the  cervical 
nerves  or  through  the  anastomosis  with  the  lingual  is 
still  doubtful,  though  Lewin  says:  "Recurrent  libres  run 
from  the  lin.sriialis  to  the  hypoglossiis.  and  these  in  part 
a.si-end  as  far  as  the  anterior  condyloid  foramen,  in  part 
descend  in  the  niniiis  desceiidens."  As  u  rule,  no  inllu- 
ence  reaches  the  tongue  Ihrougli  theansji  hypoglossi,  and, 
on  the  other  hand,  little  ifTect  is  proiiuced  on  the  iuus<-les 
supplied  liy  (he  ramus  ileseeiidens  (the  sternothyroid, 
omohyoid,  and  sterno  hyoid)  by  irritation  of  the  roots 
of  the  hypoglossiis. 

Pathology — Injury  or  disease  of  the  hypoglossal 
nerve  or  its  nucleus  produces  either  spasm  or  paralysis 
of  Ihe  muscles  which  it  supplies. 

((?)  SjMixiii  of  till'  .Mnitrlin  SiippJied  hi/  the  Il;/i>of/h>iii>iil 
JWrixy  Lingual  Sjxwin. — This  is  rarely  idiopathic  and  is 


very  infrequent  uh  nn  indi-peiidi-nt  iifTe<-tiun.  On  tliu 
other  hand,  it  <K-ciirs  not  iiiicoininonly  in  certain  ulTec 
tions  of  the  bniin.  and  more  ranly  in  mhih'  of  ihow  of 
the  spinal  coril.  in  till  forms  of  genenil  eoiiviilsioim.  In 
ecluinpsia.  epili-psy,  chorea,  and  hiNlerlu,  we  im-et  with 
it  frei|Ui'iilly,  and  it  Ih  often  N-en  in  coinpaiiy  with 
spasms  of  the  iiiiimIck  supplied  bv  the  motor  bniiich  of 
the  llfth  nerve,  and  by  the  facial  anil  spinal  uccemiorv 
nerves  At  times  il  aci'oinpunies  facial  neiindgia.  or  f« 
coinciileiit  with  stuttering  It  is  not  nire  in  bilateml 
athet^isis,  and  il  (h-cuis  in  (risiiius  ll  may  also  be  de 
pendent  on  a  detinile  patliolngical  condition  of  the  bniin 
or  its  inembnines,  and  is  fouiwt  in  ineiiingitis  and  in  cer- 
tain forms  of  cerebral  and  liulhur  paralysis,  it  miiiiC' 
times  occurs  in  certain  iliseases  of  the  spinal  <<>rd,  as 
progressive  miiseuliir  atro|ihy.  in  wliii  h  the  disiase  prob- 
ably extends  upward  and  involves  the  liypoglos.sal  nu- 
cleus. 

In  many  of  these  cases  we  may  KU|>pose  some  injury 
of  Ihe  nucleus,  or.  possibly,  of  (lie  nerve  itself,  but  we 
must  not  forget  that  lingual  spasm  iiiav  in  all  probabil- 
ity be  produced  by  lesion  of  the  icirtiia)  mntor  lentie  of 
the  tongue  at  the  base  of  the  ascending  frontal  convolu- 
tion, or  pos.sibly  of  some  of  the  libres  which  connect 
this  with  the  hypoglossal  nucleus.  The  spasm  is  also  at 
times  apparently  due  to  iieriplienil  or  relle.x  causes,  its  in 
some  cases  in  w  liich  il  occurs  w  ith  tic  iloulouieux  or  in 
company  w  ith  the  spasms  of  neighboring  muscles.  In 
one  case  it  was  up|)arenlly  caused  by  caries  of  the  teeth, 
which  had  proiiuced  an  iileenition  of  the  gums. 

The  spasms  vary  in  chamcter  in  dilTerent  ca.ses.  They 
may  be  either  tonic  or  clonic.  They  may  consist  in  mere 
])rotrusion  of  the  tongue.  Sometimes  the  tongue  is 
thrust  violently  forward  against  the  teeth,  or  it  may  be 
|irotru(led  and  rapidly  relmcled.  as  in  Merger's  case,  in 
which  this  occurred  as  often  us  tifty  or  sixty  times  a  min- 
ute .Sometimes  the  tongue  seems  to  be  simply  rolled 
round  in  the  mouth.  Again,  the  movements  may  be 
very  varied  and  irregular.  These  spasms  may  also  affect 
the  sterno  thyroid,  sterno-hyoid.  and  lliyro  hyoid  mus- 
cles. There  is  usually  no  jiain  or  swelling,  but  the 
spasms  may  be  preceded  by  u  sensation  of  numbness  in 
the  tongue,  or  discomfort  and  oppression  about  the 
throat  above  the  larynx.  The  tongue  sometiines  feels 
too  big  for  the  mouth.  The  spasms  are  for  the  most 
part  independent  of  the  acts  of  speaking,  masticating, 
and  swallowing,  neither  affecting  them,  unless  when  at 
their  height,  nor  being  affected  by  them.  In  certain 
cases,  however,  the  spasms  are  induced  or  greatly  aggra- 
vated V)y  such  acts. 

The  tonic  spasms  likewise  may  either  occur  indepen- 
dently, or  they  may  be  induced  by  voluntary  efforts  to 
move  the  tongue.  Those  of  the  latter  class  have  been 
diviilcd  into  artiiulatory  and  masticatory  spasms,  accord- 
ing as  they  were  produced  more  esjiecially  by  attempts 
to  niov<-  tiie  tongue  in  speech  or  in  eating.  These  articu- 
latory  spasms  are  known  as  articulatory  hypoglossal 
cramp  or  aphthongia  (aphthongie  Fleuvy),  from  the 
Greek,  a  privative,  and  <!^'>y;6r,  the  voice.  In  some 
ca.ses  the  tongue  is  glued  to  the  hard  palate  whenever  the 
patient  attempts  to  speak:  in  others  (mast  icatoiy  cramp) 
the  food  is  ejected  from  Ihe  moulli  by  the  involuntary 
action  of  the  tongue  during  mastication.  In  Ganghof- 
ncr's  case,  in  which  there  was  spasmodic  contraction  of 
the  tongue  in  ordinaiT  speech,  singing,  rapid  speech,  and 
the  declamation  of  (jreviously  known  pieces  were  more 
easily  accomplished. 

The  priif/noiiiti  of  independent  lingual  spasm  is  gener- 
ally good,  though  the  disea.se  may  he  obstinate  and  per- 
sistent. 

Treatment  There  is  no  symptomatic  treatment,  as 
such,  for  lingual  spasm  except  the  application  of  elec 
tiicity.  The  constant  current  may  be  applied  directly 
to  the  tongue  or  to  the  hypoglos.sal  nerve  in  the  neck. 
The  faradic  may  also  be  used  in  the  same  manner.  These 
are  the  most  useful  means  of  direct  treatment.  When 
the  spa.sm  occurs  as  a  symptom,  or  in  the  course  of  some 
other  disease,   the  priiiiaiy  disease  is,  of  course,  to  be 
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trcaU-J.     In  inili'iKMiiU'iit  spasm  our  first  care  sliould  be 

to  n-iuDVf.  IIS  fiiriK  possililc.  all  prcdisiidsiiijr  or  cxciliii).' 
caiiS4>s.  TIk'  Icclli  ami  fr'"""*  f-'"'"''!  '»'  <iircriill>'  fxiiin 
Incfl.  niul  aiiv  soiinc  of  rrllcx  iriiliilion  slimild  lir  allayed. 
Mriuis  slioulilalso  lie  takni  to  iiiilirovc  Ilic-  L'riuiiil  hcallli. 
ami  to  slri-iijftliin  the  rrsisliiii:  powers  ol  llie  iierv(Mis 
system.  Tims  fresh  air.  jjood  w  liolesome  diet,  clmiiKc  of 
s<-eiie.  and  general  tonics  and  sedatives — ijuinine,  iron, 
and  lironude  of  pota-ssium  or  so<lium — should  Iju  our 
(iriiieipal  aids 

(li)  PiinihliiUiif  th,  MuKrltnof  tlif  Tongue;  GloKic'iiligiii. 
— Section  of  the  liypoirlossus  in  dog.s.  when  bilateral, 
niusi-s  total  parjilysis  of  the  toiij;ue.  The  animals  cun- 
nol  drink,  and  are  apt  to  liite  the  tongue,  which  hangs 
loosily  out  of  till'  mouth  i  Lamlois). 

In  man  i>anilysis  of  the  in\iselis  of  the  tongue  is  usu- 
ally central.  It  may  lie  produced  by  lesions  of  the  cor- 
ticid  motor  centre  of  the  tongue,  or  of  the  fibres  which 
coimect  it  with  the  hypoglossjil  nucleus,  or  by  lesions  of 
the  nucleus  itself  orof  the  hypoglossal  nerve.  Hence  it  is 
found  incas<'Sof  ceri-bnil  or  bulbar  hemorrhage  or  soften- 
ing, and  in  certain  oilier  forms  of  cerebral  disease,  in  pro- 
gressive bulbar  pandysis.  and  in  those  forms  of  spinal 
dis<'ase  in  which  the  ganglion  cells  of  the  hypogloss;il 
nuclei  are  affected.  Thus  it  is  sometimes  seen  in  the  ad- 
vanced stage  of  tabes  dorsalis  and  in  descending  second- 
ary sclerosis.  The  hypoglossal  nerve  itself  may  be  af- 
fected either  inlracranially,  as  by  the  pressure  of  tumors 
at  the  base  of  the  brain,  or  e.vtracranially,  either  at  its 
c.vit  from  the  cranium  or  in  the  neck.  This  may  be  done 
by  injuries  of  the  upper  cervical  vertebra',  such  as  fract 
ure  of  the  atlas,  or  by  tumors  or  wounds  of  the  neck,  by 
aneurism  of  the  vertebral  artery,  or  by  carious  or  syphi- 
litic iiroce.sses. 

Si/mptoiim.  Hypoglos-sal  paralysis  may  be  either  uni 
latend  or  bilateral,  according  as  one  or  both  nerves  are 
involveii.  though  bilateral  jianilysis  mni/  be  caused  by  a 
unilateral  i-orlirnl  lesion.  In  unilateral  paralysis  the 
tongue,  when  protruded,  deviates  to  the  atTeeted  side. 
This  is  due  to  the  unbalanced  action  of  the  healthy  genio 
glos.sus  muscle,  which  in  contracting  not  oidy  throws 
the  tip  of  the  tongue  forward,  but  directs  it  at  the  same 
time  to  the  opposite  side.  In  bilateral  paralysis  the 
tongue  cannot  be  protruded,  but  lies  iierfectly  luotionU'Ss 
in  the  mouth.  It  isrela.xed.  aniemie.  often  atrophied,  and 
deeply  furrowed.  Not  iiirre(|ueiilly  there  are  lilirillary 
twitcliings.  In  luiilateral  paralysis  these  symptoms  may 
appear  on  the  alTeeted  side  of  the  t(aigue.  "When  the 
tongue  is  pandyzed  it  falls  backward  in  the  cavity  of  the 
mouth  as  the  patient  lies  on  his  back,  and  the  glottis  be- 
comes partially  or  wholly  closed  by  it.  Paraly.sis  of  the 
tongue  thus  contributes  to  th('  production  of  stertorous 
breathing  in  ca.ses  of  apoplexy,  and  may  even  cause 
asphyxia,  when  the  paralysis  is  bilateral  and  more  or  less 
complete. "  Tluis  closure  of  the  glottis  may  be  produced 
in  deep  narcosis. 

In  lingual  paralysis  the  speech  is  nnich  affected,  and 
the  power  of  articidation  greatly  impaired.  In  bilateral 
pandy.sis.  with  atrophy,  the  speech  is  sjud  to  be  com 
pletely  inarticulate  and  unintelligible,  and  even  when  the 
paralysis  is  slight,  the  singing  of  high  notes  and  falsetto 
IS  impaired  i{oss  states  that  dillicully  is  tirst  experi 
enced  in  pronouncing  the  letters,  s,  shj  1,  e,  i,  and  at  a 
later  period  k,  g,  r,  etc. 

-Mastication  is  interfered  with  also  to  a  certain  extent, 
as  the  tongue  cannot  direct  the  food  nor  compress  it 
against  the  leelli.  Di'gliitition  is  likewise  affected  by 
the  falling  liackward  of  the  tongue,  and  also  because  the 
fiHMl  cannot  be  properly  collectecl  on  its  dorsum  and 
pushed  back  into  the  pharynx  Hence  regurgitation 
into  the  mouth  ix-curs.  The  .salivation  of  the  atlecteil 
sidi'.  which  is  a  jirominent  symiilom  in  certain  cases  of 
lingual  paralysis,  has  not  yet  been  shown  to  be  due  to 
anything  more  than  rellex  action.  The  slight  diminution 
in  the  tactile  sensibility  of  the  affect<'d  side,  sometimes 
noticed,  seems  in  certain  ca.ses  not  to  exist. 

OingnimH  This  is  usually  very  easy.  Hutchinson  s 
method  of  testing  the  condition  of"the  li'ngualis  muscle  is 


very  simple.  He  holds  it  iH-twccn  his  tliumb  and  finger 
and  bids  the  jiatient  piotruile  the  l<ingue  If  eilher  side 
be  paralyzeil,  the  mus(-le  of  that  side  will  be  tlaecid  and 

I    relaxi'd.  and  will  iu>t  harden  like  the  liealthy  ime  on  cuu- 

!    traction. 

The  prog Dosin  is  naturally  dependent  on  the  cause. 
'J'nuliiitiit.     This  must,  of  course,  be  directeil  against 
the  primary  cause.     Locally,  the  galvanic  or  faradic  cur- 
rent may  be  applied  either  to  the  tongue  ilsilf  or  to  the 
nerve  in  the  neck.  WiUiinn  .V  Bullard. 

Reperknces. 
Lanire.  F. :  Arrh.  f.  kiln,  riilr.,  vol.  xlvl..  Part  i.  ls!f..  p.  448. 
Paslrovlcti:  illvista  siierlmeiitale  dl  FYenlalria.  vol.  xxvii.,  I*art  2.  p. 
\K.  VM\. 

HYPOPHOSPHITES.— I.  GKXKit.M.  Mkdici.n  u,  Pnop- 

F.Kiii.>  ol  nil.  llvi'oi'UospiiirES.  —  Physiologically, 
Sidts  of  hypophosjihorous  acid  are  simply  bland  Sidine 
representatives  of  their  respective  bases,  and  produce  no 
special  effect  whatsoever,  due  to  the  hypophosphorous 
acid  of  their  compo.sition.  What  jilaee  IIk'V  liold  in 
medicine  has  been  from  theoretical  considerations  purely. 
The  idea  has  been  that  because  these  sails  conlaiM  phos- 
phorus in  a  com|iarativcly  low  state  of  oxidation,  they 
will  ulfect  the  .system  after  the  manner  of  phosphorus 
itself,  and.  especially,  will  yield  phosphorus  in  such 
chemical  combination  as  to  be  assimilable  for  the  nutrition 
of  nerve  tissues.  Clinical  experience,  however,  has  failed 
on  the  one  hand  to  get  the  ex]iected  results,  while  on 
the  other  it  has  shown  that  nearly  all  of  a  dose  of  a 
hypo])liosphite.  swallowed,  reappears  in  the  urine  un- 
changed. Those  who  prescribe  these  salts,  do  so  in  eases 
of  neuralgia  and  of  nerve  exhaustiou  or  malnutrition 
generally,  and  in  phthisis. 

With  the  exception  of  the  potassium  sjilt  the  liypo- 
phnsphites  are  harmless,  and  they  are.  with  manufactur- 
ing pharmaceutists,  favorite  ingredients  of  emulsions  of 
cod  liver  oil. 

II.  TiiK  IIvpDpiiospiiiTES  L'siiD  IX  Medicixk. — The 
hypophospliites  ollicial  in  the  United  States  Pharniaeo- 
pceia  arc  the  iron,  potassium,  sodium,  and  calcium  sjilts. 
Ferric  hypophosphite  will  be  found  treated  of  unvler 
Iron. 

Potnusium  UypophoKpltite.  KHjPOj.  The  salt  is  official 
in  the  Vnited  States  Pharmacopiria  as  Putuxxii  Ihijio- 
jiliiinjiliix.  Potassium  lIypophiis])liile.  It  occursin  "'white, 
opaque,  hexagonal  jilates,  or  crvstalliue  masses,  or  a 
granular  powder,  odorless,  and  having  a  pungent,  salini; 
taste;  very  deliiiuesceut.  Soluble  at  1.5"  C.  (.">!(=  F.)  in  0.6 
part  of  water,  aii<l  in  7.3  parts  of  alcohol;  in  0.3  part  of 
boiling  wafer,  and  in  3.G  parts  of  boiling  alcohol ;  insoluble 
inether"(U.  S.  P.).  If  triturated  or  heated  with  an  oxi- 
dizing agent,  such  as  a  nitrate,  the  mixture  will  explode. 
Because  of  delicjuescence,  the  salt  must  be  kept  in  well- 
stolipered  bollles. 

Potassium  hypophosphite  follows  the  rule  of  potas.sic 
salts  of  being  irritant  in  large  concentrated  dos;ige,  but 
in  therapeutic  doses  it  is  locally  bland  enough.  Again, 
tieeaiise  a  potassic  sjilt,  it  may  tend  to  induce  retrograde 
metamorphosis  of  lowly  organized  material,  and  hence 
lead  to  softening  of  cheesy  deposits  in  the  lungs.  This 
l)articular  hypophosphite  is  therefore,  theoretically  at 
least,  not  with<iut  a  possible  dangerous  tendency  in 
phthisis.  The  Siilt  is  admiiiislered  in  solution,  acjueous 
or  syrupy,  in  doses  of  from  0.li."i  to  2  gm.  (gr.  x.-xxx.) 
three  times  a  day.  A  convenient  form  of  giving  it  is  in 
the  ollicial  si/rnp  of  lii/ixtp/iospliiti.i  (see  jtof'tai). 

Sodium  llnpopliosphite.  NaH;PO.jII...(1.  The  salt  is 
official  in  the  United  States  Pharmacopceia  as  SmIH  Il!/)>o- 
p>it>Kp!iin.  i^odium  Hypophosphite.  It  occurs  in  "small, 
colorless,  transiiareni,  rectangular  plates  of  a  pearly 
lustre,  or  a  while  granular  jxiwder.  odorless,  and  having 
a  bitterish  sweet.  s;dine  taste  Very  deli(|Uesccnt  on  cx- 
jiosure  to  moist  air.  Soluble  at  l.">  C  (."ill  F  )  in  1  jiart 
of  water,  and  in  30  parts  of  alcohol :  in  0  12  ]iart  of  boiling 
water,  and  in  1  part  of  boiling  alcohol ;  slightly  soluble 
in  absolute  alcohol,  insoluble  in  ether'"  (U.  S.  P.).  Like- 
the  potassium  salt,  this  also  will  explode  on  trituration 


824 


HKFKUKNCi:    IIANKUOOK   OF  Till:    MKDICAL  SCIENCES. 


II)  |lo|lll<*f»|ltllf  (•■. 
II  )  i»f  i-ri-t  Inlll)  . 


mill   Willi  nil  nxiili/iiiK  iiK<'"t.  »■<'!  loo^t   In- kipi  in  ui'll 

Nlii|l|i<'lrll  llollli'S. 

'I'liib  Mitlit' still  is  a  ^'I'lii'iiilly  Hi'rviiralilr  iiikI   |irriiiiK 
>il>l('  liy|»>|iliiis|iliil)'.  Iiiiviii);,  iis  iiniiuI  willi  <'i>iiipiiiiii<lH 
iif  siHliiiiii,  iiiiiK'livi'  iiiiliv  iiliiiilily  ilur  In  llii'  IminIi' niili 
I'lil.      Il  liiiiY  III'  KiY<'«  ■»  III''  '"iiiiiii'  iimiinrr  iiinl  iIiisiikc  iik 
the  |inliissir  sjill 

Citriiiiii  //i/iK-ji/ouiiiliili-.  Ciillid'O,),.  Tlirwilt  isiilllcliil 
ill  llir  I'liiliil  Sinirs  l'liiirimiri>|iii'iiiiiK  Culi-ii  I/i/ihiii/idkii/iiji, 
Culiiiiiii  llv|iii|iliiis|iliiii'.  li  iH'ciirH  us  "riilorli'SH.  tniiiH 
parriil,  iiioiiiM'liiiic  |irisiiis.  or  siiiiill.  Iiistroiis  sriilrs.  or  it 
wliili'.  rrvslallini'  powiU'r.  oilorlrHS,  liaviii^  a  iiaiisi'oii.x, 
liilirr  lasii'.  ami  iirriiiiiiiiiil  in  tlirair.  Siiliilili- al  ITi  C. 
|."ilt  K  )  ill  II  M  purls  of  walrr.  anil  in  (I  purls  of  boiling 
walrr:  insnliililc  in  aliiiliol  "  (T.  S.  I'.). 

Itiin;.'  a  sjill  of  liiiir.  wliirli  sjill  is  iissiiinril  lo  have  u 
rrriinsiitiinil  Iriiilrncy  in  plilliisii  ill  roiiiliiioiis.  lliis  liy 
popliiispliitr  is  llironlically  tlii'  oiii'  lo  lir  piifirnil  for 
uiliiiiiiistnilioii  in  ronsiiniption.  ll  is  also  llir  our  liisl 
lioriir  w  Inn  till'  sloinai'li  or  liowrls  ari'  initalilr.  as  so 
oflrii  liappriis  in  llic  ilisrasi'  inrnlionrd.  Tli<-  sail  is 
jlivon  in  llir  saini'  inanni'r  ami  ilosc  as  lln'  poiassic  sail. 

Till'    followiiii;    pliariniKiiiliial     picpanilions   of    llic 
liypopliospliitrs  ail'  ollicial  in  llir  Iniliil  Slairs  I'liurina 
I'opd'ia;  Si/rniniii  J/i/jK'/i/iniiii/iiliii/i,  fy\ru\<  i<(   Ilypoplios 
pliili's.     'Pliis  isuiiai|iiroiisso|iilioii  of  poiassic.  soiiii'.  anil 
ralric  liypo|)liospliil(s  (wliiiiin  llir  lallcr  sjill   lias  liiiii 
iiiadi'  fully  I  o  dissolve  liy  llicaddilioii  of  a  Ml  lie  liypoplios 
plioroiisai'id).  niadr  inloa  syrup  liy  llicudililion  of  sii^ar. 
and  llavoiid  wllli  spirit  of  lemon,      liy  wei^'lit  the  prep- 
umlion    conluiiis  lifly   per  cent,   of   siitrar.    and.   of  the 
liypopliosphites,  A  't  per  eeiit.  of  the  ealeie  salt,  and  I.. I 
per  eeiil.  eaeli   of  the  |)olassi('  and  sodie.      liy    measure 
4  i'.\'    (11.  Z  i  )  eontains  aliout  0.  is  trin.  (L'r.  iij.)  of  tin'  eal- 
eie hypopliosphile.  and  t'lll!  j;in.  (jrr.  i.)  each  of  the   )io 
lassie  and  sodie  salts.     This  syriiji   forms  a  eonvenieiit 
]>repanilion  for  prescription,  and  may  lie  ordered  in  doses 
of  from  one  to  two  or  three  Iciispooiifuls.  sevenil  times  a 
day.     Si/nii)iix  lhi]Kt]iliiiKpliit>im  nim  Frni>.  Syrup  of  Ily 
popliospliiles  with  Iron.     This  prepanition  is  simply  the 
fon'u'oini:  syrup  chartred  with  one  per  cent,  each  of  lae 
tale  of  iron  and   potassium  eitiiili — this  particular  iron 
sjilt     lieiiii:    selected    for    ]>liarmaieutical    reasons   only. 
This  syrup  forms  a  convenient  comliination  of  liypojihos- 
jihilis  with  a  ehalylieate.  and  may  lie  given,  where  such 
eomliinalion  is  indiealed,  in  doses  the  same  us  tlio.se  of 
the  simjile  syrup.  Edtranl  Curtis. 

HYSSOP.— See  iMbialce. 

HYSSOP,  HEDGE.— See  Serophulariacece. 

HYSTERECTOMY  (from  rnrZ/m.  the  womli.  «  out,  and 
riiniiy.  to  cull  is  the  removal  of  the  uterus  liy  a  eutling 
opcratii>n  and  may  lie  accomplished  through  an  incision 
in  the  abdominal  wall  (coeliohysterectomy).  by  way  of 
the  vagina  (kolpo-liystcrectomy),  or  by  a  combination  of 
both  methods. 

Cd'lio  hysterectomy  includes  (</)  supravacinal  amputa- 
tion and  ('')  the  complete  removal.  Kolpo  hysterectomy 
at  the  present  time  practically  always  ineaus  the  com- 
plete removal  of  the  organ. 

While  dim  records  of  the  operation  are  found  as  early 
as  1(10  .\.i).,  when  Soranos '  is  sjiid  to  have  removed 
the  uterus  per  vaginam,  yet  as  late  as  1882,  when  Alil- 
feld '  collected  the  records  of  si.xty  six  cases  in  which  the 
titerus  had  been  removed  through  the  ulMlomeii  with 
only  tliirlecn  recoveries,  the  recorded  cases  were  very 
few  and  the  mortality  was  fri:;litfiil.  ranging  from  eighty 
to  ninety  inrceiit.  In  its  ])reseiit  form,  and  with  its  very 
low  mortality  of  from  three  to  live  per  cent,  when  done 
for  till'  same  indications,  the  operation  is  essentially  a 
moilern  one.  and  as  such  has  been  developed  during  the 
last  tifteeii  years,  and  largely  in  America  by  Baer,  GofTe. 
anil  Kelly  With  the  improved  technique  and  les.sened 
morialily  the  range  of  iniliditioitK  for  its  performance  has 
widened,  until  now  it  may  include: 

For  the  Abdominal  Operation. — AH  solid  or  cystic  tumors 


of  the  iilenih,  ciincer.  iilerliie  rupture  during  lalior:  <'it 
lain  eoniliiioiiK  of  puerperal  M'psiK,  pregnuinv  coiiipli 
ciileil  by  pelvii'ilerorniity.  cancer.  urotlierN'riiiusolinUK  Ic 
to  the  passage  of  ihe  child  ,  uterine  proliipM'  or  inverkion  : 
and  incidentally  as  a  step  in  the  removal  of  i'onipliciil<'<l 
siippiiniiive  conditions  of  ilie  uterine  iippi-nihigeH 

Fur  Ihr  \'n;/in,il  'y/»ciiri</;i  —  llilatenil  Hiip|iiiralive  con 
dilions  of  the  appendages,  prolapse,  cancer,  piegnaiicy 
with  ciiiicer  before  ihesiMli  month .  certain  wpiic  eondi 
lions  of  the  uterus,  certain  rare  eondilioiis  which  may 
require  the  iiblalion  of  a  sniiill  movable  uterus. 

For  tlir  I'liiiihiiiril  Ojirriiliiiii  — Cancer,  certain  coinpli 
cated  tlbriiiils.  failure  to  si'ciire  liu'inoslasiN  from  Ix-low. 

For  the  details  of  these  indications  the  reader  is  re- 
ferred to  the  articles  treating  of  the  various  conditions 
ineiilioned 

The  opiiatioii  of  hysterectomy  is  always  formiduble, 
and  as  eondilioiis  may  arisi'  at  any  time  w  liiili  lax 
the  resources  and  nerve  of  Ihe  most  skilled,  and  where 
liesilalion  or  lack  of  expedient  may  mean  the  iimnediate 
death  of  the  patient,  it  should  not  be  iiiidertuken  without 
an  adci|ua1e  |ira<'tical  knowledge  both  of  a.seplic  siirgii'al 
technique  as  applied  to  ubdominul  surgery  and  of  the 
anatomy  of  the  pelvic  eontents,  iiurlieuliiily  of  the  rela 
lions  of  the  bladder,  ureters,  rectum,  uterine  and  ovariun 
arteries,  and  large  venous  trunks. 

Tk.(  iiMviK  OK  ('<|.;i,io  iivsrKUKCTOMV. — The  patient 
is  prepared  as  for  any  abdominal  operation;  the  intes- 
tines are  thoroughly  emptied;  for  several  days  she  is 
encouraged  to  drink  water  freely;  the  skin  of  the  ab- 
domen is  carefully  disinfected;  Ihe  vulva  and  vagina  are 
cleansed  and  packed  with  1  to  4.(MI()  bichloride  gauze  for 
two  days,  and  tin-  limbs  covered  with  cotton  and  a  ban- 
dage to  prevent  (hilling  of  the  surface. 

The  iiislnimcnls  needed  are:  Two  scalpels  two  pairs  of 
strong  blunt  pointed  scissors,  two  anatomical  forcejis, 
si.x  traction  forceps,  twelve  short  h.'emostatic  forceps, 
eight  long  clamp  forceps,  pedicle  needle,  retractors, 
long  and  siuall  curved  needles,  strong  silk  or  kangaroo 
tendon,  slightly  ehromiri/.ed  catgut  nos.  1,  2,  3 

The  patient  is  put  in  the  Trcmleleiibiirg  position  The 
abdomen  is  opemd  by  a  median  incision  beginning  half 
an  inch  above  the  piilies  and  exteniling  upward,  us  funis 
may  be  iieces.sary  to  allow  the  delivery  of  tin-  tumor.  In 
making  this  incisioiucure  must  be  taken  not  to  injure  the 
bladder  which  sometimes  is  druwn  high  up  l{emem- 
bering  that  any  injury  to  the  capsule  of  libmids  will 
cause  free  and  troublesome  bleeding,  adhesions  are  care- 
fully detached,  slight  ones  being  wi]ied  free  by  a  bit  of 
guu/.e  and  firmer  ones  divided  between  two  ligatures 
Dense  adhesions  lo  intestine  may  rec|iiire  tliut  small  anas 
be  detached  from  the  surface  of  the  tumor.  The  tumor 
being  freed  from  adhesions  is  lifted  up  and  out  o(T  the 
abdominal  cavity.  Large  flat  gauze  jiads  with  strings 
altached  are  w  rung  out  of  hot  sterile  salt  solution  and 
placeil  so  as  to  ]iidtecl  and  cover  the  intestines.  The 
linger  is  passed  under  the  broad  ligament  on  the  more 
accessible  side.  and.  guided  by  it.  the  peilicle  needle, 
threaded  with  a  long,  strong  ligature,  is  pas.scd  through 
a  [lortion  free  from  veins,  so  us  to  include  the  ovarian 
artery.  This  ligature  is  then  firmly  tied  and  occludes 
the  artery  and  the  adjacent  large  venous  trunks.  The 
ovary  is  to  be  left  outside  the  ligature,  unless  it  is  so  dis- 
eased that  its  removal  is  desirable.  A  second  bile  with 
the  same  ligatiu'e  ties  off  the  round  ligament  A  long 
clamp  is  now  placed  so  as  lo  control  tlic  vessels  on  the 
uterine  side  and  Ihe  tissues  bet  ween  clamj)  and  ligatures 
are  divided  with  the  scissors.  If  Ihe  ovariun  artery  on 
the  other  side  is  easily  accessible,  it  is  tied  in  the  same 
way.  Careful  inspection  of  the  anterior  surfuce  of  the 
uterus  w'ill  now  determine  theuppcr  limit  of  the  bladder, 
and  a  transvers<'  incision  through  peritoneum  only  is 
made  a  third  of  an  inch  above  this  point,  running  from 
the  lower  edge  of  the  cut  in  the  broad  ligament  across  the 
uterus  to  a  corresponding  point  on  the  other  side  The 
bladder  is  freed  from  the  uterus  by  being  curcfuly  wiped 
down  with  a  piece  of  gauze  held  by  fingers  or  forceps. 
The  uterine  artery  is  now  e.\posed,  and  a  finger  passed 
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down  bv  tlif  sitle  of  the  cervix  can  feel  its  pulsation. 
Tlii<  iin'cry  is  to  be  carefully  lipitcil  on  one  side  ami  then 
on  tlirolluT,  etime  to  tlic  si'ilc  of  the  cervix,  the  pedicle 


Fig.  : 


-ShowinK  Diacruiimiuticnlly  the  ISIwxl  Suppl.?  to  the  Uterus  and  the  Successive  Steps 
In  Kelly's  Method  ol  Supravaginal  Hysterectomy. 


needle  Iwing  passed  forward  and  not  outward,  so  as  to 
iivojd  the  ureter.  The  cervix  is  then  divided  and  llio 
uterus  and  liituor  arc  removed. 

When  the  operator  has  attained 
enntldenee  in  his  techuii|ue.  the  pro- 
cedure is  greatly  simplitied  especial- 
ly in  diflicult  cases,  Ly  first  secur- 
ing the  ovarian  and  round  ligament 
arteries  on  the  more  easily  accessi- 
lile  side,  freeing  the  bladder,  secur- 
ing the  uterine  vessels,  cutting  free- 
ly across  the  cervix  luitil  its  tissue  is 
nearly  divided,  catching  the  lower 
portion  of  the  cervix  with  traction 
forceps  so  as  to  have  it  under  con- 
trol in  ciise  of  unexpected  hemor- 
rliuge.  Tearing  carefully  the  last 
libres  of  the  cervix,  the  operator  will 
SIC  the  remaining  uterine  artery 
arching  across  the  torn  space.  After 
this  has  Imi  11  claniped  or  ligaled.  and 
the  remainder  of  the  broad  ligament 
has  also  been  chunped,  the  tumor  is 
removed  (Fig.  277.5).  All  bleeii- 
iiig  points  having  lieen  secured  by 
ligatures  the  edges  of  the  cervical 
slump  are  carefully  approximated 
Willi  catgut,  anil  the  anterior  and 
posterior  peritoneal  edges  of  the 
pelvic  wound  brought  togcllier,  so 
us  to  cover  in  all  raw  surfaces  and 
leave  linally  only  a  scam  across  the 
pelvis.    The  alHlomen  is  then  closed. 

When  it  is  considered  1m?sI  to  re- 
move the  entire  cervix  after  se- 
curing the  arteries  by  ligature  or 
t  lamp,   the  uterus  or"  the  cervical 


stump  is  drawn  away  from  the  vagina  and  the  dissection 
is  carried  down  by  scissors,  keeping  close  to  the  cervix 
so  us  even  to  leave  a  slight  ring  of  its  tissue  in  place. 
When  the  eervico  vaginal  juiiction 
i-i  reached  the  scissors  ale  pushed 
tlii'uugh  into  the  vagina  and  with 
this  opening  us  a  guide  the  re- 
maining tissues  are  easily  divided. 
All  bleeding  jioiiits  having  been 
secured,  a  jiiece  of  sterile  gauze  is 
pushed  down  into  the  vagina  .so 
that  the  upper  part  comes  just 
above  the  cut  vaginal  edges,  and 
llie  iH-ritoneal  edges  are  drawn  to- 
gether and  sewed  so  as  to  close  otT 
the  perit^meal  cavity  us  in  the  sti- 
pravagiiial  operation.  The  gauze 
drain  is  left  in  place  five  or  six 
days. 

In  certain  instances,  especially 
when  there  are  iiitlaiiiniatoiy  dis- 
ease of  the  appendages  and  exten- 
sive adhesions  .so  that  the  tumor 
masses  are  fixed  in  the  jielvis  and 
the  vessels  covered  in  out  of  reach, 
it  becomes  necessary  to  incise  the 
uterus  anteiiorly.  always  keeping 
strictly  in  tlie  middle  line,  and  rapid- 
ly to  enucleate  llie  tiinior  or  tumors. 
The  uterus  then  being  collapsed  and 
its  relations  easily  recognized,  the 
vessels  can  be  secured  and  the  op- 
eration comiilcted. 

Very  large  sub|ieritoneal  tumprs 
under  the  vesical  peritoueum,  or  in 
the  broad  ligament,  are  often  best 
removed  by  a  bisection  of  the  tumor, 
as  this  allows  the  tumor  to  roll  up 
and  out  on  to  the  surface  with  the 
least  handling  and  injury  to  its  eel 
hilar  investment, 
Howard  Kelly.'  in  a  case  of  fibroid  reaching  the  um- 
bilicus and  with    extreme  adhesions   to  the  colon    an<i 


Klu.  ^7;ii.— ^llllWlnK  suecesyslve  su-|is  in    Hvsierwtoinv   arter    HenilwH-tion  In  a  rune  Willi 
hxtenslve  and  Hnii  Intlamniatory  Adhesions  about  Uterine  .\ppendages.    (Kelly.) 
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ailjitrt'lit  Kiriictiin'H.  llrsi  ilisscrliil  llir  liliiililcr  from 
III)'  rcrvix,  llii'ii  i-iit  I'liiiliiiiinlv  tliniiiKli  llii'  ii-rvix 
Iniiisvcrwij',  tcnriiiir  llir  liim  few  llhrcn  on  fiuli  sidr, 
iiikI  us  till'  iilcrtiK'  vi'hm'In  I  nine  into  rnirli  <'liiin|ii-<l  tlii'iii 
with  sliiirl  jawnl  fiii(c|>M,  <iiiii|irr>.sfil  tin-  vrswis  iiiiil 
«-iTvix  iibovc  tlic  iiiri.Miiin  willi  Imit;  jiiui-il  furcciiH,  <  iit 
till'  vi'SM-ls.  mill  iiH  till'  tinMiii's  roiilil  lii'  |iulli'il  inlii 
ifiK'li  after  tin-  irrviv  was  Iniisi'iiiil,  wi'iirril  tlir  vrs- 
M'In  ii|i  to  llir  ii|i|irr  i'(lt;r  of  tin-  linunl  lipiiiiriit.  ili-al 
in;;  with  tlir  aillirsioiis  to  tlir  rolon  aftrr  tin- mass  liail 
liifii  iiiliri-ly  fiiiil  front  hilow  ami  liflrd  out  of  llic 
aliilonii'ii. 

Wliirr  tluTi'  is  iloiilili'  |>yosal|iiii\  with  iliiisc  aillic- 
sioiis  ('iivitIiik  till' tiliTiiir  aiipi'iiila^rfiaml  all  lonti^jtioiis 
striirliiri's.  viry  v'rral  ailvaiitiiirrs  arr  srciirril  liy  a  pre- 
Ijmiiiaiy  liisi  riioii  of  tin-  tiliriis  as  ilcsrrilicd  liv  Kauri',* 
of  I'ari's.  ami  llowaul  Kelly,  •  of  lialiiiiiorc.  Ivlly  |iri)- 
<'i'iils  as  follows;  If  thr  uti'nis  is  Imriiil  out  of  view,  tlur 
lilailiU'ris  Mrs!  si'panili'il  from  tin'  rcrtiiin  ami  tlii'  fiimliis 
fotiml:  lariri'  ulisri'ssis.  cysts,  or  liii'inatomata  art'  evaiii 
atcil  liv  punrliirr  or  aspiiiition :  the  aliiloniinal  cavity  is 
currfully  packril  olT  from  the  pelvis.  Tlir  uliriiic  cor- 
niiu  an- each  .scizcil  by  t  met  ion  forceps  ami  liflcil  up;  tlio 
uterus  is  incised  ailtero  posteriorly  in  the  iniildle  line, 
while  its  coriiua  are  pulled  up  and  drawn  apart  (Kifr. 
2770).  With  a  third  pairof  forceps  the  uterus  is  ^rnisped 
al  one  side  on  its  cut  surface  as  far  down  in  thean^lc 
as  pos.sible,  includiiii;  both  anterior  and  posterior  walla. 
The  traction  forceps  of  the  .sjime  side  is  then  relea.seil  and 
iisi'd  for  jinisping  the  corresponding;  point  on  the  oppo- 
site cut  surface.  In  this  way  two  forceps  are  constantly 
in  use  at  the  lower  point.  The  bladder  bein.i;  pushed 
down  or  away  from  (he  uterine  surface,  the  bisection  i.s 
carried  down  to  the  cervix,  or.  if  the  operator  prefers, 
into  the  vagina  Tin-  uterine  canal  must  be  followed  in 
the  bisection,  usin;;  a  ilirectol.  if  iieces.s;iry.  to  keep  it  in 
view.  Forceps  now  ;;nisp  the  uterus  well  down  in  the 
cervical  portion,  if  it  is  to  be  a  supravaginal  amputation, 
and  the  cervix  is  bisected  on  one  side.  As  soon  as  it  is 
divided  and  the  ulcrine  and  vaginal  ends  be.gin  to  ptill 
apart  ..the  under  surface  of  the  uterine  end  is  caught  with 
a  pairof  forceps  and  pulled  up.  and  tlie  uterine  ves.sels, 
wiiicli  can  now  be  seen,  are  elam|ied  or  tied.  As  the 
uterus  is  piilleil.  farther  up  tlii'  round  ligament  is  ex- 
posed and  clamped,  then  a  clamp  is  applied  between  the 
cornu  and  the  tubo  ovarian  mass  and  the  half  uterus  re- 
moved. The  same  is  done  on  the  other  side,  and  there 
are  left  only  the  tubo-ovarian  nia-sses  for  enucleation 
under  the  best  pos.sible  conditions.  Often  the  tube  and 
ovary  can  just  as  well  be  taken  out  with  the  coiTes))0iid 
ing  iialf  of  the  uterus,  h-siving  the  separate  enucleation 
for  the  most  difliciilt  cases.  The  most  critical  point  in 
the  operation  is  the  bisection  of  the  cervix  and  the  secur- 
ing of  the  uterine  ves.sels.  The  cervix  must  be  slowly 
and  cautiously  severed  with  steady,  careful  traction  on 
the  uterus,  so  as  to  prevent  sudden  tearing  out  and  rup- 
ture of  the  vessels  with  frightful  hemorrhage.  Ry  cut 
ting  so  n.s  to  leave  a  tongue  on  each  side  of  the  cervix  the 
ve.ssels  can  be  caught  at  a  higher  level  and  farther  from 
the  ureters. 

Kelly  also  states  that  if  the  uterus  is  densely  adherent 
to  the  rectum  all  the  way  up  to  the  fundus  tiie  anterior 
portion  of  the  uterus  should  be  bisected,  the  cervix  di 
vided.  the  uterine  vessels  caught,  and  the  rest  of  the 
uterus  carefully  divided  up  its  posterior  surface  in  a 
direction  from  the  cervix  toward  the  fundus,  leaving  a 
thin  layer  of  uterine  tissue  on  the  gut  at  any  point  where 
it  may  seem  necessary. 

When  the  uterus  is  retrotlexed  with  the  fundus  lowiu 
the  pelvis  and  the  cervical  end  thrust  iij)  near  the  .sym- 
physis, it  may  be  caught  at  any  convenient  point  on  its 
anterior  surface  and  drawn  <ip  toward  the  incision.  The 
vesical  fold  of  peritoneum  is  cut  across  and  pushed 
down,  and  the  cervix  expo.sed  and  caught  with  two 
traction  forceps,  one  above  and  one  below.  As  the  cer- 
vix is  dmwn  up  it  is  cautiously  divided  across  its  axis 
so  as  to  .sever  the  vaginal  from  the  corporeal  i>ortion 
As  the  ends  are  pulled  apart  the  uterine  vessels  are  ex- 


powd  and  clamped       The  iit<TiiH  may   Iheii  be  biNC<'t4il 
from  below  upwind  or  removeil  rii  miiiuv 

Cirtiii-hyiiUrrftnmy  for  Cniifir  — ('iilleii'  kIiiIcs  llmt  tliix 
openitiiiii  should  be  pn-ferred  in  all  cahvH  when  the  pa 
tieiit  is  not  tiHi  Ktoiit.  but  that  to  i-mploy  il  in  very  fat 
individuals  is  uiiKiitisfaclory.  both  on  lu-count  of*  the 
large  i|uaiitity  of  adipoHc  tiKsiie  in  the  ulKtoniinul  wall, 
which  materially  increases  tin'  distance  to  the  pelvlir 
Moor,  and  on  account  of  the  depoNitioii  of  fat  iN'tween 
the  folds  of  the  broad  ligaineiit  and   beneath  the  pvrito- 


Fio.  2777.— Werder's  oporatlnn.  Tlie  uterine  allaelimeni.'i  liavc  liecn 
wpanited  fniin  nlwive  nnd  llie  litems  ptilli'il  down  Ihrfnipti  ttie 
viipina  l>y  a  miction  font'ps  altachint  to  tlie  ren'ix.  Ttir  vi.'slral 
and  n'Ctal  perit«inf'iiin  Ini-s  lieen  united  t>.v  a  ninnlnir  suture.  Ttie 
oiieration  is  completed  b.v  divldtajr  the  vairina  iit  tta  retlecUon  an 
Incb  witliln  the  vulva. 

Ileum  of  the  pelvic  floor,  which  renders  the  free  dissec- 
tion of  the  ureters  and  uterine  arteries  exceedingly 
dillicult. 

The  great  advances  in  the  tcchniijue  of  hysterectomy 
for  cancer  liave  been  nwde  by  Uies.'  Clark."  Kumpf.'and 
Werder.'"  Hies,  in  isi(,5.  ]>ublislied  a  method  involving 
the  removal  of  the  pelvic  lymph  glands  after  slitting  the 
peritoneum  back  to  the  |)osterior  pelvic  wall  as  faras  to  the 
point  at  which  the  common  iliac  artery  divides.  Huinpf 
being  the  tirst  to  carry  out  this  procedure  on  the  living 
subject.  Clark  in  ISii"),  having  m.ide  the  ureters  promi- 
nent by  the  insertion  of  bou.';ies.  carried  the  openition  to 
the  point  where  the  uterine  artery  is  exposed,  then  spread 
the  layers  of  the  broad  ligament  apart,  dissected  the  uter- 
iiu'  artery  out  for  a  distance  of  2.5  cm.  from  the  uterus  to 
beyond  the  vaginal  branch  and  tied  it,  removing  the 
broad  ligament  close;  to  the  iliac  ves,sels  and  carrying  his 
dissection  avcU  down  on  the  vagina  even  if  the  disease 
did  not  apparently  extend  beyoiid  the  cervix.  With  all 
these  methods  there  is  the  grave  disjidvantage  that  the 
carcinoma  is  very  apt  to  come  in  contact  with  peritoneal 
or  raw  surfaces,  so  that  there  is  always  the  risk  of  septic 
infection  or  of  implanting  carcinoma  cells  in  healthy 
tissue.     In  1898  Werder,  to  avoid  this,  devised  a  method 
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I)_v  whuli,  after  the  careful  scpamtion  of  the  structures 
from  iihovc.  the  iitfrim  and  mgiiin  are  reiiiovcd  <h  iiiatue 
from  U'liiw  (Kip.  'i'"). 

Tlu'  pluii  i>f  thi'  oprmtifin  now  is;  To  s<Tai)e  awuy  tlie 
broken  ilowii  carcinoina  tissue,  preferably  8evenil  days 


complication,  there  need  be  no  delay  in  opening  the  bIkIo- 
men.  A  tinal  scrubbinK  of  tin-  vulva  and  vagina  is  made 
willi  a  line  (irr-ccnl  lywil  snhilinn  by  iiirans  (jfa  lung  soft 
bru^li  or  piece  of  sterile  gauze  wound  around  Ibe  en<lsof 
two  lingers.  Wliile  tlie  operation  may  be  ilone  on  any 
ordinary  table,  it  is  very  desirable  to  be  able  at  anv  time 
to  tilt  till'  patient  into  the  Treudeleidiiirg  jiosition  so  as 
to  fri'e  the  pelvis  from  abdominal  viseera.  This  is  easily 
accomplislieil  witb   the   talile  shown  in  Kig    ".JTTS.  which 


ri«.  STTf.— ITyur's 


■iiiil4'  An-iiiirecl  t(ir  Vnciniil  HysU'recloiiiy  In  tlie 
Lltliottiiny  J*o:4jtion. 


before  the  operation,  the  bleeding  surface  being  scared 
over  Willi  the  thermo-cautery.  If  desired,  bougies  can 
be  pa-ssed  into  the  ureters.  The  patient  is  then  placed  in 
the  Tn-ndelenburg  position,  the  abdomen  is  opened,  the 
ovarian  arteries  are  secured,  and  the  bladder  is  separated 
not  only  from  the  front  of  the  uterus  but  from  the  broad 
ligament  on  eitlier.sideas  widely  as  ]iossible,  soas  toget  the 


^^^^ 
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ureters  out  of  the  way  and  open  up  the  broad 
ligaments  so  that  the  uterine  arteries  can  be 
\^  ?  followed  nearly  to  their  origin  where  they 
Nl  are  to  be  tied.  Two  lingers  of  an  assistant 
are  inserted  into  the  vagina,  and  guided  by 
iheiii  the  dissection  is  carried  down  in  front  between 
bladder  and  vagina  to  within  an  ineli  of  the  vulva.  The 
utcrosacnil  ligaments  are  divided  with  scissors,  and  the 
rectum  is  separated  from  the  vagina  to  the  same  level. 
The  latend  walls  of  the  vagina  are  then  freed,  and  lastly 
the  luis4'S  of  iheliroad  ligaments  are  divideil.  This  step 
is  penendly  eoneeded  to  be  the  most  dillicult  in  the  oiieiii- 
tioli.  The  uterus  and  vagina,  being  now  completely  Ireed, 
are  pushed  dow  n  into  the  jielvii'  outlet,  an  a.ssistaiit  mak- 
ing strong  t  met  ion  on  tliecervi.\  from  below.  The  removal 
of  the  pelvi<-  glands  after  slitting  the  peritoneum  of  the 
posterior  pelvic  wall  to  the  point  where  the  conmion  ilia( 
artery  divides,  and  the  stitching  of  the  anterior  and  pos 
tenor  periloncid  Haps  so  as  to  closi-  off  all  niw  surfaci  s 
from  the  piritoneal  cavity,  complete  tlii'  abdominal  pan 
of  llii'  opeiation.  and  llii'  abdominal  incision  is  then 
closed.  The  patient  is  now  placed  in  the  lithotomy  posi- 
tion and.  guided  by  a  linger  in  the  rectum  and  a  sound  In 
the  blailder.  the  surgeon  amputates  the  invcrtcil  vagina 
with  the  knife  or  with  a  ihernioeaiitery  and  places  a  light 
gauze  dressing  in  the  space  left  in  the  vaginal  vault. 

TKCMNHifK  OK  Koi.ro  iivsTKitKCT<iMY. — Tile  patient 
is  prepared  in  every  way  as  for  the  abrlomiiial  o)ieration, 
M)  that  in  iiisi-of  failure' to  secure  hiemoslasis,  or  of  other 


is   strong,   portable,   anil 

gyna'cological  work. 

"' luHtruinentii. — One  narrow,   one   broad, 

and    one    long    .Jackson    retractor    (Fig. 

277!));   one  Pean  anterior   n'tiaclur  (Kig. 

'i7yO) ;  two  long  and  narrow  Pean  blades 
(Fig.  -781);  one  Pryor  trowel  fFig.  27><2);  one  intrauter- 
ine traction  forceps;  two  strong  bullet  forceps:  four  trac- 
tion forceijs  (Fig.  278*!):  Pryor's  retracting  director  (Fig. 
2784):  two  strong  scalpels  with  good  bellies;  long, 
strong,  sharp  and  blunt  pointed  scissore,  curved  on  the 
flat;  eight  pairs  of  Pryor's  hysterectomy  forceps  (Fig. 
278."));  and  other  material  as  under  oilio-/i//xlcr(i-lni,ii/. 

The  most  freciuent  and  iui])erativc  indication  for  re- 
moval of  the  uterus  per  vaginam  is  the  presence  of 
Inlateral  suppurative  disease  of  the  appendages.  an<l  the 
clamp  operation  for  this  condition  will  be  described  first. 
The  steps  of  the  operation  are:  The  curetting  of  the 
uterine  cavity:  the  opening  of  the  posterior  cul-desac; 
the  incision  in  front  of  the  cervi.\  and  separation  of  the 
bladder  from  the  uterus:  the  bcmisectiou  of  the  uterus; 
the  freeing  of  the  a|i]ieiulages;  the  bringing  down  of  first 
one  and  then  the  other  half  and  its  a|ipcudages,  clamping 
its  arteries  and  removing  it ;  the  dressing. 

The  i>atient  is  put  in  the  lithotomy  position  with  the 
coccy.x  well  over  the  cd.ge  of  the  talde.  The  titenis  is 
curetted  and  irrigated  ;  the  in.stniments  used  are  discarded 
and  the  hands  washed.  A  jiosterior  retraclor  is  intro- 
duced, the  cervix  exposed  and  drawn  forw  ard  with  a  pair 
of  traction  forceps  or,  better,  witli  Pryor's  intra  uterine 
traction  forceps,  and  a  transverse  incision  the  wiiltli  of 
the  cervix  ina<le  with  knife  or  scissors  at  the  jioint  where 
the  vaginal  mucosa  is  rellected  posteriorly  from  the  cer- 
vix. This  incision  is  kept  close  to  the  posterior  surface 
of  the  uterus  until  the  peritoneal  cavity  is  opened,  which 
is  usually  accomplished  without  much  ditliculty.  The 
index  lingers  are  then  passed  in  and  the  opening  is  sulM- 
ciently  enlarged  by  tearing.  An  cX|iloring  linger  is 
passed  through  this  opening  and  the  condilion  of  the  ap- 
liendages  learned.  A  gauze  pad  with  string  attached  is 
passed  u])  to  protect  the  intestines.     Tlu'  cervix  is  then 


-  ift^>\-X«.<>\Ti"t.HS  fciS^^XX. 


FKi.  2TS1.— Pean's  I.i>ii(r  Flat  Retractor. 

ilniw  n  backward,  a  point  found  where  the  mucosa 
begins  to  be  reflected  from  the  cervix  anteriorly, 
and  at  this  point  an  incision  is  maile  through  the 
mucosa  exteuiliug  in  a  crescentic  form  on  cither 
side  so  as  iK'arly  but  not  (piite  to  reach  the  pos- 
terior incision.  With  the  blunt  jioint  of  the  closed 
scissors  directed  toward  the  cervix  and  used  as 
one  would  a  periosteal  elevator  the  tissues  arc  pushed 
up  along  the  anterior  surface  of  the  uterus,  aided  after  a 
little  by  the  finger  This  is  done  carefully  an<l  gently  so 
as  not  to  injure  the  bhnlder.  and  over  a  width  of  about 
two  fingers,  the  fact  being  kept  in  mind  that  at  the  side 
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il  in  ruMV  to  tniriiitii  llir  iirtiriis  i>r  litlmil  Vfiioiis  trunks. 
When  siHiic  litllr  H('|mriiliciii  liim  Imtii  oliliiiiii'il,  ii  Inii^ 
nntiTiiir  rclniclor.  or  tmwi'l.  is  insirli'il  Ix-nciilli  tin-  lilml- 
diT  KouH  to  lift  it  up  out  of  iIk'  uiiy.  iiiiy  nvstmiuiiiK  tllircH 


Ki(i.  -TKS.    l'r>nrN  Tn>«<'l  Aiitrrliir  lli'lnul-.i. 

Iiriiii;  siiippcil  u  iili  sfissors.  TIk'  tin^'cr  can  soinctinii'S 
III'  |iiislii'it  up  lo  till-  rrlliTlion  of  pi'iilnni-uni  friini  liliiil- 
<lrr  to  ulrrusanil  on  tliriiui;li  tlir  lis-iurs  into  tlii'  prrito- 
nral  nivity,  or  llir  prriliinruin  at  this  point  may  lie 
iiprnril  Willi  siissiii-s.  Al  (Ulirr  liinrs  it  is  not  easy  to 
reueli  as  lii^li  as  I  his 

The  tissues  having;  liieii  sepamleil  aiileiiiirly 
anil  posteriorly,  (he  funiliis  eaii  smnetinies, 
when  small  anil  niovahle.  lie  lurneil  forwaril 
anil  liriiii;.'lit  tlM'oii>;h  the  anterior  iiieisloii  liy 
takiii^j;  higher  ami  hl<;her  ^nasps  w  itii  Inielion 
forceps,  so  that  clamps  or  ll^'aiures  can  be  ap- 
plieil  to  the  vessels  of  one  side  anil  after  ili- 
vision  with  scissors  lietweeii  clamp  ami  uterus 
the  other  siile  easily  secured,  hut  usually  it  is 
iK'lter  first  to  diviile  the  uterus  in  the  middle 
line.  This  is  accomplished  liy  firaspinir  the 
anterior  lip  of  the  cervix  on  eillier  side  with  tniction  for- 
ceps, cutlini;  upward  throinrh  the  anterior  uterine  wall 
in  the  middle  line  as  far  as  convenienl.  taking  a  fresh 
gmsp  hiirher  up  on  either  side,  cuttin;;  again,  and  re- 
peating this  until  the  fundus  is  reached.  Then  the 
broad-curved  ilinctor  is  passed  lieliind  the  cervix  close 


anil  lliiiilly  the  remaining  side  is  fn-eil,  hroiighl  down, 
clamped,  and  cut  away  in  the  Niiiie  nniniier. 

Il  is  to  Im<  Hilled  that  the  llrsi  allempt  at  hninosiaKiH  Ih 
made  after  the  uterus  has  lieeii  divided  iinil  tlieappi-ndageH 
have  U'l'ii  frei'd  and  liroiight  down  into  the 
vagina.  Oci-asionallv  a  posterior  vaginal  ar- 
tery will  need  immi'iiiate  ciintiol.  lull  nsuidlv 
the  heiiiiirrliage  is  not  serious  If  piefirnil, 
sloiil  silk  ligatures  may  lie  iisi<d  in  place  of 
the  clamp  forceps,  while  some  KUrgeonH  fa- 
vor the  atigiotrilie  or  Skene's  electric  clamp. 

During  the  whole  opemtion  an  few  instru- 
ments aM  possible  are  to  be  in  the  vagimi. 
Any  prenialiire  atlempt  to  usi>  the  clamps 
adds  greatly  to  ihe  ditliciillies.  In  applying  Hie  fureeps 
to  the  uterine  urtiry  the  cervix  is  to  be  drawn  shiirply 
to  the  opposite  side  so  as  to  Ktraighleii  llie  artery  and 
increase  the  distance  between  the  cervix  anil  the  point 
where  the  artery  is  in  rehilion  with  the  ureler. 
Gauze   pads   secured    by  sirings   are    now    introduced 
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alon.ir  the  posterior  wall  of  the  uterus,  care  being  taken 
by  a  linger  pa.ssed  over  the  fundus  Ihul  no  folds  of  in- 
testine are  between  it  and  the  uterine  body,  and  an  as- 
sistant jire.ssing  the  handle  tirmly  backward  against  the 
perineum  while  Ihc  bladder  is  held  up  out  of  the  way 
bytlie  trowel :  the  end  of  Ihe  director  then  appears  above 
the  fundus.  Willi  a  sirong  bislouiy  the 
groove  in  the  director  is  entered  from 
above  and  the  uterus  split  in  the  mid- 
dle line.  One  half,  usually  that  on  the 
patient's  right,  is  then  dia.irged  down 
with  tniction  forceps  while  the  oilier  is 
pushed  up  by  four  lingers  of  the  oper 
ator'sriglil  band.  Tliisi  lingers,  hiiving 
Ikh'U  passed  liehind  the  diiiggid  dow  n 
side,  free  the  appendages  by  pushing  and 
working  from  below  upward  and  bring 
them  out  into  the  vagina.  The  half 
uterus  and  appenda.ires  being  free,  a  long 
damp  forceps  is  pa.ssed  from  below  up- 
ward over  the  broad  ligament  so  as  to 
clamp  the  uterine  artery  .  and  a  second  forcelis  from  aliove 
downward  to  occlude  llie  ovarian.  The  tips  of  the  for- 
ceps should  overlap  a  tritie  but  should  lie  laterally  a 
third  or  half  inch  apart  so  as  not  to  tear  the  tissues  when 
the  upper  forceps  is  turned  down  pandlel  « itii  the  lower. 
The  half  uterus  and  its  appendages  are  then  cut  away. 


-T.si.-  I'rjiir's  RetnuliiiK  Dlnitor. 

above  the  forceps,  Ihe  perineuni  is  relracled.  and  the 
bladder  held  up  by  a  trowel.  The  head  of  the  table  is 
lowered  and  a  careful  inspection  made  of  the  slumps  and 
pelvic  contents.  Any  bleeding  points  are  secured.  The 
gauze  pads  are  removed  and  the  pelvis,  especially  the 
cul-de-s!»c.  is  carefully  cleansed.  A  piece  of  iodoform 
gauze  is  inserted  between  the  forceps  and  the  vag- 
inal wall  oil  each  side.  Kacli  set  of  forceps  is  then 
drawn  l.iward  the  lateral  ]ielvic  wall  by  means  of 
a  long,  narrow.  Hat  retractor.  I'etween  them 
iiiough  strips  of  folded  gauze  are  inserted  snugly^  lo 
lill  the  space.  These  strips  extend  above  the  for- 
ceps and  down  to  the  vulva.  As  each  strip  is 
inserted  it  is  pressed  to  one  side  by  one  of  Ihe  long 
retractors,  and  this  is  done  until  Ihe  whole  cavity  is 
lirmly  packed  fnun  side  lo  side.  A  self  retaining 
catheter  is  introduced;  the  sphincter  aiii  is  dilateil. 
and  the  patient  lowered  to  a  horizoiilal  position. 
As  a  final  step,  a  iiiece  of  plain  gauze  is  wrapped 
about  the  projecting  ends  of  the  forceps  and  tied. 
Pryor"  considers  this  careful  packing  of  the  vagina  a 
very  essential  portion  of  the  operation,  both  as  a  means 
of  securing  cHicient  drainage  and  in  preventing  the  re- 
traction of  the  upper  portion  of  the  stump  after  the 
forec]is  has  been  removed. 

In  cases  in  wliicli  the  uterus  is  small  and  movable  or 
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Fio.  2785.— Pryor's  Hystereetomy  Forceps  with  Itenioviitili;  llumlles. 


in  which  the  presence  of  cancer  of  the  fundus  or  sepsis 
makes  the  hemi.scclion  inadvisjtble.  the  procedure  may 
be  as  follows:  After  it  has  been  curetted,  the  cervix  is  to 
be  closed  by  three  or  four  stout  silk  sutures,  the  ends  of 
which  are  left  long,  so  as  to  be  used  as  tnictors.  An  in- 
cision is  then  made  through  the  vaginal  uiucous  membrane 
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t'Dliroly  around  tlio  wrvix  and  extending  into  the  posterior 
culilesac.  Tlirn.  in  oiilcr  loseoiirc  llic  jjri'alesl  iimount 
of  apiicc.  a  loiiiiiliidinal  nniiian  incisinii  is  iniide  for  an 
ilirli  or  more  towaril  the  liase  of  the  MncliliT,  and  (lie 
l>ladder  slri|>|iiil  awa.v  fn)in  va;,'iiial  wall  and  iilcnis. 
Gaii/.e  sponp-s  witli  strinjrsare  now  piislail  up  to  proteet 
tile  intestines  and  llie  appendaffes  are  freed  liy  two  tin- 
ffers  working  upward  tliroufrli  tlie  posterior  eul  de-sue. 
Tlie  uterus  is  then  held  oidv  liy  I  he  ti.ssiies  of  tlie  broad 
lif^iinents.  The  cervi.x  is  dniwii  lirnily  down  and  toward 
the  U-fl.  anil  the  lateral  vaiiiiial  wall  held  out  of  the  way 
liv  a  reli-ael(ir.  Tlii'  left  iiide.x  liu^rer  is  plaeed  benealli 
the  right  lirnad  lijianieiit.  and  a  stout  silk  ligature  is 
piis.serl  aliout  1  em.  up  anil  away  from  the  eervix  and 
seeurely  tieil.  Tlw  included  tissue  is  eut  near  the  eer- 
vi.\  with  stout  .seissoi's  and  a  second  and  third  l)ite  are 
taken  and  the  tissues  divided.  Tlie  uterine  arteries  hav- 
in}?  heen  sooired  and  iliviiied,  one  may  often,  by  pushing 
the  eervi.v  back,  lirim;  the  fundus  and  appendages  down 
into  the  vagina  ami  then  ligale  the  remainder  of  the  right 
bmad  ligament  fnan  aliove.  After  one  side  has  been  freed 
the  uterus  comes  down  lower  or  out  of  the  vagina  and  the 
n-niaining  liroad  ligament  may  then  be  more  easily  tied 
olTand  the  utiMus  removed.  The  field  of  operation  is  now 
sponged  clean.  Each  ligaturo  is  examined  and  any  that 
sci'nis  at  all  loose  is  at  once  replace<l.  Especial  care  is  to 
bo  given  those  placed  around  the  upper  portion  of  the 
broad  ligament.  All  bleeding  points  having  been  secured, 
the  gauze  sponges  are  removed,  the  anterior  and  posterior 
peritoneal  fiilds  ari'  brought  together  by  one  or  two  points 
of  suture,  the  ligature  ends  are  gathered  together  in  two 
bunches  and  cut  just  iuside  the  vagina,  and  the  cavity  is 
packed  modeiiitely  tirnily  w  Ith  gau/.e.  If  clampsare  used 
the  packing  is  to  be  as  already  described.  When  t  he  fundus 
cannot  Ik'  inverted  into  the  vagina  the  ligaliugand cutting 
may  have  to  be  done  alternately  on  either  side  until  a  liga- 
ture can  be  passed  over  the  top  of  the  broad  ligament. 

K'lliKt-nvUo-liiiKterccloiiiji,  or  combined  hysterectomy,  is 
acconiplislied  by  freeing  the  cervi.x  from  below  and  tin- 
ishiug  the  remaining  steps  of  the  operation  from  above. 
It  is  most  strongly  indicated  in  cases  of  cancer  of  the 
cervix  when  the  bo<ly  of  the  uterus  is  considerably  en- 
larged, as  by  a  complicating  pregnancy  or  fibroids!  In 
a  case  of  this  nature  the  breaking-ilown  cancer  tissue  is 
removed  with  the  curet  te,  the  raw  surfaces  are  seared  with 
the  Paquelin  cautery,  the  lips  of  the  cervix  are  closed  with 
sutures  or,  if  the  disease  has  spread  too  far  to  allow  this, 
a  piece  of  dry  gauze  is  packed  against  it.  The  vagina  is 
then  carefully  sponged  clean  anil  ringed  by  a  kniie  cut 
at  a  level  an  inch  or  more  below  the  level  of  the  growth. 
The  vaginal  walls  are  carefully  dissected  off  up  to  the 
level  of  the  eervix,  and  their  edges  sewed  closely  together 
80  as  to  reUiiu  the  gauze  and  prevent  if  possible  any  sid)- 
seijuent  infection  of  the  peritoneal  cavity.  Any  bleeding 
points  in  the  vagina  are  secured  by  ligature  and  the  va- 
gina is  lightly  packed  with  gauze.  "  The  instruments  and 
gloves  useil  in  this  part  of  the  operation  are  discarded  and 
the  o|>eration  is  finished  through  au  abdonunal  incision 
as  already  described. 

In  any  <a.se  in  w hicli  it  is  ])robable  that  one  must  finish 
from  alK»ve.  ligatures  and  not  clamps  should  be  used  in 
securing  the  uterine  arteries,  as  the  presence  of  the  long 
clamp  forceps  in  the  vagina  markedly  increases  the  difli- 
culty  of  any  sul>sequeut  work  through  the  abdomen. 

.\flir-Tieiiliiiriit. — After  an  abdominal  livsterectomy, 
before  the  patient  is  tak.ii  ofl;  the  tal)le.  and  while  still 
under  the  inlluence  of  the  an;esthetic,  a  high  enema  of  a 
pint  of  dceinormalsalt  solution  is  introduced  into  the  rec- 
tum, and  if  there  is  shock  this  is  repealed  every  three  to 
six  hours.  Noihing  is  to  be  given  by  mouth  for  six  or 
eight  hours,  and  then  hot  water  in  half  ounce  doses  with 
ten  dropsof  lemon  juiceaddeil  isallowed  eveiy  hour.  If 
the  stomnch  will  retain  it.  halfoiuiee  do.scs  of  hot  broth 
or  hot  milk  may  be  given  at  hour  intervals.  It  the  ca.sc 
progresses  favorably,  it  is  not  neccs.sarv  to  begin  to  move 
the  ImiwcIs  until  at  the  end  of  forty  eight  hours:  but  if 
there  is  evidence  of  intestinal  distention,  sidines  should 
l)c  started  as  soon  as  twelve  hours  after  the  operation. 


Many  good  operators  give  calomel  or  a  saline  an  hour 
before  the  beginning  of  the  ana'stlielic.  Hidiinat  or 
Apenta  water  in  half  ounce  doses  followe<l  by  a  half 
ounce  of  cool  water,  or  drachm  doses  of  Uochelle  Sidt  are 
to  be  given  I'Very  hour  lor  twelve  doses.  Three  hours 
after  the  last  dose  an  enema  of  an  oun«e  of  glycerin  and 
eight  ounces  of  water  is  given.  In  despenile  cases  with 
dangerous  and  increa.sing  distention  the  author  has  seen 
brilliant  results  follow  the  enema  reconmiended  by  Ilar- 
don  '•'  of  an  ounce  of  alum  in  a  ipiart  of  hot  water. 
Strychnine  is  often  useful  in  one-fortieth  to  one  twentieth 
grain  doses  bypoderuiically.  After  the  bowels  have 
moved  freely  and  when  there  is  no  distention,  the  food 
is  to  be  cautiously  increased,  and  the  patient  gets  the 
treatment  employed  after  abdominal  operations  in  gen- 
eral. She  can  usually  be  allowed  to  lie  on  the  back  or 
side,  as  she  may  prefer.  The  urine  is  to  be  passed  natur- 
ally if  possible,  but  often  has^  to  be  drawn  for  a  few  days 
by  catheter.  The  catheter  should  be  used  for  four  days 
when  it  has  been  necessary  to  drain  through  the  vagina. 

.\fter  the  riir/iu'il  rhimp  I'ju  nili"ii  the  jiatient  is  usually 
kept  on  the  back  with  the  knees  supjioited  by  a  firm  jiil- 
low.  Attheendof  forty -eight  hours  the  keysare  applied 
to  the  lower  forceps  and  the  catch  is  separated  a  ipiarler  of 
an  inch.  The  keysare  then  removed  and  the  forceps  is  ro- 
tated gently  and  slowly  about  ten  degrees  in  either  direc- 
tion wliile  Very  gentle  traction  is  nuide.  If  the  forceps 
does  not  comet  away  readily  no  force  must  be  used.  If 
the  gauze  is  adherent,  it  is  to  be  sciiarated  from  the  for- 
ceps by  a  blunt.  Hat  instrument.  AVlien  all  the  forceps 
have  been  removed  the  iiatient  is  kept  quiet  on  her  back 
for  six  hours,  and  then  is  allowed  to  turn  on  the  side 
if  she  wishes.  On  the  eighth  day  she  is  ])ut  in  the  Sims 
position  and  the  dres.sings  are  carefully  removed  and 
renewed.  The  instruments  used  arc  a  long  bladed  Sims 
speculum.  Pryor's  trowel,  and  a  dressing  forceps.  The 
gauze  strips  in  the  centre  are  reniove<l  first  so  as  to  loosen 
those  next  the  ves.sels.  When  all  the  gauze  has  been  re- 
moved the  red,  oozing,  lymph-covered  rectum  and  black- 
ening lateral  stumps  are  seen.  These  sloughing  tissues 
smell  bad  unless  kept  dry  by  repeatcil  and  amiile  dress- 
ings of  gauze.  This  gauze  is  to  be  renewed  as  often  as 
a  free  discharge  comes  through  it,  which  is  usually  every 
fifth  or  sixth  day.  Sloughs  are  not  to  be  pulled  olT  but 
must  be  allowed  to  separate  spontaneously.  Patients  are 
usually  allowed  out  of  bccl  at  the  end  of  "three  weeks. 

After  abdomiuo  vaginal  hysterectomy,  or  Werder's 
operation,  the  vagina  is  loosely  p.acked  with  gauze  until 
granulation  begins  and  is  then  kept  clean  by  irrigation 
with  warm  boric-acid  .solution. 

The  ci/iiijilicHlioiis  peculiar  to  the  operation,  met  with 
during  and  after  abdominal  or  vaginal  hvsterectomies.  are 
mainly  due  to  injuries  to  ureters,  blachler.  or  intestine. 
The  main  causes  of  death  are  hemorrhage  or  sepsis,  lead- 
ing to  fatal  exhaustion  or  general  peritoneal  intlammatiou 
with  intestinal  atony.  Tlie  suiuavaginal  operation  un- 
doubtedly gives  the  most  sjiti.sfactory  linished  result,  but 
the  recent  observations  of  Broun  '•''  and  others  seem  to 
prove  that  the  chances  of  a  secondary  infection,  possibly 
of  a  fatal  character,  are  slightly  less  when  the  entire  cer- 
vix has  been  removed.  The  statistics  of  mortality  vary 
greatly,  but  in  general,  in  the  haiiils  of  properly  skilled 
operators,  it  varies  between  fouraiul  eight  jierceiit.  The 
author's  operations  have  shown  a  mortality  of  a  little  less 
than  five  per  cent,  for  the  supravaginal  operation  and 
live  and  a  half  for  the  vaginal.  Brooks  II.   Wells. 
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HYSTERIA.— Till'  ilisiirilrr  in  « liirli  iliis  iiiuiii'  ii  /riven 

is  I  \  hli  III  <  <l  liy  nil  iiliiiiist  jiiiiiiiiii'nilili'  vnriity  of  syiiip' 
(oiiis.  uliii'li  iimv  Im' i;i'iiu|ii'<l  ill  ii  /.'iiirrnl  »iiv  iiiln  si);iis 
of  iiicrcuHi'.  (liiiiliiiitiiui.  or  iiiTvcrNion  nf  ilic  viirioiiN  nrr- 
voiis  fiinrtioiis.  In  /iijKtfriti  itiit/*tr  coiivulhivr  anil  ciiio- 
tioniil  M'i/iirt's  ofti-n  iH't'iir  »  iili  inlirvriiiiii;  hl);ns  ciilli'il 
tlii/iifilii.  i's|ii'i'iiilly  iiK'luilint;  |iiiiiil\>ls  iiiiil  iiiiii'slliisiii, 
or  tlii'sli;rnmUi  iiiiiy  i>|i|>i'ui' iiloiir.  'Ilysdria  Is  a  psyilio- 
sis.      I'ost  fiioiiiiii    iiivcslipilion    irivis    im    ilcw    to    tlir 

niorliiil   |iro<('ss.  ainl   II rcliial  slinly  of  its  iialiiir  lias 

Icil.  iiM  yi't.  to  litlli'  niorr  than  roiijictiiti'  The  iiik  icnt 
view  that  a  ilisorili-iril  iitiTiiK  lay  at  the  liottoni  <if  tla- 
troiililr  (whi'iiir  the  iianii'.  from  inriiut,  ulcriisl  linH  hern 
loll);  siiirr  illsrarili'il.  anil  allhoii);li  llic  syiii|i|oiiis  may 
lie  i'Xaj;L'''ialiil.  or  I'Vi  n  hroiiuht  on.  liy  discasr  of  tln' 
iitrnis  or  ils  a|i|<<'nilai;('s,  such  illsrasc'is  not  an  rsscniial 
fat'lor.  till' stron^i'st  pmof  of  which  lies  in  the  fait  that 
men.  as  ivell  as  woniin,  siilTer  from  hysteria.  W  liatcver 
till'  exact  natiiro  of  the  disease,  ils  seat  must  lie  ii-irarded 
as  the  nervous  system.  It  is  j;enerally  considered  that 
all  |iarlsof  the  nervous  .system — lirain.  spinal  iurd,  pel- 
ipheral  nervi  s.  anil  sympathetic — aie  implicated.  The 
most  marked  symptoms  are  refenilile.  however,  to  cere 
liral  distnrliaiice.  ami  it  seems  jiislilialilc  to  assume  lliat 
the  cortical  sliwclures  are  the  principal  siiircrers  from 
altered  irritahility.  .Most  of  the  pai-.ilytic  symptoms, 
for  example,  are  liest  explaincil  on  the  supposition  ot  de- 
cmised  irritaliility  of  the  cortical  centres,  while  the  spas- 
modic symptoms  allow  of  explanation  in  |iart  on  the 
ground  of  their  exalted  irritahility.  and  in  pari  on  that 
of  iliminished  inhiliitioii.  The  psychical  symptoms  ran, 
of  course,  lie  refenilile  only  to  lerelind  disorder. 

Etii)I.o(;v.  —  Hysteria  may  exist  as  a  primary  neurosis, 
significant  of  dei;encratii>n.  or  it  may  he  aci|iiired.  It 
appears  commonly  among  females,  liul  typical  cxamiilcs 
are  founil  in  tin-  oppo.site  sex.  Bri(|Uct  considered  that 
fully  half  the  women  possess  an  iinprcssioiiahility  dillcr- 
ing  little  from  hysteria.  It  is  more  fre(|uent  lietweeii  the 
ages  of  ten  and  thirty,  most  freipieni  heiwcen  lifleen  and 
twenty,  hut  may  appear  in  intancv  and  also  in  advanced 
life.  •  .V  most  constant  and  important  factor  in  the  eti- 
ology is  hercdily.  under  which  head  must  he  iiicludid 
not  only  hysteiUi  in  the  jiarent.  Init  also  other  nervous 
and  menial  disease.s.  Kxtreme  sensitiveness,  irritahility, 
emotional  lendency.  ami  allied  traits  in  the  parents  indi- 
rnte  also  a  typi'of  nervous  organization  in  the  lamily. 
which  may  lead  to  the  development  of  hysteria  in  the 
individual.  <  Itlicr  predisposing  causes  are.  for  example, 
ill  directed  training,  depressing  iiitluences.  unhappy  sur- 
roundings, desires  ungratitied.  and  all  causes  of  continued 
anxiily  and  disijiiiet.  especially  if  joined  with  excessive 
hodily  fatigue.  The  advent  of  other  disease  may  hasten 
the  ap)>roacli  of  hysteria,  most  frequently,  perhajis.  <lis- 
ea-so  of  the  reproductive  organs.  Too  much  importance 
should  not,  however,  bo  attached  to  coexisting  disease  of 
these  organs;  in  many  cases  the  coexistence  is  merely  a 
eoineiilence.  and  in  many  the  local  sym|)toms  are  second 
ary  to  the  general  nervous  disordir.  Tlic  advent  of  men- 
struation and  of  the  climacteric,  as  will  as  of  pregnancy, 
may  usher  in  the  first  signs.  .V  mental  or  ]ihysiial 
shock,  a  violent  emotion  or  irritjition,  arc  common  im- 
mediate anil  determining  causes.  Severe  trauma,  espe- 
cially that  restdting  from  falls  blows,  and  railway  collis- 
ion.s,  is  not  an  infrei|Ucnt  exciting  cause.  Many  of  the 
cases  formerly  classed  undei  "  railway  spine"  are  now- 
recognized  as  hysterical,  and  the  former  term  has  been 
largely  replaced  by  traum.atic  neurosis,  which  includes 
tniiimatic  hysteria.  Predisposition  is  not  essential,  but 
in  those  rases  in  which  the  violence  and  duration  of 
symptoms  is  out  of  all  proportion  to  the  violence  of  the 
trsiuma,  the  latter  is  probably  only  the  excitant,  not  the 
fundamenlal,  rause  of  the  rondition.  In  many  of  these 
cases  the  term  "litigation  neurosis  "  would  be  appropri- 
ate, inasmuch  as  the  cirenmst.'inees  arrompanying  the 
suit  for  damaL'cs  often  p'ay  a  greater  part  in  the  etiology 
than  the  original  shock.  While  the  disease  is  by  no 
ineans  confined  to  the  upper  class  of  society,  it  not  infre- 
quently appears  there  in  young  ladies  whose  conipara- 


lively  almleiu  liveH  lllteniale  iH'tueeii  the  exrltt-ment  in- 
cident to  ballH.  theiitreH,  etc  ,  and  complete  inentiil  unii 
physical  idleiieHH.  TIiIh  manner  of  life  teinlN  to  the  riilli 
vatioii  of  the  emolioiiH  anil  favvrs  morbid  iiitroNpeclion, 
while  olTeiing  little  opportunity  for  iIm'  exercifu- of  will 
power.  .Vii  irritability  of  the  nervoim  Hystem  in  IhuH 
priHliiceil  whiili  predisposes  to  liyHteria 

('i.iMc.M.  Ilisriiitv. — The  dis<'a.>u'  in  most  cniU'N  is  of  no 
gnidual  ;;rowlh  that  it  is  impossible  to  date  itJt  coin 
mi'iicement.  The  patient  inherits  a  neiiroiic  tcndenrv, 
which  is  fiMtered  in  ehildhoiHl  and  youth  by  mhiic  of  ifiv 
predisposing  causes  already  mentioned.  It  followK  tluit, 
although  the  first  decided  syinploniK.  as  pandysis  or  con 
vulsioiis.  may  tifipear  later  in  life,  appaieiitly  on  acinunt 
of  some  irillin;;  menial  shock  or  bodily  injury,  the  e.xist- 
encc  of  the  disi.ise  must  date  much  farther  back  Any 
or  all  the  symploms  to  he  enumerated  may  appear  in  the 
given  lase.  and  in  almost  any  order.  In  some  cases  the 
persistence  of  certain  symplom.H  is  a  marked  feature;  iu 
others  the  symptoms  appear  and  disappear  with  gr(Mt 
rapidity,  without  order  in  respect  to  locality  or  to  sc- 
(pienre.  The  distinction  between  /ii/hIiiiii  iiinjnr  and 
lii/nti  rill  iniiiiir  is  largely  one  of  degree,  for  both  are  cliar- 
aitcri/eil  by  exaltation  and  deiiression  of  nervous  func- 
tion with  tendency  to  crises.  In  hysteria  minor,  how- 
ever, the  persistent  symptoms  do  not  extend  beyond 
morbid  sensitiveness,  mental  or  physical,  davus,  globus, 
backache.  Hushes  and  chills,  while  the  crises  are  limited 
to  emotional  outbursts  of  moderate  violence  such  as 
attarksof  laughing  and  crying,  followed  by  copious  dis- 
charge of  pale  urine  of  low  specific  gravity.  For  con- 
venience of  description,  the  leading  synii>loms  may  be 
divided  into  ilisturhanccs  of  .scnsjition.  motion,  circula- 
tion, secretion,  and  excretion,  and  of  tli<'  mind. 

iM'Klur/jiiiircx  of  Siiitnitioii. — Ili/ixitTnl/niiiii  is  one  of  the 
most  constant  symptoms  of  hysteria.  When  it  is  of  a  high 
degree  the  lightest  touch  causes  signsof  extreme  distress, 
and  even  convulsive  movements.  When  spri-ad  over  a 
large  surface  the  liypei;esthetic  region  is  geiier.illy 
sharply  bounded  by  lines  which  do  not  define  the  distri- 
bution of  any  particular  nerves.  These  regions  show  no 
tendency  to  bilateral  distribution,  being  often  limited  to 
one  side  of  the  body,  and  not  infrci|uently  boundcil  ac- 
curately by  the  median  line.  A  common  peculiarity  of 
these  tracts  is  to  change  their  boimilaries  and  situations. 
s|)rcading  gnidnally  over  one  side  of  the  body,  disap- 
pearing in  one  place  to  appear  in  another,  or  pa.ssing 
from  one  side  to  llie  opposite.  CircuniMribed  areas  of 
an;i'sthesia.  or  of  normal  si'iisibility.  may  appear  in  the 
midst  of  an  hyperasllielic  r<'gion.  The  sensitiveness  is 
often  limited  to  certain  spots.  Such  spots  are  found 
most  constantly  over  the  verb'hra'  at  varying  heights, 
and  on  the  scalp,  hut  appear  also  on  the  neck,  breast, 
abdomen,  in  the  genital  region,  over  the  joints,  and  else- 
where. Hypenesthesia  of  the  larynx  causes  si>asmodic 
coughing  to  be  brought  on  by  the  least  irritation,  as  the 
inhalation  of  cold  air.  The  mucous  mcnd)Rine  of  the 
nasjil,  buccal,  and  faucial  cavities.  tli<'  conjunctiva,  the 
meatus  cxternus.  and  the  lympanum  may.  any  or  all,  be 
found  hyperasthelic.  with  exaggeration  of  the  physi- 
ological reflexes.  Spontaneous  pains  are  ronmion  and 
may  assume  the  character  of  superficial  neuralgias,  or 
appear  to  lie  deeper,  as  in  muscles,  periosteum,  or  ab- 
dominal viscera.  Hysterical  patients  are  especially 
prone  to  headache  and  to  the  so  called  claviis  hystericns. 
a  boring  or  burning  sensiition  at  or  near  the  vertex,  a 
sym[itoinriot  more  common  in  hysteria,  however,  than  in 
neurasthenia  and  allied  nervous  stales.  An  infinite  va- 
riety of  disiigrecable,  though  not  absolutely  painful,  sen- 
sations are  complained  of!  often  of  the  most  vagnc  and 
indescribable  character,  and  again  more  or  less  typical,  as 
the  globus  hystericus,  and  the  sens(>  of  pressure  in  the 
epigastrium  "or  over  the  chest,  combined  with  a  feeling 
of  anxiety,  or  even  the  symptoms  characteristic  of  angina 
pectoris.  Sensitiveness  and  pain  in  the  ovarian  region 
(i>r{in'e)  are  often  found,  generally  on  the  left  side. 
Pressure  over  this  region  sometimes  produces  a  convul- 
sive attack;  and  again,  continued  pressure  is  said   to 
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cut   Hliort  siicli  an  nitack  wlicii  uikUt  wny.     The  con- 

sliiiiry  (if  scat,  loKrllicr  with  llir  fiul  llial  llic'  irritable 
s|M>l  rises  and  fallswiih  ilii-  uterus  licfi.n'  ami  iil'lir  prcf,'- 
iijiiiry  (hV-re).  ri-mlrrs  il  jirolialilr  llial  liir  irritaliililv  lifS 
ill  cir  iiliiiiit  tlifovarv  ralhrr  lliaii  in  llir  alxliiiiiiiial  walls. 
ScnsilivcnrssaiiMiit  crrlaiii  jniiils  (km  r.  liip.  aiiUU'.  wrisi), 
liolli  with  ami  w  itliinil  swi-llinir.  iDiislitutcs  the  "  hysteri- 
ca! joint,"  a  phcndinc i  which  may  1»-   inisiakcn  for 

laore  serious  disejisc.  hut  which  frcucnilly  disappears 
spontaneously,  souictiiues  suddenly.  Ilypernslliesias  of 
the  special  s(>nses  are  not  nire.  Thai  ol  vision  is  shown 
hy  dread  of  lii;ht  and  ol  certain  colors,  and  liy  haiineiiia 
lions  of  siijht.  The  auditory  centres  may  lie  so  irritahle 
that  all  sounds  arc  disii;;rceahle.  and  that  sounds  are  (lis- 
tiuf^uished  which  ar<-  not  audihle  in  the  normal  condi- 
tion. Tinnitus  aiiriuni.  auditory  hallucinalicnis.  and 
vertipi.  rcsenililini;  that  of  inner  ear  disease,  appear,  the 
former  frequently.  Smell  and  tast<>  may  be  abnormally 
acute.  Certain  odors  and  tastes  a.iirecalilc  to  others  may 
cause  distress,  anil  ajraii\  the  most  oirensive  substances 
may  be  pleasurable.  Mallucinations  in  I  hcwe  senses  also 
occur.  I'sycliii'al  hyiieraslhesia  rarely  fails,  peculiar 
and  e.vcessive  likes  aiul  dislikes  are  of  everyday  occur- 
rence, anil  violent  emotions,  both  pleasurable  and  the 
opposite,  are  excited  by  minimal  stimuli.  Anger,  hor- 
ror, dn'ad.  disiiust.  are  produced  by  objects  to  others 
ctimpanilively  or  ijuite  inoffensive. 

.\iiiiiilli,»iii.  —  All  forms  of  sen.sjition.  general  and  spe- 
cial, may  be  impaired.  The  ana'slhesia  may  rapidly 
change  its  boundaries,  suddenly  ili.sappear,  or  remain  for 
a  loni;  time  stationary.  It  sometimes  appears  after  con- 
vulsive attacks.  Analgesia  is  most  frcipienlly  noted, 
but  all  varieties  of  generat  sen.sation  sulfer.  including  the 
so  called  mus<le  si'iise.  Loss  of  "elcciro  muscular  "  sen 
sibility  is  common,  but  not  diagnostic.  Thi'  aniesthetic 
regions  are  .Kenerally  sharply  defined,  and  vary  from 
limited  spots  to  large  tuicts.  In  heinianastbesia  the 
boundary  is  generally  sharjily  drawn  at  llic  median  line. 
hack  and  front.  Sometimes  both  sides  of  the  body  are 
anaslhetic  in  different  degrees.  In  hemiana'sthesia  the 
special  senses  genemlly  disappear  on  the  atTccted  side. 
and  in  a  degree  corresponding  to  the  loss  of  general  sen- 
SJition.  This  form  of  anasthesia  is  easily  overlooked, 
owing  to  the  patient  being  unaware  of  its  existence;  it 
should  therefore  he  systematically  sought  for;  if  gen- 
uine, it  proves  an  invaluable  aid  in  diagnosis.  Single 
extremities  may  be  an.esthelic.  or  sei)arate  spots  on  tlie 
trunk.  liud).s.  hands,  or  feet.  The  mucous  membranes 
are  apt  to  be  ineliulcil,  and  to  lose  their  reflex  irritability 
(sneezing,  vomiting).  Anaesthesia  of  the  larynx  is  com- 
mon. The  bladder  and  rectum  may  los<'  their  sensibility. 
as  shown  hy  the  accumulation  of  fa'ces  and  rniia'  without 
the  patient's  knowledge.  The  \irethra  and  vagina  may 
also  take  part.  The  blood-vessels  arc  sometimes  con- 
tracted over  the  aniesthetic  areas,  the  prick  of  a  pin 
being  followe<l  by  less  bleeding  than  normal.  AuiPSthe- 
sia  of  the  special  senses  is  apt  to  occur  coincidently  with 
anasthesia  of  the  skin  about  the  organ  of  siMcial  sense 
affected  Visual  ana'Slhesia  is  evidenced  by  retraction 
of  the  tir-ld  of  vision,  central  amblyopia,  and  loss  of  color 
perception.  ( )phthalnio.scopic  examination  reveals  noth 
ing  of  note.  Hysterical  deafness  has  been  long  noticed, 
but  less  extensively  investigated  than  hysterical 
blindin'ss.  The  writer  has  foiuul  loss  <if  hearing  by  the 
hone  and  impaired  perception  for  high  tones  in  a  series 
of  cases.  Tasti'  ami  smell  may  be  affected,  the  loss  being 
genemlly  unilateral  The  application  of  a  magnet  to  the 
anasthetic  region  either  touching  or  within  a  few  centi- 
metres of  the  skin  is  followed  in  some  cases  bv  rettirn  of 
sensibility,  genend  and  special,  and  sometimes  by  a  trans- 
fer of  the  ana'slhesia  lo  another  part,  most  frei|"uentlv  to 
the  corresponding  region  on  the  otber  side  (tmnsfer). '  In 
hemiana'slhesia  lliei'ntire  disturbance  may  pass  frnni  one 
side  lo  the  oilier  and  in  susceptible  ea.ses  iwil late  from 
side  to  sirle  iiiil il  equilibrium  is  reached.  The  time  occu- 
pied liy  the  transfer  varies  from  a  few  minutes  to  an  limir 
or  more,  becoming  shorter  with  repetition.  The  .sjime 
phenomenon   has  been  brought  about  with  other  sub- 


stances, as  blisters,  metals,  or  pieces  of  wood,  and  in  cer- 
tain cases  the  patient's  expectant  attcutiou  alone  doubt- 
less sultices. 

J)inl  nihil  linn  of  .\fi>lin)i. — Spasmodic  contractions  ap- 
pear in  almost  every  part  of  the  muscular  system.  They 
may  be  limited  to  one  muscle  or  .set  of  muscles,  or  be 
widely  spread,  as  in  general  hysterical  ciaivulsions.  The 
contractions  are  .sonu'times  tonic,  sometimes  clonic:  they 
may  come  in  attacks,  or  last  for  a  long  time  (contracture). 
They  vary  in  severity  from  linn  conliaclions,  resisting  all 
elToits  to  overcome  them,  to  the  slight  twitchings  popu- 
larly termed  "tidgets."  lietween  these  degrees  come  the 
movemeutsof  hysterical  chorea,  which  are  generally  <on- 
hned  to  the  face  and  neck  Spasms  not  occur  only  in  the 
extremities,  and  in  the  muscles  of  the  trunk,  head,  and 
neck,  but  in  deeper-seated  parts.  The  "glolnis  hysteri- 
cus ''  is  caused  by  contraction  of  the  muscli'S  of  t  he  o'soph- 
agus,  pharynx,  or  both,  giving  ri.se  to  the  sensation  of 
a  lumi>  rising  in  the  thinal.  The  tongue  may  be  in- 
cluded in  Ihitsc  spasms  and  be  drawn  ujiward.  backward, 
or  lo  one  side.  Pe<iiliar  sensiitions  in  the  abdomen,  as  of 
a  body  rising  from  the  uterine  region  to  the  stomach,  or 
of  something  moving  about  in  the  abdomen,  ])robably 
are  caused  in  part  by  increased  peristaltic  movements 
in  the  intestines.  "  Plianloni  tumors"  are  produced  by 
intestinal  distention  comhimd  with  spasm.  Hysterical 
vomiting,  wliicli  occurs  both  with  and  without  loss  of 
appetite,  liolli  after  eatin.ir  and  while  the  stomach  is 
cin])ty,  is  another  symptom  of  convulsive  action  in  the 
digestive  tract.  Spasm  of  the  bronchial  muscles  is  evi- 
denced by  diflicult  respiration.  .Vttacks  of  this  nature 
are  sometimes  brought  on  by  irritation  of  the  diseased 
uterus  (nnl/iiiKi  iiteriiiinn,  .Jolly).  Convulsive  laiighter 
and  weeping  arc  familiar  symptoms  of  hysteria,  both  iso- 
lated and  preceding  or  following  .severer  convulsive  at- 
tacks Attacks  of  shrieking  are  not  uiuommon.  and 
spasm  of  the  glottis  mav  even  a|)pear  to  llirealen  life  by 
asphyxia  Spasmodic  action  of  the  sphincter  vesica'  not 
iiifre(iuently  causes  retention  of  urine. 

General  convulsive;  seizures  come  on  sometimes  as  a 
result  of  physical  or  mental  shock,  or  of  strong  emotion, 
and  a.gain  without  apparent  exciting  cause.  They  are 
often  jircccded  by  peculiar  sensations,  as  of  stiffocation. 
or  of  abdominal  pain,  and  .sometimes  by  a  cry.  The  on- 
set is  generally  gradual,  and  the  jiaticnt  is  rarely  injured 
by  a  sudden  fall.  Tonic  sjiasms  gradually  ensue,  involv- 
ing a  Jiart  or  the  whole  of  the  body.  Extreme  o]>istliot- 
onus  may  be  reached  and  maintained  for  a  considerable 
time,  also  cmprosthotouus  or  pleurothotonus.  The  pa- 
tient may  .irradually  change  from  one  of  these  positi(mste) 
another.  The  consciousness  is  generally  impaired,  .some- 
times appears  to  be  entirely  suspended.  The  attack  varies 
in  length,  sonutiiiies  persisting  for  hours.  The  tongue 
is  rarely  bitten,  and  stupor  rarely  su])crvenes.  but  jiaiu 
and  stiffness  are  complained  of  for  some  time  after. 
Gesticulations,  emotional  language,  and  more  or  less  )uir- 
poseful  movements  are  not  uncommon.  Although  tliese 
convulsions  cannot  be  called  voluntary,  the  pjitient  often 
has  it  more  or  less  in  her  iiower  to  resist  their  onset,  and 
is  apt  to  postpone  the  seizure  until  a  convenient  occ'ision. 
The  power  of  resistance  lessens  with  the  continuance  of 
the  trouble.  A  sudden  slmi'k  may  ineveiit  or  cut  short 
an  attack,  and  presstirc  on  one  or  the  other  ovary  may 
cause  rela.xation  of  I  he  spasms. 

Piiriih/nix  may  attack  any  or  all  of  the  extremities.  It 
may  ajipear  as  lieniiple.<;ia,  or  as  jiaraplegia,  or  may  at- 
tack single  muscles  or  grou])s  of  muscles.  The  face  is 
commoidy  exempt,  not  being  drawn  to  one  side  in  other- 
wise complete  hemiplegi.'i.  The  degree  of  paralysis  va- 
ries from  slight  impairment  of  power  to  coniplete  lo.ss  of 
motion.  The  electrical  reactions  ari'  not  materially  af- 
fected. The  aiipearance  and  disajiliearanci'  of  paralysis 
are  generally  sudden,  sometimes  gradual.  Change  of  seat 
is  rapid  ami  fre<|Uent  in  some  ca.ses;  in  others  the  same 
form  persists  for  a  long  time.  Contractures  sometimes 
aceomiiany  and  follow  jiaralysis.  and  it  has  been  claimed 
that  organic  changes  (sclerosis)  may  result  from  persistent 
functional  dise^ise.     Paralysis,  like  other  hysterical  symp- 
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tiiiuM,  limy  illHu|t|)i>ar  ii|>nn  the  appllriition  of  powerful 

stiiiiiili.  TniiiKr  is  soiiu'liiiirs  |ircs<'iil  in  llic  lunil  <>r  cN- 
tri'iiiilii'S.  AiiM"illicslii  i;i-iicnill,v  iiccdiiipiiiiii's  panilyHis 
of  iiiiiticiii.  iiltliiiut'li  till'  niiivrrsi'  is  less  uiiifuriii.  In 
ficni'ml.  ilisonlrrs  nf  iiiutiiiii  iiiv  less  frci|ii('iit  lliiiii  those 
of  si'iiMitioii.  I'linily-is  i<{  thi'  pliiirynx  iiiiil  irsciplingiiH 
limy  lu'ccssiiiiic  urtiliiijil  fciiliiij;:.  I'linilysis  of  ijic  intrs 
tmiil  iiiUMJcsis  ('\  iili'iiccil  liy  tyiiipiiiilli'S  iiml  uhslipiilioii. 
I'linilysis  of  the  vih-hI  cords  uciicnilly  apprnrs  siiclilciily 
iiiiih'r  iiK'Mlal  rxcili'iiu'iit.  mid  soiniiiiiii's  disjippcurs  In  ii 
siiiiiliir  iiiiiiiiMT.  It  is  ofti'ii  most  pi-rslsti'iil,  and  » lien  it 
is  I'oinliiiic'il  Willi  liiii.'iiiil  pal'rsis  the  palielil  is  iiiiiihle 
(Veil  to  whisper  The  iaiyniroscope  reveals  iiothinj; 
iilpiioiiiml  al"iiit  the  <-oi<ls.  hut  i;eiienilly  panilysis  of 
their  eoiitniiliiiir  liuiseles  on  one  or  both  sides.  The 
tli\  ro  aiylaiioideus  internns  is  often  alTeeted.  Par- 
alysis of  the  tiladder  is  not  ii!fre(|iieiit.  Paralysis  of 
iieiilar  iniiseUs  in  hysteria  is  not  eoniiiion,  but  paresis 
of  the  levator  palpehne  is  freipleiilly  seen,  ransing  n 
drooping  of  the  lid.  which  is  chanicleristic.  usually  bi- 
lateral. 

('iiviiliitofji,  .'^••rrli'ii/.  iiiiil  KrriYt"i\>/  DiKtrdiiK. — I'alpi 
tation  ensues  in  some  cases  upon  sliirht  exciting'  cause, 
ami  a!;ain.  the  Inart  beat  is  rediice<l  to  thi'  iniiiiiii.'il  as 
in  the  cataleptic  condition.  Variations  in  tlic>  peiiphenil 
circulation  are  freiiuenl  and  rapid.  The  jiulse  is  soini-- 
times  small  and  tense,  .soinctimes  full  and  soft  The 
skin  varies  from  cold  and  pale  to  red  and  hot.  In  the 
former  case  less  blood  than  normal  follows  the  priik  of  a 
pin.  and  the  perspiration  is  ajit  to  be  lessened,  increasing 
with  thcclilatatioiiof  theciitaneous  vessels.  The  reiiions 
over  which  these  chan  lies  take  place  vary  from  ciniim- 
.scrilu-d  spots  to  the  half  or  llie  whole  of  the  body. 
"  Flushes  "  are  common,  and  redness  and  heat  of  the  head 
are  liable  to  coexist  with  coldness  of  the  extremities. 
Faintiiis;  is  coniiii<*n.  due  probably  to  cerebral  aua-niia. 
Swellini;  of  the  extremities,  with  nHiema.  sometimes  ap- 
pears suildeiily.  to  disjippear  as  suddenly,  without  disease 
of  the- heart  or  kiilney  or  other  complication.  These 
swelliiiL's  are  classed  uiidi-r  the  term  anirioneurotic  o'de- 
ma.  and  are  soinelinies  i|uite  persistent.  The  skin  may 
be  of  waxy  pallor.'and  may  pit.  or  be  ilark  colored  and 
bniwny.  Gaiiirrenci Iocs  not  follow.  Most  of  these  phe- 
nomena owe  their  oriirin  probably  to  vasomotor  irre.i^ii- 
larities.  Possibly  similar  chaniies  in  the  cortex  of  the 
bniin  are  at  the  bottom  of  some  of  the  symptoms  refer- 
able to  that  oraaii.  Actual  blcedinir  follows  congestion 
in  various  lomlities.  Menstrual  irreirularities  are  com- 
mon. Increased  or  decreased  flow  of  Siiliva  has  been 
noted,  and  the  vomitinirof  large  (piantities  of  fluid  with- 
out ingestion  jioints  to  increase  of  .irastric  set  retioii.  The 
urine  varies  in  quantity  from  greatly  increased  (especially 
after  convulsive  attacks)  to  notably  diminished.  Cases 
of  genuine  anuria  have  been  established.  The  presence 
of  urea  in  the  voinitus  points  to  vicarious  excretion.  It 
seems  probable  that  the  diOiculty.  whether  vascular  or 
purely  nervous,  lits  in  the  kidney  itself,  although  spasm 
of  the  sphiiuier  vesica'  may  be  also  ]uesent  (Charcot). 
Increased  and  irregular  lacteal  secretion  has  been  noted, 
and  more  freciuently  Icucorrlaea  without  local  disease, 
particularly  after  convulsive  seizures. 

Miiiliil  ('niuliti'i)i. — Hysteria  occurs  in  persons  of  every 
grade  of  intelligence,  and  by  no  means  implies  ileticient 
intellectual  power.  Lack  of  balance  and  of  w  ill  jiower. 
however,  is  gencRilly  a|)parcnt  even  when  combined  with 
(piick  perception  and  excellent  memory.  The  emotional 
side  of  the  nature  is  genenilly  disturbed:  on  the  one 
hand,  the  least  stimulus  is  siiflicient  to  bring  about  an 
exalted  stjite  of  happiness  or  deep  melancholy,  and  on 
the  other  hand  emotion  may  seem  <|uile  wantin.ir.  the 
patient  exhibiting  the  utmost  indifTeience  to  her  sur- 
roundings. Extreme  sensitiveness  is  common,  the  pa- 
tient takes  offence  easily,  anil  is  easily  made  unhappy 
by  ne.irlect.  In  general  sucli  patients  are  extremely  ego- 
tistical ami  si'ltish.  and  w  bile  clemanding.  directly  or  in- 
directly, the  most  extreme  attention  from  others,  fail  to 
<"xhibit  the  least  consideration  for  those  about  them. 
Liick  of  application  is  a  common  failing,  yet  once 
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aroiiHod  tlic  patient  iimv  fihow  a  peniiKtence  and  untiring 
energy  far  In  exi'es.H  o^  that  deiimndid  by  the  iHcasion, 
or  ot  that  wlih-ha  penuai  of  goiMl  Judgiiii'iit  woiihl  dU- 
Jilay.  These  patii'iits  often  pir'.ist  in  making  themsejvi-ii 
iimrtyrH.  ami  in  ili-awiiii:  attention,  dinctly  or  iinliiecily. 
to  their  peculiarly  trying  eirciimstanees  and  sulTiringH. 
The  regard  for  veiiieiiy  is  oftiii  iliiiiiiiislied.  and  the 
desire  for  sympathy  may  lead  to  the  most  oiitiugeouit 
deceptions — a  fact  w  hieli  Iiii.scaiis4'il  the  name  hysteria  to 
bear  with  it  a  ih'gree  of  opprobrium  whidi  it  by  no 
means  iie<'es.sarily  dcM'rvi-s.  Ilysti'rical  patients,  enpe- 
cially  hystero  epileptics,  are  prone  to  Komnambullsin, 
liypnolism,  ecstasy,  and  allied  conditions.  The  step  from 
hysteria  to  insanity  is  often  a  short  one  and  hard  to  de 
line.  Hysterical  delirium  leads  to  llxed  deliisioiiK.  Mel- 
ancholy, mania,  folie  rni»iiiiiiiiiile.  ami  even  deinentiu 
may  follow. 

Jfi/i'teroii>il(/ui//  (for  the  analysis  of  which,  as  of  all 
phases  of  hysteria,  we  are  es|)eeially  indebted  to  the  ef- 
forts of  Charcot  and  his  pupils)  is  I  hi'  severest  form  of 
convulsive  seizure  to  which  hysterical  patients  are  sub- 
ject. It  is  distinctly  a  symptom  of  hysteria,  and  in  no 
way  to  be  confounded  with  epilepsy  when  it  assuims  its 
typical  form,  although  certain  cases,  in  which  hysteria  and 
epilepsy  coexist,  may  olTer  ilithciilties  in  diagnosis  The 
seizure  is  generally  preceded  by  change  in  disposition, 
perhaps  for  some  days,  and  more  directly  by  an  aura, 
abdominal  or  epigastric,  which  affords  the  patient  time 
tosi'ok  a  position  of  safety.  The  attack  proper  is  divided 
into  four  periods;  (a)  the  epileptoid.  (/>)  the  pi'rlod  of 
contortions  and  great  movements,  ('•i  the  ])eriod  of  emo- 
tional attitudes.  (<l\  the  period  of  delirium.  The  im  epi- 
leptoid period  is  generally  nshereil  in  by  a  cry.  the  con- 
sciousness is  lost,  the  patient  falls  to  the  ground,  the  face 
is  pale,  the  features  are  distorted.  Tonic  spasms  ensue, 
alTecting  all  extremities.  Clonic  spasms  follow,  resem- 
bling those  of  epilepsy.  The  face  becomes  tumefied  and 
violet.  The  patient  sometimes  froths  at  the  mouth  and 
bites  the  tongue.  A  short  period  of  relaxation  follows, 
with  coma.  In  the  second  jteriod  (/i)  various  extraordi- 
nary ])ositious  are  maintained  for  some  minutes,  with 
.creat  force,  for  example,  that  of  extreme  opisthotonus. 
In  this  stage  the  respiration  is  not  interfered  with,  and 
the  face  is  not  tursid.  The  great  movements  which  fol- 
low are  distinguished  from  the  clonic  spasms  by  their 
greater  extent,  and  the  iion  ri.L'idity  in  the  |)arts  affected. 
These  movements  may  be  executed  by  the  whole  of  the 
body  or  by  a  part.  Most  characteristic  are  flexion  and 
extension  of  the  trunk,  rapidly  alteriialin.ir.  the  forehead 
striking  the  knees  on  llexion,  the  head  and  back  being 
thrown  violently  on  the  bed  in  extension.  8ucli  a  move- 
ment may  be  repeated  lifteeu  or  twenty  times.  The  next 
period  (cj  follows  generally  without  intervening  rejiose, 
the  great  movement,  or  the  contortions,  merging  into  the 
emotional  attitudes.  These  attitudes,  representing  gay- 
ety,  sadness,  etc..  seem  to  result  from  hallucinations,  and 
to  express  a  delirium  of  the  imagination.  The  luriod  of 
delirium  {(T)  represents  the  more  or  less  gradual  return  to 
efiuilibrium.  and  is  analogous  to  the  initiatory  peiiod. 
Sadness  pervades  this  stage,  iu  which  the  patient  dwells 
on  events  of  her  past  life  with  lamentations.  After  the 
attack,  large  i|uantities  of  pale,  clear  urine  are  voided. 
The  duration  of  the  attack  proper,  exclusive  of  the  .stage 
of  delirium,  varies  from  tifleeii  to  twenty  minutes,  the 
c]>ileptoid  period  lasting  from  one  to  three  minutes,  the 
period  of  contortions  ami  great  movements  about  the 
same,  or  a  little  longer,  the  periiul  of  emotional  attitudes 
from  five  to  tifleen  minutes.  The  supervening  delirium 
varies  from  a  few  minutes  to  a  considerable  time.  Hys- 
tero-epileptics  generally  present  marked  constant  symp- 
toms, contractures,  motor  and  sensory  paralyses,  notably 
hemianiesthesia.  ard  the  mental  characteristicsof  hysteria 
are  apt  to  be  particularly  well  marked  in  these  patients. 
The  or'irii'  is  commonly  present,  firm  pressure  oyer  this 
spot  during  an  attackcausing  complete  relaxation  and 
return  of  consciousness,  to  be  followed  by  rela])se  into 
the  previous  condition  on  removal  of  t  he  pressure.  Other 
hysterogenic  zones  are  found  iu  various  parts,  as  above 
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Btitl  below  till-  breasts,  loss  constantly,  however,  than  in 

the  iiviiriiin  ri't'i""!- 

DiAtiNuMs. — The  diagnosis  of  hysteria  from  organic 
iliseasc  of  the  mrvoiis  system  is  of  the  jrreatest  i>ra<ti(iil 
importance,  anil  is  in  ">;eiienil  not  dilliciill,  especially 
when  the  course  of  the  disease  is  known.  The  |iredonii 
nan<'e  of  subjective  symptomsover  objective  disliirliance 
is  noteworlhv.  There  is,  in  general,  alisc  nceof  siuh  deti 
nile  si.cns  of  orfianii-  disra.se  as  loc.'il  alroi>liy.  electrical 
chan.ire.  pupil  irreyidarilics  and  loss  of  liglil  relle.v,  of 
ankle  clonus  and  the  Babinski  iclle.v,  of  bedsores  and 
cvstitis.  as  well  asof  facial,  ixular,  and  bulbar  i)aralyses, 
Yliere  may  be  rapid  and  complete  change  in  seat  and 
character  of  the  symptoms,  a  nervous  history  and  ner- 
vous anti'ccdeiits.  The  presence  of  globus,  claviis.  nvar 
ian  and  spinal  tenderness.  Iiemianaslhesia.  segmentjd 
ana>slhesla.  aphonia,  convulsive  attacks,  and  character- 
istic contractions,  assist  in  the  dilTerentiation  of  hyste- 
ria from  most  organic  diseases  with  which  it  is  liable  to 
be  confounded.  Hysterical  hemiplegia  ditTers  from  the 
common  form  of  organic  hemiplegia  in  the  exemption  of 
the  facial  muscles,  in  the  absence  of  spasticity,  and  in  the 
sharp  boimdaries  of  the  ana-sthesia  if  present,  whether 
occupying  half  the  body,  a  single  extremity,  or  sjiols  of 
irregular  distribution.  The  ana'Stliesia  of  organic  cere- 
bral di.sease  is  most  marked  at  the  extremities  and  .shades 
off  gradually  as  the  trunk  is  approached  :  itismorcapt  to 
impair  the  ]>owerof  recognizing  objects  in  the  hand  with 
eyes  cU)sed  (stereognostic  sunse,  with  its  factors,  spacing. 
h)cali7.ation,  and  posture  senses)  than  the  sen.se  of  pain, 
of  touch,  or  of  temperature.  The  latter  are  more  often 
lost  in  hysterical  aiiieslhesia.  and  the  hysterical  patient 
will  often  handle  intelligently,  and  use  with  dexterity, 
an  instrument  which  she  states  is  not  felt.  This  offers 
marked  contrast  to  the  hemiplegic,  who  states  that  the 
knife  or  pen  is  felt,  but  who  neither  recognizes  its  char- 
acter nor  uses  it  naturally. 

Hysterical  hemianastliesia  is  easily  recognized  by  its 
typical  distribution,  and  by  the  fact  that  the  special 
senses  are  generally  involved  to  a  corresponding  degree. 
It  is  important  to  avoid  mistaking  the  transient  loss  of 
power  accompanying  iiiynntlniiia  yrai'in  (pseudobulbar 
paralysis)  for  hysterical  paralysis.  The  paralyses  of 
myasihenia  gnn'is  are  prone  to  appear  in  tlie  latter 
part  of  the  day.  and  are  peculiarly  liable  to  attack  the 
ocular  and  bulbar  muscles,  legions  ordinarily  spared 
in  hysteria.  It  must  always  be  reniembe'retl  that 
hysteria  does  not  preclude  the  coexistence  of  organic 
dist'a-se.  as  tumor,  abscess,  or  meningitis.  Hysterical 
symptoms  occurring  in  elderly  woiuen,  not  "hitherto 
subject,  should  always  suggest  the  pos.sibility  of  malig- 
nant or  other  exhausting  disease.  The  diagiiosis  should 
never  be  limited  to  hysteria  till  organic  disease  has 
been  carefully  excluded.  Convulsions  of  hysteria  are 
generally  distinguishable  from  epileptic  seizures  by 
their  longer  duration,  by  the  absence  of  the  characteristic 
clonic  spasms  of  epileiisy,  and  by  the  greater  excursion 
of  the  movements.  The'liysterical  jiatient  rarely  injures 
herself  in  falling,  and  only  exceptionally  bites  the  tongue 
or  froths  at  the  mouth.  "Stupidity  rarely  intervenes,  but 
a  large  (piantity  of  pale  urine  with  low  s|iecitic  gravity 
is  often  voided  directly  after  an  attack.  Dotibtful  cases 
are  mon-  apt  to  jirovc  epileptic,  and  should  generallv  be 
given  bromidi-  treatment,  .Vphonia.  of  hvsterical  origin, 
may  be  distinguished  by  the  rapidity  of  onset  and  recov- 
ery, together  with  the  absence  of  symptoms  pointing  to 
organic  disease  of  the  larynx.  Tlie  diagnosis  between 
hysteria  and  other  functiimal  nervous  disea.ses  is  not  so 
important,  and  the  line  is  often  hard  to  draw.  The 
hysterical  has  nnmy  symptoms  in  common  with  the  ueu- 
rastheinc  palic'nt.  The  presiMiee  of  paralyses,  contract- 
ures, convulsions,  hyperasthetic  regions."  and  of  well- 
marked  circulatory,  secretory,  ami  excretory  symptoms. 
places  the  case  under  hysteria,  the  name  'ue'iiniflliiiiiii 
applying  tr)  patients  sulTering  from  nervous  exhaustion 
and  irritabililv  without  the  socalled  hysterical  stigmata. 
On  the  boundary  line  fall  certain  irritiible.  worn-out  pa- 
tients, prone  to  laughing  and  crying,  and  other  lighter 
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emotional  symptoms.  In  such  cases  it  is  difficult  and 
unneces-sjiry  to  make  an  accurate  ehis.silication.  The  es- 
sential peculiarity  of  the  hiiixjrhiiinbiac  is  his  undue 
attention  to,  and  anxiety  regarding,  his  own  condition. 
Either  the  hysterical  or  the  neurasthenic  patient  may, 
therefore,  sutler  also  from  liypoehoiidria, 

PiioGNOsis. — Life  is  ilircateued  oidy  in  the  rarest  in- 
stances. Patients  have  died  with  hysterical  symptoms, 
but  it  is  doubtful  if  hysteria  itself  can  be  saiil  ever  to 
be  fatiil.  Radical  cure  of  well-establisheil  tendency  to 
hysteria,  when  primary  and  degenerative,  is  haidly  to  be 
expected,  though  separate  attacks  are  likely  to  di.sap- 
pear  spontaneo\isly  or  luider  treatment.  Attacks  of 
hysteria  with  delinite  exciting  cause,  as  trauma,  or  ex- 
haustion, without  predisposing  tendency,  promise  more 
favorably  than  cases  of  the  same  severity  resulting  from 
hereditary  tendency.  Cure  may  be  generally  expected 
in  such  cases  in  a  period  varying  from  a  few  months  to 
a  few  years.  Litigation  seriously  delays  recovery.  In 
general,  the  longer  the  disease  has  persisted  the  worse 
the  prognosis.  This  is  especially  true  when  convulsive 
attacks  are  present. 

Tuti.vT.MENT.— The  early  training  of  chiUlren  predis- 
posed by  inheritance  to  functional  nervous  disease  is  im- 
portant. Too  .great  indulgi-nce  and  solicitude  are  as  liad 
on  the  one  hand  as  severe  piiuisliment  and  ridieide  on  the 
other.  Every  means  should  be  taken  to  cultivate  the 
child's  self-control,  and  for  this  purpose  removal  from 
its  home  will  often  be  found  beneficial,  inasmuch  as  bad 
example  is  there  added  to  faulty  training.  Physical 
development  should  be  encouraged.  Ana'mia  should  be 
treated  if  present.  Early  marriage  slioidd  not  be  en- 
couraged, for  it  is  as  liable  to  aggravate  as  to  lessen  the 
tendency. 

Given  a  case  of  hysteria  once  developed,  the  first  aim 
is  to  remove  the  causes  which  foster  it,  Anainia  and  de- 
bility must  be  combated;  arsenic  in  small  doses  may 
prove  of  benefit,  besides  the  ordinary  tonics.  The  Oer- 
man  Eisenzucker  {ferrum  oxidatum  saccharatum)  will 
be  found  an  agreeable  preparation  of  iron  for  jiersons  of 
<lelicate  digestion.  Disease  of  the  uterus  and  its  appen- 
dages, when  present,  must  be  rectified,  although  scepti- 
cism is  always  in  place  regarding  local  disease  as  an  eti- 
ological factor,  and  uimccessary  manipulation  of  the 
genitals  slioidd  be  avoided.  Flatulence,  indigestion,  and 
constipation  should  be  treated.  Atony  of  the  alimentaiy 
canal  may  be  benefited  by  nux  vondca.  siry<hnine.  or 
<iuinine.  If  the  presence  of  fannly  and  friends  is  believed 
to  be  deleterious,  the  surroundings  should  be  changed. 
The  Jiatient  should  ueitlier  receive  excessive  sympatliv 
nor  be  ridiculed  as  an  imaginary  sufferer.  An  endeavor 
should  be  made  to  gain  the  jiatients  confidence  and  rcni.se 
her  to  the  systematic  exercise  of  will  power  and  self-con- 
trol, not  only  regarding  her  symptoms,  but  also  in  the 
ordinary  duties  and  disturbances  of  her  life.  Regular 
employment  and  physical  exerci.se.  such  as  bicycling  nr 
horseback  riding,  should  be  encouraged.  Valerian  and 
asiifietida  will  be  found  useful  in  spasmodic  <'onditiuns, 
the  latter  especially  in  hysterical  tympanites  and  colic. 
As  a  rule,  neither  bromide  of  potassium  nor  chloral  will 
be  found  of  sulticient  benefit  to  justify  continued  use, 
though  they  must  sometimes  be  resorted  to  for  sleepless- 
ness. Opium  and  alcohcd  are  likewise  to  l)e  avoided. 
To  relieve  individual  attacks  of  pain  by  morphine  is  only 
to  weaken  the  patient's  own  power  of  resisting  pain,  and 
perhaps  to  add  a  craving  for  llii'  drug,  Hyoscyamus, 
couiiun.  and  camiabis  indica  may  be  substituted.  Good 
diet,  cold  baths,  the  douche  to  the  back,  massage,  regu- 
lar exercise  in  the  open  air.  mental  diversion,  and  avoid- 
ance of  excesses  are  important.  Electricity  sometimes 
proves  of  value,  especially  the  static  current.  Applica- 
tion of  the  magnet  and  of  various  metals,  while  of  great 
physiological  interest,  as  in  the  study  of  "transfer."  will 
hardly  jirove  of  nuich  therapevitie  value.  During  con- 
vulsive attacks  over-.solicilude  will  tend  only  to  aggra- 
vate and  render  them  more  frequent,  exeeiUing  when  the 
consciousness  is  entirely  lost.  The  severer  attacks  can 
sometimes  be  cut  short  by  a  sudden  shock,  as  pouring 
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rold  wiitor  on  tlit-  fiicf,  nnil  llic  mi'iiiory  nf  Riirli  In-iit- 
nii'iit  iloiilillcs.s  li-Hiu-iis  the  proluiliilily  of  rcciirn'iii'i'; 
tlirrr  uri'.  however,  iimiiy  olijtilioiis  in  this  iiriM-eediii^, 
iukI  it  will  Iiirely  he  foiitiil  rulvisithle.  'I'hi-  ilihiihitioli  of 
ether  or  tliesiilHMilulieoiiM  iiijeelioti  of  ii|ioiiior|iliiiie  limy 
(III  sliort  an  iitliuk.  .Iiiilirioiw  iie);h'et  will  olti  ii  hiisleii 
recovery.  Firm  pri^K-siire  over  one  or  the  other  oviiry 
will  sometimes  eiillHi'  ces.siil ioii  of  liystero  e|iile|)lic  or 
other  eoiiviilsioii.  Kemoviil  of  the  ovaries  must  he  kept 
in  miiiil  a.s  a  last  resort  when  disease  of  those  orpins  is 
present.  Nutrition  kIioiiM  he  kept  up  iliiriii);  ealaleptic 
('•■nilitioiis.  reetal  aliinentalioii  or  the  stoniaeh  tulie  liein^ 
resorteil  to  if  iieees.siiry.  In  ohstinate  eases,  ispeeially 
when  inaltiiitriiioii  exists,  after  other  mitliiHls  have  liicii 
trieil  in  vain,  it  will  he  often  lulvi.sahle  to  adopt  the  plan 
(perfected  l)V  .Mitchell)  of  seclusion,  rest,  ma.s-siige.  elec- 
tricity, anil  full  feeding.  (jeorijc  I..    Wiilltm. 

IBIT,  hismiilli  oxyiodo-tannate,  a  close  relnlive  of 
airol,  hisniuili  owiiHlO'pdlate.  is  an  odorless,  tasteless, 
tine,  irri'enishcniy  powder.  It  is  permanent  in  dilTiise 
liirhl.  hut  in  direct  siiiiliclit  or  in  contact  with  water  or 
animal  fluids  slowly  decomposes  with  llii'  lilieration  of 
imiine.  This  chanjre  is  more  rapid  with  warm  water. 
Ihit  is  insoliihle  in  ordinary  solvents,  hiil  dis.solves  in 
acids  or  alkalies.  It  is  used  for  wounds  as  a  dusting 
powder,  salve,  or  lotion.  11'.  .1.  fitiatedo. 

ICHTHALB1N,  iehlliyol  alhuminale,  is  an  odorless. 
aliiKis!  la-lcliss.  tiiu'  irniyish  lirown  powiler.  insoluhle 
in  water  and  aeiil  solulions.  and  soliilile  in  alkalies  and 
the  iiilestinal  lliiids.  It  is  prepared  hy  addinir  i(  lithyol 
to  fresh  alhumin  and  wasliiiig  the  resultini;  |irecipilate 
till  it  is  free  from  iclithyol.  It  sets  free  in  the  tissues 
ielithyol.  of  which  it  is  said  to  contain  seventy-five  per 
cent. 

On  account  of  its  antiseptic  and  stimulating  properties 
it  has  K-en  used  hy  Mack.  Binder,  Martin,  and  others 
iiilerinilly  for  gastric  and  intestinal  fermentation  and  for 
I  iitiiie  fever.  Sack  says  it  .sets  free  ichthyol  in  the  in- 
testine, hut  not  itj  the  stomach.  It  is  claimed  to  he 
neither  irritating  nor  toxic.  Locally  it  may  he  applied 
in  powder  form.  Binder  uses  it  by  insuttlation  for  gon- 
orrhieal  or  catarrhal  vaginitis,  endometritis,  or  erosions 
of  the  cervix.  For  chronic  hypertrophic  rhinitis  it  may 
be  used  as  snuff  two  or  three  times  a  day.  Ma<k  ob- 
tained g(X)d  results  in  eczema  and  furuncuiosis  from  the 
internal  dose  of  0.12-0.3  gm.  (gr.  ij.-v.)  three  limes  a 
day.  Hollay  places  the  dose  at  0.:{-0.T  gm.  (gr.  v.-x.) 
for  a  chilli  of  one  year,  while  Honihur.sjer  considers  0.1- 
O.'J  gm.  (gr.  iss.-iij.)  sufficient.  No  untoward  effects 
were  noticed  from  administering  0.,'>  gm.  (gr.  viij.)  three 
times  a  day  to  a  tive-months-old  child. 

ir.  .1.  Jiiistalo. 

ICHTHARGAN,  iehlliyol  silver,  silver  thioliydrocarbo- 
siilfonate,  is  a  brown,  odorless,  amorphous  powder  of 
neutral  reaction,  containing  thirty  percent,  of  silver  and 
tifteen  per  cent,  of  sulphur.  Its  odor  is  wanting,  or 
slight,  suggesting  chocolate,  and  it  is  Sfmiewhat  sternu- 
tatory. It  is  easily  soluble  in  water,  glycerin,  or  dilute 
alcohol,  sliglitlv  soluble  in  ether  or  chloroform,  and  in- 
soluble in  ab.so'lutc  alcohol.  On  exposure  to  light  it  is 
slowly  decomposed,  so  must  be  kei>t  in  dark  bottles.  It 
is  precipitated  by  sodium  chloride  or  albumin,  the  latter 
preiipilate  dis.solvinff  in  excess  of  albumin. 

Aiifrecht  showed  this  drug  to  be  more  strongly  antag- 
onistic to  anthrax,  gonococcus.  and  other  bacR'ria  than 
is  silver  nitrate.  In  O.^-O.-i-per-cent.  solution  it  prevents 
the  decomposition  of  meat,  bouillon,  etc.  With  frogs, 
guinea-pigs,  rabbits,  and  dogs  it  is  much  less  toxic  than 
silver  nitnite.  It  is  also  more  ]ionetniliiig.  I.ohstein  uses 
it  ill  gonorrluea  as  an  irrigation  in  I  to  4.000  ti>  1  to  2.000 
strength.  Leislikow  considers  its  results  in  gonorrho'a 
remarkable;  he  uses  a  0.02  to  0.2per-cent.  injection. 
For  posterior  urethritis  Fi'irst  employs  an  instillation  of 
six  to  ten  drops  of  three -per- cent,  solution  by  Guyon's 
urethral  syringe.     As  a  prophylactic  following  suspi- 


cioiiH  coittiH  III-  fnNtilH  ihree  or  four  dropH  of  a  ten-per- 
cent, solution.  It  In  said  to  Ih-  much  Ickh  irritating  than 
silver  nitrale,  and  to  Ik-  followed  by  no  desire  to  urinate, 
rniiii  says  thai,  unlike  silver  nilnite.  it  iIock  not  favor 
gninulaiioii.  but  favors  rather  the  production  of  cpilhe- 
liiini.  The  lust  results  are  oblainid  in  cli-an  ulcers  and 
in  old  hard  ulcers  with  ralloiis  inarL'iiis  after  the  horny 
layer  has  lieen  removed  by  salicylic  pliisli  r  mull.  It  I8 
a  strong  astringent  for  iniloleiit.' udematous.  or  hemor- 
rhagic granuliilioiis.  Falta  uwk  a  half  to  Mine  per  cent, 
solution  for  granular  conjunctivitis.        If.  ,1.  HtmUilu. 

ICHTHOFORM  is  a  blackish  brown,  amorphous,  al- 
most oilorless  and  tasteless  powder,  reswlliiig  from  the 
action  of  fornialdehyile  on  ii  hthyol.  It  is  insoluble  in  all 
ordinary  solvents.  Aufrei  lit  has  made  a  comparative 
study  on  bacteria  and  animals,  c-spe<'ially  frogs,  ralibilx, 
and  dogs,  and  linds  it  to  have  a  greater  antiseptic  power 
than  iodoform  and  analogous  coinpouiiils,  and  to  beeoni- 
paralively  innocuous,  (iolilmann  us<'s  it  locally  for  en- 
domelritis  in  tcn-]iercent.  glycerin  mixture  on  tampons, 
and  as  a  deodori/.er  in  o/.aiia.  Internally  he  eiiijiloys  it 
in  atonic  or  functional  digestive  ilisorders.  Five  grains 
(0.;i.5  gin.)  may  be  given  every  three  hours  for  aciile  gas- 
tro-enterilis  and  inlesliiial  tuberculosis,  in  which  condi- 
tions it  is  highly  recommeiided.  Pohiceo  employs  0..'5 
gm.  (gr.  viij.j  in  capsule  up  to  twelve  capsules  a  day  for 
enteric  fever.  It  has  no  action  on  the  nervous  sj-slem, 
and  its  continued  use  in  large  dose  is  sjiid  to  be  without 
elTeet  on  the  kidneys.  In  conditions  of  indicanuria  with 
headache  and  malaise,  its  administration  is  (|ui(kly  fol- 
lowed by  disapiiearanee  of  the  iiidiian  from  the  urineaiiil 
the  relief  of  the  .symi>toins.  On  account  of  its  iriitating 
properties  in  vaseline  mixture.  Unna  prefers  it  made  up 
with  zinc  ointment  in  one- per  cent,  strength  as  an  appli- 
cation in  eczema  capitis  of  children,  psoriasis,  eczemas  of 
seborrha'ic  origin,  and  in  pityriasic  forms  of  eczema. 
As  its  hardening  powers  lead  to  superlicial  necrosis,  it 
can  be  used  only  in  alTections  which  tolerate  the  iles(|Ua- 
niation  of  the  horny  layer.  If.  ,1.  Bimhtlo. 

ICHTHYOCOLLA.     See /«n^fa*». 

ICHTHYOL. — This  is  the  trade  name  of  a  compound 
described  as  iciithyo-sulplionic  acid  in  combination  witli 
ammonium.  It  is  obtained  by  the  distillation  of  a  bitu- 
minous mineral  deposit  of  the  Tyrol,  which  contains  an 
abundance  of  the  fossil  remains  of  lish  and  other  marine 
animals.  During  dry  distillation  there  pa.sses  over,  be- 
tween 100  and  225'"  C,  a  crude  volatile  oil.  This  is 
treated  with  an  excess  of  concentrated  sulphuric  acid, 
which  forms  ichthyo-sulphoiiic  acid,  and  this  is  precipi- 
tated by  the  addition  of  brine.  The  product,  in  addi- 
tion, contains  an  uncertain  percentage  of  unchanged 
oil.  which  cannot  be  removed  without  producing  decom- 
position of  the  whole  compound. 

Ichthyo-sulphoiiic  acid  forms  salts  with  ammonium, 
sodium,  zinc,  lithium,  calcium,  iron,  silver,  and  various 
other  metals,  btit  the  ammonium  salt  is  that  generally 
understood  by  the  title  ichthyol. 

Aniinonium-ichthyol  sulplionate.  CjsH.,,SiOb(NII,)3,  is 
a  thick,  brownish  liiiid.  with  a  smoky  bituminous  odor 
and  taste.  It  is  .soluble  in  water,  oil,  glycerin,  and  a 
mixture  of  alcohol  and  ether.  Its  virtues  arc  ascrilied 
to  the  large  amount  of  sulphur  that  is  present,  about 
sixteen  per  cent.  It  has  a  great  affinity  for  oxygen  and 
is  a  powerful  reducing  agent.  It  is  staled  to  be  an  active 
germicide  and  to  be  free  from  any  toxic  action,  but  an  in- 
stance is  recorded  in  which  the  applications  of  one  part  of 
ichthyol  to  two  parts  of  glycerin,  to  the  curetted  surface 
of  the  utertis,  produced  very  alarming  symptoms.  The 
patient  complained  of  the  taste  of  the  drug,  tachycardia, 
and  depression,  and  remained  prostrated  for  twelve 
hours. 

The  therapeutic  value  of  ichthyol  depends  upon  three 
factors:  its  antiseptic  action,  a  contractile  effect  which  it 
exerts  on  the  vascular  system,  and  its  reducing  property. 

It  was  introduced  in  1883,  by  Unna  of  Hamburg,  as  a 
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niDolv  for  the  tixiitinenl  of  viirioiis  forms  of  skin  dis 
tiisr.  "He  ilcsciihi'.!  it  as  llif  remedy  /uir  cn-elhnu  for 
nciie.  He  lulvised  llfteen  drops  twice  ik  dtiy  iiiteriiftlly. 
uiid  n  ton-lHTiTMt.  lotion  to  lie  piiiiited  on  the  afTicted 
nartsMl  niiilil;  eaeli  day  the  lesion  was  lolie  lialheil  with 
liot  water  and  iehtliyol  soap.  In  eczema  and  ollii  i  forms 
of  skin  ilisease  he  ailvised  it  to  he  used  more  can! iously 
and  in  wcakir  solutions.  In  all  these  eoiidilions  its  iu- 
lernal  adniinistnition  is  also  advised,  as  it  is  supposed  to 
p..ssess  valuable  alterative  properties,  which  assist  its 
l..cal  action.  Ichthvol  has  come  into  very  extensive  use 
for  ad  forms  of  skiii  diseases,  and  for  the  removal  of  the 
prod\ict  of  intlanunatory  ]>rocesses,  in  chronic  iheuma- 
tism  anil  in  cases  of  enlarged  irlands.  In  skin  diseases  it 
is  applied  as  an  ointment  of  the  slrcnirth  of  live  to  ten  or 
lifteen  pi'r  cent.  A  varnish  of  ichlhyol  is  a  favorite 
inethoil  of  \isin!;  the  drnir.  It  is  nnule  of  iehthyol  10 
parts,  starch  -lO"  parts,  soiiition  of  albumin  1  part,  and 
water  to  KtO  parts.  The  starch  is  mi.\cil  with  the  water, 
the  ichthvol  is  then  well  rubbed  up  with  it.  and  lastly 
the  albumin  is  added.  For  intlaniniatory  deposits 
stroniKT  preparations  arc  employed;  ointments  contain- 
inir  tifly  jier  ei-nt.  mav  be  used,  or  a  mixture  of  iehthyol 
anTl  L'lvciriii  is  applied  and  the  part  is  covered  with  lint 
and  liaiidaL'cd.  Mithyol  plast el's  and  iehthyol  wadding 
mav  also  be  obtained. 

The  remedy  has  not  been  much  used  in  general  surgery, 
1ml  in  gvinecology  it  is  a  favorite  application  in  all  ute- 
rine anil' vaginal  intlammations.  It  may  be  applied  in  a 
glycerin  solution,  or  in  its  pure  state  on  tampons,  or 
meilicated  pessaries  may  be  introduced  after  antiseptic 
and  astringent  douches  have  been  used.  When  gonor- 
rho'a  is  a  factor  the  drug  is  thought  to  be  especially 
beneficial,  it  has  also  been  employed  iu  intianied  states 
of  the  prostate  gland,  a  teuper-ceut.  solution  being  in- 
jeoted  into  the  rectum. 

In  a  paper  ]ire.sented  at  the  Fourth  International  Medi- 
cal Congress.  Unna  dwelt  upon  the  value  of  iehthyol  iu 
the  treatment  of  leprosy.  His  conclusions  were:  (I) 
Lepra  tiiberosji.  even  of  universsil  extension  and  of  more 
than  one  year's  standing,  can  be  cured  :  (2)  the  cure  can 
be  elTecteil  in  a  companitively  short  time  by  the  ener- 
getic internal  and  external  employment  of  redueingrtme- 
dies;  (:!)  among  these  may  be  specially  recommended 
iehthyol,  ehrysjirobin.  pyrogallol.  and  resorein;  the  only 
one  of  which' that  can  be  administered  internally,  for  a 
length  of  time,  without  danger,  is  iehthyol.  He  advised 
the  application  of  a  tifty-per-cent.  ointment,  and  also  the 
internal  administration  of  fifteen  to  twenty-four  minims 
(1.0  to  l.li)  dtiring  the  day. 

Internally  iehtliyol  is  administered  in  pill  form  in  caji- 
sules,  the  dose  being  up  to  twenty  minims  (l.ii)  daily  for 
nn  adult.  The  dose  for  a  child  of  two  years  is  given  as 
two  minims  (0. i;i)  daily.  Beaumont  Hiiiiill. 

ICHTHYOSIS. — Dk.kixition. — Ichthyosis  is  acongeni- 
tnl  cutaneous  deformity  in  which  the  skin  is  dry  and 
rough  and  the  epidermis  thickened  and  scaly. 

Etiommjv. — Almost  all  ob.servers  agree  in  regarding 
ichthyosis  as  a  congenital  disease,  and  the  arguments 
in  favor  of  lliis  view  are:  That  the  ilisease  commences 
early  in  life  and  endures  throughonl  life,  is  only  tempo- 
mriiy  beni'fited  by  treatment,  and  inuuediately  recurs  on 
the  cessation  of  treatment ;  that  the  di.sease-  is  not  inllam- 
nuitory.  as  infective  and  toxic  diseases  are,  but  acts  more 
like  an  anatomical  deformity ;  that  it  is  often  a  family 
disease,  two  or  more  brothers  or  sisters  being  frequently 
similarly  affected,  and  even  when  the  inunediate  family 
is  fri'e.  more  distant  ndatives  may  lie  found  aHlicted. 

It  is  hardly  necessjiry  to  draw  attention  to  how  charac- 
tcristii-  this  skipping  over  individuals  is  in  hereditary 
alTeclions.  one  or  two  nundiers  of  one  branch  of  a  fani- 
ily  and  one  or  two  of  some  other  bnuieh  being  picked 
out,  the  rest  escaping.  Nevertheless  it  must  be  ad 
niitled  as  remarkable  how  frequently  casi^s  of  .severe  ich 
tliyosis  are  reported  in  which  the  parents  are  siud  to  be 
perfectly  healthy,  and  this  has  been  noted  even  when 
sovcrul  of  the  children  have  ichthyotic  skins. 


An  objection  has  been  raised  to  calling  ichthyosis  a 
congenital  disease,  because  it  usually  does  not  appear 
until  the  second  or  third  year  of  life  or  even  later  This, 
however,  is  not  a  valid  objection,  becau.se  ichthyosis 
agrees  exactly  in  this  ])arli<iilar  with  other  congenital 
deformities.  N:evi.  for  example,  although  certaiidy 
congenital,  frequently  do  not  appear  until  a  considerable 
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time  after  birth;  not.  indeed,  until  the  gradual  develop- 
ment of  the  alTeeled  individual  or  the  growth  of  the  le- 
sion itself  brings  the  blemish  to  view. 

Undoubtedly  ichthyosis  depends  in  a  great  measure  on 
defective  action  of  the  sweat  and  sebaceous  glands. 
Three  of  its  features  point  di-iidedly  in  this  direction, 
viz,:  the  dryness  and  lack  of  unctuousness  of  the  skin : 
the  iminovement  of  the  .symptoms  iluriu,sr  the  summer 
months  when  the  sweat  glands  are  most  active;  and  the 
tendency  to  the  localization  of  the  disease  in  those  parts 
where  tlie  sweat  and  sebaceous  glands  are  least  active,  as 
on  the  extensor  surfaces  of  the  limbs,  leaving  the  articu- 
lar folds,  such  as  the  bend  of  the  elbows,  the  axillary, 
inguinal,  and  popliteal  folds,  uiialfeeted. 

Although  ichtiiyosis  is  an  liereilitary  and  congenital 
atteetiou.  yet  it  probably  may  be  accentuated  by  diseases 
which  are  not  in  their  true  sense  hereditary.  t>y|)liilis  is 
not  in  the  true  sense  of  the  term  an  hereditary  disease. 
What  we  call  hereditary  syphilis  is  an  "  infective  disease  " 
caught  congeiiitally.  The  way  that  syphilis,  for  in- 
stance, may  possibly  accentuate  ichthyosis  is  shown  by 
two  cases  reported  by  tJaston  and  Kiuery.  The  fatherof 
these  children  had  a  slight  ichthyosis  and  also  had  syphi- 
lis. The  children  acquired  syphilis  congeiiitally.  and 
became  after  birth  markedly  ichthyotic.  Besides  ich- 
thyosis, however,  the  children  had  microsphygmia,  and 
the  authore  entertained  the  iq)iiiion  that  the  small  pidse 
was  owing  to  a  generalized,  congenital,  syphilitic  arter- 
itis, and  that  this  alVection  of  the  arteries  so  interfered 
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Willi  llif  iiiilritiini  of  llu-  firtiig  ns  In  nrccnttmto  the  he- 
riililary  Icnilcni  y  li>  iclilliynsis. 

Ki'i'i'iilly  K<l\viiril  h'niiriiii'r  Ims  coIIitIciI  fniiii  llic  liliT- 
itdii'c  iiiiic  nisi'S,  mill  liiis  mlilnl  niii'  of  lii>  nun,  ill  which 
|iiiliriil>i  liiiviiit;  liiTriliiary  Nypliilis  uls<i  Imil  irlitliyiiHiH. 
I'hr  imlliiir  rliiirly  slairs  lniwrvir,  ihni  lir  ilms  iinl  lu-- 
lirM'  iriilliyiisis  III  III'  a  syin|iliiiii  of  liriiililiiry  syphilis, 
liiil  r\|iliiiiisllirriiinriilciirr  liy  llir  llirnry  lliat  lirri'ililary 
HVphilis  is  al  liiiHs  our  of  Ihr  <'aiiws  iif  ili'j;<'ii''nilii>ii  iu 
till'  iiiiliviiliial.  and  (hat  it'hthyusis  is  a  syiii|>tiini  of  tie- 
gciii'nitioii. 

Iiitrri'sting,  imrtinilarly  in  its  conncrtinn  with  Irciit- 
iiH'iil,  is  till'  rrlatiiiiishi|i  iirlwiin  ilcfcclivi'  ili'Vi'liipiiii'iit 
iif  till'  thyrniil  filiiinl  iiiiil  iililhynsls.  As  mii'  iif  llii' 
syniiilmiis  iif  rarlii'xia  snuiiii|iriva  is  a  imi^rh  ilry  skin; 
a  inisiakr  in  iliairiinsis  iniirlil  nisily  nrciir.  nr  ilrfi'ilivf 
artimi  nf  tin-  thyrniil  glaml  iniglil  lU'ccntiiatc  an  already 
cxislin;;  it'hthyiisis. 

Symi'thms. — As  ichthyosis  is  a  congenital  deformity 
thrri' are  nrccssjirily  all  iinides  of  it.  from  almost  iiiap- 
iiniialili'  manifestations  up  to  dispiislini;  monstrosities. 
|)ryiiissof  ilie  skin  and  drsi|iiamaliim  air.  however, 
never  alisi'Ml  in  iihlliyosis.  and  in  fail  in  the  most  atten- 
uated form  of  the  disease,  in  .\erodeiniia.  exireinc 
dryness  of  the  skin,  n  verv  line  des(|uainalion,  and  oh- 
striietion  with  epithelial  eellsof  the  piloseliaeeoiisorilices 
are  the  only  symptoms  |>reseiil.  It  is  this  last  symptom, 
the  lU'euiniilation  of  epithelial  cells  ahoiit  the  points  of 
emeriience  of  ihe  hairs,  that  jrives  those  havini;  ichthy- 
osis their  "  u;oosetlesh  "  appearance.  This  same  perma- 
nent "sionse-tlesh  "  appearance  constitutes  the  disease 
<alled  keratosis  pilaris,  and  it  is  liecaiise  the  same  appear- 
ance is  produced  hy  Ihe  sjinie  kind  of  iiluirgiiif;  of  the 
sjiine  oritices.  and  also  because  the  favorite  situation  of 
ImiiIi  keratosis  pilaris  and  ichthyosis  is  on  the  extensor 
surfaces  of  the  U|>|ier  arms  and  thiiihs,  that  some  authors 
re:rard  keratosis  pilaris,  when  it  exists  alone,  as  eonstitut- 
ini;  the  very  lightest  form  of  ichthyosis,  even  lighter 
than  xerodermia. 

(If  the  two  symptoms,  dryness  and  desquamation, 
Thitiierge  considefs  diyniss  ihe  more  essential,  even 
Ihinkini;  dryness  without  desiiiiamalion  often  indicative 
of  ichthyosis:  therefore  he  would  classify  congenital 
permanent  anidrosis  as  a  form  of  ichthyosis,  and  this  for 
the  following  reasons:  In  liolh  dise-ases  the  skin  is  un- 
usually dry.  both  are  congenital,  liotli  occur  in  families  as 
hereditary  diseases,  and  some  members  of  the  sjime  fam- 
ily may  have  anidrosis  while  others  have  ichthyosis. 
lie  thinks  that  many  eases  of  ichthyosis  wliich  are  sup- 
posed til  divilop  during  adolescence  or  later,  are  simply 
cases  in  which  anidrosis  was  at  first  the  sole  symptom 
and  which  remained  comparatively  unnoticed,  the  more 
disjigreeable  symptimi  of  scaliness  supervening  later. 

Apart  from  the  two  general  charaeleristics  of  dryness 
and  a  tciulency  to  adhere  and  form  ina.sses.  the  superli- 
eial  epithelium  in  ichthyosis  shows  many  vaiiations.  It 
is  sometimes  pnwdery.  and  the  cheeks  for  example  may 
look  as  if  dusied  with  white  face  imwdir;  this  consti- 
tutes a  variety  of  tlie  jiityriasis  simplex  of  some  authors. 
This  form  of  ichthyosis  when  more  marked  shows  a 
ilitTuse  granular  coaling,  chalky  and  white,  which  is 
particularly  apt  to  show  itself  on  the  outer  surfaces  of 
the  upper  ami  lower  extremities.  Instead  of  the  granu- 
lar powdery  condiliou  there  may  be  scaling,  and  the 
scales  may  be  clear  gray  or  gniyish-black,  thick  or  thin, 
lustreless,  hard  or  soft,  but  as  above  stated  they  fre- 
if.icntly  show  a  tendency  to  adhere  with  their  flat 
surfaces  tightly  to  one  another,  sometimes  forming 
thick,  uniform,  lamellated.  corneous  deposits.  AVhen 
the  epidermis  accumulates  in  thick  horny  ma.sses  as  it 
does  in  ichthyosis  hystrix.  pigment  may  develop  iu  it, 
which  may  be  a  dirty  green,  a  bright  green,  dark  green, 
or  greenish-black.  The  green  may  be  .so  l)riglit  as  to  lie 
startling,  even  seeming  to  have  been  artificially  applied. 
The  edges  of  the  scales  may  be  .separated  from  one  an- 
other by  little  furrows,  or  they  may  overlaj)  like  fish 
scales.  Sometimes  the  surface  of  the  skin  looks  like  the 
finely  crumpled  tissue  paper  called  crepe  paper  used  for 


lamp  HhadeK,  where  the  rlilp-n  run  in  every  dlredlon, 
croKsing  oiieanoilirr  and  dividing  the  Hurrace  into  a  vuki 
iiiimlH'r  of  i|Uadrilateral  areas.  Tlie  wriiikliil  cphleriiiiN 
111  Niich  ciiM'K  liHiks  as  if  loo  large  for  the  ciitiK.  Some- 
times  iiiHlead  of  there  being  ridges  there  are  line  Hliallow 
cracks,  passing  through  the  siipcrllcial  layers  only 
These  cracks  lill  with  dirl  and.  just  as  iimli  r  the  linger 
nails,  this  dirt  assumes  a  dirty  greenish  gray  color,  mark- 
ing the  skin  oil  into  lo/.enge  shaped  area's  hy  a  dirty 
greenish  gray  network.  Thi'  lines  may  eni'ek  down 
deeper  than  indii'ated  above,  and  the  sujierticial  epidcr 
mis  may  be  broken  and  upeiirved  along  the  edges  of  the 
enclosed  lozenge  shaped  areas  resembling  the  bark  of 
some  tri'cs.  The  surfaces  of  thes<'  lozenge  shaped  areiw 
may  glitter  and  relleci  lighl  like  the  facetted  skin  of 
some  reptiles.  Sometimes  ilie  surface  looks  unnalnmllv 
smiKilh  and  jiolished.  wilh  lines  running  actoss  it  at  ail 
angles,  as  if  the  surface  had  been  varnished  or  had  collo- 
dion poured  over  it,  and  had  cracked  in  Ihe  drying. 

Frc(|Uenth'  the  skin  does  not  crack,  but  has  running 
across  it  a  vast  number  of  criss-cross  furrows  dividing 
the  surface  iu  the  .same  way  into  ijiiadrilateral  or  irregu- 
lar areas.  These  furrows  arc  really  the  natural  markings 
of  the  skin  e.xa.ggeraled,  and  are  frei|Uenlly  chalky  white 
and  powdery:  in  such  skins  if  the  linger  nail  be  drawn 
sharply  across  the  surface  it  will  leave  a  chalky  white, 
crumbly,  permaueiit  mark. 

Sometimes  the  pa|iillary  layer  of  the  skin  is  hyporlro- 
pliieil.  and  when  this  occurs,  and  corneous  masses  or 
spines  are  formed  over  them,  it  gives  rise  to  one  of  the 
varieties  of  ichthyosis  hystrix.  Another  variety  fif  such 
horny  spines  is  formed  by  a  great  accumulation  of  Ihe 
epithelial  cells  projecting  from  the  Jiilo  sebaceous  orifices, 
constituting  the  keratosis  jiilaris  above  named:  this  oc- 
curs generally  on  the  extensor  surfaces  of  the  arms. 
Ichthyosis  hystrix  is  never  universal,  althotigh  it  may 
occur  over  large  tracts  of  the  skin.  Usually  it  occupies 
only  certain  regions,  while  the  intervening  .skin  is  xero- 
dermatic. A  child  at  present  under  treatment  in  the 
University  Clinic  has  ichthyosis  hystrix  only  on  the 
ankles,  while  oilier  regions  show  several  ililTerent  varie- 
ties of  ichthyosis.  Tliis  condition  of  ichthyosis  hystri.x, 
literally  "hedgehog,  fishy  disease,"  is  considered  particu- 
larly undesifiiblc  in  a  bed-fellow.  . 

The  true  skin  may  be  atrophied,  lightly  stretched,  and 
thin,  and  the  subcutaneous  fat  layer  may  be  thin  and 
poorly  developed. 

The  face  is  fie(|uently  unafTectcd  except  by  a  transitory 
powderiiuss.  a  pityriasis.  The  palms  and  soles  are  dry 
and  powdery  but  not  scaly,  with  the  furrows  more 
marked  and  more  numerous  than  normal,  and  this  condi- 
tion may  remain  after  treatment  has  improved  the  skin 
in  every  other  locality. 

The  hair  is  frequently  normal,  of  good  color,  lustre, 
quality,  and  quantity,  but  it  may  be  dry,  frail,  and 
thinly  scattered,  constituting  an  exi)ressiou  of  the  sjiine 
fault  of  development  that  gave  rise  to  the  ichthyosis. 
Sometimes  there  is  nearly  comiilete  alopecia,  even  the 
eyebrows  and  eyelashes  being  almost  entirely  absent 
(Thibii'rgc).  The  nails  may  be  strong  and  in  every  way 
normal.  They  may.  however,  be  thin,  brittle,  and  either 
transversely  or  longitudinally  lidgcil,  or  there  may  be  an 
acctimulation  of  dry,  brittle,  corneous  substance  under 
the  nails. 

These  patients  sometimes  give  off  a  flat,  stale,  pene- 
trating, disagreeable  odor,  such  as  is  met  with  in  other 
cases  of  geiieralized  hyperkeratosis  with  maceration  of 
the  epidermis,  as  in  IJarier's  disease  for  example  (Thi- 
hierge). 

Usually  the  only  subjective  symiitoms  of  ichthyosis 
are  itching  and  a  sensitiveness  io  cold :  chilly  feelings 
iK'ing  experienced  on  the  slightest  lowering  of  the  almos- 
idieric  temperatjrre. 

A  patient  u.sually  presents  examples  of  a  ntimlier  of 
the  conditions  enumeraled  above;  for  instance,  the  hair 
may  be  good,  but  the  scalp  is  usually  in  a  condition  that 
caiinot  be  distinguished  from  dry  seborrha>a.  The  outer 
surfaces  of  the  arms  and  thiirhs  and  the  skin  of  the  trunk 
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iiiiiy  Iw  ilrviinil  sciily  mid  cris.=  rrossr(l  with  furrows,  and 
sliicldi-d  witli  (In  |m|>idt-i  thai  huiU  like  "  noose  lU-sh." 
The  hiillocks  and  ui>|n'i-  poilioiis  of  Ihf  lhij;lis  may  be 
roviTcd  \vilh"<rf|<c  papt'i"  skiu.  Thi'  roiiirhiu-ss  of  the 
skin  inirrascs  down  llir  rxleiisor  svirfatcs  of  llii'  llilglis 
until  over  tlic  rnml  of  llic  knees  one  finds  immense  cor- 
neous nmsai-s.  Below  tlie  knees  tlie  skin  may  he  tij^litly 
Rlrelehed  over  llie  tihia'.  smootli.  sliiny.  and  willi  niark- 
inirs  on  its  surface  <lividini;  it  oil'  into  siuall  iiuadrilaleral 
ureas. 

Col  iisK  .\M>  nru.VTioN. — Usually  ichthyosis  does  not 
l«Tome  appreciable  until  the  second  or  third  year  of  life. 
nlthoui;h  ca.ses  have  been  repoiteii  in  which  the  malady 
was  apparent  at  birth  or  shortly  after.  The  lirst  symp- 
tom, accordinir  to  I'eukert.  is  the  appearance  of  keratosis 
pilaris  that  shows  itself  on  the  extensor  surfaces  of  the 
extreiidtics  in  earliist  childhood  in  these  individuals.  It 
is  simply  this  early  appearance  of  the  keratosis  pilaris 
anil  its  lireater  development  later  in  life  that  dislinjruish 
it  at  all  from  the  ordinary  form  of  kenitosis  jiilaris.  Or- 
•linary  keratosis  pilaris  of  modcriite  development  is  so 
common  later  in  life,  especially  at  adolescence  when  the 
hinn>;o  liaiis  l)ei;in  to  sprout  more  visiorou.sly,  that  it  is 
pnietiially  a  normal  condition.  Ichthyosis  continues  to 
jjrow  more  marked  from  two  or  three  years  of  age  until 
ailult  life,  when  it  may  remain  stationary  or  subject  oidy 
to  the  mutations  of  the  seasons,  becoming;  severe  in  win- 
ter anil  milder  in  simuner.  till  the  natural  dryness  and 
liarshness  of  the  skin  of  old  age  again  accentuate  it.  In 
summer,  in  fact,  the  jilates.  scales,  and  fiulTy  epidermis 
may  all  fall  olT  as  a  "moulting."  leaving  the  skin  alinost 
normal.  Sicknessand  a  lowered  condition  of  health  may 
also  increase  the  dryness  and  harshness  of  the  .skin,  and 
there  is  reason  to  believe  thai  inactivity  or  absence  of  the 
thyroid  gland  can  conlrilnite  decidedly  to  the  severity  of 
the  symptoms.  The  symptoms  of  ichthyo.sis  may  disap- 
jiear  completely  after  one  of  the  eruptive  fevers,  measles 
for  instance  (Josephl.  oidy  to  reapjicar  in  a  short  time, 
however.  This  siune  amelionition  may  ahso  occur  during 
pregnancy. 

Quinqiiainl  has  reported  a  casein  which  the  patient  got 
an  ichthyolic  skin  following  a  gencf.dized  eczema  of  two 
yi'ars'  dur.ition.  lie  says  that  sticli  acf|uired  ichthyolic 
states  may  after  a  time  disappear.  It  is  doubtful,  how- 
over,  if  such  ichthyotic  states  as  described  by  (Juimiuaud 
shoidd  be  includeil  in  the  disease  ichthyosis  at  all. 

I'nna  and  Tommasoli  believe  that  ichthyosis  is  an  ac- 
(piired  disease  that  has  its  time  of  onset,  development, 
and  disiiipearaucc,  but  this  view  finds  very  little  support 
among  other  observers. 

I'm  siAi,  .Sv.MfTOMS  .\XD  CoiusE. — Thefie.vuresof  the 
articulations,  particularly  the  a.xilliv,  the  bends  of  the  el- 
bows, the  groins,  the  scrotal  thigh  folds,  and  the  poplitea 
are  usually  unaffected.  In  fact,  Georges  Thibierge  would 
make  the  freedom  of  those  localities  a  sharp  diagnostic 
feature.  Hccently,  however,  a  number  of  ca.ses  have 
been  reported  in  which  one  or  several  of  these  localities 
have  been  alTectcd.  and  there  happen  just  now  to  be  in 
the  rnlversity  Clinic  two  patients  in  whom  the  axilhv, 
the  groins,  the  scrotal  thigh  and  vulvar  thigh  folds  re- 
spectively, and  the  jtolitea  arc  affected,  as  shown  by  the 
preseme  of  pityriasis.  In  both  patients  there  is  an  ecze- 
ma of  theupper  e.xtrentitiesthat  involvesthobendsof  the 
elbows,  inakiiig  it  impossible  to  sjiy  whether  these  are 
ichthyotic  or  not.  The  appeanmceand  stubborn  charac- 
ter of  the  eczema,  however.  Would  lead  one  to  infer  that 
till'  condition  is  also  |ire.scnt  there.  .loseph  has  reported 
a  case  in  which  only  the  llcxures  were  affected.  I'sually 
ichthyotic  patients  do  not  sweat,  but  Penkert  thinks  the 
dryness  of  the  skin  is  in  some  casi's  not  due  to  lack  of 
perspinition,  but  to  nn  increase  of  evaporation  from  the 
more  extensive  cutaneinis  surface  of  these  people  lu 
.some  instances  I hi-re  is  vicarious  sweating  of  certain  re- 
gions as  of  the  face  for  example  (Ooldzieher).  or  of  other 
rci;i(ins  not  implicated  in  the  ichthyosis,  as  the  axilla-,  or 
till-  jialnis  and  soles.  This  sweating  may  be  abundant. 
The  mucous  membnines  are  rarely  alTccte'd  in  ichthyosis, 
unless  the  susceptibility  to  catching  ■•ci'lds"and  to  brou- 
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chilis  be  looked  ujion  as  the  parliodar  way  they  show 
I  heir  inherent  weakness  There  aie  atrophic  forms  of 
the  disease,  which  I lallopeau  considers  .simply  an  exag- 
geration of  the  form  in  which  the  skin  is  like  crepe  pa- 
per. The  skin  is  very  thin  and  has  little  elasticity,  so 
that  when  pinchcMl  it  retains  the  impress  of  the  tiiigers 
for  a  long  time.  The  skin  may  api)ear  loo  large  for  the 
patient,  or  on  the  contrary  it  may  be  too  small,  not  per- 
mitting  the  closure  of  the  eyelids,  exaggerating  the  cu- 
taneous folds,  especially  in  the  movements  of  the  facial 
muscles,  and  impeding  the  tlexiou  and  extension  of  the 
lingers.  In  two  of  the  cases  so  re]iorted  the  skin  .seemed 
glued  to  the  subjacent  aponeurosis.  Kaposi  has  shown 
a  case  which  he  called  ichthyosis  hystrix  pterygoiiUs  s. 
plumiformes.  in  which  there  were  hundreds  of  little 
growths  from  0.5  to  l.o  cm.  long  that  looked  like  feathers. 
These  growths  consisted  of  a  central  core  of  comiective 
lisMHwith  tufts  of  (ornitied  ejiithelial  tissue  depending 
from  them.  The  patient  was  a  girl  six  years  of  age  and 
the  palms  and  soles  were  thickened,  cracked,  and  warty. 
This  case  stands  alone  in  literature,  and  it  is  not  at  all 
certain  that  it  should  be  included  among  the  ichthyoses. 

Those  having  ichthyosis  and  tho.se  that  are  scrofulous 
have  in  common  a  tendency  to  iiillammation  of  the  respi- 
ratory tract,  and  besides  that.  I'nna  has  note<l  with  great 
particularity  in  one  of  his  cases  an  imusual  growth  of 
hair  down  the  cheeks  in  front  of  the  ears.  An  uiuisvial 
growth  of  tine  downy  hair  in  this  situation  was  consid- 
ered by  the  late  Professor  Horner,  of  Zurich,  a  symptom 
of  scrofula.*  A  little  girl  sulfering  from  ichthyosis,  and 
at  iircscnt  attending  the  I'niversity  Clinic,  has  ipiile  a  lit- 
tle beard  of  tine  long  hair  griiwing  down  in  front  of  each 
ear. 

Di.vcixosis. — The  first  disease  to  be  sharply  differen- 
tiated from  ichthyosis  is  nsBvus  linearis,  and  this  is  not 
because  there  is  any  great  similarity  between  the  diseases, 
but  because  some  writers  |)ersist  in  describing  nan-us 
linearis  under  the  name  ichthyosis  hystrix.  Isitvus 
linearis  is  a  warty  congenital  disease,  in  which  the  warts 
are  frequently  covered  with  horny  masses,  but  here  the 
similarity  ceases.  Navus  linearis  occurs  in  lines  or  in 
localized  areas,  and  is  usually  asymmetrical,  and  the  skin 
between  the  jiatches  or  lines  is  absolutely  normal.  In 
ichthyosis  the  disease  is  symmetrical,  and  almost  always 
the  whole  skin  is  affected,  with  the  exception  of  the  folds 
of  the  articulations.  Another  good  point  of  dilTerenti- 
ation  lies  in  the  fact  that  n;cvi,  ntevus  linearis  included, 
have  generally  a  buff  ora  slate-colored  pigmentation,  and 
the  ])igment  lies  in  the  connective  tissue  of  the  skin,  usu- 
ally in  the  alTected  papill.-e.  while  if  there  is  a  black  or 
other  color  in  ichthyosis,  it  looks  more  like  dirt  in  the 
horny  layers  or  pigment  in  the  epithelium,  rather  than 
like  pigment  in  tlie  papilke  or  in  the  true  skin.  In  ich- 
thyosis the  palms  and  soles  arealmost  always  unnaturally 
dry  with  a  powderiness  of  the  surface,  while  in  navus 
linearis  the  palms  and  soles  are  normal,  when  not  directly 
the  seat  of  the  na'vus,  which  they  rarely  are.  Further- 
more na'vus  linearis  does  not  attack  several  members  of 
a  family,  but  occurs  irregularly  here  and  there  through- 
out a  community;  in  other  words  it  is  not  a  family  dis- 
ease. 

There  is  another  disease,  however,  which  is  hereditary, 
which  occurs  in  families,  and  which  consists  of  an  exag- 
gerated development  of  the  horny  layer  of  the  skin.  This 
disi-ase,  keratoma  hereditarium  palmare  et  plantare,  it 
.seems  desirable  to  keep  separate  from  ichthyosis.  This 
is  all  the  more  diHicult  to  do  because,  besides  the  above 
|ioints  of  similarity  with  ichlliyosis,  there  is  also  in  ich- 
thyosis thickening  of  the  horny  layer  of  the  jialms  and 
soles.  In  keratoma,  however,  the  thickening  is  limited 
sharply  to  the  jialms  and  soles,  and  there  may  be  in- 
creased action  of  the  perspiratory  glands  of  the  affected 
surfaces.  It  therefore  lacks  the  generalization  of  ich- 
thyosis and  also  the  dryness,  two  important  features. 
Furthermore,  in  keratoma  the  thickening  of  the  horny 
layer  of  the  palms  and  soles  is  freijucutly  ntiich  greater 

'  He  used  freiiuewly  to  si.v  "tlie.v,  the  sorofuloiis.  all  wi-iir  a  beard.' 
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Du.   Doroi.Ass  W.  Mont<;omkuy's  Case  of  Ichthyosis  Hvstrix. 

Tlie  faint  rcduess,  the  swoUing.  and  also  the  violet,  liue  in  the  neighboring  skin  seen  in  the 
plate  were  all  due  to  an  accompanying  dry  eczema. 

The  patches  of  thick  green  crusting  were  caused  by  epithelial  masses  covering  the  papilloma- 
tous skin,  and  constituted  the  ichthyosis  hystrix.  It  was  only  on  the  ankles  that  the  child  had  the 
papillomatous  or  hyslri.x  variety  of  ichthyosis.  In  other  situations,  as  on  the  upper  parts  of  the 
legs,  on  the  thighs,  trunk,  upper  e.vtremities,  face  and  scalp,  the  ichthyosis  was  of  other  types. 
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Ilmii  even  in  lln'  scvcri'st  foriiiH  of  icIitliyosU.  .InM-pli 
HiiKU<'»lx  tl>»l  ('■■'^  ki'mloiiiii  iiiiiy  rc'iilly  Ih'  iiliiliynsis,  in 
wliii'li  II  "  iiioiillint;  "  |>r<M  c-^s  Nitiiilar  In  iliiit   wliiili  inlii'H 

plliri'  ill  Milllr  plllii'llts  I'Vrty  Mlllllllrr.   Illls  lllkin  liliirr  ill 

iili'iii,  ovi-r  III!  till'  Mirftii'i'i'M  rptiii^'  the  |iiiliii^<  iiiiil  xAvk, 
lcii\  iiii;  llioHc  iiiiils  iilciiii'  iitTi'i'tiMl. 
Till'  iUro|>liic  form  of  irlilliyosis  rcwnilili'S  Roincwlial 

till-    IcHiollH   follllll    ill    till'    Nkill    ill    Wllllr  CIIM-S  of    M'llTIMlt'r- 

mil.  It  ililTrrs  from  Kcliroilirmii.  Iiowcvcr.  in  tin-  all- 
M'lici'  of  iiiiliinitioii  mill  of  inicrslitiiil  ciciit rices,  niiil  also 
ill  llii'  flirt  tliiil  li  iloi's  not  |iroKri'>s. 

Tlicri'  iiri'  II  niimlicr  of  ili'M|immiitivi'  iiitlnmmiitorv  ilis 
i'ii.m"i  of  tlif  skill,  siiili  lis  psoiiasis.  pityriasis,  cxlolinlivi' 
ilcrniiilitis,  mill  tlii'ilry  >'i'/.i'iiiiis.  wliirli  ililfrr  trom  ii'liiliV' 
iisis  liotli  in  tlicir  roiirsc  iiiiil  in  llic  fact  tliiit  tlicy  arc  iic- 
compaiiii'il  liv  iiitlaimiiiitoiy  symploins. 

Ocorifcs  Tiiiliici'tjc  iit  one  tiiiic  dcnioiistnilcil  a  ciisi'  as 
iciilliyosis  ill  wliicli  tlicrc  were  immense  irreitiilar  horny 
iiiassi's  ilislriliuleil  symmetrically  in  various  ref;ioiis  of 
the  lioily.  1(111  priiiiipally  on  the  face  anil  on  tlie  palms. 
Tlieie  \viis  almost  no  hair  on  the  scalp,  'riie  buccal  and 
nasiil  iniicoiis  meintiranes  were  thickeiieil  ami  furroneil, 
anil  there  was  a  grayish  inliltnition  in  thesiipcrlicial  lay- 
ers of  the  centre  of  encli  cornea.  Latterly  he  has  con- 
cluded that  this  case  was  analogous  to  one  in  which 
(iiovaiinini  had  found  the  epiilermal  alterations  princi- 
pallv  alwmt  the  orilices  of  the  sweat  glands.  As  the 
atfectioii  was  congenital  he  gave  it  the  name  congenital 
disseminated  porokemtosic hyperkeratosis,  instead  of  ich- 
thyosis. 

For  the  diagnosis  belwei'n  ichthyosis  and  iciithyosis 
fo'talis  the  reader  may  consult  the  article  on  this  latter 
siilijcct. 

Those  who  are  much  reduced  by  some  chronic  dispa.se 
or  by  old  age  often  have  a  llulTy  scaliuess  of  the  skin. 
This  is  distingiiislied  in  the  former  case  from  ichthyosis 
by  the  fact  that  it  develops  and  disappears  with  the  de- 
velopment and  disappianinci'  of  the  cachexia. 

A  tiuinber  of  diseases  of  I  he  nervous  system  are  accoill- 
])aiiicil  by  atrophy  and  iles(piamation  of  the  skin  similar 
to  iciilliyosis.  Tiicse  ichthyolic  states  are  distinguished 
from  ichthyosis  ^y  their  occurrence  only  on  the  skiu  sup- 
plied by  the  atrecicd  nerves. 

I'.xTiioi.ooK'  Anatomy. — The  principal  lesion  found  in 
ichthyosis  is  a  hyperkcialosis  of  the  superlicial  layers  of 
the  epidermis,  with  atrophy  of  the  deeper  layers.  The 
papillarv  layer  is  less  dcvcloiicd  than  normal.  The  mus- 
cle buniilcs  are  liyi)irtrophieii.  The  keratosis  jiilaris  can 
be  seen  to  be  due  to  plugs  of  cornilied  epitlielial  cells  iu 
the  pilosebaceous  orilices.  Thibiergc  saysthe  orilices  of 
the  sudoriparoiw  glands  are  free,  but  the  sweat  glands 
themselves  and  the  sebaceous  glands  are  freiiuently  atro- 
phied and  cystic.  The  hair  follicles  may  disjippcar  and 
the  hairs  may  atrophy.  The  i>ai>illaiy  layer  and  the 
superlicial  layers  of  the  derma  show  evidences  of  intlam- 
mation,  whii'li.  however,  are  nothing  more  than  one 
would  expect  from  the  irritated  condition  of  tlu'  skin. 

There  is  a  question  whether  the  green  color  developed 
in  the  epithelium  in  ichthyosis  hystrix  is  true  pigment, 
or  dirt  caught  in  the  interstices  of  the  epithelium.  In 
the  child  at  present  under  treatment  in  the  University 
Clinic  the  green  color  is  quite  vivid,  but  when  the  i-\n 
theliiim  in  peeled  olT.  as  it  can  be  in  masses,  the  color  is 
seen  to  be  very  superlicial.  It  mu,st  also  be  reineinbered 
that  when  dirt  is  allowed  to  accumulate  under  one's 
nails,  it  has  the  stiine  dirty  olive-green  color  as  in  ichtliy 
osis  hvstri.x. 

TiiK.vTMi-'.NT.— .\s  ichthyosis  is  a  congenital  disease 
and  permanent,  all  treatment  mnsi  be  directed  not  tow- 
ard a  cure,  but  to  an  amelioration  of  the  condition. 
Much  can  be  done  for  these  patients,  and  in  many  ways, 
but  everything  of  course  is  temporary,  as  they  relap.se  as 
soon  as  remedies  are  withdrawn.  Residence  in  a  hot  cli- 
mate would  be  beneficial,  as  a  spontaneous  amelioration 
takes  place  in  warm  weather:  but.  of  course,  for  many 
patients  this  is  impossible.  Frequent  hot  baths  liring 
about  the  sjiine  result  by  increasing  the  activity  of  the 
sweat  and  fat  glands,  and  iu  fact  hot  baths  are  indispens- 


able in  any  plan  of  irfatmenl.  If  a  quick  temponiry 
elTiil  is  desired,  jaboriiiiili  or  pilocarpine  may  Ih-  given 
on  ai'coiiiii  of  their  action  on  ihe  hwi-at  glandH,  but  of 
cour"^-  their  coiiliiiued  ailminlntnitiiin  would  not  Ik-  ad- 
visable 

Itesides  pilocarpine  and  Jaboniiidi  the  Internal  iinc  of 
many  remedies  Iiiih  iH'en  advi>ii'd,  bin  they  have  very  lit- 
tle elTect  on  the  malady,  with  the  exceplionti  perlinpH, 
of  ciHlliver  oil  and  arw-nic.  Sulphur,  the  iNilxamH, 
merciiiy,  ami  many  other  drugs  have  been  recomineiided 
but  have  been  found  to  beof  no  avail.  In  Home  instiinceH 
it  is  rational  to  suppose,  and  is  by  many  beliived,  that 
arsenic  in  small  doses  does  goiMl.  Arsi-nie  in  tin-  form  of 
Fowlers  solution  may  be  given  in  cod-liver  oil  emulsion. 

Assoinecasisof  ichthvosis  have  been  reported  in  which 
the  thyroid  gland  has  iieen  found  much  diminished  In 
si/.e,  and  as  rouirhness  and  ilesi|Uiimation  of  the  skin  are 
symploins  of  cachexia  strumipriva,  it  naturally  follows 
thai  thyroid  extract  may  be  given  with  wmie  hope  of 
SIKcess. 

Khrmann.  following  out  the  idea  guggesteil  by  Toin- 
masoli  that  ichthyosis  is  due  loan  antoinloxication.  gave 
mi'iithol  iiiiernallv  in  one  case,  lie  repnried  that  under 
its  iiillueiice  the  (fesc|uamation  cea.sed.  but  the  crisscross 
lines  iiersisled. 

Kxternal  treatment  is  of  course  what  one  must  rely  on. 
Hot  baths,  soft  soap,  and  a  good  nail  brush  to  get  rid  of 
the  superlluous  epilheliiim,  and  after  the  bath  the  inunc- 
tion of  a  lubricant  will  riibbid  in  loassisl  in  niainlaining 
the  skin  soft  and  supple,  constitute  the  principles  of 
treatment.  The  hot  baths  must  not  be  given  t<M)  fre- 
quently and  their  efTeet  on  the  patient  must  be  watched, 
as  in  .some  cases  they  are  debililating.  The  choice  of  the 
lubricant  is  also  not  a  malterof  indilTerence;  for  instance 
cod  liver  oil  is  acknowledged  lobe  one  of  I  he  best  soften- 
ers of  epithelium  we  have,  yet  its  odor  makes  the  patient 
more  disagreeable  to  a  larger  circle  of  his  aci|Uaiutancc 
than  the  disease  itself. 

The  treatment  advocated  by  Lailler  is  one  of  the  most 
elTective  and  pleasant,  and  deserves  the  praise  that 
Georges  Thibiergc  has  given  it.  This  treatment  consists 
ill  the  giving  of  a  hot  bath  with  soft  soap  and  plenty  of 
friction  three  times  a  week  in  luder  to  remove  the  epider- 
mal masses,  and  morning  and  evening  prolonged  and 
light  ma.s.sage  of  all  the  alTected  parts  with  glycerole  of 
slarili  made  in  the  following  way:  R  Amyli  iiiilv., 
lo.iKI:  Glyceriui,  LiOOd.  Jlix  anil  heat  in  a"  porcelain 
dish  over  a  slow  fire,  stirring  all  the  lime  until  the  mass 
is  about  to  .ielly,  when  \'>  gm.  of  cherry-laurel  water  is 
added. 

One  can  add  to  this  one  or  two  jier  cent,  of  salicylic 
acid,  which  has  the  elTecf  of  still  further  softening  the 
skin  ami  aiding  desquanialinn.  .\fler  a  time  one  inunc- 
tion a  day  will  be  siillicient.  and  when  the  skin  has  as- 
sumed its"  normal  appearance  I.ailler  says  that  one  hot 
bath  with  soft  soap  a  week,  followed  immediately  with 
an  inunction  of  the  above  glycerole  of  .starch,  or  even  of 
]Mire  glyccnn.  iscuough  to  maintain  a  normal  suppleness 
of  the  skin. 

It  is  important  in  using  the  glycerole  of  starch  or  pure 
glycerin  that  only  a  moiteiate  amount  should  be  applied 
sotliat  the  skin  on  tlnishing  is  supple  and  unctuous,  but 
not  gluey  to  the  bands.  Neutral  glycerin  only  should  be 
used.  The  advantages  of  the  glycerin  treatment  are: 
That  the  glycerin  itself  is  favorable  to  maintaining  the 
moistness  of  the  skin  through  itsallinity  for  water:  that 
even  the  slightly  Hat  odor  that  glycerin  has  can  easily  be 
overcome  by  the  odor,  say,  of  (•lierrylaurel  water:  that 
it  does  not  soil  thi'  clothing  as  Ihe  greases  do.  and  does 
not  render  the  clothing  iliHicnlt  low  ash:  and  that  it  does 
not  become  rancid.  Instead  of  using  glycerin  in  the 
form  of  ghcerole  of  starch,  inire  glycerin  may  be  added 
directlv  to  "the  bath.  About  six  or  eight  ounces  of  gly- 
cerin liiay  be  added  to  each  bath,  and  two  or  three  baths 
a  week  mav  be  taken. 

Instead  o"f  adding  irlycerin  to  the  bath,  bicarbonate  or 
biboratc  of  sodium  may  be  added,  sjiy  one  or  two  tum- 
blerfuls  of  the  powder,"  to  each  bath."   Vapor  baths  are 
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onjoyi'd  l>.v  si^iiif  imtiriils,  iiiui  llicy  iiro  (■(Vu-iicioiis. 
Btiircli  iMiiillicrs  with  liciracic  iii'iil  lulilfil  to  tlieiii,  a 
liciipiii.i;  irasiiiMinfiil  of  liciiiicic  mill  ton  siiinll  Ijowl  of 
slarcli  jiiisti'.  art.'  uii  cxiillfut  incmis  of  looseiiiug  up  cpi- 
tlu'liul  iimsw'S. 

PiiiMiNosis.— Iclilhyosis  lis  a  cU'formity  is  not  daniriT 
ous  to  lifr.  As,  however,  it  repriseiits  an  e.xteiisivc  de- 
vi'lopiiifiilal  fault  ill  an  iiii|iortaut  organ,  it  iuiliealcs  a 
correspoiiiliiig  lack  of  resistance.  As  a  iiialter  of  faet 
jieoph-  soalllielcd  are  fre(|Ueiitly  puny  and  illy  developed 
in  limiiy  <llreetioiis.  Isually  lliey  have  not  the  nornial 
(|iianlity  of  subeutaiieoiis  fat.  They  easily  heeoiiie 
chilled  an<l<-alcli  cold.  an<l  many  of  them  (iid  with  tiilier- 
culosis  il.'wiiii  DoiiyUiKis  W.  MontyiniKry. 

ICHTHYOSIS     F(ETALIS.— Definition.— Ichthyosis 

fotalis  is  an  independent  anomaly  of  development  of  the 
skin  in  the  Hetiis,  aeeonipanied  liy  eonseculivi'  malfor- 
mation of  certain  parts  of  the  face,  lehlhyosis  fietalis 
must  not  be  confounded  with  ichthyosis  viiliraris.  with 
which  it  has  notliin;:  w  hatever  to  do.  It  is  for  this  rea- 
son that  the  word  ichthyosis  in  the  name  of  this  disease 
is  untortiinate  ami  leads  to  confusion.  Very  probably  a 
better  iianie  would  be  hyperkeratosis  fcctalis. 

The  disease  is  very  rare,  and  even  of  those  children 
■who  are  born  with  it,  but  few  conic  under  the  obscrva 
tion  of  men  interested  in  skin  diseases,  as  they  usually 
die  shortly  after  birth,  and  are  therefore  seen  only  by  the 
accoucheur.  Only  a  few  of  these  cases  have  been  re- 
ported, and  of  those  few,  it  has  several  times  occurred 
that  one  mother  has  had  more  than  one  child  atliicted 
with  this  malady,  so  that  ichthyosis  fculalis,  like  ichthy- 
osis viilsraris,  is  a  family  disease.  Excepting  this  fact  of 
its  being  in  many  instances  a  family  disease,  very  little 
is  known  of  its  etiology.  Bowen  thinks  the  disease  may 
be  due  to  the  persistence  of  the  epitricial  layer  of  epithe- 
lial cells.  The  epitricial  layer  of  epithelial  cells  occurs  in 
somcanimals.  and  I5owens  hypothesis  is  that  it  is  present 
at  one  stage  of  human  f(etal  development,  but  is.  under 
normal  conditions,  shed.  He  supposes  that  in  ichthyosis 
facialis  it  is  for  some  reason  not  shed,  but  grows  and 
forms  the  hard  resistant  coating  seen  in  these  cases. 

Sy.mi'to.ms. — The  epidermis  has  a  dirty  yellow,  leathery 
appearance,  and  is  thickened,  and  the  skin  looks  too  small 
to  contain  the  infant.  In  fact  it  looks  as  if  the  infant  us 
a  fa>tus  had  been  coveriil  by  a  much  thickened  and  in- 
clastic  epidermis,  and  that  in  growing  it  had  burst  this 
inelastic  coating,  forming  cracks  in  it  running  into  one 
auother  at  all  angles.  These  fissures  or  cracks  are  more 
or  less  red.  and  about  a  centimetre  wide,  and  they  may 
or  may  not  .be  covered  by  a  thin  C[>ideriiii(r  layer;  when 
not  so  covered  the  raw  surface  lies  exposed,  and  it  soon 
suppunites  abundantly. 

In  addition  to  the  deformity  of  the  .skin  there  are  other 
deformities  present,  such  as  congenital  ectropion  in  which 
the  lids  look  like  red  projections  hiding  the  globes  of  the 
eyes  completely.  There  an.'  neither  eyelasiies  nor  eye- 
brows, anil  in  fact  the  whole  jiiliary  system  is  very  badly 
developed.  The  hair,  howi-vcr,  "though  thin,  grows 
very  (piickly,  as  do  the  nails  (Tliibiergc).  The  nose  is 
tlat  to  the  face,  and  is  representeil  by  two  roumled  holes, 
ami  the  cartilaginous  septum  is  entirely  lacking.  The 
lips  are  thickened  and  are  cut  by  radiating  fissures,  or 
they  are  entirely  absent  and  the  sliin  of  the  face  may  run 
over  directly  to  the  gums.  The  ear  shell  is  represented 
by  a  llatteued  plateau  with  acentiid  rounded  hole,  the 
external  auditory  meatus  There  are  no  nipples  on  the 
breast,  the  anus  may  be  imperforate,  and  the  external 
genital  organs  are  imperfectly  developeil.  The  tinirers 
and  toes  arc  often  bent  and  clawed,  and  give  the  iniiues- 
sion  of  being  hidebound.  The  lingers  and  toes  may  be 
more  or  less  soldere<l  to  one  another,  or  they  may  be  en- 
tirely absent,  the  extremities  terminating"  in  rounded 
nias-ses. 

The  reasons  for  thinking  that  the  fa>tus  at  one  stage  of 
its  existence  is  completely'covered  with  this  inextensible 
liornv  envelope,  which  afterward  is  burst  opi'ii.  are  that 
the  direction  of  the  lissuns  is  in  nlU  m^cs  about  the  same 


and  is  such  as  would  be  occasioned  liy  the  growth  of  the 
(iiclosed  fu'tus;  that  the  furrows  at  birth  are  partially  or 
entirely  covered  w  ilh  a  thin  epidermal  layer,  which  rep- 
resents the  healing  process  after  the  burslim:  has  taken 
place;  that  the  hair  follicles  are  entirely  absent  from  the 
centre  of  the  furrows,  while  on  the  sides  the  hair  follicles 
are  rlirected  outward  as  would  result  from  tearing  the 
plastic  fietal  skin  asunder  (Petikert);  and  that  the  de- 
formities at  the  orifices  of  the  body,  the  absence  of  the 
eyelids  and  of  the  lips,  the  flattening  of  the  no.se  and  of 
tlie  cars,  as  well  as  the  deformities  c)f  the  hands  and  feet 
arc  such  as  would  be  occasioned  by  thefa'tus  being  hide- 
bound. 

Infants  with  such  severe  lesionsdic  inevitably,  and  usu- 
ally in  two  or  three  days  after  birth.  They  may  not  be 
able  to  take  food  at  all.  because  of  the  malformation  of 
the  lips,  or  they  may  die  from  the  suppuration  in  the 
cracks  of  the  skin,  or  from  bronchitis  or  ]ineuni<inia.  At- 
Iciiu-.ited  forms  of  the  disea.se  have  been  re]iorted,  how- 
ever. i;i  which  the  patients  have  lived  for  years.  The 
mouth  seems  to  be  the  chief  factor  in  determining  the 
ju-ognosis,  as  those  having  a  badly  formed  mouth  die  of 
inanition. 

Di.VfiNosis. — Ichthyosis  fo'talis  differs  from  ichthyosis 
vulgaris  in  the  time  of  its  appearance,  ichthyosis  ftctalis 
being  aiiparent  in  the  fietus  and  in  the  new-born  babe, 
while  ichthyosis  vulgaris  is  rarely  evident  Ijefoie  the  sec- 
ond or  third  year  of  life.  Ichthyosis  fanalis  is  almost 
always  associated  with  malformation  of  the  ears,  eyes, 
and  lips,  and  frequently  with  other  malformations."  It 
is  rare  for  ichthyosis  vulgaris  to  be  associated  with 
any  other  malformation  whatever.  Ichthyosis  vulgaris 
has  its  regions  of  greatest  development,  and  it  rarely' 
affects  the  folds  of  the  articulations,  but  if  it  does 
a  fleet  them  the  disease  in  such  situations  is  very  mild. 
In  ichthyosis  fietalis,  on  the  contrary,  the  disease  is  as 
severe  in  the  articular  folds  as  anywhere  else.  Further- 
more, in  ichthyosis  fietalis  the  epidermis  is  not  alone 
thickened,  but  it  is  also  abnormally  resistant  and  inex- 
tensible. In  ichthyosis  vulgaris  the  absence  of  sweat  is 
a  marked  characteristic,  while  in  ichthyosis  fn-talis  the 
secretion  of  sweat  takes  ]ilace  (Thibitrgel  The  diagno- 
sis between  hereditary  syphilis  and  ichthyosis  ffctalis'has 
oidy  to  be  remembered  to  be  made.  Ichthyosis  sebacea 
is  siniiily  a  temporary  exaggeration  of  the  normal  i)hysi- 
ological  desquamation  of  the  new-born,  and  has  nothing 
whatever  to  do  with  ichthyosis  fietalis.. 

TiiEATMEXT. — In  a  case  observed  by  Sherwell.  in  which 
the  infant  lived  an  unusually  long  time,  it  was  kept 
soaked  in  olive  oil,  Douglass  11'.  MunUjouwy. 

ICTERUS.     See  Jaundice. 

IDAHO  HOT  SPRINGS.— Clear  Creek  County,  Colo- 
rado. 

Post-Okfice. — Idaho  Hot  Springs.     Hotel. 

Access. — Via  Colorado  Division  of  the  Union  Pacific 
Railroad,  the  route  lying  through  the  famous  Clear  Creek 
Canyon.  These  springs  are  situated  in  the  Rocky  Moun- 
tains at  an  elevation  of  7..")00  feet  above  the  sea  level. 
The  location  is  exceedingly  picturcs(|Ue.  and  the  climate 
of  a  wholesome  and  salubrious  character.  Invigorating 
mountain  breezes  prevail  throughout  the  summer.  The 
facilities  for  bathing  form  a  special  attraction  at  these 
springs.  Three  immense  swimming  pools  have  been 
constructed,  besides  numerous  private  baths,  the  water 
ranging  in  temperature  from  y-i"  to  l\'y  F.  A  natural 
tunnel  furnishes  excellent  conveniences  for  a  ready-made 
va|)or  bath,  and  is  largely  resorted  to.  The  following 
analysis  of  the  Idaho  Hot  Sjuings  water  has  been  made 
by  J.  G.  Polile,  analytical  chemist: 

One  0.VITED  St.\tes  Gallon  Contains  : 

Solifiji.  Grains. 

Sodhnn  carbonnte ai.80 

rnlrimn  i-artKuiiue 9..52 

Miit'iii'slnuL  i-arl"iuaIo 2.88 

In>ii  larlionuie 4.13 

Sodium  sulpliule 29.36 
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Williiii  liv.'  luiiuilis'  «iilk  "f  111!"  IImI  Sjniii^'s  lliiTi-  is 
a  colli  'itiiini;  »f  »<|mikliii.«.  rlliTvi-ircnl  wiitvr.  fxcclleiit 
for  ilriiikiii;;  |iur|iiisrs.  A  uimmI  carriiiii.T  niail  Iciiils  lo 
tin-  siliiiliiil  of  Itrlli'Viir  Moilliliiili.  li->islliilli  lliiri'  mill's 
ilistaiil.  wliiili  it  is  siilil  to  iilToiil  llii'  iiiokI  miiji-stic 
iiiiMinlaiii  virw  in  ('nlonulo.  .Iiiimn  K.  Cruok. 

IDAN-HA  SPRING.— I!aiiii(K-k  County,  Malm. 

r.»i  oi  1  ii  1..  -Snla  Spriiijts. 

ll.iiils:  liliiu  liii.  C'arriboo,  Stoik  Elxtlmugc,  and 
\Villinnis. 

Thr  Iilaii  lia  Sprint,'  is  locaird  two  milrs  from  Soda 
S|)iini;s,  from  wlirnif  it  is  rcaclii'il  liy  a  ^.'ood  roadway. 
Tlif  situation  of  the  sprini;  is  ."i.s,>*(i  feet  iiliovr  thr  sia. 
and  till'  surronndinir  moimtiiiri  scenery  is  of  a  irrand  and 
impressive  clianu  ler.  Tlie  climate  is  very  sidulirious, 
the  weather  lieiiiu'.  as  a  rule,  clear  and  briLrht.  The  town 
of  Soda  .sprinjrs  has  long  been  known  as  a  health  resort. 
AVilhin  the  town  limits  are  the  foUowintr  named  springs: 
the  "Horseshoe."  "Oclonagon."  "Williams,"  "Soda," 
"Mount"  and  "  Hlanche"  springs.  In  the  ouilyini:  dis- 
tricts are  the  "  .Mannnotli."  "Steamboat."  "Hooper," 
"Jews  harji,"  and  "  Fresh  Water  "  springs.  The  hitler 
siipidies  the  town  with  water  by  a  pipe  line.  Close  to 
the  Idan  ha  (which  is  known  as  the  "!tO- per  cent,")  are  the 
"  UK)-percenl.."  the  "Sliper-cent,"  and  the  "Cham- 
pagne" springs.  An  extensive  bottling  establishment  has 
been  biult  in  connection  with  the  Idanha  Spring,  and  the 
waters  are  shijiped  and  sold  in  all  parts  of  the  country. 
It  is  eharired  with  carbonic-acid  gas  from  the  Mammoth 
Spring,  two  and  one-lialf  miles  east  of  Idan  ha.  which 
suindies  an  innnense  amount  of  this  substance.  Tlie  lol- 
lowiug  analysis  was  made  by  Prof,  Charles  F,  Chandler: 

OXE  VXITED  STATKS  llALLOX  fOXTAKVS: 

Solids.  Gmlns. 

Soilliini  rlilorldp 13.19 

SihIIiiiii  limmldc '^""'V- 

Ulliiiiiii  litiiirlHiniiti' 1,-| 

SimIIuiii  liinirl" limit' < .'M 

Miifiuslnin  l.liaili.in»Ie g-.l" 

Culi'liiiii  liiiiirlMiimIe 57.90 

Strunlliiiii  l>iiiirl"iimt« '^™''S; 

Bnrlmn  biiarlxainle -j^ 

Mnnpinese  Iticarbonate l.<3 

Ii>'H  liinirlviiuite .12 

roiii.'i.-luiii  snlphule )•'- 

SiliuinMdplinie l."*> 

SiMlliiiii  pliosplHite -w* 

SKlUiiii  lilbiirate Tract?. 

AlunilDu -^ 

Slllfu •'■■^' 

Onninio  iiiatler Trate. 

Total  solids 1.">2.W 

This  water  also  conlainsan  excess  of  free  carbonic  acid 
gas.  The  analysis  shows  an  excellent  alkaline-saline 
water,  with  ferruginous  properties.  It  should  possess 
valualile  ]iroperties  as  a  diuretic,  mild  aperient,  and 
tonic.  It  is  very  pleasing  to  the  taste,  and  possesses  the 
desirable  (luality  of  blending  with  wines  and  liquors, 
without  ffivinir  tliscoloration  or  precipitation. 

JaiMS  K.  Crook. 


IDIOCY  AND  IMBECILITY. 
IinlnriUtij. 


See  Iiisiihiiti :  TiUocyand 


IDIOSYNCRASY.— This  term  (from  ;iW,.r,  aiv,  Kpaci^, 
lilirall\,  :i  iHi-..nal  or  individual  commingling)  is  ap- 
plied medically  lo  those  mental  or  constitutional  pecul- 
iarities of  an  individual  which  .separate  him  from  the  ma 
joritv  of  nun.  To  those  peculiarities  which  are  shared 
by  r/,(...'i, .« of  individuals,  on  the  other  hand,  tlie  term  tem- 
penunent  is  given. 

One  should  not  include  under  the  term  idiosyncrasy 


(pnilitieH  due  lo  piithological  condition*!,  aw,  for  inkiuncc, 
I  111' absence  of  relle.M-K  In  labellc  Kiiliji  <l«  or  wiiMiry  ub- 
ernitions  like  color  blindness,  lack  of  siiiell  or  IiinIi-  per 
ceptioii  Hut  while  idiosyncnisii-k  are  iiNtuilly  eongeni 
tal.  they  may  lie,  as  we  shall  we  later  in  the  ctii<e  of  <lrug 
anil  poison  addiction,  acipuied 

The  most  important  idiosviicrasies  which  fall  under 
the  alleiilion  of  the  physician  are  included  under  (>/) 
iM'nsalions._(/<)  rellcxes,  (c)  infeclions,  (</)  foods,  ir)  drugs 
and  poisoiiK. 

(«)  SiiMili'iim—litu-  of  the  most  marked  idiogyficni»ie» 
has  III  do  with  response  of  a  given  individual  lo  pain. 
This  is  shown,  foracommon  illusii^niion,  in  the  matter  of 
vaccination.  Theaclual  insult  to  iirniinal  sensory  nerves 
in  a  series  of  palienis  siibniiliing  to  this  little  opinition 
is  idioiil  the  same:  but  while  some  of  thein  w  ill  notice  no 
hurt  whatever,  others  will  shrink  and  cry  out  in  evident 
acute  pain.  Some  few  will  faint.  Thisvarving  personal 
factor  of  pain  susceptibility  must  receive  ilue  considera- 
tion by  the  physician  in  interpreting  Ihe  symptoms  which 
a  patient  describes.  fUlnr  minor  discomforts,  which  yet 
from  a  nosological  slandpoinl  maybe  iinporlant,  receive 
very  varying  atlenlioii  from  diUVrenl  people.  For  ex- 
am|ile,  the  writer  has  observed  a  large  sciolal  tumor  in  an 
elderly  bookworm  who  said,  on  his  attention  being  called 
to  it,  that  he  had  never  noticed  its  presence  at  all.  Or, 
again,  a  woman  is  found  with  a  completely  procident 
uterus  to  which  slu-  had  never  given  any  thouglit;  where- 
as most  women  with  a  far  less  pronounced  degree  of  pro- 
lapsus would  have  early  sought  medical  advice. 

.Auditory  sensjilions  have  a  peculiarly  unwelcome  ef- 
fect on  certain  jieoplc.  The  S(|ueak  of  a  tile,  of  a  saw, 
or  of  a  slate  pencil  are  fanuliar  examples.  Shylock  em- 
phasizes these  sensory  idiosyncrasies  when  he  says: 

"  .\s  ttii're  Is  no  (Inn  reason  lo  tie  renden;U 
Wliy  lie  caniint  abide  a  iraplnir  plir, 
Wliv  Ih*.  a  Iiannlfss.  neffwary  cat, 
Why  he.  a  swollen  baK-plpe  .  .  ■ 
So  ran  1  (five  no  reason,  nor  I  will  not 
More  than  a  Itidpetl  hate  and  a  certain  loathlnfr." 

(!))  JieJleMn. — These  arc  ]ierhaps  more  important  medi- 
cally than  the  class  just  considered. 

Seasickness  deserves  first  mention  here,  from  its  wide 
prevalence.  In  fact  it  is  jierliaps  the  absence  of  this  rc- 
tlex  susceptibility  that  constitutes  the  idio.syncrasy.  Cer- 
tainly there  is  no  way  of  foretelling  which  individuals 
will  prove  able  to  resist  it.  Freedom  from  it  is  to  some 
extent  cultivable,  though  it  is  well  known  that  some  sea 
captains  and  naval  oilicers  even  lose  what  they  have 
gained  in  that  direction  after  a  short  residence  ashore. 

Hay  fever  doubtless  belongs  in  this  category,  for  while 
a  pathological  lesion  exists  in  a  certain  proportion  of 
cases,  a  reilex  idiosyncrasy  to  certain  irritants  is  also  a 
factor.  Whatever  "this  irritant  may  be.  it  is  doubtli-ss 
similar  in  its  iiction  to  ipecac  upon  another  sort  of  idio- 
syncrasy. The  writer  knows  a  druggist  who  is  so  sus- 
ceptibk-  to  the  reilex  irritation  of  this  drug  that  he  not 
only  cannot  dispense  it  himself,  but  is  obliged  to  leave 
lusstore  when  any  of  his  assistants  is  doing  so. 

Asthma  i)robar>ly  owes  a  part  at  least  of  its  etiology 
to  a  similar  reticx"  idiosyncrasy.  For  while  we  have  a 
determining  canst:  in  sonic  iiatliologic  state  of  the  respi- 
ratory tract,  and  an  exciting  cause  in  an  acute  intlain- 
mation  of  the  bronchi,  or  elsewhere,  we  must  assume  in 
asthmatics  a  itredisiiosing  cause  in  a  |ieculiar  reflex  irri- 
tability ;  for  not  all  persons  pos.se.ssiug  the  first  two  con- 
ditions have  asthma. 

.\nothcr  retlex  iiliosvncrasy  is  that  which  enables  the 
rigger  and  the  steeple" climber  to  ascend  to  high  places 
without  gidiliness  or  fear  of  falling. 

It  is  a  failure  of  natural  reilex  response  to  cold  baths 
and  cold  affusions  which  explains  the  idiosyncra.sy  uotetl 
in  .some  people  at  water-cure  establishments  On  the 
other  hand,  those  untoward  results  of  baths  which  in- 
clude skin  eruptions,  eczema,  furunculosis.  etc..  are.  in 
so  far  as  thev  are  not  due  to  uncleanly  methods,  to  be 
classed  in  the  following  section  among  therapeutic  idio- 
syncrasies. 


8-tl 


Initniiull)'. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


((•)  lnfeftum». — Tlii'  present  arlicle  does  not  touch  iipou 
till"  subjrot  of  hiiiixiiiitii  (,\\\m\\  sec).  IJiit  there  is  iu 
some  persons  a  liiek  of  svis<rplil)ilily  to  viirioiis  diseases 
whieh  can  be  as<Til)e<l  only  to  idiosynenisy.  Tliis  is  well 
illlistnili'd  liy  VHccinin.  there  beiiij:  a  very  few  persons 
upon  whom  vaceinat Ion  cannot  lie  made  to  "take"  no 
matter  how  often  repeated.  Some  fandlie.s  of  children 
••.scape  in  epiileinicsof  theexanlhemata.  while  others  have 
ihi'se  diseases  several  times,  seemini:  to  be  unable  to  ae- 
<piire  the  usual  immunity  from  one  attack.  The  iniiver- 
sal  exposuri'  to  the  bacillus  tulKTCulosis  would  iudiciUe 
that  the  vary  in  jr  resistance  of  different  individuals  was 
largely  a  maiter  of  iiliosynenisy. 

((/)  'FiHHh. — There  arc  many  instances  of  idiosyncrasy  as 
rejrards  special  artich'S  of  diet.  One  person,  for  instance, 
not  only  cannot  eat  cheese  without  violent  gastrointes- 
tinal  irritation  but  cannot  eat  comfortably  at  a  table 
where  it  is  served.  A  special  form  in  which  these  food 
idiosyninisies  assert  themselves  is  in  the  production  of 
urticaria  from  the  use  of  them.  Familiar  examples  arc 
lisli  anil  shell-tish.  especially  lobsters;  also  straAv berries 
and  peaches.  The  latter  fruit  with  some  patients  will 
cause  an  intense  coryza  apparently  like  a  rose  cold. 
Herpes  and  anirioneurotic  lediiuaare  similarly  produced. 
Milk  is  an  artiile  of  diet  which  many  persons,  generally 
mistakenly,  think  they  cannot  take.  Hut  there  are  really 
some  who  undoubtedly  do  have  an  idiosyncrasy  against 
it.  Regarding  this  as  every  other  articleof  diet,  a  jjersoii 
shniild,  often  with  medical  supervision  to  guard  against 
error,  establish  the  fact  of  his  own  idiosyncrasy,  and  hav- 
ing once  established  it  should  thereafter  respect  it. 

((•)  J>rii;/K  mill  Piiimiiiii. — In  this  field  idiosyncras}'  may 
show  itself  either  by  an  unu.sual  susceptibility  to  a 
small  dose,  or,  on  the  other  hand,  by  a  lack  of  suscepti- 
bility to  the  average  physiological  or  even  toxic  dose. 
The  former  of  these  conditions  is  usually  congenital;  the 
hitter  may  t>c  either  congenital  or  acquired.  To  it  is 
given  the  technical  name  of  "tolerance." 

A  high  degree  of  tolerance  is  usually  an  acquired  con- 
ilition.  It  is  well  known  that  in  both  man  and  the  lower 
animals,  increasing  doses  of  a  toxin  can  be  given  till 
doses  are  tolerated  far  in  excess  of  what  would  be  fatal 
without  such  a  jirogressive  increase  in  dosage.  The  use 
of  the  toxin  of  diphtheria  in  the  preparation  of  antitoxin 
is  a  familiar  example  of  this.  The  siime  tolerance  is  es- 
tablished in  the  ease  of  non-bacterial  poisons,  as.  for  ex- 
ample, tobacco,  alcohol,  and  arsenic.  But  while  such 
tolenmce  may  appear  to  be  ]iresent  in  certain  organs  or 
systems  of  the  body,  it  may  be  absent  in  others.  For 
example,  the  nervous  system  may  appear  to  be  resisting 
tobacco  or  alcohol,  while  the  cardiac  or  digestive  may  be 
in  reality  succumbing  to  its  use,  or  vice  versa. 

Such  an  acquired  tolerance,  whether  in  the  case  of  tox- 
ins or  of  drugs,  ceases  soon  after  the  regidar  administra- 
tion of  the  poison  has  been  stopped.  The  term  Mithri- 
datism  was  applied  to  a  supposed  inununity  against 
poison  gained  by  King  Miiliridates  through  the  syste- 
matic Use  of  poisons  employed  for  that  end. 

The  Styriaii  peasants  liave  long  been  noted  for  their  ac- 
quired tolerance  for  arsenic,  (jne  sceptical  traveller  is 
recorded  to  have  administered  seven  grains  of  arsenious 
acid  to  an  apparently  healthy  Styrian  without  ill  ellect. 
The  enormous  doses  of  morphine  taken  by  morphinoma- 
niacs  of  lourse  suggest  thc-niselvcs  in  this  connection. 

A  tolerance  for  one  drug  sometimes  develops  a  t(jler- 
ance  for  other's  of  similar  initure.  To  this  may  pcrliajts 
Im- ascrilMil  the  large  amovmt  of  ether  reiiuireil  to  ana'S- 
thetizi-  a  habitual  alcoholic.  The  writer  once  saw  a  mor- 
lihiiie  habitue  who  after  taking  nearly  a  drachm  of  mor- 
phine with  suiciilal  purpose  addeil  to  the  <lo.se  over  one 
hundred  grains  of  chlond.  to  which  he  was  not  specially 
addicted,  but  the  conjoined  dose  had  no  .serious  etfect. 
Insensibility  to  large'  doses  of  sedatives,  as  ether,  chloro- 
form, opium,  hashish,  anil  bromides,  is  found  iu  some 
persons  not  habitues  of  any  of  these  drugs.  Sijch  jier- 
s<ins  are  apt  to  be  of  a  hysierical  or  emotional  character. 
A  lack  of  rcspons«.-  to  large  dosi-s  of  cathartics  mav  be 
dependent  on  the  cathartic  habit  or  may  be  met  with  iu- 


dcpendenlly  of  it.  People  of  warm  climates  are  said  to 
reipiire  exceptionally  large  cathartic  doses. 

Many  per.sons  are  aware  of  their  own  drug  idiosyucra- 
.sics.  and  may  properly  acquaint  a  strange  physician  with 
them.  It  is  unwise  to  disregard  such  information  if  given 
by  a  person  of  intelligence.  In  doing  so  one  is  liable  to 
repeat  the  dissistrous  experience  of  a  previous  attendant, 
and  even  if  the  experiment  has  no  other  ill  elTect  than  the 
temporary  discomfort  of  the  patient,  the  latter  is  likely  to 
feel  provoked  that  his  warning  was  not  regarded.  But 
of  course  the  ])atient  may  have  drug  idiosyncrasies  which 
are  unknown  to  him.  It  is  therefore  unwise  for  a  physi- 
cian in  case  of  untoward  .symptoms  arising,  to  say  otT- 
haud  that  they  could  not  possibly  be  due  to  the  use  of  a 
given  drug,  even  though  in  his  experience  such  a  result 
had  never  occurred 

It  may  be  ssiid  in  passing  that  sometimes  a  pathologi- 
cal condition  of  .some  organ,  involving  too  slow  or  too 
rapid  absorption  orimpaireil  elimination,  is  at  the  bottom 
of  what  is  regarded  as  a  congenital  drug  iiliosyncrasy. 
Thus  renal  iuadeipiacy  has  been  found  in  some  persons 
who  could  not  take  iodine. 

Childhood  appears  to  present  some  special  features 
with  regard  to  drug  susceptibility.  Especially  opium 
should  be  used  very  cautiously  at  this  i)eriod.  There  is 
a  common  belief,  on  the  other  hand,  that  arsenic  and  bel- 
ladonna are  especially  well  borne  by  children.  I  think 
it  very  doubtful  if  this  be  true  of  the  latter.  Jacobi 
thinks  children  tolerate  relatively  large  doses  of  quinine, 
digitalis.  |iotassium  iodide,  and  mercury. 

It  remains  to  mention  a  few  specific  drugs  and  poisons 
in  regard  to  which  marked  individual  idiosyncrasy  is 
most  often  met. 

Iry  Poison.  Here  all  degrees  of  susceptibility  are  met, 
from  perfect  inmiunity  to  the  most  intense  dennatitis 
following  the  slightest  contact, 

Aleoli'il.  Here  we  find  not  only  qtutntitative  but  quali- 
tative idiosyncrasies.  One  man  can  drink  down  all  his 
fellows,  while  the  others  with  an  equal  quantity  of  liquor 
may  show  either  amativeness,  quarrelsomeness,  hilarity, 
or  gloom, 

Qninine  is  a  drug  which  occasionally  produces  ill 
effects  in  a  dose  much  smaller  than  ordinarily  given. 
Such  effects  are  tinnitus,  deafness,  blindness,  and  erythe- 
ma. The  writer  has  seen  an  intense  universal  dermatitis 
follow  its  use,  and  has  known  a  clergyman  in  whom  a 
dose  of  two  grains  invariably  produced  a  marked  erythe- 
ma of  the  scrotum.  Fever  and  abortion  have  both  been 
reported  to  follow  the  use  of  quinine. 

Sdicylie  acidwxW  cause  at  times  an  intense  delirium.  I 
have  seen  it  simulate  an  acute  mania  and  last  nearly  a 
fortnight. 

Jji!lij(h>itna  also,  as  is  well  known,  causes  delirium  in 
certain  patients.  Opium  has  caused  vomiting,  wakeful- 
ness, convulsions,  and  delirium.  Doubtless  there  are 
some  persons  who  should  never  take  the  drug.  In  the 
first  u.seof  the  hypodermic  syringe  upon  strangers  a  con- 
siderable conservatism  is  wise. 

Putiianivm  Iodide.  Perhaps  no  drug  reveals  more  of 
per.soual  idiosyncrasy  than  this.  Two  to  five  grains  often 
cause  coryza.  Fotir  ten-grain  doses  have  produced  an 
a'dema  of  the  glottis  severe  enough  to  require  trache- 
otomy. Fifteen  grains  a  day  will  often  cause  a  good 
deal  of  acne.  But,  curiously,  patients  who  cannot  take 
the  small  doses  often  can  take  the  large  one.  and  the 
massive  doses  of  four  to  six  drachms  111 ree  times  a  day 
are  generally  well  borne.  One  cannot  insist  too  firmly 
that  the  tolerance  for  this  drug  is  vol  a  diagnostic  crite- 
rion of  syiJhilis.  Charles  F.  if'il/iington. 

IGAZOL  is  said  to  be  a  mixture  of  formaldehyde,  para- 
formaldehyde, and  an  iodine  compound  of  unstated  na- 
ture. It  is  in  the  form  of  a  |iowder  and  was  introduced 
by  Cervello  as  a  remedy  for  tuberculosis.  Norway  used 
it  by  va])orizing  over  a  lamp  for  two  liours  three  times  a 
day.  He  reports  good  results  iu  asthma,  laryngeal 
spasm,  and  phthisis.     It  has  no  specific  action, 

ir.  ,1.  Biutedo. 
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Illlllllllll 


IQNATIA.— S.MXT  IiiNATii'i*'  Ukan.  The  s<tiI  of 
Striii-hiiitH  hjiiiitii  llcrtf  (r»lii.  /.oyiiiiiiirrir).  This  Ik  ii 
Ijiri;!'.  Iiiiir  cliiiitiini.'  slinili.  wilh  very  l<>ii|u;.  kIcikIit 
liniiic'lii's.  unci  nillicr  liirec.  oviil.  |iiiinii-(l.  IliifciiiTvcil 
Ifiivrs.  The  llowfi's  rcsi-inblc  lliost'  of  N.  .V'/t  roiiiirn, 
find  the  frnil  Is  ii  verv  Iiiiki- (10  to  '20rni.),  willfl.  nmny- 
Miiliil.  Imhl  Imtit  Ylif  |iliinl  urows  in  llic  l'liili|>|ihic 
IslunclM.  iinil  liiis  Ix'rn  inlnxliii nl  iniu  ('ncliinCliinii 
Till'  frnil  iiiiprars  to  Ih'  not  nnroinnion  in  sonic  Asiittic 
iniirki'is.  Till-  seed  Im.s  Im'i-ii  known  to  Kiiro|H-uns  Hini'c- 
Hitti  (KlUckijrrr). 

SiiinI  I^Miitiiis'  ili'iins  lire  liiinl.  oblong,  lint  irri-Kiilnrly 
fiiccti'd  wills.  2  or  !J  cm.  in  Icnirtli,  of  ii  dull  yellowish- 
finiy  or  bliickish  color,  iind  corneous  texture;  they  lire 
iinrniiilly  coveri'd  willi  short,  eimrw.  H|)|uessed.  i;listen- 
iiiK  hairs,  but  these  iire  usimlly  rulilied  o|T  before  they 
reiich  this  eounlry.  proliiibly  by  the  friction  of  the  loiiir 
voyu);e  or  carriiijie.  Tlie  .m'ciI  consists  mostly  of  peri- 
sperin.  but  contains  an  oblonj^  embryo.  U  or  ^<  mm.  in 
h'iiL.'tli.  in  u  nivily  near  the  centre.  The  weds  have  but 
little  odor.  Hiid  »  very  bitter  taste. 

{'omi'osithin. — St  nidi  III  lie.  to  the  e.vleiii  of  finni  one 
to  one  and  a  half  per  cent.;  Iina-iiif  fiom  one  half  to 
three  fourths  percent  :  considenible  albuminoid  niiitlers; 
no  starch.  These  seeds,  from  clicniieiil.  slruclunil.  and 
physioloiiiial  points  of  view,  are  c|ualilatively  so  exaclly 
duplicates  of  mix  vomiia  lliiil  the  reader  is  referred  to 
that  article  for  further  iiifornialion.  Hecause  it  wassup- 
]iosed  to  be  more  uniform  in  its  alkaloidal  i)ercenta!re. 
and  in  the  rel.-itive  percenlacesof  strychnine  and  brucine. 
this  dniir  was  made  ollicial  in  isyi).  but  it  was  found 
impossible  to  induce  physir-ians  to  substitute  it  for  the 
familiar  mix  vomica,  ami  it  was  dropped  at  the  IHIIO  re- 
vision. All  absliact.  of  liftyperceiit.  streiifrlh,  dosuO.06 
to  (t.3  !im.  (err.  i.-v.i,  and  a  tincture  of  the  same  strength 
and  dose  as  that  of  mix  vomica,  were  supplied. 

ir.  /'.  Bt>lht. 

IMMUNITY. — The  past  few  years  have  added  a  great 
deal  t..  uur  knowledge  concernin!;  the  nature  of  immu- 
nity, but  tlieVe  is  still  much  to  be  learned,  (are  must 
therefore  be  taken,  while  discussing  the  many  plausible 
theories  advanced,  to  remember  always  that  tliey  are  but 
theories  and  may  be.  however  iiiieicsling.  slill  untrue. 

Experience  and  observation  have  taught  us  that  vari- 
ous races  of  animals  and  men.  and  various  individuals 
among  tlu  *.  dilTer  in  their  susceptiliilily  to  certain  dis- 
eases: and,  further,  that  the  same  individual  is  at  one 
time  more  resistant  to  such  diseases  than  at  another. 
This  inborn  or  spontaneous  refractory  condition  is  termed 
natural  immunity,  in  contradistiuctiou  to  that  ac(|uired 
«luring  an  attack  of  disea.se. 

As  in  liacteria  we  distinguish  between  the  ability  to 
produce  poison  and  the  power  to  multiply,  so  in  animals 
and  man  we  may  distinguish  between  immunity  to  poi- 
son and  immunity  lo  the  invasion  of  bacteria. 

With  regard  to  variations  in  susceptibility,  certain 
facts  have  been  ascertained.  Thus,  cold-blooded  ani- 
mals are  generally  ins'.isceptible  to  infection  from  those 
bacteria  which  i>nnluce  disease  in  warm-blooded  auinials. 
and  rii-e  rirmi.  This  is  exjilained  in  a  measure  by  the 
inability  of  the  bacteria  which  grow  at  the  temperature 
of  warm  blooded  animals  to  thrive  at  the  temperature 
existing  in  cold-blooded  animals.  But  differences  are 
obscrveil  not  only  between  warm  blooded  aud  cold- 
blooded animals,  but  also  between  the  several  races  of 
warm-blooded  animals.  The  anthrax  bacillus  is  very  in- 
fectious for  the  mouse  and  guinea-pig,  while  the  rat  is 
not  susceptible  to  it  unless  its  body  resistance  is  reduced 
by  disease  and  the  amount  of  infection  is  great  The 
inability  of  a  inicro  organism  to  grow  in  the  body  of  an 
animal  does  not  necessarily  indicate,  however,  an  insus- 
cejitibility  to  its  poison :  thus,  for  instance,  rabbits  are 
sjiid  to  be  less  susceptible  than  dogs  to  the  effects  of  the 
l)oison  elaborated  by  piieumcx-occi.  but  these  bacteria 
develop  much  belter  in  the  former  than  in  the  latter. 
Differences  iu  susceptibility  are  sometimes  very  marked 
among  different  varieties  of  the  same  race  of  animals,  as. 


for  insiuiice,  U-tuei'ii  dilTerenl  kiniU  of  ratH  uml  pigeoim 
lo  antliriix.  In  uiiiinalf>.  us  a  whole,  experiinenlh  have 
hIiowii  thai  the  young  of  nil  Kpecles  lire  on  the  avemgv 
less  resistant  to  infeciioti  ilmn  the  older  and  larger  ouch 

The  dllllcult^v  experienced  by  many  micro  (irganlsniH 
In  developing  in  llie  lissues  of'tlie  healthy  b(«ly  iiin  be 
to  a  great  extent  ieniove<l  by  any  <nuw  wli'icli  lowers  the 
geiiiiiil  or  liHiil  vitality  of  llie  li.ssues  Among  tlio 
causes  which  bring  iitHiut  such  li-ss<Mied  reslKlani  e  of 
the  biHly  are  hunger  ami  starvation,  bad  liygiiiiic  sur- 
roundings, exbausiioii  from  overexertion,  exposure  to 
cold,  llie  ileleierious  effects  of  poisons,  bacleriiil  or  other, 
acute  and  chronic  dis<-axes.  vicious  habits,  drunketineso, 
etc.  I'urely  local  injuries,  such  as  wounds,  conliisionR, 
etc.,  give  a  point  of  entrance  for  liifeelioii,  and  also 
through  tissue  injury  one  of  less  resislauce,  where  the 
bacteria  may  develop  anil  produce  loial  intlammallou. 
Local  disease  proces.s<s,  such  as  endocarditis,  niay  alst> 
afford  a  weak  spot  for  the  bacteria  to  seize  iiiioii  The 
presi'iice  of  foreign  bodies  in  the  tissues  in  like  manner 
predisposes  them  to  baelerial  invasion.  Interference 
with  free  circulaliiui  of  bliHid  and  retention  in  the  lusly 
of  substances  which  should  be  eliiiiinated  also  tend  to 
lessen  the  vitality.  In  these  and  other  similar  ways  ani- 
mals which  are  olherwise  refiactory  may  acijiiire  a  siis- 
ceplil>ility  to  bacterial  invasion. 

Just  as  all  conditions  w  liich  are  deleterious  to  the  IjimIv 
les-sen  its  power  of  resistance  to  bacterial  inva.sioii,  so  all 
conditions  which  are  favorable  to  it  increase  its  resist- 
ance, and  thus  aid  in  preventing  and  overcoming  infec- 
tion. The  internal  use  of  antiseptics  again.st  bacteria  has 
not  proved  successful,  for  the  reason  that  of  all  known 
lion  specific  bactericidal  substances  an  amount  siillicieut 
to  inhibit  bacterial  growth  is  found  to  be  |ioisonoiis  lo 
the  tissue  cells.  The  ellicacy  of  ((uiniiie  in  maliiria  and 
of  niereury  in  syphilis  is.  possibly,  an  exception  to  the 
rule,  but  in  both  cases  we  are  dealing  probably  witbauinml 
jiarasites.  not  bacteria.  Such  substances  as  niulein  and 
others  contained  in  blood  serum,  when  introduced  into 
the  body  in  considerable  (|uaiilily.  aid  somewhat  in  iu- 
hibiling  the  growth  of  many  bacteria.  Even  bouillou. 
salt  solution,  and  small  amounts  of  urine  have  a  slight 
inhiliilory  aitioii.  The  hastening  of  elimination  of  the 
bacterial  ))oisons  by  free  intestinal  evacuaiii>ii  and  en- 
couragement of  the  fund  ions  of  the  skin  and  kidneys  are 
also  of  some  avail.  The  enzymes  formed  by  certain  bac- 
teria have  been  found  to  e.xert  a  slight  bactericidal  ac- 
tion, not  only  on  the  germs  which  have  directly  or  indi- 
rectly jjioduced  them  in  the  Ixnly.  but  also  on  other 
varieties.  None  of  these  enzymes  is  sufficiently  protec- 
tive, however,  to  be  of  practical  value  nor  equal  in  power 
to  the  protective  substances  formed  iu  the  body  after  in- 
fection with  many  micro-organi.sms. 

The  tissues  of  the  animal  body  under  the  normal  con- 
ditions of  life  are  unsuitable  for  the  growth  of  the  great 
majority  of  bacteria,  and  are  only  fairly  favorable  to  the 
development  of  the  few  remaining.  Indeed,  only  a  very 
small  number  of  varieties  of  bacteria  tind  the  conditions 
really  satisfactory,  and  even  these  must  gain  a  point  of 
entrance. 

Iu  seeking  for  a  rea.son  for  the  difficulty  experienced 
by  the  bacteria  in  grow  ing  in  the  tissues,  we  cannot  ex- 
pect to  timi  it  in  either  the  lack  of  or  concentration  of  the 
nutritive  substances,  in  the  temperature,  or  iu  the  reac- 
tion: for  although  these  conditions  may  be  unsuitable  for 
sonu'  bacteria  they  are  suitable  for  many,  and  thus  can- 
not constitute  the  fundameutal  explanation  of  immunity. 
A  possible  reason  for  the  inability  of  the  bacteria  to  in- 
vade living  tissues  may  be  in  the  fact  that  the  nutritious 
material  in  the  living  cells  is  in  a  fonn  w  Idcli  the  bac- 
teria cannot  readily  assimilate:  but  if  this  be  true  it  does 
not  adequately  explain  why  the  bacteria  do  not  develop 
in  the  nutritious  fluids  so'abundant  about  and  in  the 
bodv  tissues.  We  arc  thus  driven  to  the  conclusion  that 
the  body  fluids  themselves  contain  substances  which  are 
directly  deleterious  to  the  bacteria  As  to  the  origin  of 
these  substances,  it  is  conceivable  that  they  may  be  either 
regularly  produced  in  the  cells  or  that  they  may  be  pro- 
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(luccd  only  when  the  body  is  invatled  by  niicro-orgnn- 
Unis.     Th'cy  iiiiiv  llicn  ri'iiiiiiii  uniiltorcil  in  Ibo  lliiiils  or  be 

quickly  rlimiimicd.     Mori-  tlmn  oi f  lluso  lliinirs  nmy 

iirliiiillv  occur.  .     . 

Tlif  "iMiclcri.itlal  clTccI  of  wni  upon  most  Imctcna  is 
sliown  l.vtlic  fuel  llml  wlicn  injected  into  tlic  blood  tliey 
iM-pin  to'dic  ai  omc.  and  this  often  conlinue.-i  until  in  a 
few  hours  all  have  died.  Even  when  bacteria  produce 
infection  there  is  usually  for  a  time  a  decrea.se  in  the  num- 
ber of  bacteria  livinu'.  but  this  is  soon  followed  by  a  pro- 
gri'ssivc  inerea.s«\  This  fact  can  be  observed  not  only  in 
the  IiIikkI  and  peritoneal  cavity,  but  also  when  the  bac 
teria  are  enclosed  in  animal  or  ve;retable  capsules,  w  here 
the  serum  passini:  inio  tlii-m  ileslroys  the  bacteria.  The 
Imeleria  are  killed  even  if  llicy  have  pnviously  grown 
in  blood  s»'nim.  Uacteria  have  al.so  been  injected  into  a 
vein  oirefnily  lijialeil  above  an<I  below,  and  here  with 
out  coagulation  the  bloixl  exerts  bactericidal  properties. 
Even  spores  are  killed  in  a  few  days.  The  ell'ecl  of  the 
fn-sli  unlieate<l  blood  serum  can  also  be  watched  outside 
of  the  body.  Here  some  speciis  of  bacleria  die  i|ui(kly. 
some  slowiv.  and  some  lose  only  a  portion  of  their  num- 
Ikt.  anil  here  the  remaining  portion  after  a  time  rapidly 
increases.  The  ninnber  of  bacteria  introduced  is  of  great 
importance,  for  the  serum  seems  capable  of  destroying 
only  a  certain  number  and  after  that  loses  its  bactericidal 
projH-rlie.s. 

If  the  bactericidal  effect  of  the  sentni  outside  the  body 
alwavs  went  hand  inhand  with  the  immunity  of  the  in- 
divid'ind  from  wiii<h  it  was  taken,  the  iiroblem  of  imiuu- 
nitv  would  Ik-  more  easily  solveil.  but  this  is  not  wholly 
ihe'casi'.  Wennist  therefore  add  to  the  serum  the  activity 
of  tiie  c(-lls  which  constantly  jirodnce  the  antiseptic  sub- 
stani-es  which  are  given  iij.  largely  to  the  blood  and  fluids 
of  the  body.  This  deleterious  action  of  tlii^  blood  on 
Imiteria  can  be  increa.«ed  or  diminislied  by  infection,  thus 
indicating  living-cell  intluenee. 

Concerning  the  na tine  of  these  protective  substances, 
named  hUj-iiik  by  Buchner,  we  have  as  yet  little  positive 
knowledge,  but  certain  properties  of  them  are  known. 
They  are  precipitated  by  a  forty-percent,  solution  of 
SfKliiini  sulphate.  A  bactericidal  .serum  affects  in  a  dele- 
terious manner  the  red  blood  cells  of  a  different  species 
of  animals.  These  substances  woidd  seem  to  belong  to 
the  proteids  and  resemble  certain  of  the  globulins  in  their 
propertii-s.  but  they  are  evidently  extremely  complex  in 
their  nature. 

Their  source  is  generally  attributed  to  the  cells,  but 
prolialily  certain  cells  only  produce  them.  The  red  blood 
cells,  for  instance,  seem  rather  to  destroy  than  to  increase 
tln-m.  The  nuclein  derived  from  the  cells,  although  it 
li:i  il  baeteri(-iilal  action,  does  not  belong  to  the 

s|  MS.    The  cells  which  have  aliundant  nuclear 

SI.:    lull  as  the  leucocytes  and  lymph  cells,  seem 

i-speiially  to  be  a  source  of  the  alexins.  Hucliner  and 
others  have  found  that,  through  the  irritation  of  bacte- 
rial filtnites,  the  leucocytes  were  attracted  in  great  nutn 
iM-rs  to  the  region  of  injection,  and  that  the  lluid  here, 
which  was  rii-li  in  leucocytes,  was  more  bactericidal  than 
the  blofMl  .M-runi  elsi-wherc.  The  same  lluid  acted  also 
niori-  perfectly  when  it  contained  niimbeis  of  leucocytes 
than  when  they  were  filtered  out.  Siibstauees  similar  to 
the  alexins  are  apparently  derived  from  the  leucocytes 
and  their  attnictioii  to  the  injected  areas  gives  to  that 
liH-ation  greater  protective  power.  Still  it  lias  not  yet 
lieen  positively  established  that  the-  specific  alexins  are 
deriveil  fnini  the  leiiciM-yli-s.  The  attraction  between  the 
h-ueocytes  and  the  bacteria  is  ratlur  due  to  the  chemical 
attraetimi  of  the  bacterial  cell  products  and  \\\it  bacterial 
body  subslani-e.  Smne  ehemieal  substances  not  derived 
from  bacteria  have  alsn  this  ipiality,  called  positive 
clieinotaxis.  w  Idle  others  repi-1  the  leucocytes — negative 
chcinotjixis.  The  theory  of  Metchnikoff  that  the  leuco- 
cytes fire  the  only  actual  protective  boilies  which  ward 
I  I''     '  Old  that   they  do  this  by  attacking  and  di-. 

^  bacteria,  has  been  somewhat   inodilied  by 

n. •  iii  knowledge,  and  it  is  now  believi-d  that  the 

bacterial  substances  uttract  the  cells  and  thai  when  these 


are  brought  together  the  general,  and  perlia|is  the  spc- 
cilic,  bactericidal  property  of  the  blood  is  thereby  in- 
creased. The  death  of  the  bacleria  libi-niteslhis  jiositive 
cli(-inotacti<'  substaiiee,  and  the  death  of  the  leucocytes- 
gives  rise  to  an  increase  of  the  non-specilic  bactericidal 
bodies.  Thus  we  tind  that  phagocytosis  is  most  marked 
when  the  disease  is  on  the  decline  or  the  infection  mild, 
but  that  in  rapidly  increasing  progressive  infection  it  is 
usually  absent.  This  would  seem  to  indicate  that  the 
course  of  the  infection  is  already  determined  before  the 
leiiiiK  vtes  become  massed  at  the  point  of  its  entrance. 
The  lirst  determiiiiiig  influence  is  given  by  the  condilion 
of  the  tissuesand  the  bactericidal  substances  contained  in 
them,  and  then  later,  in  cases  in  which  the  infection  is 
checked,  comes  the  additional  bactericidal  substance 
given  off  by  the  attracted  leucocytes.  In  so  far  as  the 
tissues  themselves  are  uusuitalilc  for  the  development  of 
bacteria  they  are  sullicient  to  ward  off  infection,  but  in 
proportion  as  they  are  incapaVik-  of  doing  this  they  are 
assisted  by  the  substances  contained  in  the  leucocytes. 
If  the  tissues  are  wholly  adapted  for  the  growth  of  the 
bacteria,  neither  they  nor  the  leucocytes,  nor  both  com- 
bined, can  furnish  sufficient  protective  substances  to  pre- 
vent the  bacterial  increase.  The  entrance  of  bacteria  into 
the  leucocytes,  which  is  not  infrequent,  may  mean  the 
destruction  of  the  former;  but.  on  the  other  hand,  the 
bacteria  may  increase  in  the  white  blood  cells  and  destroy 
Ilieiii,  and  they  may  be  killed  without  entering  the  cells. 
The  simple  absorption  by  the  cells  is  not  necessarily  a 
(lestnutivc-  process. 

No  explanation  can  as  yet  be  given  of  natural  immu- 
nity to  bacterial  poisons,  except  that  it  may  be  connected 
with  some  general  property  of  the  proto]ilasm  of  the 
cells  which  renders  a  combination  between  certain  mole- 
cules of  the  cell  and  the  poison  impossible;  thus,  if  teta- 
nus toxin  is  injected  into  a  susceptible  animal  it  has  beeii 
fijuiid  thai  it  will  disappear  from  the  blood  in  a  few 
miiuiles.  If  the  cells  are  subjected  to  suitable  processes 
the  tetanus  poison  will  be  found  present  in  all  the  cells 
except  those  of  the  nervous  system.  In  these  it  has 
ajiiiarently  disappeared.  As  these  are  the  cells  that  re- 
ceived injury  from  the  toxin  it  is  fair  to  assume  that 
soiiK^  chemical  combination  has  occurred  between  them 
and  the  ixiii.  There  is  far  less  variation  among  differ- 
ent species  in  their  resistance  to  theljacterial  poi.sonsthau 
in  their  suitability  for  the  growth  of  the  living  bacteria 
which  produce  them.  Possibly  certain  organs,  such  as 
the  lym  ili  glands,  the  liver,  etc. — may  have  some  de- 
structiv    ]iower  with  regard  to  poisons. 

By  what  means  are  virulent  bacteria  enabled  to  in- 
crease in  the  body,  notwithstanding  its  protective  powers, 
when  non-virulent  organisms  of  the  same  species  are  in- 
capable of  so  doing?  This  is  but  little  understood,  but 
experiment  shows  in  the  first  place  that  both  virulent 
and  non  virulent  forms  are  equally  resistant  to  gc-ncral 
di-struclive  agencies;  and,  secondly,  that  the  bacteria  are 
capable  of  producing  substances  (lysins)  which  neutralize 
in  some  way  the  protective  substances  (alexins).  The 
virulence  of  bacteria  would,  therefore,  depend  partly 
upon  their  ability  to  produce  these  lysins,  which  act 
perhaps  as  the  ferments  tipon  the  alexins,  or  perhaps 
combine  with  them.  That  bacteria  under  certain  eoiKli- 
tions  form  specitie  jioisons,  and  under  others,  even  when 
they  grow  luxuriantly,  do  not.  is  clearly  shown  by  our 
experiments  on  the  production  of  diphtheria  toxin.  Here 
it  was  found  that  when  the  bouillon  was  either  a  little 
too  alkaline  or  too  acid,  though  the  bacilli  grew  rapidly, 
they  did  not  produce  specitie  toxins.  When  the  bacilli 
were  grown  for  a  time  in  such  bouillon  they  eventually 
became  abh-  to  develop  toxin  in  a  soil  in  which  they 
previously  failed  to  do  so.  Similar  cultivation  in  the 
body  maj'  be  assumed  to  increase  their  ability  to  produce 
specific  poison  after  awhile  under  what  would  at  first  be 
adverse  conditions. 

With  regard  to  the  increase  and  decrease  of  general, 
and  perhaps  also  of  specific  immunity,  we  have  reason  to 
believ(-  that  as  the  protective  substances  are  produced 
through  the  action  of  the  living  cells,  anything  which 
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lowers  till'  Ki'iii-ritl  \il<ililv  must  Ii-sm'Ii  tlic  viliilily  of  tlir 
i-i'lls,  tiiiil  thus  ilicir  iiliilily  In  |iriNlui'i-  iimti'itivi'  muIi- 
titiiiii'us  ill  till'  uniiiuiit  iiiissllili'  ill  II  iiiiriiiul  riiiiilitinii. 

S/piriJir  Iiiiiiiiiiiiti/.  —  I'liu  folliiwiiiK  llit'orii-s  liiivt-  Imm'Ii 
niiviiiu'cil  ('oiii'i'riiiii);  ilii'  iiiitiii'i'  ol  N|ii'ritlr  iiiuiiiiiiity . 
Tilt'  llii'iiry  lliiit  It  siriiiiil  iiifirtiiiii  is  iiii|ii>s<<ilili'  liiciiusi' 
tlir  lll'*l  usimI  up  siiti^Iamrs  u  liitli  wiir  iiiccssiiry  to  tin- 
gri<uili  of  till'  luirtiria  is  uiiiriiiiMi'  for  iiiaiiy  misoiis 
Tims  il  tan  lir  iliiiionsliiili'il  tlial  Ilii-  iiijiiiioii  of  a  siiiall 
iiiiiouiit  of  s|H(illf  siTUiii,  wliitli  rolls  till-  lissuisof  iiolli' 
luii.  priMliirt's  till'  siuiii'  iiiiiiiuiiily.  Af;aiii.  tlii-  iiiji'ition 
into  tilt'  ItiHly  of  a  siillirii'iit  iiiiiiiliir  of  liaiiiria  patlm 
ftt'iiif  for  llie  aniinul  solt'iti-il  givis  rise  to  an  iiifrt'tioii  in 

ull  I'llSt'S. 

Till'  iiriffinal  tlieoryof  jrt'lrliiiikofT,  that  tla-  li'iicnoytes 
or  wiiiiili'riiitj  it'lls  of  tlif  tiody.  after  an  inft'clion  with  a 
ci'itain  viirirty  of  liarteria,  lii'innic  iiitliiiiirril  in  soiiit' 
way.  so  that  liny  atlaikts|ii<ially  lliat  form  of  iiifi'i'lioii 
again  ami  ilfslroy  the  liaiteria  (pliagocylosisl,  can  uo 
longer  In-  reganleil  as  more  Ihiin  a  very  partial  explana- 
tion, anil  laii  In-  iiieepli'tl  only  by  ussuming  us  proven  a 
liuinher  of  hypotheses. 

'I'lie  retention  theory  of  AVernich  and  C'lmvcan.  sunie- 
what  niiHlitieil.  has  most  to  support  il.  They  have  shown 
that  the  ehemieal  elianges  in  the  lilooil  serum  of  animals 
rectjvering  from  an  infeetion  are  of  siuh  an  extent  as  to 
be  rapabie  of  lieing  ileiiiKiislraled  experiineiitjilly.  ami 
these  changes  have  been  shown  to  persist  for  a  number 
of  weeks  or  months  or  even  years.  Similarly  the  serum 
of  immiini/eil  uniinnls  retains  for  a  long  time  its  immu- 
nizing substances.  We  are  therefore  compelled  ti)  ac- 
cept the  fact  that  when  an  infection  is  passed  through 
there  lUe  more  or  less  proteclive  chemical  substances  left 
in  the  blood  which  remain  there  for  a  considcnible  time. 
Kruse  believes  that  these  substances  have  the  power  of 
neulniii/.iiig  the  poisons  which  are  given  olf  by  the  bac- 
teria upon  their  entrance  into  the  botly,  and  of  thus  rob- 
bing these  poisons  of  their  deleterious  elTects  on  the 
alexins;  the  IkkIv  Huids  in  this  way  remaining  antag- 
onists to  the  growth  of  the  bacteria,  the  alexins  being 
bactericithil.  -If  fnily  a  small  amount  of  aniilysins  are 
present  some  of  the  alexins  are  ilcstroyed  anil  the  bac- 
teria are  not  all  killeil  or  weakened.  Those  remaining 
active  are  then  further  acted  u|ion  by  the  alexins  in  the 
tissues  ami  by  the  subslanires  given  olT  by  the  leucocytes. 
If  these  i>rotective  substiiuces  are  insufficient  the  infec- 
tion is  established. 

According  to  Ehrlich  the  jiroduction  of  antitoxins  and 
of  the  specific  i«>rtion  of  bactericidal  sera  is  due  to 
overproduction  of  molecules  in  cells  sensitive  to  the  to.v- 
ins  or  bacterial  cell  products.  Khrlich  considers  that 
toxin  molecules  have  what  he  calls  haptophore  atom 
groiijis  which  find  in  .sensitive  animals  cells  and  atom 
groups  having  for  lliem  an  allinity.  The  groups  unite 
and  later  the  poi.son  or  toxophorc  atom  group  of  the 
toxin  molecule  having  been  as.similated  acts  upon  the 
vital  part  of  the  protoplasm  of  the  cell,  and  injury  re- 
sults. Tliis  injureil  cell  substance  is  replaced  by  the  cell 
in  excess,  anil  this  excess  is  thrown  off  free  in  the  blotxl. 
This  free  cell  substance  has  allinities  similar  to  what  it 
had  in  the  cells  and  so  unites  with  the  toxin  molecules, 
antl  satisfying  them,  neutralizes  their  poisonous  proper- 
tics 

When  the  substance  of  bacterial  cells  is  injected  into 
a  susceptible  animal  ImmIv.  there  results  in  the  same  way 
as  with  toxins  an  injury  of  certain  cell  molecules,  and  an 
attempt  at  repair,  w  ith  usually  an  overproduction.  The 
specific  substances  priHluced  cannot  alone  attack  living 
Ijacterial  cells  similar  to  those  whose  protoplasm  has  pre- 
viously caused  the  injury.  To  destroy  the  bacterial  ceil, 
besiiles  the  specific  "antibody  "  there  is  needed  a  comple- 
mentary body.  This  is  the  substance  normally  present 
in  all  healthy  sera.  The  two  substances  together,  unit- 
ing with  the  bacterial  cell,  destroy  it. 

According  to  Ehrlich  these  specific  substances  are  pres- 
ent in  minute  amount  in  all  living  animals.  After  an 
injection  or  a  series  of  injections,  that  one  which  has 
affinity  for  the  poison  or  bacterial  protoplasm  is  enor- 


inoUNly  iiicreiiMtl.  TheM-atoiii  groiipii  of  the  large  mole- 
( illes  of  certjiiii  iMNly  cells  are  "side  cliailiH  "  ns  il  were, 
w  iiich  Nliind  in  Ihe  Hiiine  reliilioii  hh  the  kIiIc  chaiiiH  of  the 
aromallc  iillaehmeiit  to  the  beii/.ol  niicleUN.  On  Ihe  abil- 
ity of  these  groiipN  lo  unite  lies  their  leiiileiicy  lo  be 
polHoneil  or  In  prolecl. 

The  agiiliitins  M'eiii  to  lane  a  closi'  nsemlilance  to,  if 
they  are  not  identiial  with,  the  antilinilies.  which  to- 
gclhcr  with  Ihe  complemeiiiary  bmlies  destroy  the  Imc- 
leri 

Ehrlich's  "siile  chain"  theories  ate  most  intercsling; 
whether  they  have  in  lliem  a  foundation  of  tnilh,  or  not, 
oiiIn  further  investigiilion  can  reveal.  They  have,  how- 
ever, helpeil  greatly  to  establish  tliiit  the  protection  given 
by  aiililoxic  and  bactericidal  serums  is  due.  for  the  moKt 
|iart  at  least,  to  purely  chemical  action,  the  iinliloxinH 
iiniling  with  ihe  toxin's,  and  the  bactericidal  iiiitibiKlies 
and  complemeiilarv  bodies  combining  with  the  baclerial 
cells. 

An  important  fact  recently  estahlisheil  is  that  while 
we  may  accumulate  antitoxin  toalmosi  any  extent  in  the 
blood  of  infected  animals,  we  cann  t  .so  increase  the  bac- 
tericidal siibslaiices  in  the  .serum,  for  the  complementary 
body  which  is  essential  can  never  be  iiicreii.seil  in  the 
blood  much  beyonil  the  extent  to  which  it  is  n'irmally 
present  in  the  blood.  We  can  neutralize  any  amount  of 
toxin  by  siillicienl  nntitoxin.  but  we  cannot  protect  an 
animal  from  ileath  from  a  seplica;inic  germ,  if  we  give  an 
excessive  i|Uantity  of  bacteria.  At  the  present  time, 
therefore,  we  cannot  be  hopeful  of  having  protective 
sera  which  will  be  of  much  value  in  Ihe  treatment  of  dis- 
ease, w  hen  an  extensive  invasion  of  the  body  by  bacteria 
has  taken  jilace. 

With  anlitoxins  we  seem  limited  also  to  those  cases  in 
which  we  can  give  the  antitoxin  befortf  sullicient  toxin 
has  united  with  the  body  cells  to  produce  fatal  injury. 
If  even  seven  minutes  have  elapsed  after  an  excessive 
amount  of  tetanus  poison  has  been  injected  into  a  sensi- 
tive animal,  no  amount  of  antitoxin  will  protect  it  from 
death,  while  if  previous  to  the  injection  of  the  toxin,  the 
same  amount  of  antitoxin  has  been  mixed  with  it,  no 
harm  results. 

The  injection  of  toxins  and  bacterial  poisons  is  fol- 
loweil  after  forty  eight  to  ninety-six  hours  by  the  de- 
velopment of  protective  substances.  The  immunity 
reaches  its  height  a  week  or  ten  days  after  the  injection, 
and  then  continues  for  a  week  or  two,  when  it  slowly 
declines  again.  When  protective  sera  are  injected  the 
immunity  is  greatest  at  the  time  of  Ihe  injection  and 
then  gradually  les.sens.  The  immunity  following  serum 
injections  is  freiiueiitly  calleil  pas.sivc  immunity  and  that 
tlue  to  bacterial  or  toxin  injections  active  immunity. 

If  a  greater  iiuanlity  of  protective  substance  is  tiesired 
in  the  blood  than  occurs  after  one  infection,  repeated  in- 
jections of  living  or  dead  bacteria  or  their  products  are 
given,  tbe  doses  being  administereilat  short  intervals  and 
in  sufficient  amount  to  produce  a  slight  elevation  of  tem- 
perature and  malaise.  Then,  as  .soon  as  the  animal  re- 
turns to  a  normal  condition,  another  injection  of  slightly 
greater  quantily  is  given.  .Vfler  several  months  of  such 
treatment  the  blood  is  w  ilhdrawn,  alloweti  to  clot,  and 
the  serum  then  siphoned  off  aseptically  and  stored  either, 
with  or  without  the  adililion  of  preservatives.  The 
serum  is  tested  by  mixing  it  with  a  certain  number  of 
times  the  fatal  liose  of  a  culture  or  its  toxins  whose  viru- 
lence or  toxicity  is  known,  and  then  injecting  this  under 
the  skin,  in  the  vein,  or  into  the  peritoneum,  according 
to  the  nature  of  the  bacteria  to  be  tested.  The  main 
point  is  that  some  definite  method  be  carried  out  by 
which  the  relative  value  of  the  scrum  can  be  judged  in 
comparison  with  other  serums.  As  a  rule,  the  value  is 
stated  in  the  number  of  fatal  doses  of  culture  or  of  toxin 
which  a  fraction  of  a  cubic  centimetre  of  serum  will  pre- 
vent from  destroying  Ihe  animal.  It  is  well  lo  remember 
that  with  a  living  germ  a  multiple  of  a  fatal  dose  is  not 
as  much  more  severe  than  a  single  dose  as  the  figure 
would  suggest.  One  thousand  times  a  fatal  di>se  of  a 
very   virulent  micro-organism  will  be    neutralized   by 
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several  times  the  iimoiiiit  nf  sc-riim  wliieli  ii  sinirle  fatal 
(liise  n-iniires.  sinii-  in  llie  <iise  of  ver.v  vinilent  living 
Inirteriii  wliow  virulcnie  is  due  to  tln-ir  abilily  to  in- 
CIT1ISI-,  it  is  not  llie  (iriiiinisnis  wliiili  are  introduced  that 
kill  liiit  the  millions  thai  develop  Inmi  tlieni.  Asa  rule, 
the  serum  has  to  be  jriveii  before  the  liiieteria  intro- 
dm«'d  into  the  ImmIv  have  midtiplied  greatly.  After  that 
perioil  has  elapsed  tlie  serum  usually  fails  to  net.  The 
immunity  conferred  on  a  ]urson  from  serunt  lasts  from  a 
few  days  to  si'veral  monllis.  aerordini;  to  the  amotu\t  of 
M-rum  injected.  Asinanimals.it  is  stroniiest  immedi- 
utelv  after  absorption.  An  injection  of  bacterial  ])oisoiis 
or  tile  eonlraclion  of  actual  disease  usually  confers  ini 
Muuiitv  in  from  one  to  three  weeks  after  the  infection, 
which' lasts,  according' to  the  nature  of  the  infection,  from 
one  month  to  a  year  or  more.  The  wruni  loses  all  apiire- 
ciable  protective  value  as  measured  in  test  animals  in  the 
usual  doses  before  the  person  is  liable  to  infection.  Re- 
peated injeeiions  of  seriun  continue  this  condition  of  im- 
munity indelinitely. 

The  us<-  i<(  .sera  haviufr  s]iecitic  luotcclivc  properties 
has  been  tried  in  both  aninuils  and  man  as  a  luoventive 
of  infection.  In  susceptible  animals  injections  of  some 
of  the  very  virident  bacteria,  as  pneumoeocci.  strepto- 
cocci, typhoid  bacilli,  and  cholera  spirilla,  can  he  robbed 
of  all  lianirer  if  small  doses  of  their  respective  sera  are 
given  before  the  bacl<-ria  have  increased  to  any  great 
extent  in  the  bo<ly.  If  given  later  they  are  ineffective. 
For  some  bacteria,  such  as  tubercle  bacilli,  no  scrum  has 
bi-en  olvlainrd  of  sutticient  power  to  prevent  infection. 
Through  sent,  therefore,  we  can  immunize  against  an 
infection,  and  even  .stop  one  just  commencing;  but  as 
yet  we  cannot  cure  an  infection  wliich  is  already  fully 
developed,  though  even  here  there  is  reason  to  believe 
that  we  may  possibly  pre\ent  an  invasion  of  the  general 
system  from  a  di.seased  organ  as  by  the  pneumococcus 
from  an  infected  lung  in  pneumonia.  On  the  whole,  the 
s«'ni  which  simply  inhibit  the  growth  of  bacteria  have 
not  given,  as  observed  in  i)raetiec,  conclusive  evidence  of 
great  value  in  already  developed  disease.  This  is  partly 
due  to  the  dilliculty  of  determining  early  enough  the  ex- 
act nature  of  the  bacteria  causing  the  infection.  Al- 
though the  serum  of  animals  which  have  been  infected 
with  any  one  of  many  varieties  of  bacteria  is  usually 
both  antilo.vie  and  bactericidal,  still  one  of  these  protec- 
tive substances  may  be  present  almost  alone;  thus  anti- 
to.\ic  substances  arc  present  almost  e.vclusively  in  ani- 
mals injecte<l  with  two  species  of  bacteria  which  produce 
powerful  specific  poisons — the  bacilli,  uamcly,  of  diph- 
theria and  of  tetanus.  When  the  toxins  of  either  of  these 
are  injeetetl  in  small  amounts  the  animals  after  complete 
recovery  are  able  to  bear  a  larger  dose  withovit  deleterious 
elTccts.  and  thesi?  do.ses  in  the  n)ore  s\iital)le  animals  can 
be  gradually  increased  initil  a  thousand  limes  a  previ- 
ously fatal  (lose  may  be  a<lministered  without  any  serious 
results  whatever.  To  IJehring  and  Kitasato  wc  owe  the 
discovery  that  this  protecting  substance  accumulates  to 
such  an  extent  in  the  blood  that  very  small  amounts  of 
serum  are  sullicieiit  to  protect  other  animals  from  the 
effects  of  the  toxin. 

Some  other  important  panisitic  bacteria  i>roduce  toxins 
■and  in  the  body  antitoxins,  but  all  to  afar  less  extent 
than  tlioseof  tetantis  and  diiihlheria.  Followingthem  is 
till-  plague  bacillus,  anfl  then,  but  far  behind,  the  cholera 
spirilla,  the  typhoid  bacilli,  the  streptococci,  etc.  These 
latti-r  baiteria  produce  more  of  the  substances  which  in- 
hibit bacterial  growth  than  of  those  which  neutralize 
thi'ir  toxins. 

/ii/i,  liltil  /h/i«'/»i7i/— Natural  immunity  pertains  more 
to  species  than  indivi<luals.  and  such  iinm'unity  is  handed 
down  by  the  parents  to  their  offspring.  If  the  immunity 
of  one  or  both  parents  has  been  acfiuired  by  Ihem  during 
their  lifetime  previous  to  the  birth  of  the"  offspring  the 
immiuuly  conferred  is  slight  or  none  at  all.  This  is  es- 
pecially true  of  the  male  side.  In  the  case  of  the  female 
parent  another  factor  comes  into  play  alter  the  fructiti 
cation  of  the  ovum, — viz.,  the  absorption  of  products 
from  the  fluids  of  the  mother,  for  the  placenta  is  no  bar- 


rier to  soluble  substances.  Thus,  sheep  which  have  been 
immunized  lo  anthrax  have  moderately  immune  young. 
On  the  other  hand,  animals  vaccinated  with  cowpo.x  have 
not  bei-n  found  lo  havi-  immune  ofTsjuing.  Antitoxins 
injected  into  the  [lan  iits  apjiareiitly  pass  the  placenta, 
giving  thus  a  slight  transitory  passive  immunity.  A 
slight  immunity  is  also  given  by  immune  mothers 
through  their  milk,  a  small  amount  of  antitoxic  sub- 
stance lieing  al)sorbed  WiHi'im  II.  Park. 

IMPETIGO.— This  is  an  acute  speiitic  intlauunatory 
alfeiijoM  (if  tlie  skin,  spontaneously  and  cxiicrimentally 
inoculuble.  conlagious.  and  epidemic;  characterizeil  by 
the  formation  <d'  superlicial  flaccid  vesicles  which  .soon 
rupture  and  give  place  to  crusts  formed  by  the  drying 
of  the  effused  serum.  These  crusts  are  without  inflam- 
matory areola  and  look  as  if  stuck  on  the  sound  skin,  the 
underlying  e|>idermic  erosions  healing  in  a  few  days 
without  leaving  cicatrices. 

Impetigo  is  a  disease  peculiar  to  infants  and  yoimg 
cliililrcn.  not  that  there  is  with  them  any  siiecial  under- 
lying predisposing  cause  iu  the  soil,  so  to  speak, 
such  as  a  strumous  or  lymphatic  condition  as  is  often 
alleged,  but  that  siiuply  their  skins  are  more  deli- 
cate, ^larticularly  that  of  the  face,  where  the  corneal 
epidermis  is  less  thick  and  where  impetigo  occurs  most 
frequently. 

Given  an  erosion  of  the  skin — and  the  thinner  the  skin 
the  more  easily  does  erosion  occur — and  the  introduction 
of  the  special  germ,  a  characteristic  lesion  of  imi)etigo 
will  result.  The  ufciihntitl  causes  which  lead  to  this 
inocidatiou  are  those  that  coniluce  to  scratching  by 
which  the  skin  is  broken,  such  as  phthiriasis,  especially 
of  the  scalp,  and  scabies.  Eczema  may  lead  to  impe- 
tigo. The  contagiousness  of  impetigo  was  clinically  es- 
tablished by  Devergie  and  expiTimentally  proven  later 
by  Tilluu'v  Fox.  of  Loudon,  and  others.  Fox  pretixed 
the  term  contagious,  which  would  make  it  appear  that 
his  '■  contagious  impetigo  "  was  a  different  affect itm  from 
the  impetigo  of  the  French  school,  which  is  not  the  case. 
Impetigo  and  "contagious  impetigo''  are  one  and  the 
same  disease  and  "  contagious  "  is  an  entirely  uiuiecessjtry 
and  confusing  qualification.  Through  the  more  or  less 
intimate  association  with  the  greater  opportunity  for 
contagion  that  takes  jilace  iu  schools  and  families,  im- 
]ietigo  may  become  e|iidemie  solely  through  the  inocula- 
tion of  one  by  the  other  of  the  members  of  such  bodies. 
The  direct  and  efficient  cause  of  impetigo  Is  a  micro- 
organism— one  of  the  streptococci. 

The  elementary  lesiou  of  impetigo  is  an  erythematous 
spot  but  slightly  if  at  all  elevated,  varying  in  size  from 
the  head  of  a  large  pin  to  that  of  a  sjilit  pea.  Tliis  lesion 
is  very  transitory  and  gives  i>la(e  in  a  few  hours  to  a 
superficial  flaccid  vesicle  containing  a  clear  limpid  serum. 
The  thin  corneal  covering  of  this  blister-like  lesion  is 
easily  ruptured,  spontaneously  tw  by  scratching,  allow- 
ing to  exude  a  limpid  scrum  which  (|uickly  coagulates 
and  forms  the  characteristic  honey-like  crusts  that  ap- 
pear as  if  sttick  on  the  sound  skin.  An  accumulation  of 
these  friable  amber-yellow  crusts,  without  surrounding 
inflammatory  areola,  over  the  cheeks,  forehead,  and  chin, 
and  around  the  lips,  presentsa  classical  iiieture  of  the  dis- 
ease known  as  impetigo.  It  may  occur  on  any  iiart  of 
the  body,  but  the  face  isthe  familiar  location.  At  times, 
after  the  breaking  of  the  iui])erfect  vesicle,  little  or  no 
exudation  will  take  place,  so  that  no  crusts  are  formed, 
there  being  merely  a  thin  glaze  over  the  underlying  su- 
perficial erosion  which  heals  ((Uickly,  leaving  an  ery- 
thematous spot  that  slowly  dis)i])pears.  This  abortive 
atteiupt  is  noticed  more  freciuently  in  grown  i)ersons. 
Ordinarily  through  successive  reinoeidations  an  attack 
of  impetigo  will  last  for  from  three  to  four  weeks.  The 
burning  and  itching,  though  slight,  are  sufficient  in  a 
child  to  cause  it  t<i  scratch  the  lesions,  thereby  infecting 
the  finger  nails,  and  thus  transference  to  other  parts  is 
effected  with  the  establishment  of  new  lesions.  AVhen 
uncomplicated,  the  lesion  of  impetigo  never  suppurates 
ami  terminates,  after  falling  of  the  crust  and  the  ijradual 
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iliNii|>|H-iintuce  of  the  iiiiili-rlyiiig  r«'(lik'nc<l,  unit  without 

cinilrix. 

Iiiipi'lJL'ii  iiiiiy  !«•  iliiii;ii<>s<'(l  fripiii  viirirtllu  liy  llir  more 
wiili'siiri'iiil  ilistribiitinii  of  till'  latlcr.  iiii|i<'tii;ii  hciii^  ck- 
st'iiliiilly  rcf^iiiiiiil ;  tlic  vi'sicit' of  viirircllit  in  .miiiilirr  iiiiil 
nmrc  |>n>iiiiiii'iit,  is  siirroiiiuliil  lir  »  wiilc  anii  of  t'lyllir- 
iim,  mill  (Irirs  u|i  iiili)  miiiiIIit  iiihI  fur  li'ss  Imlky  iiiiNts 

From  I'clliyiiiii  ihr  (liiiminsls  Is  iiiii<l<-  by  tlii'  distrilm 
tioii  of  till'  li'siiiiis  iif  till'  liilti'i'  oil  till'  ciivrri'd  |HirlioiiH  of 
tlic  IiikIv.  mill  liy  tlir  ^'mitrr  iiilriisity  of  tlir  iiillmiiiiiu 
lory  |iro<i-s  in  rctliyinu  with  ii((oiii|imiyiii^.'  iii<limit<'(l 
liiiHi',  uiilr  iiitlmiK'il  mrolii  uroiiiiil  llir  iriis!  rovcrcil  piiH 
tiilc.  mill  iliTpir  irosivi'  lu-tioii  ii|»ni  tin-  skin 

A  liiilloiis  iiii|iriii;o — 11  nire  form — lias  at  timrs  iR-rn 
frroniiiiisly  rt'iiortnl  as  "aciiti'  pcmpliiKUs  in  cliililrcn." 

A  mistcil  iniprtiiro  lision  iimy  siiniilali-  a  sypliilido. 
esperially  u  Inn  siliialiil  aroiiinl  llic  nioiitli  and  cliin  in 
adults;  if  tlir  lision  is  one  of  sypliilis  tin-  criisl  on  briii!; 
rrinovi'd  will  lie  found  to  have  siirinoiinted  a  papule  or  a 
sanioiis  iilrer. 

Treatment  is  simple  and  i-lTective.  liemoval  of  the 
crusts  liy  soaking  i"  olive  oil  until  they  me  easily  de- 
taehed  is  the  first  step,  after  which  an  applieatioii.  re- 
newed twice  daily,  of  a  tive-  to  ten-percent,  ointment  of 
ammonialed  meriiiry  will  complete  the  heidini;  in  a  few 
davs.  U-aviiic  only  the  after  redness  which  in  turn  grad- 
ually disappears.  This  treatineiit  is  allsuHieient.  and 
while  there  are  many  oilur  remedies  that  will  jierhaps 
cure  as  well.  iIhv.-  is  none  belter  timu  this. 

V/iarUs  Totciitfieitd  Dude. 

IMPOTENCE.    See  Sexual  Organt,  Male,  Afftctiont  of. 

IMPREGNATION  is  the  union  of  two  germ  cells,  to 
form  a  >iiii;le  m-w  cell,  capable  of  initialing  by  its  own 
division  a  lapid  succession  of  generations  of  descendcnt 
cells.  This  process  is  more  frei|Ucntly  c.'illed  fiililizn- 
lion  i>r  fii-iiiiiliitioii.  The  new  cell  is  called  the  impreg- 
uated,  or  fertilized,  ovum;  also,  especially  in  botany,  it  is 
called  oonjiort^OT  zygote.  The  production  of  cells  from  it 
is  called  its  segmentation,  or  cleavage.  For  the  theory 
of  the  relation  of  the  elements  toone  another  and  to  other 
cells,  see  .Sj-,'  for  accounts  of  the  sexual  bodies,  see  Otuin 
and  ■'^ixniiatosiHiii. 

In  all  multicellular  animals,  impregnation  is  effected 
by  three  successive  steps:  1,  The  liringing  together  of 
the  egg  and  spermatozoon:  2.  the  entrance  of  the  sper- 
matozoon into  the  ovum,  and  formation  of  the  sperm 
nucleus;  3.  fusion  of  the  sperm  nucleus  with  that  of  the 
egg  to  form  the  segmentation  nucleus.  We  proceed  to 
consider  these  steps  in  their  order. 

1.  TiiF.  Hiiixr.iNo  Tooktuku  OF  TIIK  Gr.nM  Cells.— 
This  is  effected  among  animals  in  a  great  variety  of  ways, 
which,  however,  fall  into  two  groups,  according  as  the 
impregnation  is  elTectcd,  («)  outside  the  body  of  the 
mother,  or  {!>)  inside.  The  simplest  manner  is  the  dis- 
charge of  the  eggs  and  spermatozoa  at  the  sjimc  time  into 
the  water,  leaving  their  actual  contact  to  chance,  the 
method  of  the  ossi'ous  lislies  for  the  most  part,  and  of 
many  invertebrates.  An  advance  is  the  copulation  of  the 
Anura  (frogs,  etc.).  the  male  embnices  the  female,  and  as 
the  latter  discharges  the  ova.  ejects  the  sperm  iijion  them. 
In  the  higher  vertebrates  the  seminal  liiiid  is  transferred 
from  the  male  to  the  female  passages  during  coitus. 
The  physiology  of  this  complicated  function  does  not  fall 
within  the  scope  of  this  article. 

For  a  long  time  it  was  not  known  how  the  semen  fer- 
tilized the  ova :  the  problem  was  long  fruitful  of  fruitless 
speculation.  The  first  step  toward  gaining  actual  knowi- 
edge  was  the  discovery  of  the  pos.sil)ility  of  artiticial  fe- 
cundation by  .Jacobi.  in  1764.  Spallanzani  was  the  first 
to  take  advantage  of  this,  and  to  show  that  fecundation 
implied  a  material  contact  of  the  semen  with  the  ova.  and 
thus  to  set  aside  De  (iraaf's  notion  of  the  ntira  feminnliK. 
But  not  until  tifty  years  later  did  the  memorable  experi- 
ments of  Prevost  mid  Dumas  (Aiinale:*  do  .Sriencen  yatn- 
rflUn.  IS'24)  establish  the  fact  that  the  spermatozoa  are 
the  essential  factors  of  fertilization.     Again,  a  little  over 


fifty  yearH  later,  llertwig  and  Ful  fUiowed  that  one  «|M'r 
nialo/ooii  siifllceH  to  im|iregiiate  all  oviiiii. 

We  have  ihen  to  i-iiiisiili  r  Imw  the  hpermntozoa,  after 
the  heiiien  has  been  transferriil  to  the  female.  atl«iii  the 
ovum.  They  are  found  In  mamnialH  after  eo|iiilatioii  In 
the  vagina  and  even  ill  the  uteriiK.  but  it  Ih  not  ■  learly 
asi'ertained  how  they  get  iM-yond  the  vagina.  It  Ih  proli- 
alile  that  they  travel  through  the  female  puKWigi-H  partly 
by  till-  movements  tlieieof,  partly  by  their  own  lix-omo 
tion.  and  enter  the  Fallopian  IiiIm-*.  tliougli  why  or  how- 
is  really  iinkiiow  n,  and  pass  upward  to  meet  tlie  ovum 
They  are  found  in  considerable  numbers  in  the  Fallopian 
tubes.  The  ovum  ineanwhile  travels  down  the  oviduct, 
it  probably  being  impelled  by  peristaltic  niovenicnu  of 
the  duet. 

The  meeting  point  or  site  of  impregnation  in  placental 
mammals  is  about  one-third,  perhaps  one  half  way  down 
from  the  fimbria  to  the  uterus.  It  is  remarkably  con 
stant  for  each  species.  Nothing  positive  is  known' an  to 
the  site  of  iinpregnatioii  in  man,  but  there  is  no  reason  to 
suppose,  as  is  unfortunately  often  done,  that  the  site  is 
variable  or  dilTerent  from  that  in  other  inmnmalia. 

In  the  sexual  reproduction  of  plants  the  germ  cells  are 
brought  together  in  a  great  variety  of  ways;  and  in  the 
higher  forms  the  jirocess  is  complicated  by  an  alteniatioa 
I  of  generations.  It  will  sufHce  for  our  present  |)iirpose 
to  note  that  in  many  of  the  lower  plants  the  male  germ 
cell  is  an  actively  niotili'  k/i/  iiiinlozoiil,  hdmologous  with 
the  spermatozoon  of  animals,  on  the  one  hanil,  and  with 
the  genu  cell  of  the  pollen  grain  in  liigher  plants,  on  the 
other  hand. 

2.  TlIK  ENTU.VXCK  of  TIIF,  SfKItM.VTOZOON  IN-ro  TIlK 
OvfM  .\Xt>  FoUM.\TIOX  OF  THE  Si'EItM  Nici.Ers. — With 
our  present  knowledge,  the  assumption  appears  unavoiil- 
able  that  the  ovum  exerts  a  specific  attraction  upon  sper- 
matozoa of  tli<'  .sjime  sjiecies.  We  observe,  in  fact,  when 
artificial  fecundation  is  employed,  the  spermatozoa 
swarming  around  the  ova  as  if  held  by  an  irresistible 
impulse.  This  phenomenon  occurs  with  every  class  of 
animals,  even  in  mammals,  whose  freshly  removed  ova 
were  examined  on  a  warm  stage  under  the  micro.scope 
(Rein).  8tassano  has  maintained  that  the  eggs  of  ecliino- 
derms  do  exert  such  an  atiraetion  and  also  a  similar  but 
less  strong  attmction  upon  the  spermatozoa  of  allied  spe- 
cies. Since  the  brothers  Ilertwig  have  found  by  their 
exiierimenls  with  sea  urchins  that  hybrid  impregnation 
takes  place  more  readily  after  the  ova  have  been  kejit 
awhile,  Stassano's  view  involves  the  further  assumption 
that  the  specific  nature  of  the  attraction  fades  away  diir 
ing  a  few  liour.s.  Very  suggestive  in  this  connection  is 
PfetTer's  discovery  that  certain  chemical  substances  may 
attract  moving  Spores,  etc.,  to  definite  spots.  It  is  con 
ceivable  that  the  ovum  may  draw  the  spermatozoa  tow- 
ard itself  by  chemical  influence,  acting  as  an  attracting 
stimulus.  That  this  attraction  may  be  exerted  by  the 
cytoplasm  of  the  egg  alone,  is  shown  by  the  experiments 
of  Boveri,  Ilertwig,  Bresi.  and  Morgan,  who  found  that 
spermatoza  will  enter  enucleated  fragments  of  eggs. 

There  may  be  mechanical  devices  to  facilitate  the  en- 
trance of  the  spermatozoon;  this  is,  jicrhaps,  generally 
true  of  all  ova  with  micropylcs  serving  for  the  passage  of 
the  spermatozoa.  A  careful  study  of  such  devices  in  tlie 
cockroach  has  been  made  by  Dewitz,  who  found  tliat  the 
motions  of  the  spermatozoa  of  this  insect  are  peculiar, 
and  adapted  to  increase  the  probability  of  their  pa.ssiiig 
through  one  of  the  micropylcs  of  the  ovum.  In  ova 
without  microi)yles.  among  which  those  of  mammals  are 
included,  the  spermatozoa ^nay,  so  far  as  we  know,  pene- 
trate any  jtart  of  the  envelopes. 

In  the  rabbit  (Rein)  about  ten  hours  after  coitus  the 
ovum  is  found  nearly  half  nay  through  the  oviduct,  and 
surrounded  by  many  spermatozoa,  |)erliaps  a  hundred, 
more  or  less.  These  are  all,  or  nearly  all.  in  active  mo- 
tion, for  the  most  part  jircssing  their  heads  against  the 
zona  radiata.  Several  of  them  make  their  way  through 
into  the  interior  of  the  zona.  According  to  Henscn.  only 
those  spermatozoa  which  enter  the  zona  along  radial 
lines  can  make  their  way  through;    those  which   take 
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oblique  courses  rc-mnin  caught  in  llie  zona,  anil   may 
still  Im>  S)'cn  tlirrciluriiii.'  sctiiiciilallnii.     As  thoovum  at 

this  li is  iilri'iulv  fully  miiluiiil  (scr  Onim).  iIktc  is  u 

hi'twi'cii  till'  (■iiiilnu'liil  ovum  iiiul  Ilic  zniia.  In 
iliis  spiuf,  as  wfll  as  in 
till'  zona  itself,  several 
siKTMialozon  may  be  ob- 
scrveil  at  scattereil  points 
(Fig.  2787).  Tlie  egg  nu- 
cleus (see  Oriiiii)  is  pres- 
ent, having  lieen  reformed 
since  till'  e.vpwlsioM  of  tlie 
seconil  ]iohir  globule  from 
the  ovum,  while  in  the 
ovary.  One  spernuitozoon 
gets"  into  the  egg  prop- 
er, anil  its  cutrance  U])- 
parently  prevents  the 
penetration  of  other  sper- 
inalo/oa — /loip  is  unikter- 
mineil.  The  tail  of  the 
spermatozoon  soon  liisap- 
pears:  while  tlie  bead, 
whieh  consists  almost  en- 
tirely of  nuclear  material, 
chromatin,  enlarges,  prob- 
ably by  the  imliiliition  of 
tluid  fi'om  the  cylo])lasm 
of  the  egg.  and  becomes  the  sperm  nucleus.  This  was 
formerly  called  the  iimlc  proniieUus.  in  distinction  from 
the  egg"nui'leus.  which  was  called  ihcfiinah  proiiiicktin ; 
but  they  ilifTer  in  no  respect  from  other  nuclei,  except  in 
the  number  of  chromozomes  which  they  contain. 

The  pas.sage  of  the  spermatozoa  through  the  zona  was 
first  discovered  by  Martin  Harry,  in  is4:j,  and  allhnugh 
his  statement  was  received  with  considerable  hesitation 
by  his  contemporaries,  it  lias  since  had  competent  con- 
tinuation repeateilly.  Warneck  is  said  to  have  been  the 
first  (1850)  to  see  the  tico  pronuclei,  but  their  signifi- 
cance was  not  perceived.  The  nature  of  the  male  pro- 
nucleus was  first  recognized  by  Oscar  Ilertwig,  who 
tnii'i'd  its  genesis  in  the  ova  of  echiuoderms  from  the 
spermatozoon.  The  fact  that  the  male  )nonueleus  is  the 
nu'tamorphosed  head  of  tlie  spermatozoon  has  since  been 
contirmed  by  8elenka.  Ed.  van  IJenedeu,  Xussbaum, 
Eberth,  Platner,  and  others. 

All  hough  a  number  of  the  spermatozoa  make  their  way 
into  the  perivitelline  space,  probably  always  one  alone 
niirmally  enters  the  ovum  there  to  form  a  pronucleus. 
The  best  observers  are  agreed  upon  this  point,  and  in  all 
species,  the  observations  ujion  which  have  covered  the 
whole  scries  of  slei>s  in  the  impregnation,  there  has  been 
found  in  normal  cases  always  a  single  sperm  luicleus. 
Jjchneider's  statements  to  theeoiitrarv  have  been  delinite- 


Fui.  •-*:'•:.- ovuin  of  n  ItnhWt  (111 
iiplli-al  St-^'Uoio  laken  fniiii  tin* 
MIcUlli'of  llii-  Oviiliiil  iilHiut  Si'V- 
i'iii<i'ii  Hours  after  inltus.  The 
siwnii  iiml  fffir  niiolcl  an*  cIum' 
lotfi'llier  nl  the  ceiuiv  ut  Ilie  I'Cif ; 
the  (Hilar  Klotnilcs,  ji.i;.,  are 
shnwn ;  numerous  siK-ruialozoa 
lie  wllhln  lUe  zona.  j.  (Atler 
lU'ln.) 


y 


'/ 


f 


^1< 


Fio.  SiW.— AnK-rlnr  Pole  of  the  nnan  of  Pi'lromyzon,  with  a  Spcr- 
niatozrion  l»jii..  enterlnir  the  MliTopyli!  iinl).  <.\ft<'r  CaUxTln.) 
ji.i'..  I'i'rivltellln''  s|mrt';  J,  zona  pellurlila ;  a,  |iath\vay  to  eirg 
liueti'lis.  n  ;  i//v.  yolk. 

ly  corrected.  BainlK-kc,  KupfTer,  and  KuplTcr  and  Ben- 
ccke  have  observed  that  several  spermatozoa  actiiallv 
enter  the  yolk  in  biitnichians  and  I'etromyzon.  Ilertw  ig, 
however,  found  only  one  sperm  nucleus  in  the  frog,  and 
there  has  as  yet  been  uo  evidence  adduced  that  several 


spermatozoa  are  concerned  in  the  final  ])hases  of  impreg- 
nation. Fol  observed  that  star-tish  eggs  are  normally 
impregnated  by  one  spermatozoon:  but  if  1  hey  are  ex- 
liosed  to  the  action  of  carlioiiic  acid  they  may.  while  so 
poisoned,  be  iiniiregnated  by  several  spermatozoa,  but  the 
subseiiuent  devehipment  in  this  case  is  abnormal. 

The  term  micropyle  is  applied  to  various  structures, 
and  does  not  in  all  ca.ses  ilisiguate  a  passjige  through 
which  spermatozoa  enter — llius  the  niieropyle  of  Imlo- 
lluirians  is  incicly  a  stniclurc  left  in  the  cnvelo|ies  in 
conseiiuence  of  the  way  the  egg  is  devilo|ied.  A  micro- 
)iyle  has  been  observed  in  tlie  ova  of  teleosls  and  the 
ianiprey,  but  it  is  doubtful  whether  it  is.  like  the  micro- 
pyles  in  the  hard-shelled  eggs  of  insects,  inlendeil  for  the 
passage  of  spermatozoa.  C'alberla  stiw  the  micro]iyle 
thus  used  in  the  lamprey,  and  it  is  jiossible  that  the  fruc- 
tifying spermatozoon  enters  that  way,  although  Ku]ilTer 
and  Ileuecke  state  that  spermatozoa  may  also  |iass  direct- 
ly through  the  zona.  A  good  synopsis  of  the  observa- 
tions on  the  lamprey  is  given  by  llcnseii  (llennanu's 
'■  Ilandbuch,"  vi.,  ii.,  12U).  We  have  only  to  notice  that 
there  is  a  special  band  of  non-granular  |)rotoplasm  lead- 
ing from  the  micropyle  to  the  egg  nucleus  (Fig.  2788), 
and  serving  as  a  path  for  the  spermatozoon:  a  similar 
liand  has  been  observed  in  amphibian  eggs  by  Ilertwig 
and  Bambekc:  it  serves  perhaps  as  a  mechanism  to  guide 
the  sperm  nucleus  to  the  egg  nucleus. 

The  manner  in  wliieli  additional  spermatozoa  are  ex- 
cluded, after  the  first  has  cntereil.  is  still  under  discus- 
sion. In  cases  in  which  there  is  a  .single  microi>yle.  which 
is  used  for  entry,  it  is  possible  that  a  portion  of  the  first 
spermatozoon  may  remain  to  close  the  passage,  or  that 
in  going  through  it  sets  in  action 
some  mechanism  by  whieli  the 
opening  is  automaticall_v  shut. 
Where  there  are  sevei-al  or  many 
micropyles.  as  in  some  iu.sects,  or 
where  the  envelopes  niav  be 
jnereed  at  any  point,  as  in  mam-  ■^0W^s&i^'i^?Wp0 
mals,  there  must  of  cour.se  be  some      — "-""  ••■.'.-.•• 

other  device.  Fol  has  maintained  F'f-  2789.-E(rg of  Toxop- 
that  this  is  found  in  the  starfish  in 
the  rapid  formation  of  a  ineni- 
brane  around  the  yolk,  immedi- 
ately after  the  entrance  of  the 
first  spermatoon.  This  is  con- 
firmed by  the  observations  of  Wilson  and  others  on 
other  echinoderm  eggs.  The  egg  is  at  lirst  jierfcctly 
naked  and  the  membrane  is  formed  very  quickly  after 
the  entrance  of  the  head  and  middle  piece,  leaving 
the  tail  outside.  Selciika  ( /)/"%.  Cuilndhl..  v.,  8)  de- 
.scribes  the  fertilization  of  the  ovum  of  a  nemertean  worm 
— several  siienuatozoa  enter  within  the  vitelline  mem- 
brane; the  yolk  contracts  slowly;  after  a  lime  the  two 
]iolar  globules  are  expelled,  and  before  they  separate 
from  the  yolk  one  spermatozoon  passes  into  the  yolk  be- 
tween them  ;  the  globules  then  break  oil  and  are  knocked 
about  by  the  spermatozoa  in  the  perivitelline  space.  In 
this  case  there  seems  to  be  a  portal  opened  just  long 
enough  for  one  spermatozoon  to  enter.  As  the  phenom- 
enon lo  be  explained  is  common  to  all  ova.  its  causation 
is  presumably  fundamentally  identical  in  all  cases.  Be- 
yond this  surmise  our  inesent  knowledge  does  not  permit 
"us  to  go.  The  hypothesis  may  be  suggested  that  the 
attractive  power  of  the  ovum  is  annulled  or  weakened  by 
the  entrance  of  the  first  spermatozoon, 

The  fate  of  the  tail  of  the  s])ermalozoon  differs  in  dif- 
ferent species.  In  some  the  whole  s|icrmaIozoon  enters 
the  egg.  wiiile  in  others,  as  the  ecliinodcrms.  only  the 
head  and  the  middle  ])icce  enter.  In  eilhcr  case  it  is  a 
well-established  fact  that  the  tail  is  simply  a  locomotor 
organ  and  takes  no  ]«irt  in  fertilization  proper. 

While  the  spermatozoon  is  pas.siiig  through  the  ovic 
envelopes  active  changes  occur  in  the  cyto|ilasm.  Of 
these,  the  most  constant,  as  well  as  the  most  obvious,  is 
the  formation  of  a  slight  protuberance  on  the  surface  of 
the  cytoplasm  of  the  egg,  rising  up  toward  the  spermato- 
zoon.    This  protuberaiice  (Fig.  2789)  may  remain,  as  in 


neustes,  with  entering 
Speniiatozoon  (.v),  and 
a  Protiilierance  of  the 
Cytoplnsui  rising  toward 
it.    nfterSelenka.i 
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IH'iii'lniiiiiK  ii  "iiUTN  tin-  nviim;  or  it  limy  ri'lnul  licfor*- 
llli-s|ii'riimt<i/.<Niii  |iiiH.>.<'>.  |l|rll|l^'ll  llirriivi-lnpcs.  itliil  rvi'ii 
witliilruw,  IIS  ill  IVimiiiy/iiii,  so  fur  from  llii'  iiilvuiicing 


Tic.  uV.*!.     |iliii.'niiii»  ••(  Tw..  Prlnrlpiil  Tvix-i  nf  Fi-nlllziillon.     .1.  B.  nml  r.  I'dnr  iKxlii-s  tonm-il  afler 
Ihf  fiiinnHv  of  tlif  siMTimitoztMrn.  lui  In  Ncinal<Nli*s.  AniuMlds,  aud  Mollusks;   D,  K,  hikI  h\  im)Iiu' 

iHHllfs  foriiicl  U'fon*  fiiinifn f  !«|K'rutattiz<ioD,  as  iu  F^'hiiiixliTius.    Ki;i^  Duclcus  at   Q  .  spt'mi- 

^  .    (Fivm  Wilson.)  * 


nurli'us  at 


spermatozoon  as  to  cliaiijrc  into  a  dopression  (Fiir.  2iH8). 
Tlic  protiilicniiRi'  lasts  only  a  few  minutes.  In  IJufo. 
aceoriiing  to  Kiri>ITer.  several  spermatozoa  enter  the  egg 
and  a  jirotubenince  rises  toward  each  one.  as  if  tlie  cyto- 
]>lasni  wore  actively  striving  to  reaeli  the  male  element. 

3.   FisKix    OK    TiiK   Geiim     XfCI.El.    Fkhth.iz.vtiox 
PiioPEK. — For  many  centuries  the  processof  feeundatiou 


Fir..  Cmi.— Foriilizailon  of  the  E(rg  of  Thalasucma  mcUlla.  The 
bead  of  the  spennatozoon  precedent  by  tlie  sperm  aster  is  sliown  at 
S  .  Tlie  fomiatiun  of  tlie  flrst  polar  Ixxly  is  nearly  completed  and 
the  inner  cenlrosome  of  the  pi>h'.r  splnrtle  has  divided  preparatory 
III  the  fonnaiioii  of  the  second  polar  anipliiaster.  HiKhly  magnilled. 
(After  (irilBn.) 

waswrajiped  in  the  (ieepest  mystery,  and  while  the  keen 
observers  of  the  latter  half  of  the  eighteenth  century  and 
the  first  half  of  the  nineteenth  did  much  uccessarv  pre- 
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liiiiiiiiiry  work  in  lliis  direrllon,  they  wi  far  tailed  to  cleur 
up  till'  iiiyHlcry  thai.  iiltliouK'li  Hprniwito/nu  huil  Ih-iii  din- 
covered  liy  llaiiiiii  iiinl  I.eeiiweidiiH'k  In  IHiT,  and  SpaU 
lunzani  liiid  f.howii  in  I'Mti  that  spermatic  lliiiil  deprived 
of  Kpermato/.oa  liy  llltnilion 
Ih  Htrrile.  .lohaillieH  MUlliT 
wrote  ill  his  -riiyhiiilocy  " 
III  INO  that  It  was  iiiieertiiin 
wlielher  the  K|H-riimlii/.ou 
were  pnniKites  or  not ;  uiid, 
alllioiigli  Sehwunn  liud  de- 
clared the  ef.'g  to  lie  ii  cill 
as  early  as  lt««.  il  wits  still 
possible  in  IKT.'i  for  a  disllii 
guishcd  zoologisi.  Ale.vaiKler 
tioetti-.  to  write  "tlmt  the 
egg  was  a  mass  of  noii  living 
yofk  wliicli,  under  the  in- 
lliieiice  of  the  spemiulo/.tHin, 
gradually  cume  into  a  living 
condition."  While  llie  proc-- 
ess  is  still  siitllciently  won- 
derful and  niysterioiis.  a 
great  deal  has  been  iloiie  dur- 
ing the  past  twenty  live  years 
to  render  it  intelligible. 

The  lirst  great  dis<'overy 
was  made  by  O.scar  llertwig, 
who  observed  in  1875  that 
the  egg  of  a  sea  urchin,  7''<J"- 
pin'"«lfs  liridiiK,  is  normally 
fertilizi'd  by  the  entrance  <if 
a  single  speriiialozoon,  and 
that  the  spermatozoon  gives 
rise  to  a  u u c I e us  w h i c li 
unites  with  the  nucleus  of  the 
egg.  forming  by  this  union  the 
segmentation,  or  cleavage, 
nucleus.  We  know  now,  as  the  result  of  nunieiotis  ob- 
servations, that  both  the  egg  and  the  spermatozoon  are 
living  cells,  and  that  they  are  morphologically  equiva- 
lent, except  in  so  far  as  they  are  altered  in  form  in  adap- 
tation to  a  physiological  division  of  labor,  the  piincipal 
difference  being  that  the  egg  is  provided  w  ith  u  large 


Fio.  27!C— Later  Slapevf  ...    - .      .  Ff  nucleus  in  shown  at 

?  and  the  sperm  nucleus  at  i  .  The  two  nuclei  are  appniaching 
one  another.  The  ejnr  centrosomc  has  vanished,  while  the  persist- 
ant sperm  centrosome  has  di\ided  forming  two  centrosonies  with 
asters.    (After  Grifflu.) 

amount  of  cytoplasm,  often  heavily  laden  with  food  yolk 
for  the  nourishment  of  the  embryo",  and  has  no  power  of 
locomotion ;  while  the  spermatozoon  is  totally  devoid  of 
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fooil  mntcriiil  nml  lia«  but  little  cytoplasm,  most  of 
wliirh  is  usiiiilly  ini»liflo<l  to  fonii  ii  tln>rcllum  or  other 
organ  by  wliicli"  the  speriimtuziii.ii  iiiay  move  iictively 
ami  sock  the  rj:),'.     TliiTe  is  jMjssibly  uublher  physiologi- 


<-frr, 


X. 


\ 


Fli;.  2T!B.— Ttiiilusscmii.  Copulation  of  the  (TPrm  nuclei.  The  sperm 
i-entrosomes  are  seen  In  the  plane  separatiuL'  the  two  nuclei.  (After 
(iriffln.) 

cal  (lifTercTicc  which  will  be  noticed  in  connection  with 
the  function  of  the  centiosome.  Tin-  terms  male  and 
feniale  cannot  be  applied  properly  to  these  cells,  and 
should  be  iisi-d  only  as  descriptive  of  the  organisms  that 
produce  them  or  their  e(|uivalents. 

TJiere  are  two  types  of  fertilization  in  animals,  depend- 
ing, as  was  tirst  suggested  by  llertwig,  upon  the  time  of 
entrance  of  the  spermatozoon. 

The  eggs  of  echinoderms  (Fig.  2790.  D,  E,  F)  pass 
through  the  whole  process  of  maturation  (see  Reduc- 
tion liirhioii)  beffire  the  entrance  of  tlie  spermatozoon. 
the  egg  nucleus  has  resumed  the  form  of  a  spherical 
vesicle,  and  the  aster  and  centiosome  of  the  la.st  polar 
spindle  have  di.sapi)eared.  The  S|)ermatozoou  inaj'  enter 
the  egg  at  any  point.     Soon  after  entrance  the  head  of 


Fin.  SHH.— Thnlassi'ihu.  .i,.-iH>i  .  Mi,>,m.- iiniphiii.-i.-r.  i.cnii  nuclei 
completely  fii»e<l,  wuh  the  chromatin  In  the  spireme  staire.  (After 
Grltlln.; 

the  spermatozoon  revolves  end  for  end  and  begins  to 
enlarge,  while  a  scries  of  lines  a|ipear  in  the  cytoplasm 
radiating  from  the  position  of  the  middle  piece.  These 
radiations  form  the  «;«;•/«  aster,  and  at  their  centre  there 
is  a  small  darkly  staining  spot,  the  irpei-m  ccntromme.    The 


head  of  the  spermatozoon,  now  called  the  »/«?r«»  nudfus, 
moves  rapidly  toward  the  e;i'j  niirli'in.  preceded  by  the 
aster.  Tlie  latter  touches  the  egg  nucleus  and  divides 
into  two,  and  shortly  after  this  the  sperm  nucleus  unites 


Fic.  279.1.— The  Same.  First  cleavape  spindle  In  the  late  propba*e. 
Chroniosunies  furuhni^at  the  equator.  The  centrosomes  have  bepun 
t(»iliviilf  prepiinitory  to  the  second  cleavape.  This  scctii-n  pa.>vses 
through  the  plane  of  the  two  p<»lar  bodies,  which  arc  seen  at  the 
upper  pole  of  the  eftff.    (After  Griffin.) 

with  the  egg  nucleus,  the  two  becoming  completely  fused 
in  a  single  segmentation,  or  e/nirni/t,  /inr/iiin.  In  the 
mean  time  the  two  asters  formed  by  division  of  the  sperm 
aster  have  taken  up  iiositions  at  opposite  poles  of  the 
nucleus.  Soon  the  nticlear  meinbnine  disappears,  chromo- 
somes and  siiindle  are  formed,  and  the  first  cleavage  be- 
gins. In  this  type  of  fertilization  the  two  nuclei  are  of 
unequal  size,  the  sperm  nucleus  being  much  the  smaller. 
The  second  type  is  seen  in  the  eggs  of  flat  worms,  an- 
nelids, and  moliusks  (Fig.  2790,  -1,  S^  C).  In  these  grotips 
the  whole  process  of  maturation  of  the  egg  takes  place 


/ 


\ 


Fio.  27!K1.— The  Same.  (  Iciivav'c  s|iiiuUc  In  the  anaphase.  The 
chromosomes  have  divided  and  are  separating  to  opposite  poles. 
(After  Cirlllln.) 

after  the  entrance  of  the  spermatozoon,  that  act  being 
iijiparcnllv  the  stimulus  necessary  to  set  the  process  in 
motion.  AVIiile  the  two  polar  bodies  are  being  formed, 
the  sperm  nucleus  advances  to  the  centre  of  the  egg  and 
becomes  greatly  enlarged,  and  at  the  same  time  the  sperm 
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iisliT  iliviilcs  I"  fi)riii  III!  tiiii|iliiii>lrr  iKii;.  i*lM).  At  llio 
<'iiiii|ili'tiiiii  iif  ilic  fUTMiiil  pnliir  ilivisiiiii  till' I'L');  iiiK'IciM 
Ih  rrfurincil  itixl  iiiovcs  lnwiinl  the  Kprnii  iiiirliiis  iKii;. 
3Tl>°.2).  Ah  II  mil-  llir  riii:  iinUt  iiihI  >'<'iilrc><tiiiiii'  ilisiiii' 
pciir.  Fiiiiillv  llic  Iwii  iiiirk-i,  imw  of  ('((iiiil  it\/v,  lie  tsiilii 
by  Mr.  Iml  nilliuiil  fiiHiiij:,  willi  tlir  twu  iisli-rs  iliTivcd 
from  llif  spiiiii  iisiir  Iviii);  in  iIk'  pliiiic  Ih'Iwi'cii  iIk-iii 
(Kiir  ''TltMi  S'Kiii  iillir  tliit  llir  iliriiiiinwuiics  ri'iippi'iir 
ill  t'lii'li  iiiicli'iis,  llir  iiiirli'iir  lui'iiiliniiii'  tiicli-^  iiwiiy,  iiud 
I  lie  llrsi  clciiviiifc  spindle  is  foriiu-d  as  iH'forc  (Figs.  2704, 
•.*Tlt.V  unci  27imi: 

Hi'lwcrii  I  Ill's*'  twd  typrs  llicrcnif  viirlniis  iiilorini'diiito 
fiirnis  in  wliicli  llic  I'Mlninct'  of  tin-  spi'iiniiiozooii  oi'ciirs 
rillHTiiflcr  llic  i'\triisioii  of  llic  llrst  polar  liody  oriliirin); 
soiiic  oilier  plms<'  (if  llic  PIOCC-.S  of  iimtiimlion. 

Tlic  iKiniinl  ;,'lvcii  ill  the  prcccdiiiL'  piiniv'niplis  should 
lie  taken  as  mcicly  a  irciural  sliilciiiciil  of  Ihc  iiiaiii  fuels 
of  fcrllli/.alioii.  The  details  of  the  process  vary  to  a 
greater  or  less  degree  in  dilTereiit  species.  In  the  slipper 
shell,  Crepidiila.  for  example,  the  prntoplasin  flows  tow- 
ard the  upper  pole  of  the  cl'i;.  while  the  yolk  heeonies 
more  coiiecntratcd  in  Ihc  lower  pari.  This  is  true  proli- 
alily,  more  or  less,  in  all  ciil's  that  divide  uneiiually.  In 
such  cases  the  union  of  the  L'erin  niieli'i  lakes  place  near 
the  centre  of  the  proloplasmii'  mass. 

In  the  lirst  type  of  ferlili/ation  it  is  iinpossilile  to  trace 
the  history  of  tiie  chromosoiiies  of  llic  cleavage  nucleus. 
Hut  in  many  casi'S  of  the  second  type  it  is  jiossihle  to  do 
this  very  clearly.  The  eggs  of  Ascaris  are  known  to  lie 
ospecialiy  favorable  olijects  as  the  result  of  the  brilliant 
resiarchcs  of  Boveri,  Van  Heiiedeii.  and  Ilerla.  In  such 
lases  it  has  been  shown  beyond  a  doiibl  that  of  the  chro- 
mosomes in  the  cleavasre  spindle,  one  half  arc  derived 
from  the  egg  nucleus  of  maternal  origin  and  the  other 
iialf  are  .in  like  manner  derived  from  the  sperm  niicleu.s 
of  palcinal  ori.L'in  (Fig.  2T!)i).  Now  during  the  mitosis 
]ireparalorv  to  ihe  lirst  cleavage,  cai-li  chromosome  is 
divided  into  two  and  the  halves  si'panite  to  opposite 
poles  of  the  spindle,  so  that  each  daiighler  nucleus  re- 
ceives an  eipial  number  of  ihromosoines  of  maternal  and 
of  paternal  oricin  (Fig.  21iH>).  The  same  thing  occurs 
in  all  subsi'i|iicul  mitoses.  Therefore  if  the  chromosomes 
maintain  their  individuality  during  the  resting  stage,  as 
there  is  reason  to  suppose  tlicy  do(see  Vhriiiiiiimiiiii).  each 
somatic  cell  is  provided  with  chromatin  derived  in  equal 
measure  from  the  two  parents.  This  is  a  fact  of  the  great- 
est importance  for  our  theory  of  heredity  (see  lli  rnliti/). 

The  origin  and  fate  of  the  centrosomes  of  the  cleavage 
spindle  havi-  been  fruitful  of  niiicli  discus.sion,  and  the 
results  of  investigation  arc  still  soniewhal  tonlradictory. 
The  majority  of  observei's  are  agreed  now  that  tlic  cen- 
Iriisome  accompanying  the  egg  nucleus  after  the  separa- 
tion of  the  second  polar  body  usually  disintegrates  and 
disappears  before  the  union  of  the  two  nuclei  (as  seen 
in  Fig.  2T!t'3).  But  Conklin  maintains  tiiat  in  Crepidula 
this  centrosoine  persists,  unites  with  Ihe  sperm  centro- 
sonic,  and  that  the  product  of  this  union  divides  to  form 
the  centrosomes  of  Ihe  lii-st  cleavage  amphiaster.  If 
true,  this  is  certainly  e.xcciilional.  The  sperm  cenlro- 
sonio  which  api>ears  near  the  sperm  nucleus  soon  after 
the  enlranee  of  the  sperniato/oon  appears  to  be  derived 
from  the  middle  i>iece,  which  in  turn  was  formed  from 
tile  centrosoine  of  the  spermatid  (see  SjHriimf'Hnoii).  At 
any  nile.  it  appears  in  the  position  of  the  miihlle  piece, 
or  near  it.  Hut  because  of  its  minute  si/e  it  cannot,  as 
a  rule,  he  supposed  to  represent  more  than  a  part  of  the 
middle  piece.  Some  obsiTvers  have  asserted  that  it  is  a 
new  structure  that  aiisi's  in  the  cytoplasm  of  the  egg  as 
a  result  of  a  stimulus  from  the  spermatozoon,  with  which 
it  has  no  morphological  connection.  But  the  view  that 
it  is  deriveil  from  the  middle  piece  seems  to  agree  best 
with  the  observations  in  most  cases.  The  fate  of  this 
eentrosome  is  also  a  niatter  iif  doubt.  At  least  in  most 
cases  it  has  been  impos.sible  to  show  conclusively  that 
this  ceutrosoinc  gives  rise  to  the  centrosomes  of  the  cleav- 
age amphiaster.  It  may  disintegrate,  and  a  new  centro- 
sfimc  may  arise  in  the  cytoplasm  close  by  the  united 
Duck'i.     i5ut  Grittin  has  asserted  positively  that  in  the 


Fl(!,  27»T,  FiTlin/.i'<l  KkK  c,f  .l«- 
c(ir(i*  nmi*ihn-ritholn  viir. 
hii'tthnn  Jiwt  |>n'V|r.iis  ui  lln» 
fitriimlltin  of  itie  I'ltiivuife  Kplii- 
itle.  Two  i'IciiikiikkI  i'|jnMiii>- 
wjiili'S  liavi'  iipiM'un**)  111  riirli 
(fiTlll  nilrli'US.  Ttte  two  lanre 
reniro!ainH-s  iin-  Mirroiimlt'*! 
Ii.v  exU'n.stvi'  iiiiis.'U'!!  of  (,'niii- 
iilar  nn-tiopliiHiii.  Hint  ilie  s»f- 
ond  |)oliir  1«kI>-  Ls  vlsltile  In 
llie  iipiH-r  |tnrt  of  Itiu  imh-iIoii. 
Hlirhlf  ma«nlllv<l.  (Afler 
Boverl.) 


gepheriail  worm,  TlialiiKM'ina.  he  has  been  able  to  tnice 
till'  history  of  the  sperm  centrosoine  continiioiisly  lo  the 
forinalion  of  the  cleavage  umpliiiiHlcr.  The  ceiitrosonieM 
of  this  ampliiii-sler  pass  one  into  each  dailgliter  cell  during 
<  lcava|:e,  and  frci|iiently  ea<  h  one  divides  into  I  wo  iH-foru 
the  lirst  I  leavagi'  is  complete,  in  iinlicipalion  of  the  k<-<'- 
ond  cleavage  I  Fit'  ',?)Uni  This  priHCKS  is  coiitinuiil  dur- 
ing siibHequcnt  clcaviii.'es:  so  it  appears  that  the  centro- 
somes of  the  lirst  cleavage 
amphiaster  give  ris«'  by  ill- 
vision  to  the  ceiitro«<imeK  of  ,.    ^' 

all  the  cells  of  the  embryo, 
at  least  for  a  nniiiber  of  cell 
geiu'ialioiis. 

As  to  the  function  of  the 
centrosoine,  Hoveri  main- 
tains thai  it  is  a  permanent 
cell  organ  and  that  it  is  the 
dynamical  centre  of  the 
cell.  The  egg  eentrosome 
having  In^'n  absorbed,  he 
regards  the  sperm  eentro- 
some as  the  especial  ferliliz- 
ing  agent  introduced  into 
the  egg  by  the  spermato- 
zoon. That  is,  while  the 
sperm  nucleus  introduces 
the  physical  basis  for  hered- 
ity of  the  paternal  clianic 
teristics,  it  is  the  eentrosome 
that  furnishes  the  stimulus 
neces.sjiry  to  start  the  seg- 
mentation of  the  egg  and 
develoiuneiit  of  Ihe  embryo. 
Hoveii    tinds    evidence    for 

this  view  in  certain  abnormal  phenomena  calhcl  partial 
fertilization,  lie  observiil  that  in  si'a  urchin  eggs  it 
sometimes  happens  that  the  sperm  eentrosome  gets  so 
far  ahead  of  the  sperm  nucleus  that  it  conjugates  with 
the  egg  nucleus  and  causes  Ihe  egg  to  divide  before  the 
union  (if  the  two  nuclei.  The  sperm  nucleus,  however, 
subseiiueiitly  unites  with  one  of  the  nuclei  of  maternal 
origin  in  the  two-cell  stage. 

Of  great  interest  in  this  connection  are  the  observations 
of  ilertwig.  Jlorgan.  I.oeb.  and  Wilson  upon  the  produc- 
tion of  artificial  parthenogenesis  in  unfertilized  cl'.u'S. 
Ilertwig.  using  solutions  of  strychnine,  and  .Morgan, 
using  cliieHy  solutions  of  sodium  and  magnesium  chlo- 
rides, found  that  unfirtilized  echinoderm  eggs  when 
treated  with  these  substances  might  uiulergo  cleavage; 
and  Morgan  discovered,  moreover,  that  a-s  a  result  of  this 
trealmciU  there  might  appear  in  the  cytoplasm  of  the  egg 
a  large  number  of  asters,  each  having  at  its  centre  an  ac- 
cumulation of  malerial  like  a  cenlrosome.  This  last  ob- 
servation would  seem  to  niise  a  serious  objection  to  the 
idea  that  the  eentrosome  is  a  peculiar  and  permanent  cell 
organ.  Loeb  subse(|uently  made  the  remarkable  discov- 
ery that  by  careful  treatineiit  with  various  inorganic 
salts,  and  even  with  sugar  and  urea,  unfertilized  eggs  of 
two  species  of  echinodcrms  and  of  one  annelid  could  be 
induced,  not  only  to  segment,  but  to  give  rise  to  swim- 
ming larva>.  These  results  have  been  fully  confirmed 
by  Wilson,  who  has  shown  that  in  the  case  of  the  sea 
uVcliin,  To.xopueustes.  the  eggs,  which  begin  develop- 
ment under  the  intliience  of  "ii  twelve  percent,  solution 
of  MirCU  without  fertilization,  do  not  develop  a  vitelline 
membrane  and  contain  only  the  number  of  chromosomes 
normallv  present  in  the  egg  nucleus.  So  there  can  be  no 
question  of  accidental  fertilization.  Wilson  has  worked 
out  the  cytological  changes  occurring  in  such  eggs.  He 
finds  much  variation  anil  many  abnormalities,  which  re- 
sult in  the  death  of  the  embryo.  Where  nearly  noniial 
development  takes  place,  he  finds  that  always  a  nnr  een- 
trosome with  its  surrounding  aster  forms  close  to  one 
side  of  the  nucleus.  It  then  divides.  Ihe  two  halves 
passing  to  opposite  poles  of  the  nucleus  to  form  an  am- 
phia.sler,  and  then  cleavage  proceeds  very  much  as  usual. 
If  the  primary  eentrosome  fails  to  divide,  it  may  go 
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throuirU  ctTlain  iH-riodic  clmiiges,  incroasiug  and  ik-crins 

;  ami  these  rliaiiges  are  acc'oini)aiiic<l  liy  (livi 

■.iiiioinims  ill  llic-  nucleus,  liut  no  cell  division 

,       'I'll.-  ill  iiv.iL'e  of  the  eL'i:   then  appears  to 


the  process  is  essentially  the  same  In  the  sexual  repro- 
duction of  all  plants  that  have  been  examined,  it  hasbeea 
found  that  fertilization  is  effected  by  the  union  of  a  single 
germ  nucleus  of  paternal  origiu  with  the  egg  nucleus. 


FlO.  "JTSK.-ThP  Conjiiimii.ia  of  Iiifiis.iria.  (From  Weisinann.  after  Maupas.l  1,  Two  infusoria  ropulating;  .V.  iiu-ganucleus :  m,  micro- 
nucleus  :  2-.'>.  suitfssivc  divisions  of  micronurlei :  li.  fertilization  by  tlie  miKration  of  one  of  tbe  iwrsisting  mtcronudei  from  each  Infusorlan 
into  the  other:  7.  union  of  llie  iuterchanpeit  niicronufiei. 


depend  upon  the  normal  behavior  of  a  ccntrosomc  closely 
associated  with  the  nucleus,  but  this  ceutrosome  may  be 
causetl  to  arise  </<■  «<>w  by  appropriate  chemical  stimuli. 
It,  however,  acts  much  more  slowly  than  the  ceutrosome 
introduced  with  the  spermatozoon.  But  the  ceutrosome 
is  not  capable  of  producing  cleavage  of  the  cytoplasm 
unless  accompanied  by  a  nucleus.  For  example.  AVilson 
lias  fouud  that  asters  containing  ceiilrosomes  may  be 
pro<liieed  by  chemical  stimulus  iu  enucleated  fragments 
of  eggs  obtained  by  shaking  unfertilized  eggs  to  pieces. 
Such  asters  may  multiply  by  division,  but  the  cytoplasm 
does  not  divide.  And  lioveri  hasobseived  that  sometimes 
during  cleavage  of  fertilized  eggs  all  of  the  chromatin 
will  go  to  one  daughter  cell,  the  other  receiving  only  an 
aster.  Iu  such  a  case  the  astei  in  the  enucleated  cell  will 
continue  to  ilivide,  but  the  cell  will  not. 

Ilertwig.  Boveri,  and  others  have  found  that  if  enucle- 
ated fragnieiit.s  of  unfertilized  eggs  be  mixed  with 
spermatozoa  of  the  sjiiiie  or  closely  related  species,  the 
spermatozoa  will  enter  the  fragments,  the  nucleus  will 
undergo  regular  mitotic  division,  the  cytoplasm  will 
divide,  and  larviu  will  be  produced  that  are  indistin- 
guishable fromunrnuilly  produced  larva',  except  fortlieir 
smaller  size.  The  sperm  nucleus  is,  then,  perfectly 
eqiiivah'nt  to  the  egg  nucleus  and  only  needs  to  lie  sup- 
plied with  the  necessiiry  envelope  of  cytoplasm  in  order 
to  undergo  the  same  scries  of  changes:  and  under  certain 
conditions  the  normal  cjxle  of  life  may  be  inaugurated  by 
either  the  sperm  or  the  egg  nucleus  without  union  with 
the  other,  even  in  .species  in  which  normal  parthenogen- 
esis is  unkiiowu. 

The  process  of  fertilization  in  plants  has  not  been  stud- 
ied so  extensively  as  iu  animals.  But  enough  has  bqen 
learned  to  show  that,  so  far  as  the  nucleus  is  coDcerucd, 


This  was  described  for  the  first  time  by  Strasburger  in 
1884,  and  his  results  liave  been  confirmed  by  Guignard 
and  a  number  of  other  investigators  in  a  variety  of  plants 
of  various  orders.  In  some  plants  tlie  paternal  gamete 
is  an  actively  motile  spermatozoid,  in  others  it  is  an  im- 
mobile cell  tli:it  rcaclies  the  egg  cell  by  a  process  of 
growth,  as  is  the  case  with  the  pollen  tube  of  the  higher 
plants.  But  in  all  esseutial  features  the  process  is  tlie 
same  in  both  cases. 

Although  Guignard,  in  1891,  described  with  much  de- 
tail a  conjugation  <if  ceutrosomes  in  connection  with  fer- 
tilization in  the  lily,  his  results  have  not  been  confirmed; 
and  most  observeis  have  failed  to  tind  any  evidence  of  a 
ceutrosome  in  any  way  connected  with  either  of  the  con- 
jugating nuclei  of  plants.  This  would  seem  to  indicate 
that  the  presence  of  a  centrosouie  is  not  es.sential  to  fer- 
tilization. But  Strasburger  has  found  that  a  ceutrosome 
appears  iu  Fucus  on  the  side  of  the  cleavage  nucleus  that 
is  derived  from  the  sjierm  nucleus,  and  Wilson  approves 
of  his  suggestion  that  in  plants  "the  sperm  nucleus  may 
import  into  the  egg  either  a  formed  ceutrosome  ( probably 
thus  in  Fucus)  or  a  certain  quantity  of  '  kiuoplasm  '  which 
excites  the  mitotic  phenomena  in  the  absence  of  individ- 
ualized ceutrosomes. " 

The  pollen  tube  of  angiosperms  contains  two  sperm 
nuclei,  of  which  only  one  unites  with  the  egg  nucleus. 
In  1898  Nawaschin  ])ublished  the  interesting  discovery 
that  in  IJtiiim  maitur/'in  and  Fritillnria  teiuUa  the  other 
sperm  nucleus  conjugates  with  the  two  "polar  nuclei" 
to  form  the  embryo  sac  nucleus,  the  division  of  which 
gives  rise  to  the  enclosjierin  of  the  seed.  The  same  phe- 
nomenon was  described  iiioiv  ill  detail  by  Gviigmiid  in 
189i),  and  confirmed  by  Jliss  Sargent,  ft  immediately 
occurred  to  De  Vries,  and  indepeudeutly  to  Webber,  that 
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this  iiiiKlit  expliilii  II  |>lii-n(iiiirii(iii  ctilliil  j-f/ii'ii  liy  Fnckv 
(ISMli  For  II  lull);  tiiiii- ll  liiiH  lii'i'ii  klinwii  tliii'l  If  till* 
|Hillrii  of  Kill' viirli't\  iif  iiiiii/.i'  III' iiliiiui'il  III  fill!  ii|iiiii  llio 
Kilk  of  II  ililTrrciit  viirii'iy.  (Iir  krnirU  in  llir  I'lir  iimv  ><li<>w 
llir  {•ImnirliTs  of  llir  iiiair  piiri'lil  I'lilil  llii-<  priK  rss  of 
ilolllilc  frrllli/illloil  WHS  iIIhcovi'Ii'iI.  tlir  ciiilil'vo  wim  llli- 
only  |iiul  known  In  liuvi-a  ilmilili'  origin,  iinil  llic  up- 
pi'iininci'  of  llic  piili'rniil  chiiniilcrs  in  ii  part  of  (lie  iwimI 
siipposi'il  to  In-  iniri'ly  of  iiiiitrrniil  orittiii  si'diicd  vory 
MiyHU'riims. 

From  II  rnrcriil  stmly  of  llic  plii'iioini'im  of  xi'iiiii  in 
niiii/r.  in  w  liiili  llir  only  iimlniilitiil  ciiscs  ociiir.  Wi-li- 
Wr  liiis  ri'iii'lii'il  (lie  roiirliision  lliat  llicy  iiic  pirfi'clly 
consisicnt  with  tin'  tlirory  of  (loulilr  frrlili/.atinii,  no 
Xciiia  iippi'iirini;  in  clmracti'rH  not  connrcti'il  willi  tin.- 
('iiilos|H'riii.  Itiit  tlic  ariiiiil  tloulilc  fertili/atinn  liiis  uol 
yrt  lii'i'ii  ohscrvni  in  this  plant. 

Xriiia  has  lu'in  siipposnl  to  lir  a  similar  phenomenon 
til  liUiji'iiii  in  animals  Hut  it  seiins  impossilile  for  any 
siii'h  priK'i'ss  of  iloulile  fi  rlili/.ation  in  oceiir  in  animals, 
anil  Kwarl  has  foiinil  lliat  in  the  male  "the  spermalo/.oii 
Ioili;e(l  in  the  upper  liilaleil  part  of  theoviiluet  are  dead, 
Hiiii  in  proeess  of  disint<',i;ratiiii;.  eiiflit  days  after  iiisenii- 
uation."  Moreover,  the  snpposi'd  existence  of  tcloKouy 
liiis  been  entirely  discrcdilcd  by  Kwarl  on  experimental 
t'vidciiee,  and  by  I'earson  on  cviileiice  from  statistics. 

In  the  conjiipition  of  the  unicellular  animals  and 
plants,  we  liiiil  a  process  clearly  analoL'ous  to  the  ferti- 
ii/ation  of  the  hisjlnr  unniips.  The  two  conjuiratiiif;  cells 
nniy  be  similar  or  diverse  in  form.  In  many  motile  Infu- 
soria (Fitj.  iiTilS)  two  similar  individuals  come  together, 
t'Xchanjre  nuclei,  each  one  givinif  olT  a  "male  pionii- 
dens,"  which  enters  the  body  of  the  other  and  unites  with 
its  "female  pronucleus."  and  then  the  two  sepanile.  In 
other  cases  there  is  a  molile  "  microiiamele"  that  forms  a 
pennanent  union  with  a  sessile  "macrogamele."  I'omjiar- 
ilble  to  spermalo/iion  and  eirir  respectively.  In  each 
ca.sc  the  es.senlial  feature  of  the  process  is  a  union  of  two 
C(|uivalent  nuclei,  preceded  and  followed  by  a  compli- 
catt'd  series  of  divisions  that  we  nceil  not  discuss  here. 

Suniniini;  npihe  subject  of  fertilization.  Wilson  says 
("The  Cell."  ed.  2.  p.  2;iO):  "We  thus  liiiil  the  es,sential 
fact  of  ferlili/.alion  and  sexual  reproduction  to  boa  union 
of  eiiuivaleiit  nuclei;  and  to  this  all  other  jirocesses  are 
tributary."  Tliealmost  univeisjil  occurrinceof  this  proc- 
ess ill  animalsaiid  plaiilsof  all  grades,  from  the  protozoa 
to  man.  indicates  that  it  lias  some  profound  siirnilicance, 
but  what  this  is  is  unknown.  According  to  Weismann, 
fertilization  has  for  its  object  the  mingling  of  ancestral 
germ  i>lasmsaiid  the  consequent  production  of  variability 
111  the  olTspring.  Tint  Pearson,  as  the  lesull  of  statistical 
investigations,  holds  that  variability  is  not  |irocluced  by 
fertilization.  According  to  Jlaupas.  fertilization  has  for 
its  object  a  rejuvenescence  of  luotoplasm.  which  thus 
wards  off  the  senescence  and  "natural  death"  thai  must 
inevitably  overtake  it  if  ferlilizalioii  does  not  lake  place; 
and  Miniit  linds  evidence  for  this  view  in  the  results  of 
liis  investigations  of  the  law  of  growth  (sec  (iroirth). 
But  when  we  consider  the  innumerable  generations  of 
domestic  plants  that  have  been  priKluced  with  unimpaired 


vigor  by  riittinKK,  Kmfl".  "xd  other  purely  ow-xuitl  iiii'lh- 
oils  of  rcpriHliiciioii,  the  evlHieiice  of  any  Hiii'h  "natiinil 
ileath  "  appears  to  be  eMreimly  doubtful.  So  w  bile  our 
kiiMwIiilge  of  the  details  of  (erlili/iilioii  lia.s  advanieil 
enormously  during  the  past  ipiarter  eeiitiiry,  Ihi-  orlglu 
and  object  of  the  process  remain  as  inyMterioiiH  aH  ever. 

Hiilirrt  I'liyiie  Jli'i/eluie. 

IIOII  I IM'llli  Al.   ItKKKRKNCKlt. 
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INCOMPATIBILITY,  MEDICINAL.-Tlie  word  inrrm- 

jKililili.  ii>ril  ill  ( iiiinri  liiiii  Willi  liie  miilual  relations  of 
medicines,  is  one  of  very  I'lose  appliciition.  Thus,  in  a 
sweeping  way.  a  medicine  is  sjiid  to  be  rheiiiifnllii  "xu- 
conipalible  "  with  anything  that  will  ]iroduce  a  chemical 
or  physical  change  in  ils  condition,  and  ji/ii/Ki'iliMjiriill;/ ■ 
"iniompalible  "  with  anything  that  ])rodiices  the  reverse 
of  its  so  called  iihysiological  elTecls.  Under  tl:;-sc  defi- 
nitions, however,  it  is  evident  that  in  many  cases  so- 
called  "incompatibility"  may  yet  not  inteifere  at  all 
with  full  meilicinal  power  or  purpose.  Practically,  the 
subject  of  meilicinal  incompatibility  deals  with  those 
chemical,  physical,  and  physiolngicai  mutual  relations  of 
medicines  thai  reiiuire consideration  in  the  |irescriptioii  of 
dilTcrent  meilicinal  substances  in  conjunction,  and  siicli 
topic  it  is  that  will  here  be  ciiiisidered. 

As  regards  cluiiiicul  and  ji/ii/nicul  reactions  there  arc 
many  which  are  special,  between  special  medicines. 
Such  niiist  be  learned  in  connection  with  the  individual 
medicines  concerned.  But.  also.  Iliere  are  eerlain  reac- 
tions that  alTect  broad  categories  of  medicines,  and 
which,  therefore,  admit  of  genenil  considenilioii.  Such 
reactions  and  the  practical  beatings  thereof  iu  prescrib- 
ing are  as  follows: 

1.  Ai-i(>s  iiiitlbiiiifs  tend  (lircetly  to  coiiibiiie,  to  form  »altt. 
This  reaction  may  be  utilized,  if  it  be  the  object  of  the 
prescriber  to  obtain  the  sjilt  that  will  lesull  from  the 
bringing  together  of  an  acid  and  base;  but  if  the  imrjiose 
of  the  prescription  be  to  retain  free  acidity  or  alkalinity, 
acids  and  bases  must  not  be  conjoined  in  prescription. 

2.  Sti'oiifjcr  iicidn  or  haitts  tend  tn  dinplne, .  in  the  case  of 
xiiltK  in  snlntii/ii.  irmkcr  tuidimof  their  oirn  rex/xi'liei'  kind^. 
Thus,  if  sodium  carbonate  in  solution  lie  treated  with 
nitric  acid,  the  nitric  acid  will  displace  the  carbonic  to 
the  formation  of  sodium  nitrate  in  solution  and  the  evo- 
lution of  carbon  dioxide  gas.  Strictly  speaking,  the 
statement  of  this  reaction  is  a  circulu>i  in  dejiniendo.  since 
one  acid  is  known  to  be  "stronger"  than  another  only  by 
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the  fiMt  of  its  siippliiiuini:  such  other  nci<!  in  snhno  com- 
bhmlioii.  ill  dilution.  Tlie  stiileineiil.  however.  IS  n  eoii- 
veiiieiit  reiniiiiler.  lo  tlie  |iresrril>er.  ol  a  set  of  reiutioiis 
whiili  lire  of  coiiiliion  oecurreiue.  ami  wliosc  lieaniig 
upon  pre«-ril)iiiK  is  as  iiiiportaiit  as  it  is  obvious. 

U  Sills'  ill  Kiliilioii  l,iiiltii,j-i-h,iii;ii  I'lilioiln ;  or  acitlK. 
or  Ihiiv*,  III  ili>iil<ir-<  tluir  rmjui-lir,-  h-etlinii  in  lailiiie  com- 
biiiiitioii.  if  llirnhi/  nil  iimolnhli  n>iiiiKiiiii(l  fill  Jorm.^  If, 
ns  the  cjiiit  plinis^-  runs,  nature  "abliors  a  varuum,"  slie 
also  ihli'/litu  ill  pririiiiliitiK  :  for  reactions.  (Icteniniud 
ovideiitiv  l)V  tlie  faet  that  a  preeipitate  will  result,  are 
nnioiiK  ll"'  <'i>""""'"''*'  oecurrenees  of  clieinisliT.  Con- 
<-eriiini:  this  reaction  it  is  to  be  noted  thai  w  hih'  precipi- 
tation may  alTecl  potency  piofoiunlly  in  ihc  case  of  some 
iiieiliiines"  in  other  case's  it  may  make  no  ililTerence  or 
may  be  n(  .listimt  ailvanlage.  Thus  in  the  case  of  the 
so  call.il  black  ami  yellow  washes  of  nierciiiy.  it  is  a 
precipitate  which  is  wanted,  and  which  therefore  is  in- 
lontionallv  the  subject  of  prescription.  Generally,  how- 
ever, the  iM^'urrence  of  a  precipitate  in  a  medicinal  inixt 
lire  is  objectionable:  for,  even  if  medicinal  virtue  be  not 
nlTeeted,  the  turbiditv  is  uiisisilitly,  and,  by  the  settling 
of  the  precipitate  as'the  bottle  stands,  doses  drawn,  on 
the  one  hand,  from  the  full  or,  on  tlie  other,  from  the 
nearly  empiv  vial  will  vary  enormously  in  .strength  of 
llie  precipitiileil  ingredient",  unless  the  bottle  be  thor- 
oughly shaken  at  the  taking  of  each  dose.  The  table  of 
notiilih  mntiiallv  preci|)ilaiil  ,solutious,  taken  fioni  the 
writer's  "Manual  of  .Medicinal  Technology  "  (see  at  the 
foot  of  jiage  M5:!),  is  convenient  for  reference.  The  reac- 
tions tliereln  broadl  v  stated  as  occurring  with  solutions  of 
salts  of  the  ulknlniih.  ami  of  the  vietah,  are  true  in  the 
gcuernliti/  of  instances  only. 

4.  Tilings  in  sulution  precipitnteon  ndilitiou  of  an  e-rccsf 
of  a  fiiiid'in  irliich  they  ore  reapectii-eln  innoluble.  Here, 
as  in  the  former  instance,  precipitation  may  not  affect 
medicinal  potency,  but  yet  is  generally  to  be  avoided 
because  of  the  intrinsic  objections  to  precipitates  in  mcdi 
cinal  mixtures,  as  set  forth  above.  The  two  medicinal 
solvents  most  concerned  iu  the  present  relation  are  water 
and  nkoliol,  and  the  comniouest  instances  of  the  reaction 
in  question  are  as  follows:  a/hi/miiwiiii,  (/elatinoiin.  f/nm- 
my,  Miee/iariiu:aiu\  certain ,«(////«'  bodies  dissolve  in  water 
but  are  insoluble  iu  alcohol,  and  accordingly  precipitate 
on  addition  of  an  excess  of  alcohol  to  their  aqueous  solu- 
tion: while.  Ti'ee  rermi,  alcoholie  solutions  of  rvlatite  oilx. 
balxitniK,  camphor,  and  resins  iirecipiliitc  ou  treatineut 
with  excess  of  water. 

5.  Powerfully  orielizing  agents  may  determine  explosions 
on  concentrated  admixture  irith  readily  cridisahle  suhstance.f. 
The  exact  conditions  determining  explosions  with  indi- 
vidual mixtures  of  this  category  will  vary  with  the  sub- 
stances concerned,  and  must  accordingly  be  learned  w  ith 
each  medicine.  All  that  is  appropriate  to  state  iu  this 
place  is  that  the  jiowerful  oxidizers  used  in  medicine  are 
chromic  and  strong  nitric  or  nitrohydrochloric  nciiU,  po- 
taiuiiiiii  chlorate,  ami  jxitassium  permanganate  ;  while  the 
medicinal  substances  of  easy  combustibility  are  oils,  al- 
cohols, and  ethers  (including  in  the  latter  categories  gly- 
Cfrin  and  sugars,  bodies  chemically  belonging  to  the 
alcohols).  i\ry  orginiic  substances  generally,  and  the  ele- 
mentary bodies,  sulphur  and  phosphorus. 

Phyiiioloi/iriil  incompatibility,  as  already  stated,  is 
alleged  between  medicines  whose  respective  so-called 
••  physiological  "  effects  are  iiintually  antagonistic.  .Such 
antiigonisms  are  individual  and  jieculiar.  iiiid  are  best  dis- 
cus,sed  in  connection  with  the  individual  medicines  con- 
cerned. Two  points  alone  are  jiroper  subject  for  men- 
tion in  this  place.  The  first  is  that  ejact  antagonism  in 
all  diriclionsitf  physiological  action  of  drugs  is  very  rare, 
and  the  second,  that  in  pracliial  ])rescribing  the  fact  of 
an  antagonism  need  not  preclude  the  proper  conjunction 
of  two  antagonistic  medicines  in  the  same  mixliire.  On 
the  contmry.  mauv  of  the  happiest  of  medicinal  combina- 
tions are  of  remedies  more  or  less  antagonistic  in  opera- 
tion: this  either  because  the  antagonism  is  itself  service- 
able in  mellowing  a  too  intense  action  of  the  domiuaut 
uiit4igonist.  or  because  the  drugs,  though  antagonistic  iu 


some  lines,  are  synergic  in  others,  and  so  together  yield 
ii  resultant  effect  better  for  certain  remedial  purposes 
than  the  unniodirted  effect  of  either  medicine  used  singly. 
An  example  of  the  lormer  instance  is  the  common  com- 
bination of  castor  oil  and  laudanum:  and  of  the  latter, 
the  assiK  i;ition  of  atropine  with  morphine. 

Edicard  Curtis. 

INDIAN   HEMP,     ^rc  C'linnohis  hidica. 

INDIAN     MINERAL     SPRINGS.  —  Kendall     County, 
Texas. 

Post-Office. — Boerne.     Boarding-houses. 

The  town  of  Boerne  is  located  about  thirty  miles  north- 
west of  the  city  of  .San  Antonio,  on  the  line  of  the  San 
Antonio  and  .\rransas  Pass  Hailroad.  The  country  hasa 
geiK  ral  elevation  of  alioiit  l.tiTd  feet  above  the  sea.  The 
general  aspect  of  the  country  is  very  pleasing,  being  iiuite 
hilly,  even  rugged  in  places.  There  are  many  beautiful 
drives  and  tine  views.  The  town  of  Boerne  hasa  popula- 
tion of  about  800.  It  contains  a  telegraph  and  express 
office,  very  good  hotels  and  boarding  houses.  Four  trains 
daily  reach  the  place.  From  d;ita  furnished  by  the  Na- 
tional Clini:itologicul  Reports  it  is  found  that  the  average 
number  of  sunny  days  in  each  year  is  277.  an<l  that  inva- 
lids can  enjoy  uiore  or  less  outdoor  life  ;i.">0  days  yearly. 
The  average  "summer  temperature  of  the  ])lace  is  8.')'  F. ; 
winter  temperature,  62'  F.  It  is  said  that  a  cooling 
southeast  breeze  from  the  gulf  prevails  all  the  year  and 
greatly  tempers  the  heat  of  the  summer  sun.  making  the 
evenings  and  nights  cool  and  ])leasant.  The  location  is 
beginning  to  attract  the  attention  of  Northern  visitors, 
who  visit  the  place  in  constantly  increasing  numbers  dur- 
ing the  winter  months.  The  iiulian  Mineral  Spring  is 
located  three  miles  from  Boerne.  from  which  it  is  reached 
by  stage  au;l  ]irivate  conveyances.  The  water  is  said  to 
b"e  efficacious  iu  a  variety"  of  debilitated  states,  besides 
being  a  valuable  table  wat'er.  A  iiartial  examination  was 
made  bv  Prof.  Charles  F.  Chandler,  of  New  York.  It 
showed'the  presence  of  138.38  grains  of  solids  per  United 
States  gallon,  consisting  principally  of  calcium,  magne- 
sium, and  suliihuric  acid  iu  the  form  of  sulphates.  A 
more  detailed  analysis  will  be  rciiuired  to  classify  the 
water  properly.       "  James  K.  Crook. 

INDIAN    SPRINGS,  BUTTS   COUNTY,  GEORGIA.— 

PnsT-llKKK  K.  —  Indian  S[iiiiigs.  Several  hotels  iu  vil- 
lage. 

Access. — Via  Macon  and  Western  Hailroad  to  Forsyth, 
thence  by  stage  line  to  spring.  This  celebrated  spring 
received  "its  iHune  on  account  of  its  great  reputation  as  a 
medicine  spring  aniong  the  Indians.  In  the  treaty  of 
1821.  when  alltliis  iiortiou  of  Georgia  was  ceded  to  the 
whites,  a  special  reservation  of  one-thousjind  acres,  iuelud- 
iiig  Indian  Sjiring.  was  made  by  the  Creek  nation.  This, 
however,  was  given  uj)  to  the  whites  a  fi'W  years  later. 
In  1823  General  Mcintosh  erected  a  small  hotel,  which  is 
still  used  for  its  original  purpose  (Duggaii).  A  village 
of  three  hundred  or  more  inhabitants  has  sprung  up  in 
the  neighborhood.  The  following  analysis  was  made  by 
Prof.  A.  A.  Hayes  a  number  of  years  ago: 

One  United  States  gallon  contains  648.03  grains  of 
solid  matter  consisting  chiefly  of  the  following  in- 
gredients. 


Mnvrnesluni  sulphate. 
Magne.'iium  riirlHinaie, 
,  \  Carlionit-  a<i»t . 


Gase.s 


I  Hyilropen  sulplilUe. 


Caleinni  sulpliato. 
potassium  sulphate. 
.  2.81  cubic  Inches  per  Ration. 
1.05 


The  water  contains  an  exceedingly  large  amount  of 
sulphate  of  magnesia  or  p'psom  sjills.  When  to  this  is 
added  the  considerable  (pianlity  of  other  sulphates  we 
have  a  verv  valuable  mineral  water.  There  is  sufficient 
ealeiiim  sulphate  to  exert  a  useful  influence  in  diseases  of 
the  urinary  apparatus  and  also  to  modify  the  imrgative 
effects  of  the  sulphate  of  magnesia.  Aniong  the  numer- 
ous alTeetions  in  which  the  water  has  been  found  useful 
may  be  mentioned  dropsical  affections  when  not  due  to 
heart  disease,  iheumatism.  and  tertiary  syphilis. 

'James  K.  Crook. 
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I  ml  III  11    ll«-iii|i. 

I  lllll  IK   )  , 


INDIAN  SPRINGS.  MARTIN  COUNTY.  INDIANA 

I '..-I  (  I|  I  l<  I  lii.ll.in  >|M  iri:.-^  I|..b  1  Imi  .■illii  i:iiists. 
llmks  iiicrl  nil  Iriiiiis  duiiiiK  tin-  miimiii.  'I'lu'  li'^ort  U 
liMiiti-cl  ciKlil  mill's  iinitli  of  Slioiils,  till-  ((miity  seal  of 
Miirliii  Ciiuiily 

Tlir  tliriiipi'iuic  viiliu' of  the  wiilcrK  of  tlirsc  Npringfl 
lilts  l((i-ii  known  for  yi'iirs.  ami  llii'V  were  in  j;n-iit  ic|iiito 
iiinoiii;  till'  iiliori^'ini'S,  Tlii'  s|irin;;»  witr  llrst  opciu-d  lo 
till'  pnlilii'  iiH  II  liriiltli  resort  in  IMl 4.  unci  llicv  liiivr  niiiiii' 
tuini'il  tlicir  rr|nilalion  rvcr  siiici-.  Tlicy  liiivc  tlirir 
Koiircc  iilong  tlir  roiiiM'  of  Siilpliitr  f'liTk.  wliirli  wcnils 
it.s  way  tliroii^li  the  suri'oiinilinti;  valley  and  einptii^  into 
tlie  Indian  {'reek  one  niili'  ilislant  from  the  hotel.  The 
siirroiindiii^;  ecaiiitry  is  liilly  and  cuiile  pirtiiiesi|iie.  The 
followini;  analy.sis  was  made  by  I'rof.  E.  T.  Cox,  Stutc 
Gvulu^ist: 

O.NK  VMTKIi  STATfS  (iALLO.N  CONTAINS: 

Selliln.  <imllis. 

.k-Hlliim  iiirloliate S.tK 

MiiifiifTttinn  i-iirlNiiiiitt; —  IH.li'i 

f  iih'tinti  i-iirlMiiiiiie XJ.IO 

)■< iiavsliiin  riirlKiimlv -M) 

S'Hiiuni  Mil|>lnil>' U.XI 

IN>ta.v>liiiii  sillpllilfe 'iAQ 

MiiiriH-Hlniii  Hiil|>lmU' 30.4(1 

Aluilltnutn  slll|i)iu(e .ffi 

In 'II  Miliilmle 3l).at 

S<"liiiiii  ilili.rlile 3B.3S 

MmriifHliiiii  tiiluride -OH 

llniiiilili'9 Trace. 

liKllil.  s Trace. 

Iri'ii  exiile Trace. 

Silica 4.5 

Total I'i3.ti7 

Gases.  Cu.  In. 

Carbonic  nckl 0.58 

Siilpliiireleil  liyUniRen 3.33 

( ixvifcii 3.95 

NltrtiKi-n 0.45 

This  water  is  a  powerful  chalybeate,  also  a  fairly  strong 
alknlini    <;;ililic  wntrr  .l.nnrs  K.   Crook. 

INDIANA  MINERAL  SPRINGS  AND  MUD  BATHS.— 

Warren  Coiinly.  Imliaim. 

Post-Okkh  K.  —  Indiana      Mineral      Sprinjrs.      Hotel. 

This  new  resort  is  located  four  miles  from  .Vttica.  at  the 
junction  of  the  Waliash  and  the  Chieairo  and  Eastern 
Illinois  railroads.  Stages  from  the  si)rinss  meet  all 
trains.  Although  but  recently  improved,  this  re.sort  is 
rapidly  coming  into  popular  favor.  A  tirst-class  hotel, 
with  all  modirn  improviineiits.  has  been  constructed,  and 
nn  elegant  and  commodious  bathhouse  is  ready  for  the 
requirements  of  visitors.  The  naturally  picturesque  lo- 
cation has  already  been  much  heautilied  by  the  land.scuiie 
gardener  and  areiiitect.  The  water  of  the  springs  is  said 
to  be  pure  and  sparkling  and  pleasant  to  the  palate.  A 
recent  cpialilative  analysis  (May,  1803)  under  the  direc- 
tion of  the  manufacturing  chemists,  Messrs.  Parke.  Davis 
&Co..  Detroit,  showed  the  following  ingredients:  Total 
solid  residue  from  one  gallon,  00  01  grains,  made  u])  of 
the  salts  of  magnesium,  sodium,  lithium,  calcium,  potas- 
sium, and  silic(in.  The  chemist  also  reports  the  iirescnce 
of  stilphurie  and  hydrochloric  acids  (probably  in  com- 
bination). There  w'as  no  organic  matter,  and  the  water 
was  highly  carbonated.  A  special  feature  of  the  place  is 
a  deposit  of  inky  black  mud  surroumliiii:  the  springs,  and 
said  to  be  strongly  impregnated  with  the  mineral  ingre- 
dients of  the  water.  This  mud  is  wariiKd  lo  the  proper 
degree  and  applied  by  an  attendant  to  the  afTeeted  i)arts 
— the  whole  body,  if  re(|uired — in  the  form  of  a  poultice. 
About  one  hour"  is  required  for  a  mud  bath,  when  the 
patient  pas.ses  under  a  shower  bath  and  remains  until  all 
traces  of  the  mud  are  removed.  lie  is  then  placed  in  a 
porcelain-lined  tub  tilled  with  lilhia  water  for  a  soaking; 
then  comes  a  refreshing  rubbing  by  the  attendant,  and 
the  bath  for  the  day  is  ended.  Thesi'  baths  are  slid  lo  be 
very  beneficial  in  cases  of  obstinate  rheumatism,  in  hemi- 
plegia, and  in  cc/.eina  and  gout.  The  internal  use  of  the 
water  is  indicated  in  renal  and  bladder  aiTections. 

Jnmtn  li.  Crook. 
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.\s  will  be  seen,  it  is  a  temperate  climate,  with  consid- 
erable seasonal  e.\trenies  and  diurnal  IliicUialions  of  tem- 
perature. The  humidity  is  not  high,  and  the  rainfall  is 
moderate.  More  than  a  qiiarler  of  the  days  in  the  year 
are  clear,  more  than  a  third  fair,  aud  about  two-thirds 
clear  and  fair. 

Such  a  climate  is  well-situated  for  a  residence  for  those 
in  ordinary  health.  For  the  delicate  or  sick,  a  change 
iiiight  be  advised  to  escaiie  the  cold  of  the  winter  and  the 
heat  of  the  summer,  and  in  order  to  obtain  purer  air  than 
a  city  affords.  ,\s  the  elevation  is  low.  a  change  also  to 
a  high  altitude  might  be  benelicial  for  various  morbid 
conditions.  Edward  0.  Oti$. 

INDIGO.  WILD.— Bai-tisia.  Di/rrs- Orr,ii  Wred.  Un- 
der lliisc-  iiaiiies.  the  herb,  and  more  particularly  the 
root,  of  Jlnjilisiii  tiiictoriii  (L.)  U.  Br.  (fain.  Lf<juniiiio!ia>) 
has  been  more  or  less  used  in  domestic,  and  to  a  slight 
extent  in  iirofe.ssioual  medicine.  Its  coinmou  names  come 
from  the  fact  that  it  has  been  used  as  a  poor  substitute 
for  indigo. 

The  plant  is  a  large,  much  branched  perennial  herb, 
very  abundant  in  sandy  soil,  especially  in  the  borders  of 
woods,  throughout  the  Ea-stern  United  States.  It  is  said 
to  contain  two  glucosides,  btipliii  ami  bnptmn,  aud  the 
poisonous  alkaloid  baptHoxine.  which  is  believed  to  be 
identical  with  n/li.yine.  According  to  the  dose,  the  prop- 
erties vary  from  stimulant,  increasing  peiistalsis  and 
acting  as  "a  laxative,  to  irritant,  producing  purging  and 
vomiting.  Upon  the  nerve  centres,  it  is  primarily  stimu- 
lant, secondarily  depressant  or  paralyzant,  and  causing 
death  by  paralysis  of  lespiralion.  Its  use  has  been 
chiefly,  both  systemically  and  locally,  in  diphtheria,  scar- 
let fever,  and  sore  throat.  The  dose  of  the  fluid  extract 
is  1  to  4  c.c.  ( TH  XV,  to  Ix.).  IJi'iirj/  11.  liuiby. 

INEBRIETY.  See  IiiMnity :  A!<-oI,n!ir  oiul  Drug  In- 
toeication  and  Ilabitvation. 

INFANCY.— Under  the  term  iiifiiiri/  (inability  to 
speak)  we  include  that  early  period  of  life  which  extends 
from  birth  to  the  close  of  tlie  first  dentition.  Its  first  few 
weeks  represent  a  jieriod  of  great  feebleness  during  wliich 
there  exists  a  liability  to  special  forms  of  disease  conse- 
quent upon  the  great  change  which  takes  place  in  the 
circulation  at  birth,  and  upon  the  assumption  by  the 
several  organs  of  their  special  work  in  the  economy.  To 
the  infant"  at  this  period  the  name  of  "the  new-born" 
(neonatus)  is  frequently  applied.     From  the  end  of  the 
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first  montli  lo  tin' rlosf  of  liu'lnlion  lii-lwcou  the  iiinlli 
iiiitl  twi'lflli  iiionllis  is  smiu'limcs  rcforrcil  to  as  llii'  period 
of  furly  iiifiiin-yiiiiil  forri'sponds  to  tlie  term  "SUugliugs 
nltiT"  of  (icrnmn  writers. 

Coiiiimrnl  wiili  iliilillirHiil  ami  nilull  life,  iiifiiiiov  is 
clianieleri/.e«l  h\  ni|>iil  f;r(i\vtli  mid  development,  ft  is 
n  period  speriidly  liaMi'  to  liisease.  some  of  the  manifes- 
tjitioiis  of  whicli  "are  pi'cidiar  to  it ;  others,  thoiiirli  simi- 
lar to  what  «!■  meet  with  in  adidt  life,  are  more  or  le.ss 
mwlilied  l)y  the  pe<-uliarities  of  the  infant  eonslitutiou. 
Its  mortality  is  miieli  jtreater  than  that  of  adidt  life. 

AN.^TOMir.M.  AND  I'llYSIOI.dOKAI.  C'lIAHArTKKISTICS. — 

The  lirst  aet  of  the  new-horn  is  to  inspire.  With  the 
st'panilion  of  the  plaeenta  from  the  maternal  ronnection 
nnil  the  tyini;  of  the  eord,  the  whole  eireulalion  of  the 
infant  is  profoundly  allereil;  for  the  tirst  time  a  full  cur 
rent  of  lil<M)d  dislends  the  ])ulmonary  arteries  to  meet  air 
in  the  newly  ojiened  vesicles  of  the  e.xpanding  lungs. 
The  thorax  is  enlaifred  and  the  (lia|ihra.!;m  and  abdomi- 
nal viscera  are  depres.sed,  all  conspirinj;  to  favor  the  associ- 
ated <'lianges  which  take  place  in  the  heart.  With  the 
sudden  dellection  of  hlood  to  the  pulmonary  circidatiou 
and  the  irieatly  increased  intralhora<ic  pressure,  the 
tlow  of  hlood  throiii.'h  the  foramen  ov.ile  and  the  ductus 
arteriosus  comes  almost  to  a  standstill,  and  both  these 
jNUvSiiges  Ix'come  gradually  obliterated.  AVithin  thirty- 
si.\  hours  Vogel  found  the  ductus  arteriosus  scarcely 
large  enough  to  admit  a  probe;  the  foramen  ovale  closes 
more  slowly,  the  border  of  the  valve  usually  remainii]g 
free  for  some  months,  but  the  foramen  is  so  completely 
covered  that  no  detriment  to  the  circulation  ensu<'S.  The 
left  ventricle  now  takes  on  the  burden  of  the  systemic 
cireidation,  rapidly  increasing  in  muscular  power  so  that 
at  the  end  of  the  .second  year  its  walls  are  double  the 
thickness  of  those  of  the  right  .side. 

With  the  establishment  of  respiration  the  livid  hue  of 
the  skin,  due  to  the  inlerfercnce  by  parturition  with  the 
fu'tal  circulation,  is  rapidly  exchanged  for  the  deep  red 
of  the  new-born  infant.  This  hue  fades  iu  a  fen-  days 
and  the  skin  noldnfreciuently  then  assumes  a  more  or  less 
yellow  tinge  unaccompanied  by  any  symptoms  of  sj's- 
teniic  disorder.  This  condition  is  known  as  icterus  iico- 
■nntorum  ;  its  true  cause  is  still  uncertain,  but  it  is  sup- 
posed to  be  associated  with  the  disturbance  of  the  hepatic 
circulation  due  to  the  alteration  in  its  blood  supply. 
This  yellow  tinge  gradually  disappears  of  itself,  anil  by 
the  third  week  of  life  the  skin  assumes  the  rosy  tint  of 
healthy  infancy.  The  line  soft  hairs  which  at  birth  fre- 
quently cover  aliiKist  the  whole  body  generally  fall  out 
by  this  time  and  are  not  renewed,  thougli  feeble  infants 
may  retain  them  for  some  time.  The  long  strong  hairs 
on  the  scalp  with  which  many  infants  are  born  fall  out 
at  a  later  period  and  are  generally  rejilaced  by  finer  and. 
as  a  rule,  lighter-colored  hair.  At  birth  I  he  lachrymal  and 
sudoriferous  glands  are  inactive.  It  is  almost  iiiipossible 
to  produce  sensil)le  jierspiraticjn  in  an  infant  a  few  weeks 
old  ;  not  until  after  the  third  month  does  the  activity  of  the 
sweat  glands  commence,  but  after  this  age  in  racliitic  in- 
fants, perspiration  is  often  very  profuse.  The  sebaceous 
glands,  on  the  other  hand,  are  very  active  in  the  new- 
born. In  the  third  month  the  secretion  of  those  in  the 
.scalp  fre(|uenlly  gives  the  vertex  the  appearance  of  hav- 
ing beensmeanil  with  wax.  and  later  on  forms  a  distinct 
crust,  of  a  yellowish  brown  color  (seborrhroa  capillitii) 
portions  of  which  can  be  easily  removed  bv  the  linger 
nail,  when  the  subjacent  skin  w'ill  be  found  in  a  healthy 
state,  not  even  congested.  This  excessive  secretion 
ceases  spontaneously  about  the  end  of  the  first  year,  and 
thc^ scabs,  if  still  remaining,  dry  and  crumble  away. 

Fat  is  abundant  in  the  subcutaneous  tissues  of  the 
healthy  infant  but  is  generally  ab.sent  from  the  interior 
of  the  body.  The  muscles  in  "the  first  months  are  small 
and  soft;  nr)t  till  after  the  sixth  month  can  they  be  felt 
lirui  and  resisting  The  bones  are  still  in  great  "part  car- 
tilaginous and  possess,  therefore,  much  greater  flexibility 
than  in  tlu:  adult. 

With  the  introduction  of  air  the  compact  tissue  of  the 
foetal  lung  is  converted  into  a  spongy  alveolar  structure 


of  a  rose  pink  color  and  expands  so  as  to  cover  in  great 
part  the  pericardium  and  to  come  into  contact  with  al- 
most the  whole  extent  of  the  thoracic  wall.  The  approxi- 
mation anteriorly  of  the  two  ])leural  cavities,  however. 
is  not  .so  close  as  it  becomes  in  later  life,  the  anterior 
aspect  of  the  heart  and  Ihymus  gland  remaining  com- 
jiaratively  uncovered.  The  thymus  gland,  situated 
partly  in  the  thorax  and  jiarlly  in  the  lower  regionof  the 
neck,  is  in  the  newborn  of  large  size  and  increases  till 
about  the  close  of  the  second  year  when  it  ceases  to  de- 
velop; it  presents  much  variation,  however,  in  size  and 
shape.  After  the  eighth  year  it  rapidly  decreases  in  size. 
Its  functions  have  not  yet  been  ascertaineil,  but  it  would 
ap|)ear  to  be  connected  with  the  fornuitiou  of  the  blood 
< ells.  The  thyroid  gland  in  the  infant  is  relatively  larger 
than  iu  the  adult. 

The  liver  at  birth  is  large  and  its  lower  margin  iseasily 
felt  from  1  to  3  cm.  below  the  ribs.  The  stoiiiacli  occu- 
]iies  a  more  vertical  ))osition  than  in  the  adult  owing  to 
the  slight  development  of  its  fundus.  Its  capacity  at 
birth  is  somewhat  less  than  (nu:  ounce. 

In  the  infant  the  shape  of  the  duodenum  is  not  unlike 
its  form  in  adult  life;  its  folds  are  less  developed,  and 
more  than  in  the  adult  does  it  act  as  n  digestive  res<'rvoir 
where  the  food  from  the  stomach  is  mingled  with  the  se- 
cretions of  the  liver  and  the  pancreas.  Below  the  duo- 
denum the  several  portions  of  the  intestines  show  consid- 
erable difference  in  their  relative  lengths  as  compared 
with  those  which  they  attain  in  the  adult.  Both  small 
and  large  intestines  are  relatively  long;  Treves  states 
that  the  average  length  of  the  small  intestine  at  birth 
is  nine  feet  five  inches  and  of  the  large,  one  foot  ten 
inches,  and  says  there  is  remarkably  little  deviation  from 
these  figures.  lie  estimates  that  the  small  intestine 
grows  about  two  feet  jier  month  for  the  first  few  months, 
but  after  this  period  development  proceeils  irregularly, 
depending  upon  the  nature  of  the  food,  the  vigor  of  the 
digestive  process,  and  the  activity  of  the  abdominal  ner- 
vous centres;  it  liears  no  relation  to  the  general  .irrowth 
of  the  body  nor  to  the  weight  of  the  child.  The  position 
of  both  small  and  large  bowel  is  much  less  fixed  than  in 
the  adult;  the  tipjxr  part  of  the  small  bowel  may  fre- 
quently be  found  occupying  the  lower  part  of  the  "right 
iliac  fo.ssa,  and  the  caput  coli  may  be  found  near  the 
und)ilicus  from  which  position  the  colon  ascends  toward 
the  left  hypochondrium.  lioth  ascending  and  transverse 
colons  are  generally  very  short,  while  the  descendin!;  colon 
and  sigmoid  flexure  are  of  great  comparative  length.  For 
the  first  four  months  the  growth  of  the  large  bowel  is 
relatively  slight,  but  a  certain  amount  of  readjustment 
of  its  position  appears  to  take  )ilace  by  which  the  ascend- 
ing and  transverse  jiortions  iucreaseat"  the  expense  of  the 
.sigmoid  flexure.  After  the  ag(!of  four  months,  however, 
growth  generall}'  goes  on  steadily.  Occasionally  this 
undue  length  of  the  sigmoid  flexure  persists  during  in- 
fancy, seriously  impeding  the  passage  of  the  f;eces  and 
leading  to  constipation. 

At  birth  the  kidneys  are  of  comparatively  large  size 
and  distinctly  lobulated.  This  peculiarity  in  form  grad- 
tnilly  passes  away,  and  by  the  close  of  infancy  thiy  have 
the  same  shape  as  in  adidt  life,  thougli  still  relatively 
large.  Anomalies  arc  occasionally  found.  The  supra- 
renals  at  birth  are  as  large  as  in  the  adult.  The  bladder 
in  the  new  born  has  a  cajiacity  of  from  two  to  four 
drachms  and  lies  partly  in  the  piOvis.  and  partly  above  it 
in  the  abdominal  cavity.  Renal  secretion  commences 
early,  and  at  birth  urine  is  normally  jirescut  in  the  blad- 
der and  sIkjuUI  be  voided  during  the  first  twelve  hours 
of  life.  During  the  first  few  weeks  of  life  crystals  of 
uric  acid  and  urates,  occasionally  hyaline  casts  and  epi- 
thelial cells  with  a  minute  amount  of  albumin,  may  be 
found  in  the  urine,  a  result  of  the  prenatal  <-oiiilition 
known  as  tiric-aeid  infarction  During  infancy  the  urine 
is  of  a  light  color,  low  specific  gravity  (1.('mM-1.(IH)), 
faintly  acid  in  reaction,  and  contains  a  low  pereenta.ge 
of  urea  and  of  the  inorganic  salts.  The  amount  of  urine 
passed  for  the  first  few  days  is  very  variable  and  has  been 
estimated  at  from  two  to  three  ounces,  increasing  iu  the 
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siTiiiiil  Wfck  to  live  III'  (I'll  oiiIircN.  Tlirnti);liiini  iiifiiiii  V 
till'  luiiiiiiiil  iif  iiriiK'  piisMil  In  rrliilivi'ly  lur^i'i'  <l>i>i>  ii> 
iiiliill  life.  Iiiit  is  ili'iii'iiili'iit  piirily  ii|iiiii  till'  iiiiiiiuiit  of 
liiiiiiil  liiki'ii  liv  llir  iiiliinl.  iiiirlurilinii  is  very  fn'i|iiriit 
Tilt'  iiri'llini  ill  tlir  iiialr  is  tl  nii.  ImiK.  di-lii  alt' iiiiil  ills 
tciisilili'  iiikI  f.'<'iirnill\  |iics<'iiis  ti  iimrlii'il  constrii'tinii  nt 

tllC    MlClllllS.        TIlC    kIiIIIS    |H'llis  hi  cloSclv    lllVl'HlCll     llj'    tllf 

|irr|iiiii':  colii'sioii  is  fri'i|ii>'iitl.v  viry  llriii  lictwccii  the 
iiiriiiliniiie  ctivcriiin  llic  uliiiis  iiiiil  tliiit  covi'riiii;  tlii'  pre 
pilCf.  Ciiliffcliilol  ili'fiiriililii's  ilur  lo  iirrcsliil  ilfvrlop- 
nu'iit  iiri'  not  iiirri'i|iirnt  In  tlir  fi'iniili'  infant  tin-  iirc 
tlira  mill  vacina  arr  nlativily  lariri'  ami  ilisiiiisilili';  tin; 
utniis  is  rroni  an  inili  In  an  imli  ami  a  ipiaitiT  Imit;.  lint 
its  riimliis  is  i|iiiir  nnilcvi'lopi'il.  Di'toiniitirs  iHcasion- 
ally  arise  fmni  tlir  iion  iibsorplion  of  the  si'piiiin  fnmii'd 
hy  till'  infoliliiiLr  of  till' (loiu'U.  The  iniiiniiiary  filaiiil  is 
w'i'll  ilevi'loped,  possessing  scoretiug  slruclurc  in  bolli 
SOXrs. 

Altlioiiirli  llir  brain  of  tlii'  nrwboni  is  of  rclativrly 
liiru'i'  sizr.  till'  anterior  lubes  and  the  cerelMlliini  are  cnni 
p;irativi'ly  small,  ami  the  lissiire  of  liolaiiilo  is  iniieli  less 
verlieal  than  in  later  life.  The  brain  tissue  is  of  a  nearly 
iiniforin  whitish  color  and  of  soft  pulpy  consistenee.  niid 
rontains  a  liirire  perecnlaire  of  water.  Not  till  after  the 
clos«'  of  the  first  month  does  pniy  matter  makeilsappear 
mice  on  the  eonvolutions.  The  centres  in  the  mediillii 
and  ill  the  spinal  cord  are  in  a  niueli  more  forward  state 
of  developnu'iit  than  those  in  the  cerebnim.  and  through- 
out infancy  maintain  their  functional  superiority;  of 
those  in  the  spinal  cord  the  motor  centres  in  the  anterior 
cornua  are  more  (levclo)ic(l  than  those  of  sensation  in  the 
posterior;  to  this  forward  state  of  development  of  the 
spinal  centres  is  due  the  great  lellex  e.vcitability  of  the 
nervous  system  in  infants.  So  much  is  this  the  case  that 
the  infant  at  birth  has  been  termed  "a  spinal  system 
man." 

CiiYiil.ili'iit. — The  blood  of  the  new-born  contains  a 
large  amount  of  liainnglobin.  twenty  two  per  cent,  of  its 
solid  constituents,  but  the  amount  of  librin  is  small  and 
the  total  amount  of  blood  in  the  body  is  less  than  it  is  in 
the  adult :  for  tjiis  reason  infants  hear  loss  of  blood  badly. 
The  blood  cells  also  for  the  first  few  Aveeks  show  much 
variation  in  size  and  shape.  These  conditions,  however, 
soon  change;  the  amount  of  ha'moglobin  at  once  begins 
to  decrease,  reaching  its  minimum  about  the  si.xtli  month 
when  it  lemains  stationary  until  after  the  liist  year  and 
then  begins  to  increase  again  ;  the  tilirin  nipidly  increases 
in  amount.  After  the  first  few  months  the  infant  has 
more  blood  in  proportion  to  its  weight  than  the  adult, 
but  the  blood  is  of  low  specific  gravity,  lia.s  less  fibrin, 
less  salts,  less  ha'moglobin,  less  soluble  albumin  and 
more  white  blood  corpuscles  than  that  of  more  adult  life. 

Although  at  birth  the  heart  as  a  whole  is  relatively 
larger  than  in  the  adult,  it  has  to  be  remembered  that  in 
intra  iilerine  life  the  auricular  half  is  unduly  developed, 
and  that  afterbirth  the  walls  of  the  left  ventricle  only 
slowly  aci|uirc  tliat  increase  of  power  demanded  by  their 
newly  assumed  burden  of  the  systemic  circulation.  The 
arterial  system  of  the  infant  has  also  a  large  relative 
capacity  as  compared  with  the  size  of  the  heart,  which, 
Hssociated  with  a  comparatively  weak  ventricle,  renders 
arterial  tension  low.  This  condition  persists  in  some  de- 
gree till  juiberty.  when  it  ceases  owing  to  the  rajiid  de- 
velopment of  the  heart  at  that  age.  It  would  appear 
that  in  the  young  growth  and  physiologically  low  lilood 
l>ressure  go"  hand  in-hanil  (.Jacobil".  It  is  also  to  be  noted 
that  the  growth  of  the  large  arterial  trunks  in  the  infant 
is  not  uniforiu:  the  subclavian  and  carotid  at  birth  are 
relatively  large,  corresponding  with  the  greater  develop- 
ment of  "the  iiead  and  upper  extremities;  after  birth  the 
descendini:  aorta  and  the  femoral  ami  renal  arteries  in- 
crease more  rapidly  in  size,  corresponding  with  the  rapid 
growth  of  the  lower  extremities. 

The  pulse  nite  during  infancy  is  much  more  rapid  than 
during  childhood  or  adult  age.  and  is  easily  disturbed 
and  (luickened  liy  slight  causi-s;  irrcgulaiity  of  rhythm 
may  not  infrequently" be  noted.  A  girl's  pulse  is  almost 
always  a  few  beats  more  rapid  than  that  of  a  boy.     The 
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Muscular  exercise  or  exeiiinient  will  inerenw!  thin  rale 
by  from  iweniy  to  fifty  lieats. 

The  lymphatic  system  In  the  infant  is  well  developed; 
its  glands  are  iiiiiiierous  and  larL'e  in  Hize.  and  the  inter- 
roniiiiuiiiciilioii  lietweeii  them  and  the  general  syKteni  iH 
more  marked  than  at  any  other  period  of  life. 

Umitiiiiliiiii  in  the  infant,  as  a  consi'ipience  of  tin-  cir- 
cular shape  of  the  chest,  is  chielly  carried  on  by  the  dia- 
phnigin.  t)wing  to  thecompressibility  of  tlieciiest  wall, 
to  the  lack  of  developini-iit  in  the  respiratorv  iuiimIis.  and 
the  yielding  characlir  of  their  points  of  oritriii  and  iiiwr- 
tion,  and  also  to  the  narrowness  of  the  upper  air  passages, 
res|iinition  is  easily  disturbed  and  in  young  infants  may 
not  iiifrei|Uently  be  observed  to  be  irregular.  The  rate  anil 
rhythm  of  the  respiratory  moveineiit  are  very  variable; 
Kustace  Smith  gives  40  or  perhaps  inure  as  the  number 
of  respirations  in  the  new-born,  but  adds  that  they  soon 
become  less  rapid.  Hotcli  places  them  at  about  4.'> 
for  the  first  weeks  of  life,  and  in  infants  under  two  years 
at  between  20 and  -111  per  minute.  The  ratio  between  the 
rapidity  of  the  respiration  and  that  of  the  pulsi- for  the 
first  few  niontlisof  life  is  inconstant  and  easily  disturbed. 
During  infancy  more  oxygen  is  inhaled  ami  more  car- 
bonic dioxide  exhaled  than  in  adult  life,  as  the  result 
of  the  more  rapid  1is.sue  change.  Infants,  however, 
stand  c<>niplet<'  deprivation  of  air  for  a  longer  period 
than  will  adults.  Attention  is  drawn  by  .Tacobi  to  the 
greater  labor  rei|uircil  by  the  organs  of  both  circulation 
and  respiration  in  the  infant  as  compared  with  those  of 
the  adult,  while  at  the  siiine  time  their  own  development 
must  go  on.  Hence  fatigue  is  more  easily  experienced 
and  rest  and  sleep  are  niucli  more  urgently  demanded. 

Tilt  DiyeMire  't'rart. — The  mouth  is  early  moistened  by 
secretion  from  the  buccal  and  labial  glands,  though  in 
the  first  days  of  life  often  imperfectly  .so.  Saliva  is  se- 
creted at  this  date  only  by  the  i>arfilid  glands;  its  amount 
for  the  first  two  or  three  weeks  is  hut  one-tenth  of  what 
it  becomes  after  the  sixth  month;  not  until  after  the 
fourth  month  do  the  submaxillary  glands  assume  activ- 
ity. Even  in  the  first  days  of  life,  jiepsiu  is  si-creted  by 
tlie  gastric  follicles  in  small  amount.  For  the  first  few 
weeks  the  stomach  is  small  in  size,  somewhat  tubular  in 
shape,  and  plays  a  coinpanitively  unimportant  part  in 
the  jiroccss  of  digestion,  acting  cliiefiy  as  a  leceiitade  in 
which  the  milk  is  coagulated  by  the  rennet  ferment,  and 
from  which  it  passes  in  a  comi>anitively  undigested  state 
into  the  duodenum  where  digestion  is  completed  by  the 
pancreatic  ferments.  While  in  a  brea.st-fed  infant  two 
months  old  the  stomach  em]Uies  it.self  in  an  hour  and  a 
half,  in  an  infant  four  months  old  the  average  time  is 
about  two  hours.  Infants  fed  on  cow's  milk  require 
half  an  hour  longer.  At  birth  the  average  capacity  of 
the  stomach  is  under  an  ounce;  the  organ,  however,  in- 
creases rapidly  in  size,  and  by  the  end  of  the  fourth  week 
its  capacity  in  an  infant  of  average  size  is  about  two  and 
a  half  ounces,  at  three  months  four  and  a  half  ounces,  at 
si.x  months  .six  ounces,  and  at  twelve  months  nine 
ounces.  In  estimating  the  size  of  the  stomach  of  an  in- 
fant, not  only  is  its  age  to  be  considered,  but  also  its 
weiiiht ;  the  greater  the  weight  of  the  infant  the  greater 
will  be  its  gastric  capacity."  After  the  first  six  months 
of  life  the  secretion  of  gastric  juice  becomes  distinctly 
more  abundant,  but  during  the  entire  period  of  infancy 
free  hydrochloric  acid  is  either  absent  altogether  or  ex- 
ists in" only  very  .small  amounts  in  the  contents  of  an  in- 
fant's stomach.  In  the  intestines  the  villi  arc  numerous 
and  large,  even  surpassing  in  size  the  corresponding 
structures  in  the  adult,  and  contain  large  capillaries. 
The  glands  of  Lieberkiihn  are  present,  but  only  in  small 
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iiiimlMT!)  niul  tlicy  iiic  pnorly  <lcv<-l(>|i<<l  The  sjime  is 
trucof  IVvcr'sirlaiiil-*.  whicliilii  not  rrticli  llicir  propiTcU'- 
vrliipMii'iit  till  iIh'  sccoiul  yi'iir  (if  iiifaiKV.  In  ii  licaltliy 
iiirmil  llic  vTi'i'ttT  purl  of  till'  fimd  is  absorbcil  fnim  liii' 
small  iiilcslinc.  Tlicniuciius/u'laiiilsdf  hoili  sluniach  ami 
snijill  liitcslini' an-  morr  nuincrons  in  tlic  infant  than  in 
later  lifr.  ami  if  umliily  sliiniilali-il  pmir  fintli  a  ciipiDiis 
si'iTi'lidn  wliii  li  riailily  umliTirurs  aciil  fi'iimiilatiim  anil 
liiTdiiics  an  irritant.  Tlicsi'cntinn  of  the  pane  rcas  is  for 
till'  lirst  fi-w  nKPiiths  very  ilc  ruicnl ;  tliicciif  its  fcrnicnis 
arc  present  at  tiirtli.  viz..  trypsin,  steapsln.  ami  the  milk 
ciiKllinir  ferment.  1ml  the  amvlolytic  ferment  is  iiitile 
aliwnl  iill  after  (he  .sixth  monlli.  Bile  is  early  secreted 
in  ciinsiilenilile  ipiantily.  luit  compareii  with  tliat  of  the 
ailult  it  is  ilefeetive  in  or!;ani<'  salts,  in  fholestcrin,  in 
leeilliin.  and  in  fat. 

The  faces  of  an  infant  after  the  first  few  days  shoidd 
1m'  of  an  orancre  yellow  color,  of  soft  liomogcneous  con- 
sistence, distinctly  acid  in  reaction  and  not  olTensive 
iu  O4lor.  They  are  chietly  composed  of  fats,  of  fatty  and 
lactic  a<-ids  in  combination  with  linic.  of  cholesterin.  of 
intestinal  epithelium  and  mnctis.  willi  about  three  per 
cent,  of  the  milk  injrested  which  lias  remained  imal) 
.seabed.  .Mecoininn  is  no  lonirer  (ousidired  to  lie  simply 
an  admi.vtnre  of  bile  willi  intestinal  mucus,  but  is  found 
to  contain  Hat  epithelial  cells  which  cannot  have  orijji- 
nated  in  the  intestinal  canal,  alonir  with  line  hairs  and  iat 
globules  which  have  evidently  had  a  cutaneous  origin. 

GitowTii. — The  average  weight  of  the  newborn  babe 
is  a  little  over  seven  pounds,  nudes  as  a  nde  weighing  a 
few  ounces  more  than  females,  but  occa.sionally  this  aver- 
age is  vi'ry  much  exceeded.  During  the  first  two  or  three 
days  of  life  a  loss  in  weight  of  fromeiglil  to  twelve  ounces 
almost  invariably  takes  place,  due  partly  to  the  passage 
of  urine  and  meconium,  partly  to  the  disturbance  of  nu 
tritive  ]iroces.ses  necessarily  associated  with  its  entrance 
on  a  new  life  and  jiartly  to  the  fact  that  during  these 
days  the  infant  is  not  generally  able  to  obtain  sufficient 
nourishment.  Townsenil,  at  the  Boston  Lying  in  Ilospi 
tal,  has  shown  that  the  infants  of  ]uimipara'  losiMiiore  and 
are  slower  to  recover  their  loss  than  those  of  niultijiara" ; 
large  children,  however,  suller  less  loss  of  weight  and 
recover  more  qinckly  than  snnill  ones:  children  which 
have  to  be  fed  artificially  do  not  as  a  rule  regain  their 
original  weight  before  the  tenth  day.  That  the  loss  is  to 
some  extent  avoidable  is  indicatid  by  the  fact  that  in  the 
yoting  of  mammals  which  commence  to  take  the  dug  im- 
mediately after  birth,  incrcasi'  of  weight  is  immediate 
and  miinterrupted.  Any  failure  of  the  infant  fully  to 
regain  this  loss  by  the  end  of  the  second  week  should  be 
regarded  as  an  indication  that  ilsnutrition  isal  fault  and 
special  measures  should  be  taken  to  increase  its  vitality 
(Rotch),  After  the  second  week  there  shotdd  be  "a 
weekly  gain  in  weight  of  from  five  to  seven  ounces  for 
the  first  five  months.  'After  this  age  growth  gradually 
becomes  less  rapid.  It  is  generally  considered  that  the 
initial  wiight  of  the  infant  at  birlirshould  be  doid)led  at 
five  months  and  tr<'bled  between  thirteen  and  fourteen 
months  of  age.  The  weight  at  one  year  should  be 
diHdiled  at  six  years  and  this  weight  doubled  again  when 
tlif  child  reaches  fourteen  years.  Weighed  from  day  to 
day  the  amount  of  increase  in  an  infant  niay  be  found  to 
vary  consi<lend)ly,  ••ven  a  uniform  weekly  increase  is  ex. 
eeptional.  Slight  disturbances  such  as  denlilion,  wean- 
ing, improi'cr  feedini;.  or  undue  excitement  mav  inter- 
fere  with  or  evi-n  interrupt  the  regular  increment.  The 
weight  of  an  infant  carefidly  and  svsteinaticallv  taken 
is  to  be  regarded  as  an  excellent  index  of  the  infant's 
iMilrilion.  and  our  most  exact  guide  in  determining  the 
'■uitabilily  and  sufilciency  of  the  food  supplied.  Bow- 
<liich  has  alsfi  insisted  that  actinil  loss  in  weight,  and 
sometimes  even  a  fiulure  to  gain,  is  often  an  early  pre- 
monitory indication  of  the  onset  of  eonstitutional  disease. 

The  average  length  of  the  infant  at  birth  is  nineteen 
aiirl  three-iiuarler  inches  During  the  first  six  months  it 
grows  from  four  to  five  inches  and  in  the  second  from 
three  to  four  In  the  second  year  the  sain  is  from  three 
to  five  inches,  and  by  the  end  of  the  fifth  year  the  child 


slioulil  have  doubled  its  original  length.  Insufficient 
nourishment  and  improper  food,  especially  in  rachitic 
children,  retard  growth  in  li-ngth.  Chronic  disease  of 
the  brain  (idiocy)  is  apt  to  give  rise  to  more  or  less 
dwarting.  Cretinism,  also,  in  a  very  marked  degree 
stunts  growth.  On  the  other  liand  an  attack  of  one  of 
the  exanthemata  appeal's  in  some  children  to  accelerate 
growth. 

At  birth  the  circumference  of  the  head  much  exceeds 
the  circumference  of  the  thorax,  but  with  the  rapid  <le- 
velopment  of  the  lungs  the  difference  is  notalily  dimin- 
ished during  the  first  few  months,  and  at  the  end  of  the 
first  year,  uotwilhstanding  the  rapid  develo]iment  of  the 
head,  the  thorax  exceeds  it.  Between  .six  and  eight 
weeks  old.  the  child  begins  to  raise  its  head  and  turn  it 
voluntarily  towanl  a  bright  object  and  a  few  weeks  later 
is  able  to  linlil  it  up  without  supp<irl.  Not  till  about  the 
seventh  uiniitli  doesit  acquire  the  power  of  sitting  alone, 
and  not  till  the  close  of  the  first  year  are  the  lower  ex- 
tremities sufficiently  developed  to  enable  the  infant  to 
make  some  effort  to  stand.  Two  or  three  iiioiiths  later  it 
should  walk  alone.  Growth  does  not  always  take  jilace 
uniformly;  the  head  often  increases  the  most  rapidly  in 
size,  liiit  sometimes  the  extremities.  When  growtli  is 
too  rajiid.  failure  of  strength,  with  ana;mia  and  more  or 
less  emaciation,  ensues. 

About  the  sixth  month  dentition  generally  commences 
with  the  eruption  of  the  two  lower  central  incisors  and 
these  are  followed  at  varying  intervals  by  tin-  other  teeth 
in  successive  groups.  Eveiy  kind  of  variation  may  be 
met  with  as  to  the  order  in  which  the  several  groups  of 
teeth  appear  without  any  evidence  being  found  either 
at  the  time  or  later  of  the  existence  of  any  )iathologieal 
condition,  mental  or  otherwise  (Rolch).  Nevertheless 
delayed  dentition  is  generally  regarded  as  to  some  extent 
an  evidence  of  imperfect  nutrition.  Mere!  and  White- 
head state  that  in  seventy-nine  per  cent,  of  the  well  lie- 
veloped.  the  first  teeth  appear  before  the  eighth  month 
has  passed,  while  in  sixty  per  cent,  of  those  with  imper- 
fect development  the  first  teeth  are  cut  after  the  eighth 
month.  The  following  is  the  formula  for  their  usual 
appearance  as  given  by  Rotch : 

Groups.  Time  of  appearance. 

Two  central  lower  incisors  6th  to   Stli  inontli. 

Ff>ur  upper  incisors 8tli  to  loth  month. 

Two  lateral  lower  Incisors  and  four  first  I    i^t » ,  t  i.i,  „„-•>, 

molars  ('   12th  to  Hth  month. 

Four  canines  18th  to  30ih  month. 

Four  second  molars 2Sth  to  32*1  month. 

During  the  earlier  months  of  infancy  the  anterior  fon- 
tanel remains  open,  and  affords  a  fair  indication  by  its 
size  of  the  state  of  development  in  the  cranial  bones,  and 
to  some  extent  of  the  state  of  ossification  in  the  l)ody  gen- 
erally ;  and  by  the  jiresence  or  otherwise  of  any  distention 
in  the  membrane  I'overing  it,  of  the  condition  of  the  brain, 
whether  congested  or  ana'iiiic.  This  fontanel  is  of  small 
size  iu  the  new-born,  l)ut  gradually  increases  up  to  the 
ninth  month  wIk'Ii  its  size  remains  stationary  for  two  or 
three  months,  and  then  it  rapiiily  begins  to  close  (Vogel). 
Between  the  fifteenth  and  eighteenth  months  in  healthy, 
well-developed  children  it  should  become  completely  os- 
sified. 

Tlie  Development  of  the  Senses  find  Mental  Fncttlties  in 
the  infant  is  an  interesting  study  to  which  in  recent 
years  considerable  attention  has  been  directed.  The  first 
movements  of  the  new-born  infant  are  either  purely  re- 
flex, like  its  crying,  or  impulsive,  and  due  to  the  unload- 
ing, in  an  objectless  manner,  of  its  "inherited  provision 
of  motor  impulses."  Tactile  sensational  birth  appeal's 
to  be  developed  in  lips,  tongue,  eyes,  and  hands:  mi- 
ineroiis  reflexes  of  prenatal  development  also  manifest 
themselves,  e.g.,  respiration,  swallowing,  winking, 
coughing,  sneezing,  etc.  With  these  cxcejitions  sensji- 
tion,  both  general  and  special,  is  in  the  early  weeks  of 
life  very  defective.  The  senses  of  taste  and  smell  appear 
to  be  the  first  to  make  distinct  and  clear  imjiressions  on 
the  miiKl.  The  new-born  can  distinguish  between  bitter 
and  sweet,  and  the  taste  and  smell  of  the  milk  first  re- 
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c<'ivi'<l  nmkt's  a  |U'riiiiiiiriit  inipn-HHioii.  wi  lliiil  iiiiiitliir 
is  iifti  II  Irii'i)  iiiily  to  III-  put  itwitv  TIiiih  iiiriiiiiry  iiiiil 
Jii(li;iiifiil  ii|>|ii'iir  til  iiriM'  tli>t   in   tlie  limiiiiiii  nf  tlii'iu.' 

WIISlS. 

Ilrariii^  iiiiii  sljrlit  iirr  vrry  lirfiTlivi-  iit  Hr-.t.  Init  1h'- 
COIiii'  iiftrrwiilii  i>r  liiiii'li  iliiliiirlaiiir  to  ili-vi'lupiiiciit. 
All  i-lilliiii-ii  arc  lioiii  iliaf.  Kvni  tin'  slriiii);<".t  dii  not 
notice  a  sharp  soiiml  earlier  lliaii  six  lioiirH  after  liirlli. 
More  fr<'i|iicntly  it  is  mmiic  tiajs  liefure  we  notice  the  in- 
fant startiiiic  at  a  suilileii  iiniw.  This  (leafiiess  is  due  to 
the  fact  tiiiil  the  Kiislnchian  tillie  is  cliiseil  at  liiitli  iiiul 
Is  only  irniiliially  iipciieil  liy  the  acts  nf  linatliin^r  anil 
swallowini;.  I'litil  it  is  npi mil  the  iiiiilillc  car  cDiitains 
no  air.  ami  the  tyiiipanuiii  stamls  tun  <il)lii|Uely.  After 
lieariii;;  Ik'coiiics  active  no  or;i;aii  of  sciis<'  contrilmtcs  so 
much  towanl  ineiital  ilevcliipiiicnt.  Deaf  I'hililrcn  are 
iiiiich  more  liackwaril  than  arc  the  liliiul.  Toward  tlic 
end  of  the  third  month  a  child  sliould  rcco|;iii/.e  the  di- 
rection of  a  noise  ami  turn  toward  il.  It  re(|ii ires  more 
time,  however,  before  childiiii  can  distiniruish  lielwecn 
difTcrcnt  sounds.  IViiimc  found  only  two  per  cent,  alile 
to  recoicni/.e  their  mother's  voice  at  three  and  a  half 
months.  At  si.v  inonlhs  must  babies  enjoy  being  sung 
to.  and  are  amused  liv  the  jingle  of  nitlles. 

The  infant  appears  to  be  able  to  distinguish  light  from 
darkness  almost  imniedialoly  after  birth,  but  that  is  all, 
for  the  movements  of  the  lids  and  balls  are  not  at  lirst 
symmetrical.  About  the  .sixth  week  a  bright  light,  if 
moved  slowly,  is  followed  by  the  eyes,  and  after  the 
third  month  we  may  observe  the  iiiiick  closing  of  the  lids 
on  thcapproacli  of  an  object.  By  this  time  also  the  child 
should  recognize  it^  mothersface.  After  th<' sixth  month 
llie  estimation  of  size,  distance,  and  color  becomes  grad- 
ually developed,  but  not  till  after  the  third  year  are  all 
the  colors  distinguished. 

Voluntary  grasping  is  gcnendly  noticed  very  sliortly 
after  the  third  inontji  and  with  it  comes  the  knowledge 
of  things  apart  from  itself. 

Speech  is  not  inborn,  but  the  tendency  to  it  is  in- 
herited. At  tirst  only  vowels  arc  uttered,  but  after  the 
first  few  weeksihe  mental  state  of  the  child  may  be  de 
termiiied  to  some  extent  from  the  different  sounds  that 
it  makes  and  its  voice  gradually  becomes  modulated  to 
suit  its  mood.  Toward  the  end  of  the  lirst  year  the 
child  begins  its  tirst  imitation  of  sound.  The  progress  is 
more  rapid  after  this.  Inn  for  a  long  time  expres.sion  and 
gestures  arc  the  most  im|>ortant  means  of  communica 
tion.  and  sounds  are  merely  accompaniment.s.  Then  one 
word  is  us<'d  to  signify  .several  thoughts,  showing  the 
growth  of  reasoning  power.  Two  or  three  words  arc 
next  joined  together,  and  tinally  complete  sentences  are 
formulated.  All  the  disturbances  of  speech  noted  in  tlie 
adult  may  have  their  counterpart  in  the  child.  In  the 
one  the  functions  are  disturbed  by  disease,  in  the  other 
the  defect  is  due  to  insullicient  development. 

Infant  Moht.m.itv. — The  high  rate  of  mortality  in  in 
fancy  has  been  referred  to  and  deplored  by  all  writers  on 
the  subject.  In  England,  out  of  l.lXM)  infants  under  one 
year  there  die  annually  141. S;  in  France.  2'23.2;  in  Italy. 
5273.3  (Farr).  These  are  the  mean  rates  for  riinil  and 
urban  districts;  in  large  cities  the  rates  are  higher.  In 
Paris  during  the  four  years.  18(>3-66  the  mean  annual 
death  rale  of  infants  under  one  year  was  290  per  l.OlK) 
living.  Eioss  in  a  recent  article  based  on  statistics  ob 
tained  from  sixteen  large  European  cities,  .states  that 
about  nine  per  cent,  of  all  children  born  alive  die  before 
the  end  of  the  fourth  week.  In  small  towns  and  in  the 
country  the  rates  arc  much  lower  than  in  the  cities,  but 
even  iii  these  the  percentage  of  deaths  occurring  in  in- 
fancy is  very  large.  In  tiiis  country  statistics  are  not 
sufficiently  defined  to  enable  us  to  state  the  exact  mortality 
of  the  several  months  and  years  of  infancy.  In  Boston, 
with  a  general  death  rate  not  exceeding  24.5  per  l.(HMl. 
the  mean  death  rate  of  infants  under  one  year,  determined 
in  the  four  census  yeai-s  IS.-).'!,  186.>.  1870.  and  1«7.">.  was 
272.7  per  l.(MH)  infants  living,  while  for  children  under 
five  it  was  9."i.6.  These  rates  are  still  true  for  many  of 
our  large  cities,  but  in  utliers  it  is  probable  that  a  great 


ilniiinutiiiii  in  Hutu  wnuld  Ih-  found  to  iiave  tuKiii  place 
ill  recent  ycurs  Wende  {.I'ulnilrirt,  vol.  Ix  .  IIMHI.  p 
lli:il  states'that  ill  ININI  out  of  a  total  of  .'>.(r>4  deatlii  in 
ItlllTalo.  N.  V  ,  2, .'to.')  Wile  lindiT  live  years  of  iit'e.  but 
in  I'^IIH,  owing  toaiiirefiil  inspection  of  the  milk  Miiiplleil 
to  infants,  and  to  greater  care  in  the  feeding  of  it.  out 
iif  a  total  of  4.ri:t:i  deaths,  only  l,.'i7il  diiitiiH  of  infantM 
under  live-  years  were  recorded. 

The  high  morlalily  rati-  in  early  infancy  ilemaniU  an 
earnest  consideration  of  the  caii«<:s  that  may  give  rise  |4) 
il  and  an  effort  on  the  part  of  every  pliysician  to  niliicc 
it.  I'lifortiinatcly  wiine  of  the  causes  ciiiilribiilini;  to  il 
appear  at  present  to  lie  unavoidable  'I'he  gnat  and  iiii- 
porlaiit  changes  which  lake  place  in  ilie  organism  with 
the  complciion  of  liirlli.  and  the  rapid  development 
which  afterward  ensues,  are  both  fraught  with  s|ieeial 
dangiTS,  even  to  those  natiirtdly  lieiiltliy.  In  many  in- 
stances, however,  we  have  the  added  weakness  involved 
in  hereditary  disease:  syphilis  and  tuberculosis  in  the 
parent  necessarily  entail  an  enfiililcil  olTspriiig  unless 
active  preventive  measures  be  taken.  Even  when  we 
have  no  distinct  diathetic  disi-ase  to  deal  with,  general 
debility  and  many  ihronic  affections  in  the  luoiher  affect 
the  vitality  oC  the  offspring  iinfavonibly  and  render  it 
more  liable  to  succumb  to  disease.  Dr.  t'lirtis  esliinaled 
that  from  ten  to  fifteen  per  cent,  of  all  deaths  uniler  five 
years  must  be  assigned  to  this  class  of  hereditary  caiiws. 
Asliby.  in  an  analysis  of  the  causes  of  death  in  two  tlioii- 
saiiil  iiifanis  umlir  two  years  of  age.  estimates  that  con- 
genital .syphilis  was  the  active  agent  in  ten  per  cent. 
Acute  zymotic  ilisease  also  plays  an  important  role; 
|iertussislias  its  maximum  fatality  during  the  first  year  of 
life  and  measles  in  the  second,  while  scarlet  fever  does  not 
reach  its  maximum  fatality  till  the  third  and  fourth  years. 
Asliby  in  the  analysis  above  <|Uoled  states  tliat  jiertussis 
was  the  cause  of  death  in  twelve  percent,  and  ineasles 
in  nine  per  cent,  of  his  cases.  Unfavorable  hygienic 
surroundings  may  inctia.se  largely  the  mortality  of  this 
class  of  diseases  by  weakening  the  vitality  of  the  infant 
and  perhaps  by  increasing  the  virulence  of  the  poison 
itself,  while  strict  isolation  and  thorough  disinfection 
will  undoubtedly  lessen  the  frequency  and  diminish  the 
mortality  from  this  source. 

Diseases  of  the  alimentary  tract  contribute  largely  to 
this  high  death  rate.  Jacobi  has  estimated  that  the  deaths 
from  this  cause  alone  in  the  first  year  of  life  amount  to 
nearly  forty-one  percent,  of  the  total  number  which  ficcur 
at  this  period  of  life.  In  the  second  year  the  mortality, 
although  large,  is  not  quite  so  great.  This  cla.ss  of  dis- 
ease must  be  regarded  as  resulting  almost  entirely  frimi 
defective  knowledge  and  care  in  the  feeding  and  hygienic 
surroundings  of  the  infant,  and  therefore  in  great  part 
preventible.  Inflammation  of  the  respiratory  organs, 
principally  bronchitis  and  pneumonia,  is  also  another  im- 
portant cause  of  this  high  rate  of  mortality.  Dr.  Farr 
slates  that  in  England  this  cla.ss  of  di-seases  is  the  cause 
of  nearly  one  sixth  of  all  the  deaths  under  five.  Accord- 
ing to  jacobi  twenty-one  per  cent,  of  all  the  deaths  in 
the  first  year  of  life  are  due  to  tliis  cause,  and  about  thirty- 
six  per  cent,  of  the  deaths  in  the  second  year.  In  the 
majority  of  the  cases  in  this  class,  imperfect  ventilation 
of  living  rooms,  and  undue  exposure  to  wet  and  cold 
w  ith  insufticient  covering  to  chest  ami  extremities,  con- 
duce greatly  to  this  result.  Il  is  surely  not  too  much  to 
hope  ihat  with  the  rapid  diffusion  of  more  exact  knowl- 
edge of  the  important  principles  of  hygiene  and  infant 
feeding,  this  excessive  mortality  in  infancy  may  be  greatly 
reduced. 

Infant  Hygiene. — Feeding. — As  soon  as  the  mother 
has  to  some  extent  recovered  from  the  exhaustion  of 
labor,  the  infant  should  be  applied  to  the  breast.  Al 
though  the  full  sujiply  of  milk  is  not  established  until 
the  second  or  third  day,  yet.  as  a  rule,  sufficient  will  1k' 
obtained  to  satisfy  the  infant :  when  it  is  very  feeble, 
however,  artificial  feeding  with  a  weak  sterile  cream 
mixture  mav  be  advisidile.  At  this  early  period  the  in- 
fant does  not  require  much  and  a  frequent  application  to 
the  breast  is  unnecessary.     Should  the  influx  of  milk  be 
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<li'biy<-(l  iiml  flip  iiifiint  bo  fretful,  fpciiini;  with  some 
H(il»lit>ito  milk  limy  be  ili'OiiKil  iiilvisi\blc.  For  tlie 
Ilrst  iiioiitli  it  is  ilitlii-iilt  ti>  oliliiiii  ii'L'iiliiiitv  in  nursing, 
bill  tlio  iiiiportiiiic'c  of  n->riiltir  fcciiiiij;  slioiild  be  iiii; 
preswil  wii  tlic  iiintlitT.  mill  she  should  lie  tolil  llmt  ery- 
liig  1111(1  frc'ttiii);  (liirillf;  the  intervals  lire  in  ireneral  due 
not  to  hiiliu'er.  but  to  eolie.  which  iiiuy  be  au;f;riivnted  by 
irre>;iilar  luii-siiii,'.  After  lliesei-oiid  iiioiilh  an  interval  of 
at  least  two  hours Ix'twee-ii  two  siieeessive  niiisiiifts should 
be  insisted  on  for  the  day;  diirinjj:  the  iiiglit  this  should 
Ik-  leiiirlhi-iied  to  three  orfour.  As  the  child  itrows  older 
its  sloiiiaeh  becomes  capable  of  takiiij;  laijrer  i|iiantities  at 
n  time,  and  the  intervals  should  accordiugly  be  gradually 
lengthened  to  four  lioiii-s.  In  some  cases  the  breast  milk 
of  till'  mother  does  not  agree  with  the  infant  and  gives 
rise  to  nioiT  or  less  pronounced  symptoms  of  iniligeslion 
iiss<Kiatcd  with  much  fretfiiliuss,  sleeplessness,  and  either 
nn  nclual  loss  of.  or  a  failure  to  gain  in  weight.  This 
eonilition  of  the  milk  is  sometimes  due  to  overnnxiety, 
insiilticient  sleep,  an  improper  dietary,  or  irregular  habits 
on  IliepnrI  of  the  mother,  and  maybe  remedied  by  secur- 
ing for  her  a  correct  dietary,  regular  outdoor  exercise, 
sulfieii'iit  sleep  and  freedom  from  undue  w<irry  and  e.\- 
citemeiit.  In  a  few  instaiues.  however,  the  fault  ajipears 
to  be  irremediable,  and  artiticial  feeding  with  a  pioperlj' 
constituted  food  must  be  attempted.  (See  article  In- 
fititlH.  Arlijiriiil  Feitliiif/  of.) 

In  esliiniiting  the  suitability  of  any  food  to  an  infant's 
requirements  the  important  test  is  the  weekly  increase 
in  weight.  If  the  food  is  digestible,  and  sutlieient 
in  amount  for  its  wants,  the  infant  should  be  free 
from  colic,  happy  in  disposition,  should  sleep  quietly, 
and  gain  regularly  in  weight.  Xo  tixed  rule  can  be 
stated  as  to  the  proper  time  to  allow  artiticial  food  in 
connection  with  lireast  milk.  While  robust  mothers, 
with  an  abundant  supply  of  milk,  can  easily  satisfy  their 
infants  u]i  to  the  age  of  twelve  or  fifteen  months,  many 
liegin  to  feel  the  drain  upon  thein  by  the  second  or  third. 
Ill  others,  the  milk,  though  abundant,  fails  to  .satisfy  and 
sufficiently  nourish  the  child,  and  must  be  early  supple- 
mented by  artiticial  food. 

Jiit/iiiif/. — The  first  bath  of  the  infant  should  be  given 
in  a  warm  room,  free  from  draughts,  and  in  water  of  a 
temperature  of  9(5'  F.  The  infant  should  be  dried  beneath 
some  wann  flannel  covering.  In  general,  nurses  are  not 
sufficiently  alive  to  the  necessity  of  preventing  undue 
chilling  of  the  surface.  From  the  fifth  to  the  ninth  day 
the  navel  string  becomes  detached,  and  not  till  that  oc- 
curs is  a  second  general  bath  advisable,  After  that  t lie 
bath  should  be  given  daily  in  water  at  a  temperature  of 
ab<mt  'J-i  F.  This  temperature,  after  the  a.ire  of  eight  or 
nine  months,  may  be  lowered  carefully  to  90'  or  8^y ,  ac- 
cording to  the  strength  of  the  infant  and  the  vigor  of  its 
reaction.  Too  (irolonged  chilling  of  the  surface  during 
bathing  and  dressing  is  the  frequent  beginning  of  ca- 
tarrhs of  all  sorts. 

Cl'it/iiiiff, — In  the  dressing  of  the  new-born  care  should 
be  taken  that  there  is  no  injurious  drag.u'ing  on  the  navel, 
that  the  usual  abdominal  liand  is  notapplied  so  tightly 
as  to  interfere  with  respiration  or  digestion,  and  that  suf- 
ficient warmth  be  secured  for  the  extremities.  Later  on. 
caution  slioiilil  be  enjoined  that  none  of  the  clothing  press 
unduly  on  either  chest  or  abdomen — all  shouUt  hang 
liKisely  from  the  shoulders,  neck  bands  should  not  lie 
tight,  and  the  extremities  should  always  be  efflcientlv 
and  warmly  covered.  Xo  sudden  change  in  the  amount 
or  character  of  the  clothing  is,  on  any  account,  to  be  per- 
mitted. .Special  care  is  also  to  be  given  to  the  .shoes. 
The  leather  should  be  pliable,  and  tlie  shoes  made  broad 
ond  loos<-alKiut  the  toes,  so  as  to  allow  freedom  for  move- 
ment and  growth 

S/,i iiiii;/.— Vor  the  first  few  weeks  of  its  life  an  infant 
slioiiUl  sleep  eighteen  hours  out  of  the  twenty  four.  As 
it  grows  older,  it  grailiially  requires  less.  A"  fretful  and 
wakeful  baby  is  ailing  in  some  way,  and  the  cause  of  its 
fretfiilness  should  be  f<iund  out  and  remedied.  When 
possible,  the  nursery  should  be  large  and  well  ventilated. 
For  the  first  few  days  of  infant  life  it  may  be  desirable 


that  the  room  in  which  it  is  kept  should  be  somewhat 
darkened,  but  after  that  fresh  air  ami  sunlight  should 
never  be  excluded.  At  the  .same  time  draughts  and 
rapid  changes  of  temperature  are  fraught  with  much 
danger. 

Exivcise  is  important,  but  the  manner  of  it  is  equally 
so.  Xo  infant  should  be  cairied  about  upright  until  it  is 
able  to  raise  its  head  and  rotate  it  easily  :  nor  should  it  be 
en<(iuraged  to  walk  or  stand  till  nearly  a  year  old.  and 
if  there  be  any  tendency  to  rachitis  this  must  be  post- 
poned still  later.  After  an  infant  is  three  months  old — a 
little  later,  in  the  winter  season — it  should  be  ".short- 
coated."  and  the  fullest  liberty  given  to  its  arms  and  legs. 
It  should  be  encouia.tred  to  lie  on  its  back  in  its  crib  with 
loose  clothes  and  enjoy,  as  il  will  do.  the  liberty  of  kick- 
ing. Every  day  it  should  be  taken  out  regularly  during 
the  more  suitable  ])ortion  of  the  day.  unless  the  weather 
be  blustery.  When  it  is  sufficiently  old.  walking  forms 
a  iileasant  exercise,  but  it  should  never  be  carried  to  the 
extent  of  much  fatigue. 

Wiiminrj  should,  if  po.ssible.  be  effected  gradually,  and 
the  digestive  organs  should  be  accustomed  to  some  suit- 
able artificial  food  before  lactation  is  altogether  stopped. 
Abrujit  changes  in  its  food  try  an  infant's  digestion,  and 
frequently  upset  it.  In  selecting  the  time  to  make  the 
alteration,  attention  should  be  given  to  the  following 
points;  1.  An  interval  between  the  eruption  of  the 
several  sets  of  teeth  should,  if  possible,  be  chosen,  as  we 
sometimes  notice  at  tlie.se  times  irritation  of  the  nervous 
system  with  hypeiu-niia  and  increased  peristalsis  of  the 
alimentary  canal,  i.  It  is  never  desirable  to  take  the 
breast  from  an  infant  while  il  is  sick  or  recovering  from 
sickness,  unless  it  is  manifest  that  the  milk  of  the  mother 
is  injurious.  Even  an  inadequate  supply  will  often  be 
all-important  for  the  nourishment  of  such  an  one(I}usey). 
3.  Regard  must  be  paid  to  the  season  of  the  year.  Any 
change  during  the  hot  months  is  very  tindesirable. 

In  the  Ex.\MiX-VTiiix  of  infants  much  tact  and  observa- 
tion are  necessiiry.  All  appearance  of  abruptness  is  to  be 
avoided;  no  harshness  in  voice  or  manner  is  allowable; 
the  physician's  hands  must  be  warm;  and  a  full  supply 
of  patience  must  ever  be  ready  to  be  exercised  if  de- 
manded. If  the  infant  be  asleep  on  the  physician's  ar- 
rival, it  shoulil  on  no  account  be  awakened  until  he  has 
seen  its  decubitus,  counted  its  imlseand  respirations,  and 
noted  their  character,  and  made  such  other  superficial 
examinations  as  are  jiossible  without  disturbing  it.  The 
pulse  and  respirations  in  an  infant  just  awakened  are 
always  extremely  rapid.  With  reganl  to  its  decubitus,  a 
healthy  young  infant  in  sleeping  generally  assumes  the 
position  he  is  supposed  to  have  had  m  ntcm.  An  older 
infant,  even  if  lying  on  its  back,  should  incline  its  head 
to  one  side  or  the  other,  so  that  its  cheek  comes  in  con- 
tact with  the  pillow.  If  it  be  found  with  closed  eyes 
and  face  directed  straight  tipward,  it  is  iiroViably  suffer- 
ing from  serious  disease.  If  it  be  lying  with  its  head 
retracted,  cranial  disease  should  be  thought  of.  If  it 
sleep  on  its  belly,  or  resting  on  elbows  and  knees,  it  is 
probably  suJfering  from  alidoiuinal  discomfort.  Healthy 
children  should  sleep  (luietly.  Much  tos.siug.  any  twitch- 
ing of  the  muscles,  or  screaming  and  talking  in  sleep,  in- 
dicate feverishness  or  digestive  derangement. 

Much  may  be  learned  from  the  character  of  the  child's 
cry.  Unappeasable  screaming,  w  ilhout  any  other  symp- 
tom, often  results  from  earache.  The  tcm]ierature  should 
always  betaken  with  a  sensitive  thermometer,  preferably 
intlie  rectum;  if  not  convenient  there,  in  the  groin.  The 
armpit  is  not  so  good,  as  infants  object  to  the  neces.sary 
restraint  of  the  arm.  In  many  abdominal  troubles  the 
skin  and  extremities  may  be  quite  cool,  yet  the  ther- 
mometer in  the  rectum  show  a  teni]ierature  of  104'  or 
105'.  The  respirations,  if  practicable,  should  always 
be  counted  At  the  first  examination  we  should  always 
insist  on  having  the  infant  stripped,  otherwise  no  thor- 
ough examination  can  be  made.  Care  should  at  the 
same  time  be  taken  that  the  infant  be  not  chilled  by  a 
too  prolonged  examination.  Passing  downward,  we 
note;  (1)  shape  of  child's  head  and  state  of  fontanel ;  (2) 
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sliiipi'  of  clicst,  cliiiriictcr  of  the  l)rwilliin(f.  wlii'ihcr  llicro 
In'  liny  rclnirliiiii  nl  ilicsl  wiiIIh  or  iiiti'misiul  Nimcc-it. 
Willi  wiiriii  liaiiilt  |>iil|iiilii>ii  hIiimiIiI  lir  iiiiuli'.  iiiiil  the 
4'\|iiiiisiiiii.  iiiiil  iiImi  llir  |irt'S<'iirc,  if  iiiiv,  of  iliolirlml 
rrcliiiliis  sill  III  III  lie  lintnl .  (^t)  kIiii|>i'  nf  iiIhIuiiii'II.  »  licllicr 
pniliilicniiil  III'  I'i'Inicii'il.  ulirlliiT  llir  walls  iiri'  Ii-iibv 
or  lii.v.  (iciiili'  iin-ssiin-  iiiiiy  Ik-  iiiiiilr  liy  llir  liiiiiil,  iiiiU 
any  lcniliTni.'»,s  of  the  nlHlonii-n  or  unliirffi-nii'nt  of  livt-i- 
or'  siilctn    dclfc-lwl ;    (4)  conililion    of    the    lyniphalic 

glllllllH. 

In  mlilitlon,  the  color  uiiil  einstirity  of  I  he  Nkiii  nnil  the 
^'eliinil  noiirishnielit  of  the  tissms  shoiilil  lie  nhserviil  iit 
this  time.  In  iiieM'iiltiiiinL.'  tli<'  iliisi,  ihr  iiifmii  slimilil  i 
lie  pliueil  on  the  left  iirni  of  till'  niii-ic.  Inuiiiii:  over  her  ' 
left  shoiililer,  with  its  itrnis  aioiiiiil  her  Meek,  hi  this 
wuv  only  lire  the  iniiseles  of  the  Imek  eijiinily  relii.xed 
and  eorri'Ct  results  olitaiiieil.  rereussioii  sjioiilil  alwny.s 
lie  freiille.  Iiimiediate  aust'iiltatioii  never  (jives  the  e.v- 
act  results  olilaiiietl  by  the  use  of  the  sletlioseope,  liiit 
any  painful  pressure  liy  the  instruineiit  must  lie  carefully 
aviiiiliil.  In  iiifanls.  syni]itonis  of  ilisense  ale  more  fre- 
(|Ueiilly  foiinil  al  llic  liaiU  tliaii  at  the  frciiil,  ami  at  the 
base  nitlier  tlian  at  the  ape.\.  Neveltheliss.  no  pan 
should  lie  oniilteil  in  the  eMimination.  Inspection  of  the 
mouth  anil  fauces  slioiilil  always  be  left  to  the  last,  as 
givinj;  rise  to  more  or  less  resistance.  To  elTecl  this  the 
mfant  slioulil  be  seated  on  the  nurse's  lap  before  n  bright 
window.  Sometimes  with  a  little  irentle  pressure  on  the 
chin  the  mouth  is  opened  and  the  lonjrue  seen.  To  ex- 
amine the  fauces  nquiies  the  use  of  a  depressor,  for 
which  nothini;  i5  bitter  than  the  smooth  handle  of  a 
spoon.  This  can  always  be  slipped  in  behind  the  teeth 
aud  over  the  tongue  to"  its  base.  When  the  jiharynx  is 
reached  the  mouth  involuntarily  opens,  and.  if  the 
physician  be  on  the  alert,  a  good  view  of  the  fauces  is 
obtained.  I-astly.  the  secn-tions  should  be  e.vainincd,  if 
in  any  way  at  fault.  Trouble  is  sometimes  experienced 
in  obiaining  the  urine.  If  nrcessiiiy.  a  small  silver  cath- 
eter may  be  pas.siil  and  a  sample  draw  n  olT. 

In  making  our  diagnosis  and  prognosis  in  infancy,  the 
following  poini>»mu.st  always  be  rememliered  as  modify- 
ing disease  al  this  period: 

1.  The  wide  diltiision  of  .symptoms  met  with  at  the 
onset  of  an  acute  attack. 

2.  The  severity  of  the  initial  symptoms  often  bear  no 
proportion  to  the  gravity  of  the  local  lesion. 

a.  The  exiremeiy  nipi'd  rise  and  fall  in  the  temperature 
of  the  body  friiiuently  observed. 

4.  The  i-apidily  with  which  functional  mischief  may 
pass  into  organic. 

5.  The  extent  to  which  local  disease  is  modified  by  cer- 
tain (liathesi'S. 

For  an  account  of  the  special  disea.ses  to  which  the  in- 
foul  and  newborn  are  liable,  the  reader  is  referred  to  the 
sci>anite  articles  on  these  diseases. 

Alexander  D.  Dlatkader. 

Tlie  folloivine  paiwrs  and  treatises  have  l»en  rcfcmHl  to  and  made 
use  of: 

Thoiiiiis  Rc.l.li:  Pi-dliitrlcs.  1!«)1. 

L.  Eniiiiell  Hull .  Iilseasi's  i>f  Infanrv  and  Cliildhood,  1897. 

Colii'ii:   Li-s.'i.iiis  i^ii  .\iiiu<iiiiv.  inivslolog.v  and   Hygiene  of  Infancy 

and  (.liildlicKHl.  Chiijiitn.  IIKII. 
Alfn-d  ViiinM  :  \  I'niriiial  Treatise  on  Disease  In  Cbildren ;  translated 

liv  II.  Itniiliacl.  l.s'^i. 
Fnd.  Tn-K's:  Tlii-  .\iiatoniy  of  Ilie  Intestinal  Canal  and  reritoneiini 

111  Man.  London.  Is.s."i. 
S.  JumW  :  Infant  HvKifne.    Biioh's  Hviriene  and  Public  Ueallb.  1873. 
Tlioiim.s   H.  Curtis :' Infant  Mortality.     Buck's  Hygiene  aud  Public 

llnllth.  IS7'.>. 
A.  .iBi-olii:    Anieiuia  lu  Infanov   and    Early  CUildhood.     Arch,   of 

Medli-ine.  vol.  v..  No.  1.  New  York.  G.  P.  Putnam. 

INFANTS.  ARTIFICIAL   FEEDING    OF.— When    for 

any  niisoii  ilie  iiif;int  is  dtprived  of  its  mother's  milk,  its 
naiiinil  and  most  perfect  food,  the  necessity  of  supply- 
ing it  with  nourishment  from  soiue  othersourccis  forced 
upon  us.  This  may  best  be  done  by  means  of  a  healthy, 
ellicient  wet  nuise.'if  such  can  be  obtained;  but  this  is 
always  a  dirticult  matter.  Very  seldom  can  cue  be  found 
who  fulfils  all  the  requirements  demanded  by  the  physi- 


chin.  iind  who  Ih  willing  to  nubinil  to  the  careful  dii  laiy 
and  regular  iiiinIc  III  life  incisMiry  to  inHiirea  wlioli-honie 
and  even  hU|iply  o(  brciiKl  milk  to  the  foHler  child  In 
the  great  majority  of  (a.ses  ihirefore.  we  have  to  Iind 
some  artillcial  nutriment  which  shall  fidlil  the  imporlnnt 
conditions  of  being  easily  digesleii  by  the  infant  and  at 
the  same  time  of  supplying  in  due  amonnU  all  the  etc- 
incuts  reijuired  for  niiti-itioii. 

Nilrogenoiis  material  it  must  have  to  provide  for  llio 
wants  of  the  glowing  tissues,  without  a  sulllclent  i|Uim- 
tity  of  this  element  in  the  IikhI.  growth  and  dcM-lop- 
ment  will  be  di'lective  ( 'arboliydralcs  miisl  also  lio 
piesi'iit.  Not  only  are  they  eH.s<'iitiiil  to  iiiitrilion  but 
they  are  also  necessary  lor  the  priHliiiiion  of  heat  in  ii 
being  whose  muscular  activity  is  comparatively  slight, 
yet  in  whom  the  aclivily  ot  the  vital  iiroietisi-s  would  be 
much  impaired  were  the  body  heat  lowi'reil  in  any  de 
gree  These  carbohydnites  must  be  in  a  condition  eiiKily 
assimiliiled.  and  it  is  to  be  remembered  that  duiiiig  the 
early  months  of  life  no  provision  is  made  by  nature  for 
the  digeslion  ot  starch,  they  must,  therefore,  be  sup- 
plied ill  the  form  of  some  sugar,  and  of  the  various 
sugars  niillv  siiiiiir  appears  for  the  infant  to  be  the  most 
assimilable.  Fats  appear  to  be  closely  a.ssocialeil  with 
new  cellular  growth,  and  must  be  supplied  in  a  state  of 
tine  emulsion.  The  food  must  also  contain  n  due  amount 
of  mineral  matter,  calcium  phosphate  for  the  hardening 
bone,  and  sodium  chloride  anil  iron  for  the  blood,  daily 
incieasing  in  amount.  Salines  are  also  undoubtedly  of 
much  service  in  the  vital  proce.s.ses  of  digestion,  absorp- 
tion and  nutrition;  proces.ses  for  which  water  is  de- 
manded in  larger  amounts  than  reiiuired  by  the  more 
adult  constitiitiou. 

To  supply  a  food  suitable  in  all  these  respects  to  the 
wants  of  the  infant  organism,  and  yet  easily  digested 
and  assimilated  by  the  imperfectly  developed  alimentary 
tract  of  the  infant,  is  a  luoblem  demanding  n.uch 
thought  and  care.  Its  importance  will  be  apprcciaied 
when  we  consider  thedisastrous  results  which  frei|Uently 
follow  attempts  made  in  thoughtlessness  and  igiionmce 
to  hand-feed  infants.  The  enormous  death  rale  which 
in  all  countries  occurs  among  those  deprived  in  early 
days  of  maternal  milk  is  appalling,  while  among  those 
that  survive,  poor  heallli,  defective  nutrition,  and 
stunted  growth  plainly  attest  the  defective  nourishment 
supplied"  As  a  receiil  writer  says,  it  is  proper  or  im- 
proper nutriment  which  makes  of  mars  the  perfection  of 
the  coming  generations. 

The  problem,  although  at  all  limes  demanding  careful 
thought,  is  one  of  very  varying  dilliculty.  If  the  pow- 
eis  of  digestion  are  naturally  strong,  aijd  especially  if 
the  infant  has  received  the  ailvantage  of  maternal  nurs- 
ing until  the  gastric  and  intestinal  sj'cretions  have  be- 
come to  some  degree  developed,  the  task  of  supplying  a 
suitable  food  luay  be  a  com|iarativi>ly  easy  one.  But  if 
the  infant  inherit  a  weak  constitution  with  feeble  powers 
of  digestion  and  assimilation,  still  worse,  if  it  must  lie 
bottle-fed  from  its  liirth,  much  difficulty  will  be  ex- 
perienced; our  difficulties  are  still  further  increased 
during  the  hot  season  aud  under  the  unsanitary  inllu- 
euccsassociatcd  with  city  life.  It  is  only  w  illiin  the 
last  few  years  that  advancing  knowledge  has  enabled 
us  to  cope,  for  the  niosl  jiart  successfully,  with  these 
various  difficulties,  and  it  luust  be  acknowledged  that 
for  the  greater  jiart  of  this  advance  we  arc  indebted  to 
Amei-icau  pliysici;iiis. 

In  the  prcpaiation  of  a  substitute  food  for  infants,  it 
must  be  our  aim  to  copy  as  closely  as  pos-sible  in  all  par- 
ticulars the  food  whicirnature  supplies.  The  substitute 
food  must  resemble  maternal  milk  in  the  elements  enter- 
ing into  its  composition,  in  the  percentage  of  them  pres- 
ent in  the  food,  in  its  frcedoiu  from  the  prest;nce  of  nox- 
ious microonranisms.  and  in  the  fact  that  it  is  an  animal 
food.  To  enable  us  to  attain  this  result,  many  careful 
analyses  have  been  made  to  find  out  the  exact  composi- 
tion of  mother's  milk. 

Rotch  gives  us  the  following  as  a  summary  of  several 
of  the  more  recent  analyses  of  human  milk : 
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AVIRAOR  HrUAN  UlLK.     (RoU-h.l 

ll>.ni'll<>ii Amphotprin  or  slightly  alkaline. 

>l.vinr  cmviiv 1.IU8UI  l.(m. 

W  lil.T 87  to  88  IHT  i-ent. 

T.iiil  M'llils 12  u>  i:i  ixT  (vnt. 

Km*   3  111    4li<Tn'lll. 

.Milk-KUinir Htii   TiMTicnt. 

llnlriib Ito   -' iier  cfnt. 

Toliil  iiiliicnil  iiiultiT 1  lu  .2  piT  cent. 

As  an  iiicliriitixn  i>f  tlio  difToniucs  wliidi  may  exist  in 
the  hrcasi  milk  of  (lillcrent  women.  Ilie  following  an- 
nlysfs.  miuli-  by  lliirriniilon  ami  iiuoted  liy  Holcli,  are 
iiilerestiiif:: 

HIM.VN    BRKA.<T-MILK    AXAI.YSK3. 

(Miithers  Hcallby  and  Infants  DlBi-stlns  Well  and  Galtiing  Weight.) 


1. 

11. 

III. 

IV. 

FBI 

5.1« 
.'i.ti8 
4.14 
.17 
1.1.1.5 
84.85 

4.37 

o.:» 

•3.27 

.iU 

14.10 

»5.!I0 

3.28 

.5.70 

1.08 

.20 

10.80 

89J» 

.Xltl 

7.20 

IYhIhIiIs         

1.B5 

.21 

Total  sulids 

12.22 

87.78 

In  conneelion  with  these  analyses  it  is  to  be  noted 
tliiit.  although  the  several  infants  digested  and  throve 
well  on  their  own  mother's  milk,  when  supplied  with 
milk  from  another  mother  colie  and  disturbed  digestion 
frequently  resulted.  Breast  milk  may  also  vary  aeeord- 
ing  to  the  perio<i  of  laetation  at  which  it  is  drawn. 
liaginsky  ijuotes  the  following  as  the  result  of  numerous 
aualvses  made  bv  PfeilTer; 


Period  of  laclatton. 

Sth  day. 

8.5th  day. 

371st  day. 

89.02 

2.385 

1.6B5 

.108 

.o!12 

3.:W5 

3.274 

.446 

89.72 
1.496 

.844 
.228 
.424 
1.827 
6.22 
.180 

87.72 

Total  Blt>niiilnolds 

1.552 

Ca.'^pin 

718 

.183 

Undftennloed  albuminoids 

F»i 

.651 
3.984 

6.088 

Salts 

.126 

It  is  evident  from  these  analyses  that  we  have  to  deal 
with  a  tluiil  whieh,  while  containing  all  the  elements 
neees-sary  for  the  i>erfeet  nutrition  of  the  growing  in- 
fant, contains  them  in  i|uantities  which  iiui}'  vary  con- 
siderably in  each  imiividiial  ease,  and  to  some  extent 
from  time  to  time.  Of  its  several  constituents  the  pro- 
teids  uinl  the  fats  are  the  most  variable  in  their  amounts, 
while  the  sugar  in  all  is  comparatively  constant.  This 
piTliaps  is  only  what  we  should  expect  I'roni  what  we 
know  of  the  secretion  of  milk,  and  considering  how- 
liable  mothers  are  to  the  iuflueuces  of  worry,  overex- 
citetneut.  iind  disturbed  sleep.  In  the  majority  of  cases 
infants  digest  and  as.siniilate  their  own  mother's  milk 
ea-sily,  but  in  a  few  instances,  in  which  the  mother's 
milk  has  containeil  a  high  peiceutage  of  proteids  with  a 
low  percentage  of  fats,  it  has  i)r<ive<l  indigestible  and 
has  given  rise  to  colic  and  much  ilisturbance  of  the  di- 
gestive tract.  We  may,  therefore,  infer  that  more  or  less 
variation  in  the  composition  of  our  substitute  food  will 
be  necessary  in  manv  cases  to  secure  a  product  that  will 
suit  the  digestive  idiosyncrasies  of  the  infant  as  an  in- 
dividuitl  and  yet  be  elllcient  as  a  source  of  nutriment  to 
its  growing  tissues. 

ANALYUS  OF  TIIK  HlLK  OF  VARI0V8  ANIMAI.S.     (After  Konlg.) 


Cow. 

Omt. 

Ewe. 

Mare. 

Ass. 

Wnior 

Ca.'w'liiMiri'n 

IjuMalliuiriln 

87.41 
3.01 

.75 
8.86 
4.»i 

.70 

8a.»i 

2.87 
l.lfl 
4.00 
4.4.'i 
.96 

si.in 

4.09 
1.42 
5.83 
4.86 
.73 

90.71 
1.24 

.75 
1.17 
5.70 

.37 

91.40 
;i.23 

Fit 

3.01 

tuei 
.45 

Mlnenil  tnalter 

At  the  outset  of  our  endeavors  to  prepare  such  a  fooci 
we  naturally  turn  to  the  milk  of  other  mannnals.  and  of 
these  the  milk  of  the  cow.  goat,  ewe,  a.ss,  and  mare  have 
been  by  various  writers  recommended  for  this  pinpose. 
Careful  analyses  have  been  made  (jf  these  various  nnlks, 
with  the  results  shown  in  the  last  preceding  table. 

It  is  evident  that  the  milk  of  the  ass  and  mare  ap- 
proaches more  nearly  that  of  the  human  being  than  does- 
that  of  the  cow.  but  as  it  is  imp<issible  to  obtain  from 
these  animals  a  supply  in  any  way  adecpiate  to  our  w  ants, 
they  may  be  disiuissed  from  our  present  consideration. 
Goats'  milk,  allhough  more  freriuently  available,  pos- 
sesses no  advantage  over  cows'  milk.  The  (inantity  of 
casein  in  it  is  large,  and  its  peculiar  odor  is  often  very 
objectionable.  Cows'  milk,  on  the  other  hand,  has 
itiany  advantages;  it  is  plentiful  and  cheap,  and  caa 
with  due  care  be  obtained  fre.sh  and  pure.  The  follow- 
ing analyses  of  the  two  milks,  as  given  by  Hotch,  shows 
us  how  closely  they  resemble  one  another  in  composi- 
tion : 


Cows' 
Per  cent. 

Woman's 

(directly  frtjin  breast). 

rer  cent. 

Reaction 

Slightly  add. 

86-87 

.70 
14-13 
4.00 
4..50 
4.00 
2.88 

.53 

Amphoteric,  generally 
alkaline. 

20 

13-12 

Fat^i 

400 

7.00 

I'roteiils 

(  aseiiiogen 

1..5-2 
..59 
1.23 

Although  on  comparing  these  two  tables  we  see  much 
similarity  between  the  two  Huids,  nevertheless  impoi-tant 
points  of  ditfercuce  may  be  noted.  While  human  milk 
is  almost  always  alkaline  and  remains  so  for  many  hours, 
the  reaction  of  cows'  milk  is  acid,  owing  partly  to  the 
presence  in  it  of  potassium  biphosphate,  and  partly  to 
the  formation  of  small  ([uantities  of  lactic  acid;  csjie- 
cially  is  this  the  case  when  the  cow  is  stall-fed  or  the  milk 
a  few  hours  old.  Our  knowledge  docs  not  as  yet  permit 
us  to  rccogniz(^  any  dilference  between  the  fats  in  the 
two  milks.  The  milk-sugar  is  notably  deticient  in  cows' 
as  compare<l  with  human  milk.  The  mineral  matter  is 
more  abundant  in  cows'  luilk.  An  analysis  of  the  .saline 
■ugredients  in  the  two  milks  shows  that  the  potassium 
salts  are  in  larger  proportion  in  breast  milk,  while  the 
lime  .salts  are  more  alumdanl  in  cows'  milk.  Cows'  milk 
also  contains  niora  |)hosi)lioric  acid,  less  chlorine,  less 
iron,  and  less  sulplnir.  These  dilTerences.  however,  may 
be  regarded  as  couiiiaratively  unimportant.  The  most 
important  practical  ditTerence  exists  in  the  proteids.  of 
whieh  we  notice  that  in  cows'  milk  the  greater  part  may 
be  readily  coagulated,  forming  tough  and  detise  curds, 
while  in  huuian  milk  the  coagulable  proteids  exist  oidy 
in  small  amount.  Kiinig's  analysis  shows  that,  while  in 
human  milk  the  caseinogen  forms  one-third  and  tiie  lac- 
lalbumiu  two  thirds  of  the  proteids.  in  cows'  milk  the 
caseinogen  forms  four-tifths  and  the  lactalbundn  only 
onelifth.  As  a  result  of  this  dilVerence,  it  is  notici'd 
that  on  coagulation  of  the  proteids  of  human  milk  by 
acids  or  rennet  the  cuids  form  slowly  and  are  small  and 
Hoceident,  whereas  in  cows'  milk  they  form  com]iara- 
tively  rapidly  and  are  large  and  tenacious.  Similar  re- 
sults are  observed  when  the  two  milks  are  acted  upon 
by  artilicial  gastric  juice  in  a  test  tube;  the  proteids  in 
woman's  milk  are  iirccijiitated  slowly  and  imperfectly 
and  are  easily  redissolved  in  excess  of  the  juice,  while 
the  proteids  of  cows'  milk  are  precipitated  in  large 
masses  which  are  redissolved  only  with  dithculty. 

.\notlicr  important  ditTerence  Ijetween  the  two  milks 
still  remains.  While  breast  milk  is  always  practically 
sterile,  commercial  cows'  luilk  invariably  contains  many 
bacteria,  from  one  hundred  thousand  to  several  million 
in  each  cubic  centimetre,  and  if  old  it  also  contains  the 
toxins  evolved   by  their  actions.     It  is   therefore  ex- 
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tri'liii'ly  iiiipcirliuil  that  milk  to  ))*■  i'iii|il(<yi'<l  in  llic  fvttl- 
ill);  cif  ilifiiiilH  slioulil  Ik-  oliinilinl  fniiii  lii'iillliy.  vi^fiiniiis 
llliiliiiilH,  rli'iiiilv  ki'pl  illiiirr  till-  Ih'sI  liy^-iriilr  cDiiclilicHIN, 
mill  I'liri'fiilly  liil  itml  ualiTnl.  Tlir  milking'  slimilil  \h- 
tliiiii'  witli  niri'ful  inrciiiiliiiiiH  tu  itviiiili'i)iilaiiii(iiitii>ii  by 
iiii|iiirili('s  (M'c  arlii'li'  .l/iM  i.  'I'lif  milk  slimilil  ai  uiicl' 
Ih-  riHili'il  anil  aCntliii  ami  ili'livrrnl  to  tin-  c-oiiHiimcr 
with  as  liltli'  ili'lay  as  |ii>ssilili' :  |iri>li>iiKr<l  lniiis|iiirtali<>ii 
is  III  III'  avuiilrii.  Milk  may  ai'i|iilri'  iiiixiniis  |irii|ii'rlli'H 
ami  III'  rriiilnril  ilaiiKirnus  as  a  riuHl.  i'S|ii'i  iaily  fur  in- 
falits.  Iiy  (II  |iiiisiiiiiiiis  wi'i'ils  lakrii  with  tlir  I'ihkI-  ('.') 
Iiy  (liM'iiM'il  ciiiiililioiis  ill  tin-  cow;  Oi)  by  ciiiitamiiiaiinii 
Willi  |iiilliiig('iiir  iirKaiiisiiis  ciitiiiiiiiiiiiiitcil  liiiriiiK  rillicr 
milking,  or  storiii);.  or  tiiiiis|iiirtaliiiii.  Wliciicvfr  tin- 
Ii'm|U'niHire  of  milk  is  nllnwiil  to  risi'  aliovc  7  C  (•l.'i 
F.  I.  it  Imtoiih'S  all  rxrilU'lit  riilliiri'  liiriliiim  for  thr 
growth  ami  ili'vi'lii|imi'iit  of  tlir  many  forms  i if  liartrria 
wliirh.  I'Vi'n  with  our  most  cari'fnl  priiautlnMs.  arr  al 
ways  |)rt'S<'nl  to  a  ^.'natiT  or  K'ss  I'Mrnt.  Milk  ninlain 
ill);  miiriior>;anisms  in  cxitss  of  ten  Ihonsjinil  pir  i-uliic 
cenlimi'irt'  must  hi'  ri'pirtli'il  as  unlit  for  infant   frciliii);. 

Cows'  milk  also  varirs  ciinsiilcnilily  in  its  pcrccntajji's 
ncrorilini;  to  the  special  brccil  supplying  it,  accorilinf;  to 
the  chanicti'r  of  the  fooil  on  wliirh  Ihi-y  arr  fril.  anil  Ihi.' 
amount  of  ixi'irisi-  prrniillril.  It  is  tlii'ri'fori'  (Icsinible 
that  bcfori' employ  ini;  lows'  milk  for  the  feiiliiiirof  ileli- 
cate  infants,  fur  whom  line  ailjustmenls  may  be  neces- 
sary, an  analysis  of  the  milk  snppliid  by  the  heril  should 
be  olitaineil.  Afterward  an  elTorl  should  be  made  to 
nmintain  unilonnity  by  careful  rei;ulation  of  the  food. 

Obtained  wilhlhe  above  precautions,  we  have  in  pure 
cows'  milk  a  food  which,  compared  with  breast  milk, 
contains  an  ei|Ual  amount  of  fat.  an  excess  of  indiges- 
tible proteids.  an  insulliciency  of  .sugar,  and  an  excess  of 
Rilline  matter;  ourelTorts  must  therefore  be  directed  so  to 
nuKJify  its  compnsition  and  the  character  of  its  proteids 
as  to  "render  it  suitable  and  digestible  by  the'young  in- 
fant. 

Many  plans  have  at  various  times  been  recommended, 
t^impie  dilution  lessens  the  amount  of  the  iiroiiids,  and 
to  a  slight  exteiu  renders  the  curd  formed  by  them  less 
dense.  It  reduces,  however,  the  fals  and  sugars  much 
below  the  amount  deniandeil  by  the  infant  organism. 
Keller  has  also  shown  us  that  with  a  low  percentage  of 
carbnhydniles  in  the  food  there  is  a  very  low  retention 
percentage  of  nitrogen  in  the  system,  ami  general  nutri- 
tion is  defective.  Mere  dilution,  tlierefore,  is  not  to  be 
commeniled. 

Lehmann  many  years  ago  pointed  out  the  effect  of  the 
addition  of  an  alkali  in  rendering  the  curd  less  dense. 
He  writes  that  human  milk  when  acid  yields  a  much 
thicker  coairulum  than  when  alkaline,  and  cows'  milk 
when  alkaline  a  much  looser  coaguluin  than  when  acid. 
We  also  know  that  casein  is  precipitated  from  its  solu- 
tions by  acids,  while  its  precipitation  is  retarded  by  the 
presence  of  neutral  salts.  It  is,  therefore,  always  desir- 
able to  have  the  acidity  of  cows'  milk  well  neutralized 
by  an  alkali,  and  for  this  purpose  either  lime  water  or 
sodium  bicarbonate  may  be  employed.  It  is  to  be  re- 
membered, however,  that  milk,  when  recently  drawn 
from  )>astuie  fed  cows,  is  much  less  acid  than  the  milk 
of  cows  stall  fed  on  dry  fodder  and  grain.  Milk  also 
increases  in  its  acidity  on  standing,  owing  to  the  conver- 
sion of  some  of  the  milk-sugar  into  lactic  acid  by  the  nu- 
merous lactic-aciil-producing  bacteria  always  present  in 
milk.  Harrington  ascertained  by  experiment  that  ordi- 
miry  milk,  twenty-four  hours  old,  reiiuired  the  adilition 
of  one-sixteenth  of  its  volume  of  lime  water  to  make  its 
alkalinity  correspond  with  th;it  of  breast  milk.  The  ad- 
dition of  one-eighth  of  its  volume  of  lime  water  ren- 
dered it  strongly  alkaline.  Fresh  milk  from  cows  on 
pasture  reipiired  a  much  smaller  ipianlity.  When  con- 
stipation is  present  in  the  infant,  sodium  bicarbonate 
may  be  used  in  place  of  lime  water  to  the  extent  of  from 
live  to  ten  gniins  to  the  pint  of  milk. 

Another  plan,  freiiuently  recommended  as  preventing 
»he  formation  of  firm,  tough  curds  is  to  dilute  the  milk 
with  a  tliin  gruel,  which  by  its  physical  consistence  is 


able  to  diminif-h  the  denNity  of  thi-  coa);iiliiiii.  Tliig 
method  \h  an  old  one,  an  we  ri-ad  that  Van  Hwleteii.  in 
the  llfleeiitli  century.  iimiI  ileeoeliorix  of  wheal  or  barley 
for  ihiH  piiriHiHe;  but  its  iilililv  Ims  nf  hile  yearn  iM'e'ii 
Very  Ktrongly  urged  by  Dr.  .laeobi  and  Dr.  Chapiii. 
That  it  hits  a  diNtiiict  value  has  alwi  bet-n  proved  by 
Professor  1,1'eds.  who,  in  a  wrieh  of  careful  experimentx, 
showed  that  the  coagiilnin  which  foriiiH  in  a  Ihiii  gruel 
encloses  much  material  wliiili,  by  hoiieycomliing  the 
curd,  acts  as  an  allenuant.  Coagulation  ali-o  lakes  place 
iiiiiie  slowly — a  very  positive  advantage,  as  it  atTorilH 
the  digestive  tluiilH  a  better  opporluiiity  for  action. 
.Many  subslances  have  been  used  for  this  purpoKe.  Dr. 
Jacobi  recommends  well  boiled  decoctions  of  barley  or 
oatmeal.  He  says;  "I  have  always  preferred  Inirlev 
when  an  article  for  steady  diet  was  to  bi'  recoiiimeiideil, 
for  the  reason  that  oatmeal,  on  account  of  its  contaiiiing 
fat  and  miuiii.  lends  to  relax  the  intestines  more  limn 
barley  meal.  Olhirwise  the  chemical  composition  of 
biiih  is  so  nearly  alike  that  it  would  make  but  little  dif- 
ference upon  which  the  choice  would  fall.  ...  In  the 
case  of  very  small  children,  the  whole  barley  corns 
ground  for  the  purpose  should  be  employed,  on  account 
of  the  jiroleins  being  mostly  contained  just  insidi-  and 
very  near  to  the  husk  "  When  the  smaller  pearl-barley 
is  used.  Dr.  .lacobi  thinks  that  much  of  the  gluten  is  lost 
with  the  husk.  Uum  arable  and  gelalin  may  also  be  em- 
ployed in  the  case  of  very  young  infants. 

Dr.  .S.  C.  Husey  urged  the  advantage  occasionally  ob- 
tained by  substituting  rice  water,  jireparerl  in  a  similar 
way,  for  the  barley  gruel,  and  says  that  he  ha.s  often 
witnes.sed  its  benelicial  effects  in  cases  of  diarrlKca  and 
vomiting. 

The  disadvantage  of  all  such  diluents,  however,  for 
young  infants,  is  that  liny  introduce  a  material  quite 
foreign  to  milk,  and  one  with  which  their  digestive 
powers  are  unlit  to  grapple  until  their  sjilivary  and  pan- 
creatic secretions  become  somewhat  developed.  For 
such,  therefore,  the  addition  of  a  gruel  to  milk  has  no 
luilritive  value,  but  serves  only  as  an  allenuant  of  the 
casein.  Dr.  Jacobi.  however,  considers  that  a  small 
amount  of  starch  may  he  digested  at  the  very  earliest 
age.  It  is  nevertheless  important  that  in  all  cases  the 
percentage  of  starchy  matter  should  be  small,  and  that 
it  should  be  very  thoroughly  cooked.  Hecently  Cliapin 
has  strongly  advocated  the  use  of  a  gruel  made  from 
wheat,  barley,  or  oatmeal,  the  .starch  of  which  has  been 
l>rcdigcsted  or  dextrinized  by  the  adilition  of  some  form 
of  diastase.  His  directions  areas  follows:  "  A  heajiing 
tablespoonful  of  flour  made  from  one  of  these  cereals  is 
boiled  with  a  jiint  and  a  half  of  water  for  fifteen  min- 
utes. It  is  then  removed  from  the  stove  and  set  in  cold 
water  till  cooled  to  about  ViU  F..  when  a  teaspoonful  of 
some  good  preparation  of  diastase  is  added;  this  dextri- 
nizcs  the  starches  and  renders  the  gruel  thin,  watery, 
and  easily  as.siniilated  by  the  infant,  though  it  still  re- 
mains an  efflcient  atlenuant  of  the  curd." 

In  addition  to  these  methods  of  preventing  the  firm 
coagulation  of  the  casiin.  it  is  always  practicable  to 
predigest  the  proteids  of  the  milk  by  means  of  one  of  the 
numerous  preparations  of  pancreas,  and  thus  to  do  away 
more  or  less  completely  with  the  formation  of  the  curd. 
A  peptogcnic  milk  powder  has  also  been  prepared,  con- 
taining pancreatin  and  bicarbonate  of  soda,  along  with 
milk-sugar.  When  the  food  is  wanted  the  powder  is 
added  to  a  mixture  of  milk,  cream,  and  water,  and  the 
whole  is  kept  at  blood  heat  for  some  minutes.  When 
liroperly  prepared  the  resulting  milk  should  closely  re- 
semble mother's  milk  in  the  reaction  of  its  proteids  and 
its  composition. 

In  practical  use.  however,  predigestion  of  milk  does 
not  appear  to  have  given  as  excellent  results  as  was  at 
first  anticipated.  It  is  a  method  that  may  be  em|iloyed 
occa-sionally  with  benefit  in  ca.st'S  of  severe  exhaustion 
accompanying  or  following  acute  disca.si'.  and  in  some 
forms  of  ga.stric  disorder  associated  with  a  temporary  in- 
ability to  digest  the  proteids  in  milk.  The  degree  to 
which  the  predigestion  must  be  carried  at  Ijrst  will  de- 
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iH'iul  on  tlip  power  of  protoiti  diircstinn  prcsoiil  in  the 
infaiil.  but  ill  nil  iiisi'S  us  soon  iis  possible  llir  lime  of 
prwliufslini.'  the  milk  iiml  tliiTi'foic  llie  anioiml  of  pep- 
t(>ni>:iilioM  it  iimliTfriM'S  shuiilil  jiiacliiallv  be  lessened; 
predijiestimi  of  food  for  iiii.v  lent'lliened  period  iippears 
to  be  i|iiil«'  op|M>sed  to  the  leaeliini:s  of  pliysiolojrv. 

In  all  these  nielliixls.  however,  with  the  neeessary  di- 
lution of  the  milk,  the  qnaiitllyof  fats  and  suirar  falls 
far  below  the  reqnirements  of  the  growinir  iid'ant  or- 
gaiMsin  and  ret|<ures  to  be  inerea.sed.  In  reference  to  the 
deth-iency  in  the  fat.  Dr.  Jaeobi  puts  in  a  stroii!,'  plea 
ajiainsl  allowin>r  any  excess  to  be  present  in  onr  mixt- 
ures. He  .says  that  the  infant  does  not  diLfcsl  all  the  fal 
containeil  even  in  its  mothers  nnlk.  and  we  onjilit  not 
therefore  to  increase  the  amount  of  the  indigestible  in- 
cesla  by  adding  to  them.  In  opposition  to  this,  Dr. 
Hotch  very  pertinently  remarks:  "We  liave  no  rijilit  to 
conclude  from  the  fact  that  a  certain  amount  of  surplus 
fat  is  found  in  the  napkins,  that  only  a  small  per  cent. 
is  sullicient  for  nutrition.  It  is  more  probable  thai  na- 
ture introduces  a  certain  piMcentaiic  of  fat  in  human 
milk  wilh  a  purpose  which  csui  only  be  accomplished  by 
that  percentage.and  it  will  be  an  error  on  our  part  not 
to  conform  to  our  standard."  My  own  experience  con- 
liniis  that  of  many  others,  that  average  infants  can  di- 
gest from  two  to  four  and  one-half  percent,  of  fat;  more 
than  this  is  liable  to  give  rise  to  gastric  distinbance,  and 
may  induce  vondling  or  diarrhtea ;  a  deticiency  in  the 
fal!  Iiowever.  will  interfere  very  distinctly  wilh  the  in- 
fant's luitrition.  Bicdcrt  also  .siiys  that  while  remark- 
ably small  amounts  of  proteid  may  be  sutlicient  for  tlie 
go<')d  development  of  infants  during  the  first  few  weeks 
of  life,  un  increas*'  in  Ihe  amount  of  fat  considenibly 
alK)ve  what  is  contained  in  dilute  cows'  milk  spares 
albiinun.  renders  digestion  easier,  and  increases  the 
growth  of  the  child. 

To  make  good  the  deficiency  in  the  fat,  we  liave  to 
rely  on  creams  of  know  n  strength.  The  oidy  serious 
draw  back  to  its  employment  is  the  ditlicully  of  obtain- 
ing it  fresli  and  sterile.  Freeman  has  told  us  that  wlien 
milk  is  set  the  great  majority  of  the  bacteria  rise  wilh 
the  cream,  leaving  the  separateil  nnlk  coni])aratively 
free.  In  the  ffMid  of  infants  cream  more  than  twelve 
hours  old  shotild  not  be  employed. 

In  correcting  the  deficiency  of  the  sugar  the  nia.jorily 
of  pediatrists  prefer  to  use  milk-sugar,  the  form  found  in 
Ihe  milk  of  all  mammals.  Jacobi,  however,  prefers  cane 
sugar,  considering  that  the  identity  of  the  lactose  in  hu- 
man and  cows'  milk  is  very  doubtful  and  that  Ihe  com- 
mercial milk-sugjtr  is  often  very  impure.  He  also  thinks 
that  as  nulk-sugar  readily  undergoes  the  lactic  acid  fer- 
mentation, any  excess  of  it  tends  to  increase  the  elimina- 
tion of  calcium  phosphate  and  may  llnis  favor  Ihe  de- 
velopment of  rickets.  On  the  other  hand,  Vauglian 
considers  that  milk  sugar  is  more  readily  assimilated  by 
infants,  and  Escherich  st^ites  that  milk-sugar  when  acted 
on  by  the  Bacillus  lad  is  aerogenes  develops  lactic  acid, 
which  tends  to  prevent  the  development  of  many  uox- 
ious  forms  of  bacteria.  In  general,  milk-sugar  would 
appi-ar  the  preferable  form  to  employ,  but  should  it  at 
any  lime  give  rise  to  symptoms  of  indigestion,  or  should 
pure  milk  sugar  lie  ditlicult  to  obtain,  cane  sugar  may 
1h'  employed,  but  in  smaller  quantities,  owing  to  its 
greater  sweetness. 

I'nlil  very  recently,  in  our  attempts  to  modify  cows' 
milk  by  any  of  Ihe  above  methods,  we  spoke  and 
though!  in  measures  of  milk,  cream,  and  sugar,  without 
a  Very  clear  iilea  of  Ihi'  exact  pereenlages  in  which  the 
elemental  consiituenis  of  the  milk— th<^  fal,  the  easein- 
ogen,  ihe  laitalbuniin,  and  Ihe  sugar — were  present  in 
our  mixtures.  A  few  years  ago  IJr.  Hotch  inlroduced 
the  metlKKl  and  emphasized  the  value  of  thinking, 
working,  and  speaking  I'lilirely  on  the  percentage  plan! 
ami  of  making  our  mcHlificalions  from  a  cream  contain- 
ing a  known  ami  definite  percentage  of  fat,  and  from 
n  milk  conlainin^'  a  known  and  definite  percentage  of 
proteids,  fat.  and  sugar.  By  this  plan  scientific  accii- 
mcy  was  .substituted  iuour  modiUculiuus  for  much  iudefl- 


nileness.  and  we  were  not  only  enabled  to  pn'pare  a 
food  which  we  could  feel  sure  exactly  resembled  breast 
milk  in  its  physical  characters  and  chiinical  composition, 
but  also  to  vary  ihr  jiijccntagi'  of  the  several  constitu- 
ents so  as  to  render  il  suilalili'  to  Ihe  varying  wants  of 
the  different  individual  infants.  On  this  subject  Dr. 
Botch  .Siiys:  "While  in  quite  a  number  of  <-ases  mther 
gross  changes  in  Ihe  percentages  of  the  dilfercut  ele- 
ments of  the  milk  may  be  sutlicient  for  the  range  of  the 
individual  digestion  and  for  the  nutrition  of  the  special 
case,  yet  in  a  large  number  of  infants  whose  vitality  is 
low  and  digestive  powers  feeble,  good  results  can  only 
be  olilained  by  gradual  and  ininule  changes  in  the  per- 
centage combinations  of  the  milk  elements." 

For  such  we  niu.st  have  the  power  of  making  use  of 
modifications  as  jirecise  as  our  knowleilge  at  the  present 
lime  renders  possible.  Even  slight  changes  in  Ihe  per- 
centages of  the  fat,  the  sugar,  and  the  proteids  are  of 
real  value  in  Ihe  management  of  the  digestion  and  nutri- 
tion of  Ihe  infant. 

The  substitute  food  must  Ix;  adapted,  not  only  to  the 
infant's  stage  of  development,  but  also  to  its  individual 
capability  of  digesting  the  several  elements  of  its  food. 
To  enable  us  to  olitain  these  varying  combinations  of  the 
milk  elements  and  to  have  them  regularly  and  exactly 
supplied  to  our  patients.  Dr.  Hotch  oiiginateil  milk  Uib- 
oratories,  which  have  been  established  in  many  of  our 
larse  cities,  equipped  with  special  machinery  and  placed 
under  the  uiauagement  of  men  specially  trained  for  the 
work.  The  milk  emidoyed  in  these  laboratories  is  ob- 
tained with  the  strictest  iirecautions  to  insure  its  abso- 
lute cleanliness,  from  vigorous  cows  of  a  carefully  se- 
lected breed.  The  feeding  and  housing  of  these  cows  are 
under  careful  sujiervision.  and  are  so  arranged  that  milk 
of  a  known  and  almost  uniform  composition  is  obtained. 
From  this  milk,  by  means  of  the  centrifugal  separator, 
the  fat  is  separated  and  a  cream  of  uniform  percentage 
obtained.  The  nulk  nniaiiiiug  is  almost  fat  free,  and  is 
found  by  frcf|Uent  niialysis  to  contain  a  fairly  uniform 
percentage  of  proteids,  milk-sugar,  and  mineral  matter. 
It  is  now  a  simple  matter  to  dilute,  with  distilled  water, 
either  the  cream  or  fat-free  milk,  so  as  to  obtain  the  re- 
quisite amount  of  proteid;  milk-sugar  is  added  to  make 
up  the  defective  percentage  in  that  element,  and  cream 
supplies  the  exact  quantity  of  fat.  Wilh  a  knowledge 
of  the  exact  percentages  in  the  cream  and  fat  free  milk, 
a  simple  calculation  suftices  to  obtain  the  fornuila  within 
certain  limits  for  dispensing  whatever  percentage  of  the 
elements  the  physician  may  prescribe.  These  limits  are 
as  follows: 

Fat  from 03  to  36.00 

Sugar 87  to  20.00 

Proteids 23  to  4.00 

The  amount  of  mineral  matter  may  be  disregarded,  as 
the  dilution  required  by  the  proteid  practically  makes  a 
sullicient  reduction  in  its  amount. 

The  milk  thus  modified  may  be  sterilized,  at  the  tem- 
perature deemed  necessary  by  the  phy.sician,  and  is  then 
placed  in  bottles,  each  containing  the  amount  ordered 
for  one  feeding  of  the  infant;  the  total  numlier  of  feed- 
ings for  the  day,  securely  packed  in  a  small  basket,  are 
delivered  each  morning  to  the  consumer. 

The  following  is  an  illustration  of  the  method  in  which 
this  modified  milk  may  be  ordered  by  the  physician: 

Fat 3.m  I  No.  of  tv«!iiiirs  . .  .9 

Mllk-sugnr T.OO    AiiiounI     at    each 

Albuminoicis—  feeding 7.5  c.c.  (2^  oz.) 

Caseinopen 2."»    Infant's  ape 3  weeks. 

I^jirtallitirnin 7.'i    Infant's  weiirlit.    !)  ixiinuls. 

Mineral  matter i  Alkalinity •'•  per  cent. 

,  Pasteurize  at... l.V>°  F. 

Although  this  is  a  very  great  advance  on  our  previous 
crude  methods  of  modifying  cows"  milk,  nevertheless 
many  instances  occur  in  which  even  the  small  amount  of 
casein  present  in  Ihediluled  milk  overtaxes  the  feeble  di- 
gestive powers  of  the  infant.  In  these  Hotch  has  recom- 
mended that  the  amount  of  proteids  be  reduced  at  the 


>*64 


HKKKUK.Nt  i;    II.VMUKH.K    u|'    |  III;    MKDK  Al.   .s(  IKNcKS 


I  fllll  ItlM. 

I II 1 11  llln. 


flrxl  to  u  mininiiiin,  timl  llii'ii  i;ni(liiitll,v,uHtlirliiriiiil'Nili- 
pi-«liiiii  Imtoiiii's  sirnii;.'!!  ilirir  iiiiiciunl  iimv  !"•  iiiirciiwil 
iiiilil  llic  iiiiaiitilv  111  11  svjiry  fur  |iiTlrrl  iiiitntiiin  is  iil 
tiiiiii'il.  Tliii-.  I>r;:iiiiiiiii,'  Willi  II  |ir<iti'iil  |hti'<'IiIii);<'  <>f 
0  ■,'■">.  Ill- iiilvisis  lliiil  il  ill-  kIiiwIv  iiirrriisi'il  iiji  to  I  iiiiil 
Hriirwaril  l.'iO,  .Miiiiy  |>li_vsiiiiiiis.  Imurvrr,  r\|ii'ilc-iHT 
iiiiirli  iliMirully  ill  iiiiikini.'  Iliis  iiirrnisi'  as  ni|>i<ll.\  iis  tlif 
ilriiiiiiiils  (iriiii'iriliiiii  ii|i|ii'arli>  ri'i|uirr.  niiil  ii  rcrinirsi-lias 
Ih'I'II  lull  I  111  llli'llilillliiUI  iif  nlir  of  till' rrrrtll  crilils.  wllirll 
in  iiiiiiiv  iiisiiiiHTS  appear  to  niulrr  llic  raMiiii  muri'  ilijics- 
lil.li:. 

Yrry  rcci'iitly  Dr.  Hntdi  lias  proposiil  to  gvt  rid  of 
till'  rascliioirrii,"  in  yminj;  infants  niiiIi  a  Irriini'iil  soiirn- 
iif  iiiiiililr.  liy  till-  iisr  of  a  wlii-v  olilaimil  rrmii  frrsli 
(iiws  milk  liy  llic  use  of  rcnnri.  Thus  pnpairil.  winy 
coiilains  all  tin- liirlalluiniiii.  siimir.  anil  iiiinrral  iiialli-r 
liiil  iioiii' of  llic  ciisclno.i.'cn  anil  alniosl  none  ot  llic  fat. 
Its  avcniifc  coiiipositioii,  as  coinpan'il  with  llial  of  wliolc 
milk,  is  as  follows: 


'  WIimI.-  inllk. 
>*iit                                 1    • 

Wlii'V. 

)  ;'• 

l*rutvm» 4.''" 
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Many  years  ni;o  a  similar  plan  was  rcconiinenileil  liy 
Professor  Kninklaml.  who  cniploycil  fresh  calf's  renncl. 
|)r.  Itolch's  ilircclioiis  for  its  piepaialion  arc  as  follows: 
For  I  mil  pint  of  w.luy  rci|iiiicil  take  one  i|iiarl  of  whole 
fresh  milk,  or  fal-fice  milk.  Iiealcil  lo  :t7.7  I'.,  anil  aiUI 
8  c.c.  of  essence  of  pepsin  or  an  ei|iiivalcnl  of  one  of  I  he 
lii|iiiil  preparations  of  rennet.  This  will  |>iecipila1e  the 
casein  in  the  form  of  ciiiils.  \vhi<-li  are  aflerwaril  to  lie 
lirokeii  up  with  a  fork;  the  lliiiil  remaining  is  then 
stniiiicil  Ihrouirh  sevenil  thicknesses  of  boiled  cheese 
cloili  anil  slowly  cooled  to  a  temperature  of  10  V.  It 
must  lie  kepi  on  ice  till  iei|uireil.  If  -.'le  whey  is  to  he 
mixed  with  cream,  il  niiisl  first  lie  heale'.  to  CI..")  ('..  in 
order  to  kill  Ihe  rennet  en/yme.  Whey  iir.xf  ires  should 
not  he  heated  ahort-  til's  H  ('.,  if  one  wishes  t"  keep  sjifely 
under  the  coa^iilalion  point  of  the  laclalli'.iiiiin.  With 
whey  as  a  basis  lo  w  liich  cream  and  milk-sugar  in  requi- 
site amounts  may  be  added,  a  modiiiiil  milk  may  be  jire- 
parcd  which  will  exactly  correspond  in  its  peiceiilai,'csand 
reaclionslo  that  of  breast  milk.  This  moilitication  will  be 
found  of  great  value  iliiring  the  early  months  of  infancy, 
while  Ihe  iligestive  powers  of  Ihe  infant  are  still  reelile. 

Hhoiild  w  liey  not  be  employed,  the  amount  of  the  pro- 
teid  element  must  for  some  weeks  lie  kept  at  a  minimiiiii 
and  only  gnidually  increased.  A  slight  increase  .should 
be  arranged  for.  however,  every  week  or  fori  night. 
Northrup  insists  that  by  the  ninth  month  infants  should 
be  able  to  digest  full  milk,  and  considers  that  the  slow 
dentition,  anauiia.  and  loss  of  weight  frci|uently  observed 
in  the  later  months  of  lactation  are  attributable  to  an  in- 
siiHiciint  amount  of  the  proteids. 

While  milk  lalioralorics  are  not  only  a  great  conveni- 
rnce  lo  the  physician  in  the  prepanition  of  these  various 
conitiinnlionsof  percentages,  but  also  of  value  in  permit- 
ting such  combinations  to  be  made  with  greatcre.xactne.ss 
than  by  any  method  of  home  moilitication.  nevertheless 
the  advantages  of  a  milk  laboratory  are  not  everywhere 
to  be  obiainid.  and  in  the  opinion  of  many  physicians 
inodilicalions  of  milk  can  In-  carried  out  al  home  with 
sullicieiit  exactness  to  fiillil  the  wants  of  the  gnat  major 
ily  of  infants.  To  succeed,  however,  the  physician  must 
be  capable  of  giving  exact  instructions  as  to  the  details 
of  the  process. 

In  undertaking  home  nioditication  it  is  extremely  im- 
portant to  secure  a  supply  of  good  fresh  milk,  and  one  in 
which  the  ])ercenta;:e  of  Ihe  fat  is  known  and  maintained 
by  careful  feeding  al  a  fairly  uniform  aniounl.  It  is  to 
be  rememliered  that  Ihe  amounts  of  fat  will  vary  very 
much  according  to  Ihe  p:irticular  breed  of  cows  supply- 
ing the  milk.  In  an  average  mixed  herd  the  fat  gener- 
ally amounts  to  about  4  per  cent.  :  iu  a  herd  of  Jersey  or 
Alderney  cattle  it  may  anioiiut  to  5  or  (5  per  cent.  On 
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the  other  liniul.  if  (luring  the  winter  xnuion  the  cown  Ih> 
poorly  fed  and  housi'd.  the  fat  may  not  niiicli  exceed  'J  per 
ceiil.  ('ream  olilaimil  hy  a  centrifugal  sepunilor  con- 
tain- from  'Jo  to  :<ii  per  cent  of  fat.  logelher  w  iih  n 
slightly  lesHened  peiceiilage  of  proteids  and  milk  -iigiir. 
and  may  lie  einployeil  with  iidvaiilage  in  the  prepanition 
of  iiiiMiires  in  which  a  very  small  iimoiint  of  proii-ii|  i* 
reipiired  For  general  iisi',  however,  the  iiio>-l  enliven 
ieiil  way  of  olilaiiiing  a  cream  or  superfailed  milk,  from 
which  to  prepare  our  percentages,  is  to  lake  iidvanlage 
of  the  ilee|)  selling  priK-ess,  ».c..  lo  allo»  flesh  milk  lo 
stand  in  a  tall  tdass  jar  on  ice  for  some  hoiirs  Alter 
standing  fur  twelve  hoiii's  the  cream  will  have  almost  all 
si'paiiiti'd  and  will  conitiin  alioiil  III  percent  of  fat.  If 
it  siand  only  six  lioiirx,  Ihe  upper  foiirlh  will  conlHiii 
about  \'2  percent,  of  fat:  if  only  three  hours,  the  upper 
third  will  conlain  about  H  per  i-eiit.  of  rat.  Iu  this  lop 
milk  when  removed  the  sugar  may  be  regarded  lut 
amoiinting  to  4  per  cent.,  and  the  proteids  to  very  nearly 
Ihe  same. 

Chapin  recomineiids  that  top  milk,  oblaineil  from  milk 
as  ordinarily  delivered  in  ijiiarl  bollles,  be  employed,  and 
gives  the  following  assjiys  of  various  aiiioiint.s  of  lop 
milk  taken  in  this  wav  aflei'  ^landiiiL'  lui  Im   Imiirs: 


3.1 
13.4 
0.2 
7.(1 

1  .  .    ..  Hi. 

I'ereent. 

Fnt  In  whole  milk 

4.:) 

19.0 
12.4 
B.fl 

:.« 

.i.tl 

Kill  In  ilii*  Ut\t  iUmiiri's 

Km  In  ihi*  top  IU  (Minct*s 

14.11 
II. 1 

9.0 

One  may  in  this  way  obtain  ^  ^u|"  i  hi.ii.l  milk  which 
on  diliilion  will  give  us  the  desiiid  peicenlages  of  liotli 
proteids  and  lals  Thus  if  we  lake  a  ii  per  cent  cream 
and  add  to  it  Ihree  parts  of  water,  we  shall  obtain  a  milk 
containing  :J  per  cent,  fat,  1  percent,  proteids.  and  1  \>fT 
cent,  milk-sugar.  If  to  eacli  Iwenly  ounces  we  add  one 
ounce  of  siigarof  milk,  we  shall  then  have  a  milk  formu- 
la: fat.  ii:  sugar.  (>:  iiioleids.  I — a  formula  which  will 
a,!;i"r'e\vith  most  vigorous  infants  bclweeu  Ihe  .second  and 
tiiird  months  of  life.  My  the  use  of  creams  of  dilTerenl 
strength  one  may  nioilify  ihe  percentage  of  any  of  the  in- 
gredients and  obtain  milk  of  almosi  any  desireil  strength. 

To  prevent  any  impurity  arising  from  the  siigjir  of 
milk,  it  is  generally  deemed  aUvi.sable  that  il  should  l>e 
previously  dis.solved  in  hoiling  water  and  aflerwaril  fil- 
tered Ihroiigh  absorbent  cotton.  The  following  table 
shows  the  amounts  of  milk-sugar  and  water  reipiiicil  to 
make  solutions  of  various  slienglhs; 

1  oz.  mllk-sa(far  added  lo  2.5    oz.  water  represents  4  per  rent. 

I •■    311 5 

1 ••    11!?^ «i 

1 "    » 7 

I •'    12W s 

1 ••    10 in 

Bauer  has  prepared  a  series  of  simple  fornnila-  for  de- 
termining the  amount  of  cream,  milk,  water,  and  milk 
sugar  iei|uired  to  make  any  desired  ijuanlity  of  moditied 
milk  containing  cerlain  given  iiercentagcs.  His  formula; 
are  ba.sed  on  Ihe  understanding  that  good  average  milk 
contains  fat  4,  sugar  4,  and  proteids  4,  and  that  cream  is 
simply  a  superralted  milk  conlaining  practically  the.sanie 
aniountof  pmleidsas  milk  itself.      In  the  formula'  given: 

t^  represents  the  total  quantity  desired  in  ounces; 

K.  the  desired  percentage  of  fal ; 

S.  the  desired  percentage  of  sugar:  and 

P.  the  desired  porcentage  of  proleids. 

To  lind  iu  ounces  the  required  amount  of: 


Ci-eam 


-^X(F-P); 


nil        Q  ^  f      f 
Milk  =  -— C : 

4 
Water  =  Q-(C  +  M); 

M Jlk'.';iigay  =?  ^ — 2. 
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The  nbovc  formula'  nrc  calculn«p<l  for  H«e  with  a  16- 
iHT  oenl.  m'niii.  If  20  pprccnt.  ciiitrifnpil  crciini  is 
viiidI.  the  cinHiiniimlor  of  tin-  tTciim  fiirm\ilii  will  lie  1« 
Insl.wl  <if  li.  iiiul  if  II  12  per ciiil  cr.iuii  is  used  it  will 
U'  N  iiislnul  of  I'.'.  It  iiiiisl.  cif  cimrsi'.  be  iriiuriilxrid 
Ihiit  H  iiiilli  witli  II  vrry  lii^'li  fiU  iukI  ii  very  1o"  i)n)tci(l 
|MTc<iilii.i:<'  niniiiil  111'  iiiiiili.'  fi'iiii  irriiin  » itii  diiIv  a  iiioil- 
•■nili-  iKTciiiInt;!'  nf  fiit.  Frmii  u  Id  per  mil.  crcHm  it  is 
IHWsililc  to  miiki'  liic  fill  piTciiiliiKr  only  four  tiiiics  the 
irolciil,  mill  with  ii  f.'  prr  ((.•lit.  Ilirrc  limes  llir  |)rotci(l. 
I'll!'  t.'n'iil  tiilviiiilujicof  tlirscTinmlioiis  isljirir  siiiiplicily 
mill  tlir  lasi'  with  wliicli  (hIiI  amounts  of  milk  mixtuns 
i-mi  III'  lalciilalcil. 

.V/ri7(r,i/i..)i.  — In  Ilic  iiifiint  tlif  iligcstionof  milk  is  for 
till'  iiiosi  piirtiiccomplislii'il  in  tlii'  small  inti'slino.  Tlinc 
is  no  loll);  ilrlay  i"  lln'  slomacli  with  proloiiL'cil  I'Xposiirc 
tit  an  mill  ami  llii'iifori'  anliscplir  imiliiim.  as  in  llic 
ailiill.  hut  till'  milk  iiflrr  an  impcrfrct  curillinn  is  (iiiickly 
pikSMil  on  to  llic  iluiKlriuim.  liaslric  diiii'slion.  Ilir  safc- 
jjiianl  in  oldir  rliililri'n  anil  in  lululls  airainst  the  en 
tninri-  of  ilisliirliiii).'  micro  orjraiiisms  into  tlir  aliminlHry 
tract.  alToids  in  infants  liiil  a  fcildi'  liarricr.  Kor  this 
reason  oiic  of  tlic  more  important  conditions  in  the'  in 
fnnt's  food  is  thai  it  U' sterile.  This  is  the  more  neces- 
sary should  the  infant's  food  involve  a  lonju'er  time  in  its 
di);eNtion  than  lin'ast  milk. 

It  is.  therefore,  extremely  desirahle  that  the  milk  em- 
ploycil  in  infant  feediii);  be  obtained  with  such  careful 
preJ-aiitions  iis  to  render  it  pnicliially  free  from  extra- 
neous luirteria.  It  is  not  always  our  jrood  fortune,  how- 
ever, to  lie  able  to  obtain  such  with  the  rcjfularily  neces- 
sary for  the  daily  prepanilion  of  an  infant's  food,  and 
when  our  supply  cannot  be  depended  upon  it  appears  the 
leaser  of  two  evils  to  have  the  milk  pa.stcurized  at  tlie 
h>wi-st  etflcieni  temperature— that  is.  (iir-68°  C.  (140°- 
l.Vi  F  ).  Milk  sterilized  at  over  70  {'.  is  altered  to  an 
extent  varying  aecordiiif;  to  the  elevation  of  the  tcmpera- 
tiiri'  employed  and  the  dumiion  of  the  exposure  in  the 
followln);  respects:  ( 1st  1  its  proteidsare  inodilied  and  rcn 
deri'il  less  diifestible;  our  knowledfie  on  this  suliject, 
however,  is  still  indetinile  and  deiiendent  chietly  on  cliiii- 
<iil  ex|M'rienee;  ('ill)  the  eonibiiiatiiin  of  its  sjiliiie  ingredi 
enis  with  the  proleids  is  to  some  exieiit  broken  up  and 
the  salts  assume  a  condition  in  which  they  are  less  readily 
Hbsorbeil:  i'M)  natural  ferments,  whose  presence  in  milk 
may  with  niinli  probatiility  lie  inferred  and  which  may 
materiallv  assist  its  digestion  in  the  infant's  siomaeh,  !H'e 
dfstroyetl :  and  i4lli)  an  altenilion  takes  place  in  the  emul- 
sion normal  to  milk,  which  may  also  have  distinct  elTect 
in  les.sening  its  dijieslibilily  by  the  infant.  For  these 
reasons,  it  is  imporlaiil  that  the  milk  for  infant  feeding 
should  not  Im-  sterilized  at  loo  high  a  temperaliire.  After 
piisteiiri/alion  it  should  be  kept  at  a  eontinuously  low 
temperature;  mid  it  is  lo  be  remembered  that  the  em- 
ployment of  sterilized  milk  which  has  been  kept  for  many 
days  is  not  free  from  danger. 

Iliirlnrr't  hUlinilr/i. — In  Germany  during  the  last  few 
years  a  miHlillcalion  of  cows'  milk  has  been  prepared  by 
(Silrlner.  as  follows:  Into  the  drum  of  a  large  centrifuge 
n  mixture  of  milk  and  sterile  water,  at  a  temperature  of 
from  10-1.1'  C.  is  allowed  to  run.  care  being  taken  that 
the  milk  used  is  obiainid  in  the  most  cleimly  manner 
from  lieiillhy  cows  properly  fed.  The  drum  of  the  cen- 
trifuge is  made  to  revolve  nipidly.  driving  the  fat.  as  it 
is  only  in  Niis|H'nsioii,  toward  the  centre  of  the  drum, 
while  the  siipir,  casi'in.  and  .salts,  which  are  in  solution, 
n'liiaiii  uniformly  dislribuled  Two  tubes  which  carry 
off  the  milk  inter  the  drum,  one  near  the  centre  and  one 
at  the  periphery       Ily  arranging  how  mar  to  ijn-  ceiilie 

•  he  ii r  ml pens,  mid  the  speed  at  which  the  diiiiii 

n-volves.  milk  coniHining  fat  in  various  percentages  may 
Ik-  drawn  olT.  As  onlinarilv  si't  llie  milk  drawn  off  near 
the  centre  has  the  same  amount  of  fat  as  inollier's  milk, 
and  is  only  deOeienl  in  sugar.  Its  eomposirion,  which 
is  fairly  consljinl.  is  fat  3,  sugar  a."!,  proleids  l.Tll.  Bv 
lidding  a  eerlain  proportion  of  milk  sugar,  milk  closely 
n-si'inbling  breast  milk  in  rnmposition  is  obtained. 

This  plan  has  also  the  advantago  that  any  din  present 


in  milk  and  most  of  tlie  bacteria  are  thrown  off  toward 
the  periphery,  thus  leaving  the  central  iiortion  free.  It 
is  also  iliiinieil  thai  the  cream  is  not  so  completely  sepa- 
rated from  the  milk  as  in  Holch's  plan,  but  remains  in  a 
more  perfect  emulsion.  Thus  prepared  the  Fellmilch 
resembles  ordinary  milk  in  appearance  and  has  an  agree- 
able taste.  Before  using  it  as  an  infant's  food  it  is  rec- 
ommended that  it  ,should  be  sterilized.  Escherich  has 
laid  down  the  following  rules  for  the  amount  and  fre- 
,|iiency  with  whi<h  this  food  may  be  given: 

During  each  24  hours  children  of  2  weeks  rci|uire  16 
ounces  in  9  meals;  from  2  lo  4  weeks,  25  ounces  in  8 
meals;  from  4  lo  8  weeks,  ^3  ounces  in  8  meals;  from  3 
to  4  months,  42  ounces  in  8  meals;  from  5  to  6  months, 
"lO  ounces  in  T  meals. 

The  employment  of  this  milk  is  strongly  recommended 
by  many  eminent  German  authorities. 

'  t'oiukiised  Milk. — When  pure  fri-sli  milk  cannot  be  ob- 
tained, several  writers  have  recnnimeiKied  the  use  of 
condensed  milk.  In  the  form  (pf  fnsli  evaporated  milk 
(milk  condensed  williout  the  addition  of  cane  sugar),  it 
may  be  of  much  service  when  pure  fresh  milk  is  impo.ssi- 
ble  to  obtain.  The  heat  employed  during  the  earlier 
stages  of  its  preparatiou  has  rendered  it  sterile,  and  it 
will  therefore  keej)  well  for  a  fi'W  days.  For  ordinary 
use  it  should  be  diluted  with  from  seven  to  ten  parts  of 
water,  and  fresh  cream,  if  tliis  is  oblaiiiable.  and  .sugar  of 
milk  aililed.  Keating  advised  the  following  as  making  a 
useful  preparation  closely  resciiililiii,g  breast  milk:  Pre- 
.served  milk.  1  ounce;  boiled  water.  8  ounces;  fresh  cream. 
1  ounce;  sugar  of  milk.  3  drachms. 

The  ordinary  canneii  condensed  milk  has  the  disiulvan- 
tage  of  containin.g  a  large  amount  of  cane  sugar  and  a 
very  small  amount  of  fat.  When  diluted  with  six  parts 
of  water  the  resultiii.g  product  on  analysis  yields  fat  1, 
proleids  1.2.  and  sugar  8,  the  latter  being  chietiy  cane 
sugar.  This  dilution  is  generally  loo  strong  for  the 
majority  of  infants,  and  produces  colic  ami  indigestion. 
When  diluted  with  twelve  jiarts  of  water,  its  composition 
is  fat  0.0,").  proleids  0.06,  and  sugar  4 — a  Hiiid  altogeth- 
er too  weak  to  be  elticient  as  a  permanent  diet.  Holt 
stales  that  he  has  not  yet  seen  an  infant  who  was  reared 
exclusively  on  conden.sed  milk  which  did  not  .show  on 
careful  examination  more  or  less  evidence  of  rickets. 
During  the  summer  season  its  use  may  be  permissible  for 
those  who  are  unable  to  obtain  fresh  milk.  In  these 
cases  Kerley  advises  tliat  a  weak  meal  broth  or  an  albu- 
min water  be  used  as  a  diluent  instead  of  boiled  water, 
thus  increasing  the  amount  of  the  luoleid  and  rendering 
it  more  valuable  as  a  food.  The  deticiency  in  the  fat 
may  in  many  cases  be  supplemented  liy  an  emulsion  of 
cod-liver  oil. 

Piitiiital  Food. — When  for  any  reason  failure  has  at- 
tended the  attempt  to  feed  an  infant  on  cows'  milk  more 
or  less  modified,  there  is  with  many  parents  a  strong  in- 
clination to  resort  to  one  of  the  numerous  patent  artifi- 
cial foods  placed  before  the  jniblic  by  interested  agents 
who  loudly  vaunt  their  own  special  pn'paratious  as  the 
exact  analogue  of  inolhcr's  milk  and  the  only  food  cal- 
culated lo  help  the  infant  in  its  dire  distress.  We  can- 
not deny  that  many  of  these  foods  have  met  with  much 
popular  favor  and  that  some  of  tliein  have  proved  of  oc- 
casional service.  It  seems  desirable,  therefore,  that  I  he 
physician  should  have  a  knowledge  of  iluir  physical 
properliesand  their  composition  further  than  the  mea.gre 
and  often  incorrect  statements  contained  in  their  adver- 
tisements. In  almost  all  these  foods  dependence  is  put, 
for  the  greater  part  of  the  iKuirishment  sui)plied.  on  milk 
which  is  either  aililed  by  the  user  or  previously  intro- 
duced by  the  manufacturer.  They  are  thcrefiu'c  lo  be 
regarded  as  niodilications  of  cows'  milk;  a  fact  which 
may  explain  the  aiiparently  successful  results  which 
sometimes  attend  their  emidoyment. 

With  the  exception  of  those  which  contain  the  milk 
in  a  condensed  form.  all.  if  administered  alone,  show  a 
gieal  deticiency  in  many  of  the  most  important  ingredi- 
ents of  an  infant  food,  and  especially  in  the  element  of 
fat.     Ii  is  to  be  noted  also  that  t hey  are  secret  prepara- 
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tioiiB.  over  wlitcli  wi'  its  physlrliiii-.  i  mi  i\iri  i^-  im  "tii 
pirvisiiiii  orroiitnil  in  ii'^'iinl  in  lln'  i|iiiilii\  nf  llir  iiiiiU- 
riiil  i>r  to  the  iiiiioiiiit  nf  nirr  iisi-il  in  (Inir  iimiiiifiirtiin': 
lliiit  itiiiilVM'H  iiiiuli'  liy  iimiiy  iilili'  iliciiiiKls  liiivi'  k'^'*'!) 
very  viirfiililc  results,  oflcii  dilTiMiiij;  widely  fniiii  llie 
limiiiiriK'tiirer's  |iiililislieil  ri>iii|iimiiii>n  .  tluit  they  itre  llii- 
lile  In  he  old  iiiid  iiiii>'ly  ;  iiiiil  llml  for  llie  |>oorer  eliisMn* 
tlley  lire  llll  expelliive  fiioti  To  llie  alllllys<-s  of  Dr. 
[^eils  we  iiri'  |>riii('ipiilly  iiidelited  for  ii  kiio»leil;;e  of 
tlleir  more  evael  eoinpositioli  lie  ^'lollped  tllelll  into 
tliri-e  elii.-vsi's  Tlie  lirst  elii.vi  eonliiins  llii'  fiiriiiMeeous 
fiMKis  prepared  from  the  lloiir  of  one  or  more  of  the  ee- 
reals,  with  the  stiireli  to  some  exleiil  moililieil  liy  )>akin)r. 
All  of  them,  therefore,  add  a  liir^'e  proportion  of  starch 
to  the  milk  dilution,  and  for  this  reason  are  not  suilalilo 
for  infants  iindiT  six  months.  Thi'V  are  all  lialile  to  de- 
leriontlion  through  loni;  keepiim.  Anions'  lln'  best 
known  of  this  riass  are  the  following; :  Imperial  (ininiiin, 
Blair's  Wheat.  Iliihliell's  Wlii'al.  Hani's  Food,  Kiilge's 
Fi«>d.  anil  Ifoliinsons  I'aieiil  IJailey 

In  a  second  class  are  placeil  all  tlio.se  in  which  the 
stari'li  is  almost  entirely  I'onverled  into  a  mixture  of  dex- 
Irin.  ilextriwc.  anil  maltose,  with  a  small  amount  of  cane 
siipir.  Tliesi'  foods  liavi'  in  some  instances  a  dislinctly 
laxative  action,  and  may  someliines  he  of  service  when 
the  infant  is  of  a  constipated  haliit.  The  principal  foixls 
of  this  class  are  Mellin's.  Ilorlick's.  and  Maltc-d  .Milk. 

A  third  class  comprises  those  f(H)ds  lo  wlii:li  the  milk 
has  already  liceii  adiled  duriii);  the  process  of  manufac- 
ture. All  of  them  contain  starch  in  consideriililc  ipianti 
tics,  lo  a  small  exiciit  only  conviTted  into  dextrose. 
Their  mode  of  preparation  insures  more  or  less  complete 
sterili/.ation  of  the  milk,  an  important  advantage  during 
the  summer  sea.soii.  Nestle's  Food.  American  Swiss, 
and  (Jerlur's  lire  examples  of  this  class. 

.Viuidilitional  class  may  he  made  of  miscellaneous  foods 
recently  introduced,  which  do  iwl  convenienlly  fall  under 
any  one  of  these  divisions.  Init  which  may  lie  regarded 
a-s  to  some  extent  a  comliination  of  them.  C'arnrick's 
Soluble  Food  mid  Allen  >.V:  Ilanliury's  Infant  Food  are 
examples  of  this  class. 

The  following  t;ible  of  analyses,  copied  from  Ilolt.  rep- 
resents the  composition  of  several  of  these  foods  when 
prepared  as  directcil  for  the  infant's  use: 

Infant  Foods  Dilctki)  with  Watkr  to  Compark  with  Milk. 
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HS.TS,  86.02 
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Aiiiotiiil  to  lie  Gireii. — Xot  only  is  the  rhnractcr  and 
composition  of  the  food  itself  of  importance,  but  the 
amount  to  be  given  and  the  times  of  giving  it  deiimnd 
till- physician's  careful  attention.  As  Biedert  remarks: 
the  infant  has  no  instinct  which  guards  again.st  over-feed- 
ing. Even  breast-fed  children  are  apt  todrink  too  much, 
but  those  artiticially  fed  have  a  ureater  tendency  to 
excess,  since  in  general  they  obtain  their  food  more 
(piickly  and  with  less  exertion  on  their  pari.  The  truth 
should  be  carefully  impressed  upon  mother  and  nurse, 
that  a  boltli'-fed  infant  thrives  best  upon  the  minimum 
amount  of  food  necessary  for  good  development :  excess 
tends  to  interfere  ■with  digestion,  and  thus  unfavorably 
affects  nutrition. 

Dr.  Botch  (piotes  the  restilts  of  Sinitkin's  investiga- 
tions at  the  Children's  Hospital  in  St.  Petersburg,  to  de- 
termine the  aiiKHiut  that,  should  be  given  during  the  first 


h\\  w-PokK  of  life,  lie  fliiilH  that  the  grenter  till'  »<i;;|it 
the  greatiris  the  gastric  capaclly.  and  hiiys  that  one  one 
liuiidredlli  of  the  initial  weli.'hl°of  the  iiifnut  kIiouUI  In; 
taken  iiM  the  hlarting  figure  for  each  mi-nl.  and  lo  Ihiii 
shoiilrl  lie  iidde<l  1  gm.  for  each  day  of  life. 

IllurtriilUmii  nf  ntitm  rult  In  nrrrt  rut  aulilrt  /"ir  rrittruiUy  lUft. 
cull  CfUra. 


Each  fwjdlng. 


Initial  Hvlfflit.       Early  dajr*-  Alii  dan.' 


At  30  day*. 
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The  following  table  (from  Botch)  will  afford  an  indi- 
cation, for  an  average  infant,  of  the  amoiiut  lo  Ite  given 
at  each  feeding  and  ilie  number  of  fveilings  which  olioiild 
lake  place  in  the  twenty-four  liourg: 

GENERAL  Rl'LES  roR  FEEDINO   DrRINO  TIIF.  FlRXT  VKAR.     (Itutrh.) 

iTheDay  feedlngnareoiii'i     •  ' mlal  lOp.ii.) 
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5 

1 

U 
0 
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10 
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IS 

2254 

24 
26 

Six  wtM'ks 

Eiirlit  wt^fks 

Thn***  iiii>ntti8 

28 

Fmir  iiKHiths      

'■w 

Six  inonlbs    

42 

Kijflit  iiiontbs 

42 

Thii  miinihs 

f 

.  Verj'  rarely,  in  the  cases  of  immature  and  very  sickly 
babies  and  of  infanl.s  with  cleft  palate,  the  ordinary  feed- 
ing-bottle is  ineffectual,  owing  to  the  infants  not  having 
[lower  to  suck.  Feeding  by  spoon  is  slow  and  weari- 
some to  the  infant.  In  these  ca.ses  Dr.  Jacobi  recom- 
mends the  use  of  Soltmann's  bibernn  jDiuipr.  In  this 
feeding-bottle  simple  pre.ssure  on  the  mouthpiece,  either 
liy  the  lips  or  gums  of  the  infant,  or  on  the  expanded 
portion  of  the  tube  oiitsiile  the  bottle  by  llie  fingers  of 
the  nurse,  will  cause  the  food  lo  escape  from  the  bottle. 
Dr.  Jacobi  stiys  that  in  many  ca.ses  it  has  done  good  ser- 
vice. Dr.  Hotch  recommends  the  use  of  a  glass  cylinder, 
graduated  and  capable  of  holding  nine  drachms.  One 
end  gradually  tapers  till  a  small  nipple  can  be  fitted  on 
to  it ;  the  upper  end  is  covered  by  a  compres.sible  iuIiIkt 
bulb.  By  gentle  coinpres.sion  of  this  bulb  the  food  may 
be  slowly  forced  into  the  infant's  throat  without  any 
elTnrt  on  its  part. 

This  method  appears  to  be  specially  desirable  in  the 
case  of  a  weak  infant,  as  it  involves  noloss  of  strength. 

Garage. — Some  years  ago  Dr.  Tarnier.  of  Paris,  advo- 
cated the  method  of  gava.sre  in  infants  prematurely  Iporn 
or  in  such  as  are  congenitally  weak.  The  apparatus  nee-* 
essary  for  the  purpose  is  very  .simple:  a  soft  rubber  cjitli- 
eter.  Xo.  1-t  or  1-5  French,  or  a  piece  of  guttapercha 
lulling  with  a  small  glass  receptacle,  of  suflicient  size 
to  liiild  the  amount  of  milk  to  be  administered,  attached 
to  the  distal  end.  The  child  is  iilaccd  on  the  kni-e  of  the 
nurse  with  its  head  slightly  rai.sed.  The  tube  is  moist- 
ened with  milk  and  introduced  at  the  ba.sc  of  the 
tongue  and  then  very  gently  forced  down  the  a-soplia- 
gus  to  a  distance  of  1.5  cm.  The  sound  is  then  pinched 
Ix-tween  the  two  finsrers  and  the  foml  is  intro<iuced  into 
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tlip  reecptacle.  On  rcliixing  the  fingers  iind  raising  the 
rt'Ci'plnclf  tho  foixl  Hows  iriMitly  inln  the  stomiuli.  C^arc 
must  Ik-  taken  to  remove  tlii'  iube  gently  and  tpiiekly; 
the  infant  must  then  'ic  replaced  in  its  warm  cradle  or 
eouveiise.  To  the  veakest  infants  y  gni.  of  food  are 
■riven  every  liour.  in  spile  of  lliis  feedini:  the  infant 
frequently  li>ses  weiirlil  for  tile  lirsl  few  days,  btit  soon 
begins  to  gain  steadily.  Dr.  Tainier  claims  to  liave 
achieved  inurvellous  results  by  this  method. 

' A/iJ-iiiitlir  J).  liluekader. 

BiBI.IOr.RAlMlV. 
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Thipiiuui  Miirjnin  Itntoli :  IVdiaIrle,s.  Philadelphia,  I!KI|. 
I..  Klliinell  Hull :  l)isea.ies  n(  Infancy  and  (  hildhiiixl.  New  York.  ISilT. 
\.  Jaeolil :  Thenipeutirs  uf  Infaniv  iind  rhlldlKnnl.  Philadelphia.  ISPS. 
I.  Diiinev  Veii:  Fi«id  in  Hi'alth  and  Disease.  ISilT. 
Ph.   Iliedert :    Die    Kinder  inahruni;   iin   SiiuuliriK'siiller.    Stuttgart, 

A.  Leeds  :  Pafier  1)V.  In  T  nils.  Toll.  Phys.,  Phlladt-lphla.  1888. 
Feli.v  Miippe-.-ii'Vler:  Si>e<'i.Mle  plivsioloirisclie  Chi-inle.  Herlln,  1ST9. 
Viriiir  c.  Vanifhan:  on  the  PreimRitiim  uf  Infant  Foods.    Dietetic 
(iiizi'lle,  (li-lc.lier.  188SI. 


INFARCTION,— (/»/'/;•«•/«.  to  till  in.  to  stiitTinto.)  The 
a(  I  of  |ilu::^iMi;  up  or  filling  up;  also  the  organ  or  tissue 
whicli  is  tilled  with  blood,  tluid.  or  other  sub.stanccs. 
The  development  of  the  vaiious  meanings  of  infarction 
forms  a  very  intereslin.if  chapter  in  the  history  of  medi- 
cal terminology.  Originally  used  as  a  designation  for 
the  (Jalenic  ti-aching  ui  the  black  bile  as  the  cause  of 
melancholia  and  hypochondria,  iiifiiirliix  gradually  came 
to  mean  a  stopjiage  of  the  intestinal  canal  cilliei'  tlirough 
hardened  fa'cal  mallei' or  thiciugh  preciiiilalioiis  from  the 
blood  into  ihe  intesliiial  canal.  Later,  the  idea  included 
also  olistruction  in  the  blood  and  lymi>h  vessels  and  the 
ducts  of  glands.  The  theory  of  intestinal  infai-etus  as 
the  cause  of  hypochondiia.  melancholia,  hemorrhoids, 
and  other  conditions  reached  the  height  of  its  dcvelo]i- 
meiit  in  the  latter  half  of  the  eighteenth  century  under 
the  inlliK'nce  of  the  two  Kflmpfs,  father  and  son.  By 
them  the  iloctrine  was  ri'dm(<l  to  what  was  coiisidei'ed 
to  be  a  sci<'nlitic  basis,  the  infarcts  were  obtained  for 
examination  by  means  of  injections,  and  were  classilied 
according  to  symptoms,  location,  and  comiiositiou. 
Their  treatment  by  clysters  attained  an  extraordinary 
degree  of  popularity.  The  aluise  of  this  treatment  and 
the  advancement  of  knowledgeof  the  anatomy  and  Jihys- 
iology  of  the  gastro  intestinal  tiact  brought  about  the 
natural  death  of  the  doetiiiie  duiiiig  the  early  part  <if 
the  last  century.  As  outgrowths  from  the  early  idea  of 
infaretus  were  such  usages  as  the  following;  uifmrlinn 
o^ViinHocs,  a  term  formerly  applied  to  ulcers  whose  base 
and  borders  were  inliltrated;  uiftitrtus  timmmir  liirtctu, 
the  collection  of  coagulated  milk  in  the  ducts  of  the 
mammary  gland;  iiifiiirtun  Inctei  c,(7;r«»7((^/»i,  applied 
to  phlegma.sia  dolens  because  it  was  siiiiposed  to  be 
causeil  by  metastasis  of  the  milk  to  the  legs;  infiiirtiiti 
uteri,  applied  to  a  variety  of  <lisi>ased  conditions  of  this 
oi'gan ;  etc.  The  term  infarction  was  al.so  formerly  used 
clinically  to  indicate  a  .sense  of  fidness  or  oppression  in 
the  chest.  The  enlarged  spleen  iu  chronic  malaria  was 
called  itifaivtiiK  luiiin.  The  old  itieaning  of  intestinal 
obstruction  still  survives  in  the  ex|ire.s.sion  iiifnrfled 
/imiiii. 

At  present  infarction  is  unfortunately  used  as  a  desig- 
nation for  two  classes  of  pathological  conditions  essen- 
tially ditTcient  in  kind:  t.  The  infiltration  of  the  tubules 
or  tissue  spaces  of  an  oigan  with  blood,  blood  pigment, 
I. uric  acid  or  urates,  calcium  salts,  etc.  2.  The  ainemic 
necro.sisoi  an  organ  or  tissue  due  to  an  obstriiclion  of  its 
nutrient  artery  by  embolism  or  thiombosis.  The  difTcr- 
ent  processes  are  usually  distinguished  by  some  modify- 
ing leini.  as  uric  acid  infarction,  an.vmic  or  hemorrhagic 
infarction,  etc.  ;  but  when  used  without  such  the  term  is 
usually  narrowed  to  the  second  meaning. 

1.  I'uic-ACID  Inkauction. — III  the  kidneys  of  the  new- 
born there  is  almost  always  pr<-sent  in  Ihe  medullary 
pyramids  a  number  of  glistening,  golden,  or  orangered 
lines  couvergiug  to  the  papilUc.     These  lines  are  easily 


scrnjied  away  with  tlie  knife  and  fonn  a  glistening 
orangi'  powder  on  Ihe  moist  surface  of  the  organ.  On 
microscopical  examination  the  straight  tubules  are  found 
to  be  tilled  with  daik  .semilianslucent  masses  which  dis- 
solve on  Irealmeiit  with  acetic  acid,  leaving  behind  aa 
albuminous  stroma.  I'lom  the  solution  ui'ic-aciil  crys- 
tals are  forme(l.  The  epilhclium  <d'  the  tuljul<-s  shows 
litlli'  or  no  change.  The  condition  is  known  as  the  uric- 
acid  infarct  of  the  ncwlKirn,  and  was  at  one  time  su))- 
posed  to  be  of  medicolegal  value  as  occurring  only  in 
infants  who  have  breathed;  but  similar  infarcts  have 
been  found  in  the  kidneys  of  still  born  childien  and  in 
the  fielus.  In  one  case  of  ectopic  gestation  seen  by  the 
writer  the  kidneys  |iresente(l  an  iXtensive  degree  of  this 
condition.  Accoriling  to  Spiegelberg.  uric  acid  infarct 
is  jiresent  in  only  one-half  of  the  childien  examined, 
being  most  marked  after  the  .second  or  third  day  after 
birth.  The  condition  ma_v  persist  until  the  seventy- 
sixth  <lay.  but  usually  disiippears  early.  When  jiersist- 
ent.  it  may  give  rise  to  nejiliritis  or  cause  uncniia  by  the 
simiile  obstruction  of  the  tubules.  Neither  the  origin 
nor  the  signilicance  of  Ihe  condition  is  known.  The 
change  of  metabolism  following  the  establishment  of  piil- 
monai'y  oxygenation,  the  slight  degree  of  oxidation  i)roc- 
esses  in  the  newborn,  lack  of  ability  on  the  part  of  the 
urine  to  dissolve  the  uric  acid,  are  among  the  causes  ad- 
ducc<l  in  explanation,  but  no  one  of  these  is  adequately 
supported.  L'ric  acid  and  sodium-urale  infarcts  occur 
also  iu  the  adult  kidney  in  ca.ses  of  gout  or  Ihe  .so-called 
uiic-acid  iliathesis.  The  apiiearances  are  similar  to  those 
iu  the  new  born,  but  the  condition  is  rarely  so  extensive. 
More  freiiuently,  scattered  concretions  are  formed  in  di- 
lated tubules. 

Gahiiiiii  Jnfa>Yts,  Chalk  Infiirclx. — In  senile  kidneys, 
in  osteomalacia  and  other  destructive  dis<'asesof  bone,  in 
cases  of  poisoning  with  mercuric  chloride,  phosphorus, 
aloin,  bismuth,  etc.,  extensive  deposits  of  lime  salts, 
phospliabs  or  carbonates,  may  occur  in  the  tubules,  the 
deposit  taking  jdace  cither  iu  or  upon  the  necrotic  epithe- 
lium of  the  tubules.  When  visible  to  the  naki'il  eye, 
such  deposits  apiiearas  opaque  whitish  or  yellow  streaks 
corresponding  to  the  tubules,  or  as  minute  dots  repre- 
senting the  glomeruli.  Jlicrosopically  the  deposits  .give 
tlie  specific  staining  reaction  with  lueniatoxylin.  Cal- 
cium-oxalate  infarction  oecui-s  rarely  as  the  result  of  in- 
gestion of  food  containing  large  amounts  of  oxalic  acid 
or  iu  cases  of  disturbed  metabolism.  White  streaks  oc- 
cur in  the  jiyiamiils  similar  to  those  of  phosphate  infarc- 
tion, but  arc  distinguished  from  Hut  latter  by  their  in- 
.solubility  iu  dilute  acids. 

nUiriihin  Jiifiiir/.—\a  cases  of  chronic  obstructive 
jaundice  the  collecting  tubules  of  the  kidney  usually 
contain  lar,ge  numbers  of  bile  pigment  casts.  In  tissue 
fixed  with  alcohol  these  appear  as  yellow  or  browu 
streaks  in  the  cut  surface  of  thi'  mcduUaiy  pyramids;  ia 
mercuric  chloride  fixation  Ihi'V  have  a  bright  gi'eeu  color. 
Iric  aciil  iiifarilion  is  not  iiifre(|Uently  combineil  with 
this  con<lition,  particularly  in  cases  of  icterus  neonato- 
rum. 

Ifdiiiiitjiiih'ii  Infiirct. — In  cases  of  hicmoglobinuria, 
ha'moglobina'mia.  and  methiemoglobina'mia.  due  to  jioi- 
soning,  infections,  extensive  bui'ns.  etc.,  large  (piantities 
of  blood  iiigment  may  be  founil  in  the  kidney  tuliules 
in  the  foiiii  of  brownish  casts  or  ii regular  masses.  The 
pyramids  show  radiatin.ir  yellow  or  reddish-brown  slrite. 
Isually  the  pigment  iloes  not  .nive  the  iron  reaition.  and 
is  therefore  to  be  cla.ssed  with  the  ha'matoidin  group. 
Very  rarely  ha'inosiderin  infarction  occurs. 

Mfliiiiiti  liifiiri-t. — Very  nirely  in  cases  of  extensive 
metastasis  of  melanotic  sarcomata  large  quantities  of 
melanin  are  said  to  be  excreted  through  the  kidneys.  In 
such  cases  melanin  casts  ar<' found  in  the  tubules.  It  is 
doubtful,  however,  if  the  brownish  casts  described  as 
occurrin.i:  in  these  cases  were  composed  of  melanin:  it  is 
more  likely  that  they  were  formed  of  blood  pigment. 

2.  An.i;mic  and  IIkmouuhaoic  Inkai((TIox. — 'I'he  oc- 
clusion of  a  terminal  artery  by  embolism  <ir  thrombosis 
leads  to  an  auiemic  necrosis  of  the  pyrt  supnlicd  by  the 
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iilislnirU-tl   Vf'iwK'l.     In    flic  muc  of  rnd  iirlcric*  liitvlii); 

vrrv  sli;;lil  mllitli  nil  lUiitMloliiiwiH  llw  lU'iiil  iinii  rriimiii^ 
iiiiii'iiiic  (iiiiii'iiiii'  or  » liitr  iiifitri'ii:  hi  ^illllllil>lls  » licti' 
llir  riiil  itrtorics  iiiivsi'sH  sdllli'ii'iil  iiim-<li>iiiimiK  In  iiillilil 
of  tllr  tliiw  <>r  lilinul  into  till'  lllTrcti'il  ul'i'll  friilll  tll<- 
iii'i^'lilniriiiK  irniiiinils  tlic  <lriiil  iinii  Immmuus  Ih'Iiioi- 
iliii^'ic  (lii'iiiiirrliii^'ii'  III'  ml  iiifanl  i.  Tlir  iiiiiiiiili'  vurirty 
N  fiiiiiiil  ill  llir  s|>li'('ii.  Kjiliii'vs,  lirart.  Iiiiiiii.  nllim,  uml 
iiirriN  ill  the  llviT.  till' lii'Mii>ri'lm;:ir  inriiK'l  m  riii's  mily 
ill  till'  liiiii;s  mill  till'  iiiTU  .sii|iiiliiil  by  the  siiprriiir  iiicm-ii 
liTic  iii'tci\ .  viTV  nirrly  in  tlir  ulrnis.  Ilciiiiirrliii^ii'  in- 
riiii'tiiiii  of  III!'  siii«i'iiri'iiiil  Ims  ri'i'i'iitly  lici'ii  ri-piirinl. 

Inriirrls  iir<'  usually  fniiiiil  at  llir  |H'ri|iliri'y  orur^iiis 
wIhti' lliry  fiiriii  iiuic  iir  wnl^'c  slia|iiil  aivas,  llu-  base 
liiwai'il  llii'  siirfart' iif  tin- nrpiii.  tlir  a|»'X  |iiiinliii);  in- 
wiinl  Tlicy  may  lie  siiii;lr  or  iiiiilti|ilr.  As  the  it.siiIi 
of  till'  orrliisioii  of  a  iiiiinbrr  of  iiiiu-lilioriiit;  arterioles 
lliev  are  oeeasioiially  very  irrei;iilur  in  oiiiline.  Wlien 
neenl.  the  aiiaiiiii'  iiifaiet  is  opaiiue,  yellowish  whitv. 
Nli>;litly  clevateil.  ami  soniewliat  liriiier  than  norinal  tis- 
Hiie.  A  |)eri|iln'nil  red  zone  is  almost  always  luesent. 
Oilier  infari'ts  are  usually  di'presseil  and  softer;  in  tho 
ease  of  those  of  \iiriif  si/e  there  is  usually  a  cenlnd  sofl- 
«'iiini;  If  oriiaiii/ation  of  the  dead  area  has  liegun  the 
e<  insistence  may  he  linn.  ( In  miemseopiial  e.vaiiiination 
the  eclls  of  the  infareled  area  show  a  simple  or  eimgii- 
lalioii  necrosis.  In  older  infarcts  lii|U('faction  necrosis 
may  he  present.  The  rid  periplund  zone  is  found  to  lie 
line  to  a  narrow  line  of  liemorrliaj;e  and  conitestion  sur- 
rounding; the  dead  area  and  may  lie  explained  as  being 
of  till'  nature  of  a  hemorrha.i.nc  infant  in  the  zone  of  coU 
lalenil  anastomosis  with  1  be  iieiL'liborini;  end-arteries.  In 
later  staires  this  zone  usually  becomes  the  seat  of  a  leu- 
C(«yte  intiltration  and  libniblastic  proliferation.  The 
hemorrliairic  infarcts  an-  deep  red  in  color,  occasionally 
jialc  in  veryanainic  indiviihials.  They  are  usually  much 
lirmer  than  the  ana'inic  variety.  As  they  become  older 
Ihi-y  ftrow  lijjhter  in  color,  and  softer  if  liiiuefaction 
necrosis  oooiirs.  If  organization  laki'S  place  without 
Rt>fteiiiiiir  the  in  farcied  area  becomes  liirhter  and  lirmer. 
The  <'ontniclion  of  the  newly  formed  connective  tissue 
leads  to  depressions  on  the  surface  of  organs  in  the  case 
of  both  ana'inic  and  heiiiorrhagic  infarcts,  (tii  micro- 
scopical examination  the  hemorrhagic  infarct  is  found  to 
ci>nsist  of  an  area  of  necrotic  li.ssiic.  the  spaces  of  which 
are  filled  with  extnivasaled  blood.  It  is  in  fact  only  an 
ananiic  infarct  which  has  become  hemorrhagic.  The 
term  hemorrhagic  infarction  is  applied  also  to  the  occur- 
rence of  simple  hemorrliage  in  tissues;  in  the  case  of  the 
kidney  to  the  hemorrhage  produced  by  obstruction  of  the 
renal  veins.  It  would  be  belter  to  drop  entirely  this 
confusing  use  of  llie  term  and  restrict  its  application  to 
the  true  ananiic  and  hemorrhagic-anieinic  necroses  pro- 
duced by  arterial  obstruction. 

Various  theories  have  been  offered  in  explanation  of 
th(!  fact  that  infarcts  in  one  case  are  anieniic  and  in  an- 
other hemorrhagic.  It  is  held  by  some  that  the  ana-mic 
infarct  is  but  a  later  stjige  of  the  liemorrhagic.  produced 
bv  the  removal  of  the  blood  pigment  from  the  latter. 
()ld  lieniorrliagic  infants  are  not  infrequently  lighter  in 
color  for  Ibis  reason,  but  the  fait  remains  thai  antemic 
inlarctsare  noii  heniorrha.uic  fmm  the  beginning  except 
for  the  small  ])eriplieral  zone  of  hemorrhagic  infarction 
surrounding  them.  The  true  explanation  is  probably  to 
be  found  in  the  chanicierof  the  collateral  ana.slomosis  of 
the  affected  vessels,  as  well  as  in  local  and  general  con- 
ditions of  the  cir<'iilation.  AVIiere  there  is  rich  anastomo- 
sis, as  in  the  lung  and  mescnicry,  the  obstruction  of  an 
end  artery  leads  to  a  temporary  ana'mia  which  lowe'^s 
the  vitality  of  the  tissue  siipiilied  by  the  obstructed  ves- 
sel; later,  an  intlow  from  the  collaterals  takes  place,  but 
the  damaged  condition  of  the  ves.sel  walls  in  the  ana;mic 
area  leads  to  extravasation,  cliietly  b.v  diajiedesis.  but  also 
by  rliexis.  The  intiltration  of  the  tis-stie  spaces  thus  pro- 
duced leads  to  further  damage  of  the  part.  Very  rarely 
the  local  or  general  conditions  of  blood  pressure  may  be 
such  in  organs  in  which  hemorrhagic  infarcts  are  usually 
priKluced  that  but  little  blood  II ,s  into  lb"  aniemic  area 


and  till'  n-NiiltinK  liifiin'l  l<i  iwile  fu  color.  The  hiimmiiIc 
infarct  occiirH  in  orgiiiiH  uIiom'  end  arlerii-M  lia^e  but  lit 
lie  aiiiiNtoiiioHiH,  Ml  thai  no  inllow  lakes  phm-  Into  the 
ana'inic  areii  except  juHl  at  the  periphery ,  w here  a  nar- 
row zone  of  lieniorrliagic  Infurcl  Ik  fornied.  In  i-hm-h  of 
extreme  liM-al  or  geiieml  <-ongeKtion  ihiH  peripheral  /one 
of  iK'iiiorrliage  may  be  greatly  liroadencd.  or  in  llu-  him-  of 

small  inlanlH  tl iilin' an-ii  may  become  lieniorrliagic. 

The  inllow  of  blood  is  ii-iially  under  kiii-Ii  sli^lii  pn's-urc 
lliat  the  integrity  of  the  pari  laniiot  Im-  maiiitaini-d 

Under  ordinary  condilionH  the  infarclH  of  the  brain  are 
always  of  the  antciiiic  variety,  wllh  more  or  less  periiili- 
enil  liemorrliai;e  I,ii|iiefaciioii  of  the  alTeita-il  ana  lakeH 
place,  and  if  death  diHs  not  resiill  brain  cysts  iiiiiy  be 
formed,  (((-(-lusioii  of  the  coninary  arteries  b\  ibiom 
bosis.  eiiibolism.  orM-leiotic  changes  in  the  vi-hhcI  wuHk 
prodiiies  aniemic  infarction  of  Ihe  niyot-anliiim.  atleiided 
by  more  or  less  hemorrhage.  The  iiifarcls  of  the  kidiiev 
and  spleen  are  almost  always  of  the  ananiic  variety  with 
a  narrow  zone  of  heinoirhage.  True  anii-mic  infards  of 
the  liver  are  very  rare.  In  Ihe  normal  lung  the  oliHlriic- 
tion  of  a  terminal  artery  will  not  produce  infarction  ow- 
ing to  the  rich  anaslomosis.  In  conditions  in  which  the 
pulmonary  circulation  is  already  embarra.s.sed.  as  in  the 
passive  congestion  of  niilral  disease,  embolism  or  throm- 
bosis of  the  pulmonary  artiries  is  (|uickly  followed  by 
infanlioii.  This  is  practically  always  of  the  hemor- 
rhagic variety  exccjit  in  very  rare  cases,  due  to  extreme 
weakness  of  the  circulation.  The  conditions  in  the  su|)e- 
rior  mesenteric  artery  are  similar  to  those  in  the  lungs, 
but  inasnuii'h  as  the  anastomosis  is  not  sullicieni  to  re-es- 
tablish the  circulalion  after  occlusion,  olislruction  of  the 
terminals  of  this  artery  leads  more  (luickly  to  infarction 
than  in  the  case  of  the  pulmonary  arteries.  According 
to  Cliiari.  bilateral  enibolism  of  the  hypogastric  arteries 
or  bilateral  thrombosis  of  the  uterine  veins  is  followed 
by  lieniorrlia.i:ic  infarction  of  the  uterus. 

The  seiiuehe  of  infarction  are:  ab.sorption  of  the  ne- 
crotic tissues,  organization,  scar  formation,  calcification, 
cyst  formation,  encapsulation,  abscess,  or  gangrene.  In 
cases  of  infective  embolism  suppuration  of  the  iiifarcted 
area  usually  occurs  (septic  infarct),  or  the  infarct  may  lie 
secondarily  infected  by  pyogeiielic  organisms.  Infarc- 
tion of  the  lungs  is  freqiieully  followed  by  inoisl  gan- 
grene, infarction  of  the  intestine  almost  always.  (See 
III  int.  /\i(liii'!/n.  vtc.)  Aldiuil  Scall  Wurf/iiii. 

INFECTION. — Probably  one  of  the  most  universally 
known  fads  respecting  bacteria  is  that  Ihev  are  related 
to  lliedevelo|)nient  of  certain  pathological  processes:  hut 
it  should  be  clearly  held  in  mind  that  many  play  a  very 
beneficent  part  in  nature,  cliietly  by  decomposing  dead 
organic  material  and  thus  forming  other  chemical  com- 
pounds which  may  be  utilized  for  food  by  other  plants 
and  animals.  It  has  been  seen,  in  the  article  on  liirtfria. 
that  micro-organisms  are  widely  distributed  in  air.  soil, 
and  water;  and  it  is  among  the  habitations  of  man, 
where  the  conditions  for  their  growth  and  multiplication 
are  specially  suitable,  that  they  are  most  numerous.  So 
far  as  we  know,  with  few  exceptions  micro-organisms 
whose  natural  habitat  is  in  the  soil.  air.  or  water  an-  not 
under  usual  conditions  harmlul  to  man.  for  Ihey  are  in- 
variably present  in  greater  or  less  numbers  in  the  mouth, 
nose,  upper  respiratory  pa.«.sage.  gastid-inleslinal  tract, 
and  on  the  surfaces  of  the  skin,  where  they  are  more  or 
less  constantly  brought  by  the  respin-d  air,  by  fooil  and 
drink,  and  in  "many  other  ways.  Not  withstanding,  how- 
ever, their  occurrence  in  tlie.se  situations  in  great  num- 
bers, they  do  not  often  irain  entrance  into  the  body  tis- 
sues, so  "that  under  normal  conditions  the  blooil  and 
viscera  are  germ-free.* 

Allhough  the  cutaneous  and  mucous  surfaces  of  the 
bodv  are  covered  with  many  micro-organisms,  these  are 
for  "the  most  part  harmles.i.  s<imelim'es  serving  useful 
functions,  as  do  those  in  the  intestines.     Whenever  they 

•  Fit  »  conslilerallon  of  the  luulerinl  llora  of  the  body  surfaces  con- 
sull  Welch:  " Sunrlnil  Barteholog)'."  "System  of  Sunrer?'  hy 
American  Aulliors,"  odilet;  by  Dennbi. 
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ttn<l  tlicir  wiiy  into  I  Ik-  body,  conditions  are  so  iinsiiiUibIc 
foitliiMrfxistcncc  that  Ilii'Vaic  s<iiiii  destroyed.  Afrainst 
siieli  ineiiisions  the  body  is  guardi'il  in  various  ways. 
Anumi;  the  proteelivo  agencies  may  be  mentioned  the 
epillieiial  investments  of  tlie  sl;in  and  niiuous  mem- 
branes, wliich  so  long  as  they  are  intact  protect  tlie  inti'- 
rior  from  bacterial  invasion.  Moreover,  tlie  germicidal 
(|Ualilics  of  some  of  the  tiody  lluids  and  cells  also  alTord 
important  pinteelion.  IJiil  iiotwiihslandinir  these  pro 
tective  factors  bacteria  do  siiinelinics  enter,  and  this  may 
especially  occur  whenever  the  sUin  or  mucous  nieinbrunes 
are  injured,  even  if  ever  so  slightly  so.*  Within  iccent 
years  the  enlrauce  of  bacli'ria  through  the  bites  of  in- 
sects has  been  especially  studied. f 

Among  those  gaiinng  entrance  into  the  body,  there 
are  some  which  may  under  suilabh'  conditions  induce 
phenomena  liy  wliieli  disease  is  characteri/cd.  These  are 
the  mil  ii>  orgimisins  which  induce  infectious  diseases  and 
which  we  liaiiitually  refer  to  as  being  pathogenic  bacte- 
ria. The  leiin  jiatliogenic  is,  however,  a  relative  one — 
a  fact  which  .should  lie  clearly  hold  in  mind  for  the  fol- 
lowing reasons  I'^rst,  an  organism  quite  harmless  to  one 
animal  may  be  capable  of  inducing  disease  in  another; 
second,  an  oriranism  which  under  ordinary  conditions  is 
harmless  may  und<'r  spi-cial  eonditinns  give  rise  to  se- 
rious lesions:  third,  many  organisms  genendly  regarded 
as  harmless  under  special  conditions  may  prove  injuri- 
ous. Thus  it  is  evident  from  what  lias  been  said  that 
infectious  disease  cannot  exist  without  the  presence  in 
the  body  of  living  micro-organisms.  But,  on  the  other 
liand.  the  mere  entrance  of  bacteria  into  the  tissues  is  not 
sufficient  to  constitute  infection,  for  it  has  been  .seen  that 
many  bacteria  are  harmless  and  that  the  body  possesses 
important  safeguards  whereby  bacteria  are  destroyed  and 
disposed  of.  Whether  the  inicro-organism  possess  patho- 
genic activity  or  not  will  dejiend  largely  upon  the  host 
and  also  upon  its  own  variulile  nature  and  (pialities. 

This  relationship  of  host  and  bacterial  excitant  has 
been  so  admirably  stated  by  Prudden  that  one  can  do  no 
better  than  ipiote  the  following: 

"  In  tlie  study  of  the  infectious  diseases  it  is  especiall}' 
important  to  bear  in  mind  that  the  abnormal  processes 
through  which  the  disturbances  incited  by  iiiicro-orgau- 
isms  are  manifested  are  processes  of  the  body  cells  and 
not  processes  of  the  micro-organisms.  The  micro-organ- 
isms do  indeed  incite  the  train  of  phenomena  by  which 
the  disease  is  manifested,  and  the  nature  or  'species'  of 
the  micro-organism  may  largely  influence  the  character 
of  the  phenomena;  but  tlii^  slored-np  energy  which  is 
released  in  this  manifestation  is  body-cell  energy  and  not 
that  of  niicrobi<:  inetaboli.sm.  The  niicrobesareex<itants 
■of  disi'ase,  but  the  disease  is  a  performance  of  the  body 
cells.  If  these  obvious  considerations  be  held  in  view,  it 
will  be  convenient  in  considering  certiiin  of  the  infec- 
tious diseases  to  use  the  familiar  and  much-abused  term 
'  specific  '  as  indicative  of  tho.se  pliases  of  abnormal  body 
cell  performance  which  are  apt  to  occur  in  characteristic 
ways  in  response  to  special  forms  of  microbic  stimulus. 
Thus  the  poisonous  su Instances  which  the  tubercli'  bacil- 
lus build  up  out  of  the  organic  material  upon  which  it 
feeds  are  in  part  such  as  exert  a  peculiar  iiiHuence  U])on 
connective  li.ssue  cells,  leading  to  their  proliferation  and 
the  temporary  formation  of  new  tissue — the  tubercle. 
This,  together  with  associated  action  of  the  siimeor  other 
metabolic  piodncis  of  the  living  bacillus,  forms  a  group 
of  lesions  and  disturbanci'S  which  is  characteristic  of  the 
action  of  the  tubercle  bacillus  in  the  body  In  this  sense 
tuberculosis  is  a  '  specitic  '  disease.  (In  the  other  hand, 
the  poisons  eliminated  by  tin-  tubercle  ba<illus  may  incite 
responses  on  the  jiart  of  the  body  cells  which  are  practi- 
cally identical  with  those  which  many  other  toxic  sub- 
stances, both  of  bacterial  and  of  other  origin,  induce — 

•Tlie  view  lias  iH-eii  reccnlly  ailviini-cil  Hint  wllli  iiu  iipiinrenl 
lesion  I'f  llif  Intesllniil  iiiiieosn.  ttiirliTiii  In  liinii'  niiiiilHTS  iciiiy  Biiln 
aci'ess  Ilirouirli  this  to  the  liver  under  wliiit  .seems  l<i  lie  perfeelly 
noniial  ronilltimis  i.\cliiiiii :  ,I(iur.  i if  tlie  .Miieriian  Mitllial  AsstKla- 
tlon,  liiTeiiilier  liitli  ami  .iM.  IssWi. 

■f  For  a  roiislilcnitluii  of  Uie  rolf  of  Insect-s  In  Ihe  Ininsiiilsslon  of 
disease  eonsult  Nulla II  ■  .inim-  llcpklns  Uosiillal  UeiMi-t,  MKIO.  vol.  vlil. 


fever,  ilegeneration,  etc.  These  manifestations  of  the 
action  of  the  tubercle  bacillus  upon  the  living  body  cells 
are  not  '  specitic'  " 

T/if  /}<irtiriii/  EiriliiDt. — The  reaction  of  the  body  cells 
ill  infection  bears  a  more  or  less  constant  relation  io  the 
virulence  of  the  infecting  micro  organism  and  to  the 
number  of  bacteria  gaining  entrance  into  Ihe  tissues. 
The  virulence  varies  considerably  under  difTereiit  coiidi 
lions,  and  according  as  tiiese  variations  are  small  or  great 
dilTerent  jihenomeiia  will  develo]i  within  the  body.  The 
character  of  the  processes  induced  will  necessarily  vary 
according  to  the  virulence  of  the  infecting  bacterium : 
and  this  largely  depends  upon  its  environment,  which 
may  not  only  modify  its  morphological  characters,  but 
also  may  change  its  |ihysiological  activities.  Kor  exam- 
])le,  the  Bacillus  coli  coiiimunis  as  normally  found  in  the 
inteslines  is  of  very  low  virulence  and  is  not  capabli'  of 
inciting  pallii>logiral  processes,  liul  so  soon  as  its  physio- 
logical activities  are  moditied  by  changes  in  its  environ 
meiit,  its  virulence  is  apt  to  be  very  much  increased. 
This  influence  of  environment  is  also  well  shown  by  the 
modilicalions  which  may  occur  in  the  vital  activity  of  an 
organism  when  it  litids  its  haliitat  in  new  and  unnatural 
hosts.  This  iioint  is  especially  well  demonstraleil  with 
the  mammalian  tubercle-  liacillus.  which  when  transmit- 
ted for  a  long  time  through  another  animal  host,  as 
birds,  will  ultimately  lose  its  virulence  for  the  host  from 
which  it  was  originally  derived. 

As  a  rule,  bacteria  lose  their  virulence  with  greater  or 
less  readiness  when  cultivated  in  artilicial  media.  On  the 
other  hand,  successive  jiassages  of  a  pathogenic  organ- 
ism through  susceptible  animals  exalt  its  virulence. 
Thus  a  streptococcus  of  attenuated  virulence  may  be  ex- 
alted a  hundredfold  by  successive  inoculations  into  rab- 
bits. 

Differences  in  the  virulence  of  bacteria  often  suffice  to 
explain  differences  in  the  clinical  and  morphological 
types  of  disease.  It  is  well  known  that  under  some 
conditions  an  organism  of  low  virulence  will  incite  rather 
mild  reactions  of  the  body  cells,  whereas  under  other 
conditions,  when  the  virtilence  of  the  same  organism  is 
exalted,  the  ellects  are  both  more  marked  in  severity  and 
in  extent  of  the  lesions.  Tims  I  have  been  able  to  follow 
these  variations  in  virulence  in  the  ditTerent  forms  of 
tulierculosis.  For  example,  in  scrofulous  lym]iliadeuitis, 
I  have  found  that  the  tubercle  bacilli  which  induce  this 
lesion  were  usually  of  low  virulence,  whereas  the  tuber- 
cle liacilli  inducing  actite  miliary  tuberculosis  are  on  the 
other  hand  of  extraordinary  ]iatliogenic  activity. 

The  number  of  micro-organisms  which  gain  entrance 
into  the  body  is  also  a  factor  which  modifies  the  charac- 
ter and  extent  of  tlieeellular  reactions.  Within  certain 
limitations  the  healthy  body  may  dispose  without  a|>i)ar- 
ent  injury  of  acerlain  number  of  given  virulence,  but 
when  the  same  organism  is  introduced  in  large  i|uanlities 
infection  follows.  In  susceptilile  animals  |irobably  so 
small  a  iiumlier  as  one  or  two  anthrax  bacilli  may  incite 
disease.  Usually,  however,  iiiiicli  larger  numbers  are 
necessary  for  the  development  of  an  infection.  Furllier. 
according  to  the  jiortal  of  entry,  the  number  may  be  in- 
crea.sed  or  diminished.  Thus  a  given  dose  of  bacteria, 
which  when  injected  into  the  subcutaneous  tissues  of  an 
animal  may  prove  (luite  harmless,  will  incite,  when  the 
same  dose  is  introduced  intravenously  or  into  the  perito- 
neal cavity,  well  marked  disease  to  follow. 

The  Host. — This  is  a  factor  of  the  very  greatest  imjior- 
tance  in  the  consideraticni  of  infection  in  its  numerous 
as|iects.  It  is,  of  course,  well  known  that  certain  bacte- 
ria will  induce  infections  only  in  certain  species  of  ani- 
mals, proving  absolutely  innocuous  for  other  species. 
Thus,  while  the  anthrax  bacillus  usually  induces  lesions 
with  the  greatest  readiness  in  many  animals,  others,  like 
the  white  rat,  are  ordinarily  insusceptible  to  inoculation 
with  these  bacilli,  unless  very  large  amounts  are  given  or 
special  factors  be  biciugbt  into  jday.  Some  diseases  are 
especially  peculiar  to  man,  such  as  typhoid  fever,  syphi- 
lis, leprosy.  .sc;irlet  fever,  measles,  etc.,  these  diseases 
never  occurring  naturally  in  other  animals.     T'le  race 
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nnil  iiiiliviiliiikl  iH-ciiliutitirKuri!  iiIh<>  fiictorn  which  iniMlIfy 
llic  Hiihility  to  liirt-cliDii.  Thus  ucfjrocK  iirc  jfinrully  In- 
8UH<'<'|ilihl('  to  yclliiw  fcvtT.  wlu'rciiH  otliir  hiiiiiiiii  liciiiKH 
tirr  i|iiilp  siiM't'iitilili'  lc>  the  imlho^'riiic  ii);i'nt  of  thiM  cIih- 
iltsa-  Thr  iiillliciii'f  iif  ■!);<'  is  ho  well  liliiitvii  tiiut  illvcH- 
liK'tloi's  (  oiiiiiioiily  iiiiilii- IIH4-  of  this  liiioulrdKi' ill  thiir 
fX|i<'riiiiriiliil  work.  It  iiiitv  lie  slutiii  hs  ii  nili'  llml 
yoiiiiK  iiliiiiials  lire  iiiiicli  iiioir  rriiitily  iiifirti-il  lliiiii  oliiiT 
iiiiii  hir^ur  oiii'S.  A i,'i' ii-s  ii  |>rr(iis|iosiiiK  fix'lor  to  iiifrc- 
lion  is  ucll  illiistmlcii  liy  tlic  ciirvi'  of  frriiufiuy  of  iii- 
fi'i'tioiis  ilisca.scs  in  iiiiiii,  tlic  iimxiiiiiiiii  point  oi'ciirrin)^ 
unions  t'liiliirrii.  Sc.v  is  iils<i  .s<iiiii'linii's  ii  fiii  tor  pntlis-. 
posing;  to  iiifi'<'lioiis  iliscasc,  iilllioii;;li  tliis  is  not  so  np- 
niiri'iit  iiiiioii;;  iiniiiials  us  it  is  anions  liiiiiian  Immiikk. 
Siiiniroiis  other  conililioiis  alTi'ilini;  tlic  physiolof;ical 
iiiti'iirily  of  thi'  lioily  arc  also  pri'ilisposiiii;  inlliii'iiccs  for 
ill  fret  ion.  Tlic  iiilliuiicc  of  falii(iic,  starvation,  cold  ami 
heat,  anil  loss  of  lilooii  liavc  liccii  partlciilai'ly  studied 
from  the  experimental  point  of  view,  the  results  very 
conclusively  proviiii;  that  ii  marked  susceptibility  to  in- 
feclion  is  developed. 

Animals  vvliicli  are  normally  insiisccptililc  to  aiitlim.\. 
such  as  while  nils,  may  he  made  vulnerable  by  fatigue 
Thus  t'harrin  and  Koijcr  have  shown  that  if  while  rats 
lie  iiiailc  to  work  a  Inadmill  until  lliorou;:hly  fatigued, 
and  he  then  iiioeiilated  with  aiilhra.x  liacilli,  they  sue- 
cunil)  to  the  Ic'sioiis  of  anthra.x  infection. 

Canalis  and  Morpurso  liave  .shown  that  starvation  also 
interferp.s  w  itli  the  natunil  resistance  of  animals  to  liac- 
tcrial  infection.  These  observers  studied  this  jiliasc  of 
the  subject  with  pij;cons,  which  are  also  naturally  resis- 
tant ajfainst  aiilliiax.  By  starvin;:  these  animals,  either 
before  or  just  followini;  inocidation,  they  arc  made  ex- 
ticniely  susceptible  to  the  iiiHiience  of  the  iiioculutcd  or- 
ganism. These  experiments  have  been  repculeil  limeund 
again  with  other  animals,  especially  by  Pcrnice  and 
Alcssi. 

The  influence  of  exposure  to  heat,  cold,  and  moisture 
has  Ihiii  similarly  iiivestistated  by  Pasteur.  Pctruschky, 
and  others  Lonir  aijo  Pasteur  showed  that  by  immers- 
ing a  hen  in  cold  water  it  loses  its  iiatiiial  iniiiuinity  to 
anthrax.  Frogs,  if  kipt  at  a  tem|iciiiliiic  c2')  -.T)  C.) 
higher  than  is  normal  for  them,  will  easily  succumb  to 
anthnix  infection:  and  guinea  pigs  and  white  mice, 
which  are  resistant  to  fowl  tuberculosis,  can  be  made 
siis<eptible  by  keeping  them  after  inoculation  in  a  warm 
chamiier  at  43 -45    C, 

Any  injury  to  the  body  tissues  also  favors  the  loUg- 
nieiit  ami  activity  of  whatever  bacteria  may  reach  the 
afTeclcd  area.  It  is  a  well  known  clinical  faci  that  tuber- 
culosisof  bones  and  joints  of  chihiieii  often  follows  differ- 
ent forms  of  trauma.  Rosenbacli  dcmonstmted  this  pre- 
disposition of  damaged  tissues  to  bacterial  invasion  by 
Iniiimali/.ing  one  of  the  heart  valves  and  then  injecting 
cultures  of  tlic  staphylococcus.  JIalignant  cndocarflitis 
almost  invariably  followed,  whereas  in  the  Control  ani- 
mals in  which  the  valves  had  not  been  injured  no  lesions 
of  endocarditis  were  found. 

(ttlier  factors  have  also  been  well  investigated,  such  as 
the  action  of  cluinical  siibstjinces  and  vinsiiilable  diet, 
the  latter  especially  by  Ilankin,  who  fed  refractory  fats 
on  sour  milk  and  bread.  ISueh  treatment  made  the 
animals  extemely  susceptible  to  anthrax  infection.  Leo 
administered  phloridzin  in  small  doses,  and  reached  the 
conclusion  that  it  markedly  predisposed  the  animals  to 
bacleiial  infection.  There  are  still  other  special  in- 
tlueiices  wliich  may  more  or  less  modify  the  conditions 
in  the  development  of  infection.  The  removal  of  certain 
organs,  such  as  the  removal  of  the  pancreas  from  ])igeons 
for  example,  w  ill  make  the  bwly  tissues  more  susceptible 
than  they  would  otherwise  be  to  the  infection.  Animals 
kept  in  dark  and  damp  places  also  exhibit  marked  sus- 
ceptibility as  com)>ared  w  ith  those  living  in  light  and  airy 
localities.  Trudeau  has  conclusively  established  that  rab- 
bits kepi  in  places  in  which  no  light  peuetnites  contract 
tuberculosis  more  readily  than  others  kept  in  a  more 
healthful  environment. 

I'orUdx  iif  Eiiti-y  of  Daeteria. — Bacteria  may  gain  en- 


trance into  the  iHMly  tliwuoM  tlirough  ncvcral  dilTereiit 
WityH,  and  acconliiig  to  the  portal  of  I'lilry  dilTeiencrH 
not  only  In  tlie  NiiNceplibillty  of  the  iininiulH  but  hImi  in 
(he  h'Nions  ami  NyinptoiiiH  of  tin-  tliM'iiM-  will  Im^  noti-il. 
For  the  most  part  micro  organisins  i each  the  interior  of 
llic  biiily  from  the  skin  and  iiiucoiih  NiirfaceH.  It  Is  very 
iiiipriibable  lliut  bacteria  pri'M-ni  upon  the  Nkliican  pene 
iralc  this  tiKsiie  when  unlnjiiied.  It  Ih  true,  however, 
llial  very  often  they  wein  to  reach  llie  interior  of  the 
body  from  what  wi-iim  to  be  an  uninjured  Kkiii  «<iirface. 
hut  in  tliest!  cilM-s  it  is  probable  thai  the  Hkiii  injury  hiiN 
Ix-eii  overliHiked  on  iiecoiint  of  im  HtnallneHS.  .Ntleiitioii 
has  already  been  calle<l  to  the  fact  that  bii<  lerial  iigentH 
may  be  communicated  through  the  biles  of  ililTercnt  in 
.sects.  Thus  it  is  now  a  well cslablisheil  fact  llml  the 
malarial  parasite  is  tiaiisinittcd  Ihrnugh  the  bite  of  the 
mosquito ;  and  the  siiine  is  probably  true  for  yellow  fever. 
The  mucous  membranes  of  the  respinitory  and  alimentary 
tracts  are  frequently  porWils  of  entry  for  microorgun- 
isms  which  have  been  curried  by  the  air  and  water  and 
foods.  The  mucous  iiii'iiibrane  of  the  urogenital  tract  is 
less  frequeiilly  a  portal  of  eiilry.  Olhcnnucoiis  surfaces, 
such  as  till'  coiijiiiieliva.  may  al.sfi  under  special  condi- 
tions be  points  of  entry  for  different  pathogenic  baiteria. 
It  is  only  very  nirely  ilial  bacteria  direcllv  gain  enlmncc 
into  the  general  blood  current;  they  onfinarily  reach  it 
through  the  sources  which  have  h(eii  mentioned. 

Animal  experiments  clearly  .show  that  the  portal  of 
entry  and  channel  of  infection  bear  a  more  or  less  direct 
relation  to  the  severity  of  the  infection  which  follows. 
Siibciitaiieoiis  inoculations  in  animals  are  usually  much 
less  severe  in  their  results  than  those  niailc  directly  into 
the  peritoneal  cavity  or  general  vascular  .system. 

Aeliiin  ff  Jdirlrrin  dinl  Tin  iil'roiliirtx  in  tin  Jl'ili). — 
Micro-organisms  induce  their  bad  effects  in  sevend  ways. 
but  chielly  by  their  presence  in  the  tissues  and  develop- 
ment of  tlieir  poisonous  prmliicts,  which  either  alTcct  the 
physioli>gi<-al  activity  of  the  cell  or  kill  the  c<-ll  outright. 
These  poisonous  pnKliicts  act  generally  or  locally  in  va- 
rying (lcgr<e,  according  to  the  nature  and  quantity  of 
tlie  product  formed.  These  toxic  siibslauces  become 
diffu.sed  through  the  system,  and  their  effects  are  mani- 
fested clinically  by  the  occurrence  of  fever  or  disturb- 
ances in  the  functions  of  the  respiratory  and  nervous 
system)?.  In  some  ca.ses  changes  are  found  in  the  I<k»1 
tis,sues  dire<-tly  involved.  The  geneiiil  effects  of  bacte- 
rial poisons  may  be  so  slight  as  to  be  regarded  of  little 
importance,  as  in  the  ca.se  of  a  local  intlanimation.  for 
example;  or  they  may  lie  very  intens<',  as  in  tetanus  and 
diphliieria.  These  results  are  largely  diri'Ctly  attribut- 
able to  the  poisons  of  the  liacleria.  rather  than  to  the  pres- 
ence of  the  organisms  themselves.  In  infectious  diseases 
both  factors  are  prominent  features,  the  toxic  side  being 
usually  more  <-onspiciious. 

In  diseases  like  tetanus  and  diphtheria  it  is  ustially 
only  in  the  local  lesion  that  the  bacilli  are  found.  The 
profoiiiul  systemic  intoxication  is  accomplished  by  ab- 
sorption of  the  highly  toxic  pioduct-s  from  the  local  lesion. 

Whenever  there  is  a  widespread  distribution  of  |ialho- 
genitr  bacteria  ill  (he  blood  the  condition  is  designated 
septicamiia;  and  if  a.s.sociated  with  multiple  foci  of  pus 
formation  the  term  pyaMiiia  is  applied.  The  body  which 
is  already  the  seat  of  infectious  disea.se  is  much  more  sus- 
ceptible to  the  invasion  by  other  bacteria:  thus  mixed  or 
coiicunent  infections  are  often  established,  as  in  tiilHT- 
culosis  of  the  lungs  with  cavity  formation.  In  .iddilion 
to  the  tubercle  bacillus  there  may  usually  lie  found  in 
such  lungs  pyogenic  (|)us  excitants)  bacteria.  Individ 
uals  the  victims  of  long-st;inding  chronic  di.seascs.  such 
as  those  of  the  heart,  lungs,  kidneys,  and  liver,  often 
succumb  to  infectious  disea.ses  of  one  kind  or  another. 
The  phrase  "tcrininal  infection"  has  been  applied  by 
Osier  to  Uiese  infectious  diseases. 

('oiiiiDKitirtihilitii  <if  liifii-dntiK  DiKiift. — ('onsidere<I  in 
its  prjictical  relations,  the  subject  of  the  communicability 
of  infectious  disea.se  is  one  oif  the  very  highest  interest 
and  importance.  It  has  been  already  pointed  out  that 
some  infectious  diseases,  like  syphilis,  cannot  be  conimu- 
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nioiU'd  to  animuls.  On  tlie  otlior  liiind.  some  of  tlio  in- 
fectious liisj'ascs  of  anininls  are  not  conitnunlralile  to  man. 
But  iTitain  other  infectious  (li.seas<'s,  like  tuberculosis, 
are  reailily  transmitted  toi'itlier  man  nr  animals. 

The  infiilious  (liseasi's  of  man  may  lie  divided  intolwo 
great  elassis:  lii-st.  Iliose  which  under  usual  eondilioiis 
ari-  eominunicablc:  and  second,  those  whieh  under 
usual  <iinilitious  are  very  conununiealile.  Amung  those 
of  the  second  class  tliere  <'.\ist  the  greatest  dilTerence.s  in 
the  liability  lo  transmission.  It  is  well  known  how  read- 
ily the  excitants  of  smallpox  and  scarlatina  are  given  off 
from  the  patients  under  conditions  which  make  their 
tninsmission  from  one  person  to  aimiher  an  easy  matter. 
In  diseases  like  syjdiilis  and  hydrophobia,  cm  the  other 
liaud,  the  excitant  is  tiansmitled  only  by  direct  inocida- 
tion.  Between  these  c^xtremes  we  have  many  gradal  ions. 
It  should  be  clearly  home  in  mind  that  a  dassitication 
t)ased  on  the  communicabiiity  of  a  (lisca.se  is  not  funda 
menial,  but  is  closely  dependent  upon  the  s;uiitary  con- 
ditions under  which  these  diseases  are  observed. 

Iiiiiiiiiiii/i/. — Innnunily  is  characterized  by  resistance 
to  infection  or  its  elTects.  Tlie  al)scnce  or  lo,ss  of  this 
capacity  is  known  as  susceptibility.  Immunity  from  an 
infectious  disease  may  l>e  hinilitnrn,  or  it  may  l)e  <"•- 
qahtil.  either  by  an  attack  of  the  disease  from  which  th(; 
individual  has  recovered — iiutunil  iinmiinizatum — or  by 
the  introduction  into  the  body  of  something  which  di- 
minishes suscepti(>ility  —  intijii'inl  imiininizntiiin.  Ac- 
quired immunity  may  be  transmitted  from  ijarent  to  off- 
spring. 

Many  of  the  infectious  diseases  confer  greater  or  lesser 
immunity  to  subsequent  attacks  of  the  same  disease, 
j»llhough  there  are  some  exceptions  to  this.  A  previous 
attack  c)f  erysipelas  makes  one  more  susceptible  to  sub- 
secpient  infection  with  the  stre|itococcus. 

From  the  study  of  infection  it  is  known  that  two  dis- 
tinct intluenccsare  evidently  at  play  in  enabling  the  body 
to  resist  infection.  It  has  been  clearly  shown  that  the 
destruction  of  bacteria  may  iu  part  be  brc)ught  about  by 
the  leucocytes  and  other  mesodermal  cells,  which  when 
thus  engaged  are  called  phagocytes.  In  the  body  fluids 
there  are  also  certain  albuminous  ingredients — alexins  or 
"defensive  proteids" — which  have  well-marked  bacteri- 
cidal properties. 

Artificial  innnunization  is  generally  accomplished  by 
making  the  body  tissues  tolerant  to  the  presence  of  liae- 
teria  or  their  poisons.  This  may  be  done  by  the  intro- 
duction of  attenuated  micro-organisms  or  by  the  intro- 
duction of  their  poisons.  The  same  result  may  be 
obtained  by  introducing  the  body  fluids  from  an  already 
immune  individual. 

This  immunizing  power  is  attributable  to  the  develo])- 
ment  of  "antitoxic  substances"  whose  nature  is  still  little 
understootl.  They  seem  to  be  closely  related  to  the 
globulins. 

It  is  not  po.ssible  to  determine  to  what  extent  the  im- 
munization effected  is  specific.  In  some  cases  it  seems 
to  be  so ;  whereas  in  others  this  is  less  a])parent. 

August  Jerome  Lartigau. 
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INFILTRATIONS.— The  collection  of  fluid  or  cells  in 
the  tissue  spaces,  and  the  deposit  in  or  licfween  the  cells 
of  substances  abnormal  in  kind  orc|uantily.  are  included 
in  the  comprehensive'  class  of  iJiit/t<iliir/ii-:i/  iiifiltniti'iiis. 
The  processes  involved  are  of  widely  dilTering  nature; 
each  variety  of  infiltration  being  usually  indicated  by- 
some  modifying  designation,  himnnhngic,  iiijltimwtili/n/, 
tiiberrulvuH.  leukiTmic.  lisaui  infill  rat  ioti,  etc.  Without 
such  specific  designation  infiltration  is  commonly  taken 
to  refer  to  the  presence  of  some  pathological  substance 


in  or  about  the  cells,  and  is  usi-d  as  a  synonym  for  pulli- 
ological  deposit.  The  iidiltrated  substance  itself  is  also 
usually  spoken  of  as  an  intiltration. 

Fhiiil  liifilliiiliiiiiK. — (Kdema.  noninflammatory  in  ori- 
gin, is  sometimes  spoken  of  as  a  hydropic  or  dropsieal 
iidiltTation.  .Vs  a  result  of  injury  to  the  bladder  or  ure- 
Ihra  extnivasation  of  urine  into  the  surrounding  tissiu-s. 
particularly  into  the  perineum,  may  occur  (urinary  infjl- 
trationl.  Extrava.sations  of  blood,  lymi)h,  milk,  fii-cal 
mate'iial,  etc,  are  also  styled  infiltrations. 

liiJIiiiiDiiiilorji  liifiltnition. — This  may  be-  hemorrhagic-, 
serous,  fibrinous,  or  cellular  in  character.  The  c-olle-elion 
of  .serous  exuehites  in  tissue  spaces  is  usually  spoken  of 
as  inllanimalory  cede-ma.  Fibrinous  infiltrations  oe-e-ur 
in  diphtherilic  intlanunations  and  other  forms  of  coagu- 
lation necrosis.  The  celluhir  infiltration  of  inllammation 
is  for  the  chief  part  compe).sed  of  leucocytes  that  have 
mignitc-d  from  the  blood- ves.sels.  Wandering  cells  aris- 
ing from  proliferating  tissue  cells  may  also  be  found  in 
it.  I'sually  Ihe- leucocytes  are  of  the  polyiuiclear  vari- 
ety, but  oc-t-asionally  llie  infiltration  is  made  uji  entirely 
of  mononuclear  forms.  In  some  ca.ses  the-  cells  of  the 
infiltration  are  chiefly  plasma  cells;  in  othe-r  ca.ses  eosin- 
ophile  or  mast  cells  may  be  very  numerous.  The  sig- 
uiticance  of  these  phenomena  is  as  yet  unknown.  A  leu- 
coeyte  infiltration  of  modc-i-ate  degree  is  usually  spoken 
of  as  a  .small-celled  infiltration;  when  the  leucocytes  are 
iu  large  numbers  as  a  purulent  infiltration.  (.See  IiijUiin- 
miitiiin  and  Knidnti'/iiK.) 

I.euktriiiic  Iiijillriitioii. — An  incre^asc-  in  the  number  of 
the  leucocytes  iu  the  blood  is  attended  by  an  increase  in 
the  numlx'r  of  the  wandering  cells  in  the  tissue  spaces. 
This  increase  is  greatest  in  such  organs  as  the  liver  and 
kidneys,  and  in  the  submucosa  and  mucosa  of  the  gastro- 
intestinal tract.  In  leuka-mia  the  accumulation  of  leuco- 
cytes in  the  interstitial  tissue  throughout  the  entire  body 
may  reach  an  enormous  degree.  The  liver  atul  kidneys 
become  enlarged,  firmer,  and  lighter  iu  color  as  the  result 
of  sue-h  an  infiltration.  This  may  be  diffuse,  or  cire-um- 
scribed  grayish -yellow  areas  of  intiltration  may  oe-e-ur 
tlnoughout  the  organ  (leukjvmic  nodes,  lymphoma). 
The  muco.SiX  of  the  larynx  may  be  infiltrated  to  such  an 
extent  as  to  give  rise  to  symptoms  of  eedema  of  the  glot- 
tis. In  the  intestine  the  swelling  of  the  mucosii  may  be 
followed  by  ulceration.  The  variety  of  leuc-oe-yte  pres- 
ent in  the  infiltration  depends  upcm  the  kind  of  leuk.-e- 
mia.  though  in  some  e-ases  of  mononuclear  Icukiemia  the 
proportion  of  poly  nuclear  forms  in  the  ti.s.sues  far  ex- 
cec-cls  that  in  the  blood.  Froliferation  of  the  migrated 
cells  occurs,  as  shown  by  the  occurrence  of  cell-division 
figures. 

Tumor  Tiifillrdliiin.  —  The  malignant  ncojilasms.  cjirci- 
noma  and  Siireoma.  invade  adjacent  tissues  by  extension 
thrcnigh  the  tissue  spae-es  in  the  direction  of  least  resist- 
ance, usually  through  tl'.e  lymph  spaces.  This  process 
is  styled  growth  by  intiltration.  Kxtension  in  this  man- 
ner is  always  more  marked  in  the  case  of  carcinoma  than 
in  that  of  sjire-oma.  .\round  the  infiltrating  growth  there 
is  almost  always  present  a  zone  of  leucocyte  inliltrjition  as 
evidence  of  the  inflaniniatory  reaction  i>rodue-ed  by  the 
development  of  the  liimor.  In  many  cases  itis  very  difii- 
cult  or  impossible  to  distinguish  between  the  leucocytes 
and  the  young  tumor  cells. 

TiKiiic  li)filtriilioii.i. — The  term  infiltration  is  very 
freepiently  used  as  a  synonym  for  both  pathological  ele- 
genenitions  and  deposits  (albuminoid,  hydropic,  fatty, 
glycogenic,  cholestcrin,  mucous,  hyaline,  amyloid,  cal- 
careous, uratic-,  and  pigmentary  inlilt rations).  Inasmue-h 
as  in  the  majority  of  these  conditions  the  process  is  of  the 
nature  of  a  deposit  in  the- afrceted  tissue,  the  designation 
of  p,-ithologieal  deposit  sc-ems  preferable  to  that  of  infil- 
tration.    (See  r)(';/(  III  rill  ion  and  Jh/U'iiln.) 

Tuherculous  J  ii  jilt  nil  ion. — The  confluence  of  small  mil- 
iary tubercles  may  give  rise  to  a  diffuse  tuberculous 
process,  or  the  epithelioid  tissue  of  tubercles  may  infil- 
tmte  into  the  neighboring  tissues  after  the  manner  of  a 
new  growth.  Both  (»f  these  conditions  are  included  un- 
der the  head  of  tuberculous  infiltration.     The  term  golat- 
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iiiiiiis  iiililtmtiiiii  wiis  iimmI  l>y  (jiPniR-c  to  (lfKl)(nat«  tlio 
enivisli  nil  MliHiioiiH  r.viiiliitc  illliii^  up  tin-  lung  alveoli 
ill  tlir  iicIkIiIioI'Ik""!  of  lillxTrlcH 

.^i/phililif  //iyi7/;v//i'../i  — ('irciiiiiwrltHMl  or  ililTiDW  ijillil 
iimloiiit  iiriM't'SM-s  iilTcrliiig  lioiii'  wcri'  roriiicrly  ilrnlg 
iiutfil  Its  );iiiiiiiiatou8  iiillllnitioiiH. 


I'liriintir  liifillnttinii  — Tli - '  '■• i'iiiiIhti 

ot   Imrtiriu   III   tin-  tksiir  »|  ■■f  tlio 

liliiriii  ill  iIk-  lyiii|>li  opiK't"-  isjun  of 

niiiM'lc  liy  Irli'liiim.  i-t<   .  iin-  fn-i|u>'iilly  ilfHignuUtl  nM  in 
tlltmtioni. 

AUIral  SniK  Wurl/ihi 
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